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I n daily practice, healthcare 
providers frequently are required to 
manipulate biological drugs before 
and during administration. 

Procedures can include dilution of a drug 
into admixtures for infusion, short-term 
storage, transportation to a hospital, or 
exposure to new contact materials such 
as intravenous (IV) bags. A drug 
manufacturer provides instructions for 
those procedures based on studies of 
in-use stability and compatibility with 
administration components, simulating 
drug handling and hold times 
throughout a defined in-use period. Such 
studies are complex because a wide 
range of in-use conditions and 
administration components are used 
around the world. In addition, limited 
guidance is available on expected in-use 
stability data.

There is significant interest and value 
in capturing best practices for in-use 
stability and compatibility studies. To 
advance that goal, we summarize herein 
the findings of the California Separation 
Science Society (CASSS) CMC Strategy 

Forum, which was held on 22 January 
2024 in Washington, DC. The forum, 
themed around “Securing Patient Well-
Being: Best Practices for In-Use Stability 
and Compatibility Studies,” addressed 
classic biological products and emerging 
trends. The forum was structured into 
four 90-minute workshops. Each of those 
began with two presentations, followed 
by a discussion with the presenters and 
additional panel members:

• Workshop 1: Established Best 
Practices for In-Use Stability Study Design 
and Testing

• Workshop 2: Microbial In-Use Studies 
and Closed-System Transfer Devices 

• Workshop 3: Product In-Use: Meeting 
Patient and User Needs

• Workshop 4: Emerging Trends in 
Compatibility and In-Use Stability 
Studies.

Herein, we summarize presentations 
and insights from the first two 
workshops. The second half of this two-
part report will focus on Workshops 3 and 
4 in BPI's May 2025 issue.

Workshop 1
Jing Liu (BeiGene) and Félix Jules (Health 
Canada) cochaired the first workshop. 
Markus Blümel (Novartis) started the day 
with a presentation titled “How To Design 
and Perform In-Use Stability and 
Compatibility Studies.” He spoke on 
behalf of the International Consortium 
for Innovation and Quality in 
Pharmaceutical Development (IQ 
Consortium). That group was established 
in 2010 as a technically focused, not-for-
profit organization comprising about 40 
pharmaceutical and biotechnology 
companies. The working group’s 
recommendations on in-use study designs 
encompass selecting representative 
materials and administration 
components, establishing stage-
appropriate in-use testing conditions, 
selecting tested quality attributes, 
determining acceptance criteria, and 
selecting quality standards (1). The group 
focuses on conventional biologics, which 
include peptides, antibodies, and other 
proteins, as well as non-mRNA vaccines. 

HTTPS://STOCK.ADOBE.COM
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In his presentation, Blümel pointed 
out that stability studies usually are seen 
as related to a product’s long-term 
storage conditions, transportation, and 
shelf life. But when a biological product 
is taken off the shelf to be administered 
to a patient, often by infusion, that 
product might be mixed with a diluent to 
form an infusion solution and then 
stored for several hours until use. In 
preparation for administration, the drug 
will interact with materials of differing 
compositions and from different 
suppliers: IV bags (PVC, PO, EVA); IV 
lines (PVC, PE, PBD); in-line filters (PES 
or PS); and catheters (FEP, PUR) (see the 
“Materials of Construction” box). Testing 
all combinations is impractical, but drug 
manufacturers and practitioners need 
assurance that patients will receive their 
intended doses. Because available 
guidance is sparse, the physicochemical 
in-use working group was established to 
allow industry experts to exchange 
information specific to chemistry, 
manufacturing, and controls (CMC) 
approaches for in-use testing. 

Blümel emphasized that the 
consortium’s recommendations provide 
best practices, not regulatory guidance, 
and address overall strategies of in-use 
stability and compatibility testing. 
Because a final dose is unknown during 
clinical phases, a wide dose range is used 
to support dose-finding studies. A limited 
number of administration components 
and hold conditions are tested, and the 
resulting data are included in 

investigational new drug (IND) 
applications or clinical trial applications 
(CTAs). At the pivotal phase, the dose is 
known, but testing covers a wider range 
of administration components and hold 
conditions from different manufacturers 
and regions. Data support marketing 
applications and commercial labeling. 

In his example of testing for 
IV-infusion compatibility, Blümel 
emphasized using science-based 
approaches that rest on prior knowledge. 
Analytical methods do not need to be 
validated according to good 
manufacturing practices (GMPs), but they 
must be shown to be fit for purpose. Key 
points in the study design include

• selecting the appropriate diluent and 
administration components (e.g., bags, 
lines, and filters) 

• selecting a drug-product lot that is 
representative of what will be dosed to 
patients, knowing that a process might 
change as development progresses 

• choosing which drug concentration 
to test 

• choosing the number of drug-product 
lots to test at an early stage (usually one 
lot, given variability during development)

• comparing both fresh and aged 
products in in-use studies to support 
commercialization 

• simulating actual in-use practices 
(e.g., room temperatures, ambient light, 
storage times, immediate and 
intermediate timepoints)

• controlling flow rate/time of infusion 
methods (e.g., pump or gravity), 
commonly testing both fast (sheer stress) 
and slow (material contact/adsorption) 
infusion rates

• monitoring the effects of light 
exposure. 

Blümel explained that the main 
objective of in-use testing includes 
confirming the delivered protein content 
and recovery to ensure that patients 
receive the correct dosing. One aspect of 
that is to account for variability and 
overfilling of bags by measuring weight 
and density (not assuming that a labeled 
volume is accurate). Clinically acceptable 
recovery at end of infusion is ≥90%.

Guidance on subvisible-particle 
testing methodologies is provided in 
United States Pharmacopeia (USP) 
General Chapter <787> “Subvisible 
Particulate Matter in Therapeutic Protein 

Table 1: Common practices for in-use stability-study designs; DP = drug product, IV = intravenous, MoC = material of construction, 
PES = polyethersulfone 

Parameters Clinical Development Marketing Application/Commercialization
Administration 
components

Choose one or two relevant MoCs Choose relevant MoCs based on 
intended commercial market

IV diluent Normal saline (0.9% NaCl) or 5% dextrose/glucose (check risk for glycation of 
product)

Normal saline (0.9% NaCl) or 5% 
dextrose/glucose; include solutions 
depending on market needs

In-line/add-on 
filter

0.2-μm or 0.22-μm neutral/charged PES Choose relevant filter MoC based on 
market/product needs

Tested DP One DP batch (from representative process) One representative DP batch; file in a 
postapproval supplement as a 
second batch aged DP (near end of 
shelf life)

Dose solution 
concentration

Bracket minimum and maximum concentrations to support early clinical 
stages

Bracket concentration range to 
support market application

In-use study 
condition (e.g., 
temperature, 
duration)

Support maximum anticipated hold time
Tests for refrigeration and 30 °C with ambient light exposure
Sample at start and end of hold time; can include one or two intermediate 
timepoints for thermal and/or photosensitive molecules or as fallback 
samples
Simulate administration infusion at worst-case infusion rate; simulate 
transportation agitation

Similar to early stage clinical 
development except that testing 
conditions must be adjusted to 
support market application and label 
claims; test longest anticipated hold 
time to support global marketing

Materials of Construction
Representative materials of construction 
(MoCs), not specific to brands or suppliers:

EVA: ethylene-vinyl acetate

FEP: fluorinated ethylene propylene 

PBD: polybutadiene                                       

PE: polyethylene 

PES: polyethersulfone 

PO: polyolefin

PS: polysulfone                                            

PUR: polyurethane

PVC: polyvinyl chloride 
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Injections” (2). It is important to select 
appropriate laboratory techniques to 
prevent introduction of environmental 
particles and to define appropriate 
mitigations — e.g., using in-line filters, 
reformulation, alternative diluents, and 
materials of construction (MoCs). 

The focus of purity testing is usually 
physical stability because a diluted 
biological product can form aggregates 
as it moves through infusion paths. 
Aggregation can be monitored using 
size-exclusion chromatography (SEC) 
methods. Tests for chemical stability 
more often are performed during late 
development stages, relying on product-
specific knowledge. 

Potency and bioactivity should be 
monitored for each product based on 
assay performance and product 
knowledge. Potency testing of diluted 
solutions can be useful to demonstrate 
product recovery at concentrations that 
might be below the sensitivity of 
physicochemical techniques. Tables 1 
and 2 offer common practices for in-use 
stability study design and quality 
attributes and acceptance criteria for 
in-use stability studies.

A Regulatory Perspective: The 
second speaker, Paula Russell, is a senior 
biologist/evaluator of biotherapeutics 

quality at Health Canada’s Biologic and 
Radiopharmaceutical Drugs Directorate. 
Russell is the Health Canada topic lead 
on the Q1/Q5C guidance document expert 
working group (EWG) for the 
International Council for Harmonisation 
of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) 
(3). In her presentation, “In-Use Stability 
Study Design: A Regulatory Perspective,” 
she outlined recommendations for 
in-use testing of commercial drug 
products, including the number of 
batches to be evaluated, aged-material 
requirements, analytical procedures, 
and acceptance criteria. 

Russell defined the scope of in-use 
stability as starting from an initial 
breach of a primary container to the end 
of infusion or administration to a 
patient. She pointed to the World Health 
Organization (WHO) Annex 10 guideline 
(4), which offers underlying principles 
on materials to be used as well as 
preparation, handling, and 
administration after breach of a primary 
container. Such recommendations 
generally apply to single-dose products 
that require handling or preparatory 
dilution, reconstitution, or comixing. 
The recommendations also apply to 
multidose and combination products; 
however, some vaccines, advanced 
therapeutic products, or advanced 
therapy medicinal products (ATMPs) are 
subject to more variability and lie 
outside the scope of this discussion. 

Protocol design for an in-use stability 
study should mimic intended use and 

worst-case conditions, confirming 
maintenance of product quality 
throughout an entire in-use period to 
end of administration. Russell noted 
that such studies are well established; 
industry and regulators know how to 
conduct and review them, and the goals 
are to assess and mitigate risks. In-use 
conditions mimic the intended use of a 
product beginning at the breach of its 
primary container–closure system and 
continuing through preparation, 
handling, and administration. All 
delivery components must be 
demonstrated to be fit for purpose, and 
product quality must be maintained 
through storage and administration for 
both single- and multidose products 
(e.g., through dilution, reconstitution, 
and comixing).

For market authorization, 
recommended compatibility studies 
include a minimum of two batches of 
commercial drug product, including one 
aged batch nearing 25% of the end of its 
proposed shelf life (e.g., evaluating an 
18-month-old batch within a 24-month 
shelf life). Such an aged batch provides 
a worst-case condition. Such studies rest 
on a host of previous stability data and 
availability of prior knowledge.

Critical Quality Attributes (CQAs): 
Biochemical stability and microbial 
stability must be demonstrated 
throughout an in-use period. Such 
attributes are likely to change over an 
in-use period. Risk-based criteria guide 
assessments of appearance, protein 
content, particles, aggregates, 

Table 2: Quality attributes and acceptance criteria for in-use stability study; API = 
active pharmaceutical ingredient, UV = ultraviolet 

Tested Quality Attribute Recommended Acceptance Criteria
API content and recovery 
(e.g., assay by UV absorption)

Within ±10% of intended or starting content
For highly diluted potent product, consider assay 
performance

Potency/bioactivity To be defined for each product, depending on assay 
performance and product knowledge

Purity (e.g., size variants, 
charge variants, or other 
specific purity attributes)

Purity changes are acceptable when they fall within 
specifications. 
New product-related variants/impurities must be 
identified and assessed.

Subvisible particles For subvisible particles in size ranges ≥10 μm and 
≥25 μm, assess for meaningful trend of change. 
In case of unexpectedly high particle counts or 
increasing trends, further investigations must be 
conducted, possibly using multiple complementary 
techniques, placebos, or different sampling strategies.

Visible particles Absence of visible particles from contact with 
administration components and diluents

Color and clarity No meaningful changes compared with initial values

CASSS CMC Forum 2024 Topics
• How should developers select 
representative drug-product materials 
and administration components?

• Which testing conditions are 
recommended?

• Which quality attributes and respective 
acceptance criteria should be evaluated?

• How can developers design and 
interpret microbial challenge studies 
effectively?

• What should be considered when using 
closed-system transfer devices?

• Which quality standard is applied for 
in-use studies?

• What expectations do health agencies 
and regulators have for stability?

• What are the challenges for emerging 
trends for low-dose medicines in use 
preparations and cell and gene therapies? 

• How can artificial intelligence/machine 
learning be leveraged in stability testing?
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impurities, and potency. Acceptance 
criteria should be proposed, justified, 
and within specification limits. When 
possible, analytical procedures and 
acceptance criteria should be the same 
as those used for drug-product 
specifications. 

Risk-Based Approaches: Validated 
methods should be applied; strong 
justification must be provided for 
exceptions at commercial stages. Risk-
based approaches for in-use stability 
testing must leverage product and/or 
prior knowledge. For example, 
justification is needed for including only 
one batch, not including an aged batch, 
or using a clinical or development batch. 
Justification also must be provided for 
not including certain quality attributes. 
Risk mitigation can leverage specific 
product-based knowledge. For example, 
absence of stability excursions might 
justify not including an aged batch. 
Compatibility studies for platform 
monoclonal antibodies (mAbs) can be 
leveraged, and batches can be used from 
late-stage clinical materials when no 
meaningful changes or differences have 
been detected from a commercial 
process. 

Upcoming revisions of the ICH Q1 
and Q5C stability guidelines will include 
guidance for in-use stability studies. 
Russell noted that those new guidelines 
will encompass in-use conditions for 
both biologics and synthetic products.

Workshop 1 Panel Discussion
For the panel discussion of the above 
topics, Blümel and Russell were joined 
by Ankit Patel (senior director, 
analytical and formulation development 
at Denali Therapeutics, South San 
Francisco, CA) and Isabella de Jong 
(senior principal scientist at Genentech, 
a member of the Roche Group, South 
San Francisco, CA).

Goals of the ICH Q1 and Q5C 
Stability Working Group: In answer to 
whether the group is adding in-use 
stability guidance, Russell said that the 
revisions are intended to be harmonized 
into a “super stability” guideline. The 
goal is to unify stability approaches for 
small molecules, biologics, and ATMPs. 
The working group has identified in-use 
testing as a gap in existing guidelines, 
so it will be included in the revisions.

GMP Method Validation: The 
panelists emphasized that, from an 
analytical perspective, the goal is to “do 
the right thing.” It is imperative to 
understand what you are doing and use 
validated methods at commercial stages 
— such as for measuring aggregates — 
unless you can justify using nonvalidated 
methods. Blümel emphasized using a 
scientifically sound approach for 
examining unexpected results. 

Assessing Batch Requirements: For 
supporting marketing authorization, the 
panel commented on in-use studies that 
call for one commercial batch of aged 
material (≥75% of shelf life). They noted 
that a risk-based approach could be 
acceptable to justify using fewer 
batches, using a clinical batch for which 
comparability has been demonstrated or 
an aged product for which no product-
quality change has occurred. If no 
stability changes are observed, there 
may be no meaningful risks between 
using fresh or aged batches. The ability 
to leverage prior knowledge, clinical-
development expertise, and experience 
with a delivery method also can 
influence the number of batches tested. 
For cell and gene therapies (CGTs), for 
which less drug product is available, 
regulations are flexible, accepting the 
use of one batch. 

Questions Regarding Aged 
Materials: The definition of aged 
material comes from the ICH team, but 
the panel again emphasized the 
importance of a risk-based approach. If 
no meaningful change has occurred in 
primary stability under applicable 
conditions, analysts can justify using a 
fresh batch, although they might need 
to repeat studies later and submit 
supplemental data. Patel asked whether 
an alternative approach could use a 
clinical batch if no meaningful process 
change has occurred. Russell replied 
that such an approach could be justified 
using solid scientific data. A suggestion 
was to include an in-use study with an 
aged batch as a postmarketing 
commitment. Just because a stability 
change is not seen over time does not 
mean that a product has not been 
affected. An example was offered of an 
aged, lyophilized product reconstituted 
at the end of its shelf life for which 
degradation rates were faster even 

though no stability changes were 
observed for the product in lyophilized 
form.

In-Use Stability at Time of 
Administration: One audience member 
questioned using a stability 
specification as an acceptance criterion 
for in-use studies because a drug 
product will not have the same stability 
profile once diluted and in a bag. 
Although clinical knowledge applies, 
stability is not tested immediately 
before administration. “Can you justify 
exceeding stability specifications at that 
point?” the attendee asked. Russell 
noted the importance of taking overall 
stability into account. Delta change 
needs to be clinically relevant and 
scientifically justified. Blümel noted 
that setting specifications is an open 
topic still being considered. 

Compatibility studies for low-dose 
IV admixtures can supplement risk-
based, phase-appropriate analytical 
testing panels. Sometimes impurity 
testing (such as through SEC) is not 
feasible for low-dose IV admixtures. 
Justification has been offered for not 
testing and/or using alternative 
methods (e.g., as concentrated samples). 
Strategies for mitigating low-dose 
adsorption risks include precoating the 
surfaces and using stabilizers. A clinical 
team must be included in those 
discussions.

Protein Content, Dosing: An 
audience member asked how strict the 
recommendation is that active 
pharmaceutical ingredient (API) content 
be held at ±10% — especially for extra-
low doses. Because protein content is 
tethered to dosing, that percentage must 
be maintained when product is diluted. 
Panelists agreed that deviating from the 
specified API level requires strong 
justification because of the implications 
for dosing accuracy. However, low doses 
may not enable recovery of enough 
product for use of all assays. de Jong 
noted that in the case of a very low dose 
and low adsorption early on, analysts 
should characterize and measure 
accurately what is being delivered, 
accounting for dosing levels and 
pharmacokinetics (PKs).

Mirroring Intended Use: Panelists 
emphasized the importance of basing an 
in-use stability study on conditions of 
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intended use. For example, if ambient 
light is the intended condition for 
assessing photo exposure, then testing 
controlled light chamber exposure is not 
required. When assessing shipping stress, 
if a prepared IV bag will undergo 
shipping/transport, then the study should 
include that (although Russell said that 
she has not seen such shipping data). 

Analytical Methods: Although GMP-
validated methods should be used for 
analytical testing, Russell noted that 
such validated methods are not 
available at early clinical stages. In such 
cases, Blümel recommended testing and 
documenting a fit-for-purpose 
qualification, making adjustments as 
needed. When a method is unsuitable 
(e.g., because of concentration), a 
nonvalidated method can be used if 
scientifically justified. Analysts must be 
ready to demonstrate such choices and 
to watch for unexpected events not 
already covered by validated methods.

Potency testing for in-use studies is 
expected but not required. Potential 
sample-matrix or pH-value differences 
need to be considered in the potency 
assessment. Even when a potency assay 
is less sensitive than chromatographic 
tests would be, it provides critical 
information. Russell commented that 
she has never seen a marketing 
application approval without potency 
testing and that not including it would 
require justification. Panelists agreed 
that phase-based methods can be used 
for potency testing. Regarding drug-
product stability studies, if existing 
methods are not suitable, then a fit-for-
purpose method can be applied. 

Materials of Construction: Patel 
emphasized the importance of 
understanding the materials used to 
support a risk assessment. One question 
concerned how companies distinguish 
between major and minor components. 
The panelists agreed that testing 
product-contact materials is more 
important than testing materials that do 
not contact product directly. Surface 
area also plays a role; significant small–
surface-area materials (such as 
connectors) can be included in a study 
to justify their use. But how many 
components should be listed, and 
should only major components be 
addressed? In addition to including and 

listing product-contact material, should 
small connectors also be included? 
Russell suggested prioritizing such 
components by surface area of contact 
as part of a risk assessment, basing a 
general assumption on the full 
administration set intended for use. 
Justification also can be based on 
components previously found to be 
compatible and on an administration-
bag manufacturer’s specifications. 

Risk-Based Approaches: Another 
attendee asked whether a study should 
be designed to identify user hazards 
(through errors or misuse). de Jong 
suggested designing an in-use study to 
cover a wider range of circumstances 
(based on expectations of use) than those 
recommended by instructions for 
assessing incident risks. She emphasized 
the importance of working closely with 
clinical sites. Would such a study need to 
be repeated following a manufacturing 
change? Russell suggested demonstrating 
compatibility as a risk-based justification 
for not repeating the study. Blümel said 
that a comparability study could be 
followed by a risk-based assessment to 
determine whether to repeat a study. 
Russell agreed, noting the importance of 
knowing the nature of the change. For a 
formulation change — from lyophilized 
to liquid, for example — an assessment 
likely would need to be repeated, but a 
smaller manufacturing change might not 
need to be. Another participant asked 
whether prestudies are conducted. de 
Jong replied that she didn’t know how 
common they are but that early diluent 
testing is recommended.

Implanted Devices/Ports in 
Oncology Settings: When patients 
previously have been implanted with 
such devices, it can be hard to find out 
what those materials are made of, so 
there is no way to set such material 
specifications ahead of time. An 
assumption is that an intended infusion 
rate should deliver an intended dose. 
Panelists agreed on the importance of 
working closely with the clinical site and 
controlling as many elements as possible. 
A study design should reflect a matrix 
approach relevant to most common MoCs. 

Workshop 2
Sarah Weiser (Pfizer) and Jennifer 
Swisher (US Food and Drug 

Administration, FDA) cochaired the 
second workshop. The first presentation 
was given by Paul Kirwan (regulatory 
affairs senior manager at Amgen), titled 
“Microbial Challenge Studies: Cross-
Industry Efforts To Harmonize Strategies 
in Collaboration with Health 
Authorities.” Kirwan, a member of the 
IQ microbial in-use working group, 
explained that large microbial challenge 
studies are resource heavy and subject 
to inherent variability in execution. 
Patient safety must be ensured, but 
guidance is ambiguous. The IQ working 
group is advocating for global regulatory 
harmonization in in-use microbial 
challenge studies and recently 
published a white paper to recommend 
best practices (5).

That white paper seeks to resolve 
several ambiguities. For example, using 
prior knowledge from other products 
may be appropriate at the clinical stage 
if formulation, protein type, and 
concentration are within established 
ranges, but justification is needed for 
use of those data. The paper also 
discusses how data are interpreted to 
establish hold times. At the IND 
application stage, microbial data are 
needed to support hold times of 
>24 hours at 2–8 °C and four hours at 
room temperature. Similar data also are 
needed at the time of filing the biologic 
license application (BLA). Another issue 
concerns reference to long infusion 
times — when no clear definition of long 
is provided, the risk of microbial growth 
potentially increases. Overall risk 
assessments should be established case 
by case to determine the potential risk 
of contamination to a particular patient 
population. 

Study design and recommendations 
specific to the five microorganisms listed 
in USP General Chapter <51> define worst-
case conditions for microbial growth in 
clinical settings, including an array of 
microorganism types (6). Risk of growth 
following contamination should be 
assessed — which Kirwan stressed is 
different from assessing risk of 
contamination in the first place. A study 
design for methods and appropriate 
controls should examine separate 
samples for each temperature (e.g., 
2–8 °C, 20–25 °C) rather than being 
based on cumulative temperature studies. 
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Kirwan presented a three-tiered 
decision tree for determining in-use 
hold times in microbial challenge 
studies:

• Tier 1: No microbial growth, apply 
1.5× safety factor or use second-to-last 
timepoint (whichever is longer) 

• Tier 2: Upward microbial growth 
trend, apply 1.5× safety factor or use 
previous timepoint (whichever is longer) 

• Tier 3: Microbial log growth, select 
previous timepoint and apply 2× safety 
factor.

The next steps should support a 
temperature range of 2–8 °C during 
in-use hold time at the clinical stage. 
The working group is preparing a 
response template and conducting a 
data survey for such conditions. Robust 
understanding is needed for the impact 
of inoculum source on growth, including 
the comparative use of in-house versus 
commercial preparations.

Evaluating and Balancing Overfill: 
Christian Lehermayr (associate director 
of science and technology at Novartis, 
speaking on behalf of the IQ group) 
presented “Pharmaceutical Industry 
Perspective on Closed System Transfer 
Devices: Balancing Overfill, Evaluating, 
Communicating.” He began with the 
definition of a closed-system transfer 
device (CSTD) from the US Center for 
Disease Control and Prevention (CDC) 
and the National Institute for 
Occupational Safety and Health (NIOSH), 
noting that such a device “mechanically 
prohibits transfer of environmental 
contaminants into the system and 
escape of hazardous drugs or vapors” 
(7). Understanding potential effects of 
CSTDs on product quality, safety, and 
efficacy is derived from understanding 
risks of over- and/or underdosing, 
effects of product/material 
incompatibility, and causes of particle 
formation.

Lehermayr emphasized the need to 
ensure the safety of healthcare workers 
through prevention of environmental 
contaminants and needle piercing upon 
drug preparation and administration. 
Guidances are published in USP 
Chapters <797>, <795>, and <800> (8–10); 
NIOSH directives (11, 12); and documents 
from the European Commission (EC) 
(12). Some employers maintain facility-
specific lists of hazardous drugs and 

treat investigational drugs as hazardous 
due to limited toxicology data or their 
mechanisms of action (MoAs), even if 
accidental exposure is unlikely to be 
harmful. 

Lehermayr outlined the main 
components of a CSTD. For compounding, 
typically a vial adaptor is attached, then 
a syringe and syringe adaptor are 
connected. After withdrawal of the drug-
product solution, the syringe with 
adaptor is disconnected from the vial 
adaptor. For administration, a bag spike 
is attached to an IV bag, then a syringe 
and syringe adaptor are connected to 
transfer the drug product solution into 
the bag. Afterward, the syringe and 
adaptor are disconnected from the bag 
spike. When designing drug product 
overfill procedures to compensate for 
device hold-up volume, what is too little 
or too much? Lehermayr noted that 
CSTDs have higher hold-up volumes than 
needle/syringes, and hold-up volumes 
differ among CSTD brands and product 
properties. Should a design specify 
enough overfill for a vial adaptor only, 
for all components, or for a syringe/
needle only? A design should decrease 
risks of misuse: Adding both overfill and 
flushing from healthcare personnel could 
result in an overdose, but a lack of 
flushing can result in underdosing. The 
larger a transferred dose, the lower will 
be the product-specific risk of over-/
underdosing. 

Evaluating the risk of using a CSTD 
includes determining how likely it is to 
be used for a product based on 
indication, hazard classification, type of 
molecule, route of dosing, the clinical 
landscape, and local/site regulations. 
Mitigations must be defined and testing 
performed when required (e.g., based on 
a risk assessment). A holistic CSTD 
strategy needs to support both clinical 
trials as well as commercial needs, 
requiring coordination among clinical 
sites, knowledge of their local 
requirements, and development of 
alternative solutions if necessary. 

Workshop 2 Panel Discussion
For the panel discussion, Paul Kirwan 
and Christian Lehermayr were joined 
by Nicholas Clark (process development 
principal scientist at Amgen), Virginia 
Carroll (quality assessment lead at the 

FDA Office of Pharmaceutical 
Manufacturing Assessment, OPMA, VI), 
and John Metcalfe (senior 
pharmaceutical quality assessor with 
OPMA III). 

The panel first was asked how often 
they have seen companies specify the 
use of CSTDs on commercial labels. 
Lehermayr has seen only one instance 
of this, and Metcalfe has yet to see any. 
But they noted that USP General 
Chapters <797> and <800> only recently 
became official (November 2023), so 
such labeling practices could change.

Interpreting the Regulatory 
Position on Reconciling Overfill 
Needs: Clark noted that at a clinical 
phase, multiple vials can be used to 
handle overfill as long as there is clear 
communication with the clinical site 
and understanding of its practices, how 
it prepares the dose, and how it fully 
recovers a product from the system of 
its choice. But this differs from site to 
site because hospitals choose a specific 
CSTD manufacturer for their use. 
Lehermayr said that by the time of a 
BLA, a manufacturer should have a 
sufficient understanding of drug 
hazard level to know whether CSTD use 
is recommended. 

Relevance of Microbial Challenge 
Studies: Are microbial challenge studies 
relevant in clinical sites with proper 
engineering controls to minimize 
contamination risk? Kirwan stated that 
the group discussed this because 
facilities compliant with USP <797> also 
will be preparing biologics doses in a way 
that doesn’t fall under FDA’s concept of 
compounding, yet the general principles 
may be the same and relevant in a risk 
assessment. Metcalfe added that because 
requirements differ from state to state, 
and because pharmacies are regulated by 
states, there is no guarantee that a 
pharmacy will be preparing products 
compliant with USP <797>. To address 
this, Carroll noted that a maximum 
in-use time, for example, would be 
known at the IND stage, and the choice of 
using a pharmacy compliant with <797> 
could be stated as a mitigating factor for 
the higher risk of a longer in-use time.

Which organisms should be used for 
a microbial growth study? Should skin 
flora species be recommended in 
addition to the five species identified 
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in USP <51> (6)? Kirwan said that the IQ 
working group encourages comparability 
of data and risks between studies and 
programs, so they recommend 
continuing to rely on the five organisms 
rather than include a sixth variable. 
Carroll agreed because the FDA is 
familiar with and accepts those 
organisms in efforts to harmonize 
further. Metcalfe added that the USP 
recommendation was based on the best 
knowledge at the time from 
microbiologists’ familiarity with that 
panel. 

Hold Times: Does the four-hour hold 
limit (when no microbial data are yet 
available) apply to subcutaneous 
injections as well? Metcalfe said yes 
because “an injection is an injection,” 
and Kirwan noted that dose preparation 
for such injections are typically much 
less complex, such that longer hold 
times are less likely to be needed. 

CSTDs as Devices: Does the FDA 
have an opinion on the requirements for 
approval of CSTDs as medical devices — 
specifying issues of holdup volume, 
silicone oil content, and so on? Swisher 
confirmed that such conversations are 
ongoing at the FDA, but she was unable 
to provide more detail at this time. 

A related question was whether 
more clinical sites are using CSTDs as a 
general practice for first-in-human 
studies even for drugs (such as mAbs) 
that are not on the NIOSH list. 
Lehermayr confirmed that this is 
happening, and that close 
communication with the clinical site is 
necessary to understand operating 
procedures and associated risks from 
compounding and administration 
procedures applied. Clark observed that 
some sites are willing to forego CSTDs 
when preparing low-dose preparations 
in the pharmacy, but nursing staff 
might still need to use them during 
administration. 

Swisher commented that the FDA so 
far has not communicated 
recommendations on inclusion of CSTD 
information in first-in-human 
compatibility studies. She is starting to 
see CSTDs in compatibility studies, but 
she has not always seen clear prediction 
of their expected performance. For 
example, are they recommended for 
clinical trials? She has seen safety 

events at clinical sites that didn’t 
understand how to handle compatibility 
with low-dose drugs. Safety issues have 
arisen in which a CSTD was used even if 
a sponsor noted in a safety manual not 
to use one. She said it is not yet clear 
what to do about such instances, but the 
FDA is beginning to have a conversation 
about which drugs should and shouldn’t 
be used with CSTDs. It is important to 
have a conversation with the trial site to 
know whether those devices will be 
used and if so, which types. In response 
to a question about the FDA position on 
particulates such as silicone oil coming 
from CSTDs, Swisher said that risk 
assessments and further conversations 
are needed. Finally, she was asked how 
regulatory agencies expect CSTDs with 
different holdup volumes to be described 
in the pharmaceutical manual. Swisher 
replied that some risk assessments for 
low doses are accurate, some are not, 
and she emphasized the need for 
specific, clear communication with 
clinical sites regarding dose 
interpretability (under-/overdosing). 

Working with Novel Compounds: In 
response to a question regarding use of 
microbial challenge studies for novel 
compounds such as oligos, siRNAs, and 
cell and gene therapies, the panelists 
agreed that there is as yet no clear 
opinion about how to treat those 
products other than to conduct similar 
risk-based approaches as for other 
molecules. 

Regulatory Guidance on Balancing 
Overfill Volumes: Lehermayr noted that 
a lower concentration/higher volume 
makes that task easier. Metcalfe 
recommended consulting the CDER 
guidance on allowable overfill. CDER has 
a publicly available Manual of Policies 
and Procedures (MAPP, intended for FDA 
staff) on the topic that speaks to the 
assessment of allowable excess volume 
(14). Lehermayr noted that the MAPP is 
difficult to apply. Statistical distribution 
of fill volumes is inevitable, and 
therefore balancing risks is necessary —
just as extracting drug from some vials 
may not deliver the labeled amount, it 
also could be true that adding drug to 
ensure withdrawal of a labeled amount 
could result in overdosing. Swisher said 
that internal discussions at the FDA are 
based on risk and there can be mitigating 

circumstances, so she recommends risk-
based, case-by-case approaches and early 
conversations with the regulators. 

Finally, the panel addressed 
differences in CSTD use for lyophilized 
and liquid products. Clark recommended 
a good recent paper on this issue (15). 
There are different methods of 
preparation — pulling diluent with a 
needle gives different results than with a 
CSTD. One recommendation is to test 
replicates to show variability. And 
assessments of overfill risks from syringe 
needle preparation can be affected by 
human factors from site to site.

Coming Up
Look for the second part of this article 
in BPI's May 2025 issue, which will 
summarize topics and insights from 
Workshops 3 and 4.
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