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Abstract. Monoclonal antibodies that block the interaction between programmed cell
death 1 (PD-1) and its ligand (PD-L1) have revolutionized cancer immunotherapy. However,
immunogenic responses to these new therapies—such as the development of antidrug
antibodies (ADAs) and neutralizing antibodies (NAbs)—may represent a significant
challenge to both efficacy and safety in some patients. Dostarlimab (TSR-042) is an
approved, humanized, anti-PD-1 monoclonal antibody that has shown efficacy in multiple
solid tumor types. Here, we report the results of an immunogenicity analysis of dostarlimab
monotherapy in patients enrolled in the GARNET trial, a multicenter, open-label, single-arm
phase 1 study. Overall, 477 of 478 patients (99.8%) were included in the analysis of
dostarlimab antibody prevalence, and 349 out of 478 enrolled patients (73.0%) were
evaluable for treatment-emergent antibodies to dostarlimab. The incidence of treatment-
emergent ADAs was 2.5% at the recommended therapeutic dose (500 mg Q3W for the first 4
doses, 1000 mg Q6W until discontinuation), which is comparable to other anti-PD-(L)1 drugs.
NAbs were detected in only 1.3% of patients. In the small percentage of patients who
developed ADAs, there was no evidence of altered efficacy or safety of dostarlimab at the
recommended dosing regimen. These findings demonstrated that treatment with dostarlimab
was associated with a low risk of eliciting clinically meaningful ADAs over the course of this
study, and dostarlimab is already approved by health authorities.
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INTRODUCTION

The discovery of immune checkpoints has revolutionized
cancer immunotherapy via immune system activation. The
interaction between programmed cell death ligand 1 (PD-L1)
and its receptor, programmed cell death 1 (PD-1), inhibits the
immune response and has been shown to be crucial for self-
tolerance, immune evasion, and autoimmunity avoidance (1).
Monoclonal antibodies (mAbs)—such as pembrolizumab,
nivolumab, cemiplimab, atezolizumab, avelumab, and
durvalumab—block the interaction of PD-1/PD-L1 and

remove the ability of tumors to evade the immune system
(2, 3).

Dostarlimab (Jemperli; TSR-042) is an approved, hu-
manized, anti-PD-1 mAb that competitively inhibits the PD-1
receptor by blocking ligand binding (4, 5). Dostarlimab has
demonstrated clinical activity in various tumor types, includ-
ing second-line mismatch repair-deficient endometrial cancer,
mismatch repair-deficient pan tumors, and non-small cell lung
cancer (NSCLC) (6–8).

Despite the clinical success of mAbs as highly effective
immuno-oncology therapeutic agents, challenges remain with
respect to their widespread clinical use in all patients. One of
these is the emergence of immunogenicity, which occurs when
antidrug antibodies (ADAs) form against an exogenous
therapeutic (9). Often ADAs will not produce any overall
clinically meaningful effects, but they have the potential to
alter pharmacokinetics and impact safety or efficacy. Devel-
opment of ADAs is dependent on patient-related factors
(e.g., human leukocyte antigen type, immune competence,
disease, concomitant medicines), dose regimen, route of
administration, and critical product factors (e.g., primary
sequence, T and B cell epitopes, expression system, glycosyl-
ation, aggregation, degradation, post-translational modifica-
tion, formulation, and impurities) (10–13). ADAs may reduce
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efficacy by altering drug clearance and impact drug safety via
infusion reactions, hypersensitivity reactions, anaphylaxis,
and ADA-mediated diseases (14, 15). Another type of
ADA, neutralizing antibodies (NAbs), reduce efficacy by
disrupting target binding. Although humanization of antibod-
ies is associated with a reduced risk of antidrug immunolog-
ical responses, immunogenic responses are still observed in
both partially humanized and fully humanized antibodies (16,
17).

The aim of the current study is to assess the immunoge-
nicity of dostarlimab monotherapy at a recommended thera-
peutic dose in patients from the phase 1 GARNET trial
(NCT02715284).

MATERIALS AND METHODS

Study Design

This multicenter, open-label, single-arm phase 1 study
was conducted in two parts. Part 1 was a weight-based, dose-
escalation study to determine the recommended therapeutic
dose and schedule (RTD) for dostarlimab monotherapy. Part
2A was an extension of part 1 to further evaluate the safety
and pharmacokinetics (PK) of dostarlimab at fixed doses
based on the projection from part 1 data. Part 2B enrolled 5
expansion cohorts according to tumor type and mutation
status to assess the antitumor activity and safety of
dostarlimab (Fig. 1).

The trial was performed in accordance with the princi-
ples of the Declaration of Helsinki, Good Clinical Practices,
and al l loca l laws. The tr ia l was des igned by
GlaxoSmithKline, the sponsor, in collaboration with the
authors.

Patient Eligibility Criteria

Eligible patients for all parts were aged at least 18 years,
with histologically or cytologically proven recurrent or
advanced solid tumors. For part 2B, patients had to have
measurable lesion(s) per Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1 and meet the disease-specific
criteria for each cohort. In all parts, patients who had
received prior therapy with an anti-PD-1, anti-PD-L1, or
anti–programmed cell death ligand 2 (PD-L2) agent were
ineligible for enrollment in the study.

Treatment

Dose escalation in part 1 followed a modified 3+3 design.
If no more than 1 of 3 patients enrolled at the first dose level
experienced dose-limiting toxicity (DLT), then 3 additional
patients were enrolled to receive the next higher dose.
However, if more than 1 of 3 patients experienced a DLT,
then 3 additional patients were enrolled at the current dose. If
no more than 2 of the 6 patients experienced a DLT, the
current dose was considered safe, and new patients could be
enrolled to receive the higher dose level. Patients received
three ascending weight-based dose levels of dostarlimab—1
mg/kg, 3 mg/kg, and 10 mg/kg—administered via a 30-min
intravenous (IV) infusion once every 2 weeks (Q2W).
Pa t ient s in par t 2A rece ived a fixed dose of
dostarlimab—either 500 mg once every 3 weeks (Q3W) or
1000 mg once every 6 weeks (Q6W)—via a 30-min IV
infusion on day 1 of each cycle according to a modified 6+6
design. If no more than 1 of 6 patients enrolled at the first
dose level experienced a DLT, then 6 additional patients were
enrolled at the next higher dose. If more than 1 of 6 patients
experienced a DLT, 6 additional patients were enrolled at the
current dose. If no more than 3 of the 12 patients experienced
a DLT, the current dose was considered safe, and new
patients could be enrolled to receive the next higher dose
level. Patients in part 2B received the RTD: dostarlimab
administered intravenously at 500 mg Q3W for four doses,
then 1000 mg Q6W until disease progression, treatment
discontinuation due to toxicity, or patient withdrawal of
consent.

Test Sample Collection

Samples for analysis of ADAs, including NAbs, were
aliquots of serum PK samples. ADAs were evaluated in parts
1 and 2A pre-dose on day 1 of each treatment cycle, post-
dose at or after 96 h according to the protocol schedule, and
upon treatment discontinuation at a safety follow-up visit
approximately 90 days after the last dose of dostarlimab. In
part 2B, ADAs were evaluated in the serum samples
collected pre-dose on day 1 of cycle 1 (baseline), cycle 4 (9
weeks), cycle 5 (12 weeks), cycle 8 (30 weeks), and cycle 12
(54 weeks), and then at a safety follow-up visit approximately
90 days after the last dose of dostarlimab.

Fig. 1. Study design. DLT, dose-limiting toxicity; dMMR, deficient mismatch repair; MSI-H,
microsatellite instability high; NSCLC, non-small cell lung cancer; pMMR, proficient mismatch
repair; PR, platinum-resistant; Q3W, every 3 weeks; Q6W, every 6 weeks; wt, wild-type
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ADA Detection Assays

The 3-tier bridging electrochemiluminescent (ECL) as-
say (Charles River Laboratory, Worcester, MA) for the
determination of anti-dostarlimab antibodies in human serum
was validated with a sensitivity in the screening assay of less
than 0.4 ng/mL or 3 ng/mL for the positive control (PC)
surrogate antibodies, mouse mAb, or rabbit polyclonal
antibody (3.45 ng/mL as low PC for sample analysis),
respectively. In the confirmatory assay, the low PC was 40
ng/mL in the presence of 405 μg/mL of dostarlimab,
compared to without drug. In this bridging assay, a master
mix comprising biotinylated dostarlimab (capture, 1 μg/mL)
and SULFO-TAG-labeled dostarlimab (detection, 1 μg/mL)
was added to each diluted (1:4 minimum required dilution)
sample (with or without 405 μg/mL of dostarlimab) and
incubated at 25°C for 3 h to allow for the formation of the
antibody-drug complex. In the titer assay, the sample (titer
control or sample) was prepared in a 3-fold dilution series
(1:4, 1:12, 1:36, 1:108, 1:324, 1:972, 1:2916, and 1:8748) using
AD buffer (25% NHS; 4.0 mL of NHS + 12.0 mL of low cross
buffer). Subsequently, the incubated samples were transferred
to a pre-blocked MSD GOLD Streptavidin plate (Meso Scale
Discovery, Rockville, MD) and incubated at 25°C for 1 h to
capture the drug-ADA-drug complexes. The intensity of the
ECL signal generated is proportional to the amount of the
captured complexes containing both biotinylated and
SULFO-TAG-labeled dostarlimab. The validated screening
assay is drug tolerant up to 125 μg/mL or 250 μg/mL in the
presence of 100 ng/mL or 500 ng/mL of the mouse mAb PC,
respectively.

Fifty-one treatment-naïve cancer sera samples were
divided into 3 groups, with 17 samples in each group, and
were tested on a single plate by 2 analysts in each of 3
independent assay runs using a balanced Latin square design
to establish cut points. A nonparametric screening cut point
factor of 1.11 at a 5% false-positive error rate was determined
during validation (B2S Life Sciences, Franklin, IN). A
confirmatory cut point of 40.7% inhibition with a 1.0%
false-positive error rate and a titer cut point factor of 1.19
with 0.1% false-positive error rate were also computed during
validation. Individual pre-dose serum samples from 467
patients enrolled in the study were used to estimate the in-
study screening cut point factor. A parametric 90% lower
confidence limit (LCL) screening cut point factor of 1.24 was
determined for application in the tier 1 screening assays to
identify serum samples that were potentially positive for the
presence of ADAs to dostarlimab.

NAb Detection Assay

The competitive ligand-binding assay (Frontage Labora-
tory, Exton, PA), with a sensitivity of 476.5 ng/mL and drug
tolerance (DT) of at least 250 μg/mL, was validated to
evaluate the neutralizing activity of anti-dostarlimab antibod-
ies. In this assay, the anti-dostarlimab NAb (mouse monoclo-
nal anti-idiotype antibody, the same clone as mAb PC for the
3-tier ADA assay) was incubated with dostarlimab to form an
antibody-drug complex and mimic a scenario in which a
neutralizing ADA is present. This mixture was incubated with
biotinylated PD-1, which binds to free dostarlimab, and then

with SULFO-TAG-labeled PD-L1, which binds to free PD-1.
The reaction mixture was then incubated on an MSD GOLD
Streptavidin plate, where the bound and free forms of the
biotinylated PD-1 were captured. The intensity of the ECL
signal produced is proportional to the amount of captured
SULFO-TAG-labeled PD-L1. A greater amount of NAb will
yield a greater amount of PD-L1 bound to PD-1 on the plate,
resulting in an increased ECL signal. Sixty individual human
cancer sera samples spiked with 250 μg/mL of dostarlimab
underwent the drug removal process and were screened to
determine the assay cut point factor. The cut point factor was
determined to be 1.18, with a 1.0% false-positive rate during
validation.

Drug Concentration Detection

To assign the categories for the determined ADA results,
time-matched drug concentrations must be determined. The
method utilized an enzyme-linked immunosorbent assay
(ELISA; Charles River Laboratory, Worcester, MA). Briefly,
the analysis plate was coated with human PD-1 extracellular
domain-mIgG2aFc. The samples and a biotinylated anti-
human immunoglobulin (Ig) G4 antibody were added. A
blue-colored readout from a plate reader at 450 nm was
generated through the addition of streptavidin-horseradish
peroxidase followed by 3,3’,5,5’-tetramethylbenzidine, which
was proportional to the dostarlimab concentration in the
serum samples. The validated assay range was 32.0 to 814 ng/
mL.

CMC Process and Product Control

Dostarlimab is a humanized mAb produced by recombi-
nant DNA technology in a mammalian expression system
using a stable Chinese hamster ovary (CHO) cell line. The
chemistry manufacturing and controls (CMC) process for
both drug substance and drug product was monitored to
ensure that the critical quality attributes (CQAs) met quality
criteria and the CMC process was stable. Table I summarizes
the CQAs with associated analytical methods and impacts.

ADA Analyses

The set for ADA analyses included all patients who
received at least one dose of the study drug with any number
of serum samples as described henceforth. The ADA
population is defined as patients who received at least one
dose of the study drug and who provided a pretreatment
serum sample and at least one post-treatment ADA serum
sample at or after 96 h.

A 3-tiered testing paradigm was implemented to analyze
serum samples for the presence of reactive antibodies to
dostarlimab. A diagram of the sample testing scheme is
shown in Fig. 2. Samples were tested initially in a tier 1
screening assay in which samples were classified as potentially
positive, indeterminate, or negative screen for the presence of
dostarlimab-reactive antibodies. Samples with a positive or
indeterminate result from tier 1 screening were evaluated
subsequently in tier 2 confirmatory assay using dostarlimab as
the competing agent. Samples that demonstrated a percent-
age inhibition greater than the tier 2 cut point were classified
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as being positive for the presence of reactive anti-dostarlimab
antibodies, whereas samples that failed to generate a
percentage inhibition above the tier 2 confirmatory cut point
were classified as negative immunodepletion.

Samples that were classified as negative screen or
negative immunodepletion were examined further to be
categorized through the concentration of dostarlimab in the
sample. If the dostarlimab concentration was less than or
equal to the DT of the assay (250 μg/mL), the sample was
reported as ADA negative. When the dostarlimab concen-
tration was higher than the DT of 250 μg/mL, the samples
were classified as inconclusive.

Samples that were positive in tier 2 testing were
submitted for further evaluation in a tier 3 titer assay to
provide a quasi-quantitative estimate of the amount of
antibody present. Tier 2 positive serum samples were also
investigated for the presence of NAbs.

Definitions related to samples and patient testing are
listed in Table II and Table S1.

Immunogenicity and Dostarlimab PK

The impact of ADA status on dostarlimab PK was
assessed in pre-dose concentration-time profiles through
graphical comparison of general statistical analysis stratified
by ADA/NAb status.

Immunogenicity and Dostarlimab Safety

Dostarlimab safety was examined for all parts of the
study. Adverse events (AEs) were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA)
version 20.0 and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.03. Selected AE categories included any AEs,
serious AEs (SAEs), grade 3 or higher AEs, immune-
related (ir) AEs, AEs leading to study treatment interruption,
AEs leading to withdrawal of study treatment, AEs with
outcome of death, infusion-related reactions (MedDRA
preferred term, occurring within 24 h of dose administration),
and hypersensitivity (MedDRA preferred term, occurring
more than 24 h after dose administration). The number and
percentage of patients in each AE category were examined
by patient ADA category.

Immunogenicity and Dostarlimab Efficacy

A selected subset of efficacy measures was evaluated
with respect to immunogenicity for patients enrolled in part
2B from cohorts A1 + A2 (endometrial cancer [EC]), F
(mismatch repair-deficient [dMMR] pan tumors), and dMMR
tumors (EC and non-EC). Specifically, objective response
rate (ORR) and duration of response (DOR), as assessed by

Table I. Methods Summary for Attributes Related to Immunogenicity

CQAs Impact Analytical method

Osmolality Safety, immunogenicity USP<785>, Ph. Eur. 2.2.35
Measurement of the freezing point depression of the solution

pH Efficacy, safety,
immunogenicity

Ph. Eur. 2.2.3, USP<791>
Measured by pH meter

Appearance Efficacy, safety,
immunogenicity

Color: Ph. Eur. 2.2.2
Visual assessment
Clarity: Ph. Eur. 2.2.1
Opalescence Measured by turbidimeter

Subvisible particles Efficacy, safety,
immunogenicity

USP<788>, Ph. Eur. 2.9.19
Light obscuration particle count test

Aspartate isomerization
(CDR)

Efficacy, safety Characterization peptide mapping
Digested by Lys-C, separated and detected by reverse phase HPLC coupled
with MS

Aggregation Efficacy, safety SE-HPLC
Degradation/fragmentation Efficacy, safety Reduced CE-SDS

Non-reduced CE-SDS
Host cell DNA Safety qPCR
HCP Safety and immunogenicity CHO HCP ELISA
Protein A leachate Safety Protein A ELISA
Viruses Safety In vitro and in vivo adventitious virus testing

Detection of MVM DNA by qPCR
Microorganisms Safety USP<61> and Ph. Eur. 2.6.12

Membrane filtration bioburden method
Bacterial endotoxin Safety USP <85> and Ph. Eur. 2.6.14

Kinetic turbidimetric LAL method for DS
Kinetic chromogenic LAL method for DP

CDR, complementarity-determining regions; CE-SDS, capillary electrophoresis sodium dodecyl sulfate; CHO, Chinese hamster ovary; CQA,
critical quality attributes; DP, drug product; DS, drug substrate; ELISA, enzyme-linked immunosorbent assay; HCP, host cell protein; LAL,
limulus amebocyte lysate; MS, mass spectrometer; MVM, minute virus of mice; qPCR, quantitative polymerase chain reaction; SE-HPLC, size-
exclusion high-performance liquid chromatography; USP, United States Pharmacopeia
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blinded independent central review using RECIST v1.1, were
measured for patients by cohort and ADA category.

RESULTS

Patient Disposition

At the time of analysis, 477 of 478 patients (99.8%) had
at least one immunogenicity sample result and were included
in the analysis of prevalence: 21 from part 1, 6 from part 2A
whose dostarlimab dosing schedule was Q3W, 7 from part 2A
whose dosing schedule was Q6W, and 443 from part 2B. Out
of the 444 total patients from part 2B, 1 had no immunoge-
nicity results, 3 had no baseline results, and 126 had no post-
baseline results. Of the 478 enrolled patients, 349 (73.0%)
were evaluable for treatment-emergent antibodies to
dostarlimab.

Study Drug

The CMC process is monitored and controlled through
CQAs, and batch-testing results of 11 drug substances and 17
drug products met all CQA acceptance criteria. Batch
analysis and characterization studies demonstrated process
consistency and no impact on potency. Overall, the data
confirmed that the dostarlimab drug substance and drug

Fig. 2. Sample testing scheme. ADA, antidrug antibody; Conc, concentration; NAb,
neutralizing antibody

Table II. ADA Response Categories

ADAresponse
category

Baseline
status

Post-dose status Treatment-emergent
ADA response?

Treatment-
induced

Negative Positive Yes

Treatment-
induced
negative

Negative Negative No

Treatment-
boosted

Positive Positive, titer
≥9-fold
baseline titer

Yes

Treatment-
unaffected

Positive Negative or
positive with
titer <9-fold
baseline titer

No

A D A
inconclusive

N/A Nottreatment-
induced or
treatment-
boosted and
has one or
more inconclu-
sive sample re-
sults

N/A

ADA, antidrug antibody; N/A, not applicable
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product consistently present desired product quality, with
very low impurity levels, thus at low risk to elicit
immunogenicity.

Prevalence of Antibodies to Dostarlimab

ADA prevalence was evaluated for all available patients
at each visit by study part, cohort, and dose group. Prevalence
is the proportion (%) of study patients who are positive for
ADAs at a specified time point relative to the total number of
patients with samples at that time point, regardless of the
baseline status of patients. The prevalence of pre-existing
antibodies to dostarlimab at study enrollment prior to dose
administration (baseline) was 16.5%. No baseline antibodies
were observed in patients in part 1, but the prevalences of
ADAs at baseline were 16.7%, 14.3%, and 17.3% in parts 2A
Q3W, 2A Q6W, and 2B, respectively. In part 2B, the
prevalences were 5.1% at cycle 4, 5.2% at cycle 5, 4.6% at
cycle 8, 0.0% at cycle 12, and 2.9% at safety follow-up (90 ± 7
days).

Incidence of Treatment-Emergent ADAs and NAbs

The number of patients with treatment-emergent ADAs
is shown by study part (parts 1, 2A, and 2B) and by cohort
(EC, NSCLC, and dMMR pan tumors) for part 2B in
Table III.

For the therapeutic dose and regimen (RTD), 6 of the
315 patients (1.9%) had treatment-induced ADAs and 2
patients (0.6%) had treatment-boosted ADAs, for an overall
incidence of treatment-emergent ADAs of 2.5%. Of these 8
patients, the first incidence of treatment-emergent ADAs
occurred at cycle 4 (n = 6) or cycle 8 (n = 1), and 1 incident
occurred at a safety follow-up visit at 24 weeks. Within each
cohort of part 2B, the incidence of treatment-emergent
ADAs ranged from 0.0 to 6.0%, representing between 0
and 4 patients per cohort. In addition, 1 patient in the EC-

dMMR cohort was classified as inconclusive with respect to
treatment-emergent ADAs.

At the time of analysis, 13 patients (3.7%) had positive
samples for treatment-emergent ADAs. In addition, the
majority of patients had a titer of 1:36 or lower. For patients
with treatment-induced ADAs (n = 9), the maximum ob-
served titer was 1:36 (3 patients), with most patients having
a maximum observed titer of 1:12 or lower. In the patients
with treatment-boosted ADAs (n = 4), the maximum titer was
1:972, observed in a single sample from 1 patient, whereas the
other 3 patients had maximum titer values of 1:108 (1 patient)
or 1:36 (2 patients).

The rate of inconclusive patients at the RTD was 1.7%
when the assay with 250 μg/mL of DT (500 ng/mL mouse
mAb) was implemented; the inconclusive rate increased to
15.5% when the assay with 125 μg/mL of DT (100 ng/mL
mouse mAb) was implemented. However, the incidence of
treatment-emergent ADAs remained the same.

The confirmed ADA-positive samples were further
evaluated for NAbs. Of the patients with treatment-
emergent ADAs (13 total from all parts), 7 (2.0%) tested
positive for NAbs at one or more time points, with 4 of these
patients (1.3%) in part 2B. In addition, 33 patients were
categorized as having treatment-unaffected ADAs (pre-
existing ADAs with no meaningful increase in titer), who
were positive for NAbs at one or more time points during the
study.

Persistent ADA Response

Patients with treatment-induced antibodies to
dostarlimab are classified as having transient or persistent
ADAs. The predefined criteria used to support the classifica-
tion of patient antibody responses as being either transient or
persistent are described in Table S1 (18). Overall, 8 patients
(2.3% of evaluable patients) had a persistent ADA response
and 1 patient (0.3%) had a transient ADA response. In the
patients with persistent antibodies to dostarlimab, most (7 out

Table III. Incidence of Patients with Treatment-Emergent Anti-dostarlimab Antibodies Post-baseline by Part and Cohort

n Treatment-induced ADA Treatment-boosted ADA Treatment-emergent ADAa ADA inconclusive

Part, n (%)
Part 1 21 2 (9.5) 0 2 (9.5) 4 (19.0)
Part 2 – Q3W 6 0 1 (16.7) 1 (16.7) 1 (16.7)
Part 2A – Q6W 7 1 (14.3) 1 (14.3) 2 (28.6) 0
Part 2B 315 6 (1.9) 2 (0.6) 8 (2.5) 1 (0.3)
Total 349 9 (2.6) 4 (1.1) 13 (3.7) 6 (1.7)
Part 2B cohort, n (%)
EC dMMR 78 2 (2.6) 0 2 (2.6) 1 (1.3)

pMMR 101 1 (1.0) 1 (1.0) 2 (2.0) 0
MMRunk 13 0 0 0 0

Eb 51 0 0 0 0
Fc dMMRd 67 3 (4.5) 1 (1.5) 4 (6.0) 0

pMMR/MMRunk 5 0 0 0 0

aTreatment-induced or treatment-boosted; b Non-small cell lung cancer; c Non-endometrial dMMR and POLE-mut cancers (dMMR, pMMR, or
MMRunk); d Patients with POLE-mut are included
ADA, antidrug antibody; dMMR, mismatch repair-deficient; EC, endometrial cancer; MMRunk, mismatch repair unknown; pMMR, mismatch
repair proficient; Q3W, every 3 weeks; Q6W, every 6 weeks
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of 8) were classified as persistent because of either a positive
last sample (criterion P2) or a positive sample less than 16
weeks before a negative last sample (criterion P3), and only 1
patient was persistently positive at two or more time points
separated by more than 16 weeks (criterion P1).

ADA and PK

In part 1, part 2A, and part 2B, 474 patients dosed with
dostarlimab with baseline ADA results and a concentration
result pair were included in the immunogenicity analysis, out
of which 440 patients were from part 2B. Immunogenicity did
not appear to impact PK in by-subject plots (data not shown).
Box plots of dostarlimab pre-dose trough concentrations in
part 2B by ADA/NAb status are presented on a linear scale
in Fig. 3. Generally, when comparing the distributions of pre-
dose concentrations by the ADA or NAb status, limited
impact of ADAs on pre-dose concentrations was observed.
This was deemed not clinically relevant, despite a trend of
lower mean concentrations in ADA-positive records, regard-
less of NAb status. The impact of ADAs/NAbs on PK was
assessed in the dostarlimab population PK analysis, which will
be published separately.

Adverse Events

The frequency of AEs is summarized in Table IV by
AE category and ADA status for patients treated with the
RTD as well as for ADA populations. One patient was
excluded from the comparison due to inconclusive ADA
status. For all 7 AE categories, there were no observed
differences between treatment-unaffected ADAs,
treatment-induced negative ADAs, NAb positive, or
overall safety populations. This held true for treatment-
emergent ADAs in all AE categories except irAEs, where
the rate was 62.5% compared with approximately 40%
(34.26 to 43.24%) for all other ADA categories and safety
populations. However, when including data from all parts
(parts 1, 2A, and 2B) of the study, the rate of treatment-

emergent ADA irAEs (5 out of 13 patients, 38.5%) was
similar to negative ADA populations (108 out of 330
patients or 32.7%). Infusion reactions and hypersensitivity
were low for dostarlimab. No infusion reactions were
observed in the treatment-emergent ADA population. In
the ADA population excluding those with treatment-
emergent ADAs, 1.5% experienced an infusion reaction.
One in 13 from the treatment-emergent ADA population
had hypersensitivity, with none from other ADA sub-
populations.

Efficacy Measures

NAb production may impact treatment efficacy and is a
common regulatory concern. Selected efficacy endpoints for
part 2B EC and pan-tumor cohorts are summarized in
Table V by cohort and NAb status. Twenty-one patients
were NAb positive in the EC cohort; of these patients, 7
(33.33%) were classified as having complete or partial
response (ORR), with 4 patients having a duration of
response (DOR) of at least 6 months. Both ORR and DOR
results were comparable to NAb-negative patient results. In
pan-tumor dMMR patients with or without EC, efficacy in the
NAb-positive population was comparable or better than that
of NAb-negative patients, indicating that immunogenicity did
not impact efficacy.

DISCUSSION

A 3-tier ADA and NAb assay was established for
immunogenicity assessment in cancer patients who received
dostarlimab. Of the 477 total patients who had serum samples
available, the majority (93%) were collected from patients
enrolled in part 2B (at RTD) of the GARNET study.

The prevalence of ADA-positive samples at baseline was
16.5% and fell to a lower level (range, 0.0 to 5.2%) at cycles
4, 5, 8, 12, and safety follow-up. The small proportion of
antibody-negative samples that were classified as inconclusive
(2.4% for all parts) and the detailed examination of ADA

Fig. 3. Boxplot of dostarlimab serum pre-dose concentrations for part 2B across cycles stratified by
ADA/NAb status on linear scale. Boxes present median, 25% quartile, and 75% quartile. Whiskers
are minimum and maximum excluding outliers (i.e., values outside of 1.5x of +/− interquartile
range). Outliers are presented by symbols and mean is shown as dashed line. “n” is the number of
observations with matched pre-dose and immunogenicity results. A represents ADA−, B
represents ADA+/NAb−, and C represents ADA+/NAb+. All patients may not have reached
later cycles at the time of data cutoff. ADA, antidrug antibody; NAb, neutralizing antibody.
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results do not suggest that the observed decrease from high
prevalence of pre-existing ADAs was solely due to drug
interference in the ADA assay. There were 19 samples from 9
patients that screened positive, with concentrations greater
than or equal to the assay tolerance level of 125 μg/mL (at
100 ng/mL sensitivity). Four of these 19 samples had
dostarlimab concentrations (222, 229, 232, and 287 μg/mL)
close to 250 μg/mL of drug tolerance (at 500 ng/mL
sensitivity). Four of the 9 aforementioned patients had
samples with dostarlimab concentrations greater than or
equal to 125 μg/mL and were confirmed positive for ADAs,
including one with the highest measured drug concentration
of 171 μg/mL (early-onset ADAs at cycle 1 day 5). Further

evaluation demonstrated that drug concentrations did not
impact titer determination or signal detection for the vali-
dated 3-tier ADA method (data on file). To evaluate if the
assay cut point established in validation was appropriate, an
in-study cut point of 1.24, which is higher than the originally
calculated validation cut point of 1.11, was determined. If the
in-study cut point had been used in lieu of the validation cut
point during the analysis of patient samples, fewer samples
would have been classified as being potentially positive for
reactive antibodies. Upon retrospective application of the in-
study cut point, the number of samples affected by applica-
tion of the in-study cut point is small and results in fewer
samples being identified as ADA positive. This change is

Table IV.. Adverse Events by Patient ADA and NAb Status (Antidrug Antibody Population)

Variable, n (%) T r e a t m e n t -
unaffected ADA, n
= 55

T r e a t m e n t -
emergent ADA, n
= 8

Trea tmen t - i nduced
negative ADA, n = 251

N A b
positive, n
= 37

Inconclusive
ADA, n = 1

S a f e t y
population, n
= 444

Any AEs 55 (100.0) 8 (100.0) 244 (97.21) 37 (100.0) 1 (100.0) 428 (96.40)
Any grade ≥3 AEs 23 (41.82) 2 (25.00) 108 (43.03) 19 (51.35) 1 (100.0) 212 (47.75)
Any irAE 20 (36.36) 5 (62.50) 86 (34.26) 16 (43.24) 1 (100.0) 145 (32.66)
Any SAEs 17 (30.91) 1 (12.50) 82 (32.67) 12 (32.43) 1 (100.0) 166 (37.39)
Any AE leading to study
treatment interruption

14 (25.45) 1 (12.50) 54 (21.51) 10 (27.03) 0 98 (22.07)

Any AEs l e a d i n g t o
w i t h d r aw a l o f s t u d y
treatment

3 (5.45) 1 (12.50) 13 (5.18) 3 (8.11) 1 (100.0) 33 (7.43)

Any AE with outcome of
death

2 (3.64) 0 4 (1.59) 2 (5.41) 1 (100.0) 16 (3.60)

Safety population: all patients who receive any amount of study drug in part 2B
ADA, antidrug antibody; AE, adverse event; ir, immune-related; NAb, neutralizing antibody; SAE, serious adverse event

Table V.. Summary of Efficacy Endpoints by NAb Status (Antidrug Antibody Population and Efficacy Population—Part 2B)

Variable Total NAb positive, n = 24 Total NAb negative, n = 152 ADA inconclusive, n = 1

EC total
N-trt 21 114 1
ORR, n (%) 7 (33.33) 34 (29.82) 1 (100.0)
DOR, n (%)
<6 months 3 (14.29) 10 (8.77) 0
≥6 months 4 (19.05) 24 (21.05) 1 (100.0)
Cohort F total
N-trt 3 38 0
ORR, n (%) 3 (100.0) 17 (44.74) 0
DOR, n (%)
<6 months 2 (66.67) 10 (26.32) 0
≥6 months 1 (33.33) 7 (18.42) 0
Total dMMR
N-trt 11 87 1
ORR, n (%) 9 (81.82) 40 (45.98) 1 (100.0)
DOR, n (%)
<6 months 5 (45.45) 15 (17.24) 0
≥6 months 4 (36.36) 25 (28.74) 1 (100.0)

Efficacy population: All patients in safety population with measurable disease at baseline (defined as the existence of at least one target lesion)
who have MMR status based on IHC testing (local or central) for dMMR and PCR or NGS testing (local or central) for MSS and MMR
unknown. POLE-mutation in F cohort is included in dMMR
Percentages are based on n/N-trt; ADA, antidrug antibody; dMMR, mismatch repair-deficient; DOR, duration of response; EC, endometrial
cancer; n, number of patients with endpoint; NAb, neutralizing antibody; N-trt, number of patients in group; ORR, objective response rate
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illustrated in Fig. 4, where three baseline samples from
subjects in part 2B that were confirmed positive upon
application of the original validation screening cut point
screened as negative with the use of the in-study cut point.
The overall classification changed only modestly, with four
samples (three at baseline and one at safety follow-up) from 4
different patients in part 2B that originally confirmed as being
ADA positive now being categorized as ADA negative. The
changes include 1 patient categorized as negative at baseline
who did not have any post-baseline samples, 1 patient
changed from treatment-induced ADA to treatment-induced
negative, and 2 patients changed from treatment-unaffected
ADA to treatment-induced negative ADA. Based on this
retrospective analysis, no significant effect was found on the
overall interpretation of the immunogenicity findings for this
study, and pre-existing prevalence was slightly changed from
17.3 to 16.6% for part 2B.

The high rate of pre-existing antibodies (more than
15%) in ADA assays is more likely from unidentified
factor(s). The high sensitivity of the assay without drug
present (<0.4 ng/mL) may allow for increased detection of
low concentrations of ADAs. Target interference may be
a concern. However, PD-1 is unlikely the cause since it
cannot form dimers, which is required for the bridging
assay format (19). Other underlying factors, such as cross-
reactivity (19, 20) and existence of heterophile antibodies
(dostarlimab was derived from a mouse mAb with 4.1%

mouse/95.9% human) in human sera (21, 22), may also
contribute to the prevalence found at baseline. However,
there was no evidence of an increase in the levels of these
baseline antibodies on treatment with dostarlimab. In
general, titers were low for pre-existing ADAs and ADAs
during treatment.

Figure 3 shows the ADA/NAb incidence during the
treatment process. The ratios of ADA−:ADA+/NAb
−:ADA+/NAb+ when normalized to 100 for ADA− for each
cycle are as follows: cycle 1 pre-dose: 100:10.7:10.4; cycle 4
pre-dose: 100:3.13:2.43; cycle 5 pre-dose: 100:3.49:2.18; cycle 8
pre-dose: 100:1.98:2.97; cycle 12 pre-dose: 100:0:0. Unlike
cycle 1, which had high pre-existing ADA+/NAb− and
ADA+/NAb+, as discussed above, cycles 4, 5, and 8 had
fairly consistent ADA+/NAb− and ADA+/NAb+. There was
no observed ADA+/NAb− or ADA+/NAb+ at cycle 12. This
finding may be due to small sample size and low incidence of
ADA+/NAb− or ADA+/NAb+ associated with dostarlimab.
Potential contributions of ADA status to lack of survival will
be further investigated in the ongoing study and exposure–
overall survival analysis when data are mature.

The dostarlimab ADA incidence rate in this study (2.5%
at RTD) was similar to other anti-PD-(L)1 drugs, as shown in
their prescribing information (pembrolizumab combined all
dose and regimen, 2.1%; nivolumab at 3 mg/kg Q2W, 11.2%;
cemiplimab, 1.3%; avelumab at 10 mg/kg Q2W, 4.1%;
durvalumab at 10 mg/kg Q2W, 2.9%) with the exception of
atezolizumab (1200 mg Q3W), where the ADA incidence

Fig. 4. Scatterplot of percent inhibition vs. log S/N ratio – individual subject samples at
baseline for subjects in part 2B with both screening and confirmatory results. The vertical
reference line of 0.093 is the in-study 95% nonparametric screening cut point, which
corresponds to an S/N ratio value of 1.24. The horizontal reference line of 40.7 is the 99%
nonparametric validation confirmatory cut point. Solid red points were screened positive
based on the validation screening cut point but screened negative based on the in-study cut
point
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rate ranges from 30 to 48% depending on indication (23–28).
Among factors such as patient-related factors, dose regimen,
route of administration, and critical product factors, target or
mechanism of action may be most responsible for the
observed ADA incidence. An example of tumor necrosis
factor (TNF)-α inhibitors (29), infliximab is a chimeric
human/murine IgG1 mAb that can potentially elicit more
immunogenicity, and adalimumab is the first fully human
IgG1 mAb that is expected to have less immunogenicity.
When administered as monotherapy, infliximab and
adalimumab have similar ADA incidence rates (30, 31). As
stated in the immunogenicity labels of biologics, direct
comparison between two mAbs may be misleading because
the detection of antibody formation is highly dependent on
the sensitivity, drug tolerance, and specificity of the assay (30–
32). The observed incidence of antibody (including neutral-
izing antibody) positivity in an assay may be influenced by
several other factors as well, including sample handling,
timing of sample collection, and concomitant medications.
Nevertheless, based on the overall trial data for these two
products—regardless of methods, patient population,
product-related factors, etc.—ADAs were highly prevalent
in the treated patients (33), indicating that the target may
play an important role in ADA incidence for well-designed
mAbs.

Another large analysis evaluated 40 immunomodulatory
(IMD) and 19 non-IMD agents in oncological or non-
oncological indications (34). IMD agents include all drugs
that may directly or indirectly modulate immune cells. The
likelihood of a high ADA rate appears to be greater for IMD
mAb agents (IMD, 18%; non-IMD, 11%). For IMD agents, B
cell–depleting mAbs were associated with a low ADA rate
(<15%) based on the mechanism of action. Higher rates were
observed for targets expressed on T cell or myeloid antigen-
presenting cells (dendritic cells, macrophages, and monocytes
combined). However, it is possible to have a low ADA
incidence rate, as exemplified in anti-PD-1 drugs, indicating
that the target may be a driving factor. Preclinical tools, i.e.,
both in silico and in vitro assays with associated modeling for
prediction of ADAs, can be used to select the mAb with
lower immunogenicity risk to avoid the drug design–related
risk for immunogenicity (29).

The method development for this ADA evaluation was
initiated in 2015. At the time of development, the recom-
mended method sensitivity was 250 to 500 ng/mL. In a 2017
white paper (35), a sensitivity of at least 100 ng/mL was
recommended, although a limit of sensitivity greater than 100
ng/mL may be acceptable depending on risk and prior
knowledge. In 2019, the FDA released new guidance, and
100-ng/mL sensitivity is recommended with a philosophy
similar to the 2017 white paper (32).

For dostarlimab, the 3-tier ADA method, with a
sensitivity of 500 ng/mL and DT of 250 μg/mL, was selected
based on prescribing information for both pembrolizumab
and nivolumab, which indicated low incidence and no ADA
impact to PK, efficacy, or safety. In addition, the DT of 250
μg/mL was higher than the trough concentrations from nearly
every patient treated at RTD (data on file); thus, the
inconclusive rate was 1.7% of patients. When results were
re-evaluated using the current required sensitivity of 100 ng/
mL with 125 μg/mL of DT, the inconclusive rate increased to

15.5% of patients. However, the treatment-emergent ADA
rate remained at 2.5%.

A competitive ligand binding assay, based on the NAbs
mechanism of action, was initiated in parallel with the 3-tier
ADA assay. Once the DT was established at 250 μg/mL for a
sensitivity of 500 ng/mL in the 3-tier ADA assay, the NAb
method was developed to achieve the full potential to catch
NAb after going through the 3-tier ADA assay. The same
clone of mouse mAb was used as PC in the 3-tier ADA and
NAb assays for the sensitivity evaluation. The NAb assay had
similar sensitivity as the 3-tier ADA assay, about 500 ng/mL,
at the spiked drug concentration of 250 μg/mL. The titer
distributions were similar in both the NAb-positive and NAb-
negative samples. The medians (minimum, maximum) were
12 (1, 972) for NAb-positive samples and 12 (1, 972) for NAb-
negative samples; the respective geometric means of the titers
were 13 (95% CI, 9–18) and 12 (95% CI, 7–16). Thus, no
association was seen between higher titer values and the
presence of NAbs. In addition, based on the 3-tier ADA titer
results with treatment-emergent ADAs, the majority of
patients had a titer of 1:36 or lower. Overall, the ADA rate
for dostarlimab was low with low titer, regardless of which
sensitivity level was used.

The major concern for ADA and NAb is the impact on
PK, safety, and efficacy. Consistent with other PD-1 check-
point inhibitors (21–26, 29), there was no evidence that the
presence of ADA or NAb resulted in a significantly altered
PK profile or increased safety concerns including infusion-
related reactions.

The major concern for NAbs is their impact on efficacy,
which, based on our immunogenicity analysis, appears to be
unlikely (Table V). A comprehensive evaluation of ADA
impact on safety indicated that the immunogenicity of
dostarlimab was also not a concern (Table IV). In the ADA
population (part 2B), the rate of irAE was slightly higher in
the treatment-emergent population than that in other ADA
sub-populations and the safety population. When evaluating
the treatment-emergent ADA population from all three study
parts (1, 2A, and 2B) of the study, the irAE rate was
comparable between treatment-emergent ADA and negative
ADA populations. The pooled data more appropriately
characterizes the relationship as current knowledge indicates
that the development of irAEs for anti-PD-1/PD-L1 drugs
was unrelated to the dose (31). Overall, the percentage of
AEs in each category did not appear to be related to baseline
ADA status, ADA status (positive or negative), or NAb
status (positive or negative).

Additionally, the trough concentrations at the RTD were
above the lowest concentration required for full receptor
occupancy in both peripheral and tumor sites during the
treatment process (in press). When taken together, this
information shows that dostarlimab presents low to no risk
of clinically associated ADA/NAb impact on efficacy or
safety at the detecting sensitivity of 500 ng/mL.

All protein therapeutics are potentially immunogenic, and
product-specific impact on immunogenicity is assessed using a
risk assessment strategy during product development. Product
origin is an important factor that can influence immunogenicity.
Because dostarlimab is humanized (4.1% mouse and 95.9%
human), it is anticipated to have a low immunogenicity risk
profile, similar to other human/humanized mAbs.
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Determination of dostarlimab’s drug substance and drug
product CQAs has also taken into consideration the potential
immunogenicity impact, including osmolality, pH, and ap-
pearance; process-related impurities (host cell protein (HCP),
host cell DNA, protein A leachate, and subvisible particles);
adventitious agents (microorganisms, bacterial endotoxin,
viruses); and product-related impurities (aggregates,
degradants/fragments, post-translational modifications).
These CQAs are monitored with a comprehensive control
strategy: raw material sourcing and testing; cell banking and
testing; controlling the introduction of impurities and adven-
titious agents into the process via environmental, equipment,
and process controls; leachable/extractable studies; small-
scale impurity spiking studies; small-scale viral clearance
validation studies; process and product characterization;
validation of process consistency and impurity removal at a
commercial scale (drug substance and drug product process
performance campaigns); in-process and batch-release tests;
and product stability testing. Aggregated proteins, as an
example of control strategy, have higher immunogenic
potential through the impact of binding to the lymph-1
receptor, Fcγ, Fc Gamma receptors and FcRn receptors
compared with the monomer (36, 37). While smaller aggre-
gates (dimers and trimers) appear inefficient in inducing
immune responses, large multimers (molecular weight ex-
ceeds 100 kD) are efficient inducers of immune responses
(36). Limiting the level of aggregate through process control
with appropriate specifications will effectively lower the risk
of immunogenicity.

All the factors combined confirm that dostarlimab drug
substance and drug product present good process control and
thus low risk to elicit immunogenicity. In addition,
dostarlimab is administered intravenously, a route of admin-
istration that is associated with low immunogenic response.

CONCLUSIONS

Considering serum ADA results to date from validated
assays for ongoing clinical studies of dostarlimab used in
accordance with common industry-tiered ADA testing ap-
proaches, we conclude that dostarlimab has an ADA
incidence rate (2.5%) comparable to other anti-PD-(L)1
drugs, and treatment with dostarlimab elicits only a weak
immune response in a small percentage of patients with
cancer after one or more treatment cycles. The high product
purity of dostarlimab and route of administration decrease
the risk for induction of immune responses. Furthermore,
there is currently no evidence regarding the impact of pre-
existing ADAs or ADA formation on any safety or efficacy
measures. These findings indicate that dostarlimab is a new
and effective anti-PD-1 mAb with a low potential to elicit
immunogenic responses.

SUPPLEMENTARY INFORMATION

The online version contains supplementary material
available at https://doi.org/10.1208/s12248-021-00624-7.

ACKNOWLEDGEMENTS

We would like to thank Murad Melhem, PhD
(G l a x oSm i t hK l i n e ) , a n d S and r a Vi s s e r , P hD
(GlaxoSmithKline), for their technical review and scientific
input. Medical writing and editorial support, coordinated by
Hasan H. Jamal, MSc, of GlaxoSmithKline (Waltham, MA),
was provided by Eric Scocchera, PhD, and Anne Cooper, MA,
of Ashfield Healthcare Communications (Middletown, CT).

FUNDING

This study was funded by GlaxoSmithKline. Trademarks
are owned by or licensed to the GSK group of companies.

DATA AVAILABILITY

Anonymized individual participant data and study doc-
uments can be requested for further research from
www.clinicalstudydatarequest.com

DECLARATIONS

Conflict of Interest SL, MZ, YY, MG, WG, and EI are
employees of GlaxoSmithKline and hold GlaxoSmithKline stock
or stock options. AM was an employee of GlaxoSmithKline while
contributing to the presented work and is currently an employee of
Mersana Therapeutics. KYJ was an employee of GlaxoSmithKline
while contributing to the presented work and is currently an
employee of Relay Therapeutics. RRB, AC, and AR are
employees of B2S LifeSciences. KK is an employee of IQVIA.
EP is an employee of Nuventra Pharma Sciences.

REFERENCES

1. Francisco LM, Sage PT, Sharpe AH. The PD-1 pathway in
tolerance and autoimmunity. Immunol Rev. 2010;236:219–42.

2. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N.
Involvement of PD-L1 on tumor cells in the escape from host
immune system and tumor immunotherapy by PD-L1 blockade.
Proc Natl Acad Sci U S A. 2002;99(19):12293–7.

3. McDermott J, Jimeno A. Pembrolizumab: PD-1 inhibition as a
therapeutic strategy in cancer. Drugs Today (Barc).
2015;51(1):7–20.

4. Study of TSR-042, an anti-programmed cell death-1 receptor
(PD-1) monoclonal antibody, in participants with advanced solid
tumors (GARNET) clinicaltrials.gov . Available from: https://
clinicaltrials.gov/ct2/show/NCT02715284. Accessed 15
June 2021.

5. FDA. JEMPERLI (dostarlimab) prescribing information
www.accessdata.fda.gov2021. Available from: https://
www.accessdata. fda.gov/drugsatfda_docs/ label /2021/
761174s000lbl.pdf. Accessed 15 June 2021.

6. Oaknin A, Ellard SL, Leath Iii C, Moreno V, Kristeleit R, Guo
W, et al. 935PD Preliminary safety, efficacy, and PK/PD
characterization from GARNET, a phase I clinical trial of the
anti–PD-1 monoclonal antibody, TSR-042, in patients with

Page 11 of 12 96The AAPS Journal (2021) 23: 96

http://dx.doi.org/10.1208/s12248-021-00624-7
http://www.clinicalstudydatarequest.com
http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02715284
https://clinicaltrials.gov/ct2/show/NCT02715284
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761174s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761174s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761174s000lbl.pdf


recurrent or advanced MSI-H endometrial cancer. Ann Oncol.
2018;29(suppl_8):viii334.

7. Oaknin A. Preliminary safety, efficacy, and pharmacokinetic/
pharmacodynamic characterization from GARNET, a phase 1/2
clinical trial of the anti-pd-1 monoclonal antibody, dostarlimab,
in patients with recurrent or advanced MSI-H and MSS
endometrial cancer (EC). Poster presented at: SGO Annual
Meeting; 2019 March 16-19; Honolulu, HI.

8. Perez D SJ, Pikiel J, Barretina-Ginesta MP, Trigo J, Guo W, Lu
S, Jenkins D, Jen KY, Danaee H, Dunlap S, Im E, Moreno V,
editor GARNET: preliminary safety, efficacy, pharmacokinetic,
and biomarker characterization from a phase 1 clinical trial of
TSR-042 (anti-PD-1 monoclonal antibody) in patients with
recurrent/advanced NSCLC. SITC; 2018; Washington, D.C.

9. van Brummelen EM, Ros W, Wolbink G, Beijnen JH, Schellens
JH. Antidrug antibody formation in oncology: clinical relevance
and challenges. Oncologist. 2016;21(10):1260–8.

10. Singh SK. Impact of product-related factors on immunogenicity
of biotherapeutics. J Pharm Sci. 2011;100(2):354–87.

11. Pratt KP. Anti-drug antibodies: emerging approaches to predict,
reduce or reverse biotherapeutic immunogenicity. Antibodies
(Basel). 2018;7(2):19.

12. De Groot AS, Scott DW. Immunogenicity of protein therapeu-
tics. Trends Immunol. 2007;28(11):482–90.

13. Vanderlaan M, Maniatis A, Olney R, Rahmaoui A, Yau L,
Quarmby V, et al. Changes in manufacturing processes of
biologic therapies can alter the immunogenicity profile of the
product. Clin Pharmacol Ther. 2020;107(4):988–93.

14. Wolbink GJ, Aarden LA, Dijkmans BA. Dealing with immu-
nogenicity of biologicals: assessment and clinical relevance. Curr
Opin Rheumatol. 2009;21(3):211–5.

15. Yanai H, Hanauer SB. Assessing response and loss of response
to biological therapies in IBD. Am J Gastroenterol.
2011;106(4):685–98.

16. Harding FA, Stickler MM, Razo J, DuBridge RB. The
immunogenicity of humanized and fully human antibodies:
residual immunogenicity resides in the CDR regions. MAbs.
2010;2(3):256–65.

17. Hwang WY, Foote J. Immunogenicity of engineered antibodies.
Methods. 2005;36(1):3–10.

18. Shankar G, Arkin S, Cocea L, Devanarayan V, Kirshner S,
Kromminga A, et al. Assessment and reporting of the clinical
immunogenicity of therapeutic proteins and peptides-
harmonized terminology and tactical recommendations. AAPS
J. 2014;16(4):658–73.

19. Patsoukis N, Wang Q, Strauss L, Boussiotis VA. Revisiting the
PD-1 pathway. Sci Adv. 2020;6(38):eabd2712.

20. van Schie KA, Wolbink GJ, Rispens T. Cross-reactive and pre-
existing antibodies to therapeutic antibodies–effects on treat-
ment and immunogenicity. MAbs. 2015;7(4):662–71.

21. Klee GG. Human anti-mouse antibodies. Arch Pathol Lab Med.
2000;124(6):921–3.

22. Koshida S, Asanuma K, Kuribayashi K, Goto M, Tsuji N,
Kobayashi D, et al. Prevalence of human anti-mouse antibodies
(HAMAs) in routine examinations. Clin Chim Acta. 2010;411(5-
6):391–4.

23. Pembrolizumab (Keytruda) [Internet]. 2020 [cited May 29,
2020]. Available from: https://www.accessdata.fda.gov/

drugsatfda_docs/label/2020/125514s059s064s076s083lbl.pdf.
Accessed 15 June 2021.

24. Nivolumab (Opdivo) [Internet]. 2020 [cited May 29, 2020].
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/125554s082lbl.pdf. Accessed 15 June 2021.

25. Cemiplimab (Libtayo) [Internet]. 2019 [cited May 29, 2020].
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2019/761097s001lbl.pdf. Accessed 15 June 2021.

26. Avelumab (Bavencio) [Internet]. 2019 [cited May 29, 2020].
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2019/761049s006lbl.pdf. Accessed 15 June 2021.

27. Durvalumab (Imfinzi) [Internet]. 2020 [cited May 29, 2020].
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/761069s018lbl.pdf. Accessed 15 June 2021.

28. Atezolizumab (Tecentriq) [Internet]. 2020 [cited May 29, 2020].
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/761034s027lbl.pdf. Accessed 15 June 2021.

29. Pecoraro V, De Santis E, Melegari A, Trenti T. The impact of
immunogenicity of TNFalpha inhibitors in autoimmune inflam-
matory disease. A systematic review and meta-analysis.
Autoimmun Rev. 2017;16(6):564–75.

30. Infliximab (Ixifi) [Internet]. [cited July 31, 2020]. Available
from: https://www.accessdata.fda.gov/drugsatfda_docs/label/
2020/761072s006lbl.pdf. Accessed 15 June 2021.

31. Adalimumab (Humira) [Internet]. [cited July 31, 2020]. Avail-
able from: https://www.accessdata.fda.gov/drugsatfda_docs/la-
bel/2020/125057s415lbl.pdf. Accessed 15 June 2021.

32. U.S. Department of Health and Human Services FaDA, Center
for Drug Evaluation and Research (CDER), and Center for
Biologics Evaluation and Research (CBER). Immunogenicity
testing of therapeutic protein products—developing and vali-
dating assays for anti-drug antibody detection. https://
www.fda.gov/media/119788/download. Accessed 15 June 2021.

33. Gorovits B, Baltrukonis DJ, Bhattacharya I, Birchler MA, Finco
D, Sikkema D, et al. Immunoassay methods used in clinical
studies for the detection of anti-drug antibodies to adalimumab
and infliximab. Clin Exp Immunol. 2018;192:348–65.

34. Davda J, Declerck P, Hu-Lieskovan S, Hickling TP, Jacobs IA,
Chou J, et al. Immunogenicity of immunomodulatory, antibody-
based, oncology therapeutics. J Immunother Cancer.
2019;7(1):105.

35. Gupta S, Richards S, Amaravadi L, Piccoli S, Desilva B, Pillutla
R, et al. 2017 White Paper on recent issues in bioanalysis: a
global perspective on immunogenicity guidelines & biomarker
assay performance (Part 3 - LBA: immunogenicity, biomarkers
and PK assays). Bioanalysis. 2017;9(24):1967–96.

36. Rosenberg AS. Effects of protein aggregates: an immunologic
perspective. AAPS J. 2006;8(3):E501–7.

37. Rosenberg ASWAS. A risk-based approach to immunogenicity
concerns of therapeutic protein products, part 2: considering
host-specific and product-specific factors impacting immunoge-
nicity. Biopharm International. 2004;17(12).

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

96 Page 12 of 12 The AAPS Journal (2021) 23: 96

https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125514s059s064s076s083lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125514s059s064s076s083lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125554s082lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125554s082lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761097s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761097s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761049s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761049s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761069s018lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761069s018lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761034s027lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761034s027lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761072s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761072s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125057s415lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125057s415lbl.pdf
https://www.fda.gov/media/119788/download
https://www.fda.gov/media/119788/download

	An Integrated Analysis of Dostarlimab Immunogenicity
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Design
	Patient Eligibility Criteria
	Treatment
	Test Sample Collection
	ADA Detection Assays
	NAb Detection Assay
	Drug Concentration Detection
	CMC Process and Product Control
	ADA Analyses
	Immunogenicity and Dostarlimab PK
	Immunogenicity and Dostarlimab Safety
	Immunogenicity and Dostarlimab Efficacy

	RESULTS
	Patient Disposition
	Study Drug
	Prevalence of Antibodies to Dostarlimab
	Incidence of Treatment-Emergent ADAs and NAbs
	Persistent ADA Response
	ADA and PK
	Adverse Events
	Efficacy Measures

	DISCUSSION
	CONCLUSIONS
	��References



