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Introduction to electronic common technical document (eCTD)

Through the International Council for Harmonisation (ICH) process, considerable 

harmonization has been achieved among the three regions (Japan, Europe, and the United 

States) concerning the technical requirements for the registration of pharmaceuticals for  

human use. Since May 5, 2017, all U.S. Food and Drug Administration (FDA) submissions for 

Investigational New Drug Applications (INDs) are required to adhere to electronic common 

technical document (eCTD)  specifications. There are many nuances to the eCTD, but in its 

simplest terms, the eCTD is a standard format that serves for the consistent and  

comprehensive presentation of information within applications, amendments, supplements, 

and reports. The CTD structure is organized into five modules. Module 1 is region specific. 

Modules 2, 3, 4, and 5 are intended to be common for all regions as per the diagrammatic 

representation of the ICH CTD.
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Understanding eCTD requirements 

and successfully applying them to 

your submissions is critical. The 

common format for the technical 

documentation helps reduce the 

time and resources used to compile 

applications for registration of 

human pharmaceuticals and ease 

the preparation of electronic 

submissions. Regulatory reviews 

and communication with the 

applicants  (clinical trial Sponsors) 

are also facilitated by a standard 

document of common elements. In 

addition, exchange of regulatory 

information among regulatory 

authorities is simplified. 
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Module 3-Quality

Anyone who has written a cell and gene therapy (CGT) IND knows that chemistry, 

manufacturing, and control (CMC) modules (module 3 and summaries in module 2) are 

extensive. The “M4 Organization of the Common Technical Document for the Registration of 

Pharmaceuticals for Human Use”   provides a structure and granularity on how to organize 

and categorize the CMC information to avoid issues throughout the lifecycle of the  

application.

All biological products, regulated under section 351 of the PHS Act, must meet prescribed 

requirements of identity, safety, purity, and potency (21 CFR 610). For CGT, product 

conformance testing (21 CFR 601.20(a)) and control of the manufacturing process (21 CFR 

601.20(c)) are required to comply with FDA’s Current Good Manufacturing Practice (CGMP) 

(21 CFR Parts 210, 211) as well as the biologics regulations (21 CFR Part 600). This paper will 

focus on considerations and challenges for the preparation of a well-structured CGT IND 

Module 3-Quality, or CMC for short. The CMC  information should describe the sponsor’s 

commitment to perform manufacturing and testing to assure product safety, identity, quality, 

purity, and strength, including potency. Sponsors should be aware that the FDA may place 

an IND on clinical hold if the CMC content is not sufficient to support the assessment of the 

risks to subjects in the proposed studies (21 CFR 312.42(b)(1)(iv)). 

In an original IND submission, the amount of required CMC information depends on the 

phase of investigation (21 CFR 312.23(a)(7)(i)) and its clinical scope. For first-in-human 

studies, the product and the process should be sufficiently described in the IND and 

supported with data for assessment of product safety and suitability for clinical use. 

Furthermore, to ensure that the preclinical safety data are applicable, clinical lots should be 

comparable to preclinical ones. 

Increased product characterization and control are expected as clinical development 

proceeds, and additional product knowledge and manufacturing experience are accrued. 

CMC changes can be introduced during clinical development, but special attention needs to 

be paid to assessing associated risks and their impact on product quality. As a minimum, 

any substantial change that could negatively affect product quality should be listed, risk 

assessed, supported by justification/rationale based on scientific data, and communicated 

to the authority.
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Considerations & Challenges

Some of the key CMC considerations and challenges for CGT are 

	 1) the components used in product manufacture (e.g., raw materials); 

	 2) manufacturing process, changes, and comparability  ; 

	 3) potency assay  ; 

	 4) analytical procedure validation      ; 

	 5) specifications  ; 

	 6) current Good Manufacturing Practices (cGMPs)   ; and 

	 7) stability  . 

FDA and ICH’s regulations and guidance documents are available to address these challenges, 

but interpretation of these governing documents is gained in practice. Although the basic 

cGMPs are a uniform set of standards for all pharmaceutical products to ensure the identity, 

strength (including potency), quality, and purity of products, there are unique challenges in 

adhering to cGMP standards for CGT products. One of the significant technical challenges 

for CGT products is assuring the quality of raw and starting materials and establishing a 

robust and reproducible manufacturing process. Moreover, the establishment of a control 

strategy must be rooted in the thorough characterization of the quality of CGT products. 

This can pose a particular challenge, particularly when critical quality attributes must be 

linked to the mechanism of action (MoA), which is sometimes only partially understood, with 

limited clinical outcomes and experience in the CGT field. Furthermore, the development of 

validable and precise analytical procedures for determining the dose, potency, and strength 

can be demanding. These CMC challenges will be explored within the context of guiding 

regulatory documents on the quality aspects of CGT products.

4

5

6,7,8

9

10

11



The components used in product manufacture 

(control of materials, 3.2.S.2.3)

All materials used in product manufacture  should be listed in a tabular format with a 

description of their quality or grade (21 CFR 312.23(a)(7)(iv)(b)). This information includes 

the identity of the material, the supplier, the quality (e.g., pharmacopeial, FDA-licensed), the 

source of material (e.g., animal, human, insect), and in which manufacturing process steps 

each material is used and equipment that come into contact with the product (e.g., culture 

flasks, chromatography matrices, and tubing). The materials used for manufacturing must be 

qualified to meet standards appropriate for their intended use (e.g., test results, certificates 

of analysis, CoAs, package inserts). A copy of representative CoAs can be provided in 

the “Appendices - Adventitious Agents Safety Evaluation (3.2.A.2)”. If the material is not 

FDA-licensed, approved, or cleared (or in the absence of recognized standards), additional 

information on the manufacturing and/or testing may be needed to evaluate its safety and 

quality. Special considerations are needed for biologically sourced reagents and their risk of 

introducing adventitious agents (e.g., risk of transmissible spongiform encephalopathy, TSE, 

from material of bovine origin, and testing for porcine circovirus 1 and 2, porcine parvovirus 

and other zoonotic viruses for material of porcine origin). It is recommended to consider 

using non-animal-derived reagents when possible.
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Requirements for reagents and cells or tissues of human origin

-Human albumin: FDA-licensed

-AB serum: from blood or plasma collected at FDA licensed facilities. Source plasma must

be collected as described in 21 CFR Part 640, Subpart G with no potential to transmit 

infectious disease. It may be acceptable to include viral inactivation or clearance steps in the 

production.

-Cells - autologous and allogeneic cells or tissue: provide a description of the cell source, the

collection procedure, and any related handling, culturing, processing, storage, shipping, and 

testing that is performed prior to use in manufacture.

a) Autologous cells or tissue: donor eligibility and donor screening (21 CFR 1271.90(a)(1)) are

not required; however, precautions need to be in place to prevent contamination with viruses  

or other adventitious agents during their ex vivo propagation (manufacturing).

b) Allogeneic cells or tissue: donor screening and testing are required as in 21 CFR Part 1271,

Subpart C, except for those cells and tissues that meet the exceptions in 21 CFR 1271.90(a).  

Donors must be screened for human immunodeficiency virus (HIV); hepatitis B virus (HBV);  

hepatitis C virus (HCV); human TSE, including Creutzfeldt-Jakob disease (CJD) and variant  

CJD (vCJD); and Treponema pallidum (syphilis) (21 CFR 1271.75) and if the material is  

leukocyte-rich cells or tissue, HTLV-1, HTLV-2, and cytomegalovirus (21 CFR 1271.85).  

Furthermore, recent CBER guidance must be considered (e.g., West Nile virus (WNV), Zika  

virus). If cord blood or other maternally-derived tissue is used, screening and testing must be  

performed on the birth mothers, as described in 21 CFR 1271.80(a). Expanded and stored  

donor or source tissue must be subjected to consistency and control in manufacturing to  

avoid the introduction of adventitious agents (e.g., viruses, bacteria, mycoplasma). In these  

situations, allogeneic master and working cell banks must be qualified as any banking systems  

used for production of CGT product. 
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Banking systems

A banking system (master cell bank, MCB, and working cell bank, WCB) provides control 

and consistency in manufacturing many biologics and assures an adequate supply of 

equivalent, well-characterized material for many routine production applications. Before 

choosing a cell line to produce the CGT products, any risks impacting the safety of the final 

product (e.g., presence of tumorigenic sequences) and cell attributes (e.g., growth 

characteristics, vector production capacity) should be taken into account. A description of 

the history and origin of the source material should be provided on how the bank was 

generated (e.g., from a single colony isolate or through limiting dilution), testing performed 

to characterize, qualified, and release it  , how it is stored and maintained, test of end of 

production cells (EOP), and stability studies. It is important to ensure absence of species-

specific pathogens (e.g., for Vero cells testing for simian polyomavirus SV40 and simian 

retrovirus and for insect cells testing for arboviruses in a susceptible cell line, such as baby 

hamster kidney, BHK21 cells). Furthermore, if the cell bank has been genetically modified, 

materials and their quality used to for the genetic modification (e.g., packaging cell line, 

plasmids, viruses, gene editing components) should be sufficiently characterized and 

qualified to ensure safety and purity of the final product. In case of a bacterial cell bank the 

following tests are recommended: bacterial host strain identity; plasmid presence, confirmed 

by bacterial growth on selective medium, restriction digest, or DNA sequencing; bacterial 

cell count; bacterial host strain purity (no inappropriate organisms, and negative for 

bacteriophage); plasmid identity by restriction enzyme analysis; full plasmid sequencing; 

and transgene expression and/or activity, as applicable. For viral banks, a gene map of the 

final vector and vector intermediates is useful when describing the history and derivation of 

recombinant viral vectors. It is recommended to state whether the seed material was plaque-

purified, purified by limiting dilution, or rescued from DNA or RNA clones and how many 

times it was passaged during expansion. Overall ensure: i) absence of contamination, 

including sterility, mycoplasma, and in vivo and in vitro testing for adventitious viral agents 

and of replication competent virus in replication incompetent vectors; ii) viral titer or 

concentration; iii) sensitivity to anti-viral drugs, as applicable; iv) transgene activity, if 

appropriate; v) identify the viral vector and therapeutic transgene (e.g., Southern blot or 

restriction endonuclease analysis), as needed; and vi) correct genetic sequence. A guidance 

(Q5A (R1)) is available on viral safety    evaluation.
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The manufacturing process should be presented as a process flow diagram(s) together with 

a detailed narrative identifying any process controls and in-process testing (e.g., titer, 

bioburden, viability, impurities) as well as acceptable operating parameters (e.g., process 

times, temperature ranges, cell passage number, pH, CO , dissolved O , glucose level). 

Furthermore, process performance parameters should be monitored for manufacturing 

process consistency. Process trend analysis and evaluation of process parameters and 

materials will help to determine and establish process control strategies. Controls for cleaning 

and change over as well as tracking and segregation procedures, in place to prevent cross 

contamination (e.g., aseptic process) throughout the manufacturing process, should be 

provided.

Manufacturing process, changes, and comparability

It is acknowledged that changes in manufacturing (e.g., cell 

design, change in facilities, scale-up) could occur during the 

course of product development and life cycle. A guideline is 

now available  and it provides recommendations on how to 

compare (comparability), justify, and risk assess these changes 

with the intent of measuring their potential impact on product 

quality and safety. Points to be considered when designing 

comparability studies are: i) performing side-by-side testing 

by using the same starting material (e.g., cellular), ii) using 

appropriate statistical methods and predefined acceptance 

criteria, and iii) considering that meeting lot release criteria is 

typically insufficient to establish comparability.

IND sponsors must notify FDA of manufacturing changes through an amendment if 

manufacturing information previously submitted no longer accurately reflects the current 

state of manufacturing and new essential information is missing (21 CFR 312.31(a)(1)).

Any developer should keep in mind the importance of implementing the expected commercial 

configuration before initiating a pivotal study and avoid major manufacturing changes once 

started.
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Potency assays

Potency assays  (i.e., molecular, biochemical, immunologic, phenotypic, physical, and 

biological properties) as defined by:

21 CFR 610.10:...shall consist of either in vitro or in vivo tests, or both, ....

21 CFR 600.3(s):...potency is interpreted to mean the specific 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. 

When establishing potency assays, it is important to recognize that MoA, in vitro and in vivo 

PoC studies, and efficacy are interconnected and should be considered. Potency should 

measure a relevant biological property that aligns with the proposed MoA and is guided by 

PoC studies. For a product to be efficacious, it must exhibit potency, (though not necessarily 

in the way it is measured). Clinical data from phase II studies can sometimes assist in defining 

potency specifications. It is recommended to evaluate multiple measures of product potency 

until confident that the assays are suitable, one assay might be chosen for product release 

while continuing to collect data on others. Although it is not a regulatory requirement to 

fully define the MoA, understanding it might be highly beneficial in establishing lot release 

specifications. In the same instances, a product could have multiple MoAs, necessitating 

a matrix approach. Potency assays should also be chosen on the base of their validation 

profile. Furthermore, non-bioassay may be employed if supported by correlations with 

results obtained from relevant biological assays, provided there is sufficient and statistically 

sound data (e.g., by comparison to preclinical/PoC data, in vivo animal, or clinical data, and 

in vitro cellular or biochemical data).
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Analytical procedure validation

Analytical procedures and methods validation   data must be included in Module 3 to 

demonstrate that the manufactured product meets prescribed quality standards (21 CFR 

610) of identity, purity, and potency. The enhanced approach, as presented in the figure

and described in ICH Q14  , offers a systematic way to develop and maintain an analytical 

procedure. The amount of information on analytical procedures and methods suitability 

varies with the phase of the investigation. As part of any manufacturing process changes 

implemented during the product’s life cycle, new analytical methods may be required as 

replacements for the previous ones. In such cases, a risk-based approach is needed to 

enable comparative and bridging studies and to maintain an appropriate number of retention 

samples to support these requirements.
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Specifications

A specification  is defined as a list of tests, references to analytical procedures, and 

appropriate acceptance criteria which are numerical limits, ranges, or other criteria for tests 

used for or in making a decision to accept or reject a unit, lot, or batch of DS and DP. It 

establishes a set of criteria to which a DS, DP, or material should conform to be considered 

acceptable for its intended. Specifications are one part of a total control strategy designed 

to ensure product quality and consistency. Other parts of this strategy include thorough 

product characterization during development, upon which many of the specifications are 

based, adherence to good manufacturing practices, a validated manufacturing process, raw 

materials testing, in-process testing, stability testing, etc. Also, at the time of submission, 

the manufacturer should have established appropriately characterized in-house reference 

materials which will serve for biological and physicochemical testing of production lots. 

Analytical procedures need to be validated as the clinical development progresses. Parameters 

that should be evaluated from method development to validation are specificity (absence 

of interference), linearity, limits of detection (LOD) and limits of quantitation (LOQ), range, 

accuracy, and precision (repeatability, intermediate precision, and reproducibility). Once an 

analytical procedure (including compendial methods) is successfully validated (or verified) 

and implemented, the procedure should be followed during the life cycle of the product to 

continually assure that it remains fit for its intended purpose (ICH Q14  ). Considering that 

parameter changes could affect analytical procedures, robustness studies are requested as 

part of the assay development. Trend analysis on method performance should be performed 

at regular intervals to evaluate the need to optimize the analytical procedure or to revalidate 

all or a part of it. 

Overall, analytical procedures should be used to gather results for lot release, provide 

quantitative readout, meet predefined acceptance and/or rejection criteria, include 

appropriate reference material/controls, and be validated for licensure (21 CFR 210, 211). 
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The developer needs to identify potential critical quality attributes (CQAs), e.g., physical, 

chemical, biological, or microbiological properties or characteristics. These characteristics 

and proprieties, impacting the quality of the product, should be monitored, and controlled. 

CGT CQAs, linked to product specifications, should be within an appropriate limit, range, or 

distribution to ensure the desired product quality.

Overall, justifications of proposed specifications should be based on a manufacturing process 

(demonstration of product consistency) and data obtained from preclinical and clinical lots; 

they should also account for product stability and be linked to analytical procedures for 

yielding CQAs results. Examples of specifications are appearance & description, identity, 

purity & impurities, potency, quantity, general tests for the measurement of other quality 

attributes (pH & osmolarity), and additional testing for unique dosage forms. Furthermore, 

pharmacopoeial tests should be considered, such as sterility, endotoxins, microbial limits, 

volume in container, uniformity of dosage units and particulate matter.

Specifications are selected and progressively refined during product development, as 

presented in the figure   . 

Early product characterization is a multi-parameter analysis

Number of parameters progressively get pruned from phase I to phase III

All changes must be scientifically valid and justified

Alongside clinical development stages, a numerical limit for specifications’ 
acceptance criteria should be set, and their range narrowed according to an 
incremental approach:

• Phase I-II: Acceptance limits may have wider ranges. a) Phase I: Acceptance limits based
on data from pre-clinical lots (same formulation, dilution, temperature, container);
b) Phase II: Refinement of limits/ranges based on Phase I data

• Phase III-Pivotal studies: More refined tests and acceptance criteria with established
limits for release assays

• BLA: Specifications based on validated assays & including statistical analyses.

14



14

Current Good Manufacturing Practices (cGMPs)

CGMPs are defined as a set of current, scientifically sound methods, practices or principles 

implemented and documented during product development and production to ensure 

consistent manufacture of safe, pure and potent products. General cGMP principles 

applicable to Phase I products include sterility assurance, quality oversight and facility 

control, with adequate documentation (traceability). A guidance for cGMP Phase I is  

available   . Developers should consider that controls (e.g., process and method validation, in 

process testing, and specifications) are expected to increase as manufacturing process and 

clinical development progress. Product quality attribute characterization should be closely 

linked to quality control (QC) program  . The QC program should be independent of the 

production unit and used to accept or reject materials, lots, procedure, and specifications. 

Overall, QC should be implemented to prevent, detect and correct deviations and failures.

Stability

Under IND (21 CFR 312.23), the product needs to be within acceptable quality limits for 

the duration of the planned clinical study. The evaluation of stability  , based on written 

testing programs, is designed to assess the stability characteristics of DP (final container 

product), DS, and intermediates, when applicable. This assessment involves determining 

storage conditions and expiration dates. Analytical procedures, which evaluate appropriate 

physicochemical, biochemical, and immunochemical attributes of the molecular entity and 

the quantitative detection of degradation products, should also be part of the stability 

program whenever purity and molecular characteristics of the product permit the use of 

these methodologies. Furthermore, biological activity, where applicable, should be part of 

the pivotal stability studies. Stability testing should cover storage, shipping, and compatibility 

with delivery devices.
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Stability information should be provided on at least three batches of product representative 

of manufacturing scale and stored in final container. The quality of the final container 

product placed on stability studies should be representative of one used in the preclinical 

and clinical studies. Where possible, stability testing should be gathered from different 

batches of bulk material. At the time of submission, a minimum of 6 months stability data 

should be provided. For products, with storage periods of less than 6 months, the minimum 

amount of required stability data should be determined on a case-by-case basis. Product 

expiration should be based upon the submitted stability data; accrued stability data should 

be provided during review and evaluation processes. Data from pilot-plant scale batches 

of product may be provided to the regulatory agencies with a commitment to place the 

first three manufacturing scale batches into the long-term stability program after approval. 

When batches under long-term stability evaluation do not meet specification acceptance 

criteria, the applicant should notify the appropriate regulatory authorities to determine a 

suitable course of action. Regarding the frequency of stability retesting, for a proposed shelf 

lives of 1 year or less, the real-time stability studies should be conducted monthly for the 

first 3 months and at 3-month intervals thereafter. For products with proposed shelf lives of 

greater than 1 year, the studies should be conducted every 3 months during the first year of 

storage, every 6 months during the second year, and annually thereafter.
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Conclusion
Guidelines exist to ensure that Module 3 - Quality contains well-structured CMC information 

with an optimal level of detail and accuracy to facilitate and streamline the process of 

compiling, reviewing, approving, and updating an IND dossier. In this section, we present some 

considerations and challenges in managing and providing the necessary CMC information 

right from the beginning.

Based on extensive experience at ERGOMED, key takeaways are:

The eCTD is a standard format that facilitates a consistent and comprehensive presentation  

of information within applications, amendments, supplements, and reports.

A better understanding of the product’s characteristics and its manufacturing process can  

create a basis for more flexible regulatory approaches predicated on the level of relevant  

scientific knowledge provided in the application.

The CMC information should be presented in a structured manner, outlining the sponsor’s  

commitment to perform manufacturing and testing to assure product safety, identity,  

quality, purity, and strength, including potency, in accordance with provided guidelines.  

Guideline’s recommendations, in some cases, require prior experience, gained in practice,  

to discern essential information from that which is unnecessary. Including inappropriate CMC  

information can result in requests for additional information as part of the IND review process.

Based on the available data package, it is important to identify potential regulatory issues  

and develop a CMC regulatory strategy that aligns with the stage of your clinical development  

(e.g., CMC regulatory expectancies in Phase I compared to Phase III).

Choosing an experienced partner like ERGOMED to support sponsors in compiling, reviewing  

and submitting IND Quality Modules (Module 3 and summaries in Module 2) can significantly  

reduce regulatory associated delays and alleviate burden on already stretched internal  

resources. This can be particularly valuable for emerging biotech companies.
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