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Abstract 

Dostarlimab (JEMPERLI) is a humanized anti-programmed death 1 (PD-1) immunoglobulin (Ig)G4-kappa monoclonal 
antibody that binds to the PD-1 receptor and competitively inhibits binding of its ligands, PD-L1 and PD-L2. Dostarli-
mab was recently approved in the USA and the European Union. Because dostarlimab is a macromolecular therapeu-
tic, it has the potential to elicit the formation of anti-drug antibodies, which have the capability to impact the drug’s 
safety and efficacy and to alter pharmacokinetics. The immunogenic potential of dostarlimab remains unknown, and 
it was therefore necessary to develop analytical assays to detect and characterize anti-drug antibodies as a key com-
ponent in the mitigation of immunogenicity risk. Here, we present the development and optimization of a 3-tiered 
electrochemiluminescense bridging assay for the investigation of dostarlimab clinical immunogenicity. In this work, 
the full details of the method, statistical data analysis and cut point determinations, assay performance during clini-
cal sample analysis, and associated regulatory expectations are discussed. The full validation of this 3-tier anti-drug 
antibody assay enabled dostarlimab immunogenicity evaluation in clinical studies. Trial registration: Clinicaltrials.gov, 
NCT02​715284. Registered 9 March 2016
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Introduction
Dostarlimab (JEMPERLI) is a humanized anti-pro-
grammed death 1 (PD-1) immunoglobulin (Ig)G4-kappa 
monoclonal antibody (mAb) that competitively inhibits 
the PD-1 receptor by blocking binding of its ligands (PD-
L1 and PD-L2) (Oaknin et al. 2020). In the USA, dostar-
limab was recently approved as a monotherapy in adult 
patients with mismatch repair-deficient (dMMR) recur-
rent or advanced endometrial cancer that has progressed 

on or after a platinum-containing regimen (US Food 
and Drug Administration 2021). In the European Union, 
dostarlimab was recently approved as a monotherapy 
in adult patients with recurrent or advanced dMMR/
microsatellite instability-high endometrial cancer that 
has progressed on or after treatment with a platinum-
containing regimen (European Medicines Agency 2021). 
As with other antibodies, anti-drug antibodies (ADAs) 
may be detectable after the administration of dostarlimab 
(Pineda et al. 2016).

ADAs may interfere with therapeutic antibodies, lead-
ing to a reduction in efficacy and/or an altered pharma-
cokinetic (PK) profile, and have the potential to trigger 
adverse immune-mediated events that can be as serious 
as anaphylaxis (Bloem et al. 2017; Garcês and Demengeot 
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2018). However, it is currently impossible to predict the 
impact of the immunogenicity of dostarlimab prior to 
experience in the clinic. Therefore, it is necessary to 
develop analytical assays to evaluate the potential clinical 
impact of ADAs (Pineda et al. 2016). Today, several dif-
ferent analytical design options exist for the detection of 
ADAs to mAb therapeutics. Of these, the most frequently 
used detection strategies are conventional enzyme-linked 
immunosorbent assays (ELISA) and immunoassays using 
electrochemiluminescence (ECLIA) detection. Such 
assays can be performed using direct, indirect, and bridge 
formats (Pineda et al. 2016). The ELISA format has been 
associated with higher rates of false-positives, high back-
ground noise, and poor detection of low-affinity ADAs 
(Pineda et  al. 2016; Wadhwa et  al. 2015). In contrast, 
the electrochemiluminescense (ECL) platform is associ-
ated with low background noise and increased sensitivity 
with multiple orders of dynamic range, thus increasing 
the assay throughput and providing for the possibility of 
detection of low-affinity ADAs (Wadhwa et al. 2015).

A multitiered approach (screening, confirmatory, and 
titer) for the identification and characterization of ADAs 
is the standard testing paradigm used today, and it is rec-
ommended by regulatory agencies (Jaki et  al. 2016). In 
addition, bioassays or ligand binding assays can be used 
to identify neutralizing Abs.

The United States Food and Drug Administration 
(FDA) recommends that screening assays be designed to 
deliver a false-positive rate of 5% to decrease the possi-
bility of false-negatives (Jaki et al. 2016; Jani et al. 2015). 
Therefore, to remove most false-positives that passed 
the screening assay, confirmatory assays are designed to 
reduce false-positive results to a 1% rate. Appropriate and 
stringent positivity cut points (screening, confirmatory, 
and titer) must be established for each tier of the process.

Here, we present the development and optimization 
of a 3-tiered ECL bridging assay for the detection, con-
firmation, and titer assessment of ADAs against dostar-
limab. In this work, full details of the method, statistical 
data analysis and cut point determinations, assay per-
formance during clinical sample analysis, and associated 
regulatory expectations are discussed. The full validation 
of this 3-tier ADA assay enabled evaluation of dostarli-
mab immunogenicity in clinical studies.

Materials and methods
Materials
Critical reagents
A negative control (NC) containing 10 pooled lots of nor-
mal human serum (NHS; BioIVT, Westbury, NY) was 
used throughout the study. Two positive controls (PCs) 
were used for method validation. The first control was 
a dostarlimab-affinity purified anti-idiotypic polyclonal 

rabbit anti-dostarlimab PC antibody (pAb; AnaptysBio, 
San Diego, CA). The second control was a mouse mAb 
generated from clone #6G10 (Precision Antibodies, 
Columbia, MD). Both the pAb and mAb were evaluated 
in selectivity, sensitivity, and drug tolerance experiments, 
and the pAb was used in all remaining validation experi-
ments described in this paper. Dostarlimab (WuXi, Phila-
delphia, PA) was obtained at a concentration of 20.7 mg/
mL. Biotin-labeled dostarlimab (AnaptysBio) for captur-
ing was produced at a concentration of 3.0 mg/mL, and 
SULFO-TAG-labeled dostarlimab (Meso Scale Discovery 
[MSD], Rockville, MD) for detection was obtained at a 
concentration of 5.0 mg/mL. Gold 96-well streptavidin 
SECTOR plates in black (MSD) were used for the ECL 
assays.

Serum selections for determination cut points
Cut points were estimated using a block design as recom-
mended by Devanarayan et  al. and according to recent 
guidance documents (Devanarayan et al. 2017; European 
Medicines Agency 2017; US Food and Drug Adminis-
tration 2019). Fifty-one sera from patients with cancer 
(BioIVT) with balanced sex, age, and cancer types were 
selected to establish the screening, confirmation, and 
titer cut points, with 6 observations per patient serum 
sample by 2 analysts with 3 runs/analyst. The sera from 
patients with cancer had not been subject to freeze/thaw 
cycles. Hyperlipidemic serum (BioIVT) and hemolyzed 
serum (BioIVT) were used to evaluate matrix interfer-
ence. Both NHS and serum from patients with cancer 
were used for the selectivity evaluation.

Methods
Assays
Positive control (PC) samples prepared in NHS were as 
follows: pAb low-positive controls (LPCs) 3.45 and 40.0 
ng/mL, mid-positive control (MPC) 500 ng/mL, and 
high-positive control (HPC) 20,000 ng/mL. The mini-
mum required dilution (MRD) for samples was 4. Con-
trols and samples were diluted to the MRD using low 
cross (LC) buffer (Candor, Wangen, Germany).

Tier 1: Screening assay
Intermediate 1:10 dilutions of both SULFO-TAG-labeled 
dostarlimab and biotin-tagged dostarlimab with LC 
buffer were made. The SULFO-TAG-labeled dostarli-
mab dilution (22.0 μL) and the biotin-tagged dostarlimab 
dilution (36.7 μL) were added to 11.0 mL of LC buffer to 
create a master mix (MM). Both samples and pAb PCs 
(LPC [40.0 ng/mL], MPC, and HPC) were diluted to the 
MRD with LC buffer. To note, after validation, a second 
pAb LPC at a concentration of 3.45 ng/mL was added 
to ensure a 1% false-negative rate for day-to-day sample 
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analysis. MM (200 μL) was added to each diluted PC and 
sample tube, which were then incubated at 25 °C for 3 h 
with agitation. With 1 h left of the 3-h MM incubation, 
a streptavidin gold plate was removed from the refrig-
erator and allowed to reach room temperature. The plate 
was blocked with 150 μL of LC buffer per well at 25 °C 
for 30 min with agitation, occurring simultaneously with 
the end of the MM incubation period. The assay plate 
was then washed 3 times on a plate washer. Next, 50.0 
μL of all samples and PCs were added to the plate and 
incubated for 1 h at 25 °C with agitation. The plate was 
washed 3 times on the plate washer and then the assay 
was stopped by the addition of 150 μL of 2X read buffer 
(MSD). The plate was then read using the MESO Quick-
Plex SQ 120 (MSD).

Tier 2: Confirmatory assay
Intermediate 1:10 dilutions of both SULFO-TAG-labeled 
dostarlimab and biotin-tagged dostarlimab were made 
with LC buffer. The SULFO-TAG-labeled dostarlimab 
dilution (22.0 μL) and the biotin-tagged dostarlimab dilu-
tion (36.7 μL) were added to 11.0 mL of LC buffer to cre-
ate a MM. In addition, an LC-drug buffer was prepared 
by diluting dostarlimab (20.7 mg/mL) to 540 μg/mL in 
LC buffer. Two sets of pAb PCs (LPC [40 ng/mL], MPC, 
and HPC) and samples were diluted to the MRD—one 
set was diluted with LC buffer (unspiked) and the other 
set was diluted with LC-drug buffer (spiked with unla-
beled drug, final dostarlimab concentration 405 μg/mL). 
The diluted PCs and samples were then incubated at 25 
°C for 1 h with agitation. MM (200.0 μL) was added to 
each diluted PC and sample tube, which were subse-
quently incubated at 25 °C for 3 h with agitation. At this 
point, the assay was completed in a manner identical to 
the screening assay.

Tier 3: Titer assay
The pAb PCs (LPC [40 ng/mL], MPC, and HPC) were 
diluted to the MRD with LC buffer for plate controls. 
Samples and an additional pAb MPC for low-titer sam-
ples or HPC for high-titer samples, to serve as the titer 
control, were diluted to the MRD with LC buffer. The 
titer control and samples were then prepared in a three-
fold dilution series (1:4, 1:12, 1:36, 1:108, 1:324, 1:972, 

1:2916, and 1:8748 for low-titer samples; 1:972, 1:2916, 
1:8748, 1:26,244, 1:78,372, 1:236,196, 1:708,588, and 
1:2,125,764 for high-titer samples) using assay diluent 
buffer (25% NHS; 4.0 mL NHS + 12.0 mL LC buffer). 
MM (200 μL) was added to each diluted PC and sample 
tube, which were then incubated at 25 °C for 3 h with agi-
tation. At this point, the assay was completed in a man-
ner identical to the screening assay.

Acid dissociation
During method development, acid dissociation through 
acetic acid (AA) was evaluated to improve the drug toler-
ance. Two acid dissociation experiments were performed 
using a set of mouse mAb with PC concentrations at 0, 
78.125, 156.25, 312.5, 625, 1250, 2500, and 5000 ng/mL. 
The first experiment evaluated different acid dissocia-
tion incubation times (15 min, 20 min, and 45 min) with 
300 mM AA compared with no acid dissociation step. 
The second experiment was conducted to optimize the 
AA concentration (300 mM, 600 mM, and 900 mM) for 
acid dissociation. In this second experiment, different AA 
concentrations were incubated with the drug for 45 min 
and were compared.

Cut points and method validation
Cut point determination
Table  1 shows a balanced Latin square design to estab-
lish the cut points for screening, confirmatory, and titer 
assays, through 2 analysts, with 3 runs each. Individual 
serum samples obtained from the treatment-naive tar-
get population were divided into 3 groups of 17 samples 
for a total of 51 samples. Each group was tested on a 
single plate by 2 analysts in each of 3 independent assay 
runs. The plate formats are listed in Table  2. The plates 
included samples both in the presence (405 μg/mL, high-
lighted in gray) and absence of unlabeled dostarlimab 
(in white). The reported value for each test sample was 
the mean ECL response from duplicate wells on a plate 
(Table  2). The NCs were tested twice in the front and 
back of each plate, and the means of the duplicate wells 
were reported for a total of 72 ECL values. The pAb LPC 
(40 ng/mL only), MPC, and HPC were tested once on 
each plate for a total of 18 ECL values for each PC.

Table 1  Balanced Latin square study design

Analyst 1 Analyst 2

Run 1 Group A Group B Group C Run 4 Group C Group A Group B

Run 2 Group B Group C Group A Run 5 Group B Group C Group A

Run 3 Group C Group A Group B Run 6 Group A Group B Group C

Plate order 1 2 3 Plate order 1 2 3
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All statistical analyses were completed using R (version 
3.2.5). Statistical methods used for the analyses were con-
sistent with procedures recommended by Devanarayan 
et  al. when applied to immunoassay designs described 
by Mire-Sluis et al. (Devanarayan et al. 2017; Mire-Sluis 
et al. 2004).

Sources of variation in the log-transformed NC ECL 
values, the serum signal-to-noise (S/N) ratio values (ECL 
value from each sample/geometric mean of NC values 
from the plate after exclusion of NC analytical outliers), 
the percent inhibition (%INH) in the presence of added 
unlabeled dostarlimab, and the pAb LPC (40 ng/mL) val-
ues were investigated using separate linear mixed effects 
analysis of variance (ANOVA) models. The fixed effects 
were analyst, plate order, sex (S/N ratio and %INH), 
and location (NC only) for systemic difference. The sig-
nificance level for systemic difference in the least square 
mean response was 0.05 for each fixed effect. The random 
effects in the model were run-nested within analyst, assay 
number (NC only), and residual for NC and pAb LPC (40 
ng/mL). Random effects were included for sample within 

group, run within analyst, assay number, and residual for 
S/N ratio and %INH. The analytical statistical outliers 
(referring to process differences including testing method 
variations) were identified as outside of 1.5 times the 
interquartile range. For S/N ratio and %INH, the identi-
fied outliers were removed, and the model was re-fit until 
no outlying values were detected. The distribution of 
individual sample best linear unbiased predictor (BLUP) 
values was then examined to identify samples as “bio-
logic” statistical outliers (referring to sample source dif-
ferences at patient level) by applying the same criterion of 
1.5 times the interquartile range. All values for individual 
samples identified as biologic outliers were removed, and 
the statistical analysis was repeated until no further outli-
ers were present. Normality of conditional residual values 
and sample BLUP values was evaluated by the Shapiro-
Wilk test and consideration of the skewness coefficient 
as a relative measure of symmetry (Bulmer 1979; Shapiro 
and Wilk 1965). The skewness coefficient was calculated 
as a relative measure of symmetry. A skewness coefficient 
of 0 indicates that the data are perfectly symmetrical. If 

Table 2  Independent single-plate formats for assay runs

a LPC concentration is 40 ng/mL; white cell, unspiked sample; gray cell, spiked with 405 ng/mL unlabeled dostarlimab

Group A 1 2 3 4 5 6 7 8 9 10 11 12
A NC NC Cut point sample 4 Cut point sample 8 Cut point sample 12 Cut point sample 16

B NC NC Cut point sample 4 Cut point sample 8 Cut point sample 12 Cut point sample 16

C LPCa Cut point sample 1 Cut point sample 5 Cut point sample 9 Cut point sample 13 Cut point sample 17

D LPCa Cut point sample 1 Cut point sample 5 Cut point sample 9 Cut point sample 13 Cut point sample 17

E MPC Cut point sample 2 Cut point sample 6 Cut point sample 10 Cut point sample 14 NC

F MPC Cut point sample 2 Cut point sample 6 Cut point sample 10 Cut point sample 14 NC

G HPC Cut point sample 3 Cut point sample 7 Cut point sample 11 Cut point sample 15 NC

H HPC Cut point sample 3 Cut point sample 7 Cut point sample 11 Cut point sample 15 NC

Group B 1 2 3 4 5 6 7 8 9 10 11 12
A NC NC Cut point sample 21 Cut point sample 25 Cut point sample 29 Cut point sample 33

B NC NC Cut point sample 21 Cut point sample 25 Cut point sample 29 Cut point sample 33

C LPCa Cut point sample 18 Cut point sample 22 Cut point sample 26 Cut point sample 30 Cut point sample 34

D LPCa Cut point sample 18 Cut point sample 22 Cut point sample 26 Cut point sample 30 Cut point sample 34

E MPC Cut point sample 19 Cut point sample 23 Cut point sample 27 Cut point sample 31 NC

F MPC Cut point sample 19 Cut point sample 23 Cut point sample 27 Cut point sample 31 NC

G HPC Cut point sample 20 Cut point sample 24 Cut point sample 28 Cut point sample 32 NC

H HPC Cut point sample 20 Cut point sample 24 Cut point sample 28 Cut point sample 32 NC

Group C 1 2 3 4 5 6 7 8 9 10 11 12
A NC NC Cut point sample 38 Cut point sample 42 Cut point sample 46 Cut point sample 50

B NC NC Cut point sample 38 Cut point sample 42 Cut point sample 46 Cut point sample 50

C LPCa Cut point sample 35 Cut point sample 39 Cut point sample 43 Cut point sample 47 Cut point sample 51

D LPCa Cut point sample 35 Cut point sample 39 Cut point sample 43 Cut point sample 47 Cut point sample 51

E MPC Cut point sample 36 Cut point sample 40 Cut point sample 44 Cut point sample 48 NC

F MPC Cut point sample 36 Cut point sample 40 Cut point sample 44 Cut point sample 48 NC

G HPC Cut point sample 37 Cut point sample 41 Cut point sample 45 Cut point sample 49 NC

H HPC Cut point sample 37 Cut point sample 41 Cut point sample 45 Cut point sample 49 NC
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skewness is less than −1 or greater than +1 and then the 
distribution is highly skewed; if skewness is between −1 
and −½ or +½ and +1 and then the distribution is mod-
erately skewed, and if skewness is between −½ and +½ 
and then the distribution is approximately symmetric. 
Typically, the parametric cut point estimates are recom-
mended if the normality test is satisfied (i.e., P > 0.05); 
however, if normality may not be assumed and then the 
parametric cut point estimate may be used if the distri-
bution is not highly skewed (i.e., if skewness is between 
−1 and +1) (Shapiro and Wilk 1965).

Cut point determination, a parametric method with 
Tukey’s biweight procedure (Mosteller and Tukey 1977), 
was used to calculate robust estimates of the mean and 
standard deviation (SD) of all log-transformed ratios (for 
both screening cut point and titer cut point) and %INH 
(for confirmatory cut point). A conservative false-positive 
rate of 5%, which can minimize the probability of false-
negative results (Mire-Sluis et  al. 2004), was used for 
screening cut point determination. Respective error rate 
for confirmatory and titer cut point was 1% and 0.1%. The 
cut point values were then determined by multiplying the 
SD value by the respective quantile of the t-distribution 
and adding the product to the mean value. For determin-
ing both screening and titer cut point factor, inverse log 
transformation was required. The nonparametric 5% cut 
point factor (for screening) and 1% error rate (for con-
firmatory) were determined by calculation of the empiri-
cal 95th for the log-transformed ratio values followed 
by an inverse log transformation and 99th percentile for 
%INH. The sample size to support the 99.9th percentile is 
at least 1000; thus, the sample set for the titer assay was 
insufficient for a nonparametric cut point estimate.

An estimate of the false-negative error rate was deter-
mined for the pAb LPC (40 ng/mL) with the assump-
tion that the distribution of log-transformed S/N values 
is approximately normal. The false-negative error rate, 
defined as the probability of observing a S/N ratio less 
than the screening cut point factor in a known positive 
sample, was calculated based on the mean and SD of all 
log-transformed pAb LPC (40 ng/mL) S/N values and a 
t-distribution with degrees of freedom equal to the num-
ber of ratio values minus 1.

Method validation and application
Assay validation was conducted according to the white 
paper by Shankar et al. and recent guidance documents 
(European Medicines Agency 2017; Shankar et al. 2008; 
US Food and Drug Administration 2019). Intra-assay 
precision was assessed for 5 sets of pAb PCs (LPC [40 
ng/mL], MPC, and HPC), each tested in duplicated wells 
for a total of 10 wells in a single run. Inter-assay preci-
sion was assessed for all observations of each PC sample 

across all 18 runs. PCs were run once on each plate for 
a total of 18 values at each PC level. Inter-assay preci-
sion was assessed for all observations of each NC sample 
across all runs. NCs were run 4 times on each plate for a 
total of 72 values. Acceptance criteria were set at ≤ 20% 
for both intra- and inter-assay precisions of all PCs and 
NCs.

Hook effect was evaluated for the range of 313 ng/mL 
to 40,000 ng/mL. Acceptance criteria were the increase 
in ECL values with increasing concentrations and/or pla-
teau at the highest level.

Selectivity was assessed using 10 NHS samples and 10 
cancer sera samples for recovery of spiked rabbit pAb at 
40.0 ng/mL and 20,000 ng/mL in a single batch. In addi-
tion, selectivity was assessed using 10 NHS samples and 
10 cancer sera samples for recovery of spiked mouse 
mAb at 40.0 ng/mL and 500 ng/mL in a single batch. 
Acceptance was determined by ECL values of high- and 
low-spiked samples being within 80–120% of those for 
buffer spiked with equivalent antibody.

Matrix effects were assessed using hemolyzed pooled 
serum samples (1000 mg/dL) spiked with pAb at 20,000 
and 40.8 ng/mL and lipemic pooled serum samples 
spiked with pAb at 20,000 and 80.0 ng/mL. Acceptance 
was determined by the samples scoring negative for 
unspiked and positive for spiked samples.

Sensitivity was assessed using mouse mAb spiked into 
NHS at concentrations ranging from 20.0 to 0.00985 ng/
mL (before application of MRD of 4), prepared 6 inde-
pendent times, and analyzed in 6 runs by 2 different ana-
lysts. Sensitivity was also evaluated using pAb under the 
same conditions. Sensitivity was determined by the low-
est concentration (ng/mL) of antibody determined posi-
tive above the screening assay cut point.

Drug tolerance studies were conducted in the screening 
assay to assess the sensitivity of the assay in the presence 
of dostarlimab. The assessment was conducted indepen-
dently using both mAb and pAb. Acceptance was deter-
mined by the highest drug concentration at which the PC 
remained positive.

The stability of the assays was assessed at different time 
points and temperatures, including 23 h 55 min at room 
temperature, 24 h at 2–8 °C, and 5 freeze-thaw cycles 
from −80 °C. Acceptance criteria were PC samples that 
remained positive and had a percent coefficient of varia-
tion (%CV) ≤ 20% for replicates.

Robustness of the assays, both screening and confirma-
tory, was evaluated for the incubation time at each step of 
the assay, including block, MM, sample (screening), drug 
(confirmatory), and streptavidin plate (confirmatory).

The acceptance criteria for in-study runs were estab-
lished using all validation PC (NC and PCs) results, 
except the data from the assay robustness evaluation.
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The validated method has been applied to the GARNET 
trial (NCT02715284) for both FDA and EMA approvals 
and associated labels of dostarlimab (ClinicalTrials.gov 
2016; European Medicines Agency 2021; Jemperli 2021).

Results
Cut points
Source of variation
NC ECL values. None of the NC values had a high %CV 
(> 20%); thus, all values were used in the NC analysis. No 
values were identified as statistical outliers, leaving all 
72 NC values in the final analyses. Model assumptions 
were confirmed by the Shapiro-Wilk test for normal-
ity of conditional residual values (P = 0.086) but were 
not confirmed by the Levene’s test for homogeneity of 
within-run sample variances (P < 0.001). A statistically 
significant difference was observed among the run means 
(P < 0.001).

S/N ratio values
None of the ECL values had a high %CV (> 20%); thus, 
all 306 values were included in this analysis. The linear 
mixed effects ANOVA of the log-transformed S/N ratio 
values identified 68 values as outliers. Twenty-seven val-
ues were identified as analytical, or method-level, outli-
ers and 8 samples (41 additional values) were identified 
as biological, or patient-level, statistical outliers, leaving 
a total of 238 values for cut point assessment. No statis-
tically significant differences were observed among the 
least square means for the fixed model effects (P > 0.05).

Differences among individual samples contributed 
91.2% of the total random variation in log-transformed 
S/N ratio values. The remaining variation was due to 
analytical components: 2.9% due to run and 5.9% due 
to other residual effects. Model normality assumptions 
were confirmed by the Shapiro-Wilk test for the condi-
tional residual values (P = 0.60) and for the sample BLUP 
values (P = 0.12). Levene’s test confirmed the homoge-
neity assumption for intra-plate serum sample variances 
among plates (P = 0.24), and no statistically significant 
differences were observed among the run-plate mean 
values (P = 0.092). The normality assumption was not 

confirmed by the Shapiro-Wilk test for the distribution of 
the actual log S/N values used in the analysis (P < 0.001); 
however, the skewness coefficient (0.856) was within the 
acceptance limits to allow the use of the parametric cut 
point estimates.

Percent inhibition
None of the 306 %INH values was identified as having 
a %CV (> 20%). The linear mixed effects ANOVA of the 
306 (untransformed) %INH values identified 50 values as 
outliers. Fifteen values were identified as analytical out-
liers, and 6 samples (35 additional values) were identi-
fied as biological statistical outliers. These outliers were 
excluded from the cut point assessment, leaving a total of 
256 values.

No statistically significant differences were observed 
among the least square means for the fixed model effects 
(P > 0.05). Normality assumptions were confirmed by the 
Shapiro-Wilk test for the conditional residuals (P = 0.74) 
but were not confirmed for the BLUP values (P = 0.011). 
The normality assumption was not confirmed by the Sha-
piro-Wilk test for the distribution of the actual %INH val-
ues (P < 0.001); however, the skewness coefficient (0.777) 
was within the acceptance limits to allow the use of the 
parametric cut point estimates.

Cut point factor determination
The parametric floating screening cut point factor 
of 1.02 was determined for application in the tier 1 
screening assays; the nonparametric estimate of 1.11 
is also valid and may be used. The confirmatory assay 
cut point was 36.5% for parametric and 40.7% for non-
parametric, and the estimated titer cut point factor was 
1.19. Although both the parametric and nonparamet-
ric screening cut point estimates are valid, use of the 
parametric estimate of 1.02 in the validation samples 
identified approximately 11% of the values as poten-
tially positive, whereas the nonparametric estimate of 
1.11 performed more closely to the prescribed 5% level 
(Table 3). Therefore, the 1.11 cut point factor was cho-
sen. The same was observed for the confirmatory cut 

Table 3  Frequency of values above and below cut point estimates following outlier removal

Type Error rate Cut point Above % Above Below % Below

Frequency of S/N ratio values above and below the screening cut point estimates following outlier removal

  Parametric 5% 1.02 27 11.34 211 88.66

  Nonparametric 5% 1.11 11 4.62 227 95.38

Frequency of percent inhibition values above and below the confirmatory cut point estimates following outlier removal

  Parametric 1% 36.54 10 3.91 246 96.09

  Nonparametric 1% 40.73 2 0.78 254 99.22
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point. When the nonparametric cut point of 40.7% 
was used, the identified positive rate was about 0.78%, 
which is closer to the defined 1% false-positive rate 
(Table 3).

Figure 1 provides a bivariate scatter plot of the plate-
specific log-transformed ECL values from the human 
serum samples versus the log-transformed ECL values 
of the NC on the corresponding plates. The linear rela-
tionship between mean values with a slope of 1.19 sup-
ports the application of a floating cut point factor for 
screening test samples for the presence of antibodies to 
dostarlimab, while a slope of 0 indicates that a fixed cut 
point will perform as well as a floating cut point.

Figure  2 presents a scatter plot of the %INH mean 
values versus the associated S/N ratio mean values for 
each individual sample. The S/N ratio nonparametric 
cut point and the %INH 99% nonparametric cut point 
are also shown in Fig.  2. The majority of the sample 
data were well within the limits of the screening and 
confirmatory cut points, and as the S/N ratio increased 
so did the %INH value.

False‑negative rate
None of the LPC (40.0 ng/mL) S/N ratio values were 
identified as “analytic” outliers, leaving all 18 S/N ratio 
values to be used in the estimation of the error rate. The 
false-negative error rate of < 0.1% was computed using 
both parametric and nonparametric cut points of 1.02 
and 1.11, respectively. If the desired false-negative rate is 
1%, the desired mean S/N ratio value of 1.11 or 1.21 is 
62% or 58% lower than the mean ratio of 2.90 with the 
current LPC sample. Thus, a second LPC at a concentra-
tion of 3.45 ng/mL was added to ensure a 1% false-nega-
tive rate for day-to-day sample analysis.

Method validation results
Table  4 provides a summary of the overall validation 
results.

Precision of positive controls
Intra-assay and inter-assay precision for the screen-
ing assay (ECL no drug) was below 10% for all 3 pAb 
PCs, LPC (40.0 ng/mL), MPC, and HPC. The added 
pAb LPC (3.45 ng/mL) for the screening assay, which 

Fig. 1  Plot of log (ECL response) of human serum samples versus log (ECL response) of corresponding negative controls. The solid line is a 
regression line with slope = 1.18804 and intercept = −0.44367. The short-dashed line is a regression line with slope restricted to 1 and intercept = 
−0.06317. The long-dashed line is a regression line with the slope restricted to 1 and intercept restricted to 0
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was used to fulfill the 1% false-negative rate for sample 
analysis, had inter-assay precision at 10.5%. Intra-assay 
and inter-assay precision for the confirmatory assay 
(ECL with drug) was below 5% and 10%, respectively, 
for all 3 pAb PCs, LPC (40.0 ng/mL), MPC, and HPC.

Precision of negative controls
Intra-assay precision was extrapolated from the sam-
ple analysis runs in which 5 replicates of NC were run 
in duplicate (n = 10 wells) on each screening assay 
plate. The %CV ranged from 1.3 to 17.2% over the 76 
passing runs. A similar analysis was performed for 
the 16 rejected runs. One of the 16 runs had a %CV of 
197%. The remaining 15 runs had %CV ranging from 
1.3 to 17.7%. These data support acceptable intra-assay 
precision for the NC in the screening assay. Inter-assay 
precision for the screening assay (ECL no drug) was 
7.0% for the NC. Inter-assay precision for the confirm-
atory assay (ECL with drug) was 7.6% for the NC.

Precision of endpoint titers
Endpoint titers were determined for the pAb HPC, MPC, 
and LPC (40 ng/mL) samples in a total of 4 runs by 2 ana-
lysts (2 runs each). Each sample was serially diluted 1:3 
on 4 independent occasions, and the plate-specific titer 
cut point was determined and reported as the reciprocal 
of the last dilution with an ECL value above the titer cut 
point. For the pAb LPC (40 ng/mL) and MPC, all 4 runs 
resulted in endpoint titers within a single threefold dilu-
tion and, therefore, met the acceptance criteria. In one 
batch, the HPC represented an outlier, with a 2 dilution-
step difference in endpoint titer as compared with the 
other 3 batches. The precision is adequate for a titration 
assay. Based on these data, in the assessment of treat-
ment-boosted ADAs, a single dilution-step difference 
in titer is within the expected measurement error of the 
analytical method. Therefore, at least a ninefold increase 
in titer value was required for a treatment-boosted 
response for the change to be meaningful (US Food and 
Drug Administration 2019).

Fig. 2  Plot of percent inhibition versus log S/N ratio values for all serum samples in study. The vertical reference line is the 95% parametric 
screening cut point of 0.045, which corresponds to an S/N ratio value of 1.109. The horizontal reference line is the 99% parametric confirmation cut 
point of 40.7. PINH is calculated as (signal sample without drug—signal sample with 405 μg/mL drug)/signal sample without drug × 100%
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Sensitivity
The sensitivity of the screening assay was determined 
using both mouse mAb and rabbit pAb spiked into NHS 
at concentrations ranging from 20.0 to 0.00985 ng/mL 

(before application of the MRD of 4), prepared 6 inde-
pendent times and analyzed in 6 runs by 2 different ana-
lysts. The sensitivity was determined as the upper limit of 
the 95th CI of the mean of the intercept concentrations 

Table 4  Validated assay summary

a This additional low control was added after this validation study was complete

Analytical performance characteristic Results

Screening assay validation

  Screening cut point Cut point factor = 1.11, based on a nonparametric estimate, and representing a 
4.6% false-positive error rate

  Precision (%CV) intra-batch by operator 3.6 to 4.7% LPC (40.0 ng/mL)
2.5 to 4.5% MPC
4.1 to 7.6% HPC
1.3 to17.2% NC

  Precision (%CV) inter-batch overall (n = 12 assay by 2 operators) 10.5% LPC (3.45 ng/mL)a

8.3% LPC (40.0 ng/mL)
8.5% MPC
7.2% HPC

  Hook effect (313 ng/mL to 40,000 ng/mL) ECL values increase with increasing concentration and/or plateau at the highest 
level. No hook effect detected

  Selectivity of spiked monoclonal antibody
  10 Matrix lots of normal human serum
  10 Matrix lots of cancer human serum

80% of spikes prepared in normal samples recovered within 80-120%
70% of spikes prepared in cancer samples recovered within 80-120%

  Hemolyzed serum (approximately 1000 mg/dL) HPC and LPC (40 ng/mL) spiked into hemolyzed serum samples correctly
score positive. Unspiked score negative

  Lipemic serum (visually lipemic) Spike samples score positive. Unspiked score negative

  Sensitivity The calculated sensitivity using mouse monoclonal antibody is 0.328 ng/mL and 
with the rabbit polyclonal antibody, 2.83 ng/mL. Both were determined without 
spiking-in drugs

  Drug tolerance The screening assay is tolerant to 250 μg/mL of drug when 500 ng/mL of antibody 
is present

  Room temperature stability in serum: 23 h 55 min %CV ≤ 20% for the replicates of PC samples and remain positive

  Refrigerated stability in serum: 24 h %CV ≤ 20% for the replicates of PC samples and remain positive

  Freeze/thaw stability in serum: 1 to 5 cycles (−80 °C/RT) %CV ≤ 20% for the replicates of PC samples and remain positive

  Robustness of screening assay
  Block (25 to 35 min)
  Master mix (170 to 190 min)
  Sample (50 to 70 min)

% Difference for the robustness timing is ≤ 20% compared with the recom-
mended incubation times

Confirmatory assay validation

  Confirmatory cut point Cut point = 40.7% inhibition, based on a nonparametric estimate, representing a 
1.0% false-positive rate

  Precision (%CV) of ECL values with drug intra-batch HPC: 3.1%
MPC: 2.4%
LPC: 4.3% (40 ng/mL)

  Precision (%CV) of ECL values with drug inter-batch HPC: 9.8%
MPC: 9.1%
LPC: 8.9% (40 ng/mL)

  Robustness of confirmatory assay
  Block (25 to 35 min)
  Master mix (170 to 190 min)
  Drug (57 to 65 min)
  Streptavidin plate (55 to 65 min)

% Difference for the robustness timing is ≤ 20% compared with

Titer assay validation

  Titer cut point Calculated to represent a 0.1% false-positive rate, used to determine the end point 
titer of a sample titered in the method

  Precision of titer determination Endpoint titers between analysts are within one dilution step for 3 of 4 samples 
and within 2 dilutions steps for the remaining sample.



Page 10 of 16Patterson et al. AAPS Open            (2021) 7:11 

at the cut points from 12 runs. The data indicate the 
method sensitivity is 0.328 ng/mL for mAb and 2.83 ng/
mL for pAb without spiking-in drugs. The 99th CI was 
used to estimate the appropriate level for a low-control 
pAb that would represent a 1% failure rate at 3.45 ng/mL.

Selectivity
Ten serum samples from healthy individuals and 10 
serum samples from individuals with cancer were evalu-
ated for recovery of spiked pAb at 40.0 ng/mL and 20,000 
ng/mL. The batch passed all acceptance criteria. Selectiv-
ity did not pass, owing to a significant reduction in signal 
in spiked samples as compared with buffer. This finding is 
attributable to the fact that the rabbit pAb is dostarlimab-
affinity purified and, therefore, retains anti-human Ig 
reactivity. The assigned concentration was that of total Ig, 
inclusive of anti-human Ig species. When human serum 
was spiked with pAb, the loss of signal was due to binding 
of anti-human Ig antibodies to human Ig in the sample. 
Ten serum samples from normal individuals and patients 
with cancer were evaluated for recovery of spiked mAb at 
40.0 ng/mL and 500 ng/mL. A respective 8/10 (80%) and 
7/10 (70%) samples passed the acceptance criteria of ≤ 
20% difference from an equivalent spike into assay buffer.

Drug tolerance
This assessment was conducted using both mAb and pAb 
independently. The drug tolerance for each antibody/
level was reported as the highest concentration of the 
drug for which the PC readout at a defined concentration 
was above the cut point. Using the mAb, the screening 
assay was demonstrated to be tolerant up to 250 μg/mL 
of dostarlimab when 500 ng/mL of mAb was present, or 
125 μg/mL of dostarlimab when 100 ng/mL of mAb was 
present. Lower tolerance at 62.5 μg/mL in the presence of 
500 ng/mL was observed when the rabbit pAb was used; 
however, given that the pAb was not fully purified, a con-
clusion cannot be drawn with confidence.

Matrix effects
Hemolyzed pooled serum samples were spiked with pAb 
at 20,000 and 40.8 ng/mL. Lipemic pooled serum sam-
ples were spiked with pAb at 20,000 and 80.0 ng/mL. 
The initial results demonstrated no interference from 
lipemic serum. The hemolyzed spiked pool scored posi-
tive and the unspiked pool incorrectly scored positive 
as well. The hemolyzed sample containing 1100 mg/dL 
was serially diluted to produce proportionally decreas-
ing levels of hemolysis and tested against the spiked 
and unspiked pools. Once again, the unspiked sample 
returned a positive result regardless of hemolysis level. 
To further understand whether this was a pooled sam-
ple with nonspecific reactivity or if the positivity was due 

to hemolysis, 5 individual samples with various degrees 
of hemolysis were evaluated. All 5 samples scored cor-
rectly, with spiked samples scoring positive and unspiked 
scoring negative, leading to the conclusion that some-
thing unique about the pool caused a positive result. The 
possibility exists that the pool contained pre-existing 
antibodies.

Robustness
Studies were conducted to assess the robustness of the 
timing of incubation steps for both screening and con-
firmatory assays, and the findings were used to define 
the outer boundaries of incubation timing in the labora-
tory method. The percent difference was calculated for 
the ECL values between the baseline timing for all steps 
and for the ECL values for steps with altered incubation 
times. A difference of < 20% was observed for all samples 
and was considered acceptable (Table 5).

Acceptance criteria for in‑study runs
Before the initiation of the in-study phase, in-study plate 
acceptance criteria were defined using all the PC results 
generated during this validation study. The results are 
listed in Table 6. The limits listed below can be recalcu-
lated using additional data from the in-study phase when 
there is a significant change in the assay conditions or 
reagents and/or if the data used during pre-study valida-
tion were found to be inadequate:

•	 99.5% upper limit of NC ECL value
•	 99% upper and lower limit of pAb LPC (40 ng/mL) 

ECL value
•	 99% upper and lower limit of pAb HPC ECL value
•	 >cut point ECL for pAb 3.45 ng/mL LPC

Upper limits are not considered to be critical for the PC 
because the consequence of a “higher than normal” assay 
signal can result in a higher incidence of reactive samples. 
This finding can subsequently prove to be nonspecific by 
the confirmatory assay and, therefore, does not affect 
the false-negative rate of detection. For the confirmatory 
assay, in addition to the ECL acceptance criteria, the pAb 
HPC, MPC, and LPC (40 ng/mL) should be inhibited by 
at least 40.7%, the nonparametric confirmatory cut point 
selected for sample analysis.

Evaluation of acid dissociation
Table 7 summarizes the comparison of method sensitiv-
ity with spiking-in drugs with or without acid dissocia-
tion at different dissociation times for a concentration of 
300 mM AA with 100 μg/mL of free drug. The method 
sensitivity levels were comparable with or without acid 
dissociation when using AA at 300 mM for the different 
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acid dissociation times examined (15, 30, and 45 min). As 
highlighted in green, when considering higher than 75% 
recovery as guidance for biologics criteria, the method 

sensitivity at 156.25 ng/mL was determined to be the 
same across all the incubation times tested.

Table  8 summarizes the comparison of method sensi-
tivity with spiking-in drugs with or without a 45-min acid 
dissociation time at different AA concentrations. The free 
drug concentration was 100 μg/mL. These data suggest 
that the method sensitivity was comparable with or with-
out acid dissociation at 600 mM with 45-min AA dis-
sociation. More outliers were observed for 900 mM AA 
dissociation, where the conditions were apparently too 
acidic, which led to indeterminable sensitivity evaluation. 
The 300 mM AA method demonstrated less sensitivity 
than when acid dissociation was not applied.

Application of the method for clinical sample analysis
There were 1543 samples tested for antibodies to dostar-
limab for the second-line endometrial cancer biologics 
license application (BLA) filing of the GARNET study. Of 

Table 6  Summary of control ECL range setting

a LPC concentration is 40 ng/mL. The 99.5% upper limit of NC was calculated 
as mean + t(0.005, n−1) × SD, where t(0.005, df ) corresponds to a 0.5% error 
rate and n represents the number of independent replicate NC results used in 
this evaluation. The 99% range limits for pAb LPC (40 ng/mL), MPC and HPC ECL 
values were calculated as mean ± t(0.005, n−1) × SD, where t(0.005,df ) and n 
are defined as above and correspond to a 1% failure rate

Mean ECL SD (t0.005 × SD) Mean + 
(t0.005 × 
SD)

Mean – 
(t0.005 × 
SD)

NC 111 10.8 32 143 NA

LPCa 333 36.0 107 440 227

MPC 2802 315.4 937 3739 1865

HPC 145765 14846 44113 189878 101652

Table 7  Comparison of the method sensitivity without or at different acid dissociation time

The bolded values indicate the row with the lowest PC conc which has a recovery ≥ 30%, defined as the sensitivity for each condition

PC conc. (ng/mL) No AA 100 μg/mL free drug 15 min AA 100 μg/mL free 
drug

30 min AA 100 μg/mL free 
drug

45 min mM AA 100 μg/mL 
free drug

Signal S/N % 
Recovery 
mean

Signal S/N % 
Recovery 
mean

Signal S/N % 
Recovery 
mean

Signal S/N % 
Recovery 
mean

5000 1343 4.8 100.9 2579 9.2 103.0 2553 9.1 100.7 2855 10.2 103.4

2500 734 2.6 98.0 1182 4.2 95.7 1243 4.4 97.3 1332 4.7 94.1

1250 482 1.7 102.0 690 2.5 100.8 740 2.6 105.5 812 2.9 105.0

625 350 1.2 96.0 440 1.6 95.2 448 1.6 95.9 479 1.7 95.8

312.5 303 1.1 107.9 374 1.3 126.4 344 1.2 99.6 369 1.3 110.3

156.25 271 1.0 90.4 295 1.0 75.3 291 1.0 94.2 280 1.0 78.1
78.125 270 1.0 172.4 306 1.1 206.4 278 1.0 131.9 284 1.0 169.8

0 246 0.9 257 0.9 250 0.9 231 0.8

Table 8  Comparison of the method sensitivity without or at different acid dissociation concentration

The bolded values highlight indicates the row with the lowest PC conc which has a recovery ≥ 30%, defined as the sensitivity for each condition

No AA 100 μg/mL free 
drug

300 mM AA 100 μg/mL 
free drug

600 mM AA 100 μg/mL 
free drug

900 mM AA 100 μg/mL free drug

PC conc. (ng/mL) Signal S/N % 
Recovery 
mean

Signal S/N % 
Recovery 
mean

Signal S/N % 
Recovery 
mean

Signal S/N % Recovery mean

5000 1060 10.9 102.6 1435 13.2 104.8 1634 6.4 103.6 2241 1.4 100.0

2500 574 5.9 98.5 713 6.5 92.6 912 3.5 95.2 1208 0.8 NaN

1250 347 3.6 99.7 402 3.7 106.8 621 2.4 101.8 1646 1.0 380.0

625 217 2.2 91.1 211 1.9 105.7 434 1.7 91.9 1403 0.9 NaN

312.5 174 1.8 112.2 141 1.3 104.9 374 1.5 113.4 1610 1.0 1508.9

156.25 131 1.4 87.8 95 0.9 NaN 307 1.2 72.7 1392 0.9 NaN

78.125 131 1.4 175.6 143 1.3 434.3 341 1.3 300.8 1682 1.1 6116.9

0 97 1.0 NaN 109 1.0 NaN 257 1.0 NaN 1589 1.0 NaN
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these, 1376 (89.2%) were negative, 130 (8.4%) confirmed 
positive, and 37 (2.4%) were inconclusive. These results 
are based on having measured dostarlimab concentra-
tions above the drug tolerance level determined using 
500 ng/mL mAb sensitivity tolerant up to 250 μg/mL of 
drug.

The assay drug tolerance level was established using 
surrogate PC antibodies. Upon detailed examination of 
the ADA results from actual study samples, 19 samples 
from 9 patients who screened positive for ADAs with 
drug concentrations higher than the assay drug tolerance 
level of 125 μg/mL (determined using the 100 ng/mL 
mAb PC). Four out of these 19 samples had dostarlimab 
concentrations ≥ 200 μg/mL (about 97% of the samples 
had pre-dose concentrations < 200 μg/mL at the recom-
mended therapeutic dose of 500 mg dostarlimab every 3 
weeks for 4 cycles, followed by 1000 mg every 6 weeks), 
with the highest concentration of 287 μg/mL. Four of the 
9 aforementioned patients had confirmed ADA-positive 
samples with dostarlimab concentrations ≥ 125 μg/mL, 
including one with the highest measured drug concen-
tration of 171 μg/mL. In examining the ADA data pro-
files for these 4 patients, drug concentrations ≥ 125 μg/
mL and < 171 μg/mL did not impact the confirmatory 
results of ADA evaluation and the ability to measure the 
associated titer levels. The ADA signals and the changes 
in titers were sufficiently captured with the current assay 

with changing drug concentrations at different time 
points. Collectively, these data suggest that the current 
human ADA assay has superior drug tolerance for human 
ADAs compared with the surrogate PC that was used to 
calculate the assay drug tolerance level, as evident from 
the analysis above.

Additional evaluation of the drug concentration ver-
sus titer relationship from the post-treatment samples 
showed no trend in the impact of drug concentration 
on titer determination (Fig.  3). Most of the post-dose 
confirmed positive samples (49/52) had low titers (≤ 
36). Such titers are likely to be of limited or no clinical 
impact. Moreover, the drug concentration ranges at each 
of the ADA titer levels overlapped greatly, with no clear 
trend of a relationship between the drug concentration 
ranges and titers. The absence of such trends suggests 
that within the concentration range and titer levels exam-
ined, the assay at its current tolerance was able to detect 
the ADA signal adequately in these clinical samples.

Discussion
Assay design
The 3-tier design approach to determine anti-dostarlimab 
ADAs was based on a bridging assay that detects most 
antibodies that bind to dostarlimab. Incubation of bioti-
nylated dostarlimab and SULFO-TAG-labeled dostarli-
mab with a serum sample containing anti-dostarlimab 

Fig. 3  Box plot of drug concentrations for each titer category. Median with box of 25% to 75%; whiskers are minimum and maximum excluding 
outliers (1.5× of interquartile range); dashed gray line is the mean; numbers in blue show N per category
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antibodies allows the formation of a complex between 
the tagged dostarlimab molecules bridged by the ADAs 
from the serum sample. This complex, when added to a 
streptavidin MSD plate, binds to the wells through the 
streptavidin-biotin interaction. It also gives a positive 
proximity ECL signal based on the amount of SULFO-
TAG-labeled dostarlimab antibody that is captured in the 
complex. The 3-tiered approach was used for screening, 
confirmation, and characterization of ADA titer. This 
bridging assay should detect all ADA isotypes; however, 
some IgG4 may evade detection if heavy-chain exchange 
has occurred, through which the exchange of half anti-
body in  vivo may create randomly bispecific antibodies 
(van der Neut Kolfschoten et  al. 2007). However, natu-
rally occurring serum IgG4 levels are below 4%, and only 
a fraction of these are heterodimeric. Isotyping of ADA 
was not required because of the low immunogenicity 
incidence rate with low titer, no observed severe safety 
concern(s) associated with certain isotype(s) (such as 
types 1 and 2 hypersensitivity from IgE and IgG/IgM, 
respectively), and a lack of impact of ADAs on the PK, 
safety, and efficacy of dostarlimab (data on file) and other 
anti-PD-1 drugs (Bavencio 2017; Imfinzi 2017; Keytruda 
2020; Libtayo 2018; Opdivo 2020; Tecentriq 2016).

Controls
Two PCs were used to support the method development 
and validation. A rabbit pAb was generated by immu-
nizing rabbits and then using dostarlimab for affinity 
purification, without the removal of anti-human Ig. To 
correctly evaluate sensitivity, selectivity, and drug toler-
ance, a second PC of mouse mAb was included into the 
validation. Selectivity passed the criteria using the mouse 
mAb PC, and acceptable sensitivity of the method was 
obtained for both PCs without drug. In terms of drug tol-
erance, a difference was also seen between the 2 PCs. The 
rabbit pAb appeared to have less tolerance to the pres-
ence of dostarlimab (at 62.5 μg/mL in the presence of 500 
ng/mL of rabbit pAb). Based on the selectivity data from 
the pAb, more than 80% reduction in signal was observed 
(comparing to buffer). The rabbit pAb PC contained a 
fairly large quantity of anti-human Ig, which prevented us 
from correctly evaluating the drug tolerance of the assay. 
The drug tolerance established using the mouse mAb was 
250 μg/mL in the presence of 500 ng/mL mouse mAb or 
125 μg/mL in the presence of 100 ng/mL mouse mAb. 
When counting an 80% signal reduction in the selectivity 
evaluation for pAb, both the pAb and mAb had similar 
drug tolerance levels at about 250 μg/mL (assuming lin-
ear for the range of signals, 1–5 folds of 62.5 μg/mL, from 
pAb). Based on the above analysis, the drug tolerance 
level determined using the mAb was used as the drug 
tolerance limit of the assay for reporting clinical sample 

results. Samples that scored negative in the assay but 
had measured drug levels above this drug tolerance limit 
were reported as “inconclusive” rather than negative. In 
the clinical study sample analysis, sets of pAb were used 
as PCs to mimic the real samples and functioned as a gate 
for the pass or fail of each run.

NCs are critical, especially when an analysis is based 
on a floating cut point factor. Two important aspects 
must be taken into consideration. When multiple lots of 
NHS are screened, lots with relatively low ECL readouts 
are preferred. A cut point factor < 1 can be avoided with 
pooled lots of NHS with low ECL readouts, a scenario 
in which the cut point of the plate will be lower than the 
NC readout. In addition, because the cut point for each 
plate is based on the NC readouts, it is necessary to have 
enough pooled sera, from specified lots, available to com-
plete an entire study without the need to perform partial 
validations to recalculate the cut points.

Assay performance and regulatory expectations
In 2019, the FDA updated requirements for ADA assay 
sensitivity from 250–500 ng/mL to 100 ng/mL based on 
the observation that some ADAs had clinical impact at 
concentrations as low as 100 ng/mL (US Food and Drug 
Administration 2019). The European Medicines Agency 
(EMA) does not provide guidance on a specific require-
ment for assay sensitivity (European Medicines Agency 
2017; Kurki 2019). Many discussions between industry 
and government agencies on this topic and their align-
ments (results or agreements) are published as white 
papers every year. In 2017, the FDA and EMA recom-
mendations were published, providing guidance that 
screening and confirmatory IgG and IgM ADA assays 
should achieve a sensitivity of at least 100 ng/mL, 
although a limit of sensitivity greater than 100 ng/mL 
was acceptable depending on risk and prior knowledge 
(Gupta et  al. 2017). The assay development described 
in this paper was initiated in 2015. With the considera-
tion of future industry evolution and the potential for 
more stringent requirements, sensitivity at 500 ng/mL 
with drug tolerance of 250 μg/mL and 100 ng/mL with 
drug tolerance of 125 μg/mL were both established and 
validated. When implementing the 500 ng/mL sen-
sitivity, about 98% of all pre-dose patient samples at 
the recommended therapeutic dose of different treat-
ment cycles (data on file) should have drug concentra-
tions below the drug tolerance level of 250 μg/mL at 
the time of ADA sample collection. The FDA endorsed 
the use of a sensitivity of 500 ng/mL based on the low 
risk of this molecular class and the additional support-
ing low risk of dostarlimab ADA impact to PK, efficacy, 
or safety (data on file). The EMA recommended a fur-
ther adjustment in the drug tolerance level to 200 μg/mL 
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from pre-dose samples at the recommended therapeutic 
dose, at the sensitivity of 100 ng/mL. During the method 
development, we evaluated different ways to improve 
drug tolerance, including acid dissociation through AA. 
It is worth noting that the method without acid dis-
sociation repeatedly and consistently detected ADAs 
with the same sensitivity as the presence of 100 μg/mL 
dostarlimab (Tables 7 and 8). Overall, the added step of 
acid dissociation did not improve the assay sensitivity 
in the presence of 100 μg/mL dostarlimab. Additionally, 
an increase in between-day variability in experimen-
tal practice and sample analysis was also evident in the 
noted outliers with some acid dissociation experiments. 
Without a guided standard curve, like the scenario in 
the ADA sample analysis, these outlier samples will not 
be correctly evaluated or categorized. Thus, acid dis-
sociation was not implemented into the assay method. 
However, the investigation of acid dissociation dur-
ing method development was not exhaustive. Different 
acids of different strengths and incubation times might 
be further investigated and alternate methods may be 
explored as well (Zoghbi et al. 2015). If the results from 
new evaluations (acid dissociation or alternate) demon-
strate a much-improved drug tolerance and sensitivity 
with comparable assay performance, the established new 
method could be applied for future assessment of ADA 
response to dostarlimab treatment.

During the method development process, pAb LPC 
at 40 ng/mL was used for full method validation. After 
determination of the method sensitivity, the 99th CI 
was used to estimate the appropriate level for pAb 
LPC at 3.45 ng/mL that would represent a 1% failure 
rate. This lower LPC was included into all the sample 
analyses to gate the screening assay for false negatives. 
The inter-assay precision of 10.5% indicates the con-
sistent performance of the assay as demonstrated in 
the full method validation. The low failure rate of the 
assay aligns with the projected rate of 1%. This ADA 
method development is considered as an evolved pro-
cess with the supporting information from method 
development, validation, and clinical applications (Lu 
et al. 2021).

Conclusion
A 3-tiered ECL assay was designed and fully validated 
for the screening, confirmation, and titer determination 
of ADAs against dostarlimab. High drug tolerance at 
the sensitivity of both 500 ng/mL antibody (250 μg/mL 
drug tolerance) and 100 ng/mL antibody (125 μg/mL 
drug tolerance) allows the assay to support dostarlimab 
immunogenicity evaluation in the first clinical studies 
of dostarlimab for multiple indications (endometrial 

cancer and dMMR pan tumors), and to establish the 
initial immunogenicity profile for the United States 
Prescribing Information and EMA Summary of Prod-
uct Characteristics (European Medicines Agency 2021; 
Jemperli 2021).
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