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Abstract

Pharmacopoeial standards ensure quality control of established medicines. It is widely believed that translation of cell therapy medicines will be
facilitated by defining and adopting relevant standards. Mesenchymal stromal cells (MSCs) are used extensively for multiple indications in regen-
erative medicine. They are highly heterogeneous in terms of their biological characteristics and their mechanisms of action, making standardi-
zation a challenging undertaking. Furthermore, the use of MSCs in therapy appears to attract diverse views, ranging from concern and caution
to enthusiastic positivity. We conducted semi-structured interviews with 20 expert stakeholders from academia, industry, regulatory agencies,
non-governmental organizations and clinicians to explore their views, experiences, recommendations, and concerns regarding standardization
of MSCs. Qualitative thematic analysis of transcribed records led to development of a consensus framework, which identified 5 key themes to
facilitate exploration of the interviews' content.

On the basis of our findings, we conclude that (1) there is undoubtedly an appetite for standardization, particularly in development of assays that
enable comparison or benchmarking across manufacturers, processes, and cell sources; (2) stakeholder groups are not homogeneous in their
concerns and attitudes; (3) careful consideration must be given to the points along the development timeline at which different standardization
approaches could be beneficial; and (4) the roles of standards could be promoted further for specific aspects of advanced therapy medicinal
product (ATMP) development and regulation such as qualification of decentralized manufacturing sites. A unified cross-stakeholder approach will
help to advance MSC therapeutics and other cell therapy medicines.

Key words: ATMP; mesenchymal stromal cell; standard; standardization; cell therapy; translation.
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Semi-structured interviews were conducted with clinicians, regulators, academics, non-
governmental organisation and industry experts involved in development and clinical
translation of mesenchymal stromal cells. Their opinions, concerns and recommendations
on the development and use of standards to facilitate clinical uptake were distilled and
organised via qualitative thematic analysis.
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Significance Statement

This study represents a unique approach to assessing the issues around standardization of mesenchymal stromal cells (MSCs). It explores
the views of a range of stakeholders involved in clinical translation of MSCs and analyses their concerns and recommendations to
clarify opportunities and uncertainties associated with standardization. The study also identifies several recommendations that should be
considered by standards and regulatory bodies to maximize the benefits of standardization, and specific areas in which standards could
be better promoted to facilitate translation of MSCs into routine clinical use.

Introduction

Mesenchymal stromal cells (MSCs) have been explored in
numerous clinical indications based on immunomodulation
via live' and apoptotic cells,? trophic repair effects®* and
novel mechanisms such as mitochondrial transfer®; direct
differentiation into de novo tissue® has largely been dis-
counted.”® The biology of MSCs is complex and dynamic;
their characteristics are impacted by differences in tissue
source, isolation, and culture conditions.”!! Heterogeneity
is widely recognized'? even within clonal populations's!s
and is often overlooked where the label “stem” is applied,
leading to unrealistic expectations of therapeutic benefit.!!”
Heterogeneity presents particular problems in the context
of regenerative medicine: comparability and consistency are
extraordinary challenges to the approvability of MSC-based
therapies.

Advanced therapy medicinal product (ATMP) developers
identify a lack of standards as a significant barrier to prog-
ress.!® They are essential to lower research and development
costs'? and can impact the entire value chain.?® Cell therapy
product standards are seen as critical to patient safety as well
as development of the field?' and are the subject of consider-
able effort within the International Standards Organization
(ISO).?? The International Society for Cell and Gene Therapy
(ISCT) position paper? is frequently referenced as a charac-
terization benchmark.>*>5

Although many publications have called for standardiza-
tion activities around cell therapy translation,?"->?7 they tend
to be individual perspectives from single authors or teams.
The authors highlight the need to develop standard assay
methods and treatment protocols, production processes,
and even standardized cell specifications. There is recog-
nition that the field needs a range of tools to address the
complexities inherent in the translation of such a heteroge-
neous cell type and that developing individual solutions in
isolation will not facilitate overall progress toward realizing
the clinical potential of MSCs. This study analyses a range
of opinions from across the cell therapy field and brings to-
gether multiple viewpoints and perspectives. It was intended
to identify specific areas in which standardization could be
most beneficial to different groups and aspects that may
present particular difficulties in terms of content, adop-
tion, and utility. Against this background of ongoing in-
terest in development of standards for MSCs, we conducted
semi-structured interviews with 20 stakeholders from aca-
demia, industry, regulatory agencies, non-governmental or-
ganizations (NGOs) and clinicians to explore their views,
recommendations, and concerns. Our research identified
clear support for the development of standardized assays,
raised specific concerns regarding standardization of MSCs
themselves which should be addressed in future standards
development, and also highlighted heterogeneity of opinion
within stakeholder groups.

Methods

Ethical Approval

Ethical approval including approval of study documentation
and informed consent was obtained under the University of
York’s research ethics framework.

Participants

A purposive sampling approach?® was taken given the spe-
cific expertise needed for the subject matter. The researchers’
own experience in the field was used to identify potential
respondents from clinicians, academia, industry, regulatory
agencies, and non-governmental institutions.

Interviews

A workflow was developed to ensure consistency of approach
and guide the practical aspects of the interview process
(Supplementary Fig. S1). Interviews were conducted and re-
corded via video-conferencing platforms, each taking between
30 and 45 min. Transcripts were reviewed against audio files
and edited to create “corrected transcripts” by identification
of speaker (respondent or interviewer), removal of repetition,
and correction of mistranscribed technical language.

Analysis
Sentiment Analysis

Sentiment analysis seeks to identify emotional content in
written text, using natural language processing to identify
and score words and sentences indicative of positive and
negative feelings.?? This approach was chosen to explore
whether respondents’ language suggested very strong or out-
lier opinions and was assessed in 2 ways. First, using the
Bing lexicon,’® which classifies individual words as positive
or negative. Second, sentence sentiment was scored using the
sentimentr package® with the Jockers-Rinker lexicon®? which
modifies sentiment according to context, using proximate
words that convey negation (not, can’t) and intensity (abso-
lutely, certainly, almost, barely) to adjust the sentiment score
for that word. Text processing and sentiment analysis were
undertaken in R* with the tidytext package.*

Qualitative Thematic Analysis (Nvivo)

The main focus of this research is exploration of opinions
and ideas around standardization using qualitative the-
matic analysis.®® This allows identification of themes or
concepts in content, and organization to facilitate interpre-
tation and analysis rather than simply summarizing data.*
Our approach was based on Burnard,?” with the analysis of
corrected transcripts and organization of resultant themes
undertaken using Nvivo Release 1.6.1 (QSR International), a
package designed for qualitative or mixed-methods research
involving unstructured text and other non-numerical source
material. Data were categorized by combining concept-driven
development of “codes” (relevant keywords or phrases) and

€202 1940}20 €0 UO JasN YI0A JO Ausionun Aq 9081/22/9G0PEZS/WIOIS/EE0 L 0 L/10P/3[oILE-0OUBADE/LI)O}S/WOY"dNO"DIWSPED.//:SA)Y WO} PAPEOJUMOQ



Stem Cells Translational Medicine, 2023, Vol. XX, No. XX

data-driven iterative organization of codes, as described by
Kuckartz.*

Development of Coding Structure

A prospectively defined set of codes reflecting likely inter-
view content was used to code 5 corrected transcripts. This
involves tagging (highlighting) each mention of a code in the
corrected transcript, allowing Nvivo to identify and organize
interview content by code. These 5 transcripts were then
reviewed to assess the suitability of the initial codes, allowing
the elimination of unused or closely overlapping codes. All
transcripts, including the first 5, were then coded against the
final set of codes (Fig. 1).

Development of Thematic Framework

The most frequently referenced codes were analyzed to iden-
tify recurring themes and concepts common to all or most
respondents using Nvivo’s code mapping functions. All
references in the dataset to each of these “key codes” were
then tabulated manually and one or more short themes or
concepts were annotated against each reference. These short

themes were grouped and “mind-maps” were prepared to
allow visualization of the overall output for that code (Fig.
1). An overall thematic framework was prepared to facilitate
exploration of the comments, concerns, and opinions arising
from the interviews.

Results

Responses to Interview Request

Fifty-one potential respondents were contacted: 17 (UK),
14 (US), 4 (Canada), 4 (Ireland) 2 (Spain), and one each
from 10 other countries. Respondents were identified by
their primary area of interest; for example, research doctors
actively involved in patient treatment/clinical trials were
recorded as “clinician” rather than “academic”; academics
working in a commercial capacity were assigned to the “in-
dustry” group.

Selection of potential respondents was initially based on
the researchers’ knowledge of the field. A second group was
identified based on published activity in the MSC/standard-
ization/regenerative medicine areas. Of these 28 “cold call”

Remaining
original
transcripts
Original Rem:::rt];r:jg
: corr
transcripts transcripts
Corrected Code all
franscripts —» corrected
X5 franscripts
DATASET READY ‘
l FOR ANALYSIS
Heirarchical Collate all
ANALYSIS —  analysis of — comments for
coies key codes
Identify most Summarise Develop Mind-map of themes
commonly concepts for —> thematic —— foranalysis and
reiarencid codes 'gg N‘{ﬁ:?gg each key code framework interpretation
Identfy other gt
codes of interest each key code

Figure 1. Workflow for the processing of interview transcripts and development of the thematic framework for analysis of the data. Prior to analyzing
the interview transcripts, a series of “codes” (key words or phrases relevant to the subject), was prepared. An initial group of 5 corrected transcripts
was “coded” in Nvivo by labeling (highlighting) each reference by a respondent to a specific code. These 5 initial coded transcripts were reviewed to
assess the suitability of the initial list of codes, allowing elimination of duplicate, or closely overlapping codes. All transcripts, including the 5 initially
used to review the code list, were then coded against the final set of codes. Hierarchical analysis identified the most frequently mentioned codes;
these were then examined using mind-mapping to develop the overall thematic analysis.
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invitations 18 did not respond to our request. Of the 10 who
did, 4 agreed and were interviewed. Once the target of 20
interviews had been achieved no further invitations were
made. Responses and stakeholder field are summarized in
Fig. 2.

Sentiment Analysis

Respondents’ use of words associated with positive or neg-
ative emotions (Fig. 3A) indicates that in general, slightly
more words with positive connotations than negative words
were spoken by each respondent. The most frequent words
used which contributed to the overall positive/negative
sentiment (Fig. 3B) are shown, with concepts around diffi-
culty, risk and complexity contributing most to the negative
sentiments. Positive sentiments included guidance, ease and
help.

Overall sentence sentiment is shown for each respondent
(Fig. 3C) and by stakeholder group (Fig. 3D).

A text mining approach® was used to explore the fre-
quency of word stems (unigrams), pairs of words (bigrams),
and triplets (trigrams) used across all respondents and by
stakeholder group. Frequency charts were generated using
R (Supplementary Figs. S4-S6) and by the respondent group
(Supplementary Figs. S7-S9) to visualize the language used by
the interviewees.

Qualitative Thematic Analysis
Development of Coding Structure

Initially, 60 codes (items discussed by respondents) were pre-
pared prior to interviewing. Five corrected transcripts were
coded to assess the relevance and completeness of these in-
itial codes. Nvivo code frequency analysis highlighted un-
used codes and manual review identified those that effectively
duplicated another code. Thirteen were deleted leaving 47
codes.

Thematic Analysis Structure

The most common codes are represented as a hierarchy
chart (Fig. 4). “Standards development” was the most widely
discussed element. This code included aspects such as the
process of development, timescales for production, and
the involvement of different stakeholders in the process of
generating and promoting standards. Standardized assays

QOutcome
Declined -

Failed to schedule I 3
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were also discussed extensively and were widely favored (see
also Fig. 6).

Most respondents discussed the ISCT criteria, either spe-
cifically using this term or by inference (eg “we use the
standard marker panel”) which the researcher then explored
to confirm that they did mean the ISCT panel. The concept
of a standard set of requirements for MSCs (a cell speci-
fication) was frequently mentioned, as were concerns that
standards could inhibit or adversely impact development or
translational activities. Different types of standards arose
frequently, with all but one (specific standards for raw
materials) appearing in the top 20 categories. Note that this
figure highlights the extent to which different aspects were
discussed but does not indicate whether respondent views
were positive or negative.

The content for each code was collated manually by
tabulating each comment, summarizing it into 1 or 2 themes,
for example, “research culture,” “stakeholder involvement,”
and these themes were then mind-mapped to produce a vis-
ualization of the content around each code. The interview
content is condensed into 5 main themes: benefits of stand-
ardization, concerns or negatives, types of standards that
could be beneficial, roles of stakeholder groups in the de-
velopment and adoption of standards, and practical aspects
relating to the complexity of MSCs. An overall thematic
framework was prepared to capture the outcomes of the
study (Fig. 5).

Given that this study is qualitative and focuses on re-
spondent opinions, the results include individual quotes
chosen to highlight specific points. Consistency and compa-
rability were commonly highlighted as potential benefits of
standardization, both from manufacturing and clinical/pa-
tient perspectives.

Clinician 2: “Whenever I'm treating patients, making sure
that, you know, each patient is getting the same therapy,
and the confidence that if I do a trial, and show cell X
works. And if I'm giving cell X, in the future, I want to
make sure that batch is equally effective.”

The importance of comparing results across studies was
mentioned by all groups, either directly or in noting that
absence of standards made such benchmarking extremely

B Regulator = Completed
B Declined

NGO

# Failed to schedule

Stakeholder . = DNR
Academic
Group

Clinician
Industry

40 50
Number of Respondents

(=]
=
o
(5]
[=]
[7%]
L=

0 S 10 15 20
Number of Responses by Stakeholder Group

Figure 2. Disposition of respondents. (A) The numbers of potential interviewees who agreed and were interviewed (“Complete”) and who declined
("Declined”) or did not respond to the invitation (“DNR"). Where a respondent initially agreed to take part but did not schedule/attend the interview this
was recorded as “Failed.” (B) The number of responses broken down by stakeholder group: academic, industry, regulatory agency, clinician, or NGO.
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Figure 3. (A) Frequency of words spoken by each respondent that are classified as positive or negative in the Bing lexicon. (B) Contribution made

by different words to the overall positive/negative sentiment across the entire corpus. The words “critical” and “isolate” were removed from the list
of negative words. (C) Average sentiment of words for each respondent; the score for each word is modified by its proximity to words that convey
negation (not, can't) and intensity (absolutely, certainly, almost, barely). (D) Average sentiment of words for each category of respondent, modified as
in (C). In C & D each green dot represents the sentiment-adjusted score for an individual word. The purple lines represent the mean word score for all
words used by that respondent/respondent group. The box-and-whisker plot overlay indicates the median word score and the interquartile range (IQR)
and extends to + 1.5IQR. The apparent thick green vertical line at 0 in each sentiment score (Fig. 3C,3D) is an artifact reflecting overlapping scores of a
large number of words all having a score of 0. The small range of the x-axis reflects the limited strength of sentiment-few words exceeded an overall
score of either =1 or +1.

difficult, and this comparison is exacerbated by the recognized Industry 5: “If they would accept it [decentralized manufac-
heterogeneity of MSCs. ture] based upon standardization, it would make things a lot
easier, and [ know a lot of companies would be very inter-

Industry 1: “At the moment there’s absolutely no way to
benchmark against other studies, because you literally
don’t know what the cells are, and what we know is that
the origin makes an enormous difference so obviously a
bone marrow mesenchymal cell is not the same as adipose
mesenchymal cell is not the same as one from umbilical
cord.”

ested in that kind of model of decentralized manufacturing,
because it makes the supply chain, the logistics chain of the
process of manufacturing so much easier. So, if you could
introduce a set of standards that will allow the acceptance
of that decentralized manufacturing to become easier and
smoother, it will definitely be attractive to industry.”

It was suggested by NGOs involved in facilitating
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Interviewees with a more sophisticated regulatory perspective  collaborations at the interface between academia and in-
also mentioned the importance of comparability in facilitating dustry that non-mandatory standardization could benefit
use of newer licensing concepts such as decentralized  aspects of early academic work, particularly reproducibility

manufacture: and record-keeping.
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Figure 4. Hierarchy chart—most frequent items discussed by respondents by a number of coding references. The chart is generated by Nvivo from the
total coding for all 20 interview transcripts, based on the numerical frequency with which each subject area was discussed by the respondents overall.

NGO 1: “The advantage for a research group in adopting
work practices which are industry compliant at the late
stage of their research is that, in theory anyway they should
be able to cut out most of the development steps if they

hand off as part of an exit strategy for the technology.
Because all that needs to be done ... is the thing needs
to be replicated batch on batch in large numbers. So, that
means (a) you access market quicker and maximize your
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Figure 5. Overall thematic framework. The project distilled the themes around standardization of MSCs into 5 areas: potential benefits of
standardization, potential concerns, and disadvantages, the types of standards that could be developed, the roles and involvement of various

stakeholders, and practical issues to be considered.

patent lifetime usage and (b), it means that you’re more
likely to be adopted, if you want to sell to big pharma or
somebody else, because it’s all ready to go, and therefore
you have credibility with people who are coming in with
that mindset.”

The imposition of formal standards for MSCs could be in-
hibitory to innovation and development of ATMPs tailored
for specific indications. Academic respondents in particular
expressed reservations and emphasized the need for flexibility
to avoid negative impacts on research culture: researchers
could resent or reject what might be perceived as unnecessary
restrictions on their activities.

Several respondents raised a concern that MSC product
standards could result in products that were simply com-
pliant rather than being optimized for specific indications

and stressed the importance of avoiding assumptions around
what might constitute the “best” MSC. This idea was related
to a significant concern regarding the extent of understanding
of MSC biology, and that standardization of MSC products is
premature given, in particular, the ongoing difficulties in even
defining an MSC. One regulator drew a parallel with develop-
ment of mobile phone technology:

Regulator 2: “So to be almost the equivalent of nailing your
colors to the mast for the mobile phone that’s at 1G or 2G
or something like that, and then that would actually be-
come counterproductive and prevent future development.”

The existence of a cell standard may inadvertently create the
impression that we know more than we do, thereby indirectly
posing a risk to innovation:
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Regulator

Figure 6. Respondents expressing a positive view of different types of standards that could be beneficial for MSCs. For each standard type, the number
of respondents making positive comments was collated, and then grouped by stakeholder group. The proportion of positive comments is expressed as

a percentage of the total respondents within each stakeholder group.

Academic 2: “I see the risk that people would imagine that if
there is a proposed standard then everything is basically un-
derstood, we just need to comply with a standard and it will
work. And it’s not like that we know, and even if there will be
a proposed standard at a certain point, it will continuously
have to be further developed, refined, confirmed, adapted
maybe to a specific category of patients that require a differ-
ent particular delivered signal by MSCs than another cate-
gory of patients, even within the same indication. So, the risk
of the standardization is to generate closed views, dogma-
like conceptions, and that is a risk for the field.”

At least one stakeholder from each group clearly opined that
our understanding of MSC biology is immature, in particular
regarding mechanisms of action driving expected therapeutic
benefits.

Roles and Involvement of Stakeholders

There was a strong sense that no particular stakeholder
group holds the key to successful standardization or indeed
successful translation of ATMPs. Standardization could be a
double-edged sword: are we giving our hard-won knowledge
away for the benefit of others? Or conversely can we set the
bar high enough to discourage competition? Impeding com-
petition may be a benefit to some but surely would be a neg-
ative for the ultimate beneficiary, the patient.

Involvement in standardization activities as a means of
influencing the development of the field, or to avoid being
blindsided by new and unexpected requirements came over
as a clear positive from both NGOs and regulators. This is
unsurprising given that these stakeholders are most likely to
have an appreciation of the purpose of standardization, and
also to have practical experience of standards generation.
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Regulator 1: “And I think that we need to push for, you
know, this education of people that actually, they could
be shaping up the future with the knowledge that they’re
generating and by participating in these standardization
work streams”

Industry and academic respondents favored engagement in
standards development, largely rejecting the suggestion that
this might entail handing over proprietary knowledge “for
free.” The idea of cross-stakeholder standardization was
supported, tying into the idea that any positives would ben-
efit the whole field. While larger companies were considered
suitable to lead standards development it was noted that they
may perhaps reap proportionately fewer advantages because
of their familiarity with regulatory requirements:

NGO 2: “You know the big companies have the benefit
of the subject matter expertise, the knowledge, the criti-
cal mass. What's interesting is most companies, most big
companies want to know how standards fit their processes
as opposed to the other way around, small companies who
don’t have either the critical mass experience or expertise
are looking for guidance.”

Conversely, standardization of processes, equipment,
materials, and assays was mentioned as a benefit for larger
companies that could leverage economies of scale when de-
veloping more than one product.

The importance of regulators’ engagement was frequently
mentioned, although there was recognition that standards
would be secondary to extant regulation rather than an alter-
native approach.

Industry 1: So, if we can find a set of standards that are in-
ternationally acceptable that don’t interfere with the local
regulatory requirements and don’t supersede or undercut
those. That would be phenomenally useful.”

Industry 2: “Ultimately, it’s the interaction with the
regulators that trumps everything.”

There are real concerns about the length of time to pre-
pare a standard followed by adoption and uptake by target
audiences, which could create a state of perpetual obsoles-
cence. One academic was concerned that attempting to gain
consensus quickly might lead to a “lowest common denomi-
nator” standard:

Academic 6: “The other side is that if the bar is too low,
which is something that I'm very worried about, then you
get all of these suspect clinics laying claim to legitimacy,
based on adberence to extremely low bar standards that
are really not standards. And that legitimizes their work
and their research, and I think, for the most part, patients
especially are not able to decipher that and if something
looks like it’s an ISO standard or has that kind of stamp
of approval, 1 think there’s a great danger that you're
promoting and allowing bad actors into this.”

The interview guide included questions on what types of
standards could be beneficial. Standardized assays were
widely viewed as comparatively low-hanging fruit (Fig. 6).
Potency assays represented very important benefits: inter-
batch consistency, comparability between clinical trials

and/or manufacturers, benchmarking in relation to clinical
outcomes, and transparency of published literature. The en-
thusiasm for standard potency assays was tempered with
caution regarding insufficient understanding of biology and
therapeutic activity; most respondents saw the development
of potency assays as at once extremely challenging and vital
to the progression of the field.

Regulator 1: “I think the biggest challenge that the cell
therapy community faces, is the lack of potency assays or
the lack of specific assays that can let us know how potent
a cell-based product will be, and that emerges because we
don’t know enough about the biology of the processes but
it is all linked. So, in a way, we need to start with the basics,
we need to establish these very simple standards that can
help people just with the initial standardization. And the
ISCT paper 1 think it has been critical or instrumental in,
at least, making people test for the same thing.”

Academic responders expressed strong support for min-
imal standards for reporting clinical trials. These are world-
leading researchers who frequently undertake peer reviews
for high-impact clinical and cell biology journals, and they
expressed considerable frustration that articles are published
without even minimal data on cell identity and characteriza-
tion in clinical trials.

Academic 1: “And I think a description of how you de-
rived your cells, how you've characterized them and how
they compare to other cells, short but critical, should be an
absolute requirement, certainly for any clinical study. We
were talking about biological studies, also for in vitro stud-
ies, in other words, not saying you must do it like this, but
rather saying, show us that you thought about it and show
us why you’ve done it the way you’ve done it and made the
case. And if that became a standard, 1 think that would be
transformative...”.

All bar one academic respondent was strongly opposed to
the notion of an “MSC specification” or standard for MSCs,
again citing gaps in current knowledge as significant barriers
to the production of such a standard.

Academic 2: “So the concept of MSC standardization can
be in my view rather misleading ... So what I advocate
and I think ... is that the MSCs need to be characterized
according to standardized assays... so it will be possible
to compare whether preparation X for mode of action A
is similar or not to preparation Y, with intended mode of
action B. ... And so in the end we will not have an MSC
standard, we would have a gamut of different assays that
will be introduced to characterize the MSCs and to define
whether they can be released or not, for a very specific ther-
apeutic goal.”

Discussion

This study was designed to explore concerns,
recommendations, perceived benefits, and risks of standard-
ization in regard to MSCs. Calls for standardization have
arisen from multiple different researchers and groups: refer-
ence materials,® identity,'® potency assays.*” The ISCT has
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made recommendations for identity, immunological charac-
terization, immunomodulatory potency assays, and nomen-
clature for different tissue sources.”>*'** As noted earlier,?
ISO has published several standards concerning biobanking
and methods for MSC for research use. Despite the con-
siderable volume of such publications, one of our most
striking observations was that almost half of the respondents
expressed concern that our understanding of MSC biology is
insufficient to define cell standards. The ongoing discussions
around nomenclature,* difficulty in identifying criteria to
distinguish MSCs from different tissues,** and from other
fibroblastic cells* speaks to a wider uncertainty regarding
mechanisms of action.”* These fundamental gaps in our
understanding do represent a significant risk that premature
standards or inappropriate scope may distort or inhibit the
adoption of MSC-based therapies.

The quality of characterization data in MSC publications
was emphasized: heterogeneity among MSC populations
should necessitate detailed characterization and that journals
could support the field by requiring minimal descriptive data
to be included in manuscripts. This observation is consistent
with our own research,” in which we argue that introducing
editorial standards for basic characterization could promote
considerable improvements in understanding the true validity
of MSC clinical studies.

Product standards could be especially problematic for au-
tologous therapies given the inevitable variability in starting
material. Challenges in setting release specifications could
be amplified by imposition of external standards not based
on the manufacturing capability for that specific product:
one academic involved in the manufacture of autologous
products emphasized that clinicians should be able to use out-
of-specification product so long as it presents no harm to the
patient. Conversely, another academic who has strong links
to both clinical development and industry expressed the op-
posite view:

Academic 1: “What matters is that those cells are not being
implanted as a waste of time. You want to know that they
have the capacity to do the job™

Although superficially rather purist and unhelpful for the
patient, this position recognizes that there are risks in the
use of any ATMP, even autologous and that patients should
only receive products having a reasonable expectation of
efficacy. The balance between clinical judgment in an indi-
vidual case versus the intention of regulatory and medical
ethics frameworks (patients should receive safe and effective
treatments) is a difficult one,?! but it highlights the impor-
tance of carefully evaluating the potential impacts of any
standards as a mechanism for facilitating the development of
cell therapies.

It is worth highlighting that the development of ATMPs
as medicinal products is a special case in some regards.
ATMPs are retained by academic groups and small spin-out
companies to a much greater extent than more traditional
products, which may be due in part to specificities in the
regulation of these products in both the EU and the United
States.? This continuum of academic involvement in the de-
velopment process results in a more heterogeneous audience
for standardization. One respondent expressed considerable
dissatisfaction when discussing the extent to which academia
is involved:

Stem Cells Translational Medicine, 2023, Vol. XX, No. XX

Academic §: “I'm going to go out on a limb here now. And
even though I am an academic myself, I feel that one of the
reasons why this field is in the mess that it’s in is because
it’s been in the hands of academics, and it should have been
in the bands of industry experts who much better under-
stand the idea of industrial standards, and the need for re-
ally carefully conducted specific tests so I think a lot of the
waffle that we have in the field, wouldn’t be there if it had
been driven by industry and you know I think it’s quite
noteworthy that these committees that set these standards
are all academics. So, if it were industry driven much more,
[ think we’d be better off. I'm sure that a lot of people who
would be very annoyed to hear me say that but nonetheless
that’s my opinion.”

The idea that standards could inhibit innovative approaches
and academic freedom was a strong theme. Clearly,
researchers need freedom to follow lines of enquiry without
being restricted by pre-defined requirements, although one re-
spondent, an ex-academic with extensive industry experience,
noted that mindset could be different in laboratories in which
the goal is out-licensing a promising therapy rather than con-
tinual research. The balance between research freedoms and
adoption of standardized aspects that facilitate reliable clin-
ical outcomes is a difficult one requiring careful timing and
will almost certainly be establishment-specific. However, an
early appreciation within academia of the potential benefits
of standardization should enable a timely progression to a
more industry-ready development pathway.

Sentiment analysis indicated a slightly positive attitude to
the discussion overall, although, perhaps inevitably given that
respondents are professional scientists, the overall tenor of
content was quite neutral. Sentiment analysis was explored
as an additional dimension to the research, given that the
small sample size makes between and within-group statistical
comparisons impossible, and it offered some reassurance that
there were no major outliers in the respondent pool in terms
of attitudes.

The outcome of sentiment analyses can be influenced
by choice of lexicon,® and whilst several domain-specific
lexicons have been published as data frames for R and other
platforms®! none were found for scientific conversation. The
lexicons used here scored some common scientific words as
strongly negative: in particular “critical” is likely a signifier of
importance, and “isolate” has no emotional weight whatso-
ever in the context of cell biology. We attempted to correct for
this by manually removing the words “isolate” and “critical.”

Nvivo analysis is to an extent subjective. While it is very
powerful at comparing code content and frequency, number
of hits can be influenced by choice of what, and how much,
text to include against a specific coding instance. So frequency
is of limited value in determining popularity (importance) of
content, and Nvivo was used as a starting point for organizing
and developing themes within interviewees’ responses rather
than analysis itself.

The study achieved 20 interviews. Sample size is a much-
debated area that recognizes the information saturation point
as a key criterion for study validity in qualitative research.?®
The completion of 20 interviews compares favourably with
some recommendations for sample size’? beyond which
little new information is likely to be gained. The emphasis
on an exploration of expert respondents’ concerns, opinions,
and recommendations was mitigated against a simple
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questionnaire approach, which could have yielded more
quantitative data but would not achieve the main aim of the
work.

This study focused on MSCs because of their extensive
clinical use, and because the extraordinary biological heter-
ogeneity of MSCs presents particular challenges to standard-
ization as a means of facilitating authorization and adoption
into routine clinical practice. Our findings are also generaliz-
able to the adjacent and expanding field of MSC-derived acel-
lular therapies, which has now reached the clinical stage,***
and ATMPs more widely, particularly in the context of
standardized assays and materials and in stimulating engage-
ment of stakeholders both with the standards development
process and with the adoption of standards in the develop-
ment of their products.

Concluding Thoughts

This research highlights not only differences in concerns and
opinions between different stakeholders but also indicates
heterogeneity of approach within groups. An innovator sci-
entist with senior management responsibilities in industry
viewed engagement with standards as something of a luxury
and a potential distraction from the primary goal of product
approval. Another industry respondent focused almost exclu-
sively on the positives: simplifying operations and streamlining
interactions with regulators. It may be that companies need
to achieve a critical mass before they feel able to expend re-
sources on standardization activities, and potentially these
may be the ones who would benefit most from “off-the-shelf”
guidance at an appropriate level such as standardized assays
or materials.

It is important that we do not generate standards for
standards’ sake, and those involved in drafting international
standards might be encouraged to link standards develop-
ment activities to specific opportunities such as decentralized
manufacture or global licensing of allogeneic products man-
ufactured in multiple regions. The relationship of standards
to regulatory processes is not immediately apparent to many
developers, especially academic spin-outs and small biotech
companies. FDA has provided useful guidance on the accept-
ability of standards in applications to the Center for Biologics
Evaluation and Research,” which reviews applications for
cell and gene therapy products. The ways in which standards
can be leveraged in pursuit of a marketing authorization
should be clarified by other regulators, particularly in the EU.

The interview process highlighted a lack of understanding
of standards as an external benchmark in some respondents,
who initially conflated standards with their own internal
specifications or requirements. One important recommen-
dation arising from this study is therefore that standards-
generating organizations could consider how to promote the
existence and the value of external standards to academic and
small industry developers who do not typically engage with
the standards development process and may not, therefore, be
reaping the benefits of standardization.

On the basis of our findings (1) there is undoubtedly an
appetite for standardization in specific areas, particularly
the development of assays that can be used for comparison
or benchmarking across manufacturers, processes, and cell
sources, (2) stakeholder groups are not homogeneous in their
concerns and attitudes, (3) careful consideration must be
given to the points along the development timeline at which

1

different standardization approaches could be beneficial, and
(4) the roles of standards could be promoted further in re-
gard to specific aspects of ATMP development and regulation
such as qualification of decentralized manufacturing sites.
Future development of this work could usefully explore the
differences of opinion within stakeholder groups to inform
development of more targeted methods of promotion of and
engagement in standardization.
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