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Academic autologous cell manufacturing offers key advantages, including cost-effectiveness, accessibility, and flexibility. However, the
management of Raw Materials, Reagents, and Consumables (RMRCs) is essential for ensuring product purity, safety, and effectiveness.
Variations in RMRC quality can increase production costs and result in batch failures. This work from the GMP-Bioproduction group of
the French Consortium in Advancing Cancer Cell and Gene Therapy (UNITC) outlines a multicenter study conducted from 2022 to 2024
across all 11 French academic cell and gene therapy facilities producing Advanced Therapy Medicinal Products, evaluating current
RMRC management practices. The study highlights significant challenges, including supply shortages, reference changes, and
inconsistent quality controls. While RMRC-related non-conformities accounted for only 6.8% of total issues, they frequently required
complex procedural adjustments, resulting in added financial and operational burdens. Despite differences in production scale and
ATMP types, all centers consistently evaluated the criticality of RMRC, reflecting strong alignment in risk assessment practices. To
address these issues, the study proposes recommendations, including a unified RMRC risk classification system, harmonized quality
assurance processes. These actions aim to strengthen regulatory compliance, enhance collaboration across academic centers, and
improve the overall resilience of academic decentralized CAR-T cells manufacturing in France.
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INTRODUCTION
The bioproduction group of the French Consortium advancing
Cancer Cell and Gene Therapy (UNITC) is a national consortium
focused on research in Cell and Gene Therapies (CGT), established
in late 2023. It brings together leading experts in academic
manufacturing, aiming to drive innovation and improve access to
therapies with a focus on CAR-T cell immunotherapy [1–3]. An
academic decentralized production network [4] of autologous
CAR-T cells may offer numerous advantages compared to

centralized production, including a shorter time from leukapher-
esis to patient infusion [5] lower costs, a more efficient supply
chain, and the potential for fresh product administration [6],
eliminating the need for cryopreservation, which is known to
impact cell quantity and quality [7, 8]. To improve scalability and
accessibility, the development of semi-automated systems by
closed-system manufacturing technologies has become increas-
ingly popular in academic settings [9, 10]. These advancements
facilitate the broader implementation of CAR-T cell manufacturing,
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particularly for treating rare diseases that are not addressed by
commercial CAR-T cell products [11–13]. However, despite the
efficiencies provided by automated bioreactors and closed
systems, maintaining strict quality control remains a significant
challenge [14].
Effective management of raw materials, reagents, and consum-

ables (RMRCs) is critical in CAR-T cell production, as it directly
impacts the final product’s quality, efficacy, and safety. [15, 16].
Variations in RMRCs’ quality can compromise drug stability and
potency, affecting yield, reproducibility, and production costs.
Inadequate control of RMRCs not only raises the risk of defective
batches and production failures but may also translate into
adverse clinical outcomes, particularly treatment-related toxicities.
Rigorous RMRCs management, including traceability and risk-
based quality control, is therefore essential to prevent adverse
effects or toxicity issues.
Management of raw materials is defined in Good Manufacturing

Practices (GMP), ICH Q10 guidelines, and section 5.2.12 of the
European Pharmacopoeia, making it the responsibility of the
manufacturing unit [17, 18]. However, limited data is available on
the practical implementation of these requirements.
This work aims to streamline raw materials management and

harmonizing RMRC management across French academic ATMP
centers, for releasing autologous CAR-T cell batches in various
academic CGT facilities that follow GMP guidelines for ATMP
manufacturing [19, 20]. The European T2evolve consortium has
conducted an initial analysis focusing specifically on raw material
selection [21, 22]. Building on this work, we aim to expand the
scope to encompass all processes related to RMRCs, including
purchasing, quality control, release, storage, and usage [23, 24].
This project aims to assess the difficulties faced and the practices
adopted in academic CGT facilities. Unlike previous position
papers, which focused on material selection and QC testing, this
study covers the full RMRC management workflow (from sourcing
to deviation handling). It proposes collective, operational Quality
Assurance (QA) measures. Based on this analysis, practical
recommendations were formulated for managing RMRCs in
academic CAR-T cell production units.

METHODOLOGY
The workshop was conducted following the methodology for
harmonization of practices recommended by the Francophone
Society of Bone Marrow Transplantation and Cellular Therapy
(SFGM-TC) and the European Society for Blood and Marrow
Transplantation (EBMT) [25].
After an initial workshop that focused on identifying the

conditions and minimum requirements for the release of
autologous fresh CAR T-cell products under hospital exemption
[19], followed by a second workshop aimed at developing
recommendations to harmonize key quality control tests for CAR
T-cell batch release [20], The WP3-Bioproduction group of the
UNITC Consortium has initiated a third workshop dedicated to
RMRCs management.
Part IV of the Annex defines raw materials following Directive

2001/83/EC concerning the Code on Advanced Therapy Medicinal
Products (ATMPs) for human use [26]. According to this definition,
raw materials include any substance used in the manufacture of
the medicinal product, encompassing all components of the
medicinal product, as well as any consumables and packaging
items that come into contact with the finished product. Reagents
and consumables refer to all other substances and materials used
in the production and quality control processes, including
environmental control.
We provide a structured nationwide survey followed by a

collaborative analysis, as part of this initiative, we evaluated the
challenges and practices in RMRCs’ management across the 11
production units of UNITC’s GT3, which collectively represent all

ANSM-approved personalized ATMP production units in France.
An electronic survey was distributed to 7 academic platforms and
the 4 ATMP platforms of the Établissement Français du Sang in
France. The complete survey questionnaire is provided in
the Supplementary Materials. The study aimed to assess the
organization of RMRCs’ management within academic production
units. The analysis covered key aspects of RMRC management,
focusing on the production unit characteristics, types of RMRC
used, risk assessment, identified non-conformities and their
distribution, consequences of anomalies, and strategies for
improvement. This initiative aimed to assess the experiences of
academic facilities over the past three years, gather essential
insights, and enhance our understanding of the field. Workshop
leaders performed comprehensive literature reviews to establish a
robust foundation for subsequent discussions. The guidance
statements were developed through three iterative online meet-
ings and one in-person workshop. Participants included QA
managers, production heads, and medical directors from all 11
centers. The in-person process culminated in a two-day in-person
meeting held in Lille, France, in February 2025, during which this
document was drafted. Draft recommendations were shared via
collaborative documents and finalized by consensus.

MANAGING RMRC: EXPERIENCE FROM FRENCH ACADEMIC
ATMP PRODUCTION SITES
Eleven French CGT facilities retrospectively reviewed their
production activities over the past three years, from 2022 to
2024. Collected data showed that annual ATMP production per
platform ranged from 5 to more than 20 (Fig. 1a). Over the three
years, approximately one-third of platforms produced between 5
and 10 ATMPs annually, while another third produced between 10
and 20 ATMPs each year. In contrast, three centers (27%) reported
higher production rates, manufacturing more than 20 units per
year, which resulted in a shorter turnaround time between
productions (less than 1 month compared to 1 to 3 months, data
not shown). Academic CGT facilities exhibited a broad range of
production expertise, including gene therapies, cell therapies, and
tissue-engineered and combined ATMPs (Fig. 1a). Among the
11 surveyed centers, 9 produced at least two different types of
ATMPs. In contrast, two centers specialized exclusively in a single
ATMP category.
Subsequently, an assessment was conducted to map the

references and suppliers involved in procuring RMRCs for the
manufacture of ATMPs. The results showed that 6 out of 11
centers used more than 100 RMRC references, collaborating with
over 30 suppliers (Fig. 1b). The remaining five centers used
between 50 and 100 references, which can be explained by the
fact that their production was limited to one or two types of
ATMPs. Among all RMRC references, [1] out of 5 is classified as
high-risk due to its direct impact on cell manufacturing.
Interestingly, although each center employed distinct risk analysis
methods (risk-ranking and filtering, Failure Mode Effects Analysis,
and other criticality scoring systems), they all relied on the same
core parameters. More than 70% of the surveyed platforms
reported that their RMRC risk analysis was based on the following
criteria: grade (Market Authorization, European Conformity label,
Research Use Only, no status), biological properties (human,
animal, recombinant or biological origin), contact between RMRC
and intermediate/final product, presence of a certificate of
analysis and sterility (microbial, endotoxin, mycoplasma contam-
ination) (Fig. 1c).
Next, we asked the participating centers to conduct a

comprehensive review of deviations associated with RMRCs
encountered during ATMP manufacturing processes, including
their root causes and impacts. Among all deviations related to
ATMP production, those linked with RMRCs represented a small
proportion, accounting for only 6.8%. However, in one out of three
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cases, these RMRCs related deviations triggered the initiation of a
change management process, involving additional human
resources, increased costs, and the need to modify processes
with regulatory authorities (mean 28,3%; range [5;70]) (Fig. 2a).
The most frequent areas affected by RMRC-related deviations
were stock shortages (70%), reference changes (64%), use issues
(46%), anomalies related to receipt or quarantine/release (36%),
and ordering-related anomalies (27%) (Fig. 2b). The most critical
deviations mirrored the most frequent domains (Fig. 2b). The
results obtained from the survey data did not reveal any
consequences for the drug product or the patient, highlighting
the robust quality assurance management in the bioproduction
centers. Taken together, these findings highlight the primary

causes of RMRC-related deviations and emphasize the recurrence
of these issues across centers, underscoring the need for collective
reflection and the implementation of shared preventive measures.
Finally, each center assessed its effectiveness in implementing
several key measures to reduce the recurrence of RMRC-related
deviations, including supplier audits, the availability of backup
references, functional testing, and sampling for the most critical
RMRCs. Functional tests and sampling of critical RMRCs were more
efficiently established with optimal implementation by 73% and
64% of centers, respectively (Fig. 2c). In contrast, the back-up
measure for critical RMRCs was poorly implemented, with 64% of
responding centers reporting inadequate application of this
action.
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GUIDELINES FOR ACADEMIC ATMP PRODUCTION FACILITIES
The Bioproduction Working Group of the UNITC Consortium
approved its guidance in February 2025, comprising three final
guidance statements and a flow diagram for risk analysis specific
to CAR-T cell manufacturing.
Our study complements ongoing European initiatives aimed at

harmonizing ATMP development and regulation. In particular, we
now reference the DARE-NL WP2 program, which focuses on
establishing a national infrastructure for ATMP development in the
Netherlands, as well as the GoCART Coalition, which promotes
collaboration and standardization across European CAR-T aca-
demic centers. These initiatives, alongside the previously cited
T2EVOLVE consortium, share common goals with our national
French network, notably in risk-based quality management,
decentralized manufacturing models, and regulatory alignment.
Our data-driven recommendations, based on real-world academic
manufacturing practices, offer a practical framework that could be
aligned with these European efforts to build a more resilient,
coordinated ATMP ecosystem across borders.
Our workshop established parameters for standard risk analysis

regarding RMRC management. This framework enables the
determination of risk-based actions to address deviations and
ensure product quality. As management of RMRCs becomes
increasingly complex, adopting a harmonized and collaborative
approach across centers is essential [27]. The following recom-
mendations aim to enhance the efficiency, quality, and flexibility
of the staff regarding the quality management system.

Harmonization between centers
Common RMRC classification framework. We propose a unified
RMRC classification system based on a shared risk criterion [28],
enabling consistent identification of critical RMRCs across centers
(Fig. 3). By adopting a shared risk-based approach, centers can
prioritize actions and calibrate control levels. Critical RMRCs are
determined by the lack of available clinical grade (market
authorization, European conformity label), the biological source
(either human or animal), and their close association with
intermediate products (like selection beads, tubing sets, activation
beads) as well as final products (such as albumin, media, and bags
of the final drug product). Moreover, the absence of a certificate of
analysis or confirmation of sterility (including checks for microbial
culture, endotoxin, and mycoplasma contamination) is an addi-
tional indicator of critical RMRCs. The vector, as a starting material,
is examined separately from this analysis.

Harmonize RMRC management measures. Key management
practices should be standardized to ensure consistent handling
of high-risk RMRCs, including functional or identity testing
protocols, sampling strategies, and the definition and qualification
of back-up references. This harmonization will minimize perfor-
mance disparities and improve overall process security. Functional
testing and back-up references should be prioritized for critical
RMRC that affect cell functionality (activation beads, medium,
cytokines, transduction enhancers, etc.) during the bioproduction
process, especially for reference changes or stock shortages.
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Sampling strategy must ensure representativeness of the batch for
raw materials, packaging items, or products from which they are
taken. RMRC samples primarily concern packaging items; they
must be kept for the same duration as the finished product in
question. Nevertheless, as specified in GMP guidelines (part IV,
chapter 12, paragraph 12.2), small production processes do not
have any mandatory requirements for reference sampling (i.e.,
autologous sample for one patient, one treatment strategy).

Strengthen inter-academic center collaboration
Mutualise key quality assurance activities. Several Quality Assur-
ance (QA) actions can be shared to enhance efficiency and reduce
redundancy. We have identified three priorities: joint supplier
audits, shared alert systems and corrective actions, and unified
change control validation processes. Pooling these efforts will
strengthen collective quality oversight while optimizing resource
utilization.

Optimize non-conformity management. Developing shared tools
and processes will foster stronger collaboration among centers.
This is especially valuable for centers with limited resources or
lower production capacity, as it enables them to benefit from the
collective expertise and infrastructure of the network.
Harmonizing deviation reporting and analysis systems will

reduce administrative burdens and enhance responsiveness. A
unified approach will allow for faster issue resolution and enable
more strategic use of data for preventive actions.

Encourage the creation of a national RMRC database
The establishment of a national database or centralized resource
hub for critical RMRCs, qualified suppliers, and validated manage-
ment practices is strongly recommended. This initiative would
support informed decision-making, promote continuous improve-
ment, and enhance center coordination [29]. Such an initiative will

significantly strengthen our partnerships with regulatory agencies
[30], fostering greater transparency regarding the challenges we
face. It will also clearly demonstrate our unwavering commitment
to making meaningful improvements in the community and our
dedication to achieving substantial progress.
By pursuing these recommendations, French ATMP centers can

streamline their internal processes and reinforce the overall
robustness and agility of the national bioproduction ecosystem,
ensuring sustained compliance and patient safety while optimiz-
ing the use of available resources.

CONCLUSION
This national multicenter study, encompassing all French aca-
demic ATMP production platforms over three years, provides
valuable insight into current practices for managing RMRCs.
Despite variability in production volumes and ATMP types, all
centers demonstrated a shared understanding of RMRC criticality
and converged on similar risk analysis criteria, highlighting the
maturity and consistency of QA processes across the network.
Notably, while RMRC-related deviations accounted for only 6.8%

of total deviations, they frequently triggered significant conse-
quences, such as initiating change management procedures,
requiring additional human resources, and necessitating addi-
tional regulatory authorizations. These observations emphasize
the need for more efficient and proactive RMRC management. The
absence of impacts on drug product quality or patient safety
attests to the robustness of existing QA systems within
participating centers.
However, several areas for improvement have been identified.

The implementation of specific RMRC management measures,
particularly the use of back-up references and supplier audits,
remains suboptimal and inconsistently applied across centers.
Functional testing and sampling of critical RMRCs were more
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Fig. 3 RMRC classification framework: Overview of the CAR-T cell manufacturing process, including production steps and quality control
measures. Elements highlighted in red correspond to RMRCs identified as having a high-risk level (in red) according to risk analysis. Deviations
involving high-risk RMRCs, such as sterility issues or supplier changes, has to trigger contingency measures, including emergency change
controls, validated alternatives, and real-time release strategies. These actions have to be conducted in accordance with each center’s internal
QA procedures.
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widely and effectively adopted, but even these practices could
benefit from further harmonization.
The homogeneous distribution of responses across academic

platforms suggests that the challenges are widely shared and
therefore call for a collective and coordinated approach. As such,
this study highlights the need for national-level harmonization
and mutualization of risk-based strategies and RMRC management
procedures.
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