
O hushed October morning mild, 
Begin the hours of this day slow, 
Make the day seem to us less brief... 
Retard the sun with gentle mist; 
Enchant the land with amethyst... 
                               –Robert Frost 
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Overview 

1.  Biotherapeutics
2.  Immunogenicity
3.  IM assay approaches

4.  Use of LC-MS to aid IM?

5.  The future
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Growing biotherapeutics complexity 

peptides
mAb’s
ADC’s

bispecifics (bsMabs, DART®’s, BiTE®’s)
carrier conjugates (PEG, albumin)

fusion proteins
messenger RNA therapeutics™

 What else is coming?
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Immune system process 

http://commons.wikimedia.org/wiki/File%3ALymphocyte_activation_simple.png 

Antigen-presenting cells (APCs) present antigen on their Class II MHC 
molecules (MHC2). Helper T cells recognize these, with the help of their CD4 
co-receptor (CD4+). The activation of a resting helper T cell causes release of 
cytokines and other stimulatory signals (green arrows) that stimulate the activity 
of macrophages, killer T cells and B cells, the latter producing antibodies. 
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Range of potential consequences of 
unwanted immunogenicity 

•  Anaphylaxis
•  Neutralizing antibodies (NAb’s) to non-redundant endogenous 

proteins (e.g. Epo and Tpo)
•  Loss of efficacy of life-saving drugs (e.g. ERT’s)
•  Loss of efficacy of quality of life-improving drugs (e.g. TNF-α 

antagonists)
•  Cross-reactivity of antibodies to other same class therapeutics
•  Non-acute immune responses: serum sickness or nephropathy
•  Altered PK profiles: circulating immune complexes increase or 

decrease the rate of drug clearance
•  Sustained immune responses with chronic dosing leading to 

epitope spreading and NAb formation
Parenky A et al. AAPS Journal. 2014;16(3):499-503 



IM assay types 

Assay Technology 

Screening 
rapid, sensitive, id positives, should detect 
all isotypes 

ELISA (direct or bridging)
RIPA, SPR, ECL
 

Confirmatory 
competition assay to confirm ADA binding to 
product and not non-specific interactions of 
serum or reagents; report positives as titer 

ELISA, ECL 

Neutralizing (NAb)  
More critical than binding ADAs 

Receptor LBA 
Cell-based bioassay 

Epitope specificity 
What part(s) of therapeutic are ADAs 
binding to? 

ELISA, ECL 

Isotyping 
Identify whether IgG, IgM, IgE, IgA isotypes 

ELISA 



Screening
Assay

Titer Assay
ADA epitope 

specificity
NAb Assay

ADA positive

Specificity
confirmed

ADA negative

Yes

Negative
resultConfirmatory

Assay

Detectable
therapeutic

levels?

POSITIVE
sample

NEGATIVE
sample

NEGATIVE
sample

(therapeutic 
interference?)

No

Characterize
positive response

8 

Tiered approach for immunogenicity testing 

Adapted from: Carrasco-Triguero M et al. Bioanalysis. 2013;5(9):1007-1023 
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IM assay performance concerns 

•  Sensitivity 
- Cut points 
- Range of ADA affinity/avidity detected

•  Specificity 
- Drug tolerance (SPEAD or BEAD needed?) 
- Rf, HAMA, HAHA antibodies 
- General matrix interferences

•  ADA stability
•  Reproducibility/precision
•  Ruggedness/robustness
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IM assay issues with mAb therapeutics 

•  Assay must detect anti-mAb and not mAb itself, non-specific 
endogenous Ab’s or Ab assay reagents

•  mAb complementarity determining region (CDR) a primary 
antigenic epitope

•  ADA’s to CDR strong potential to be NAb’s

•  Need anti-idiotypic (anti-Id) antibody or target capture

•  Verify specificity using another mAb with the same Fc but 
different variable region

•  If high RF population, critical to demonstrate non-interference

•  Positive controls from non-primates primarily target Fc and may 
be inappropriate for use in human IM assays



LC-MS/MS
IM-related examples
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Biotherapeutics such as protein and peptide drugs have
attracted significant attention in the medical community
and pharmaceutical industry in recent years. Immuno-
genicity is one of the major concerns in the development
and application of biotherapeutics. Although great efforts
have been put forth in reducing immunogenicity, monitor-
ing the free (“active”) drug concentration and the antibody
formation is critical for preclinical and clinical studies.
Currently, it is still a challenging task to have a standard-
ized test method monitoring immunogenicity when bio-
therapeutic compounds such as proteins and peptides are
administrated. Combined with liquid chromatography/
tandem mass spectrometry detection, the equilibrium
dialysis technique that is conventionally used for measur-
ing the free and bound concentration of small organic
molecules was extended to the application of measuring
the free and bound concentrations of a protein drug with
a relative molecular mass over 10 000 from plasma
samples containing antibody. This novel approach could
also be used for accurately measuring the antibody
concentration when a reference standard of the antibody
is available.

With recent advances in the field of pharmaceutical research,
an increasing number of peptides and proteins have been identi-
fied as potential therapeutic compounds for drug development.1,2

Different from traditional small organic compound drug candi-
dates, the biological drug candidates such as proteins and peptides
often induce an immune response and antibody formation. The
binding of the drug to an antibody may reduce the available free
drug concentration in the systemic circulation that is related to
possible toxicity effects in preclinical studies and the associated
coverage over expected exposures in clinical studies as well as
resulting in a potential decrease in clinical efficacy. In addition,

in some extreme cases, induced antibodies could lead to serious
adverse effects in clinical studies. Although great efforts have been
put forward to alter immunogenicity, analytical methods to monitor
the concentration of free drugs and the related antibodies are
important for understanding the immunogenic risks and effects
of these protein and peptide drugs.3

Traditionally, binding assays such as directive binding and
competitive ELISA are often used to monitor the protein/peptide
drug and anti-drug antibody concentrations. Depending on the
antigen or antibody reagent used in the assay, the measurement
of the free drug concentration and antibody concentration varies
significantly from the true meaning of the intended measurement
(free drug concentration versus “active” drug concentration,
“neutralizing” antibody versus “total” antibody). Nevertheless,
these results are often the best available information for under-
standing the immunogenicity of the drug candidate.

For the drug development of the small organic candidates,
although the total drug concentration in plasma is generally
measured, it is the free (unbound) drug concentration that
equilibrates with the concentration at the site(s) of action. Drug
tends to have nonspecific binding with plasma proteins even when
there is no antibody generated against small organic drugs. The
study of the drug-protein binding is a required component in
the traditional drug development process. Ultracentrifugation,
ultrafiltration, and equilibrium dialysis are some of the most
common techniques for the measurement of the free and bound
drug concentrations in plasma or serum.4-9 Because equilibrium
dialysis has fewer disturbances to the target system, it is often
used as the “reference method” for the determination of free and
bound drug concentrations in a drug-protein binding profile.4
However, to our knowledge, there is no publication that reports
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the use of equilibrium dialysis and LC-MS/MS for the determi-
nation of free concentration of protein drugs over a relative
molecular mass of 10 000.

Here we report an innovative approach using equilibrium
dialysis and LC-MS/MS detection for the measurement of free
and bound drug concentrations of a protein drug candidate rK5
in plasma in the presence of anti-drug antibody. rK5 is a small
protein with a relative molecular mass of 10 464. It is a specific
and potent angiogenesis inhibitor that may be effective in the
treatment of human brain glioma and other human tumors.10,11

The efforts described in this report were undertaken with the aim
of obtaining an estimate of the free drug concentration in
preclinical toxicity study samples in order to provide a conservative
estimation of the safety margin and set dosages for a clinical study.
rK5 in plasma takes three main forms: (1) free rK5, (2) plasma
protein-bound rK5, and (3) antibody-bound rK5. The free rK5
reaches equilibrium on both sides of the dialysis membrane, and
the antibody-bound rK5 will remain on the sample side of the
membrane. For the preclinical study, we believe that the amount
of the antibody-free rK5 concentration (free rK5 plus plasma
protein-bound rK5) can be used as the safety coverage for the
starting dose of a clinical study. Although this antibody-free rK5
concentration is not achieved strictly by this approach, the dialysis
will provide an even lower concentration (free rK5 plus a fraction
of the protein-bound rK5 lower than 100K relative molecular
mass), which can be used as a guide for the starting dose of the
clinical study.

In addition, this dialysis method will provide an alternative way
of measuring anti-K5 antibody concentrations in plasma samples,
based on the binding activity of the hyperimmunized monkey
antibody. Furthermore, the innovative approach using equilibrium
dialysis and LC-MS/MS for free and bound protein drug
concentration and antibody concentration measurement may
provide an alternative for the study of immunogenicity for other
protein drug candidates.

EXPERIMENTAL SECTION
Chemicals and Reagents. Guanidine hydrochloride was

purchased from Sigma-Aldrich (St. Louis, MO). Sodium chloride
(0.9%) water solution was supplied by Abbott Laboratories (North
Chicago, IL). High-purity methanol, acetonitrile, and water, all
Omnisolv grade, were purchased from EMD, formerly EM Science
(Gibbstown, NJ), along with HPLC grade hexanes. Glacial acetic
acid was purchased from Aldrich (St. Louis, MO). Trifluoroacetic
acid was purchased from EM Science. The stock solutions of rK5
and internal standard were produced at Abbott Laboratories
(Abbott Park, IL). Normal Cyno plasma with potassium EDTA as
anticoagulant and normal Cyno serum were purchased from
Lampire Biological Laboratories (Pipersville, PA).

Instrumentation. Microequilibrium dialyzers, two-chamber
systems with a 100-µL chamber volume, together with the 100 000
MWCO cellulose acetate membranes were purchased from
Harvard Apparatus (Holliston, MA). A reciprocating shaker from

Eberbach Corp. (Ann Arbor, MI) was used for dialyzer incubation.
Plasma solutions were transferred using a single-channel positive
displacement handheld pipet from Gilson (Middleton, WI). Mul-
tichannel handheld electronic pipets were from BioHit (Helsinki,
Finland) for the manual addition of reagent for solid-phase
extraction (SPE). The SPE plates were from Waters Corp (Milford,
MA). A Hamilton (Reno, NV) MicroLab AT 2 Plus automated
liquid handler was used for the addition and mixing of the
guanidine hydrochloride solution and the internal standard. A
Beckman-Coulter (Fullerton, CA) square well plate collar and
vacuum manifold base were used in the SPE process. The
Shimadzu (Kyoto, Japan) HPLC system included a Shimadzu LC-
10 AD HPLC pump, a Shimadzu SIL-10A XL autosampler, and a
Shimadzu SCL-10A system controller. A Hot Pocket column heater
from Keystone Scientific (Bellefonte, PA) was also used. The
valves used to control LC flow between the mass spectrometer
inlet and waste line were from Valco Instruments (Houston, TX).
An 1100 series HPLC pump and degasser system from Agilent
Technologies (Palo Alto, CA) was used to deliver backwash
solvent for the precolumn regeneration. A 2.1 × 150 mm
Symmetry 300 C18, 5-µm column from Waters was used as the
analytical column, along with a precolumn consisting of a 3.9 ×
20 mm Symmetry 300 C18, 5-µm cartridge, also from Waters, and
an inline filter with an A-110 × 2 µm titanium frit from Upchurch
Scientific Inc. (Oak Harbor, WA). An API-3000 mass spectrometer
and the computer control system were from PE Sciex (Toronto,
ON, Canada). MassChrom version 1.1.1 (or Analyst version 1.3.2)
was used as the data acquisition software.

Equilibrium Dialysis. The schematic describing the equilib-
rium dialysis experiment is shown in Figure 1. A prewet mem-
brane separates two chambers of identical volume. At the
beginning, the sample that needs to be dialyzed is added into the
sample side (sample chamber) and the product side (assay
chamber) is filled with dialysis solution. The dialyzer is put into
a horizontal shaker and kept at the desired temperature, while
the drug of interest equilibrates between the two chambers. The
membrane allows only the free drug to pass through while the
bound drug, being too large, is retained on the sample side of
the membrane. Multiple samples can be dialyzed at same time
(each using one dialyzer) using multiple dialyzers. The concentra-
tions of the analyte in both sample side and product side are
analyzed using SPE and LC-MS/MS detection as described in
the following section. Once the equilibrium is reached, the free
drug concentration can be calculated as twice the concentration
found in the product side of the dialyzer, while the bound drug
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Figure 1. Schematic of microequilibrium dialysis of rK5.
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with plasma background proteins changes the distribution of rK5
on both sides of the dialyzer.

The equilibrium dialysis was further evaluated by changing
the rK5 plasma concentration at the sample side; saline was used
as the dialysis solution in the product side. The dialysis incubation
time at room temperature with shaking was ∼47 h. As shown in
Figure 4, the rK5 concentrations in both sample side and product
side increased linearly with the increase in the concentration of
rK5 in the initial plasma samples. The total rK5 concentration from
both sides of the dialyzer was compared with the total rK5
concentration without going through the dialysis process. The
excellent agreement between the two curves demonstrates the
complete recovery of rK5 of the dialysis processes and no loss of
the rK5 by binding to the dialysis cell or membrane.

The reproducibility of the dialysis of rK5 in plasma was
evaluated. As shown in Figure 5, multiple samples with rK5 in
plasma were dialyzed against saline solution for ∼72 and ∼96 h
at room temperature. The reproducibility of the percent of rk5
dialyzed into the product side was evaluated using multiple
samples with a same sample concentration. The standard deviation
of percent rK5 distribution in both sample side and product side
was 1.1 at ∼72 h and 2.5 at ∼96 h.

Equilibrium Dialysis of rK5 in Plasma with Antibody. rK5
samples with antibody were made by adding a known amount of
rK5 in blank plasma and spiking with hyperimmunized monkey
serum. The samples were added in the sample side of the
dialyzers, and saline was added to the product sides. After the
completion of the dialysis, the samples from both sides of the
dialyzer were initially analyzed using the SPE LC-MS/MS
method without the “denaturing” step.12 Because of binding of
the antibody to rK5 as well as to the internal standard, the internal
standard response was significantly lower than the internal

standard used in the calibration curve. In addition, the recovery
of the total rK5 concentration from both sides of the dialyzer was
much lower than when the same rK5 sample without spiked
antibody was analyzed. The experiment was repeated, and samples
from both sides of the dialyzer were analyzed with a denaturing
step.13 The denaturing enabled the dissociation of the binding
between the rK5 and anti-rK5 antibody and therefore allowed for
the measurement of total rK5 from samples in the presence of
anti-rK5 antibody. As shown in the Figure 6, when increasing
amounts of the hyperimmunized monkey antibody were added
to plasma samples containing the same amount of rK5, the free
rK5 concentration was decreasing while bound rK5 concentration
was increasing continuously until no free rK5 could be detected.
Since serum antibody was added to some of the plasma samples,
blank serum was added to all other samples to compensate for
the difference of the background matrixes in the sample side of
the dialysis chamber. The total bound rK5 concentration measured
here likely resulted from the rK5 bound to anti-rK5 antibody and
to nonspecific plasma background protein. Therefore, the free
concentration here is less than the actual “active” drug concentra-
tion. We believe that this free drug concentration obtained from
preclinical study samples will provide a most conservative estima-
tion of the safe concentration coverage for the initial dose of the
clinical studies.

Furthermore, as shown in Figure 6, the distribution of rK5 in
the sample and product sides is directly related to the amount of
the antibody in the plasma. These response curves could be used
for the quantitative analysis of antibody concentration in an
unknown plasma sample, assuming the binding activity is equiva-
lent to the antibody standard used to generate the calibration
curve. By optimization of the amount of rK5 in the plasma used
for creating a response curve of the antibody amount versus either
bound or free rK5 concentration, the amount of the antibody in
the sample can be accurately determined. Compared to traditional
binding assays, this could provide more information for under-
standing the immunogenicity of the protein drug compound. Even
when no antibody reference standard is available, a significant
increase of the bound drug may indicate the generation of an
antibody. The amount and strength of the antibody may change
due to sample collection and the variation between study subjects.
However, the experiment by measuring the free and bound rK5
could be used for the standardization of this antibody-antigen
binding.

Stability and Reproducibility. The following experiment was
performed for the evaluation of the binding stability between rK5

Figure 4. Regression of found rK5 concentrations from dialyzed
and undialyzed calibration standards.

Figure 5. Dialysis reproducibility evaluation of rK5 plasma samples
at ∼72 (n ) 4) and ∼96 (n ) 4) h.

Figure 6. Measured rK5 free and bound concentration profile after
4 days of dialysis for rK5 plasma sample containing different
concentrations of anti-rK5 antibody.
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Figure 1.Schematic of microequilibrium
dialysis (100K MWCO) of rK5 (10.46 KDa)

Figure 6.Measured rK5 free and bound concentration 
profile after 4 days of dialysis for rK5 plasma sample 
containing different concentrations of anti-rK5 antibody
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Assessing Immunogenicity in the Presence of
Excess Protein Therapeutic Using
Immunoprecipitation and Quantitative Mass
Spectrometry
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The administration of biological protein therapeutics can
lead to an unwanted immune response resulting in the
generation of anti-drug antibodies (ADA) with potentially
harmful clinical consequences. Hence, to develop safe and
efficacious biotherapeutics, the immunogenic potential
needs to be examined during the development phase.
Current assay technologies measuring ADAs are subject
to interference by high circulating concentrations of the
protein therapeutic, raising concerns about data reliability
since protein therapeutic-free washout samples are not
always available. Herein, we report the development and
characterization of a magnetic bead based immunopre-
cipitation method followed by quantitative LC/MS to
determine ADA in human and cynomolgus serum in the
presence of high circulating concentrations of the protein
therapeutic. Available ADA binding sites are saturated by
the addition of excess therapeutic followed by magnetic
bead based protein G isolation of IgG antibodies and their
bound antigens before elution and digestion. Peptides of
the target therapeutic proteins are then quantified by LC/
MS using stable isotope labeled standards inferring the
presence of total ADA. This approach complements
established methodologies for the assessment of immu-
nogenicity responses and currently supports clinical
programs addressing the safety and tolerability of human
growth hormone analogues.

The administration of biological protein therapeutics can lead
to unwanted immune responses due to the generation of anti-
drug antibodies (ADA). The issue of immunogenicity is complex
and depends on many factors such as the nature of the protein
therapeutic and its relationship to endogenous proteins, the target
patient population, the treatment regimen, and the formulation.1

ADA responses have been reported to alter the efficacy of a
protein therapeutic in a number of ways, including increased
clearance, maintenance of the drug in the circulation, or neutral-
ization.1 Knowledge about ADAs can be helpful in explaining
unusual pharmacokinetics and contribute to efforts in re-engineer-

ing a protein product.2 The nature of immune responses induced
by therapeutic proteins can also vary widely and is more often
than not of only temporary appearance and of no clinical signifi-
cance.3 However, severe and harmful clinical consequences often
related to induced autoimmunity have been reported, and hence,
immunogenicity remains a major safety concern that needs to be
addressed during drug development and postmarketing surveil-
lance.1,4,5 Regulatory agencies request the pharmaceutical industry
to examine immunogenicity using a risk-based approach, and
specific strategies for developing “fit-for-purpose” bioanalytical
approaches are now being discussed.6

The ability to measure ADA is predominantly dependent on
the study design, sampling time points, and assay format em-
ployed. Established methodologies include ligand binding assays,
e.g., bridging and direct binding ELISAs, as well as cell-based
assays and surface plasmon resonance.7,8 All of these methods
are routinely used to measure free ADA but are subject to
interference from high circulating concentrations of the protein
therapeutic. Higher sensitivity detection modalities such as
electrochemiluminescence9 and dissociation-enhanced lanthanide
fluorescence immunoassay show a greater tolerance to excess
protein therapeutic but still suffer from drug interference. Further
complications in the assessment of ADA responses can result from
modifications to the therapeutic protein, such as pegylation,10 that
may alter the immunogenic potential and may dramatically
increase the circulating half-life, possibly resulting in peak blood
protein therapeutic concentrations in the micrograms per milliliter
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Figure 1.Schematic workflow image of the magnetic bead based immunoprecipitation 
procedure for sample preparation in the MS immunogenicity assay.

Robotic Processing of Samples Using Magnetic Beads.
The sample processing and magnetic bead separation was
performed on an automated liquid handling robot (Microlab
Starlet, Hamilton, Bonaduz, Switzerland). Magnetic bead separa-
tion was achieved by using a Magnetight HT96 stand (Novagen,
Nottingham, UK). For washing, incubation, and elution steps, the
plate was removed from the magnet using the CO-RE Grip tool
of the robot. Beads were then resuspended using a shaker, and
after a specified time, the plate containing the beads was returned
to the magnet for the next processing cycle.

The workflow is illustrated in Figure 1. Aliquots of a protein
G magnetic bead suspension (100 µL) were transferred from a
reservoir into a polypropylene 96-well plate (0.5-mL well capacity)
and washed twice with 0.05% Tween 20 in PBS. A sample volume
of 100 µL (equating to 2 µL of serum diluted 1:50 in 0.05%
Tween20/PBS) was incubated with the beads for 1 h using a
shaker. The beads were washed three times with 250 µL of 0.05%
Tween 20/PBS and twice with 275 µL of PBS. Elution of bound
material was achieved by mixing the beads with 100 µL of 6 M
guanidine hydrochloride for 5 min. The eluate was then trans-
ferred into a polypropylene 96-well elution plate compatible with
the LC autosampler. A 10-µL aliquot of a cocktail of stable isotope
labeled peptides stored in Protein LoBind Eppendorf tubes (hGH
N terminus, 50 fmol/µL; hGH C terminus, 120 fmol/µL) was
added to each well. The samples were then acidified with 20 µL
of 1.8% trifluoroacetic acid followed by the addition of 10 µL of 5
M CNBr in acetonitrile to a final volume of 120 µL. The plate was
sealed immediately with a pierceable 96-well cap and left for 2 h
at room temperature in the dark before being placed into the tray
of the LC autosampler cooled at 8 °C.

Liquid Chromatography/MALDI Target Spotting. CNBr
peptide digests were separated using an Ultimate 3000 capillary
HPLC system (LC Packings, Dionex, Amsterdam, Netherlands)
comprising a SRD-3600 solvent rack with integrated vacuum
degasser, a LPG-3600 dual-gradient pump, two FLM-3100 flow
manager with thermostated column compartment, a WPS-3000
thermostated well plate autosampler, and a UVD-3000 UV detector.

The system was controlled by Chromeleon software 6.7. The
analysis was performed in parallel mode such that while one
column in one flow manager was performing peptide separation,
the other was going through wash and equilibration cycles.
Solvent A was 2% acetonitrile, 0.05% trifluoroacetic acid, and solvent
B was 90% acetonitrile, 0.05% trifluoroacetic acid. A sample volume
of 20 µL was injected onto an in-line precolumn (5 mm × 1 mm,
5 µm, 100 Å, C18PepMap, LC Packings, Dionex) using the loading
pump at 25 µL/min solvent A. The 10-port valve was switched
after 7 min, and the peptides were back-eluted onto the analytical
column (150 mm × 300 µm, 3 µm, 100 Å, C18PepMap, LC
Packings, Dionex) using a flow rate of 1.5 µL/min at a constant
temperature of 30 °C. Peptides were separated using a linear
binary gradient from 0 to 56% B (7-60 min). Finally, the flow was
also directed through a 45-nL UV detector cell and UV absorption
at 230 nm was recorded.

The LC system was interfaced directly with a Probot MALDI
target plate spotting device (LC Packings, Dionex) controlled by
µCarrier software version 2.0. Depending on the peptide targeted
for quantification, starting between 50 and 58 min after injection,
the LC eluent was deposited onto a Prespotted AnchorChip (PAC)
(Bruker Daltonics, Bremen, Germany) coated with a thin layer
of R-cyano-4-hydroxycinnamic acid.18 A spot was deposited every
15 s, and a total of eight spots were collected per analysis. Once
all spots were dried, the PAC target was immersed for 5 s in cold
10 mM ammonium phosphate in 0.1% trifluoroacetic acid. The
target was then allowed to dry before insertion into the mass
spectrometer.

MALDI TOF Mass Spectrometry. Mass analysis of peptides
was performed using an UltraFLEX II TOF/TOF 200 mass
spectrometer with Smartbeam laser technology (Bruker Dalton-
ics). All parameters were set in Flexcontrol version 2.4. At each
sample position containing the eluted peptides of interest, the mass
spectra from a total of at least 10 000 laser shots were summed
over a mass range from m/z 1000 to 3000. The laser frequency

(18) Schürenberg, M.; Lübbert, C.; Eickhoff, H.; Kalkum, M.; Lehrach, H.;
Nordhoff, E. Anal. Chem. 2000, 72, 3436–3442.

Figure 1. Schematic workflow image of the magnetic bead based immunoprecipitation procedure for sample preparation in the MS immunogenicity
assay.
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Neubert total IgG ADA indirect approach

Outcome 

Evaluated ADAs to pegylated hGHA in 
Cynomolgus monkey serum, using: 
- goat anti-hGH pAb as a PC 
- protein G affinity capture 
- CNbr digestion 
- LC/MALDI-TOF MS analysis

•  Detected total IgG isotypes
•  Relative assay sensitivity: 

~50 ng/mL PC Ab
•  Negative cut point: 

0.51 ± 0.16 fmol [N-term peptide] 
26.7 ng/mL hGH binding capacity

•  PC ADA curve range  
50-5000 ng/mL (2 μL serum)

Advantages 
•  Highly drug tolerant 

No need for long washout period 
No need for drug depletion

•  Minimal requirements for capture 
reagents 
Potential to use anti-hIgM for 
IgM’s or other capture reagents

•  Very good sensitivity 
subfemtomole digested peptides

•  Versatile 
Can use LC-MALDI, LC-MS/MS, 
or LC-HRAMS with SIL-IS’s 
Easily adapt existing PK assay 
methods for protein therapeutic



LC-MS/MS
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Innovative Use of LC-MS/MS for Simultaneous Quantitation of
Neutralizing Antibody, Residual Drug, and Human Immunoglobulin
G in Immunogenicity Assay Development
Hao Jiang,*,§,† Weifeng Xu,§,† Craig A. Titsch,† Michael T. Furlong,† Robert Dodge,† Kimberly Voronin,‡

Alban Allentoff,‡ Jianing Zeng,*,† Anne-Franco̧ise Aubry,† Binodh S. DeSilva,† and Mark E. Arnold†

†Analytical and Bioanalytical Development and ‡ Discovery Chemistry Synthesis, Bristol-Myers Squibb, Princeton, New Jersey 08540,
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ABSTRACT: Immunogenicity testing for antidrug antibodies
(ADA) faces challenges when high levels of the drug are
present in clinical patient samples. In addition, most functional
cell-based assays designed to characterize the neutralizing
ability of ADA are vulnerable to interference from endogenous
serum components. Bead extraction and acid dissociation
(BEAD) has been successfully applied to extract ADA from
serum samples prior to conduction of cell-based assays.
However, in the BEAD, certain amounts of the drug and
endogenous serum components (so-called residual drug and
serum components) from serum samples are carried over to
final BEAD eluates due to formation of protein complexes with ADA or nonspecific binding with the beads. Using current
enzyme-linked immunosorbent assay (ELISA)-based ligand-binding assays, it is difficult to evaluate the residual drug, which is
complexed with excessive amounts of ADA and endogenous serum components in the BEAD eluates. Here, we describe an
innovative application of LC-MS/MS for simultaneous detection of the residual human monoclonal antibody drug and
endogenous human IgG and the neutralizing antibody positive-control (NAb-PC) in the BEAD eluates. In this study, the low
levels of the residual drug and human IgG in the BEAD eluates indicate that the BEAD efficiently removed the high-
concentration drug and serum components from the serum samples. Meanwhile, the NAb-PC recovery (∼42%) in the BEAD
provided an acceptable detection limit for the cell-based assay. This novel application of LC-MS/MS to immunogenicity assay
development demonstrates the advantages of LC-MS/MS in selectivity and multiplexing, which provides direct and fast
measurements of multiple components for immunogenicity assay development.

Antidrug antibodies (ADA) could have a significant impact
on a biological drug’s efficacy and potential patient safety.

Neutralizing antibodies (NAb), a type of antidrug antibody,
specifically block the biological activity of therapeutic proteins
and thus result in the reduced efficacy of therapeutic protein
products.1−3 Functional cell-based assays, rather than com-
petitive ligand binding assays (LBA), are the preferred format
to evaluate the presence of the drug-associated NAb in a
patient’s serum samples,4 but these assays are more susceptible
to serum matrix effects and drug interferences.5,6 Human serum
contains many growth factors, cytokines, and other biological
factors which may have a direct impact on the cells used in the
assay. A high-concentration drug in a patient serum sample also
directly affects the performance of the cell-based NAb assay.
Therefore, sample cleanup to remove these serum components
and the drug from serum samples prior to the cell-based assay is
essential in the development of a NAb assay. Bead extraction
and acid dissociation (BEAD) is an effective approach to purify
and enrich the NAb from serum samples and has been
demonstrated to improve sensitivity and increase drug
tolerance.7 However, during the BEAD, certain amounts of
the drug and serum components may be still carried over to the

cell-based assay due to two binding arms of the drug-associated
ADA or through nonspecific binding to the beads in the BEAD
treatment, both of which need to be evaluated in the NAb assay
development. The NAb recovery also needs to be determined
to ensure appropriate assay sensitivity. It would require a
bioanalytical assay to determine the levels of the residual drug
and endogenous IgG (an indicator of residual serum
components) and the NAb in the BEAD eluates. To our
knowledge, there is no report to date to measure residual
monoclonal antibody (mAb) drug in the BEAD-treated serum,
mainly due to the following two reasons. First, the antigen-
binding sites of the residual drug may be blocked by the high-
concentration NAb. In our case, the residual human IgG4 drug
is ∼300 ng/mL in the presence of μg/mL-level NAb positive
control (NAb-PC), which makes the accurate measurement by
the highly sensitive electrochemilumencent-bridging assay
difficult. Second, currently no antibody is available that can
specifically distinguish the Fc-region mutated (S229P) human
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ABSTRACT: Immunogenicity testing for antidrug antibodies
(ADA) faces challenges when high levels of the drug are
present in clinical patient samples. In addition, most functional
cell-based assays designed to characterize the neutralizing
ability of ADA are vulnerable to interference from endogenous
serum components. Bead extraction and acid dissociation
(BEAD) has been successfully applied to extract ADA from
serum samples prior to conduction of cell-based assays.
However, in the BEAD, certain amounts of the drug and
endogenous serum components (so-called residual drug and
serum components) from serum samples are carried over to
final BEAD eluates due to formation of protein complexes with ADA or nonspecific binding with the beads. Using current
enzyme-linked immunosorbent assay (ELISA)-based ligand-binding assays, it is difficult to evaluate the residual drug, which is
complexed with excessive amounts of ADA and endogenous serum components in the BEAD eluates. Here, we describe an
innovative application of LC-MS/MS for simultaneous detection of the residual human monoclonal antibody drug and
endogenous human IgG and the neutralizing antibody positive-control (NAb-PC) in the BEAD eluates. In this study, the low
levels of the residual drug and human IgG in the BEAD eluates indicate that the BEAD efficiently removed the high-
concentration drug and serum components from the serum samples. Meanwhile, the NAb-PC recovery (∼42%) in the BEAD
provided an acceptable detection limit for the cell-based assay. This novel application of LC-MS/MS to immunogenicity assay
development demonstrates the advantages of LC-MS/MS in selectivity and multiplexing, which provides direct and fast
measurements of multiple components for immunogenicity assay development.

Antidrug antibodies (ADA) could have a significant impact
on a biological drug’s efficacy and potential patient safety.

Neutralizing antibodies (NAb), a type of antidrug antibody,
specifically block the biological activity of therapeutic proteins
and thus result in the reduced efficacy of therapeutic protein
products.1−3 Functional cell-based assays, rather than com-
petitive ligand binding assays (LBA), are the preferred format
to evaluate the presence of the drug-associated NAb in a
patient’s serum samples,4 but these assays are more susceptible
to serum matrix effects and drug interferences.5,6 Human serum
contains many growth factors, cytokines, and other biological
factors which may have a direct impact on the cells used in the
assay. A high-concentration drug in a patient serum sample also
directly affects the performance of the cell-based NAb assay.
Therefore, sample cleanup to remove these serum components
and the drug from serum samples prior to the cell-based assay is
essential in the development of a NAb assay. Bead extraction
and acid dissociation (BEAD) is an effective approach to purify
and enrich the NAb from serum samples and has been
demonstrated to improve sensitivity and increase drug
tolerance.7 However, during the BEAD, certain amounts of
the drug and serum components may be still carried over to the

cell-based assay due to two binding arms of the drug-associated
ADA or through nonspecific binding to the beads in the BEAD
treatment, both of which need to be evaluated in the NAb assay
development. The NAb recovery also needs to be determined
to ensure appropriate assay sensitivity. It would require a
bioanalytical assay to determine the levels of the residual drug
and endogenous IgG (an indicator of residual serum
components) and the NAb in the BEAD eluates. To our
knowledge, there is no report to date to measure residual
monoclonal antibody (mAb) drug in the BEAD-treated serum,
mainly due to the following two reasons. First, the antigen-
binding sites of the residual drug may be blocked by the high-
concentration NAb. In our case, the residual human IgG4 drug
is ∼300 ng/mL in the presence of μg/mL-level NAb positive
control (NAb-PC), which makes the accurate measurement by
the highly sensitive electrochemilumencent-bridging assay
difficult. Second, currently no antibody is available that can
specifically distinguish the Fc-region mutated (S229P) human
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IgG4 drug and endogenous human IgG4. LC-MS/MS is well-
suited to these applications and has been demonstrated to be
an orthogonal method to LBA in the quantitation of proteins in
plasma or serum.8−14 LC-MS/MS is selective, flexible, and
capable of multiplexing to (a) distinguish the target peptides
from other interfering peptides by combining the separating
powers of chromatography and mass spectrometry, (b) adjust
quantitation ranges by changing sample aliquot volumes, LC
injection volumes, or MS parameters, and (c) simultaneously
quantitate multiple target peptides derived from different
proteins or a same protein using multiple reaction monitoring
(MRM) mode. Here, we report a novel application of LC-MS/
MS to assess key parameters (the levels of the residual drug and
endogenous IgG and the NAb recovery) of the BEAD during
method development of a cell-based NAb assay. The amounts
of mAb drug, endogenous human IgG, and the NAb-PC in the
BEAD eluates were simultaneously quantitated by a selective,
sensitive, and accurate LC-MS/MS assay. The results provided
useful information to evaluate the BEAD efficiency of removing
serum components and extracting the NAb, which guides the
optimization of the BEAD.

■ EXPERIMENTAL SECTION
Reagents and Chemicals. The drug (a reengineered

mutated IgG4, molecular weight ∼150 kDa) and the NAb-PC
(mouse monoclonal antibody against the drug, IgG1a/b) were
obtained from Bristol-Myers Squibb (BMS) Research and
Development. The internal standards (IS) were the synthetic
peptides containing stable isotopically labeled (SIL) amino
acids ([13C6,

15N]leucine or [13C5,
15N]valine) and flanking

amino acids on the N-terminal and/or C-terminal, and these
were designated as SIL-f-ASGI, SIL-f-YGPP, and SIL-f-VVSV
(Table 1). Methanol (HPLC grade), acetonitrile (HPLC
grade), isopropanol (HPLC grade), 1 M 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) buffer solution,
ammonium bicarbonate, dithiothreitol (DTT), iodoacetamide
(IAA), phosphate-buffered saline (PBS) tablet, and Trizma base
were purchased from Sigma-Aldrich (St. Louis, MO).

Sequencing grade trypsin (catalog no. V5111) was purchased
from Promega (Madison, WI). Formic acid and glycine were
obtained from EMD Biosciences (Gibbstown, NJ). Fetal bovine
serum (FBS) and Dulbecco’s Modified Eagle Medium
(DMEM) cell culture medium were obtained from Gibco
(Grand Island, NY). Biotin−drug was prepared in-house. Sea-
Mag magnetic streptavidin-coated particles were purchased
from Thermo (Indianapolis, IN). The blank BEAD matrix was
prepared by mixing 100 mL of 300 mM glycine (pH 3.0), 22
mL of 400 mM HEPES (pH 8.2), and 13 mL of DMEM
medium containing 10% FBS.

Bead Extraction and Acid Dissociation (BEAD). The
BEAD procedure and the mechanisms for low NAb recovery
and residual drug and endogenous IgG are illustrated in Figure
1. The experimental protocol was adapted from the literature15

and further optimized in our laboratory. Human serum samples
(100 μL) were treated with 100 μL of 400 mM glycine-HCl
(pH 2.0) at room temperature for 1 h, followed by a 90 min
treatment with 27.5 μL of a capture solution which contained
182 μg/mL of the biotin−drug in 1.8 M Trizma base (pH 8.8).
After the incubation of the treated samples with 25 μL of
streptavidin-coated magnetic beads (6 mg/mL) at room
temperature for 1 h, the beads were washed three times with
phosphate-buffered saline/Tween-20 (PBST) using a magnetic
block to hold beads in the plate. Then, 90 μL of 300 mM
glycine-HCl (pH 3.0) was added to each sample, and the
samples were incubated at room temperature for 10 min. Eighty
microliters of the supernatant was transferred to a new
polypropylene plate containing 25 μL of neutralizing buffer
(400 mM HEPES/DMEM medium with 10% FBS, 1:1.7, v/v).
The final solutions were stored at −20 °C until LC-MS/MS
analysis.
In the steps of the first acid dissociation and the biotin−drug

replacing the unlabeled drug (Figure 1), three types of drug−
NAb complexes can form due to the two binding arms of the
NAb: one NAb with two biotin−drugs (Complex I), one NAb
with one biotin−drug and one unlabeled drug (Complex II),
and one NAb with two unlabeled drugs (Complex III). Both

Figure 1. Mechanisms for residual drug and human IgG and low NAb recovery in the bead extraction and acid dissociation (BEAD). AD, acid
dissociation.
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Figure 1. Mechanisms for residual drug and human IgG and low NAb recovery in 
the bead extraction and acid dissociation (BEAD). AD, acid dissociation
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Complex I and Complex II contain the biotin−drug and can be
captured by streptavidin-coated beads allowing for their
separation from the serum matrix upon washing. Using a
second acid dissociation and neutralization, the NAb (from
Complexes I and II) and the unlabeled drug (from Complex II)
were both eluted from the beads. The unlabeled drug carried
over by Complex II is called “residual drug”. Complex III
cannot be captured by the beads, which causes the loss of the
NAb during the BEAD (i.e., low NAb recovery). Meanwhile, a
certain amount of serum components such as human IgG may
also be carried over due to nonspecific binding to the bead’s
surface or the NAb.
Selection of Quantitation Peptides and Confirmatory

Peptides for the LC-MS/MS Assay. Three analytes (the
drug, the NAb-PC, and human IgG) in this study are all IgG
(∼150 kDa). Tryptic peptides derived from the purified
materials of the drug and the NAb-PC were screened by LC-
MS/MS using an information-dependent acquisition (IDA)
method (Q3MS survey scan coupled with MS/MS dependent
scan). To select protein-specific peptides for LC-MS/MS
analysis, the tryptic peptides with good LC-MS/MS sensitivity
were further evaluated with the BEAD-treated blank matrix.
Those peptide signals absent from the BEAD-treated blank
matrix were identified as specific peptides for the proteins.
These specific peptides were identified by interpreting in-silico
tryptic peptides (PeptideMass, http://web.expasy.org/peptide_
mass/) from each protein. The peptide uniquely present in the
protein is called “unique peptides”, and the one commonly
present in a group of proteins (such as human IgG) is called
“common peptides”. The peptide chosen for quantitation of the
intact protein is called “quantitation peptide”, which is generally
located in the complementarity-determining region (CDR).
Another peptide from a different location of the same protein is
called “confirmatory peptide”, which is used to confirm the data
accuracy of the “quantitation peptide” and the integrity of the
protein primary structure in the samples. The data of the
“quantitation peptide” were reported, and the data of the
“confirmatory peptide” were used for evaluating the data
agreement between two peptides. After selecting these peptides
for the LC-MS/MS analysis, the MRM ion transition for each
peptide was determined on the basis of the product ion spectra
in which the most prominent product ion was selected. The MS
parameters (gas flow-rate, temperature, electrospray voltage,
declustering potential, collision energy, and collision cell exit-
potential) were optimized by analyzing the tryptic peptides
with varied values for each MS parameter.
Preparation of Calibration Standards, QCs, and

Human Serum Samples. Calibration standards (50, 100,
200, 500, 1000, 2000, 5000, and 10 000 ng/mL) and QCs (50,
150, 850, 5000, 8000, and 100 000 ng/mL) were prepared from
stock solutions of the drug (10 mg/mL) and the NAb-PC (5
mg/mL) by serial dilutions with the blank BEAD matrix.
Identical nominal concentrations were assigned to the unique
peptides ASGI (quantitation peptide) and YGPP (confirmatory
peptide) for the drug, the unique peptides VNSA (quantitation
peptide) and SVSE (confirmatory peptide) for the NAb-PC,
and the common peptide VVSV (quantitation peptide) for the
total of human IgG and the drug, because the peptide VVSV
was derived from both the drug and endogenous human IgG
(Table 1 and Figure 2). The concentration of the endogenous
IgG was obtained by subtracting the measured drug
concentration from the total concentration. To evaluate the
BEAD efficiency of removing the drug and endogenous IgGs

and extracting the NAb, human serum samples were prepared
with the NAb-PC in human serum at the concentrations of 0, 2,
5, 10, and 20 μg/mL (with or without spiking 100 μg/mL of
the drug).

Trypsin Digestion of the BEAD Eluates. The blanks,
calibration standards, QCs, and the BEAD eluates from the
serum samples were processed according to our previously
published LC-MS/MS method14 with modifications. Aliquots
of 25 μL of the samples were pipetted into the wells of a 96-
well low-binding plate, followed by addition of 25 μL of SIL-f-
IS solution (1 μg/mL in 50% methanol/water), except blank
samples, to which 25 μL of 50% methanol/water was added.
After addition of 10 μL of digestion buffer (1 M ammonium
bicarbonate) and 10 μL of acetonitrile, the samples were
reduced with 10 μL of 100 mM DTT at 60 °C for 30 min and
alkylated with 10 μL of 250 mM IAA at 30 °C for 30 min. The
digestion was initiated by adding 10 μL of 0.2 mg/mL trypsin
(prepared in 0.1% formic acid/water solution) and incubating
at 50 °C in a preheated thermomixer (1000 rpm) for 90 min.
The digestion reaction was quenched by adding 25 μL of 10%
formic acid in acetonitrile, and the samples were then filtered
with a 96-well filter plate before LC-MS/MS analysis.

LC-MS/MS Assay. The protein digests (20 μL) were
injected into a high-performance liquid chromatography system
(model LC-30AD, Shimadzu Scientific Instruments, Inc.,
Columbia, MD) fitted with an Acquity UPLC BEH C18
column (2.1 × 100 mm, 1.7 μm, Waters Co., Milford, MA).
The mobile phases of 0.1% formic acid in water (A) and 0.1%
formic acid in acetonitrile (B) were delivered under a gradient
program, consisting of 5% B to 42% B for 9 min. The flow-rate
was 0.15 mL/min. The HPLC eluent was introduced into an
AB Sciex 5500 triple-quadrupole mass spectrometer (Foster
City, CA). The peptides were ionized in positive electrospray
mode (curtain gas, 30 units; CAD gas, 8 units; gas 1, 40 units;
gas 2, 50 units; ion spray voltage, +4000 V; temperature, 500
°C) and analyzed by the triple quadrupole analyzers in the
MRM mode. The mass-dependent quadrupole parameters were
listed in Table 1. The acquired chromatographic peaks were
integrated using the Analyst software (version 1.5.1, AB
SCIEX), and calibration curve regression and concentrations
of the QCs and the BEAD eluates were calculated with Watson
LIMS (version 7.3, Thermo Fisher Scientific, Inc.).

Cell-Based NAb Assay. The interleukin 2 (IL-2) releasing
cell-based assay was applied to assess the amount of the NAb in
human serum samples. Each BEAD eluate (40 μL) from human
serum samples was incubated with 40 μL of the drug solution
(500 ng/mL, i.e., the effective concentration of the dose−

Figure 2. Quantitation peptides and confirmatory peptides for LC-
MS/MS quantitation of the drug, human IgG, and NAb-PC.
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Figure 2. Quantitation peptides and confirmatory peptides for 
LC-MS/MS quantitation of the drug, human IgG, and NAb-PC.

Simultaneously measured multiple IgG’s by LC-MS/MS!



Jiang/Xu NAb assay development

Outcome 

Evaluated a mutant human IgG4 mAb 
drug, simultaneously measuring drug, NAb 
positive control (a mouse IgG), and 
endogenous human IgG’s as an indicator 
of nonspecific carry-over in the BEAD 
eluate 
- NAb-PC (mouse mAb against the drug) 
- Biotinylated drug 
- Sea-Mag magnetic streptavidin-beads 
- Trypsin digestion 
- LC-MS/MS analysis

•  Demonstrated high drug removal 
efficiency: 
only 0.01% of 100 μg/mL drug 
(~10 ng/mL)

•  Biotin-drug alone contributed 
residual drug in the BEAD eluate 
More than 100 ng/mL for 
observed

•  Measure of NAb PC recovery 
demonstrates expected 
magnitude for NAb ADA 
~42% recovery of the NAb-PC 
within the range of 0−20 μg/mL

•  Versatile 
Can use LC-MS/MS with SIL-IS’s 
Adapt existing PK assay methods 
for protein mAbs
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Standard bridging-ECL anti-therapeutic antibody!
screening and specificity assays!

Hoofring SA et al. Bioanalysis, (2013) 5(9), 1041–1055 
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Figure 1. Bridging anti-antibody–drug conjugate screening and specificity assay. (A) In the 
screening assay, capture and detection using labeled whole ADC reagents (biotinylated and 
ruthenylated) enables the detection of antibodies against any portion of the ADC (monoclonal 
antibody or linker–drug). (B) In the specificity assay, incubation with excess unlabeled ADC 
competes away binding of anti-ADC to the labeled assay reagents, resulting in reduction of signal 
and confirming specificity of the response.  
ADC: Antibody–drug conjugate; Ru: Ruthenium.
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Figure 2. Two potential epitope characterization strategies. (A) In the epitope competition 
method, biotinylated and ruthenylated whole ADC is used for capture and detection in the presence 
of excess unlabeled epitopes (mAb or BSA–linker–drug). (B) In the epitope detection method, 
biotinylated whole ADC is used for capture and ruthenylated epitope (mAb or BSA–linker–drug) is 
used for detection. 
ADC: Antibody–drug conjugate; BSA: Bovine serum albumin; mAb: Monoclonal antibody; 
Ru: Ruthenium.
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ADA bead-based capture 
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Anti-Trastuzumab LC-MS assay evaluation 

ADA PC 
Conc. 

(ng/mL) Sample Name Area ISTD Area
Area 
Ratio

Mean 
Area 
Ratio %CV

QC11-1 55562 558438 0.099
QC11-2 63317 612129 0.103 0.104 4.36
QC11-3 70670 651164 0.109
QC12-1 94528 607711 0.156
QC12-2 97254 602493 0.161 0.161 3.65
QC12-3 97127 580403 0.167
QC13-1 147381 624727 0.236
QC13-2 133011 550542 0.242 0.242 2.63
QC13-3 112649 453071 0.249
QC14-1 336726 574348 0.586
QC14-2 374001 613379 0.610 0.592 2.64
QC14-3 95659 164913 0.580
QC15-1 678910 456540 1.487
QC15-2 749546 513413 1.460 1.524 5.84
QC15-3 858925 528288 1.626

8000

1000

3000

250

500

Affinity capture: Trastuzumab-biotin/streptavidin Dynabeads™  
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Anti-Trastuzumab LC-MS assay evaluation 

ADA PC/ 
Trastuzumab 

Conc. 
(μg/mL) Sample Name Area ISTD Area

Area 
Ratio

Mean 
Area 
Ratio %CV

QC0-1 43819 571214 0.077
QC0-2 48740 540566 0.090 0.082 8.80
QC0-3 39430 499462 0.079
QC1-1 61602 566097 0.109
QC1-2 63250 556736 0.114 0.111 2.16
QC1-3 60387 543929 0.111
QC2-1 81832 599173 0.137
QC2-2 68746 549720 0.125 0.136 8.15
QC2-3 79247 538129 0.147
QC3-1 120771 588610 0.205
QC3-2 122485 586739 0.209 0.205 1.97
QC3-3 106193 529106 0.201
QC4-1 290690 583218 0.498
QC4-2 289786 529426 0.547 0.525 4.71
QC4-3 278779 527135 0.529
QC5-1 669995 534414 1.254
QC5-2 680044 502377 1.354 1.308 3.86
QC5-3 701094 533056 1.315

0.5/25

0/25

0.25/25

8/25

1/25

3/25
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Anti-Trastuzumab LC-MS assay evaluation 
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PPD ADA LC-MS assay direct approach 

Outcome 

Evaluated anti-Trastuzumab PC ADAs 
in rat plasma, using: 
- goat anti-ID HuCAL® mAb as a PC 
- Trastuzumab-biotin for affinity capture 
- Streptavidin M280 Dynabeads® 
- Sigma SILUMab® internal standard 
- Trypsin digestion 
- LC-MS/MS analysis (“VVSV” peptide)

●  Relative assay sensitivity: 
~250 ng/mL PC Ab

●  Negative cut point: TBD
●  PC ADA curve range  

250-20000 ng/mL (20 μL matrix)
●  Need to test in human after optimization

Considerations 
●  Universal approach for specific isotype? 

Adapt existing non-clinical PK assay 
method for human mAbs, using generic 
SIL-mAb IS

●  Non-IgG isotypes? 
Use other framework peptides (e.g.  
J-chain)

●  Very good sensitivity 
Expect similar to indirect IgG method

●  Carryover from non-specific binding 
(blocking/washing issue?) 
Drug if too high (or in reagent) 
Some biotinylated drug? 
Endogenous IgGs



A work in progress...	
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LC-MS use in IM evaluations 

Alternative for ADA analysis: 
•  Sensitivity good enough?
•  Specificity to distinguish ADA from drug/endogenous Ab’s?
•  Improved drug tolerance due to capture format, or still need to 

remove drug (BEAD or SPEAD)?
•  Still need appropriate positive controls
•  Affinity capture procedure still critical
•  Can isotypes be distinguished using specific framework 

peptides or different capture reagents?
Aid to traditional ADA immunoassays: 
•  Evaluation/optimization of drug depletion procedures
•  Evaluation of labeled reagents (e.g. biotinylated and 

ruthenylated drug)
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IM bioanalysis future 

•  Potential immunogenicity will continue to be a critical concern
•  Innovations in biotherapeutics are increasing the complexity 

of bioanalysis, including immunogenicity testing
•  LC-MS instrument technology keeps improving
•  Both digested (LC-MS/MS) and intact (LC-HRAMS) analysis 

approaches are increasingly being applied to protein analysis
•  LBA technology also evolving
•  Where will this lead?

Apply LBA and LC-MS as complimentary tools 
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