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TRANSLATIONAL RELEVANCE

Bispecific antibodies are a rapidly emerging therapeutic paradigm, but their structurally
complex formats are often accompanied by risk of immunogenicity, including antidrug
antibodies (ADAs), and downstream effects on safety and efficacy. To date, our
understanding of immunogenic molecules in clinical trials is limited, as they are often
discontinued from development and not reported in the public domain. Here, we report
the Phase 1 clinical experience of the bispecific antibody LY3415244, where significant
immunogenicity led to hypersensitivity reactions and early trial termination. ADAs were
directed against both arms of LY3415244 with significantly higher titers when compared
to monotherapy of the 2 parental antibodies (anti-TIM-3 and anti-PD-L1 monoclonal
antibodies). Notably, higher preexisting antibodies against the bispecific compared to
their respective parental monoclonal antibodies was observed in healthy donors.
Overall, these findings highlight the need for early and comprehensive immunogenicity
risk assessment, which includes determination of preexisting antibodies, especially

when developing novel bispecific antibody structures.
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ABSTRACT

Purpose: Investigate the safety and efficacy of LY3415244, a TIM-3/PD-L1 bispecific

antibody that blocks TIM-3 and PD-L1 in patients with advanced solid tumors.

Experimental Design: A Phase 1, multicenter, open-label study was conducted in
patients with advanced solid tumors. Patients were dosed every 2 weeks intravenously
with flat doses of LY3415244 escalating from 3mg to 70mg. The primary endpoints were

safety, tolerability, and identification of the recommended Phase 2 dose.

Results: Between November 2018 and October 2019, 12 patients were enrolled into 4
cohorts and received at least 1 dose of LY3415244. Two patients (16.7%) developed
clinically significant anaphylactic infusion-related reactions and all patients developed
treatment emergent anti-drug antibodies (TE-ADAS). ADA titers were sometimes very
high and negatively impacted soluble TIM-3 target engagement in most patients. ADA
epitope specificity was against both TIM-3 and PD-L1 arms of the bispecific antibody;
most TE-ADAs initially targeted the TIM-3 arm after the first dose. Pre-existing ADAS
against LY3415244 were also detected in normal (unexposed) human serum samples.

One patient with PD-1 refractory NSCLC had a near partial response (-29.6%).

Conclusions: This TIM-3 and PD-L1 bispecific format was associated with unexpected
immunogenicity targeting both arms of the bispecific antibody, resulting in early study
termination. Epitope specificity analysis revealed an initial response towards the TIM-3
arm and presence of pre-existing ADASs to the bispecific molecule in the general
population. This experience emphasizes the importance of thorough analyses for

pre-existing ADAs as part of immunogenicity risk assessment of novel antibodies.

Downloaded from clincancerres.aacrjournals.org on April 6, 2021. © 2021 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

Author Manuscript Published OnlineFirst on January 13, 2021; DOI: 10.1158/1078-0432.CCR-20-3716
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

INTRODUCTION

Programmed death (ligand) 1 (PD-[L]1) immune checkpoint inhibitors (i.e. anti-PD-1 or
anti-PD-L1) have demonstrated clinical benefit in a subset of patients across a variety of
tumor types, with manageable safety (1-8). However, primary and acquired resistance
are common, and new therapeutic approaches are needed (9). T-cell immunoglobulin
and mucin-domain-containing molecule-3 (TIM-3) is a negative regulator of interferon
gamma-secreting T-cells and cell-mediated antitumor immunity, is a cell surface marker
for ‘exhausted’ T-cells following chronic exposure to antigen, and is co-expressed with
PD-1 on exhausted T-cells in patients with cancer (10-12). Koyama et al. (2016)
reported that TIM-3 expression is upregulated in patient tumors that progress following
anti-PD-1 therapy, and in mouse models, the addition of TIM-3 antibodies overcame
resistance to PD-1 blockade (13). Pre-clinical studies showed the blockade of both
PD-1 and TIM-3 improved survival of tumor-bearing mice compared to blocking PD-1
only (14). The dual blockade of TIM-3 and PD-1 has also been shown to restore T-cell
functionality and proliferation, resulting in a more comprehensive reversal of T-cell

exhaustion (10, 12, 15).

LY3415244 is a TIM-3/PD-L1 bispecific antibody that blocks both TIM-3 signaling on
immune cells and PD-L1 on tumor cells. The bispecific format was hypothesized to
provide an additional mechanism of benefit by bridging together 2 cell types expressing
TIM-3 (immune cell) and PD-L1 (tumor cell). The capacity of bispecific antibodies to
facilitate cell-to-cell bridging has been demonstrated using a bispecific antibody

targeting anti-PD-1 and anti-PD-L1 to bridge PD-1 expressed on Jurkat cells with PD-L1
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expressed on CHO cells (16). Herein, we report safety and immunogenicity findings of

LY3415244 monotherapy in patients with advanced solid tumors.

PATIENTS AND METHODS

Patient Population and Study Design

Study J1C-MC-JZDA was a multicenter, nonrandomized, open-label, dose-escalation
Phase 1 study of LY3415244 in patients with advanced solid tumors with planned
expansion cohorts consisting of non-small cell lung cancer, urothelial cancer,
mesothelioma, and melanoma. Eligible patients had histologically or cytologically
confirmed advanced or metastatic solid tumors for which standard therapy did not exist
or standard therapy had failed; an Eastern Cooperative Oncology Group performance
status of O or 1; at least 1 measurable lesion as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST) v1.1 (17); and adequate hematologic, hepatic, and
renal function, and no symptomatic central nervous system malignancy or metastasis.
Prior immunotherapy was permitted for patients who had not experienced severe or
persistent immune-related adverse events (irAEs), especially toxicities leading to

discontinuation of the prior immunotherapy.

Patients were enrolled in escalating dose cohorts driven by the modified toxicity
probability interval (mTPI)-2 method (18), with a minimum of 3 patients per cohort. The
primary objective was to assess the safety and tolerability and identify the
recommended Phase 2 dose of LY3415244 in patients with advanced solid tumors and

the secondary objective was to assess the pharmacokinetics (PK) of LY3415244.
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Exploratory endpoints included assessing the immunogenicity of LY3415244, antitumor

activity, and exploring the association between biomarkers and clinical outcomes.

All patients provided written informed consent, and local Institutional Review Board
approvals were obtained. The study was conducted in accordance with the Declaration
of Helsinki and in compliance with the International Conference on Harmonization
guidelines on Good Clinical Practice. This study is registered with ClinicalTrials.gov

(NCT03752177).

Study Treatment

LY3415244 was given on Days 1 and 15 of each 28-day cycle as a 60-minute
intravenous infusion in all cohorts. LY3415244 was given at 3 mg, 10 mg, 30 mg, and
70 mg doses in Cohort A1-A4, respectively. Dose escalation ended at Cohort A4,
therefore, LY3415244 was not given at the higher planned doses. Treatment continued
until patients experienced a dose-limiting toxicity (DLT), a DLT-equivalent toxicity,
unacceptable toxicity, or other discontinuation criterion were met. Dose escalation took
into consideration DLT and available pharmacokinetic and pharmacodynamic data from

previous dose levels.

Assessments

Safety

Safety was assessed in every patient who received at least 1 dose of LY3415244.
DLTs, treatment-emergent AEs (TEAESs), DLT-equivalent toxicities, serious adverse
events (SAEs), deaths, and clinical laboratory abnormalities were graded using

Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0. DLTs were
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defined as possibly drug-related AEs during Cycle 1 if they met 1 of the following
criteria: Grade 23 hematologic or non-hematologic toxicity, including Grade 4 immune-
related AE, or any other significant toxicity with exceptions including but not limited to
Grade 3 inflammatory reaction attributed to a local antitumor response, any grade
vitiligo or alopecia, Grade 3 or 4 lymphopenia or first occurrence of Grade 3 infusion-
related reaction (IRR) if no corticosteroid prophylaxis was given and if it resolved within

6 hours with treatment.

Pharmacokinetics and pharmacodynamics

Samples were obtained for PK and pharmacodynamic (PD) analyses at multiple time
points before, during, and after dosing. Planned pharmacokinetic assessments included
calculations of area under time-concentration curve (AUC), minimum serum/plasma
concentration (Cnin) and approximate maximum serum/plasma concentration (Cpax) Of
LY3415244 from concentrations of LY3415244 in plasma; however, LY3415244 was not
detectable in PK analyses and therefore results are not shown. Potential PD markers
included measuring markers such as soluble PD-L1 (sPD-L1) and soluble TIM-3 (sTIM-

3) in serum.

Biomarkers

A newly obtained pre-treatment tumor biopsy was mandatory at baseline and prior to
Cycle 2 Day 1 (C2D1) infusion for biomarker analyses. Tissue immunoreactivity for PD-
L1 was assessed using the Dako PD-L1 immunohistochemistry (IHC) 22C3 pharmDx kit
(Agilent, Santa Clara, CA). CD8 IHC was performed using a monoclonal mouse anti-

human CD8 ready-to-use antibody (Dako C8-144B) on an automated staining platform.
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TIM-3 IHC was performed using a clone against the TIM-3 extracellular domain (clone
D5D5R; Cell Signaling Technology®, Danvers, MA). Samples were analyzed at Clinical
Diagnostics Laboratory, Eli Lilly and Company, and results were evaluated by a
gualified pathologist according to prespecified interpretation guidelines. The average
number of positive cells counted approximately within 5 randomly selected
representative high-power microscopic fields (hpf) were reported for CD8 and TIM-3.
PD-L1 expression was reported using Tumor Proportional Score (TPS), which is the
percentage of viable tumor cells showing partial or complete membranous staining at
any intensity. The specimen was considered negative or positive for PD-L1 expression if

TPS was lower than 1% or at least 1%, respectively.
Immunogenicity, epitope specificity, and pre-existing anti-drug antibody reactivity

Serum samples obtained during this study were analyzed at BioAgilytix Labs (Durham,
NC, USA) to screen for (Tier 1), confirm (Tier 2), and titer (Tier 3) anti-drug antibodies
(ADAS) against LY3415244 according to current regulatory guidance (Supplemental Fig
1) (19). A screening ADA (Tier 1) signal above the cut point of the assay (Supplemental
Methods) signifies that the sample is a “putative positive.” The specificity of the
screening ADA signal is assessed by adding excess unlabeled LY3415244 during the
detection step; confirmation of an ADA being present is demonstrated by competitive
suppression of the screening ADA signal (“confirmatory inhibition”). Similar method
used for detecting TE-ADA for LY3300054, whereby anti-drug antibodies against

LY3300054 are detected instead.

A patient was evaluable for assessment of treatment-emergent ADAs (TE-ADAS) if

there was at least 1 non-missing test result for LY3415244 ADA for both the baseline
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period and the post-baseline period. All percentages are relative to the total number of

TE-ADA evaluable patients in each treatment group.

Pre-existing ADA reactivity was assessed as previously described (20). Briefly, 56 to 60
normal human serum samples (purchased commercially from Bioreclamation IVT) were
tested (Supplemental Methods) to obtain the screening ADA signal (Tier 1). Epitope
specificity studies were conducted as described above and as previously described

(20).

Response

All efficacy analyses were performed on the safety population. Radiographic tumor
assessments were planned at baseline and every 8 weeks after C1D1 for the first year
according to RECIST v1.1 (17), until disease progression or another discontinuation
criteria was met. Disease control rate (DCR) was the proportion of enrolled patients who
had achieved a best overall response (BOR) of confirmed complete response (CR),
confirmed partial response (PR), or stable disease (SD). Duration of response, time to
response, progression-free survival, and overall survival were planned and defined in
the protocol, but early termination precluded these efficacy analyses as most patients

were no longer on study within a year.

Statistical Analysis

The mTPI-2 method (18) was implemented in the dose escalation. This study was
designed to identify a dose level with a dose-limiting target toxicity rate of 30%. The
mTPI-2 method considered an equivalence interval around the target toxicity rate, and it

was set to be (25%, 35%) for the study.

10
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All safety and efficacy analyses were performed in patients who received at least 1 dose
of study treatment. Descriptive statistics were used to summarize findings. The dose
escalation portion of the study was not designed to make an efficacy assessment;
however, all available tumor response data were documented. The database lock for
this analysis was November 14, 2019. Analyses were performed in SAS version 9.4

(SAS institute, Cary, NC) and Prism 9 version 9.0 (GraphPad Software).

11
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RESULTS
Patient Characteristics

Between November 2018 and October 2019, 12 patients were enrolled and received
LY3415244 (Table 1 and Supplemental Fig 2). Three patients were treated in each of
the cohorts Al, A2, A3, and A4, and received 3 mg, 10 mg, 30 mg, or 70 mg,

respectively (Supplemental Table 1). Prior to enroliment, all 12 patients had received

prior systemic therapy for metastatic disease.
Safety and Tolerability

All patients received more than 1 dose of LY3415244 (Supplemental Table 2), except a
patient in Cohort A4 who only received a single dose due to early study termination. Six
patients (50%) discontinued study treatment because of progression, 5 patients
discontinued due to early study termination due to high TE-ADA titers with neutralizing
potential, and 1 patient withdrew consent.

Two patients (1 each in Cohort A2 and A4) experienced Grade 1 or Grade 2 infusion-
related reaction (IRR, as characterized by transient chest discomfort, hypotension,
appearance of edematous erythema) and suggestive of anaphylactic reactions. The
anaphylactic reaction in the patient in Cohort A2 occurred upon infusion of C2D15 and
resolved without any intervention; test results from a hypersensitivity test panel showed
tryptase elevation. In the Cohort A4 patient, the anaphylactic reaction occurred upon
receiving the C2D1 dose, and was treated with 2 courses of hydrocortisone and
dexchlorpheniramine and then resolved. Of note, this patient previously experienced a

suspected delayed hypersensitivity reaction during Cycle 1 that clinically manifested as

12
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a rash that appeared 10 days after the first dose and resolved with medication. Overall,
as a result of high TE-ADA titers and anaphylactic reactions in 2 patients, the study was

terminated early for safety reasons.

No DLTs were observed in evaluable patients, that is those who have received at least
1 dose of LY3415244. One patient in Cohort A2 experienced Grade =3 TEAE (amylase
increase) (Table 2 and Supplemental Table 3). SAEs were observed in 2 patients, both
in Cohort A4 (intestinal stoma obstruction not related to study treatment and IRR
considered related to study treatment). No patients died due to an AE either on study

treatment or within 30 days of discontinuation from study treatment.

Pharmacodynamics and Immunogenicity

All patients who received LY3415244 developed treatment-emergent anti-drug
antibodies (TE-ADASs) (Table 3). TE-ADAs were detected as early as 2 weeks post-
dosing (except in 1 patient in Cohort A3 who had pre-existing ADAs) and titers ranged
from 1:40 to 1:5,242,800 (median 1:81,920) (Figure 1A and Table 3). The 2 patients
with IRRs had TE-ADA titers of 1:20,480 (Cohort A2 event) and 1:655,360 (Cohort A4

event) from samples obtained prior to the anaphylactic event.

A dose-dependent accumulation of sTIM-3 was observed in Cycle 1 (Figure 1B and 1D,
Day 1 through Day 29) as expected, indicating that LY3415244 initially bound to the
intended target, TIM-3, and increased its half-life. However, beyond Cycle 2, there was
a trend in diminishing sTIM-3 concentration in 9 out of 12 LY3415244-treated patients
(Figure 1B and 1D), suggesting a loss of target engagement. We hypothesized that

TE-ADAs, which can recognize the target-binding portions of LY3415244, could

13
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interfere with or neutralize the LY3415244 interaction with sTIM-3. Indeed, in patients
with loss of sTIM-3 target engagement, the decrease in sTIM-3 correlated with
increasing ADA titers (Spearman’s rank correlation coefficient, Rs=-0.5739, p=0.0274),
and was therefore suggestive of a neutralizing ADA effect against LY3415244 (Figure
1C and 1E). However, this inverse relationship between increasing ADAs and
decreasing sTIM-3 target engagement was not universally observed in all patients

(patients 8, 11, and 12 as exceptions, Figure 1D and 1E).

Serum concentrations of sPD-L1 and LY3415244 were below the limit of quantification,
limiting the capacity to examine the dynamics of these features or the correlation with

ADA.

ADA Epitope Specificity and Pre-existing ADA Reactivity

Next, we conducted epitope specificity studies to determine whether the TE-ADAS were
directed against the entirety of the LY3415244 versus an immune-dominant epitope in 1
arm. Patient samples were analyzed in the ADA assay in the presence of the parent
monoclonal antibodies (ABC110 for PD-L1 and C22 for TIM-3) that contained the same
complementarity-determining regions (CDRs) as in LY3415244. In every cohort, on
average, patients developed TE-ADAs against both arms of the bispecific antibody
(Supplemental Table 4). Investigation of the temporal dynamics of arm-specific ADAs
suggested the anti-TIM-3 ADA response appeared earliest, present by Day 14, whereas
the anti-PD-L1 immunogenicity manifested later at Day 29. By Day 56, the specificity

appeared to be equally distributed between the 2 arms (Figure 2A).

14
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It has been shown that the incidence of clinical TE-ADA in dosed subjects correlates
with detection of pre-existing ADA in the healthy donors, and that the epitope specificity
of pre-existing ADA can predict the epitope preference of the clinical ADA (20). Based
on this, we investigated whether an early assessment of pre-existing ADA reactivity
would have informed the high immunogenicity risk of LY3415244. Sixty normal human
serum samples were obtained and tested for pre-existing ADA reactivity against
LY3415244. ADA assay signals (Tier 1) increased across the normal human serum
samples to indicate presence of pre-existing ADA reactivity to anti-TIM-3/PD-L1 in
approximately 9 out of 60 samples (Figure 2B), but precise quantification of the
prevalence of pre-existing ADA reactivity was not possible due to the uncertain upper
limit of normal. The ADA signal was inhibited down to the assay’s background levels
across all 60 samples in the presence of LY3415244 (confirmatory inhibition), indicating
the presence of ADAs specific to LY3415244 (data not shown). On the other hand, pre-
existing ADA reactivity directed towards the 2 parental antibodies, anti-PD-L1
(LY3300054) and anti-TIM-3 (LY3321367), was comparatively very low and closer to
background levels detected by the assay (Figures 2C and 2D, respectively). Similar to
what was observed with the ADAs in the clinical samples from patients treated with
LY3415244, pre-existing ADA immunogenicity towards LY3415244 in normal human
serum samples mainly targeted the TIM-3 CDRs. In epitope specificity studies, the
TIM-3 antibody variant (C22) used for the assembly of LY3415244 bispecific
(TIM-3/PD-L1) inhibited the pre-existing ADAs in normal human serum samples
similarly to LY3415244, whereas the PD-L1 antibody elicited a minimal inhibition, which

was statistically lower compared to both LY3415244 and C22 (t-test p=0.0008 and

15
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0.0044, respectively, Figure 2E). Together, these data indicate the specificity of pre-
existing ADAs in healthy donors and observed clinical ADAs was similar (compare
Figure 2E to Figure 2A). Furthermore, and consistent with previously published reports
(20), we observed that the ADA signal at baseline for each patient was fairly low and
comparable to the majority of the lowest signal seen in healthy donors (Figure 2F). Only

patient 8 had a higher ADA signal (290 ECLU) that resulted in a titer of 1:80 (Figure 1A).
Antitumor Activity

At study discontinuation, no patients had a complete or partial response. One patient in
Cohort A1 with non-small cell lung cancer (NSCLC) who had 1 prior line of anti-PD-1
therapy and was resistant to PD-1 blockade achieved a near PR, with tumor regression
of -29.6% for 3 consecutive scans and was sustained at study discontinuation. Three
patients had a BOR of SD, 8 patients had progressive disease, and 1 patient was non-

evaluable. DCR was 33.3% for each of the cohorts A1, A2 and A3.

Biomarkers

Tumor tissue samples were collected at baseline and on-treatment from all enrolled
patients and analyzed for PD-L1, TIM-3, and CD8 expression (Supplemental Table 5).
One patient with near PR had very high PD-L1 expression (TPS 90%) at baseline,
detected in archival tissue sample collected prior to any anti-PD1 therapy. PD-L1
expression was negative in 10 of 12 remaining patients. Average TIM-3 counts ranged

from O to 65 TIM-3 positive cells per hpf (n=11).
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The change in CD8 expression pre- versus on-treatment was assessed as well. An
increase in intra-tumoral CD8 positive T-cell count was detected post-treatment in 6 of 8

evaluable patients (Supplemental Table 5 and Supplemental Figure 3).
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DISCUSSION

LY3415244 is a TIM-3/PD-L1 bispecific antibody that can target and inhibit both TIM-3
and PD-L1, which was hypothesized to overcome primary and acquired anti-PD-(L)1
resistance by a novel mechanism bridging TIM-3- and PD-L1-expressing cells.
However, high ADA titers, the loss of sTIM-3 target engagement suggestive of
neutralizing ADA, and 2 cases of anaphylaxis, impaired the benefit-risk profile of this

molecule and the study was terminated early.

ADA titers were observed in all patients who received LY3415244, with no evident dose
dependency. High titers could be detected as early as C1D15 and continued to
accumulate with each dose of LY3415244. The reduction seen in sTIM-3 target
engagement along with increment in ADA titers is suggestive of a neutralizing ADA
effect. Two patients with high ADA titers exhibited a hypersensitivity reaction consistent
with anaphylaxis, although not all patients with high ADA titers manifested clinically.
Interestingly, 1 patient with PD-1 refractory NSCLC (despite high PD-L1 expression)
had durable tumor reduction with LY3415244 despite being in the lowest dose cohort
and progressive reduction of sTIM-3 target (suggestive of neutralizing ADA) with each

dose.

In order to better understand whether the TIM-3 arm or the PD-L1 arm was eliciting the
high ADA titers, we examined the ADA epitope specificity. We found that epitopes from
both arms were immunogenic, although with distinct temporal dynamics; the response
to TIM-3 epitopes occurred earlier than the response to PD-L1 epitopes, suggesting the
TIM-3 arm of LY3415244 may have been the earliest and main driver of clinical
immunogenicity.
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Various tools are currently available to investigate the immunogenicity of novel
biotherapeutics, including assessment of pre-existing reactivity described here.
Assessing the levels of pre-existing antibodies in healthy donors provides a valuable
measure of the incidence of pre-existing biotherapeutic-specific B-cells and antibodies
in the general population. In a patient that has not yet been dosed with a novel
biotherapeutic, the presence of pre-existing antibodies indicates a potential liability of
the molecule and can predict a higher incidence of immunogenicity compared to what

would be seen in the absence of any pre-existing ADA.

The magnitude of preexisting ADA reactivity against a biotherapeutic assessed in
treatment-naive individuals and measured by the 90™ percentile of inhibited signal (Tier
2), correlates with the incidence of ADA in patients who have been administered the
biotherapeutic (20). In our analysis, we observed pre-existing ADA immunogenicity
against the bispecific molecule LY3415244 mainly directed towards the TIM-3 arm,
similar to what was observed from analysis of the ADAs in the clinic. This finding was
unexpected, since both parental antibodies were characterized by low pre-existing ADA
reactivity. In addition, and consistent with the notion of a correlation between pre-
existing ADA reactivity and clinical immunogenicity, neither LY3400054 (anti-PD-L1) nor
LY3321367 (anti-TIM-3) elicited a strong ADA response when administered to patients
as monotherapy (Table 3). A potential explanation for the heightened immunogenicity of
LY3415244 compared to its parental antibodies may be amino acid changes introduced
in the heavy and light chains of CDR2 and CDR3 of the original parent antibody
LY3321367 in order to generate an antibody (C22) that would maintain optimal affinity

to its target, while pairing with LY3400054 to form LY3415244. We hypothesize that the
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added mutations resulted in novel B-cell epitopes in C22 not present in LY3321367, and

likely contributed to the enhanced immune response to LY3415244.

However, it is important to note that, at the patient level, the presence of ADA prior to
dosing is not always a direct predictor of clinical immunogenicity. Additional
mechanisms of immunogenicity may be at play, including pre-existing biotherapeutic-
specific T-cells. The combination of risk factors can amplify or downplay the contribution
of pre-existing ADA on the unique immune response that each patient can mount
against a biotherapeutic. In this study, immunogenicity was widespread across dosed
patients, and not limited to the individuals with pre-existing antibodies, suggesting that
the presence of pre-existing ADA on its own is not sufficient to put a patient at risk of
developing treatment-induced ADA. Incorporating assessment of pre-existing antibodies
can therefore improve our understanding the immunogenicity risk profile of a
biotherapeutic prior to it being administered in a clinical trial, but does not address all
potential issues. Future studies to identify the T-cell epitopes presented by dendritic
cells upon exposure to LY3415244, and the comparison to the parent monoclonal
antibodies (anti-TIM-3 mAb and anti-PD-L1 mAb), may provide additional insights into

the immunogenicity response.

Nevertheless, our data suggest that determining pre-existing ADA immunogenicity to
novel cancer molecules in the general population may be important for screening
potential biotherapeutics prior to entering the clinical setting, in order to identify
potentially immunogenic domains likely to be targeted by TE-ADA and help predict the
clinical immunogenicity risk. This step may be particularly important for molecules with

innovative architectures and structures, such as bispecific antibodies or fusion proteins,
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in which the risk of immunogenicity tends to be higher (20). In the specific case of
LY3415244, an earlier assessment of pre-existing ADA reactivity would have predicted
the clinical risk; most importantly, it would have provided valuable insight into the liability
associated with certain mutations and potentially brought an alternative, less
immunogenic bispecific antibody to the clinic. Alternatively, prophylaxis have been
implemented to reduce the incidence of ADA. Immunosuppressants, such as
methotrexate, have been shown to reduce the number of patients developing antibodies
against infliximab and adalimumab (21). Although strategies to reduce immunogenicity
against therapeutic agents by pre-depleting B cells with anti-CD20 monoclonal
antibodies have been proposed, prospective results have not yet demonstrated success
with this approach (22). One limitation to the strategy to deplete CD20 expressing B
cells to prevent TE-ADAs may be that long-lived plasma cells that contribute to the main
production of antibodies can be less affected by anti-CD20 depletion strategies (23, 24).
In addition, anti-CD20 mAb treatment can itself trigger ADAs against anti-CD20 mADb,
indicating that CD20 directed B cell depletion does not safeguard against possible

immunogenicity (25, 26).

The immunogenicity observed in this study is likely not unique to this molecule, and
strategies to predict features of immunogenicity will be important for efficient and safe
clinical drug development in the future. Overall, our data suggest that while the strategy
of targeting PD-L1 and TIM-3 remains attractive, evaluation of preexisting antibodies

should be incorporated into early and comprehensive immunogenicity risk assessment.
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TABLES

Table 1. Baseline patient demographics and disease characteristics

Cohort A1-A4

Total
N=12
Sex, n
Female 6
Male 6

Median age (range), years
Race, n
Caucasian
Asian
Tumor type, n
Breast cancer
Non-small cell lung cancer
Rectal cancer
Peritoneal sarcoma
Desmoplastic small round cell tumor
Ovarian cancer
Ductal adenocarcinoma of pancreas
Prior anticancer therapies, n
Median number (IQR)
1 prior line
23 prior lines
Surgical procedure
Radiotherapy
Systemic therapy

53.50 (25-70)

5 (4-8)
2
10
10
8
12

N and n are numbers of patients. Abbreviations: IQR, interquartile range.
Histopathological diagnosis grade: ? poorly differentiated high grade, ® unable to determine,
¢ undifferentiated high grade, ® well differentiated low grade, © not reported.
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Table 2. Treatment-emergent adverse events considered related to study
treatment

Total
Preferred Term?, n (%) N =12
>1 TEAE 8 (66.7)
Constipation 1(8.3)
Dry mouth 1(8.3)
Nausea 1(8.3)
Fatigue 1(8.3)
Infusion-related reaction 2 (16.7)
Increased amylase 1(8.3)
Increased eosinophil count 1(8.3)
Increased lipase® 1 (8.3)
Increased weight 1(8.3)
Decreased white blood cell count 1(8.3)
Decreased appetite 1(8.3)
Myalgia 2(16.7)
Muscular weakness 1(8.3)
Cough 1(8.3)
Dyspnea 1(8.3)
Alopecia 1(8.3)
Allergic dermatitis 1(8.3)
PPE syndrome 1(8.3)
Rash 1(8.3)
Maculo-papular rash 1(8.3)

Abbreviations: PPE, palmar-plantar erythrodysesthesia; TEAE, treatment-emergent adverse
event.

® TEAEs are listed by preferred term according to MedDRA Version 22.1.

® Although no preplanned dose modifications were allowed, 1 patient in Cohort A2 required a
dose delay due to an adverse event of Grade 4 lipase increase.
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Table 3. Characteristics of clinical immunogenicity in response to dosing with
LY3415244, anti-TIM-3 Ab LY3321367, and anti-PD-L1 Ab LY3300054

Immunogenicity Antg}r;gﬂéilizg'l‘l Antr'];i[é'l‘l Anti-TIM-3 mAb
Parameters (LY3415244) (LY3300054) (LY3321367)
Monotherapy®: Monotherapy”
17% ~50%

TE-ADA rate in the
clinic, (%)

12 out of 12 (100%)

Combo therapy TIM-3 mAb and PD-L1 mAb®;

TE-ADA Max Titer,
Range, (Median)

1:40 to 1:5,242,880
(median 1:81,920)

~50%
Monotherapy®: Monotherapy”:
1:20 to 1:160 1:40 to 1:1280
(1:80) (1:80)

Combo therapy TIM-3 mAb and PD-L1 mAb°®:
1:40 to 1:20480

Infusion Related
Reactions, (%)

Monotherapy:
2 out of 12 (17%)

(1:160)
Monotherapy™: Monotherapy":
0% 1 out of 23 (4%)

Combo therapy TIM-3 mAb and PD-L1 mAb®:
3 out of 18 (16.7%)

 Reference (27)
® Reference (28)

¢ Updated data from reference (28)

Abbreviations: ACE, affinity capture elution; mAb, monoclonal antibody; PD-L1, programmed
death ligand 1; TE-ADA, treatment-emergent antidrug antibody; TIM-3, T cell immunoglobulin
and mucin-domain-containing molecule-3.
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FIGURE LEGENDS

Figure 1. Treatment-emergent anti-drug antibody titers and sTIM-3 concentrations
A) ADA titers over time in all TE-ADA positive patients treated with LY3415244 (Cohorts
Al 3 mg [red plots, patients 1-3], A2 10 mg [blue plots, patients 4-6], A3 30 mg [green
plots, patients 7-9], and A4 70 mg [black plots, patients 10-12]). Patient 12 ADA titer
profile (1:20 at Day 29 and 1:320 at Day 58) overlaps with patient 5 ADA titer profile.
Patients with infusion-related reaction (*) and with partial response (#) are labeled. B)
Concentrations of sTIM-3 over time from TE-ADA positive patients with a trend in
diminishing sTIM-3 target engagement concentrations over time (patients 1-7, 9, and
10). C) Correlation analysis of paired ADA titer and sTIM-3 in TE-ADA positive patients
from (B). Spearman correlation coefficient (Rs) and 2-tailed P value reveals that as ADA
titer increases, sTIM-3 decreases. D) Concentrations of STIM-3 over time from TE-ADA
positive patients without a trend in diminishing sTIM-3 target engagement
concentrations over time (patients 8, 11, and 12). E) Correlation analysis of paired ADA
titer and sTIM-3 in TE-ADA positive patients from (E). Spearman correlation coefficient
(Rs) and 2-tailed P value indicates no compelling correlation of ADA titer and sTIM-3
concentrations. Abbreviations: ADA, anti-drug antibody; P, P value; Rs, Spearman
correlation coefficient; sTIM-3, soluble T-cell immunoglobulin and mucin-domain-

containing molecule-3.

Figure 2. Anti-drug antibody epitope specificity and assessment of preexisting

antibodies
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A) Average confirmatory percent inhibition (Tier 2 analysis) of the ADA signal by the
bispecific TIM-3/PD-L1 antibody or the monospecific anti-TIM-3 (C22) or anti-PD-L1
antibodies (ABC110) from post-baseline samples across all cohorts over time. Data are
mean + SEM. Sixty normal human serum samples were evaluated for pre-existing ADA
reactivity against B) the bispecific anti-TIM-3/PD-L1 antibody (LY3415244), C) the
monospecific anti-TIM-3 antibody (LY3321367), or D) the anti-PD-L1 antibody
(LY3300054). Data show the observed screening ADA signal, expressed as ECLU. E)
The specificity of the epitopes targeted by the pre-existing ADA reactivity to LY3415244
was characterized through confirmatory assays in 6 normal human serum samples that
showed the highest pre-existing ADA reactivity (see panel B: the last 6 samples on the
right of the graph). Only the C22 variant of the anti-TIM-3 antibody (LY3321367) could
inhibit the screening ADA signal against LY3415244, indicating the specificity of the pre-
existing ADA reactivity against the TIM-3 arm of the bispecific (LY3415244). *p<0.05 by

t-test; F) Screening ADA Signal (ECLU) at Baseline in the 12 patients in this study.

Abbreviations: Ab, antibody; ECLU, electrochemiluminescent units; mAb, monoclonal
antibody; PD-L1, programmed death ligand 1; TIM-3, T cell immunoglobulin and mucin-

domain-containing molecule-3.
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