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Abstract
Manufacture of oligonucleotide active pharmaceutical ingredients (APIs) typically consists of solid-phase synthesis, deprotec-
tion and cleavage, purification and filtration, and isolation from aqueous solutions through lyophilization. In the first step of 
drug product manufacture, the API is dissolved in water again and excipients are added. While isolation of oligonucleotide 
APIs can be meaningful in many cases, there may be cases where keeping the API in solution provides benefit, and multiple 
technical aspects must be taken into account and balanced when determining the appropriate API form. A significant factor 
is whether an API in solution will contain additional components. While APIs in solution containing additional components 
(so-called formulated APIs) are well established for biological products, there are regulatory guidelines in place that represent 
hurdles for industry to using a formulated API approach for oligonucleotide drugs. The present communication outlines con-
ditions where a formulated API approach can be chosen in compliance with existing guidelines. Relevant aspects pertaining 
to risk management, GMP standards, facility design, control strategies, and regulatory submission content are discussed. 
In addition, the authors propose that existing guidelines be modernized to enable the use of a formulated API approach for 
additional reasons than the ones described in the existing regulatory framework. The manuscript aims to promote a dialog 
with regulators in this field.
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Introduction

Muslehiddinoglu et al. described the concept of active phar-
maceutical ingredients (APIs) in solution for oligonucleo-
tides [1]. The publication discusses technical aspects related 
to solution oligonucleotide APIs, such as their stability, man-
ufacture, microbial control, packaging, and storage. Various 
criteria, such as supply chain, scale, and dosage strengths, 
may influence the best choice of the API form—resulting 
in use of either a solid API or a solution API. The solution 
API may be ready to fill or may require further dilution or 
addition of excipients. Muslehiddinoglu et al. left regulatory 
aspects out of scope of the published article; therefore, the 
present communication aims to complement the publica-
tion and discuss relevant regulatory and GMP aspects of 
solution APIs.

Within the class of solution APIs, the authors distinguish 
between APIs in water (potentially containing required pro-
cessing salts) and formulated APIs. APIs in water (with 
required processing salts) should be considered as a conven-
tional API form. Their designation as an API is considered 
compliant with existing guidelines. Formulated APIs that 
show stability benefits can also be considered as APIs in 
compliance with existing guidelines.

At this moment, if chosen for workability reasons alone, 
the European Medicines Agency (EMA) and Health Canada 
consider formulated APIs as drug product intermediates. 
The authors would like to use EMA’s initiative ‘Regula-
tory Science to 2025—Strategic Reflection’, specifically in 
“developing expertise in novel manufacturing technologies” 
to challenge this assumption. The authors propose that exist-
ing guidelines are modernized and allow the designation 
of formulated oligonucleotide APIs as APIs for additional 
reasons, such as benefits related to (greener) manufacturing, 
supply security, quality, and other science-based reasons [2].

It will be the responsibility of the applicant to evaluate 
the various aspects discussed by Muslehiddinoglu et al. [1] 
and to use the aspects discussed in this paper for justification 
of the selected approach and the proposed API designation.

The current article focuses on oligonucleotides, but the 
considerations provided could also be applied to other small-
molecule modalities administered via a parenteral route, 
such as peptides.

Discussion

Problem Statement

Oligonucleotide APIs are typically synthetically derived and 
can be isolated as a lyophilized solid, in solution in water, 
or as formulated API. While available guidelines generally 

provide flexibility with respect to the designation of a for-
mulated API as an API, the EMA and Health Canada have 
set a more restrictive framework in which API mixes can be 
designated as APIs in exceptional cases only and the stand-
ard is to designate API-mixes as drug product intermediates. 
A review of applicable guidelines is provided below.

When a formulated API is required to be designated as a 
drug product intermediate, manufacturers must fulfill drug 
product GMP standards for the manufacturing steps convert-
ing the API into a formulated API. The requirements for 
clean areas as defined in ISO 14644-1 [3] and the EU guide-
line to GMP, Annex 1 [4] would thus apply. Compliance to 
these standards is typically not foreseen in facilities designed 
for manufacture of oligonucleotide APIs. One reason for 
this is that there are often competing requirements between 
clean areas and worker safety in chemical manufacture and 
this makes implementation of sterile drug product GMP 
standards complex.

A further challenge of designating a formulated API as a 
drug product intermediate is related to the assignment of the 
shelf-life. According to standard requirements for chemical 
products, the shelf-life is defined by the start of the drug 
product manufacturing process, i.e., the mixing of the API 
with other product ingredients [5]. Storage of the formulated 
API thus becomes part of the drug product shelf-life, and 
storage for a prolonged period before further manufacture 
and/or filling would therefore shorten the remaining shelf-
life of the drug product upon release for market distribution. 
This would require more frequent manufacture and smaller 
formulated API batches.

In addition, if formulated API storage is part of the prod-
uct shelf-life and no retest period can be assigned, this can 
be a problem for low volume products where flexibility in 
the supply chain is needed. Manufacture of small drug prod-
uct batches on a need basis requires storage of the API over 
a long period and retesting the API multiple times. If the 
formulated API is a drug product intermediate, retesting is 
not possible. This would result in more disposed product or 
more frequent and smaller API manufacturing campaigns.

Similar challenges have been identified when using co-
processed APIs [6].

Current Regulatory Landscape

The guideline review provided below indicates that exist-
ing ICH and WHO guidelines support the designation of 
formulated APIs as APIs. A more restrictive framework is 
provided by the EMA and Health Canada, which leads to 
divergence in regulatory expectations. A summary of the 
relevant guidelines is provided in Table 1 below.



388	 Therapeutic Innovation & Regulatory Science (2022) 56:386–393

1 3

Unique Composition Features of Oligonucleotide 
APIs

Oligonucleotide APIs in water should not be consid-
ered as API mixtures, but should be designated as APIs. 
The oligonucleotide in water can be isolated as such from 
the API manufacturing process, and hence water is not 
added as a first (and new) component to the final API. An 

oligonucleotide API in its solid state can contain up to 20% 
of water and water is an integral part of the nucleic acid 
structure [13]. Therefore, an oligonucleotide API can be 
considered as an amorphous hydrate [14], supporting that 
water does not have to be considered as a first component 
added.

Not only should APIs in water be designated as APIs, 
but also APIs in water containing processing salts should 

Table 1   Summary of guideline review

Guideline issuing body Guideline Relevant guideline text

ICH Q7, Glossary [7] An API is defined as “any substance or mixture of substances 
intended to be used in the manufacture of a drug (medicinal) 
product (…)”

Q7, Q&A [8] “When a mixture is classified in the regulatory filing as an API in 
a region or country in which it is used in a drug product, ICH 
Q7 should be applied to the manufacturing of these mixtures 
[ICH Q7, Sect. 1.2, 20—see Glossary for definition of ‘API’]”

Q6B [9] For biological products, the drug substance (bulk material) “may 
also contain excipients, including other components, such as 
buffers”

WHO Points to consider for develop-
ment of finished products [10]

An API is defined as “Any substance or mixture of substances 
intended to be used in the manufacture of a pharmaceutical dos-
age form and that, when so used, becomes an active ingredient 
of that pharmaceutical dosage form”

EMA Q&A document on API mix [11] The CHMP quality working party (QWP) defines an API mix as 
a “mixture of an API with one or more excipients”, and “the 
manufacture of an API mix is considered to be the first step 
of the manufacture of a finished product”. Further, “in certain 
circumstances, i.e., stability or safety reasons, the applicant can 
submit data on such a mixture under part 3.2.S (…).” However, 
“In case of an API mix prepared due to workability purposes 
or reasons other than safety and stability, the manufacturing 
steps from the addition of the excipient to the API should be 
described in the appropriate part of CTD 3.2.P. In addition, the 
steps following addition of the excipient must be conducted in 
accordance with GMP Part I and an appropriate manufacturing 
authorisation”. Moreover, “a justification based only on work-
ability reasons, e.g., to ease handling when processed into final 
dosage form, is not acceptable. Toxicological considerations 
(e.g., very potent drugs) fall under workability reasons and are 
not accepted as justifications.”

Health Canada Quality guidance for (abbrevi-
ated) new drug submissions 
[12]

Health Canada states the following related to the start of drug 
product manufacture and possible exceptions based on safety 
and stability reasons:

“That first processing step of the drug substance in the presence 
of any other substance would be considered a drug product 
manufacturing activity, subject to Part C, Division 2 of the Food 
and Drug Regulations, and would define the date from which 
the expiry date for the drug product would be established. (…) 
Sponsors having situations that might be an alternative to the 
above interpretation (e.g., inability to isolate the drug substance 
in a pure and stable form or mixing with excipients for safety 
or stability purposes, e.g., nitroglycerin, cholecalciferol) should 
discuss their case and scientific justification in advance with the 
pre-market approval bureau/office.”

The expectations are aligned with the QWP Q&A discussed 
above, and Health Canada encourages a discussion with their 
pre-market approval bureau/office
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be designated as APIs as well. In fact, downstream process-
ing following oligonucleotide synthesis may afford an API 
in solution containing certain required processing salts, 
e.g., phosphates. Examples could include use of a buffer to 
control pH or utilization of salts from a previous chromato-
graphic step to maintain adequate flux during ultrafiltration/
diafiltration (UF/DF). These components are often also part 
of the drug product formulation and therefore it should not 
be necessary to remove them from the API in solution, and 
they would consequently be part of the final composition. 
These components are not used in their function as excipi-
ents alone. Therefore, an API with processing salts in water, 
requiring further compounding and/or dilution at the drug 
product stage should be designated as an API.

Proposed Path Forward

The authors recognize that two elements need to be 
addressed to enable the designation of formulated APIs as 
APIs according to those in existing guidelines: First, des-
ignation of an API mix as an API should not be justified 
solely by the benefits from a workability perspective [11, 
12]. Second, applicants should address concerns related to 
the GMP standards of API manufacturing facilities [3, 4].

Stability Considerations

The designation of formulated APIs as APIs is a generally 
accepted practice for biological products, justified on the 
basis of the instability of proteins. Oligonucleotides are 
generally stable in formulation; however, certain factors 
can impact stability. For example, the pH of the formulation 
strongly influences oligonucleotide degradation [15–17] and 
the addition of buffers to an oligonucleotide API can have 
a stability benefit. For example, Poecheim et al. showed in 
2018 that buffered solutions of a model oligonucleotide API 
show superior stability behavior compared to the aqueous 
solution [18]. The stability promoting properties conferred 
by a buffer support the use of formulated oligonucleotide 
APIs as a meaningful option.

In order to address the requirements defined in the QWP 
Q&A, stability data should be generated for both the API 
(in solid state or in water) and the formulated API under 
ICH long-term conditions for up to 6 months. If it can be 
demonstrated that the formulated API provides improved 
stability behavior, the designation of the formulated API as 
an API should be permissible. In case the stability behavior 
is equivalent, the authors propose that additional aspects can 
be considered for justification, as detailed below.

If the API is isolated as a solid, the solid API can be used 
for the stability comparison with the formulated API. If the 
API is processed further as an aqueous solution, without 
isolation, the API in water can be used for comparison with 

the formulated API. Another reason of selecting the API in 
water as a comparator could be the hygroscopic nature of 
oligonucleotide APIs discussed above, i.e., in order to be 
able to make an accurate comparison of the relative assays, 
it may be better to avoid weighing out a solid API and to use 
API in water instead.

Control Strategy, GMP, and Facility Considerations

In addition to the stability and composition considerations 
detailed above, a comprehensive control strategy has to be 
implemented for the manufacture of the formulated API. 
The control strategy will mitigate potential risk inherent to 
the management and addition of components (i.e., buffer 
systems, tonicity agents) as part of the formulated API 
manufacturing process. The elements of the control strat-
egy should include design of the manufacturing process, 
e.g., closed or controlled manufacturing systems, design of 
manufacturing facilities and utilities, and implementation 
of appropriate quality systems (“fit-for-purpose approach in 
application of GMP” [2]). The control strategy—particu-
larly in an enhanced development approach—should be 
complemented with risk assessments and implementation 
of risk mitigation activities (“use of risk-based approaches 
to manufacturing processes and control strategies” [2]), and 
an evaluation of process validation results to ensure suffi-
cient controls are in place. In totality, the control strategy 
should demonstrate delivery of safe and efficacious product. 
In detail

•	 API manufacturing process risk assessments should 
cover the whole process down to the formulated API: 
High-risk parameters need to be effectively mitigated. 
The downstream process must be adequately character-
ized and controlled to consistently produce API meeting 
its quality targets.

•	 Microbial controls incorporated into the process should 
assure consistent delivery of low bioburden, low endo-
toxin-formulated API appropriate for further aseptic 
processing yielding a sterile drug product. The micro-
bial control strategy should include elements of facility 
design, process controls, personnel requirements, envi-
ronmental and utility monitoring systems, and procedural 
responses to contamination.

•	 Components used in the manufacture of the formulated 
API should be controlled as critical raw materials. Fol-
lowing the standards defined in EU Directive 2001/83/
EC, Annex I, Sect. 3.2.2.4 [19], “the specifications and 
their justifications shall be detailed. The analytical proce-
dures shall be described and duly validated.” The compo-
nents should be handled in a facility offering an appropri-
ate clean area concept as per ISO [3] and EU guidance 
[4].
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•	 In compliance with the EMA guideline on water for phar-
maceutical use, dated 2020, [20], it is proposed to use 
water for injection (WFI) starting with the step where the 
water stays in the drug product, e.g., UF/DF. The steps 
upstream need not use WFI.

The requirements for formulated APIs detailed above 
would provide sufficient controls to permit their production 
at the site of API manufacture.

Additional Benefits Serving as Justification

In the case of equivalent stability behavior (see above), it 
should be permissible to use additional benefits of a formu-
lated API approach as justification for designation as an API. 
Specifically, advantages such as reduced environmental impact 
(“support the development of greener manufacturing technolo-
gies” [2]), improved quality and supply security, more inno-
vative manufacturing, and other benefits as described in the 
paper by Muslehiddinoglu et al. in 2020 [1] could also be con-
sidered when justifying the chosen formulated API approach.

Consequently, the authors propose that existing guide-
lines are modernized, providing more flexibility and allow 
the designation of formulated or solution oligonucleotide 
APIs as APIs for additional reasons than those two currently 
permissible.

Regulatory Documentation

To promote alignment in the regulatory documentation, 
some selected aspects are discussed and the location of 
the corresponding information in module 3 of the CTD is 

provided in Table 2. Other locations in the application may 
be possible in alignment with ICH M4Q [21]. Some defini-
tions of terms used in the paper are provided in Table 3.

Summary and conclusion

The use of formulated APIs is generally accepted for bio-
logics products. For oligonucleotides the existing regula-
tory framework is more restrictive and formulated API 
approaches can be justified in compliance with existing 
guidelines only when improved stability can be demon-
strated. The authors propose that additional justifications 
should be permissible, e.g., to enable greener and more inno-
vative manufacturing. This paper provides recommendations 
for development, relevant standards, as well as justification 
and information to be provided in regulatory documentation 
to support the use of formulated oligonucleotide APIs.

Outlook

The EPOC group welcomes interaction and discussion 
with regulators to promote the use of the formulated API 
approach in oligonucleotide drug manufacture. Further, the 
authors recommend that relevant guidance documents be 
modernized so that they better reflect the specific needs of 
therapeutic oligonucleotide manufacture, as outlined in this 
paper.

Table 3   Definitions

Term Definition

Active pharmaceutical ingredient (API) In the context of this paper, an API can be a solid API or the API in water with or without processing 
salts. The processing salts are used in and are needed for the API manufacturing and purification 
process, e.g., for the UF/DF step

Depending on the jurisdictions the terms active substance or drug substance are preferred. In the con-
text of this paper, the three terms can be used interchangeably

Drug product intermediate A drug product intermediate is described in 3.2.P.3.4. Formulated APIs are not considered as drug 
product intermediates

When a formulated APIs is used, manufacture and holding of drug product intermediates are unlikely
Excipients Excipients are added to the formulated API during drug product manufacture, before final filtration and 

fill/finish. Excipients added during formulated API manufacture are called components
Component of the formulated API A component is a buffer salt or a tonicity agent that is part of the formulated API. A component is 

added to the API in solution after the final purification or filtration step. The component will typically 
appear in 3.2.P.1 and on the label/PI together with the processing salts and excipients

Formulated API A formulated API is a mixture of the API in water with processing salts and components and will be 
presented in 3.2.S of the marketing application

Processing salts A processing salt is used in and needed for the API manufacturing or purification process and will not 
be removed in the last purification or filtration step yielding the API. The processing salts will typi-
cally be listed in 3.2.P.1 and on the label/PI together with the components of the formulated API and 
excipients
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