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Abstract
Background: A cell therapy is released to a patient on a panel of tests, and the panel is largely inherited from criteria written
to make research comparable rather than to predict clinical effect.
Objective: To review the release criteria in current use, what each establishes, and where the evidence for them is weakest.
Methods: Narrative review of position statements, validation studies and published release panels from clinical programmes.
Findings: Across six named clinical programmes, viability specifications sit at 70% or above while identity thresholds for the
same marker range from 30% to 90%. Cells can meet a viability specification and still have lost immunosuppressive function
on thaw. Automated sterility detection flagged all contrived positives within 72 hours against a 14-day compendial incubation,
for products whose shelf life is hours.
Conclusions: Identity and viability are cheap and weakly informative. Potency remains the unsolved problem.
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Introduction

Every batch of a cell therapy is released on a set of tests, and the set is remarkably consistent between programmes: identity by surface phenotype, viability by dye exclusion, sterility, mycoplasma, endotoxin, and something designated potency. The consistency is not evidence that the tests are right. Most of them were adopted because they were available and are accepted, not because any of them has been shown to predict how a patient will do.

The identity criteria illustrate the problem. The minimal criteria defining multipotent mesenchymal stromal cells were written to let laboratories compare their preparations [1], and the same body has since revisited nomenclature [2] and proposed immunological characterisation as a supplement [3]. None of these documents claims that CD73, CD90 and CD105 positivity distinguishes a lot that will work from one that will not, and the field’s own commentary is candid about where that leaves it [4].

This review considers what the standard panel establishes, and what it does not.

Materials and Methods

Records were retrieved from Crossref, Europe PMC and publisher pages for the terms release criteria, potency assay, sterility testing, cell therapy and residual undifferentiated cells. Priority was given to position statements, to method validation studies, and to publications reporting release panels actually used in clinical programmes. Every bibliographic record was confirmed at source, and quantitative values are reported only where confirmed at source.

Identity and viability

Identity by phenotype is the cheapest test on the panel and the least discriminating. Thresholds are also not standardised: across six clinical natural killer cell programmes, the specification for CD56 positivity ranges from at least 30% to above 90%, while viability is set at 70% or above in all of them [5]. A specification that varies threefold between programmes measuring the same marker is a convention rather than a standard.

Viability is more troubling, because it is the criterion most likely to be believed. Cryopreserved mesenchymal stromal cells display impaired immunosuppressive properties immediately after thaw as a result of a heat-shock response and impaired interferon-γ licensing, with function restored after 24 hours of culture [6]; the effect is context dependent but real [7]. A product can therefore pass a 70% viability specification and be functionally inert at the moment of infusion. The gating test measures membrane integrity, not the property the therapy depends on.

Potency

This is where the field agrees it is stuck. The challenge of defining potency assays and their potential use as release criteria has been set out explicitly [8], an industry survey documented what programmes actually do [9], and the difficulty has been named plainly in a review title [10]. The proposed way forward is a matrix of assays rather than a single readout, since no one surrogate marker captures a multifactorial mechanism [11].

The practical consequence is that most programmes release on something a regulator will accept rather than on something mechanistically true, and this is a stated position rather than an inference.

Where potency is specified, it can be: the same natural killer cell panel gives cytotoxicity specifications of more than 20% lysis at an effector-to-target ratio of 20:1 in one programme, and 32% at 5:1, 39% at 10:1 and 49% at 20:1 in others [5]. These are functional and they are not comparable.

Sterility and adventitious agents

Table 1: Release specifications across six clinical natural killer cell programmes, showing the range applied to the same attribute.[image: Table 1: Release specifications across six clinical natural killer cell programmes, showing the range applied to the same attribute.]
Sterility testing is the clearest example of a specification colliding with the product. The compendial method incubates for 14 days; an autologous cell product may have a shelf life measured in hours. Automated blood culture systems have therefore been validated against compliant methods repeatedly [12] and in apheresis progenitor products [13], and the scale of the underlying contamination problem was characterised early [14].

The quantitative case is now strong. In a recent validation, median time to positivity for the first positive bottle was 13 hours 21 minutes with a maximum of 45 hours 3 minutes, all contrived sets flagged within 72 hours, and the authors proposed shortening incubation from 14 days to 4–7 days [15]. Whether current good manufacturing practice should be reconsidered for minimally manipulated products has been argued directly [16]. Mycoplasma detection by reverse transcription PCR provides a rapid alternative to culture [17].

Real-world contamination rates are not negligible. Across 364 stromal vascular fraction productions in two centres, sterile batches were 95.71% in one cohort and 74.15% in the other (p < 0.0001) [18].

Genomic stability and residual undifferentiated cells

[image: Figure 1: Time to detection of contamination by automated blood culture against the 14-day compendial incubation. All contrived positives flagged within 72 hours, for a product whose shelf life is measured in hours. Data from Snyder et al. [15].]Figure 1: Time to detection of contamination by automated blood culture against the 14-day compendial incubation. All contrived positives flagged within 72 hours, for a product whose shelf life is measured in hours. Data from Snyder et al. [15].
For expanded products, aneuploidy occurs during clinical-grade production without transformation [19], and the consequences of recurrent genetic and epigenetic variants in pluripotent lines have been reviewed by the field’s own working group [20].

For products derived from pluripotent cells the critical impurity is the undifferentiated cell, and assays for it have been developed with increasing sensitivity: droplet digital PCR for cardiomyocytes [21] and a multisite-optimised culture assay [22]. Tumorigenicity assessment has its own framework [23]. Preclinical packages for dopaminergic progenitor products illustrate what a full release panel looks like in practice [24,25].

Comparability and specification setting

A manufacturing change requires a demonstration that the product has not changed in a way that matters, and the framework for this was set out for biologics generally [26]; the specific difficulties for stromal cell products, including differences between regulators, have been examined [27]. Where a process has been validated with a defined and reproducible outcome, the specifications follow from the observed distribution [28]. The stromal vascular fraction study did this explicitly, proposing viability at or above 80%, a minimum recovery yield of 1.50 × 10 viable nucleated cells per ml of adipose tissue, stromal cells at least 20% and leukocytes under 50% — criteria met by 92.9%, 81.3%, 86.8% and 87.4% of 364 batches respectively [18].

That is what specification setting looks like when it is done from data rather than convention.

Discussion

Three conclusions follow. First, identity and viability are inherited convention: cheap, reproducible and weakly related to clinical performance, with the cryopreservation literature showing directly that viability and function can diverge.

Second, potency is the genuine disagreement, and the disagreement is not about which assay to prefer but about whether a single assay can exist for a product whose mechanism is unknown. The assay-matrix proposal is an admission of this rather than a solution to it.

Third, several specifications are inherited from products unlike cell therapies. A 14-day sterility incubation for a product infused within hours is the clearest case, and the validation evidence for shortening it is now substantial.

This is a narrative review without systematic search or risk-of-bias assessment. Several release panels could not be obtained at source and are therefore described rather than tabulated, and specification values are not comparable between programmes.

Figure 2: Batches meeting each proposed release criterion across 364 good manufacturing practice productions in two centres. Setting specifications from an observed batch distribution rather than by convention is uncommon and is what this study did. Data from Francois et al. [18].

Conclusion

Release criteria for clinical-grade stem cell products divide into tests that are easy and largely uninformative and tests that would matter but are hard to run. Identity thresholds vary threefold between programmes measuring the same marker; viability gates on membrane integrity while function can be lost and recovered independently; sterility is specified on a timescale the product does not have. The unsolved problem is potency, and it is unsolved because mechanism of action is usually unknown rather than because assay technology is lacking. Programmes should set specifications from their own observed batch distributions, state which criterion each batch failed when one does, and report the potency measure alongside the mechanism it is intended to reflect.
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Attribute Specification range in use Ref.

Viability 70% or above, in all six programmes 5]

Identity, CD56+ [ 30% / 50% / 70% / 90% depending on 51
programme

Purity, CD3+ | 0.2% or less, or a doselimit per kilogram 51

Potency, 20% lysis at 20:1, to 49% at 20:1 51

cytotoxicity

Sterility and Negative, in all six programmes (5]

mycoplasma

Residual feeder | 1% or less, or 0.1% orless (5]

cells






