Monocyte Activation Test

for Radiopharmaceuticals.

Product-Specific Pyrogen Testing Under
Radioactive Sample Constraints according

Ph EU 2.6.3

Executive Summary

The Monocyte-activation test (MAT) is
gaining increasing relevance in
pharmaceutical pyrogen testing as the
industry moves away from animal-
based methods toward more human-
relevant in vitro approaches. MAT
reduces animal testing and, unlike
classical bacterial endotoxin tests
using the Limulus Amebocyte Lysate
method, can detect a broader
pyrogenic response, including endo-
toxins and non-endotoxin pyrogens.
For radiopharmaceuticals, however,
MAT implementation requires more
than transferring an established
standard method, as these products
differ substantially from conventional
parenteral preparations. A major
challenge is working with radio-
activity, which requires specialized
laboratories and equipment. There-
fore, a robust MAT strategy must
combine cell biological and bio-
chemical expertise with GMP know-
how, radiopharmaceutical process
understanding and safe radioactive
sample management.

At CUP Contract Labs, we have
developed a dedicated approach for
MAT feasibility, method adaptation
and product-specific validation in the
context of radiopharmaceutical and
complex injectable products.

Dr. Marco Nousch

Head of Microbiology

Market Context and Regulatory
Framework

Pyrogen testing is a critical element of

pharmaceutical development and production

quality control. Pyrogens trigger fever
reactions and can pose a serious safety risk

for patients, especially in parenteral products.

For decades, pyrogen testing relied on
animal-based methods to detect product-
intrinsic pyrogenic properties and on the
Limulus Amebocyte Lysate method to detect
bacterial endotoxins. Today, regulatory
expectations are shifting toward more
specific, ethical, and human-relevant in vitro
approaches.

The Monocyte-activation test is described in
Ph. Eur. 2.6.30 and is based on the activation
of human monocytes or monocytic cells. The
method reflects a central step of the human
fever response by measuring cytokine release
after exposure to pyrogenic substances. This
allows detection of endotoxin-related and
non-endotoxin pyrogenic contaminants.

For pharmaceutical manufacturers, this
transition is not simply a replacement of one
test by another. It requires a product-specific
testing concept. Each formulation must be
evaluated for potential assay interference,
sample compatibility, suitable dilution
ranges, acceptance criteria, and the
appropriateness of the selected MAT format.
This is particularly relevant for complex
injectables, biologics, advanced therapy
medicinal products, and
radiopharmaceuticals.

Scientific Background

The MAT uses human immune cells to
detect pyrogenic activity. When monocytes
are activated by pyrogenic contaminants,
they release cytokines such as IL-6, IL-1[3, or
TNF-q, depending on the assay format. The
measured cytokine response provides
information on the pyrogenic potential of
the sample.

This human-cell-based principle is highly
relevant for parenteral products because it
reflects a biological response closer to the
human fever reaction than animal-based
models or endotoxin-specific assays. It also
addresses the limitation of bacterial
endotoxin testing, which does not cover all
non-endotoxin pyrogens.

For radioactive samples, scientific
suitability must be assessed with particular
care. The product matrix, radionuclide,
activity level, formulation excipients, decay
profile, and sample preparation steps may
influence the assay response. Potential
issues include cytotoxicity, assay
interference, limited dilution options,
sample instability, and timing constraints
between production and test initiation.
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From Standard MAT to Radioactive Sample Feasibility

Standard MAT workflows are well established for many pharmaceutical products.

Radiopharmaceuticals, however, require additional questions before method suitability can be

demonstrated.
Typical feasibility questions include:

e Can the radioactive sample be handled safely within the required assay workflow?

e Does the formulation interfere with cell activation or cytokine detection?

e Isdilution possible without falling below the required sensitivity?

e Does radioactivity affect cell viability, assay readout, or sample stability?

e Can testing be initiated within a reasonable time window after production?

e Can the method be validated under product-specific and radiation-related constraints?

These questions show why MAT for radiopharmaceuticals is not simply the transfer of a
standard cell-based pyrogen test to a radioactive product. It is an integrated testing concept
that connects cell biology, immunological assay principles, radiochemistry, radiation
protection, sample logistics, and GMP documentation.

Structured MAT Development Strategy

A robust MAT strategy begins with a clear understanding of the product. Radionuclide, activity
concentration, formulation, intended use, batch size, size of the patient doses, available
sample volume, and expected testing timeline must be reviewed before a suitable test design
can be selected.

The first step is a technical and regulatory feasibility assessment. This includes evaluation of
the product matrix, potential interferences, radiation safety requirements, sample decay
profile, and analytical endpoint. Based on this assessment, the most appropriate MAT format
and dilution strategy can be selected.

The second step is method adaptation. Here, sample preparation, dilution series, controls,

spike recovery, cytokine readout, and acceptance criteria are developed under product-specific

conditions. The objective is to establish a test setup that can detect pyrogenic activity reliably
without being compromised by the radioactive product matrix.

Proposed MAT Workflow at CUP
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The third step is product-specific validation.
This includes interference testing, recovery
studies, robustness evaluation, and
confirmation that the method is suitable for
the intended product and testing purpose.
Depending on development phase and
regulatory expectations, the validation
depth may vary.

The final step is transfer into routine or
project-specific QC use. This requires
defined responsibilities, sample logistics,
radiation protection documentation, data
review, deviation handling, and clear
reporting structures.

Industry-Specific Constraints

Radiopharmaceuticals differ from
conventional parenteral products because
quality control is directly affected by time,
activity and radiation safety. Short half-lives,
shielding requirements, limited sample
volumes and formulation effects can
influence MAT feasibility, cell viability,
cytokine detection and sample handling.

This makes early planning essential.
Feasibility work should clarify whether the
method remains scientifically meaningful
and operationally realistic under radioactive
sample constraints. If interference or
handling constraints are detected too late,
development timelines, regulatory
discussions and release strategies may be
affected.
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Our Radioactive MAT Setup

MAT for radiopharmaceuticals requires
more than a standard cell-based assay
environment. It must combine radioactive
sample handling, cell-based pyrogen
detection, radiation protection and GMP-
relevant documentation within one
controlled workflow.

At CUP Contract Labs, the setup is designed
to support:

e safe handling of radioactive samples in
a suitable laboratory environment

e cell-based MAT feasibility and method
adaptation using appropriate MAT
assay formats

e radiation protection measures,
including shielding, dose-rate and
contamination monitoring

e controlled sample preparation, timing
and handling under radioactive sample
constraints

e GMP-relevant documentation, data
review and traceable reporting

EXPERT VOICES

This enables product-specific MAT
development while maintaining assay
reliability, operator safety and regulatory
usability of the generated data.

Strategic Value

Astructured MAT strategy reduces scientific,
regulatory and operational uncertainty across
development stages. In early development,
feasibility work helps determine whether MAT
is suitable for the specific
radiopharmaceutical product, whether the
formulation interferes with the assay, and
which sample handling constraints must be
considered.

As development progresses, the focus shifts
from feasibility to method adaptation,
product-specific validation and readiness for
GMP-relevant use. At this stage, authorities
will not only look at the selected pyrogen test,
but also at the scientific rationale behind it:
sample compatibility, interference control,
dilution strategy, acceptance criteria,
documentation and the ability to generate

“Radiopharmaceutical products require quality control concepts that are
scientifically justified and operationally feasible.
For MAT implementation, this means that the biological test principle must be
aligned with radioactive sample handling, formulation characteristics,
and GMP documentation.

The key challenge is not only whether a product can be tested. The key challenge is
whether the test result remains meaningful under the real conditions of radioactive
product handling.

A successful MAT strategy therefore depends on early feasibility work, clear
acceptance criteria, robust documentation, and close collaboration between
microbiology, radiochemistry, QA, and radiation protection.”

Any questions?

Let s talk.

Kristin Holzel
Expert Scientist

meaningful results under real radioactive
sample conditions.

For complex injectables and radiopharma-

ceuticals, this early understanding supports
development planning, strengthens regula-
tory discussions and helps define a realistic
pathway toward future QC implementation.

By combining cell-based assay expertise
with experience in radiopharmaceutical
environments, CUP Contract Labs can
support clients in developing a product-
specific MAT strategy without the need to
establish specialized radioactive MAT
capabilities in-house.

Conclusion

The Monocyte Activation Test offers a
relevant  and human-cell-based
approach for pyrogen detection in
pharmaceutical products. For
radiopharmaceuticals, however, im-
plementation requires more than
applying a standard assay.

Radioactive samples create specific
challenges related to timing, handling,
interference, radiation protection, and
method suitability. These challenges

must be addressed through a
structured, product-specific develop-
ment strategy.

A well-planned MAT approach can
support safer product development,
more robust pyrogen risk assessment,
and stronger regulatory readiness. For
manufacturers  of  radiopharma-
ceuticals and complex injectables,
early MAT feasibility work is therefore
an important step toward reliable and
future-oriented quality control.
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