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ABSTRACT 
A im: Endogenous int erferents can cause nonselectivity in ligand binding pharmacokinetic assays, 
leading t o inac curat e quan tifica tion of drug c onc en tra tions. We describe the developmen t of a 
Gyrolab immunoassay to quantify a new modality, CB307 and discuss strat eg ies implement ed t o 
ov er come matrix effects and achieve selectivity at the desired sensitivity. Results: Matrix effects w er e 
mitiga ted using stra tegies including increasing minimum r equir ed dilution (MRD ) and lo wer limit 
of quan tifica tion, optimiza tion of an tibody orien ta tion, assay buffer and solid phase. Conclusion: 
The strat eg ies described result ed in a selective method for CB307 in disease sta te ma trix tha t 
met bioanalytical method v alida tion (BMV) guidance and is currently used to support clinical 
pharmac okinetic sample analy sis in the first-in-human POTENTIA clinical study (NCT04839991) as 
a secondary clinical end point. 
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. Background 

nderstanding the pharmacokinetic (PK) properties of a
rug in participants’samples is a key feature of early-stage
linical trials. Drug exposure and the associated absorp-
ion, distribution, metabolism and excretion properties,
nferr ed fr om PK, allow clinicians t o bett er understand the
oxicity and efficacy of drugs [ 1 ]. This aids determination
f the optimal dosing strategy for patients, informing the

ecommended phase 2 dose and schedule determination
or future clinical development. 

The quan tifica tion of large molecule drugs is typically
erformed using ligand-binding assay (LBA) techniques,
here antibodies or ligands specific to the drug are used

o capture and detect free or total drug in samples [ 2–
 ]. How ev er, the pr esence of nonspecific matrix compo-
ents can make the ac curat e quantification of biologics
ore challeng ing. Fact ors such as soluble drug target,

eg rading enzymes, het erophilic antibodies and other
nt erfering c omponents can all impact the selectivity of
 method [ 5–6 ]. 

Selectivity is the ability of the LBA to quantify accu-
ate levels of drug in the presence of nonspecific matrix
omponents and is a r equir ement within the scope of the
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ICH M10 bioanalytical method v alida tion (BMV) guide-
lines adopted by regulatory authorities. Assessment of
selectivity is performed by exogenous addition of drug
in to a t least 10 individual sources of blank matrices at two
c onc en tra tions within the analytical range; the lower limit
of quan tifica tion (LLOQ) and high-quality control (HQC)
c onc en tra tions. For an assay to meet v alida tion accep-
tanc e crit eria, ac curacy of the spiked selectivity samples
must be within ±25.0% r elativ e err or (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 c onduct ed in a specific target
indication or disease population, selectivity must also be
confirmed in individual matrix r eflectiv e 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 v alida tion [ 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-
576180.2024.2365545 
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al modality, CB307, in human serum from pa tien ts
ith prostate-specific membrane antigen (PSM A) positiv e

umors, as a case study of approaches for the suc c essful
esolution of selectivity issues in a LBA PK method devel-
pment. This paper will focus on resolution of selectiv-

ty at the assay LLOQ, as this is the c onc en tra tion where
atrix effects typically impact assay performance the
ost; it is how ev er still important t o c onfirm selectivity at

oth the LLOQ and HQC when final assay conditions are
stablished. Many of the approaches discussed within this
aper can be applied to mitigate selectivity and matrix
ffects in all LBA assays, across multiple platforms at both
he LLOQ and HQC c onc en tra tions. 

CB307 is a novel half-life extended bispecific
umabody ® therapeutic molecule that binds to CD137

HGNC:TNFRSF9 - also known as 4-1BB), PSMA (HGNC:
OLH1) and human serum albumin (HSA) (see Figure 1 ).
B307 is designed to deliver high-potency CD137 ago-
ism in a tumor-specific c ont ext by targeting PSMA
xpressing cells in the tumor microenvironment [ 8 ]. 

Humabody ® V H units are antibody fragments known as
eavy chain variable domains and are human antibody
rot ein sequenc es deriv ed fr om the Cr escendo trans-
enic mouse [ 9 ]. Multiple Humabody ® V H domains can
e joined together with peptide linkers and expressed
s single polypeptide chains with scope to include dif-
erent target binding valencies and/or specificities. Fur-
hermor e, the r educed molecular w eight of Humabody
 H with respect to monoclonal antibodies may also aid

umor penetration [ 10 ]. 
The Gyrolab immunoassay pla tform w as developed

y Gyros Prot ein Technolog ies, Uppsala, Sweden. It is
esig ned t o aut omat e and streamline the analy sis of
roteins and biomolecules in biological samples and it
mploys microfluidic technology to perform immunoas-
ays in a miniatur ized for mat, requir ing only small sample
olumes. This platform was select ed t o impr ov e assay per-
ormance with respect to plate-based technologies used
n earlier iterations of the CB307 PK assay. The Gyrolab
llows for higher throughput and reduced hands-on time
ompared with traditional immunoassay methods [ 11–
2 ], but importantly the environment within the microflu-

dic assay column r equir es binding ev ents t o oc cur with
apid kinetics and equilibria to those which take place
ith a micr otitr e pla te forma t. The small con tact time
etween drug and critical reagents can reduce the impact
f endogenous in terferen ts causing method nonselectiv-

ty [ 13 ]. 

. Experimental 

.1. Instrument & software 

elativ e fluor esc enc e units (instrument r esponse) w er e
easured on a Gyrolab 

® xP using Gyrolab 
® software v7.1.
The raw data genera ted w as processed using Watson
LIMS v7.2, GraphPad Prism 9.4.1 and Microsoft Excel. 

An ti-idiotype an tibody binding to CB307 w as ev alu-
ated on the Biacore 8K (Cytiva) using Biacore 8K Control
Softwar e (v ersion 3.0.11.15423) and Biacor e Insigh t Ev al-
ua tion Softw ar e (v ersion 3.0.11.15423). 

2.2. Anti-idiotyp e a ntib o dies 

Two monoclonal anti-idiotype antibodies w er e gener-
ated against CB307, one targeting the αCD137 V H and
one the αPSM A V H , fr om Fabs identified with Bio-rad’s
HuCAL platinum 

® phage display platform [ 14 ]. The iden-
tified Anti-V H Fabs w er e conv erted to full antibodies by
Cresc endo Biolog ics with the addition of human IgG1
c onstant reg ions and provided t o Resolian for use in
method developmen t. The an ti-idiotype an tibodies w er e
identified as type 1 anti-idiotypes (binding only to CB307
not complexed with their r espectiv e target V H ‘s analyte)
during Fab generation and confirmed through assess-
ment of target int erferenc e in the final assay format. Each
an ti-idiotype an tibody w as biotinyla ted with EZ-Link™
NHS-PEG4-Biotin, No-Weigh™ For mat (Ther mo Fisher)
and labelled with A le xa Fluor™ 647 using A le xa 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
r eactions, antibodies w er e challenged at a 20-fold molar
excess of label. All unc onjugat ed mat erial was r emov ed
by buffer exchange into phosphate-buffered saline (PBS)
using Zeba desalting columns (Thermo Fisher). For A le xa
Fluor™ 647 labelling reactions, 100 μg of antibody was
added to an A le xa Fluor vial as per kit instructions. 

2.3. Reference sta nda rd 

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 
TM H, HN, HX and F buffers w er e pur chased fr om

Gyr os Pr ot ein Technolog ies, Uppsala, Sw eden. Tw o wash
solutions w er e used; PBS-T (0.01%) pr epar ed fr om phos-
phate buffered saline tablets (Oxoid, UK) with Tween-20
(Sigma-Aldrich, UK) and pH 11 Buffer (Gyr os Pr otein Tech-
nologies AB, Uppsala, S weden). The assa y was developed
using Gyrolab Bioaffy TM 1000 and 1000 HC compact discs
( CDs) ( Gyr os Pr ot ein Technolog ies). 

2.5. Human matrices 

Pooled and individual human sera w er e pur chased fr om
BioIVT (Burgess Hill, UK). 
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�PSMA VH
(Tumour targeting)

�CD137 VH
(T cell enhancing)

�HSA VH
(Half-life extension)

Figure 1. Diag r am 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. 
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Human sera from individuals with identified target
umor types w er e pr o vided b y Cresc endo Biolog ics for
se as disease state matrix. 

.6. PK assay method (final assay format) 

 three-step sequential sandwich immunoassay was
eveloped on the Gyrolab xP using Bioaffy 1000 and
000 HC CDs using two wash solutions (PBS-T (0.01%)
nd pH 11 buffer). Calibration curves were prepared by
xogenous addition of CB307 into pooled human serum.
uality controls and other samples (such as selectiv-

ty and dilutional linearity samples) w er e also pr epar ed
y adding CB307 into human serum. Unspiked pooled
uman serum acted as a control blank. Following prepa-
 ation, the calibr ation curve and all samples underwent
 minimum r equir ed dilution (MRD) in Re xxip HX (e xcept
here specified in the method development). 

Biotinyla ted capture an tibody w as pr epar ed at a con-
en tra tion of 100 μg/ml in Rexxip F and detection anti-
ody was pr epar ed at a c onc entration between 5 nM and
5 nM in Rexxip F and loaded onto the instrument. PBS-
 (0.01%) was also loaded onto the instrument for CD
icr ostructur e washing steps. 
Following these steps, the run was executed on the

yrolab xP instrument. Transfer needles within the Gyro-
ab instrument dispensed capture solution onto the CD

icr ostructur es wher e the solution is held in a volume
efined chamber by a hy dr ophobic bar r ier. Following
ddition, the CD is spun at high speeds to push the cap-
ure solution through a column, packed with streptavidin-
 oat ed resin, by c entrifugal forc e. A s the capture is
iotinylated, it binds the streptavidin c oat ed solid phase.
he micr ostructur e is then washed with PBS-T (0.01%) to
 emov e any unbound reagent. This process is repeated for
ample and detection addition. After all assay steps are
erformed, laser induced fluoresc enc e is measured from
ach CD micr ostructur e; the fluor escen t in tensity is rela-
ive to the amount of CB307 present in the microstruc-
ur e. Standar ds, QC’s and samples w er e analysed in dupli-
a te measuremen ts. A schema tic of the assay forma t is
r esented in Figur e 2 . Method dev elopmen t v ariables

or this format can include standard parameters for an
immunoassay, such as buffer choice and reagent c onc en-
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-Id binding kinetics to CB307 was assessed on
the Biacore 8K (Cytiv a). An ti-Id surfaces w er e pr e-
pared via amine-coupling of Series S CM5 chips
(29149603, Cytiva). CM5 surfaces w er e conditioned
with 1:1 ratio of N-hy dr oxy suc cinimide and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hy dr ochloride for
6 min. Each anti-Id molecule was diluted to 2.50 μg/ml
in 10 mM ac etat e buffer pH 5.5 (Cytiva) and injected
for 1.5 min, excess r eactiv e gr oups w er e deactiv a ted
by a 7 min injection of 1 M ethanolamine-HCl, 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- c ycle kinetics method
with association time of 2 min and dissociation time of
20 min. Four suc c essive injections of the CB307 analyte
at 12.5, 50.0, 200 and 1000 nM, w er e t est ed . The r esulting
da ta w as fitt ed using a 1:1 binding st oichiometry model. 

3. Results & discussion 

An tibody orien ta tion 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 an ticipa ted sample range). Pilot studies demon-
stra ted tha t both orien ta tions c ould produc e ac c eptable
curv es. How ev er, the use of the biotinyla ted-an ti- αCD137
V H anti-id Ab acting as the capture antibody (100 μg/ml
in PBS-T 0.01%), with the A le xaFluor-647 c onjugat ed anti-
αPSMA V H 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 r egr ession model with a 1/y w eighting factor. 



4 T. WILFORD ET AL. 

(1) Biotin anti �PSMA-VH

immobilised on streptavidin

coated bead

(2) CB307 binds

immobilised anti

�PSMA-VH

(3) AlexaFluor647 anti �CD137-VH

binds CB307. Laser induces

fluorescence at 647nm

Liquid flow

Figure 2. Assay format for the determination of CB307 in human serum on the Gyrolab. (1) Biotinylated Anti- αPSMA 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 
c onjuga ted Anti- αCD137 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. 
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Prior t o prog ression t o a regulat ed validation phase,
re-v alida tion experimen ts w er e performed to assess
recision and accuracy across three occasions, dilu-

ional linearity, pro z one, carryo ver and selectivity of the
ethod. The performance of these assessments in a non-

 egulated dev elopment study is rec ommended t o ensure
he method will meet ICH M10 BMV guidelines prior to
r ogr ession to a regulated v alida tion study [ 15 ]. 

Results generated for precision and accuracy, dilu-
ional linearity, pro z one and carryo ver assessments were
ithin ac c eptanc e limits set out in the ICH M10 valida-

ion guidelines. How ev er, da ta genera ted in the selectiv -
ty assessment showed variable r ecov ery of CB307 across
en healthy serum individuals spiked with drug at the
n ticipa ted LLOQ of 30.0 ng/ml, shown in Figure 3 (light
 ray bars). The ac curacy (RE%) of r ecov er ed concentra-

ion from individual samples when compared with the
ominal spiked c onc en tra tion ranged between -30.3%
nd 145.0%. A high degree of o ver-reco very was seen

n individual 1 with a back-calculat ed c onc en tra tion of
3.5 ng/ml, nearly 2.5x the nominal spiked c onc en tra tion
f CB307. Under-r ecov ery was seen in sev eral other indi-
iduals, including 2, 4 and 6; how ev er, only individual 1
nd 6 w er e outside of v alida tion ac c eptanc e crit eria. 

Although these results theoretically meet BMV guide-
ines with ≥80.0% of individuals meeting ac c eptanc e cri-
eria of within ±25.0% RE%, the results clearly indicate the
resence of matrix effects leading to inaccurate quantifi-
cation of CB307 across individuals. This is of importance,
as although PK assays have clear ac c eptanc e crit eria, it is
still critical to interpret the data scientifically and where
significant over- or under-r ecov ery 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 concen tra tions
must be investigated or mitigated , ev en when it is present
in less than 20.0% of the population. 

3.1. Potential causes of assay nonselectivity for 
detection of CB307 

Where selectivity data shows variabilit y bet ween 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. D eter mination 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 ov er coming the
matrix effects without fully understanding the cause. 

Despite this, selectivity data can give clues to the
type of int erferenc e pr esent. Wher e ov er-r ecov ery is seen
in an individual, it may indicate nonspecificity of cap-
ture and/or detection antibodies allowing an endoge-



BIOANALYSIS 5 

In
d 

1
In

d 
2
In

d 
3
In

d 
4
In

d 
5
In

d 
6
In

d 
7
In

d 
8
In

d 
9

In
d 

10
In

d 
1
In

d 
2
In

d 
3
In

d 
4
In

d 
5
In

d 
6
In

d 
7
In

d 
8
In

d 
9

In
d 

10

10 fold MRD 20 fold MRD

Upper acceptance

limit (+25% RE%)

Lower acceptance

limit (–25% RE%)

150

100

50

0

%
R

E

Figure 3. Selectivity at LLOQ using ten- and 20-fold MRDs.10 healthy human serum individuals w er e 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 r ecov ery was compared against the theoretical 
c onc entra tion. 
I nd: I ndividual; LLOQ: Low er limit of quantification; MRD: Minimum r equir ed dilution. 
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ous molecule to form a suc c essful bridge between the
wo, causing a false positive result. This can be caused
y factors such as heterophilic antibodies, endogenous
n tispecies an tibodies, or endogenous molecules that are
losely related to the drug [ 16 ]. 

W here under -recovery is seen, this may indicate bind-
ng of an endogenous c ompound t o either the capture
ntibody or the drug itself, leading to masking of epi-
opes r equir ed t o form a suc c essful bridge, leading t o
 false negative result. Where anti-idiotypes are type 1
nd ther efor e c ompet e with the drug’s ligand for bind-

ng, under-r ecov ery can be caused by varying levels of
oluble target within pa tien t samples. This can be of par-
icular importance where disease states show elev a ted
evels of the drug’s ligand or where the therapeutic can
ause upregulation or cell lysis leading to shedding of tar-
et (in the case of membrane bound rec ept ors) int o the
lood [ 17 ]. In the case of CB307, reported serum c onc en-

rations of PSMA can be between 100 and 360 ng/ml in
ealthy individuals and rise to over 600 ng/ml in individ-
als with malignant prostat e canc er which may explain
ome of the v aria tion in CB307 r ecov ery acr oss differ ent

atrix lots [ 18 ]. 
For the specific example shown in Figure 3 , where both

nder-r ecov ery and ov er-r ecov ery of CB307 c onc entra-
ions w er e seen in different individuals, this can also sug-
est an assay issue that is not related specifically to a
atrix impacting factor and that the issue may be assay

eagent and/or platform r elated . Although strat eg ies such
s heterophilic blockers or antitarget antibodies can be
used to mitigate specific interferences such as antispecies
antibodies or soluble ligand, in cases where both under-
and ov er-r ecov ery ar e observ ed , gener al str at eg ies can be
employed to ov er come 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 in terferen ts presen t. When increasing MRD,
it is often necessary to also increase the c onc en tra tion of
drug in the whole matrix sample to maintain the same
c onc en tra tion 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 r ender ed undetectable at higher dilution,
increasing the chance of success. 

This strategy was implement ed t o try and impr ov e
selec tivity in detec tion of CB307 in human serum. The
assay MRD was incr eased fr om tenfold to 20-fold and the
whole matrix range was incr eased tw ofold (range of 60.0–
5000 ng/ml) for the 20-fold diluted samples to maintain
the same in assay c onc en tra tions of the previous MRD.
Selectivity was reassessed with the same 10 individuals
with both MRDs; a comparison of r ecov ery 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 , wher e 9/10 healthy
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ndividuals met v alida tion ac c eptanc e crit eria. How ev er,
ndividuals still showed poor accuracy in the measure-

ent of CB307. Significant ov er-r ecov ery of analyte
 emained appar ent with individual 1, having a back-
alculat ed c onc entration of CB307 over 2x the nominal
piked c onc en tra tion and individuals 2 and 6 still show-
ng significant under-r ecov ery. 

As the assay for CB307 was destined for use in pa tien ts
ith PSM A positiv e tumors, selectivity in disease state
a tien ts w as t est ed with the increased 20-fold MRD to

urther assess the selectivity in samples from a clinically
elev an t popula tion. Selectivity testing of disease sta te

atrix within method development is often difficult to
 omplet e due t o the av ailability of relev an t ma trix. Often

t is performed within regulated sample analysis studies
sing pre-dose clinical samples as they become available.
hould relev an t drug naive samples be av ailable, it is rec-
mmended t o t est selectivity in disease state individu-
ls as early as possible as endogenous components and
 onc en tra tions within disease state individuals can dif-
 er from health y popula tions. As such, it is importan t to
onfirm the absence of matrix effects within the disease
opulation. Samples of six patients from target tumor
opulations w er e 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
ood r ecov ery for CB307 how ev er significant under-
 ecov ery (individual 3) and ov er-r ecov ery (individual 4)
 er e observ ed in 2/6 (33.3%) of the individuals t est ed,

ndicating the selectivity results observed in the healthy
opulations remained present within the disease state
opulation. T his emphasiz ed the importance of resolving

he selectivity issues in this method as it was clear that the
eveloped assay was not fit for the intended purpose. 

.3. Resolving matrix effects – reverse a ntib o dy 
orientation 

ith the current assay design, further increases to MRD
as not possible as this would result in poor signal/noise

t the desired whole matrix assay sensitivity. An alter-
a tive stra t egy t o ov er c oming matrix effects can be t o
 ev erse the orien ta tion of the antibody pairing to ensure
he most specific and sensitive anti-idiotype is the capture
ntibody; this can impr ov e assay selectivity as only the
apture antibody is exposed to interfering matrix compo-
ents in a sequential assay format. 

Initial orien ta tion assessmen ts, carried out with a ten-
old MRD, demonstrated that the original assay orien-
a tion (Biotinyla ted- An ti- αCD137 V H An ti-id Ab as cap-
ure and A le xa647 c onjugat ed anti- αPSMA V H anti-id Ab
s det ection) demonstrat ed a tw ofold impr ov ement in
assay sensitivity compared with the reverse orien ta tion
(Biotinyla ted- an ti- αPSMA V H an ti-id Ab as capture and
A le xa647 c onjugat ed anti- αCD137 V H anti-id Ab as detec-
tion). How ev er, further analysis of the r ev erse orien ta tion
with a 20-fold MRD demonstrated a significant decrease
in blank signal compared with the original orien ta tion,
leading to a 4–fivefold improvement in signal/noise (S/N)
ra tio a t the assay LLOQ ( Figure 4 A). Int erestingly, g reat er
sensitivity was also achieved with a tenfold MRD with
the r ev erse orien ta tion, differing from the results initially
obtained. Higher S/N ratio allows for further increases in
MRD, if r equir ed , without r educing whole ma trix sensitiv -
ity. Furthermore, the slope of the calibration curve with
the r ev erse orien ta tion w as less steep providing a wider
dynamic range ( Figure 4 B). 

A selection of individuals showing poor and ac c ept-
able accuracy from previous experiments (disease state
individuals 2, 3, 4 and healthy individual 4) w er e used to
perform a selectivity assessment using both the original
and r ev erse assay orien ta tion. CB307 w as spiked a t a 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 r ecov ery fr om the four
individuals t est ed sho wed o v erall impr ov ement with the
new assay orien ta tion compared with the original orien-
ta tion. Disease sta t e individual 4 still failed t o meet val-
idation ac c eptanc e crit eria with both assay formats and
other individuals still demonstrated poor r ecov ery. 

T he impro ved 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 v aria tion in background signals of indi-
viduals is less likely to impact r ecov ery of analyte. Fur-
thermore, it is likely the an ti- αPSMA V H an ti-id Ab shows
higher specificity for CB307 than an ti- αCD137 V H an ti-id
Ab. As such, use of the an ti- αPSMA V H an ti-id as capture
antibody led to a more selective method as this antibody
is more suit ed t o selectively binding CB307 in the pres-
enc e of int erfer ing matr ix components. It is still important
t o c onsider the impact of cir culating target when r ev ers-
ing the antibody orientation for a multispecific drug such
as CB307. Although selectivity impr ov ed with use of the
an ti- αPSMA V H an ti-id as capture compared with the anti-
αCD137 V H anti-id, soluble PSMA exists at much higher
circulating serum c onc entrations than CD137 and there-
fore the likelihood of target int erferenc e may increase.
Where target c onc en tra tions differ significan tly between
individuals and/or between healthy and disease state
populations, assa y tar get int erferenc e can cause under-
r ecov ery of analyte in selectivity assessments, as much of
the drug is complexed to the target, pr ev enting binding
to the capture antibody. Target int erferenc e for det ermi-
nation of CB307 was t est ed in the eventual method val-
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dation by mixing recombinant CD137 and PSMA with
B307 QCs at the assay LLOQ and ULOQ and allowing to

ncubate for 1 h at 37 ◦C prior to analysis (a summary of
he final v alida tion da ta is presen ted in Supplemen tary
ables S1–S4 ). A s expect ed with t ype 1 anti-idiot ypes,
ncreasing c onc en tra tions of both PSMA and CD137 did
how evidence of interference in the detection of CB307,
particularly at the assay LLOQ. This does not inv alida te
PK assays but does inform stakeholders that the assay
measur es fr ee drug only and upstream da ta in terpre-
tation should take this into consideration. It is recom-
mended to r eview PK pr ofiles alongside PD data to under-
stand if elev a ted target is impacting PK measurements
[ 21–22 ]. 
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.4. Resolving matrix effects – assay buffer 

hange in capture and detection antibody orientation
lone did not sufficiently r esolv e the selectivity issues. Dif-
 erent assay buffers and higher MRDs w er e inv estigated
n both orien ta tions. Differen t Rexxip buffers, which con-
ain a variety of additives such as salt, detergent and het-
rophilic blockers; can dissociate or block endogenous
olecules from interfering in determination of analyte

nd ther efor e optimization can be useful in resolution of
atrix effects. 
Disease state individuals 2–4 and healthy individual

 w er e t est ed for selectivity at a slightly higher LLOQ of
00 ng/ml with MRDs of tenfold and 20-fold in three dif-

eren t diluen ts: Rexxip HX, HN and H, in both orien ta tions.
he increased S/N, at lower c onc en tra tions, pro vided b y
he changed orien ta tion allowed f or the in vestigation of
igher MRDs in this orien ta tion without the loss of sensi-

ivity. MRDs of 40-fold and 60-fold w er e t est ed in Rexxip
X in disease state individual 4 and healthy individual 1,

n the r ev erse orien ta tion only. No impr ov ement or poor er
erformance w er e observ ed with the or iginal or ien ta tion
ith different buffers, this data has not been pr esented .

upplementary Figure S2 show s rec overy of spiked indi-
iduals at different conditions in the r ev erse orientation. 

Results presented in Supplementary Figure S2 show
he impact assay buffer selection and increasing MRD can
ave on selectivity results. The use of Rexxip HN yielded
oor r ecov ery and large v aria tion between individuals
 est ed at both tenfold and 20-fold MRD. Rexxip H showed
ett er performanc e at a t enfold MRD with all 4 individu-
ls within v alida tion ac c eptanc e crit eria; how ev er, when
he MRD was increased to 20-f old, individuals f ell out-
ide of ac c eptanc e crit eria. The most ac curat e results were
btained with Rexxip HX, r ecov ery of CB307 impr ov ed
ith each increase in MRD; all individuals fell within val-

dation ac c eptanc e crit eria at a 40-fold MRD or g reat er. 
A s ing r edients of Rexxip buffers ar e pr oprietary, it is dif-

cult to gain mechanistic insight into why certain Rexxip
uffers can impr ov e selectivity more than others. Rexxip
X, the buffer selected in this assay, is described as hav-

ng agents to neutralise heterophilic antibodies and suit
egatively charged analytes; whereas the other buffers
 est ed suit positively charged analyt es. Fact ors such as the
soelectric point of the analyte, the formulation of het-
rophilic blockers present and salt and detergent c ont ent
an all influence assay selectivity [ 23 ]. Furthermore, this
a taset reitera tes the importance of selecting a suitable
RD t o dilut e out any in terfering ma trix componen ts. Fol-

owing this e xperiment , a further selectivity screen was
erformed with seven new healthy individuals (individ-
al 11–17) with drug added at the LLOQ of 100 ng/ml
nd diluted with either a 40-fold or 80-fold MRD in Rexxip
 

HX. Results are presented in Supplementary Figure S3 . All
individuals t est ed met v alida tion ac c eptanc e crit eria at
both MRDs, how ev er an 80-fold MRD was selected as this
MRD yielded the most ac curat e rec overy of CB307. 

3.5. Resolving matrix effects – solid phase selection 

Following optimization of the assay buffer detailed above,
a pre-v alida tion study w as performed where key v alida-
tion parameters w er e assessed in a non-r egulated study
to ensure the method was likely to pass BMV guid-
ance. Selectivity was assessed in a panel of six previously
unt est ed healthy individual samples with 80.0% of tests
meeting v alida tion ac c eptanc e crit eria at the assay LLOQ.
Despite this, three out of the five ac c eptable individuals
w er e v ery close to failing ac c eptanc e crit eria, with r elativ e
error of + 25.0%, + 19.0% and + 21.0% respectively. 

Alongside this, failure of duplicate precision, due to
%CV > 20.0% (or 25.0% a t LOQs), w as noted to occur more
regularly than expected for a Gyrolab assay. Use of the
Gyr olab column view er can pr ovide information on the
fluoresc enc e int ensity within the 15 nl streptavidin col-
umn in the Gyr olab CD micr ostructur e [ 24 ]. Upon r eview
of these profiles, it was apparent that abnormally broad
peaks w er e observ ed (shown in Figur e 6 ). 

Ideally, peak of fluoresc enc e int ensity should be sharp,
well defined and sit entirely within the int eg ration area
(sho wn b y the superimposed white box in Figure 6 ) indi-
cating high affinity of capture and detection reagents to
the analyte of inter est. Wher e a broad peak is observed,
this indicates that affinity of the anti-idiotypes to CB307
may be lower than r equir ed for a robust assay on the
standard CD type. This can lead to the fluorescent peak
mainly falling outside of the int eg ration area, t oward the
back of the column, resulting in variability between data
points. This may also impac t selec tivity data where affin-
ity is not high enough to outcompete interfering endoge-
nous compounds. 

The affinity of the anti- αCD137 V H anti-id Ab and anti-
αPSMA V H anti-id Ab for CB307 was assessed at Crescendo
Biologics using a Biacore 8K (Cytiva). Binding of CB307 to
immobilised an ti- αCD137 V H an ti-id Ab and an ti- αPSMA
V H anti-id Ab was shown to have an equilibrium binding
constant (K D ) of 20.0 nM and 68.0 nM, r espectiv ely (bind-
ing kinetics parameters shown in Table 1 ). Although these
affinities are not low, high affinity antibodies are consid-
er ed to hav e K D 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-rat e c onstants (k on ) due to the shorter contact time
r equir ed betw een r eagents in the captur e 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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Table 1. CB307 binding kinetics to anti- αCD137 VH anti-id and anti- αPSMA VH anti-id (anti-idiotype) Abs. 

Kinetics model Immobilized ligand Test material ka (1/Ms) kd (1/s) K D (nM) Rmax (RU) 

1:1 binding Anti- αPSMA VH Anti-id 
2.5 μg/ml 

CB307 2.77e + 5 1.89e-2 68.0 33.5 

Anti- αCD137 VH Anti-id 
2.5 μg/ml 

CB307 3.19e + 4 6.39e-4 20.0 29.5 
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c c ommodat e antibodies with reduced affinity to its tar-
et [ 26 ]. 

As a result of these data, the assay was transferred
rom the standard 1000 CD to the 1000 HC CD with the
iew that column profiles for added drug control samples
ould be further impr ov ed on this CD type, which in turn
ay impr ov e selectivity r esults. Selectivity was r et est ed at

he assay LLOQ with an 80-fold MRD in Rexxip HX in seven
ew 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 impr ov ement in selectivity when using the
1000 HC CD compar ed with the standar d 1000 CD. Only
2/7 individuals met v alida tion ac c eptanc e crit eria using
the standard Bioaffy 1000 CD, whereas all individual test
samples w er e within ac c eptanc e crit eria 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 c onc entra tion. 
LLOQ: Lower limit of quantification; MRD: Minimum required dilution; RE: Relative error. 
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o improving selectivity, disease state individuals w er e
eassessed on this CD type, again at the assay LLOQ. 

Back -calculated r ecov ery of CB307 in all ten disease
tate samples at the assay LLOQ showed a high degree of
ccuracy on the 1000 HC CD, with %RE all within ±5.9%
E% (shown in Supplementary Figure S4 ). As the method

s destined to support dosing in disease state pa tien ts
nly, robust selectivity in this population was of critical

mportanc e. Final disease stat e and healthy selectivity
esults obtained in the method v alida tion are shown in
upplementary Table S2 . 

As with Rexxip buffers, the components of the 15 nl
ffinity columns of the various Gyrolab Bioaffy CDs are
roprietary technology which makes it challenging to

nterpret why use of the HC CD yielded the observed
mpr ov ements in selectivity for CB307. Gyros describes
he HC CDs as having a more porous resin which lends
tself to lower affinity reagents [ 27 ]; perhaps this change
n r esin structur e alt ers the flow or c ontact time of ana-
yt e t o the critical reagents in the column, allo wing lo wer
ffinity reagents to bind the analyte mor e selectiv ely ov er

nt erfering fact ors. 
The choice of solid phase is not typically consid-

r ed when r esolving selectivity issues, how ev er this data
hows that selection of solid phase can be a key compo-
ent in assay selectivity, particularly on the Gyrolab. In

he development of an assay for determination of CB307,
ransfer of the assay to a more suitable CD was one of the

ost 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 t o t est if
simply changing the solid phase at the start of the assay
dev elopment w ould hav e r esolv ed selectivity issues with-
out the r equir ement to raise the LLOQ/MRD and r ev erse
the an tibody orien ta tion. 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 implemen ta tion of v arious stra t eg ies
detailed within this paper, the method for determina-
tion of CB307 in human serum fr om PSM A positiv e indi-
viduals was suc c essfully validat ed where precision, accu-
racy, selectivity (in healthy and disease state matrix), dilu-
tional linearity, pro z one and stability suc c essfully met
ac c eptanc e crit eria detailed within BMV guidance. A sum-
mary of the bioanalytical v alida tion results for preci-
sion, accuracy, selectivit y, dilutional linearit y and tar-
get int erferenc e is present ed 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 

Ac curat e quantitation of drug c onc en tra tions to under-
stand the PK characteristics of developmental drugs is
critical to the drug discovery process. The adv ancemen t
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f new therapeutic modalities such as antibody/protein
ragments and multispecific molecules can increase the
 omplexity fac ed when developing assay s for these novel
olecules. 
The importance of demonstrating selectivity in PK

ssays has been well documented , how ev er practical
ppr oaches to impr oving nonselectivity of an assay has
een less well explored in the literature. 

This paper explores strat eg ies used t o ov er come non-
electivity in the measurement of CB307, a multispecific
b fragment molecule, in human serum. These included: 

Increasing MRD and assay LLOQ. 
The importance of testing disease state selectivity, as
relev an t, as early as possible. 
Testing orien ta tions of an tibody 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. 

lthough this case study focused on the Gyrolab
mmunoassay platforms and a multispecific Ab frag-

ent, these same strat eg ies can be used on alternative
latforms and protein therapeutics such as ELISA or Meso
cale Disco very (MSD ) technologies. For instance, testing
f high bind , standar d bind and small spot streptavidin
lates on the MSD may provide similar impr ov ements in
ssay performance as switching CD type on the Gyrolab. 

This paper also highlights the importance of fully
nderstanding the affinity of the critical reagents for the
nalyte. This information can help guide method devel-
pers in selecting the most optimal antibody orientation
nd solid phase. In our case the characteristics of the rela-
ionship between assay reagents and test item w er e such
ha t pla te based methods had pr ov ed unsuitable and an
c c eptable path forward was achieved with a Gyrolab
ethod , with low er affinity antibodies. In other circum-

tances where affinity for the analyte is low, use of plate-
ased methodologies may be more suitable owing to

he increased contact time between critical reagents, dur-
ng longer incubation steps, allowing binding reactions
o reach equilibrium. Where affinity is high, the Gyro-
ab may be a preferable option as the shorter contact
ime between critical reagents will not impact the criti-
al reagents binding the analyte but may be low enough
o ov er come interfer ence fr om endogenous molecules in
he matrix. 

Finally, this paper demonstrates the r equir ement for
sing the BMV guidance alongside scientific interpreta-

ion of data. Throughout this paper, many of the selec-
ivity assessments theoretically met validation ac c ep-
tanc e crit eria; how ev er, ther e w er e clear ly matr ix effects
present in the failing 10.0–20.0% of individuals t est ed.
Had this been taken forward to method validation, this
ma y ha v e r esulted in failur e of the selectivity assessment
in v alida tion of a new set of individuals. More impor-
tantly how ev er, had this pr ogr essed t o analy sis of clinical
samples, it is possible that 10.0–20.0% of pa tien t results
may be inac curat e, pot entially impac ting PK charac ter-
istics and clinical decision making around dosage and
safety. For this r eason, w e r ecommend a strict adher-
enc e t o performing a pre-v alida tion piec e of work t o
fully understand method performance prior to entrance
in to method v alida tion. A regula ted v alida tion should
contain no sur pr ises and should only serve t o c onfirm
what y ou alr eady know. Performing a compr ehensiv e pr e-
v alida tion is crucial along with setting tighter acceptance
limits for parameters assessed during the pre-v alida tion
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 ac cura te lev els of drug in the pr esence of nonspecific 
ma trix c omponents and is a r equir ement 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 suc c essful 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 con te xt by targeting PSMA e xpressing cells in the 
tumor micr oenvir onment. 

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 αCD137 V H and 
αPSMA V H domains on CB307. 

• The original assay format was developed on the Bioaffy 1000 CD 
using a tenfold minimum r equir ed dilution (MRD) in Rexxip HX, 
how ev er nonselectivity was observ ed . 

Results & discussion 
• Nonselectivity of a method can be caused by various endogenous 

ma trix c omponents such as circula ting drug ligand , closely r elated 
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 c onc entra tions. In addition, there can also be 
instrumen t -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. 

• Str ateg ies w er e implement ed t o o v er c ome the ma trix 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 str ateg ies described within this r esear ch article can be used for 
all ligand-binding assays to ov er come undesirable matrix effects. 
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