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ABSTRACT

Aim: Endogenous interferents can cause nonselectivity in ligand binding pharmacokinetic assays,
leading to inaccurate quantification of drug concentrations. We describe the development of a
Gyrolab immunoassay to quantify a new modality, CB307 and discuss strategies implemented to
overcome matrix effects and achieve selectivity at the desired sensitivity. Results: Matrix effects were
mitigated using strategies including increasing minimum required dilution (MRD) and lower limit
of quantification, optimization of antibody orientation, assay buffer and solid phase. Conclusion:
The strategies described resulted in a selective method for CB307 in disease state matrix that
met bioanalytical method validation (BMV) guidance and is currently used to support clinical
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pharmacokinetic sample analysis in the first-in-human POTENTIA clinical study (NCT04839991) as

a secondary clinical end point.

1. Background

Understanding the pharmacokinetic (PK) properties of a
drugin participants'samples is a key feature of early-stage
clinical trials. Drug exposure and the associated absorp-
tion, distribution, metabolism and excretion properties,
inferred from PK, allow clinicians to better understand the
toxicity and efficacy of drugs [1]. This aids determination
of the optimal dosing strategy for patients, informing the
recommended phase 2 dose and schedule determination
for future clinical development.

The quantification of large molecule drugs is typically
performed using ligand-binding assay (LBA) techniques,
where antibodies or ligands specific to the drug are used
to capture and detect free or total drug in samples [2-
4]. However, the presence of nonspecific matrix compo-
nents can make the accurate quantification of biologics
more challenging. Factors such as soluble drug target,
degrading enzymes, heterophilic antibodies and other
interfering components can all impact the selectivity of
a method [5-6].

Selectivity is the ability of the LBA to quantify accu-
rate levels of drug in the presence of nonspecific matrix
components and is a requirement within the scope of the

ICH M10 bioanalytical method validation (BMV) guide-
lines adopted by regulatory authorities. Assessment of
selectivity is performed by exogenous addition of drug
into at least 10 individual sources of blank matrices at two
concentrations within the analytical range; the lower limit
of quantification (LLOQ) and high-quality control (HQC)
concentrations. For an assay to meet validation accep-
tance criteria, accuracy of the spiked selectivity samples
must be within £25.0% relative error (RE%) at the assay
LLOQ and +20.0% at the HQC in a minimum of 80.0%
of the individual matrix sources evaluated. In situations
where a clinical trial is being conducted in a specific target
indication or disease population, selectivity must also be
confirmed in individual matrix reflective of the trial partic-
ipants, as endogenous matrix components may differ to
that of healthy individuals. The importance of a selectiv-
ity assessment in the regulatory validation of LBA format
PK assays is well established, as such regular assessment
is crucial in the method development phases to achieve
a reliable method validation [7]. Practical approaches for
resolving a lack of selectivity in method development are
less well documented.

This paper will present the development of a Gyrolab-
based LBA for the determination of a new biologi-
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cal modality, CB307, in human serum from patients
with prostate-specific membrane antigen (PSMA) positive
tumors, as a case study of approaches for the successful
resolution of selectivity issues in a LBA PK method devel-
opment. This paper will focus on resolution of selectiv-
ity at the assay LLOQ, as this is the concentration where
matrix effects typically impact assay performance the
most; it is however still important to confirm selectivity at
both the LLOQ and HQC when final assay conditions are
established. Many of the approaches discussed within this
paper can be applied to mitigate selectivity and matrix
effects in all LBA assays, across multiple platforms at both
the LLOQ and HQC concentrations.

CB307 is a novel half-life extended bispecific
Humabody® therapeutic molecule that binds to CD137
(HGNC:TNFRSF9 - also known as 4-1BB), PSMA (HGNC:
FOLH1) and human serum albumin (HSA) (see Figure 1).
CB307 is designed to deliver high-potency CD137 ago-
nism in a tumor-specific context by targeting PSMA
expressing cells in the tumor microenvironment [8].

Humabody" V,, units are antibody fragments known as
heavy chain variable domains and are human antibody
protein sequences derived from the Crescendo trans-
genic mouse [9]. Multiple Humabody® V,, domains can
be joined together with peptide linkers and expressed
as single polypeptide chains with scope to include dif-
ferent target binding valencies and/or specificities. Fur-
thermore, the reduced molecular weight of Humabody
V,, with respect to monoclonal antibodies may also aid
tumor penetration [10].

The Gyrolab immunoassay platform was developed
by Gyros Protein Technologies, Uppsala, Sweden. It is
designed to automate and streamline the analysis of
proteins and biomolecules in biological samples and it
employs microfluidic technology to perform immunoas-
says in a miniaturized format, requiring only small sample
volumes. This platform was selected to improve assay per-
formance with respect to plate-based technologies used
in earlier iterations of the CB307 PK assay. The Gyrolab
allows for higher throughput and reduced hands-on time
compared with traditional immunoassay methods [11-
12], butimportantly the environment within the microflu-
idic assay column requires binding events to occur with
rapid kinetics and equilibria to those which take place
with a microtitre plate format. The small contact time
between drug and critical reagents can reduce the impact
of endogenous interferents causing method nonselectiv-
ity [13].

2. Experimental

2.1. Instrument & software

Relative fluorescence units (instrument response) were
measured on a Gyrolab” xP using Gyrolab® software v7.1.

The raw data generated was processed using Watson
LIMS v7.2, GraphPad Prism 9.4.1 and Microsoft Excel.

Anti-idiotype antibody binding to CB307 was evalu-
ated on the Biacore 8K (Cytiva) using Biacore 8K Control
Software (version 3.0.11.15423) and Biacore Insight Eval-
uation Software (version 3.0.11.15423).

2.2. Anti-idiotype antibodies

Two monoclonal anti-idiotype antibodies were gener-
ated against CB307, one targeting the «CD137 V,; and
one the «PSMA V,,, from Fabs identified with Bio-rad’s
HuCAL platinum’ phage display platform [14]. The iden-
tified Anti-Vy, Fabs were converted to full antibodies by
Crescendo Biologics with the addition of human IgG1
constant regions and provided to Resolian for use in
method development. The anti-idiotype antibodies were
identified as type 1 anti-idiotypes (binding only to CB307
not complexed with their respective target Vs analyte)
during Fab generation and confirmed through assess-
ment of target interference in the final assay format. Each
anti-idiotype antibody was biotinylated with EZ-Link™
NHS-PEG4-Biotin, No-Weigh™ Format (Thermo Fisher)
and labelled with Alexa Fluor™ 647 using Alexa Fluor™ 647
Antibody Labelling Kit (Thermo Fisher, MA, USA), allow-
ing assessment of each anti-idiotype as capture and/or
detection on the Gyrolab® instrument. For biotinylation
reactions, antibodies were challenged at a 20-fold molar
excess of label. All unconjugated material was removed
by buffer exchange into phosphate-buffered saline (PBS)
using Zeba desalting columns (Thermo Fisher). For Alexa
Fluor™ 647 labelling reactions, 100 g of antibody was
added to an Alexa Fluor vial as per kit instructions.

2.3. Reference standard

Clinical grade CB307 was supplied at 5.0 mg/ml, in the
clinical formulation buffer, by Crescendo Biologics for use
in method development.

2.4. Gyrolab reagents

Rexxip™ H, HN, HX and F buffers were purchased from
Gyros Protein Technologies, Uppsala, Sweden. Two wash
solutions were used; PBS-T (0.01%) prepared from phos-
phate buffered saline tablets (Oxoid, UK) with Tween-20
(Sigma-Aldrich, UK) and pH 11 Buffer (Gyros Protein Tech-
nologies AB, Uppsala, Sweden). The assay was developed
using Gyrolab Bioaffy™ 1000 and 1000 HC compact discs
(CDs) (Gyros Protein Technologies).

2.5. Human matrices

Pooled and individual human sera were purchased from
BiolVT (Burgess Hill, UK).
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Figure 1. Diagram of CB307 format and structure. CB307 is made up of 3 Humabody” VH units connected with flexible peptide linkers
that targets PSMA (HGNC: FOLH1), CD137 (HGNC:TNFRSF9 - also known as 4-1BB) HSA.
HSA: Human serum albumin; PSMA: Prostate-specific membrane antigen.

Human sera from individuals with identified target
tumor types were provided by Crescendo Biologics for
use as disease state matrix.

2.6. PK assay method (final assay format)

A three-step sequential sandwich immunoassay was
developed on the Gyrolab xP using Bioaffy 1000 and
1000 HC CDs using two wash solutions (PBS-T (0.01%)
and pH 11 buffer). Calibration curves were prepared by
exogenous addition of CB307 into pooled human serum.
Quiality controls and other samples (such as selectiv-
ity and dilutional linearity samples) were also prepared
by adding CB307 into human serum. Unspiked pooled
human serum acted as a control blank. Following prepa-
ration, the calibration curve and all samples underwent
a minimum required dilution (MRD) in Rexxip HX (except
where specified in the method development).

Biotinylated capture antibody was prepared at a con-
centration of 100 ng/ml in Rexxip F and detection anti-
body was prepared at a concentration between 5 nM and
25 nM in Rexxip F and loaded onto the instrument. PBS-
T (0.01%) was also loaded onto the instrument for CD
microstructure washing steps.

Following these steps, the run was executed on the
Gyrolab xP instrument. Transfer needles within the Gyro-
lab instrument dispensed capture solution onto the CD
microstructures where the solution is held in a volume
defined chamber by a hydrophobic barrier. Following
addition, the CD is spun at high speeds to push the cap-
ture solution through a column, packed with streptavidin-
coated resin, by centrifugal force. As the capture is
biotinylated, it binds the streptavidin coated solid phase.
The microstructure is then washed with PBS-T (0.01%) to
remove any unbound reagent. This process is repeated for
sample and detection addition. After all assay steps are
performed, laser induced fluorescence is measured from
each CD microstructure; the fluorescent intensity is rela-
tive to the amount of CB307 present in the microstruc-
ture. Standards, QC's and samples were analysed in dupli-
cate measurements. A schematic of the assay format is
presented in Figure 2. Method development variables
for this format can include standard parameters for an

immunoassay, such as buffer choice and reagent concen-
tration. In addition, there can also be instrument-specific
parameters, such as a variety of different CD types (vary-
ing capture volume and affinity) plus spin speed, number
of wash cycles and incubation times.

2.7. Binding kinetic method

Anti-ld binding kinetics to CB307 was assessed on
the Biacore 8K (Cytiva). Anti-ld surfaces were pre-
pared via amine-coupling of Series S CM5 chips
(29149603, Cytiva). CM5 surfaces were conditioned
with 1:1 ratio of N-hydroxysuccinimide and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride for
6 min. Each anti-ld molecule was diluted to 2.50 pg/ml
in 10 mM acetate buffer pH 5.5 (Cytiva) and injected
for 1.5 min, excess reactive groups were deactivated
by a 7 min injection of 1 M ethanolamine-HCI, pH 8.50.
All amine-coupling reagents were sourced from Cytiva
(BR100050). CB307 affinity for the generated anti-Id sur-
faces was assessed using the single-cycle kinetics method
with association time of 2 min and dissociation time of
20 min. Four successive injections of the CB307 analyte
at 12.5,50.0, 200 and 1000 nM, were tested. The resulting
data was fitted using a 1:1 binding stoichiometry model.

3. Results & discussion

Antibody orientation for both anti-idiotypes (each either
acting as the capture or detection) was assessed using
the Gyrolab Bioaffy 1000 CD (this CD type was selected as
the suitable starting point based on the expected sensi-
tivity and anticipated sample range). Pilot studies demon-
strated that both orientations could produce acceptable
curves. However, the use of the biotinylated-anti-«CD137
V,, anti-id Ab acting as the capture antibody (100 jtg/ml
in PBS-T 0.01%), with the AlexaFluor-647 conjugated anti-
aPSMA V,, anti-id Ab serving as the detection antibody
(25 nM in Rexxip F) provided the best sensitivity and
dynamic range when a tenfold MRD was performed on
serum samples and calibrators using Rexxip HX. An assay
was established with a range of 30-2,500 ng/ml using a
4PL regression model with a 1/y weighting factor.
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Liquid flow

(1) Biotin anti «PSMA-V
immobilised on streptavidin
coated bead

(2) CB307 binds
immobilised anti
oPSMA-Vy

&

(3) AlexaFluor647 anti aCD137-Vy
binds CB307. Laser induces
fluorescence at 647nm

Figure 2. Assay format for the determination of CB307 in human serum on the Gyrolab. (1) Biotinylated Anti-aPSMA VH Anti-id binds to
streptavidin beads within the 15 nl affinity column of the Gyrolab CD. Following a wash step (2) samples containing CB307 pass
through the column. Any CB307 present binds to the immobilised Anti-40C5 anti-idiotype. (3) Detection antibody AlexaFluor647
conjugated Anti-«CD137 VH Anti-id binds to CB307. A laser within the Gyrolab instrument induces fluorescence from the AlexaFluor at
647 nm which is measured and is relative to the amount of CB307 present in the sample. Figure generated using BioRender.com.

Prior to progression to a regulated validation phase,
pre-validation experiments were performed to assess
precision and accuracy across three occasions, dilu-
tional linearity, prozone, carryover and selectivity of the
method. The performance of these assessments in a non-
regulated development study is recommended to ensure
the method will meet ICH M10 BMV guidelines prior to
progression to a regulated validation study [15].

Results generated for precision and accuracy, dilu-
tional linearity, prozone and carryover assessments were
within acceptance limits set out in the ICH M10 valida-
tion guidelines. However, data generated in the selectiv-
ity assessment showed variable recovery of CB307 across
ten healthy serum individuals spiked with drug at the
anticipated LLOQ of 30.0 ng/ml, shown in Figure 3 (light
gray bars). The accuracy (RE%) of recovered concentra-
tion from individual samples when compared with the
nominal spiked concentration ranged between -30.3%
and 145.0%. A high degree of over-recovery was seen
in individual 1 with a back-calculated concentration of
73.5 ng/ml, nearly 2.5x the nominal spiked concentration
of CB307. Under-recovery was seen in several other indi-
viduals, including 2, 4 and 6; however, only individual 1
and 6 were outside of validation acceptance criteria.

Although these results theoretically meet BMV guide-
lines with >80.0% of individuals meeting acceptance cri-
teria of within =25.0% RE%, the results clearly indicate the
presence of matrix effects leading to inaccurate quantifi-

cation of CB307 across individuals. This is of importance,
as although PK assays have clear acceptance criteria, it is
still critical to interpret the data scientifically and where
significant over- or under-recovery is seen in any individ-
uals, consideration must be given as to whether the assay
is ‘fit for purpose’ Where an assay is destined to support
decision making on dose, efficacy or toxicity within a clin-
ical study (as is the case with CB307), evidence of matrix
effects causing shifts in back-calculated concentrations
must be investigated or mitigated, even wheniitis present
in less than 20.0% of the population.

3.1. Potential causes of assay nonselectivity for
detection of CB307

Where selectivity data shows variability between indi-
viduals, the cause is typically due to endogenous matrix
components either specifically or nonspecifically bind-
ing to the analyte of interest or capture and detection
antibodies within the assay. Determination of the spe-
cific cause of nonselectivity can be challenging due to
the complexity of the matrix used and typically the focus
for method development has to be on overcoming the
matrix effects without fully understanding the cause.
Despite this, selectivity data can give clues to the
type of interference present. Where over-recovery is seen
in an individual, it may indicate nonspecificity of cap-
ture and/or detection antibodies allowing an endoge-
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Figure 3. Selectivity at LLOQ using ten- and 20-fold MRDs.10 healthy human serum individuals were spiked with CB307 at the assay
LLOQ of 30.0 ng/ml (tenfold MRD) or 60.0 ng/ml (20-fold MRD) and back-calculated recovery was compared against the theoretical

concentration.

Ind: Individual; LLOQ: Lower limit of quantification; MRD: Minimum required dilution.

nous molecule to form a successful bridge between the
two, causing a false positive result. This can be caused
by factors such as heterophilic antibodies, endogenous
antispecies antibodies, or endogenous molecules that are
closely related to the drug [16].

Where under-recovery is seen, this may indicate bind-
ing of an endogenous compound to either the capture
antibody or the drug itself, leading to masking of epi-
topes required to form a successful bridge, leading to
a false negative result. Where anti-idiotypes are type 1
and therefore compete with the drug’s ligand for bind-
ing, under-recovery can be caused by varying levels of
soluble target within patient samples. This can be of par-
ticular importance where disease states show elevated
levels of the drug’s ligand or where the therapeutic can
cause upregulation or cell lysis leading to shedding of tar-
get (in the case of membrane bound receptors) into the
blood [17]. In the case of CB307, reported serum concen-
trations of PSMA can be between 100 and 360 ng/ml in
healthy individuals and rise to over 600 ng/ml in individ-
uals with malignant prostate cancer which may explain
some of the variation in CB307 recovery across different
matrix lots [18].

For the specific example shown in Figure 3, where both
under-recovery and over-recovery of CB307 concentra-
tions were seen in different individuals, this can also sug-
gest an assay issue that is not related specifically to a
matrix impacting factor and that the issue may be assay
reagentand/or platform related. Although strategies such
as heterophilic blockers or antitarget antibodies can be

used to mitigate specificinterferences such as antispecies
antibodies or soluble ligand, in cases where both under-
and over-recovery are observed, general strategies can be
employed to overcome such matrix effects [19-20].

3.2. Resolving matrix effects - increasing MRD &
LLOQ

Often, the simplest and most effective way to reduce
matrix effects is to increase the MRD, reducing the per-
centage of matrix in the final sample thus diluting any
endogenous interferents present. When increasing MRD,
it is often necessary to also increase the concentration of
drug in the whole matrix sample to maintain the same
concentration post-dilution as with the previous MRD.
This ensures that the ratio of interfering factors to specific
analyte is lower than the previous MRD and the drug sig-
nal will not be rendered undetectable at higher dilution,
increasing the chance of success.

This strategy was implemented to try and improve
selectivity in detection of CB307 in human serum. The
assay MRD was increased from tenfold to 20-fold and the
whole matrix range was increased twofold (range of 60.0-
5000 ng/ml) for the 20-fold diluted samples to maintain
the same in assay concentrations of the previous MRD.
Selectivity was reassessed with the same 10 individuals
with both MRDs; a comparison of recovery when using a
tenfold MRD and 20-fold MRD can be seen in Figure 3.

Increasing the MRD to 20-fold improved recovery at
the new assay LLOQ of 60.0 ng/ml, where 9/10 healthy
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individuals met validation acceptance criteria. However,
individuals still showed poor accuracy in the measure-
ment of CB307. Significant over-recovery of analyte
remained apparent with individual 1, having a back-
calculated concentration of CB307 over 2x the nominal
spiked concentration and individuals 2 and 6 still show-
ing significant under-recovery.

As the assay for CB307 was destined for use in patients
with PSMA positive tumors, selectivity in disease state
patients was tested with the increased 20-fold MRD to
further assess the selectivity in samples from a clinically
relevant population. Selectivity testing of disease state
matrix within method development is often difficult to
complete due to the availability of relevant matrix. Often
it is performed within regulated sample analysis studies
using pre-dose clinical samples as they become available.
Should relevant drug naive samples be available, it is rec-
ommended to test selectivity in disease state individu-
als as early as possible as endogenous components and
concentrations within disease state individuals can dif-
fer from healthy populations. As such, it is important to
confirm the absence of matrix effects within the disease
population. Samples of six patients from target tumor
populations were spiked with analyte at the assay LLOQ
(60.0 ng/ml) and assessed after applying a 20-fold MRD
(shown in Supplementary Figure S1).

Four out of six disease state individuals showed
good recovery for CB307 however significant under-
recovery (individual 3) and over-recovery (individual 4)
were observed in 2/6 (33.3%) of the individuals tested,
indicating the selectivity results observed in the healthy
populations remained present within the disease state
population. This emphasized the importance of resolving
the selectivity issues in this method as it was clear that the
developed assay was not fit for the intended purpose.

3.3. Resolving matrix effects - reverse antibody
orientation

With the current assay design, further increases to MRD
was not possible as this would result in poor signal/noise
at the desired whole matrix assay sensitivity. An alter-
native strategy to overcoming matrix effects can be to
reverse the orientation of the antibody pairing to ensure
the most specific and sensitive anti-idiotype is the capture
antibody; this can improve assay selectivity as only the
capture antibody is exposed to interfering matrix compo-
nents in a sequential assay format.

Initial orientation assessments, carried out with a ten-
fold MRD, demonstrated that the original assay orien-
tation (Biotinylated- Anti-«CD137 V|, Anti-id Ab as cap-
ture and Alexa647 conjugated anti-aPSMA V,, anti-id Ab
as detection) demonstrated a twofold improvement in

assay sensitivity compared with the reverse orientation
(Biotinylated- anti-aPSMA V,, anti-id Ab as capture and
Alexa647 conjugated anti-oCD137 V,, anti-id Ab as detec-
tion). However, further analysis of the reverse orientation
with a 20-fold MRD demonstrated a significant decrease
in blank signal compared with the original orientation,
leading to a 4-fivefold improvement in signal/noise (S/N)
ratio at the assay LLOQ (Figure 4A). Interestingly, greater
sensitivity was also achieved with a tenfold MRD with
the reverse orientation, differing from the results initially
obtained. Higher S/N ratio allows for further increases in
MRD, if required, without reducing whole matrix sensitiv-
ity. Furthermore, the slope of the calibration curve with
the reverse orientation was less steep providing a wider
dynamic range (Figure 4B).

A selection of individuals showing poor and accept-
able accuracy from previous experiments (disease state
individuals 2, 3, 4 and healthy individual 4) were used to
perform a selectivity assessment using both the original
and reverse assay orientation. CB307 was spiked ata LLOQ
of 60.0 ng/ml and a 20-fold MRD was applied as in previ-
ous experiments. Results are presented in Figure 5.

The accuracy of spiked drug recovery from the four
individuals tested showed overall improvement with the
new assay orientation compared with the original orien-
tation. Disease state individual 4 still failed to meet val-
idation acceptance criteria with both assay formats and
other individuals still demonstrated poor recovery.

The improved accuracy with the new assay orienta-
tion likely stems from several factors. Firstly, the increased
S/N at the LLOQ alone can be helpful in improving selec-
tivity results as variation in background signals of indi-
viduals is less likely to impact recovery of analyte. Fur-
thermore, it is likely the anti-aPSMA V, anti-id Ab shows
higher specificity for CB307 than anti-CD137 V, anti-id
Ab. As such, use of the anti-«PSMA V|, anti-id as capture
antibody led to a more selective method as this antibody
is more suited to selectively binding CB307 in the pres-
ence of interfering matrix components. It s stillimportant
to consider the impact of circulating target when revers-
ing the antibody orientation for a multispecific drug such
as CB307. Although selectivity improved with use of the
anti-aPSMA V|, anti-id as capture compared with the anti-
aCD137 V, anti-id, soluble PSMA exists at much higher
circulating serum concentrations than CD137 and there-
fore the likelihood of target interference may increase.
Where target concentrations differ significantly between
individuals and/or between healthy and disease state
populations, assay target interference can cause under-
recovery of analyte in selectivity assessments, as much of
the drug is complexed to the target, preventing binding
to the capture antibody. Target interference for determi-
nation of CB307 was tested in the eventual method val-



>

20

15

10

Signal/Noise at LLOQ

0 T T
Original Orientation Reverse Orientation

Biotin aPSMA Vy Biotin o.CD137 Vy

AF647 aCD137 Vy AF647 oPSMA Vy

[J1S/N at 10-fold MRD [ S/N at 20-fold MRD

BIOANALYSIS (&) 7

C)

1000

100 —

Instrument response

10

1 T 1
50 500 5000
CB307 (ng/mL)
Original Orientation

—=— Biotin aCD137 V,
AF647 aPSMA Vj,

Reverse Orientation
—— Biotin oPSMA Vy
AF647 aCD137 Vy

Figure 4. Comparison of original and reverse antibody orientations. (A) S/N of CB307 at LLOQ of 60.0 ng/ml using a tenfold and 20-fold
MRD with original antibody orientation (Capture: Biotin anti-oCD137 VH Anti-id, Detection: AlexaFluor647 anti-«PSMA VH anti-id) and
reverse antibody orientation (Capture: biotin anti-« PSMA VH anti-id, Detection: AlexaFluor647 anti-«CD137 VH anti-id). (B) Calibration
curve of CB307 (between 60.0 and 4000 ng/ml) with a 20-fold MRD using the original and reverse antibody orientation.

S/N: Signal/noise; MRD: Minimum required dilution.

150

100

Original Orientation

M New Orientation

~ Upper acceptance
limit (+25% RE%)

Lower acceptance
limit (—25% RE%)

Figure 5. Selectivity in individuals showing matrix effects in previous experiments using the original and new antibody orientation.
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idation by mixing recombinant CD137 and PSMA with
CB307 QCs at the assay LLOQ and ULOQ and allowing to
incubate for 1 h at 37°C prior to analysis (a summary of
the final validation data is presented in Supplementary
Tables S1-S4). As expected with type 1 anti-idiotypes,
increasing concentrations of both PSMA and CD137 did
show evidence of interference in the detection of CB307,

particularly at the assay LLOQ. This does not invalidate
PK assays but does inform stakeholders that the assay
measures free drug only and upstream data interpre-
tation should take this into consideration. It is recom-
mended to review PK profiles alongside PD data to under-
stand if elevated target is impacting PK measurements
[21-22].
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3.4. Resolving matrix effects - assay buffer

Change in capture and detection antibody orientation
alone did not sufficiently resolve the selectivity issues. Dif-
ferent assay buffers and higher MRDs were investigated
in both orientations. Different Rexxip buffers, which con-
tain a variety of additives such as salt, detergent and het-
erophilic blockers; can dissociate or block endogenous
molecules from interfering in determination of analyte
and therefore optimization can be useful in resolution of
matrix effects.

Disease state individuals 2-4 and healthy individual
1 were tested for selectivity at a slightly higher LLOQ of
100 ng/ml with MRDs of tenfold and 20-fold in three dif-
ferent diluents: Rexxip HX, HN and H, in both orientations.
The increased S/N, at lower concentrations, provided by
the changed orientation allowed for the investigation of
higher MRDs in this orientation without the loss of sensi-
tivity. MRDs of 40-fold and 60-fold were tested in Rexxip
HX in disease state individual 4 and healthy individual 1,
in the reverse orientation only. No improvement or poorer
performance were observed with the original orientation
with different buffers, this data has not been presented.
Supplementary Figure S2 shows recovery of spiked indi-
viduals at different conditions in the reverse orientation.

Results presented in Supplementary Figure S2 show
the impact assay buffer selection and increasing MRD can
have on selectivity results. The use of Rexxip HN yielded
poor recovery and large variation between individuals
tested at both tenfold and 20-fold MRD. Rexxip H showed
better performance at a tenfold MRD with all 4 individu-
als within validation acceptance criteria; however, when
the MRD was increased to 20-fold, individuals fell out-
side of acceptance criteria. The most accurate results were
obtained with Rexxip HX, recovery of CB307 improved
with each increase in MRD; all individuals fell within val-
idation acceptance criteria at a 40-fold MRD or greater.

As ingredients of Rexxip buffers are proprietary, it is dif-
ficult to gain mechanistic insight into why certain Rexxip
buffers can improve selectivity more than others. Rexxip
HX, the buffer selected in this assay, is described as hav-
ing agents to neutralise heterophilic antibodies and suit
negatively charged analytes; whereas the other buffers
tested suit positively charged analytes. Factors such as the
isoelectric point of the analyte, the formulation of het-
erophilic blockers present and salt and detergent content
can all influence assay selectivity [23]. Furthermore, this
dataset reiterates the importance of selecting a suitable
MRD to dilute out any interfering matrix components. Fol-
lowing this experiment, a further selectivity screen was
performed with seven new healthy individuals (individ-
ual 11-17) with drug added at the LLOQ of 100 ng/ml
and diluted with either a 40-fold or 80-fold MRD in Rexxip

HX. Results are presented in Supplementary Figure S3. All
individuals tested met validation acceptance criteria at
both MRDs, however an 80-fold MRD was selected as this
MRD yielded the most accurate recovery of CB307.

3.5. Resolving matrix effects - solid phase selection

Following optimization of the assay buffer detailed above,
a pre-validation study was performed where key valida-
tion parameters were assessed in a non-regulated study
to ensure the method was likely to pass BMV guid-
ance. Selectivity was assessed in a panel of six previously
untested healthy individual samples with 80.0% of tests
meeting validation acceptance criteria at the assay LLOQ.
Despite this, three out of the five acceptable individuals
were very close to failing acceptance criteria, with relative
error of +25.0%, +19.0% and +21.0% respectively.

Alongside this, failure of duplicate precision, due to
%CV >20.0% (or 25.0% at LOQs), was noted to occur more
regularly than expected for a Gyrolab assay. Use of the
Gyrolab column viewer can provide information on the
fluorescence intensity within the 15 nl streptavidin col-
umn in the Gyrolab CD microstructure [24]. Upon review
of these profiles, it was apparent that abnormally broad
peaks were observed (shown in Figure 6).

Ideally, peak of fluorescence intensity should be sharp,
well defined and sit entirely within the integration area
(shown by the superimposed white box in Figure 6) indi-
cating high affinity of capture and detection reagents to
the analyte of interest. Where a broad peak is observed,
this indicates that affinity of the anti-idiotypes to CB307
may be lower than required for a robust assay on the
standard CD type. This can lead to the fluorescent peak
mainly falling outside of the integration area, toward the
back of the column, resulting in variability between data
points. This may also impact selectivity data where affin-
ity is not high enough to outcompete interfering endoge-
nous compounds.

The affinity of the anti-oCD137 V|, anti-id Ab and anti-
aPSMAV,, anti-id Ab for CB307 was assessed at Crescendo
Biologics using a Biacore 8K (Cytiva). Binding of CB307 to
immobilised anti-oCD137 V|, anti-id Ab and anti-«PSMA
V, anti-id Ab was shown to have an equilibrium binding
constant (Kp) of 20.0 nM and 68.0 nM, respectively (bind-
ing kinetics parameters shown in Table 1). Although these
affinities are not low, high affinity antibodies are consid-
ered to have K in the low nanomolar range or even pico-
molar range [25]. From our experience, standard Gyrolab
CDs suit antibodies with higher affinities and with high
on-rate constants (k,,) due to the shorter contact time
required between reagents in the capture column of CDs.
Where this is not the case, use of the higher capacity (HC)
CDs from Gyrolab can be helpful as these are designed to
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Figure 6. A column profile showing fluorescent intensity within the 15 nl affinity column of the Bioaffy 1000 CD and Bioaffy 1000 HC
CD. The profile shows fluorescent intensity, radius of the affinity column and angle of the affinity column on the y-axis, z-axis and x-axis,
respectively. High fluorescent intensity is detailed by a red peak, whereas low fluorescent intensity is detailed by a blue peak. The white
box is known as the Integration Area and is where the instrument measures the fluorescence. (A) Column profile on the 1000 CD for
(CB307 determination; a broad, poorly defined peak extending outside the integration area is shown. (B) Column profile on the 1000 HC
CD for CB307 determination; a sharp, well-defined peak contained within the integration area is shown.

Table 1. CB307 binding kinetics to anti-eCD137 VH anti-id and anti-«PSMA VH anti-id (anti-idiotype) Abs.

Kinetics model Immobilized ligand Test material ka (1/Ms) kd (1/s) Kp (nM) Rmax (RU)
1:1 binding Anti-aPSMA VH Anti-id CB307 2.77e+5 1.8%-2 68.0 335
2.5 pg/ml
Anti-CD137 VH Anti-id CB307 3.19e + 4 6.39%e-4 20.0 29.5
2.5 png/ml

accommodate antibodies with reduced affinity to its tar-
get [26].

As a result of these data, the assay was transferred
from the standard 1000 CD to the 1000 HC CD with the
view that column profiles for added drug control samples
could be further improved on this CD type, which in turn
may improve selectivity results. Selectivity was retested at
the assay LLOQ with an 80-fold MRD in Rexxip HX in seven
new healthy individuals on both the 1000 CD and 1000 HC

CD within the same analytical run, results of which are
shown in Figure 7.

The data generated from this experiment showed a
significant improvement in selectivity when using the
1000 HC CD compared with the standard 1000 CD. Only
2/7 individuals met validation acceptance criteria using
the standard Bioaffy 1000 CD, whereas all individual test
samples were within acceptance criteria when the Bioaffy
1000 HC CD was used. To confirm this change was key
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Figure 7. Comparison of selectivity results in healthy individuals at assay LLOQ using the Bioaffy 1000 CD and Bioaffy 1000 HC CD.
Seven healthy individuals were spiked at the LLOQ of 100 ng/ml, with an 80-fold MRD applied and analyzed on the Bioaffy 1000 and
Bioaffy 1000 HC CD. Back-calculated recovery was compared against the theoretical concentration.

LLOQ: Lower limit of quantification; MRD: Minimum required dilution; RE: Relative error.

to improving selectivity, disease state individuals were
reassessed on this CD type, again at the assay LLOQ.

Back-calculated recovery of CB307 in all ten disease
state samples at the assay LLOQ showed a high degree of
accuracy on the 1000 HC CD, with %RE all within £5.9%
RE% (shown in Supplementary Figure 54). As the method
is destined to support dosing in disease state patients
only, robust selectivity in this population was of critical
importance. Final disease state and healthy selectivity
results obtained in the method validation are shown in
Supplementary Table S2.

As with Rexxip buffers, the components of the 15 nl
affinity columns of the various Gyrolab Bioaffy CDs are
proprietary technology which makes it challenging to
interpret why use of the HC CD yielded the observed
improvements in selectivity for CB307. Gyros describes
the HC CDs as having a more porous resin which lends
itself to lower affinity reagents [27]; perhaps this change
in resin structure alters the flow or contact time of ana-
lyte to the critical reagents in the column, allowing lower
affinity reagents to bind the analyte more selectively over
interfering factors.

The choice of solid phase is not typically consid-
ered when resolving selectivity issues, however this data
shows that selection of solid phase can be a key compo-
nent in assay selectivity, particularly on the Gyrolab. In
the development of an assay for determination of CB307,
transfer of the assay to a more suitable CD was one of the
most impactful changes in improving selectivity. Condi-

tions established on the Bioaffy 1000 HC CD provided a
fit-for-purpose assay to support clinical sample analysis
and as such it was out of scope of the project to test if
simply changing the solid phase at the start of the assay
development would have resolved selectivity issues with-
out the requirement to raise the LLOQ/MRD and reverse
the antibody orientation. In any case, selection of a suit-
able solid phase and antibody orientation in combination
with increasing assay LLOQ and MRD yielded a selective
and robust analytical method for a phase 1 clinical study.

Following the implementation of various strategies
detailed within this paper, the method for determina-
tion of CB307 in human serum from PSMA positive indi-
viduals was successfully validated where precision, accu-
racy, selectivity (in healthy and disease state matrix), dilu-
tional linearity, prozone and stability successfully met
acceptance criteria detailed within BMV guidance. A sum-
mary of the bioanalytical validation results for preci-
sion, accuracy, selectivity, dilutional linearity and tar-
get interference is presented in Supplementary Tables
S1-S4. The method is currently being used to analyse
samples from the first-in-human clinical study POTENTIA
(NCT04839991) [28].

4. Conclusion

Accurate quantitation of drug concentrations to under-
stand the PK characteristics of developmental drugs is
critical to the drug discovery process. The advancement



of new therapeutic modalities such as antibody/protein
fragments and multispecific molecules can increase the
complexity faced when developing assays for these novel
molecules.

The importance of demonstrating selectivity in PK
assays has been well documented, however practical
approaches to improving nonselectivity of an assay has
been less well explored in the literature.

This paper explores strategies used to overcome non-
selectivity in the measurement of CB307, a multispecific
Ab fragment molecule, in human serum. These included:

Increasing MRD and assay LLOQ.

- The importance of testing disease state selectivity, as
relevant, as early as possible.

- Testing orientations of antibody pairings and revisiting

this component as other parameters change.

Testing different assay buffers with varying levels of het-

erophilic blockers, detergent, salt etc.

Ensuring the optimal solid phase is used for the assay.

.

Although this case study focused on the Gyrolab
immunoassay platforms and a multispecific Ab frag-
ment, these same strategies can be used on alternative
platforms and protein therapeutics such as ELISA or Meso
Scale Discovery (MSD) technologies. For instance, testing
of high bind, standard bind and small spot streptavidin
plates on the MSD may provide similar improvements in
assay performance as switching CD type on the Gyrolab.

This paper also highlights the importance of fully
understanding the affinity of the critical reagents for the
analyte. This information can help guide method devel-
opers in selecting the most optimal antibody orientation
and solid phase. In our case the characteristics of the rela-
tionship between assay reagents and test item were such
that plate based methods had proved unsuitable and an
acceptable path forward was achieved with a Gyrolab
method, with lower affinity antibodies. In other circum-
stances where affinity for the analyte is low, use of plate-
based methodologies may be more suitable owing to
the increased contact time between critical reagents, dur-
ing longer incubation steps, allowing binding reactions
to reach equilibrium. Where affinity is high, the Gyro-
lab may be a preferable option as the shorter contact
time between critical reagents will not impact the criti-
cal reagents binding the analyte but may be low enough
to overcome interference from endogenous molecules in
the matrix.

Finally, this paper demonstrates the requirement for
using the BMV guidance alongside scientific interpreta-
tion of data. Throughout this paper, many of the selec-
tivity assessments theoretically met validation accep-
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tance criteria; however, there were clearly matrix effects
present in the failing 10.0-20.0% of individuals tested.
Had this been taken forward to method validation, this
may have resulted in failure of the selectivity assessment
in validation of a new set of individuals. More impor-
tantly however, had this progressed to analysis of clinical
samples, it is possible that 10.0-20.0% of patient results
may be inaccurate, potentially impacting PK character-
istics and clinical decision making around dosage and
safety. For this reason, we recommend a strict adher-
ence to performing a pre-validation piece of work to
fully understand method performance prior to entrance
into method validation. A regulated validation should
contain no surprises and should only serve to confirm
what you already know. Performing a comprehensive pre-
validation is crucial along with setting tighter acceptance
limits for parameters assessed during the pre-validation
phase of method development to ensure assay robust-
ness and suitability moving into the next stage of the
method’s lifecycle.

Article highlights

Introduction

- Selectivity is the ability of the ligand-binding assay (LBA) to

quantify accurate levels of drug in the presence of nonspecific

matrix components and is a requirement within the scope of the

ICH M10 bioanalytical method validation guidelines adopted by

regulatory authorities.

This paper will present the development of a Gyrolab-based LBA

for the determination of a new biological modality, CB307, in

human serum from patients with prostate-specific membrane
antigen (PSMA) positive tumors, as a case study of approaches for
the successful resolution of selectivity issues in a LBA
pharmacokinetic method development.

CB307 is a novel half-life extended bispecific Humabody"

therapeutic molecule that binds to CD137, PSMA and human

serum albumin. CB307 is designed to deliver CD137 agonism in a

tumor-specific context by targeting PSMA expressing cells in the

tumor microenvironment.

Experimental

« A three-step sequential Gyrolab method was developed for
determination of CB307 in individuals with PSMA positive tumors
using two anti-idiotype antibodies targeting the «CD137 V,, and
aPSMAV,, domains on CB307.

« The original assay format was developed on the Bioaffy 1000 CD
using a tenfold minimum required dilution (MRD) in Rexxip HX,
however nonselectivity was observed.

Results & discussion

« Nonselectivity of a method can be caused by various endogenous

matrix components such as circulating drug ligand, closely related

endogenous compounds, human antispecies antibodies and more,
which can bind to or block epitopes on the capture and detection
antibodies or drug.

Method development variables for the Gyrolab format can include

standard parameters for an immunoassay, such as buffer choice,

MRD and reagent concentrations. In addition, there can also be

instrument-specific parameters, such as a variety of different CD

types (varying capture volume and affinity) plus spin speed,
number of wash cycles and incubation times.

Strategies were implemented to overcome the matrix effects

including increasing the MRD, raising the assay LLOQ, testing an

alternative antibody orientation, optimizing assay buffer and
selecting the most suitable solid phase for the assay.
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« Use of the Gyrolab Bioaffy high-capacity CDs can be particularly
helpful for lower affinity capture and detection reagents and can
result in improved binding within the affinity column.

« Alongside selectivity in healthy individuals, assessing selectivity in
disease state matrix is recommended as early as possible in
method development to ensure the assay is fit for measuring drug
in the target population.

Conclusion

+ Use of an 80-fold MRD in Rexxip HX with a 100 ng/ml LLOQ on the
Bioaffy 1000 HC CD eliminated matrix effects and led to a robust
method for determination of CB307. The method was validated to
local BMV guidelines and supports clinical study POTENTIA
(NCT04839991).

« The strategies described within this research article can be used for
all ligand-binding assays to overcome undesirable matrix effects.
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