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Unlike antibody-based products that are generally single, highly purified proteins, ATMPs 
are complex products. Production involves the use of new technologies and older technol-
ogies that are adapted to ATMP production. Because of these additional complexities, the 
regulatory expectations for this type of product have also increased. An important aspect of 
the manufacture of cell and gene therapy products is the role of raw materials and the con-
trols required to ensure consistent product quality and ultimately patient safety. Important 
aspects of analytical approaches to ensure raw material quality will be discussed in this 
White Paper.

Cell & Gene Therapy Insights 2021; 7(2), 317–326

DOI: 10.18609/cgti.2021.056



CELL & GENE THERAPY INSIGHTS 

318 DOI: 10.18609/cgti.2021.056

INTRODUCTION
Advanced therapy medicinal products (AT-
MPs) are medicines for human use that are 
based on genes, tissues or cells and can gener-
ally be classified into three distinct categories: 
gene therapy, somatic-cell therapy and tis-
sue-engineered medicines. All ATMPs func-
tion by manipulating the target biological 
system to treat the disease.

An important aspect of the manufacture 
of cell and gene therapy products is the role 
of raw materials and the controls required to 
ensure consistent product quality and, ulti-
mately, patient safety. The fundamentals of 
Good Manufacturing Practices (GMP) still 
apply. Importantly, within the EU the terms 
‘starting materials’ and ‘raw materials’ must 
also be distinguished. Starting materials 
(SM) cover the human cells and tissues used 
in the final product, whereas raw materials 
are defined within EU Directive 2001/83/
EC [1].

Not all companies have the ability or re-
source to perform the required raw materials 
testing. In such instances, partnerships with 
CROs are considered, and the choice may 
be dictated by the regulatory status (EMA/
FDA inspected and approved), experience 
and knowledge around the product area. The 
CRO must have an understanding of what 
may be required and can help to guide cli-
ents through the testing regime. This paper 
will not cover all of the aspects that are funda-
mental to ensure the quality of the product is 
as required but does consider the points that 
are important when you are forming partner-
ships with a CRO to perform aspects of the 
raw materials testing. 

The characterization of materials from 
reliable suppliers, using developed and val-
idated methods or pharmacopeial methods, 
are key elements to maintaining a depend-
able supply of products. Additionally, it is 
not just the raw materials used to manufac-
ture the biological product, but the packag-
ing used, possible interactions with medical 
devices, and impurities like sub-visible par-
ticles, leachables, extractables, which also 

need assessment. The identification and 
validation of appropriate methods, and the 
identification of appropriate partners to per-
form these analyses, are important aspects to 
consider. 

As ATMPs are not single biomolecular en-
tities, there may be differences in approach 
to what is required for antibody-based prod-
ucts. In certain cases, research grade chemi-
cals may be used as part of the development 
process and may not be GMP-sourced. In 
such instances, the developer much provide 
evidence that the raw materials are of the 
highest grade/quality possible but must still 
provide evidence that the material is safe and 
does not provide a risk for the patient. For 
certain treatments, the donor cells are de-
rived from the patient and it is not possible 
to test to defined specifications and, for tests 
that might be employed, greater variability 
might be observed, e.g. cell depletion or en-
richment using monoclonal antibody-based 
approaches. Additionally, it is possible that 
starting materials may arise from a non-
GMP facility. Therefore, there are additional 
factors that need to be considered through 
the product lifecycle for an ATMP, nit ob-
served for more traditional antibody-based 
therapies.

Currently, the major products from the 
biopharmaceutical industry have been re-
combinant proteins and antibody-based ther-
apies, both originator molecules and biosim-
ilars. However, the number of cell and gene 
therapy medicinal products under develop-
ment is increasing. Currently, there are 1109 
clinical trials worldwide, with 97 in Phase 3 
[2], and 154 trials ongoing in the UK as of 
Dec 2020 [3], which is approximately 14% 
of the world total. In addition, in 2019 there 
were 11 approved treatments within Europe 
[4] and 18 in the US [5].

This document does not cover all the re-
quired tests for all regulatory domains for cell 
and gene therapy products (e.g. FDA, EMA, 
MHRA) but, where referenced, will focus on 
the regulations for the European market in 
the main. The document gives a CRO per-
spective that may be involved in the testing 
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process, and the awareness and expertise that 
the CRO must have to allow the client to 
produce a safe product of the desired quality. 
However, similar adherence to quality, test-
ing, supply, etc. of raw materials will apply 
across the different agencies. For non-EU 
markets, the region-specific regulations must 
be understood and followed; further informa-
tion that is specific to your proposed market 
can be obtained from the relevant regulatory 
authorities.

RAW MATERIALS
Within the EU and outlined in ‘Guidelines 
of 22.11.2017 Good Manufacturing Practice 
for Advanced Therapy Medicinal Products’ 
are the factors required to ensure product 
manufacture that complies with Good Man-
ufacturing Practice (GMP). Sections 7.1 and 
7.2 are applicable to the understanding of 
the thought processes that must be consid-
ered during the production of ATMPs. Im-
portantly, Section 7.1 states “The quality of 
starting and raw materials is a key factor to 
consider in the production of ATMPs. Par-
ticular attention should be paid to avoiding 
contamination and to minimizing as much as 
possible the variability of the starting and raw 
materials”. 

Within the EU the terms ‘starting mate-
rials’ and ‘raw materials’ must also be distin-
guished. Starting materials (SM) cover the 
human cells and tissues used in the final prod-
uct, whereas raw materials are defined within 
EU Directive 2001/83/EC [1]. These defini-
tions are further clarified in a concept paper 
released by the industry association European 
Biopharmaceutical Enterprises (EBE). The 
paper is entitled “Management and Control 
of Raw Materials Used in the Manufacture of 
Biological Medicinal Products and ATMPs” 
[6] and states that for ATMPs, raw materials 
(RM) are process inputs that are not intended 
to be part of the final product.  By the defini-
tions found in the directive and concept pa-
per, RM cover the chemically defined growth 

media, process buffers, cryopreservation solu-
tions, chemical transfection agents, and also 
cytokines, growth factors, enzymes, etc. 

An important point also mentioned 
within the concept paper is made regard-
ing excipients, which although not a RM, 
can be managed and controlled by a simi-
lar approach. The paper defines excipients 
as “pharmaceutically inactive components 
of the final formulation that are required 
to maintain the activity and stability of the 
active pharmaceutical ingredient and bring 
suitable functionalities of the defined dosage 
form.” For ATMPs, water for injections, sim-
ple buffer solutions and stabilizers such as su-
crose would be defined as excipients. Excip-
ients can also include higher risk excipients 
such as human serum albumin and dimethyl 
sulfoxide (DMSO). 

RM are, therefore, subject to the full pro-
cess and quality regimes of GMP regulations. 
For ATMPs, Annex 2 of the EMA GMP 
guidelines is also applicable and although not 
the subject of this white paper, some aspects 
will be more stringent than for conventional 
therapeutics [7].

One further point to note is that raw ma-
terials can be synthesized chemical entities or 
of biological origin. For raw materials of bio-
logical origin, General chapter 5.2.12 of the 
European Pharmacopeia – ‘Raw materials of 
biological origin for the production of cell-
based and gene therapy medicinal products’ 
is relevant. This chapter’s overall aims are the 
following:

1. Identify the critical quality attributes of raw 
materials of biological origin

2. Harmonize variable practices and make the 
regulatory expectations more predictable

3. Encourage raw materials manufacturers 
to provide consistent, predefined quality 
and to record and share information on the 
origin and quality of the raw material

4. Help users managing batch-to-batch 
variations and changes in raw materials.
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RAW MATERIALS TESTING
As biological products, the testing of raw 
materials may involve the use of established 
pharmacopeial methods, as well as the de-
velopment and validation of novel methods. 
RM should be produced following applicable 
GMP guidelines to provide documented evi-
dence of purity, potency, consistency, stability 
and traceability. The quality assurance system 
must comprise major GMP procedures in-
cluding change control, deviation, Out-of-
Trend and Out-pf-Specification procedures. 
At all stages of manufacturing, processing, 
and QC, the use of Standard Operating 
Procedures (SOPs) by qualified and trained 
personnel following validated and consistent 
processes must be performed.

Though there are many standardized phar-
macopeial tests for synthesized RM, the same 
does not apply for biological or complex 
materials. Testing for biological materials re-
quires the use of many different techniques 
and many methods may be bespoke for the 
raw material used. Companies may not have 
all the facilities, or pre-requisite experience, 
to perform all the required testing. Therefore, 
the establishment of partnerships with con-
tract research organizations (CROs) can be an 
important step in a new product life-cycle. In 
addition, the CRO must be licensed by the 
relevant regulatory authority (EMA, MHRA, 
FDA, etc.) to satisfy the requirements of both 
quality systems and GMP. An important 
consideration in a CRO partnership is data 
retention. A minimum of 30 years storage is 
required and the challenges that this entails 
(electronic data/computer systems/data for-
mats/maintaining readability/ensuring the 
data can be removed from storage and read) 
are multiple. Data retention time is often 
based on standard small molecule drug shelf 
lives as based on best practice, as advised 
through regulatory agencies, or through spe-
cific client-contracted times. This time period 
may be as short as six years and can extend 
for longer periods. Therefore, a CRO must 
have the ability and processes in place to ex-
tend data retention times to meet the desired 

requirements (e.g. 30 years), and to ensure 
that the tests performed/results obtained/re-
ports can be recovered for the client.

What are the reasons and why are the ap-
propriate testing methods important for raw 
materials? 

Within Europe, The European Medicines 
Agency develops scientific guidelines to help 
pharmaceutical companies and individuals to 
prepare marketing-authorization applications 
for human medicines [8]. This guidance cov-
ers testing regimes that must be applied. This 
testing is to ensure that processes are in con-
trol, raw materials are tested to the required 
standards and ensure the products are safe for 
human use. For raw materials, a risk-based ap-
proach must be undertaken to ensure quality 
(Section 2 of the GMP guidelines for ATMPs 
[9]). This approach is performed by the man-
ufacturer to identify and define the criteria 
which must be inherent in the quality of raw 
materials used. To assist in identifying and pri-
oritizing suitable criteria, a series of questions 
can be asked prior to any selection of raw ma-
terial supplier – examples of questions that 
could form the beginning of a suitable frame-
work can be found in Table 1. This list is not ex-
haustive, and other questions may be required. 
However, it forms the basis of understanding 
the types of issues that it is better to resolve 
early in the product life-cycle. This reduces the 
risk of non-compliance and also forms the ba-
sis of initial discussions with laboratories that 
may be used for raw materials testing.

Depending on the ATMP, more questions 
than listed in Table 1 may be required to im-
plement the correct risk-based approach. 
The EBE concept paper previously described 
[6] expands on the questions asked in Ta-
ble 1 and provides guidance, based on EBE 
member companies, on how to establish a 
suitable framework. As it has been written 
from a commercial understanding of the reg-
ulatory requirements, it is advised reading 
for anyone wanting to establish raw material 
management.

Where raw materials are of biological ori-
gin, the General Chapter 5.2.12 of the Euro-
pean Pharmacopeia is relevant.  The general 
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requirements refer to: Origin, Production, 
General quality requirements (ID/Tests/
Assay/Ref. Material batch), Storage, and 
Labelling.

These general quality requirements apply 
for tests, which include, but are not limited 
to the following:

 f Appearance

 f Solubility

 f Osmolality

 f pH

 f Elemental impurities

 f Total protein

 f Related substances

 f Microbiological control

 f Viral contaminants

 f Bacterial endotoxins

 f Mycoplasma

 f Stabilizer

 f Water

Many biological-derived materials may 
be complex mixtures, where it is not always 
possible to characterize completely the com-
ponents of the mix. It is important that the 
testing regime can define the consistency, 

  f TABLE 1
Choosing a raw material of suitable quality. 

Supplier quality  f Is the supplier GMP-qualified for the raw material?

 f Can they consistently produce the material to the desired quality? 

 f Can they consistently produce the material in the desired quantities for production needs? 

 f Is there sufficient stability data on the RM? 
Multiple suppliers 
and Qualification of 
suppliers

 f Is there more than one supplier?  

 f Do the raw materials have the same effect in your process?  

 f How similar/different are the raw materials?  

 f Are differences a risk?  

 f Qualify all suppliers and ensure that the quality criteria that you define can be met by the suppliers

 f Try to avoid single, unique suppliers if possible
GMP materials  f The earlier the raw materials, produced under GMP, are used in the development process, the 

easier the subsequent processes of lab, pilot to production scale to generate clinical material

Partner contracts  f Have the appropriate defined contracts in place with your supplier to ensure robust quality and 
supply

Understand and moni-
tor the material source

 f How consistent is the product quality?  

 f Is the company stable financially?  

 f Where does the company source its raw materials, and is this secure?  

 f What happens if the company is bought out by a larger company? 

 f You may want to consider/explore whether the supplier has a business continuity plan in place (to 
cover natural disasters, hacking of systems, etc.)

Understand the test-
ing regime

 f Are the tests robust?  

 f What happens as regulatory requirements change?  

 f What happens if tests are not available due to kit availability, end-of-life of equipment, etc.  

 f As testing/equipment advances, will the requirements for impurities, protein purity, etc. change?
How variable is the 
raw material?

 f Understand the important aspects of your raw material – purity, bioactivity, source, etc.
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performance and safety of the material being 
used. 

This is undertaken by a combination of test-
ing and, where required, bioassays. The risks 
that were identified in initial scoping of raw 
material quality (using the risk-based approach) 
act to guide as to the combination of tests re-
quired to ensure quality of the raw material.

Where cell growth, expansion and/or 
maintenance is an aspect of the manufactur-
ing process, for example during the manu-
facture of chimeric antigen receptor T-cells 
(CAR-T), raw materials can include:

 f Sera and serum replacement

 f Proteins produced by recombinant DNA 
technology

 f Proteins extracted from biological materials

 f Cell growth factors

 f Cytokines required for cell differentiation

 f Vectors

For many raw materials used in the manu-
facture of cell-based therapies, it is important 
that they are sterile, and if not, of known bi-
ological contamination with full justification 
for the non-sterile status. Therefore, sterility 
testing is a prerequisite prior to use. Within 
Europe, ICH Q4B [10], and, in particular, 
ICH Q4B Annexes 4A, B and C are relevant 
and define the relevant considerations for ste-
rility testing and refer to the desired pharma-
copeial chapters for the EU, US and Japan. 

In a similar fashion to antibody-based ther-
apies, if manufacture of the ATMP generates 
process-related and product-related impuri-
ties (Table 2), it is up to the manufacturer to 

ensure that all potential impurities have been 
identified and limits defined. 

There are many possible tests that can be 
performed in the biological world to define 
raw material characteristics that are import-
ant to ensure product consistency and to de-
fine the quality attributes of the raw materi-
als. The tests must meet pre-defined quality 
requirements for identity, purity and biolog-
ical activity. No one test can define the total 
quality attributes of a raw material, and the 
desired quality attributes must be defined to 
guide the testing regime. The tests are orthog-
onal to each other and ensure that a consistent 
product is used in the manufacturing process.

The method(s) for each test must give con-
sistent performance and undergo a validation 
process, in accordance with ICH Q2 [11] 
guidelines before being used for routine test-
ing. In addition, the supply of reference ma-
terials, where possible and the evaluation of 
the stability of representative batches of raw 
materials to ensure that the test is in control, 
must form part of any testing plan. 

Testing of chemical raw materials for AT-
MPs will generally be defined within the 
pharmacopeial compendia. In terms of bi-
ological raw materials, examples of exper-
imental approaches can be found in Table 
3. As well as developing bespoke methods, 
commercial kits designed to detect common 
cytokines, cell proteins and other common 
biomolecules are available and can be used 
to create GMP validated raw material meth-
ods. However, these kits often require addi-
tional expertise in adapting them to ensure 
that either the kit can detect the raw material 
within the sample matrix, or if interference is 
observed, a suitable sample preparation pro-
cedure is developed to allow the raw material 

  f TABLE 2
Examples of impurities that can be introduced during the production process.

Impurity Process or product related Method that could be used
Aggregates Product Sub-visible particles, SEC, DLS
Degradation products Product HPLC methods, cIEF, cSDS, WB
Host cell proteins Process ELISA, LC-MS/MS
Host cell DNA Process qPCR
Vector-derived DNA Product qPCR
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  f TABLE 3
Potential testing approaches for common categories of ATMP raw materials. 

Sample type Testing required Suitable technique that 
can be implemented

Comments

Serum ID SDS-PAGE/Western Blot SDS-PAGE provides a protein profile that can 
be used to confirm serum type. When com-
bined with a species-specific western blot, 
both species and serum type can be suitably 
identified

Serum free cell 
culture media ID

CE-SDS for protein pro-
filing can be implement-
ed if available sample 
volume is restricted

Defined protein 
components

ID and/or Quantitative ELISA

ELISA methods can form the linchpin to any 
raw material testing regime as they are versa-
tile, and a well-developed method can be creat-
ed to be cost effective, robust and quick to run
A qualitative ELISA can be developed to con-
firm ID of component by a positive/negative 
result. Alternatively, a fully quantitative ELISA 
can be developed to confirm ID and concentra-
tion of component

Functionality

Bioassays Ability of RM to selectively activate cells can be 
demonstrated by a bioassay

Flow cytometry Ability of a RM to bind to specific cells can be 
demonstrated by flow cytometry

Occasionally a bespoke 
ELISA

For certain components, a bespoke ELISA could 
demonstrate depletion of specific cells by a RM, 
creating a method that is more cost effective 
than a cell-based method

ID and 
characterization

HPLC – mass 
spectrometry 

Intact mass – ID test for purified or expressed 
proteins
Protein sequencing following tryptic and/or 
chymotryptic digestion
Small molecule analysis/screening
Leachables and Extractables
Identification of post-translational/in-process/
storage modifications

HPLC – protein Purity – Reverse Phase or SEC
Aggregates/Oligomers – SEC, DLS

HPLC – N-linked Oligo-
saccharides, following 
release using PNGase F

Fingerprinting/sequencing to confirm correct 
glycosylation

Microbiological assays
Sterility, bioburden, 
endotoxin, and microbio-
logical testing

Not required for all reagents but need to be 
considered when planning raw material testing. 
Virological detection and Baceriophage testing 
may be necessary, and should be additionally 
considered

Buffers

Presence/absence of:
sugars
vitamins
amino acids 
other chemically 
synthesized small 
molecules
Ions

HPLC – small molecule
May be coupled to UV, 
fluorescence, CAD, 
ELSD, PED/PAD, MS) 
or combinations of 
detectors

Usually defined pharmacopeial methods

Ions or heavy metals ICP-MS Can be used to detect ions or heavy metals

Microbiological assays Sterility, Bioburden and 
microbiological testing

Not required for all reagents but need to be 
considered when planning raw material testing
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to be tested using the commercial kit. In ad-
dition, these assays need to be validated with 
the appropriate matrix.

In addition, a CRO such as RSSL can also 
provide clients with the ability to extend be-
yond raw materials testing (both biological 
and chemical) and enable testing through 
other aspects of the product life cycle. This 
may include:

 f Extractables and leachables from single-use 
processing components/fill vials/culture 
bags/etc

 f Stability testing using GMP testing regimes 
of temperature and relative humidity, and 
photostability may be required for some 
light-sensitive RM (Media) according to ICH 
Q1B [12]

 f Dissolution testing of raw materials into 
conditions similar to process conditions

 f Emergency Testing of raw materials

Additionally, your CRO should have the 
expertise to develop and validate methods to 
ICH standards and additionally, stand up to 
scrutiny by the commissioning company and 
regulatory authorities.

CONCLUSIONS
The prime objective of any medicinal product 
is to provide the patient with a product that 

is meets the defined quality, safety and effi-
cacy requirements. Therefore, the processes 
for manufacture, process control, testing, re-
lease and adverse-reaction reporting are heav-
ily regulated. For all active ingredients, raw 
materials, excipients, cell lines, media, DNA, 
etc. the principles of GMP apply. This is to 
ensure that control of all materials used are 
within the limits defined by the manufactur-
er, are acceptable to the regulatory authorities 
and maintain absolute product quality. Raw 
materials for cell and gene therapies are more 
diverse and often bespoke tests are required to 
demonstrate quality. The approaches outlined 
in this White Paper will help in the decision 
process to define the questions that need to 
asked about raw material supply, quality, a 
testing regime, types of tests and start the 
process of choosing where testing may be 
performed. Not all companies will possess 
the required expertise, and partnerships with 
suppliers and CROs may be required. When 
choosing a CRO, such as RSSL, the regula-
tory status of the CRO must be ascertained, 
in addition to whether they have the experi-
ence and knowledge to help with the testing 
required. Often this will require consultancy, 
ability to perform pharmacopeial testing, de-
velop and validate methods to GMP stan-
dards, and have the required quality manage-
ment systems in place. No one test will define 
your total process. A combination of testing 
will be required to confirm identification, 
quantity and quality of raw materials.
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