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Abstract 

Structured product quality data offer tremendous promise to revolutionize the submission of drug applications. 
However, the quality attributes for biological products do not have a systematic naming taxonomy, and consequently 
this limit poses a critical challenge in the development of systems for structured regulatory submissions. Here, we 
describe the creation of a controlled vocabulary with a structured taxonomical naming approach for quality attributes 
of therapeutic proteins. Additionally, we endeavor to make the case for why such systematic harmonized naming 
is required to support the successful implementation of structured data systems. We also describe the key principles 
of our structured naming approach, including a top-down view of the product and protein structure and a distinction 
between a quality attribute and the test to evaluate the attribute. Finally, we describe how this approach can accom-
modate emerging product types, advanced manufacturing technologies, and be used across the variety of submis-
sion sections in a regulatory dossier that discusses quality attributes.
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Introduction
The British mathematician George Box is credited with 
the observation: “All models are wrong; some are use-
ful”. This famous and highly quotable line has been used 
repeatedly to acknowledge a variety of truths about mod-
els and the systems they govern, namely: 1) They have 
fundamental limitations of extrapolation, 2) That they 
may be constructed from assumptions that might not be 
universally true for all cases, and 3) They may represent 
or predict an outcome that may not be consistent with 

absolute truth of the “real” result. Herein we describe the 
creation of a “model” controlled vocabulary and taxon-
omy for protein quality attributes classification and do so 
with an a priori acknowledgement that any such naming 
approach will have within it, limitations and counterintu-
itions. Nevertheless, we propose such a “model” that may 
provide a useful starting point for discussion and attempt 
to make a case for why such a system (or any universally 
agreed upon system) is desperately needed to support the 
successful implementation of structured data systems for 
biological products. The framework described herein is 
designed to apply to therapeutic proteins as other modal-
ities (e.g., cell and gene therapies and vaccines) would 
potentially have other considerations.

Many recent publications have focused on the oppor-
tunities that progress in data storage, data structure, 
and data engineering offer the pharmaceutical industry 
(Algorri et al. 2020, 2022; Macdonald et al. 2021; Robert-
son et al. 2019). Much has been made of the opportunities 
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such advancements in technology offer to modernize 
the regulatory submission process, to facilitate a global, 
simultaneous submission, and with it, concurrent global 
assessment by different regulatory agencies. This oppor-
tunity is particularly appealing for pharmaceutical com-
panies which generate tremendous volumes of data and 
information that ultimately require manual construction 
and collation prior to regulatory submission completion 
(Ahluwalia et al. 2022; Cauchon et al. 2019). The manual 
curation of these data does not occur as a single event 
during product development, rather they extend across 
a product lifecycle and across different regional geog-
raphies, and are one reason why global harmonization 
remains such a challenging yet appealing proposition. 
Furthermore, the systems used to house these data may 
comprise a “data lake” ecosystem where much of the data 
themselves may reside in a loose tapestry of a variety of 
systems (Beierle et al. 2023).

Regulatory landscape
Pharmaceutical manufacturing is itself undergoing a 
digital transformation, one that is frequently referred to 
as Pharma 4.0, or Industry 4.0 (Arden et  al. 2021). This 
term refers to a fourth revolution, one that speaks to 
more than just the digitizing and the collection of physi-
cal data and their translation into an electronic format, 
but also the digitalization which is the conversion of a 
once human process into a computer-operated or auto-
mated one. This includes leveraging tools and technology 
such as automatization/robotics, artificial intelligence/
machine learning, and advanced computing.

Paralleling the revolution underway in industry, regu-
latory health authorities also have tremendous interest 
and efforts in such transformations. One such prominent 
effort is FDA’s Knowledge-Aided Assessment and Struc-
tured Application (KASA) initiative (Rosencrance et  al. 
2019). This tool, initially announced in 2018 and devel-
oped by the Office of Pharmaceutical Quality, is designed 
to use structured approaches for assessment to allow 
for more consistency, reproducibility and searchability 
(Brennan 2018). While developed initially with abbrevi-
ated new drug application (ANDA) submissions in mind, 
subsequent developments and discussion of the program 
have highlighted the potential and intent to use the pro-
gram across all assessment programs, including new drug 
applications (NDAs) and biologics license applications 
(BLAs) (Cox 2021). Notably, while the “SA” of KASA 
stands for structured application, other related and inter-
connected initiatives (rather than KASA) may serve as 
the intended entry mechanism for approaching the struc-
ture of the data itself in the regulatory submission, as the 
KASA system currently serves as an assessment tool to 
be used internally by FDA. To that end, FDA announced 

the availability of draft documents to begin the conver-
sation for standardizing pharmaceutical quality/chem-
istry manufacturing controls data (known as PQ/CMC), 
including a publicly available roadmap in 2017 (FDA 
2019). The intent of the program is the elimination of 
data and information being submitted in PDF style for-
mat, and rather providing defined elements using data in 
a prescribed computer “understandable” language. This 
program included a pilot project in 2020 that utilized 
Health Level Seven International’s (HL7) Fast Health-
care Interoperability Resources (FHIR) as their backbone 
(Schmuff 2019). The building blocks themselves reflect 
prespecified descriptive elements, such as for a batch: its 
batch number, product name, strength, batch size, manu-
facturing date, etc. A PQ/CMC draft published in 2022 
was a critical first step and focused on specific data rich 
submission topics for oral solid drug presentations, such 
as Specification, Batch Analysis and Stability (FDA 2023).

Structured data approaches and interest are not limited 
to FDA, indeed other health authorities, in particular the 
European Medicines Agency (EMA) are supportive and 
developing such electronic formats. Most notably, efforts 
include the IDMP (Identification of Medicinal Products 
International Organisation for Standardisation,) which 
also utilizes HL7 for product information (EMA 2021). 
The IDMP reflects a suite of standards, including Medici-
nal Product Identification (MPID), Pharmaceutical Prod-
uct Identifier (PhPID), Substance Identification (SubID), 
Dosage Form and Route of Administration, and Units 
of Measurement (UoM). Most relevant to our proposal 
here is the SubID, although the technical work instruc-
tions for it do not provide comprehensive controlled 
vocabularies for protein product quality attributes. A 
variety of other organizations have also proposed stand-
ardization approaches, though none have yet included a 
comprehensive proposal for quality attributes of proteins 
(Allotrope Foundation n.d.; Pistoia Alliance n.d.). Certain 
efforts to create a framework for other data elements are 
also well underway. For example, FDA has adopted cer-
tain standards, in particular ISO 11238 standard to aid 
in both the stable structure and the identification of a set 
of data elements for defining substances in a consistent 
manner (EMA 2021). Moreover, FDA and the National 
Center for Advancing Translational Sciences (NCATS) 
have worked to create the Global Substance Registration 
System (GSRS) which creates a public access of a data-
base of unique ingredient identifiers and descriptions 
for active substances, including recombinant proteins, 
nucleic acids, and small molecule (chemical) drugs, as 
well as their potential impurities (Peryea et al. 2021).

Global harmonization has always featured prominently 
in the need for structured data. Indeed, specific Interna-
tional Council for Harmonisation (ICH) activities, and in 
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particular the proposed revision to ICH M4Q, The Com-
mon Technical Document For The Registration Of Phar-
maceuticals For Human Use: Quality illustrates such an 
example (ICH 2004). Although ICH M4Q will not nec-
essarily create a format for structured data, the revision 
will attempt to reorganize the application in a way more 
suitable to support structured data. Thus, ICH M4Q 
can potentially better position submissions for assessors 
using systems that are capable of receiving structured 
data (e.g., a more helpful version of electronic Common 
Technical Document (eCTD) Module 2 – Product Qual-
ity Summary). Finally, and most notably, a proposal for a 
future ICH guideline on Structured Product Quality Sub-
missions (SPQS) may provide a mechanism to attempt to 
standardize a common set of data elements, vocabularies 
and taxonomies in eCTD Product Quality Module (ICH 
2020, 2021). Nevertheless, it is unclear how prescriptive 
any controlled vocabularies that arise from such initia-
tives will be for therapeutic proteins.

Critically, each one of these initiatives described serve 
as a key interrelated piece necessary to modernize regu-
latory submissions and further improve data standards 
in the industry and with health authorities. However, a 
consistent theme of these efforts is the deferral of nam-
ing and vocabularies for protein quality attributes to 
individual entities (e.g., companies, regulatory agen-
cies) and even individual submissions. This limitation, 
when coupled with the nature of proteins and their typi-
cal heterogeneity (and the variety of potential attribute 
descriptions), threatens to dramatically limit the utility 
of structured data. As depicted in Fig. 1, the FDA assess-
ment and development of structured data approaches 
reflect many interconnecting pieces that have been 
summarized elsewhere (Tran et  al. 2024). For example, 
KASA reflects the internal assessment system which sup-
ports the integrated quality assessment, but utilizes and 
relies on the structured data/information resulting from 
ICH M4Q, and PQ/CMC. As schematized in the figure, 
the established controlled vocabularies (and taxonomy) 

Fig. 1  A pictorial representation of FDA initiatives supporting digital approaches and structured submissions, with a representation 
of how controlled vocabularies and a corresponding taxonomy play a foundational input role
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would be used throughout product lifecycles and con-
sistently throughout these systems. Although this broad 
concept has been described publicly (Kozlowski 2020), 
to achieve the intended benefits of structured submis-
sions including more effective use of lifecycle tools such 
as ICH Q12 (ICH n.d.) and structured data, a structured 
taxonomical naming of quality attributes is essential and 
must be a foundational building block across all such ini-
tiatives for protein products.

Regulatory challenges and opportunities with biologics
There are many factors that drive the inconsistencies 
observed in protein quality attribute naming and taxon-
omy. First, biological products have well-documented dif-
ferences from conventional chemical drugs with respect 
to their macromolecule size and the number of potential 
modifications to their structure. Indeed, a key factor that 
spans all biological products is the heterogeneity of the 
protein itself, involving a wide variety of different protein 
attributes (Dougherty et al. 2018). It includes a variability 
that plays out in batch-to-batch considerations, as well 
as within batch variability from protein molecule to pro-
tein molecule, such as charge and size variants. Secondly, 
there are dozens of different potential post-translational 
modifications (PTMs) and with them a multitude of per-
mutations that occur concomitantly, each contributing to 
the heterogeneity of a therapeutic protein. These modifi-
cations may result in variants that retain full activity (i.e., 
product-related substances) or altered activity (i.e., prod-
uct-related impurities).

The complexity of protein molecules takes a variety of 
forms and drives the types of analytical methods and the 
quantity and breadth of characterization studies that are 
frequently applied. This is particularly true for biosimilar 
development as analytics have been long described (and 
depicted in a pyramid figure) as the foundation on which 
the entire development resides (Dougherty et  al. 2018). 
This deep analytical characterization demonstrates both 
the key role that analytics play, and with it, the tremen-
dous amount of information and potential knowledge 
that could be leveraged and automated in structured data 
systems. Additionally, exciting advances in biotechnology 
manufacturing including the development of “platforms” 
and modular manufacturing allows the opportunity to 
capture and utilize critical prior knowledge and cumu-
lated experience of a company. Effective utilization and 
assessment of a platform demands consistent assessment 
tools, formatting, and critically, structured data to ensure 
meaningful comparison of a pair of applications and 
data from a company. Moreover, submission elements 
unique to biologics such as completed process perfor-
mance qualification (i.e., PPQ) provided in the original 
submission are particularly suitable to structured data 

opportunities and offer an assessor the chance to effi-
ciently compare the process validation data directly with 
characterization and proposed operation conditions. 
Finally, proteins may also exhibit indication-specific 
quality attributes (e.g., importance of a particular effector 
function for only a subset of indications treated). For this 
reason, a linkage of a protein product, its quality attrib-
utes and its target or pathway are of particular value in 
structured systems and critical in problem solving such 
as the identification of an urgent safety signal that may 
be target specific. A structured system to capture prod-
uct structural and functional attributes could be com-
bined with clinical and safety information to help predict 
the impact of structural changes and inform regulatory 
decisions by applicants and assessors. A summary of the 
unique nature of a biological product submission and its 
elements is depicted in Fig. 2.

The complexity of biological product structural char-
acterization, manufacturing processes, data sets and 
clinical contexts is challenging and at the same time, 
reflect an opportunity to leverage structured data in 
predicting risks, capturing and evaluating safety signals 
early, streamlining assessments and improving regula-
tory decision making. Unlike small molecule products, 
biological product modifications, degradants, and vari-
ants of the active component do not have such defined 
naming. Notably, exciting examples of the possibility of 
real-time algorithmic exchange and processing of phar-
maceutical quality data (Anderson et al. 2023) as well as 
the implementation guides for PQ/CMC do not spec-
ify controlled vocabularies for protein products (HL7 
International n.d.). Rather, these approaches would 
currently defer to individual submissions to define 
them, which tend to be platform-, company- or even 
application-specific vocabularies. This results in dif-
fering naming of the same attribute, the use of similar 
names to reflect different ensembles of modifications, 
and collections of names (and their attributes) into cat-
egories that are in some cases arbitrary and difficult to 
predict. This challenge poses a stark limitation to the 
seamless integration of structured data into computer-
based systems. Even if future scenarios could employ 
AI/ML tools to consider “translation” of quality attrib-
ute names in a submission into a consistent structured 
format, such approaches may be limited or introduce a 
disconnect between the assessment system and narra-
tive descriptions of quality attributes in the submission. 
Moreover, an agreed upon format would be beneficial 
to the regulated industry as well, as it would provide 
effective ways to organize information that are repro-
ducible and easily understood even for new therapeu-
tic modalities. A hypothetical summary of the potential 
“unstructured” names in “structured data” for biologics 
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for the example of high molecular weight species is 
depicted in Fig. 3.

Reflections on conventional approaches
The predominant challenge with the variety of 
approaches to the vocabulary and taxonomy of quality 
attributes for protein products is not that any of them 
are right or wrong. Rather, it is they are merely incon-
sistent and consequently self-limiting. Indeed, many 
reasonable and thoughtful scientific approaches have 
been used to summarize quality attribute data in litera-
ture (Alsamil et al. 2020, 2021; Alt et al. 2016; Dash et al. 
2021; Vandekerckhove et  al. 2018; Tekdemir et  al. 2020; 
Nupur et al. 2022; Zhang et al. 2020; Lee et al. 2018; Sai-
toh 2018). Nevertheless, there is great deal of inconsist-
ency, and with it, a variability that may manifest itself in 
a variety of ways. This may include both discrepancies in 
the approach to placement of a quality attribute within a 
taxonomic category or inconsistencies with the terminol-
ogy or approach to defining the terminology of a single 
attribute itself. Additional sources of variability may also 

arise from the conflation of the method used to assess the 
attribute and the actual attribute. These inconsistencies 
are not surprising given the global nature of drug devel-
opment, multiplicity in research, the complexity of any 
single biological product, the diversity of types of biologi-
cal products under development, and the complex and 
proprietary nature of manufacturing development.

ICH Q8 (ICH 2009) defines a Critical Quality Attrib-
ute as “a physical, chemical, biological, or microbiologi-
cal property or characteristic that should be within an 
appropriate limit, range, or distribution to ensure the 
desired product quality”. It is further clarified that criti-
cal quality attributes generally are “associated with drug 
substance, excipients, intermediate (in-process) and drug 
product”. Importantly, the terms “property” and “char-
acteristic” are not defined, and understandably may be 
interpreted slightly differently in their context of use. 
Moreover, a lack of a generalized, global approach for a 
naming of attributes has created an inconsistency that 
results in different approaches that span molecule classes, 
product portfolios, and even individual applications. 

Fig. 2  A schematic depiction of the unique submission elements for a biological product relative to a small molecule
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Understandably, given these inconsistencies, a vari-
ety of challenges result, including disjointed knowledge 
management and limited opportunities for informatics. 
While it is acknowledged that not all proteins share the 
same quality attributes, we posit that when the quality 
attributes are the same, they should be named the same 
and organized in the same way in such applications and 
even scientific literature. Such a starting point for a qual-
ity attribute framework could further be used to refine 
certain structural terminology, such as that for individual 
glycans and what structures would be considered to con-
stitute “afucosylation”.

The first broad challenge and example of inconsistency 
results from a conflation of the measurement/method 
and the quality attribute. A simple such example would 
be the quality attribute of sterility. Traditionally, it is 
thought of as the quality attribute, but in some instances, 
container closure integrity as a surrogate method may 
be reported as a quality attribute. Other quality attrib-
utes, such as the measurement of charge variant profile, 
may broadly reflect a protein property, or it may be used 
to describe an orthogonal intent to capture a variety of 
PTMs that are typically associated with the non-main 
peak in a charge variant profile. Such modifications (e.g., 
individual deamidations), may be classified and summa-
rized separately from charge or not (Dash et  al. 2021), 
combined with size variants or not (Alsamil et  al. 2020; 
Tekdemir et  al. 2020) and separated from oxidation or 
not (Alt et al. 2016). The conflation may also take other 

forms, where the technique used to measure an attribute 
may result in the collection of all attributes into classes 
for which it is not technically a member, for instance, a 
non-glycosylated heavy chain may (or may not) be part of 
glycosylation (Nupur et al. 2022), or purity (Zhang et al. 
2020), or further subcategorized as an enzymatic PTM or 
not a PTM at all (Alsamil et al. 2020). Attribute classifica-
tion by the overlap of the method and the quality attrib-
ute may pose further confusion as technologies evolve 
and the development of new opportunities in advanced 
manufacturing. This progress offers the promise of 
replacing certain contemporary technologies, and with it 
to challenge collective wisdom on how specific attributes 
are routinely monitored.

A second challenge with respect to consistent nam-
ing how the protein function or biological activity is 
described at all, in particular, under the term “potency”. 
Potency, as defined in 21 CFR 600.3(s) means “the spe-
cific ability or capacity of the product, as indicated by 
appropriate laboratory tests or by adequately controlled 
clinical data obtained through the administration of the 
product in the manner intended, to effect a given result”. 
It is sometimes in submissions used interchangeably with 
the potency assay, which is a specific laboratory method 
that may be used to provide an assessment of the pro-
tein’s biological activity for the purpose of batch release 
and stability monitoring. Notably, therapeutic proteins 
may have multiple mechanisms of action that are thought 
to contribute to the activity of product, though not all 

Fig. 3  A schematic depiction of the efficiency resulting in the transition from free form “pdf” submission to structured data, noting that a truly 
structured data submission for proteins necessitates a controlled vocabulary
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may be evaluated routinely for a batch release decision 
for each product lot. Further complicating this approach 
are biosimilar products, for which such mechanisms are 
likely to be included as part of the comparative analyti-
cal assessment and whose description should match the 
function and purpose in a predictable way to allow data 
analysis and informatics necessitated by these qual-
ity data rich submissions. Finally, new advanced manu-
facturing technologies and the possibility of advanced 
analytics may one day enable broad consideration of 
alternatives to traditional “cell-based” potency assays 
and may allow other correlated techniques (such as those 
used for measuring primary structure modifications or 
glycosylation) to serve as the predominant control strat-
egy for a protein’s biological activity.

A third challenge with consistent nomenclature is that 
naming approaches sometimes classify the quality attrib-
ute based on its relationship to a physiological function. 
For example, this approach may result in C1q binding 
being considered bioactivity or not, binding or not, or 
an immunochemical property or not (Vandekerckhove 
et  al. 2018; Zhang et  al. 2020; Lee et  al. 2018). This can 
prove challenging given that certain targets may have 
physiological functions that result in a wide variety of 
results in different populations or disease states. Finally, 
new proteins and scaffolds will certainly challenge the 
conventional understanding of the breadth of protein 
function, as well as the traditional approaches used to 
classify and describe mechanisms of action in their clini-
cal indications.

Lastly, with respect to consistency of placement in a 
hierarchy (i.e., a taxonomy) some traditional approaches 
may collect the quality attributes into groups that are 
not scientifically driven but reflect a regulatory risk 
process platform and company’s approach at a point in 
time, for example, “obligatory critical quality attributes” 
(Saitoh 2018). Such groupings are understandable and 
may generically describe a wide range of attributes, and 
could be applicable specifically to drug substance and/
or drug product (Vandekerckhove et  al. 2018; Lee et  al. 
2018). Notably, as a recent survey demonstrated, such 
approaches vary dramatically from company to company 
(Demmon et al. 2020).

Key aspects of the proposed approach
As presented and summarized in Fig. 4, we have designed 
a taxonomy and controlled vocabulary framework that 
can be used across therapeutic proteins. This framework 
can be used for all therapeutic proteins independent of 
product indication, drug product presentation, or phase 
in drug development. Notably, this framework as pre-
sented in the figure does not include all subcategories at 
the third sub-category level (i.e., cardinality level 0.01) 

or fourth level (i.e., cardinality level 0.001). This is both a 
reflection of a logistical limitation of presentation in a fig-
ure and realistic acknowledgement that such detail is not 
entirely knowable for such a large portfolio and evolving 
group of biological products. Nevertheless, it creates an 
expandable approach that can be adapted for new prod-
ucts as they are developed and allow for predictable 
locations and categorization of quality attributes. In the 
following section, we define and describe the key princi-
ples that inform our proposed approach:

•	 Principle 1: A Top-Down View of the Product and 
Protein Structure

•	 Principle 2: A Decoupling of a Quality Attribute and 
the Test Used to Evaluate It

•	 Principle 3: Adaptability for New Emerging Products 
and New Technologies

•	 Principle 4: Classification of Biologic Activity into 
Clear and Indication Agnostic Outcome

•	 Principle 5: Implementable Across All Dossier Ele-
ments

•	 Principle 6: Allows Focus to Capture Necessary 
Quality Attributes Only

Our controlled vocabulary begins with six main cate-
gories at the highest level (cardinality 1.0): Active Ingre-
dient, Structure, Function, Process-Related Impurities, 
Material Properties, and Formulation. These highest-
level categories serve to establish our first two key prin-
ciples: taking a top-down view of the protein itself that 
separates the whole protein from the other parts of the 
product. It also ensures that the quality attribute and the 
method used to measure it do not become conflated. Fur-
ther, this approach distinguishes whole molecular prop-
erties which we refer to as active ingredient properties 
(such as charge and mass) and structural properties (e.g., 
primary structure). Specifically, this aids in deconvolut-
ing measurements that are closely related and overlap-
ping (e.g., charge, which is related to but distinct from the 
primary structure modifications that it may detect, such 
as deamidation).

The structure category at level 1.0 contains all modifi-
cations to the structure of the active ingredient, includ-
ing: higher order structure, primary structure, size 
variants, and linked non-protein polymer. Linked non-
protein polymer includes all covalent modification to 
the amino acid polymer, including conjugation and gly-
cosylation. This allows a predictable approach for new 
molecular constructs, as well as for organizing familiar 
molecules that have been manufactured in an uncon-
ventional way. For example, cell-free protein synthesis 
approaches may allow opportunities to target creation 
of difficult to express proteins and offers chances to 
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incorporate non-natural amino acids, and targeted gly-
cosylation approaches, which challenge conventional 
terminology and the intuitive meaning of current ver-
nacular such as “post-translational modifications” (Chiba 
et  al. 2021). Furthermore, we feel this categorization 

also supports future looking program development for 
new molecules and manufacturing methods (Shatz et al. 
2016). Such types of new approaches will need predict-
able locations for quality attributes and their variants that 

Fig. 4  Design of proposed taxonomy and controlled vocabulary framework. The main categories at cardinality 1.0 are shown in blue boxes. 
Notably, this framework as presented in the figure does not include all possible examples beyond the second cardinality level (0.1), which 
is presented in blue font. The third level cardinality is presented in black font (0.01). The fourth level cardinality (0.001) applies only to the Linked 
non-protein polymer cardinality of 0.01 and is depicted in red font
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arise in ways that differ from our typical classification 
and familiarity.

A key feature that differentiates biological products 
generally from small molecule drugs is describing its 
biological function(s). As noted in Reflections on con-
ventional approaches section, this description is perhaps 
the greatest variability and challenge, as a consequence, 
in the implementation of structured data. For this reason, 
our naming taxonomy attempts to decouple the readout, 
the assay parameters, and the target. Rather, we propose 
to include specific subclasses that offer cellular evalua-
tion, enzymatic evaluation, or a specific binding event 
that will allow predictable categories. Where needed, 
“animal/tissue” and more specific evaluation (e.g., sur-
vival) could be added to define cardinality levels 0.1 and 
0.01 for this subclass for certain products which still uti-
lize those types of quality attributes from such living sys-
tems (i.e., in  vivo measurement). This general approach 
may prove particularly amenable for future applications 
where advanced manufacturing technologies and the 
maturity of advanced analytics may one day allow for 
broad consideration of alternatives to contemporary 
assays for routine control. Moreover, future constructs 
such as multi-specific antibodies offer such potential 
opportunities to better tune activity and with it, intro-
duce a wider variety of potential features and quality 
attributes that need to be described consistently.

We acknowledge that all models have limitations. 
Indeed, our framework itself has certain obvious con-
siderations that need to be acknowledged. First, like any 
framework, locations of certain attributes may not be 
intuitive, especially relative to historical practice. For 
example, heavy chain antibody species lacking glycosyla-
tion (also referred to as NGHC) is located in the N-glyco-
sylation group at the cardinality 0.01 in the subcategory 
(0.001) of Linked  non-protein polymer in lieu of with 
antibody size variants, with which it is typically meas-
ured analytically. Additionally, the location within the 
taxonomy will require an emphasis on its context rather 
than not its name or origin. For example, an assessor 
would need to evaluate whether the impurity in an anti-
body-drug conjugate is conjugated the active ingredient 
(Structure / Linked Non-Protein Polymer / Conjugated 
Impurity) or not (Process-Related Impurity / Non-Media 
Component / Unconjugated Impurity). Nevertheless, 
with predictability and clarity, such shifts as in these sub-
categorizations of attributes would be easily manageable.

The successful development of a naming taxonomy 
(including controlled vocabulary) and the consistency and 
predictability of the approach we envision supports two 
final additional key principles: flexibility for applicants 
to identify necessary quality attributes, and a vocabu-
lary that can be used throughout an entire application. 

This approach generates consistency in sections related 
to characterization, specification, stability, and analytical 
similarity (where applicable). We acknowledge that some 
quality attributes, in particular, those related to critical 
patient safety (e.g., presence of adventitious agents) and 
for which a quantitative specification may never be estab-
lished (as their presence would instead result in a com-
plete response letter), may still technically be considered 
quality attributes. The ultimate utility of the identification 
and submission of quality attributes is in a dossier along 
with description in sections such as specifications, stabil-
ity, and product characterization. For this reason, we feel 
it is preferable for a taxonomy to place such attributes 
within predictable categories based on scientific prin-
ciples in lieu of generalizing them into such groups as 
“obligatory” or “mandatory”. This approach allows com-
panies to include them (or not) based on the needs and 
context of their product and its control strategy.

Conclusions
Herein we have provided a model for organizing qual-
ity attributes of therapeutic proteins in a harmonized 
and structured way. The intent is not that such a nam-
ing taxonomy and vocabulary will provide a prescrip-
tive approach, but rather that it may spark a coordinated 
effort to synergize with other structured data efforts 
already underway. This effort would be rooted in both a 
desire to find a collective approach, but also an acknowl-
edgement that a unified approach is a must have to 
ensure the success of structured data for biological prod-
ucts in an era of digitalization. Moreover, while individ-
ual category names may be further refined, our hope and 
vision is that key scientific and regulatory principles of 
a predictable approach will position regulatory dossiers 
to interface seamlessly with structured data submissions 
and the assessment systems that house them.
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