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AT GLANCE

> Pharmacodynamics of B-cell-depleting therapeutics is assessed with a combination of direct and indirect
methods, including flow cytometry, which is considered a gold standard for measuring B-cell counts in
whole blood.

> Sensitivity is a crucial parameter in bioassays, especially those designed to monitor the pharmacodynamics
of cell-depleting therapeutics. Assessing and validating sensitivity involves addressing challenges related
to biological variability and lack of biological standards with different levels of dedicated cell populations.

> "Fit-for-purpose” validation of a flow cytometry assay ensures that the assay is appropriately validated for
its intended use, balancing the level of validation effort with the criticality and intended application of the
assay.
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Introduction

B-cell-depleting monoclonal antibodies and mAb-
based products are pivotal in treating various
autoimmune and oncological diseases. By selectively
targeting and eliminating B-cell populations, these
therapies help manage conditions associated with
abnormal B-cell function or overactivity, including
non-Hodgkin lymphoma, chronic lymphocytic
leukaemia, rheumatoid arthritis, systemic lupus
erythematosus and multiple sclerosis. Specific
depletion with no significant impact on other
immune cells is achieved by binding to the CD20
receptor, an antigen expressed primarily on the
surface of B-cells. Five drugs from this group are
currently marketed across the EU and the US:
rituximab (precursor of anti-CD20 mAbs, approved
in 1997), ofatumumab, obinutuzumab, ocrelizumab

and ublituximab.

Pharmacodynamics of B-cell-depleting therapeutics
is assessed via a combination of direct and indirect

methods, including flow cytometry and

immunohistochemistry monitoring of B-cells,
quantitation of serum biomarkers, PK/PD modelling,

and, ultimately, evaluation of clinical endpoints. This
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multifaceted approach provides a comprehensive
understanding of how the tested drug affects target
cell populations and overall disease activity, guiding
effective treatment strategies and optimizing
patient outcomes. Of all listed methods, flow
cytometry is considered the gold standard for
measuring B-cell depletion and recovery in whole

blood after anti-CD20 treatment.

Designing a B-cell depletion assay

One of the most important considerations when
designing a B-cell quantification assay is the
selection of antigens that will be used to identify the
desired population of B lymphocytes. Crucially, the
chosen antigen cannot be a therapeutic target, and
at the same time, it should be specific to the studied
population. Therefore, despite its selective
expression, CD20 cannot be used in our assay, as
during the anti-CD20 therapy, all receptors are
already occupied by administered mAbs, interfering

with the binding of fluorescently labelled antibodies.

Like CD20, CD19 receptor is also a B-cell lineage-
specific antigen expressed on the cell surface (Figure
1). While CD20 is acquired during the late stages of

Anti CD-20 Therapy

)

Y

B-CELL MATURATION

Y ¥

" h

o |

- ' 4
- b 4

STEAM PRO-B PRE-B MATURE MATURE - MEMORY PLASMOBLAST PLASMA-CELL PLASMA-CELL
ACTIVATED (Shert-lived) {Long-lived)
| CD20 |
[ CD19 |
| CcD38 | | cp3s | [ CD38 |
[ BAFF-R |
| CD22 |
Bone Marrow Blood, Lymphoid, CSF
Figure 1 Stages of B cells maturations and expression of cell-surface antigens.
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B-cell lymphogenesis and is then lost upon
differentiation into plasma cells, CD19 expression
covers the entire spectrum of early B-cell genesis
and maturation.” Because CD19 is restricted to B
cells, it serves as a specific marker in flow cytometry,
allowing for the accurate identification and
enumeration of B cells without cross-reactivity with

other immune cells.

The B-cell counting assay developed at Mabion
utilizes the IVD-certified TBNK reagent (BD Multitest
6-Color TBNK with BD Trucount™ tubes) to
determine the percentages and absolute B cell
counts in whole peripheral blood. It can also
measure the percentages or absolute counts of T
lymphocytes (CD3+), natural killer (NK) lymphocytes
(CD3-CD16+ and/or CD56+), helper/Inducer T
(CD3+CD4+), and
suppressor/cytotoxic T lymphocytes (CD3+CD8+).

lymphocytes

However, our laboratory customizes the original
method to our intended use by:

» Applying the blood collection tubes that include
(K3EDTA) and cell
preservation reagents instead of 'gold standard’
K3EDTA tubes prolongs the stability of the cell
the SSC
properties of lymphocytes till the maximum time

both  anticoagulant

surface antigens and improves

of 14 days from the time of collection.

» Testing whole blood subjects derived from RA
(Rheumatoid arthritis) and NHL (non-Hodgkin
lymphoma) patients in the presence of anti-
CD20 treatment.

Following Clinical and Laboratory Standards
H62-Validation

Flow Cytometry,

Institute guideline of Assays

Performed by introducing
modifications to IVD-certified bioassays requires a
systematic and thorough approach to ensure that
the modified assay continues to meet performance
standards and regulatory requirements.® In this
context, the use of blood-stabilizing products is a

critical change introduced for the assay. First, cell
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preservative compounds can cross-link, masking the
target epitopes. Second, these compounds can
interfere with tandem fluorochromes, giving false
positive results.In this contex the By conducting fit-
for-purpose validation, our laboratory successfully
implemented these modifications, improving assay
performance while maintaining results reliability
(see section Validation).

TBNK assay performance

The TBNK reagent is composed of seven monoclonal
antibodies conjugated to specific fluorochromes
(CD45-PrCP-Cy5.5, CD19-APC, CD3-FITC, CD4-PE-
Cy7, CD8 APC-Cy7, CD16C-PE D56). The reagent is
added to a trucount tube containing a lyophilized
pellet of fluorescent beads. Next, the whole blood
transferred to  the

specimen is  directly

antibodies/beads mix and incubated. During

incubation, each monoclonal antibody in the
reagent binds to a specific antigen on the surface of
blood cells, while beads dissolve, releasing a known
number of fluorescent beads. Samples are acquired
on a BD flow cytometer (Facs Lyric or FACS Verse)
using the predefined protocol on FACS Suite
software. The gating strategy of the assay is

presented in Figure 2.

After data acquisition, sample gating is reviewed by
the analyst and adjusted if required. All predefined
protocol changes are automatically recorded in the
assay report. Analysts should be guided by Standard
Operating Procedure (SOP), which outlines the rules
for interpreting and analyzing questionable dot
plots. Visual examination of each gate is supported
by sample quality questionable error messages, like:

» Not critical, disease-specific parameters that
could also be associated with staining error (%T-
sum failure - indicates a large number of double-
positive or double-negative T cells, %

Lymphosum failure - events could be incorrectly

classified as T, B, or NK cells)
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Figure 2 A streamlined methodology for PD assessment of anti-CD20 agents: A) TBNK gating strategy*, B)
Population hierarchy, C) Identification of blood cells subpopulation on SSC vs. CD45 plot.

* 1. The software collects 10,000 total events, applies the expert 'lymph' gate on the SSC/CD45 plot, and calculates the
number of lymphocytes in the gate. The software collects 10,000 total events, applies the expert 'lymph' gate on the
SSC/CD45 plot, and calculates the number of lymphocytes in the gate. The software continues acquiring until the

2500 number of lymphocytes is reached.

2. The Trucount beads are gating on SSC/CD19 plot (population all events without lymphocytes — Beads, no Lymph).
3. CD3+ lymphocytes are gated on SSC/CD3 plot 5/ CD3+ cells are dividing on CD4+ and CD8+ subpopulation on
CD4/CD8 4/ B-cells and NK- defining gates are adjusted on CD19/CD16CD56 plot (presenting non-CD3+lymph

event).

» Critical, concerning the acquisition stopping
criteria parameters (lymph gate does not contain
requested 2,500 events, Insufficient beads

acquired (<500).

Quality control samples

Various biological standards are used for flow
cytometry, including preserved whole blood, PBMCs
(peripheral blood mononuclear cells), and dried
leukocytes. However, only a limited number of
standards are provided with certified target values,
such as absolute cell counts. If they are certified, the
range for target value is extensive, and often, it is not

provided for each subset analyzed with a given
method. Consequently, they cannot be considered
'real' reference standards. The BD™ Multi-Check
Control and CD-Chex Plus (Streck) are stabilized
human leukocytes and erythrocytes in a preservative
medium dedicated to complete process control for
TBNK immunophenotyping of whole blood samples.
There is a control for antibody staining, red blood
cell (RBC) lysis, instrument setup and performance,
and data analysis on FACS. The experimental cell
number value of the specific lymphocyte
subpopulations must be within limits specified by
the manufacturer in the certificate of analysis.
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Following the manufacturer's recommendations, the
biological standard should be analyzed at least once
per analytical day. However, some laboratories,
including ours, analyze the biological standard
parallel to the test samples during each analytical
run.

Day-to-day instrument and assay

standardization, monitoring and setup

PQC (Performance Quality Control) with CS&T beads
(Cytometer Setup and Tracking beads) are used to
define the baseline performance of the cytometer.
They check laser alignment, measure %rCV, linearity,
resolution and laser power, compare PMT voltages
to characterization QC (baseline), and update
spillover values and PMTVs for default settings. Daily
measurements are automatically entered into Levey-
Jennings to detect increased random errors and
shifts or trends in cytometer performance. This
meticulous monitoring of FACS performance

measurements over time ensures consistent
instrument performance, promptly addresses issues

and maintains the quality and reliability of data.

Validation

The CLSI
advancement in standardizing flow cytometry assay

H62 document marks a significant

Table 1

Activities Frequency

Reagents
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validation practices, building on the foundational
consensus papers published over the last decade.’®
publication,
addressed the validation requirements of flow

Before its no official guidelines
cytometric methods used in drug development or

clinical testing.

Due to the complexity of flow cytometry technology,
lack of certified reference materials, and different
categories of bioanalytical data
quasi-quantitative),  not

validation parameter can be assessed.® Assay

(qualitative,
quantitative, every

specificity,  sensitivity  (limits of  detection
/quantification), precision (repeatability), stability
and reference ranges are always validated for the
flow cytometry method. Linearity, standard
calibration, and interference (matrix, drug) can also
be validated in some cases. However, accuracy,
selectivity, range of quantification, incurred sample
reanalysis, normal signal distribution, and prozone
effect usually cannot be evaluated in a direct
manner. Furthermore, the specific validation
parameters to be assessed depend on the intended
data use. If it changes during the assay's lifetime,
additional validation parameters can be addressed
at that time. This iterative approach is known as "Fit-

for-Purpose" validation.?

The TBNK reagent is used for the measurement of
[%] and absolute counts of Ts, Th, B, and NK Cell.

Quality Control of Instrument Performance and Instrument Setup

Description

PQC Daily CST beads Performance quality control and instrument set up

TBNK ASSAY SET UP Daily CST beads Assay set up

cQcC Every 6 months CST beads Characterization QC that, along with additional more
detailed analyses and an automatic laser alignment

REFERENCE SETTING RESET Every 60 days FC beads To measure and reset instrument spectral overlap

AND ACTUALIZATION

values
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Table2  Assessment of validation parameters for quasi-quantitative determination of B-
lymphocytes in human whole blood in the presence of anti-CD20 treatment

Parameter Our analytical approach

MATRICES Disease-state samples or initial validation with samples from healthy individuals, followed
by confirmation of assay precision, sensitivity, and selectivity using disease-state samples.

PRECISION A multifactorial design is developed to evaluate multiple factors in a single setting,
allowing for intra-assay precision, inter-assay precision, inter-operator precision, inter-
instrument precision, and reagent lot-to-lot consistency.

ACCURACY Data obtained from flow cytometry are considered quasi-quantitative because the
numerical result generated from the test sample (cell/uL) is proportional to the sample
(truecount tubes with a certified number of beads) but not generated from a calibrator or
reference material, so true accuracy was not determined during the method validation.
Furthermore, we could not determine if our method is accurate because there is no
reference standard containing a certified number of B cells (at different cell count levels).
Although target ranges of BD Multicheck Control and CD Check (Streck) are provided, the
ranges are extremely broad and thus of little value for accuracy assessment. As an
alternative to true accuracy measurements, results from the inter-and intra-assay precision
experiments should be compared with the reference laboratory after instrument-to-
instrument standardization.

SELECTIVITY/ > Individual highly lipemic, hemolyzed, clotted and disease-state samples are used to
MATRIX EFFECT verify the appropriate subpopulation separation.
> Evaluation % of the difference for B absolute counts results obtained for subjects
collected to blood collection tubes that include both anticoagulant (K3EDTA) and cell
preservations vs. 'gold standard' K3EDTA tubes.

SENSITIVITY For functional LoQ determination, low-B-cell-concentrated samples are created by diluting
whole blood using autologous plasma reconstituted with RBCs to achieve CD3-/CD19+
absolute counts of 5, 10, 20, 40 (cells /uL) (LoQ candidates). These absolute B cell count
values must be inside the analytical measurement range specified by the manufacturer (5-
2000 cells /uL). Three independent repetitions (three separate runs) should be prepared
from each of the concentration pools of 5 test samples.

STABILITY > Post-collection stability - age of blood (AOB) refers to the time between the blood
draw and the time of mixing the blood with the reagents.
> Post-sample processing stability:
- Post-staining stability - Age of stain (AOS) refers to the incubation time of blood
with antibodies in Trucount tubes.
- Post-lysing stability - Age of fixation (AOF) refers to the time between the end of
the lysing step and the start of specimen acquisition.

> Thermal cycles stability

CARRYOVER Carryover is evaluated as % Lymphocyte carryover from Stained Sample to Blank sample
should be less than or equal to 0.5% when approximately 2500 Lymph events are acquired.

However, the CD3-CD19+ B cells are enumerated therapeutics, and consequently, the results obtained
for pharmacodynamics evaluation of anti-CD20  for this subpopulation are considered critical for
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determining assay validity. This assay is classified as
quasi-quantitative because the absolute cell count
can be determined by comparing cellular events to
the certified number of bead events. In Table 2 on
the next page, we present our approach to
validating the quasi-quantitative determination of B
lymphocytes in human whole blood in the presence
of anti-CD20 treatment.
parameter, the acceptance criteria were predefined
before the start of validation.

For each validation

Since we modified the original test protocol using
blood-stabilizing products, monitoring the correct
separation of the TBNK subpopulation over time was
critical during the validation phase. Ageing of test
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samples can cause both losses of TBNK antigen
detection (due to protein degradation) and change
in Leucocytes' morphology (loss of the difference in
SSC properties). Both cases could affect the absolute
lymphocyte counts' measurements and inclusion of
basophils (less bright CD45, low side scatter) or
monocytes (less bright CD45, moderate side scatter)
in a lymphocyte cluster.

Our validation data showed that test samples
collected in blood collection tubes that include both
(K3EDTA)
reagents (P2) remain stable at 2-8°C up to 14 days

anticoagulant and cell preservation

from the day of collection and at RT up to 3 days
from the time of collection compared to the baseline
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Abbreviations: P1 - gold-standard K3EDTA tubes without preservatives; P2 - blood collection tubes that include both anticoagulant (K3EDTA) and cell preservation reagents,
Time of testing: TO (<6h from the draw), T24 (24h+2h from the draw), T7d (7days+ 1day from the draw), T10d (10 days+ Tday from the draw), T14d (14 days+ 1day from the

draw).

Figure 3 Cell preservatives effect on TBNK subpopulations separation.

The visualization of the lymphocytes tested via cell markers CD45, CD3, CD19, CD16+56 for the control (P1 and P2 <6
hours, Day 0), P2 after 24h, on day 7, and 14, have shown that the Lymphocytes from P1 samples exhibited higher side
scatter (SSC) properties than the equivalent cells in the P2 tubes; however, the SSC properties also increase in time
(from TO to 14days) in P2 tubes. On the other hand, the fluorescence characteristics are mostly stable in both time and
storage conditions. These results demonstrate that although stabilization affects the cells' physical properties, the

different cell populations can be adequately identified.
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sample (collected in gold-standard K3EDTA tubes
without preservatives (P1)), as presented in Figure 3.
Furthermore,

leukocyte  subpopulations are

adequately separated at any tested point in time.

Figure 3 shows the lymphocytes' visualization of
DonorX tested via cell markers CD45, CD3, CD19,
CD16+56 for the control (P1 and P2 tested <6 hours
after drawing, Day 0), P2 after 24h, on day 7, and 14.
Lymphocytes from P1 samples exhibited higher side
scatter (SSC) properties than the equivalent cells in
the P2 tubes, and the SSC properties also increased
in time (TO to 14 days) in P2 tubes. However, the
leucocyte subpopulations are adequately separated
at any point in time.

After validating an assay with a comprehensive QC
process, it's crucial to continuously monitor and
maintain performance to ensure it aligns with the
established specifications.

TBNK immunophenotyping assay in
the monitoring and management of
oncological therapies

TBNK immunophenotyping is an invaluable tool in
managing oncological and autoimmune disorders.
Developed initially to monitor CD4 T-cell counts in
HIV-positive patients®, this assay has evolved
significantly, finding critical applications across
various medical fields. The ability to quantify and
characterize T-cell, B-cell, and NK cell populations
provides profound insights into immune system
dynamics, aiding in the diagnosis, monitoring, and
therapeutic assessment of numerous diseases.

TBNK immunophenotyping can be used for the
following purposes:

» Real-time Monitoring: Provides immediate
feedback on the immune system's response to
therapy, allowing for rapid adjustments in

treatment strategy.

[ SCIENCE HUB

» Mechanistic Insights: Helps in understanding
how drugs modulate the immune system,
providing insights into their mechanisms of
action.

» Predictive Value: Early changes in TBNK profiles
can predict long-term outcomes, helping to
identify responders and non-responders.

» Safety Identifies

immune-related adverse events early, allowing

Management: potential

for proactive management of toxicities.

Specific examples of TBNK assays' application

include:

» Checkpoint Inhibitors (e.g., Anti-PD-1/PD-L1,
Anti-CTLA-4)

- Pembrolizumab (Keytruda) and Nivolumab
(Opdivo): These anti-PD-1 antibodies are used
in the treatment of melanoma, renal cell
carcinoma, and non-small cell lung cancer.
TBNK immunophenotyping can track the
changes in T-cell populations, significantly
increasing the number of effector T-cells and
decreasing the number of regulatory T-cells,
which correlate with therapeutic response.

- Ipilimumab (Yervoy): An anti-CTLA-4 antibody
used in the treatment of melanoma and other
solid tumors. Monitoring the increase in
activated T-cells and reduction in regulatory T-
cells helps assess treatment efficacy and
manage immune-related adverse events.

» CAR-T Cell Therapy (e.g. Tisagenlecleucel,
Axicabtagene Ciloleucel)

- Tisagenlecleucel (Kymriah): Indicated for B-cell
acute lymphoblastic leukaemia (ALL) and
diffuse large B-cell lymphoma (DLBCL). TBNK
immunophenotyping is crucial to track the
expansion and persistence of CAR-T cells in
the patient's blood, as well as the depletion of
B-cells, which indicates the CAR-T cells'

effectiveness.
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- Axicabtagene Ciloleucel (Yescarta): Used for
treating DLBCL. Monitoring involves tracking
CAR-T cell populations and their impact on
normal B-cell counts to manage potential B-

cell aplasia.

» Bi-specific T-cell Engagers (BiTEs) (e.g.
Blinatumomab)

- Blinatumomab  (Blincyto): Used in the

treatment of B-cell precursor ALL. TBNK
immunophenotyping helps in monitoring the
engagement between T-cells and B-cells,
indicating the drug's efficacy in redirecting T-

cells to kill B-cell leukaemia cells.

» Monoclonal Antibodies Rituximab,

(e.g.,
Daratumumab)

- Rituximab targets CD20 on B-cells and is used
as a treatment for non-Hodgkin lymphoma
(NHL) and chronic lymphocytic leukaemia
(CLL). TBNK immunophenotyping assesses B-
cell depletion and recovery post-therapy.

- Daratumumab (Darzalex): Targets CD38 on
plasma cells and is used for treating multiple
myeloma. Monitoring involves tracking the
depletion of CD38-positive cells and changes
in other lymphocyte populations.

» Immune Modulators (e.g., Lenalidomide)

- Lenalidomide (Revlimid): Used as a treatment

for multiple myeloma and mantle cell
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lymphoma. TBNK immunophenotyping helps
evaluate the drug's effect on enhancing T-cell
and NK cell activity while reducing regulatory
T-cells, contributing to its anti-tumour effects.

Summary

Flow cytometry assays have a variety of intended
purposes that drug
discovery, and the exploratory, secondary, and

include basic research,
primary endpoint of clinical trials. In designing a fit-
for-purpose validation for a B cell-depleting assay;, it
is crucial to tailor the validation experiments to meet
the specific requirements of the assay's intended
use. This approach ensures that the assay delivers
reliable, "accurate" results and is efficient and
practical. Several parameters, such as accuracy,
sensitivity, and selectivity, pose significant
challenges in validating a TBNK assay, especially
when dealing with quasi-quantitative data. This
paper describes the solutions employed in our
laboratory to address these challenges effectively.

Remember:

» Any modifications made by the laboratory to
the assay manufactured as IVD's instructions
will render the test no longer FDA-
cleared/approved. The laboratory must
verify/validate these modifications in terms of
the intended use.

» In clinical trials, the use of solutions that
effectively extend the 'lifetime' of the test
sample is not just a necessity, but a critical

IY'ABION provides comprehensive flow cytometry services tailored to the needs of

biopharmaceutical companies, clinical laboratories and research institutions. Our experienced

scientists offer robust support for various flow cytometry endpoints using various cell types,

including primary cells and human or animal-origin cell lines. Whether you require non-regulated

or regulated assays (GMP/GLP/GCP), we can provide phase-appropriate flow cytometric bioanalysis

and confidently assist you utilizing the following platforms: BD FACSLyric™ and BD FACS Verse™

powered by the BD FACSuite™ Acquisition and Analysis Application.

Page 9 of 10


https://www.mabion.eu/

YIABION

Biologics CDMO

need, given the time-sensitive nature of the
trials and the need for reliable data.

Validation in  flow cytometry is not
straightforward; each validation parameter's
experiment is designed based on the purpose
of the test. There is no universal design for all
methods, but we have developed a specific
approach that we have found to be effective.
You can refer to Table 3 for a detailed
description of our specific approach.

If you are interested in this publication or would like

to learn more about flow cytometry methods, please

get in touch with us to collaborate.
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