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Abstract

Purpose—Tyrosinase-related protein-1 (TYRP1) is a transmembrane glycoprotein that is
specifically expressed in melanocytes and melanoma cells. Preclinical data suggest that
monoclonal antibodies targeting TYRP1 confer anti-melanoma activity. IMC-20D7S is a
recombinant human IgG1 mAb targeting TYPR1. Here we report the first-in-human phase 1/1b
trial of IMC-20D7S.

Experimental Design—The primary objective of this study was to establish the safety profile
and the maximum tolerated dose (MTD) of IMC-20D7S. Patients with advanced melanoma who
progressed after or during at least one line of treatment or for whom standard therapy was not
indicated enrolled in this standard 3 + 3 dose escalation, open-label study. IMC-20D7S was
administered intravenously every 2 or 3 weeks.
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Results—Twenty seven patients were enrolled. The most common adverse events were fatigue
and constipation experienced by 9 (33%) and 8 (30%) patients respectively. There were no serious
adverse events related to treatment, no discontinuations of treatment due to adverse events, and no
treatment related deaths. Given the absence of dose-limiting toxicities, an MTD was not defined
but a provisional MTD was established at the 20-mg/kg g2w dose based on serum concentration
and safety data. One patient experienced a complete response (CR). A disease control rate, defined
as stable disease or better, of 41% was observed.

Conclusion—IMC-20D7S is well tolerated among patients with advanced melanoma with
evidence of anti-tumor activity. Further investigation of this agent as monotherapy in selected
patients or as part of combination regimens is warranted.
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Introduction

The incidence of melanoma in the United States has increased over the last three decades,
with an estimated 76,100 new cases diagnosed in 2014(1). Historically, treatment of
unresectable melanoma has been challenging as cytotoxic chemotherapy has failed to
improve overall survival in this patient population. More recently, immunotherapy (2,3) and
small molecule inhibitors targeting BRAF and MEK (4,5) have been shown to improve
outcomes among patients with advanced melanoma. Nevertheless, many patients will either
be refractory to such treatment or ultimately develop resistance to therapy and succumb to
their disease. There remains a need to develop efficacious treatment options for this group of
patients.

TYRP1 is a transmembrane glycoprotein involved in melanin biosynthesis that is
specifically expressed in melanocytes(6). Following protein translation, TYRP1 is trafficked
from the endoplasmic reticulum through the Golgi apparatus to melanosomes; it is
subsequently transferred to the melanocyte cell surface upon membrane fusion(7). TYRP1 is
highly expressed in melanocytes and melanoma cells (8), and its expression is generally
stable throughout melanoma progression(9). Given its expression pattern, TYRP1 is a
promising and potentially safe therapeutic target for melanoma patients.

The ability of therapeutic 1gG1 monoclonal antibodies (mAbs) to induce antibody-
dependent cell-mediated cytotoxicity (ADCC) and complement dependent cytotoxicity
(CDC) on target cells has led to the successful development of multiple mAbs now in
clinical use (10). Of note, successful targeting of cell surface proteins that appear to be
uninvolved in growth signaling (e.g., CD20 in B-cell lymphomas) highlights the importance
of ADCC and CDC, as opposed to the inhibition of signaling pathways, in the anti-cancer
activity of some therapeutic mAbs (11).

IMC-20D7S is a recombinant human 1gG1 mAb against TYRP1. Development of this
clinical antibody is based on preclinical data showing that TA99, a murine 1gG2a anti-
TYRP1 mADb, localizes to subcutaneous melanoma xenografts (12), and inhibits syngeneic
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tumor growth in preclinical models (13). The antitumor effect was dependent on the intact
antibody (7), the presence of Fc receptor(14), and natural killer (NK) cells (13) highlighting
the importance of NK-mediated ADCC for this mAb.

Given the preclinical activity of TYRP1-directed mAb therapy, we conducted a phase 1/1b
of IMC-20D7S in patients with advanced melanoma. The primary objective of this study
was to assess the safety of IMC-20D7S and establish a maximum tolerated dose (MTD).
Secondary objectives were to describe the pharmacokinetic profile of IMC-20D7S, to
recommend doses for subsequent clinical trials, to evaluate the immunogenicity of
IMC-20D7S, and to assess progression free survival (PFS).

Materials and Methods

Patient population

All enrolled patients were at least 18 years of age and had confirmed, previously treated
unresectable stage 111 or IV melanoma with measurable disease as per the Response
Evaluation Criteria in Solid Tumors (RECIST 1.1). Patients who progressed after or during
at least one line of treatment or for whom standard therapy was not indicated were enrolled.
Other inclusion criteria included a life expectancy of at least three months, Eastern
Cooperative Oncology Group (ECOG) performance status of 2 or better and adequate
hematologic, renal, and hepatic function. Key exclusion criteria included ongoing grade 2 or
worse side effects from prior radiation or chemotherapy, symptomatic brain or
leptomeningeal disease, and ongoing immunosuppressive therapy, including steroid use.
Patients were enrolled at three academic centers, and the protocol was approved by the
institutional review boards of the respective participating institutions. All patients provided
written informed consent.

Study Design and Treatment

This was an open-label, dose-escalation phase 1/1b study. IMC-20D7S injection for
intravenous infusion was provided by Eli Lilly and Company. An initial dose of 5 mg/kg,
administered over 60 minutes, was selected based on preclinical toxicology studies. This
clinical study consisted of evaluating escalating doses of IMC-20D7S in two different
schedules: an every 2 week schedule (Arm A) with a cycle composing 4 weeks and an every
3 week schedule (Arm B) with a cycle composing 6 weeks. After starting treatment for the
first patient in the initial cohort (LA), a minimum of 7 days observation period elapsed until
the next patient started treatment within this cohort. No waiting period was mandated in
other cohorts, and no intrapatient dose escalation was permitted.

This study was performed with a 3 + 3 dose escalation study design. Within Arm A, planned
dosing levels in the absence of dose limiting toxicities (DLT) were 5, 10, 20, and 30 mg/kg.
Arm B (g 3 week dosing) was opened after the cohort receiving 10mg/kg every 2 weeks was
completed without any safety concerns. Planned dosing levels in Arm B were 10, 20, and 30
mg/kg. Patients were enrolled into both Arm A and Arm B in parallel. Cumulative DLTs
across all dose levels in both arms were assessed on an ongoing basis, but dose escalation
within each arm proceeded independently. Following completion of Arms A and B
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escalating-dose cohorts, a provisional MTD was to be defined. An expanded cohort was to
be formed at the dose level defined at the MTD. At least six patients in total were to be
treated at this dose level.

Patients in the escalating-dose cohorts were able to continue to receive IMC-20D7S in the
absence of treatment failure, treatment intolerance, or consent withdrawal. Radiographic
assessment of tumor response in both study arms was scheduled for every six weeks and
evaluated as per RECIST v1.1. Additional imaging was performed if clinically indicated.

Tolerability and Safety

The incidence and severity of adverse events were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events (CTCAE) v4.02. Treatment
emergent adverse events (TEAES) were defined as events that occurred or worsened after the
first dose of study drug. Serious adverse events (SAEs) were defined as any untoward
medical occurrence, at any dose, that was life threatening, resulted in death, significant
incapacity, or congenital anomaly; or that required (or extended) hospitalization,
intervention to prevent permanent impairment, or intervention to prevent one of the other
listed serious outcomes. Dose limiting toxicities (DLTs) were defined as any Grade 3 or
above toxicity that emerged during study treatment and was clearly not attributable to
melanoma or co-medication and was possibly, probably, or definitely related to IMC-20D7S
in the judgment of the investigator. If a patient experienced a DLT, the patient would not
receive further IMC-20D7S.

Pharmacokinetics and biomarker studies

In Arm A, serial blood samples were collected prior to infusion and up to 2 weeks (336
hours) following the first (Cycle 1 Day 1) and fifth infusions (Cycle 3 Day 1). In Arm B,
blood samples were collected prior to and up to 3 weeks (504 hours) following the first
infusion (Cycle 1 Day 1), and up to two weeks following the fifth infusion (Cycle 3 Day 1).
Two blood samples (pre- and 1 hour post end of infusion) were collected for the first
infusion of cycles 2, 4, and subsequent cycles. Serum concentrations of IMC-20D7S were
quantified using a non-validated enzyme-linked immunosorbent assay (ELISA) using human
gp75 protein as the capture antigen and peroxidase-conjugated anti-human 1gG Fcy as the
detector antibody. IMC-20D7S concentrations were derived using Softmax Pro software
from a four-parameter logistic regression line taken off the standard curve. Serum
concentration data were analyzed by standard non-compartmental analysis (NCA) using
Phoenix WinNonlin 6.3.

A blood sample was also collected prior to study treatment to assess Fc-receptor
polymorphism status. We used a linear regression model, adjusted for dosage, gender, and
age, to ask whether polymorphisms correlated with treatment response or duration of
treatment.

Statistical analysis

Efficacy and safety analyses were planned to be descriptive. The safety and efficacy
population consisted of all patients exposed to any amount of study drug. Median PFS was
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determined by the Kaplan-Meier method. They were performed using SAS Version 9.2. Data
from patients in the expanded cohort were included with those of patients initially treated at
the same dose in the escalating-dose cohort. With regard to Fc-receptor polymorphism
studies, we used linear regression models to associate duration of treatment with candidate
single nucleotide polymorphisms (SNPs) with adjustment for covariates (age, gender, and
treatment arms). Such analyses were done using R 3.0.2 software. Significance was defined
as p < 0.05 for specific polymorphisms.

Patient Population and Treatment

This study enrolled 27 patients between June 29, 2010 and August 20, 2012 of which 16
were men and 11 were women. Age ranged from 44 to 84 years with a median of 67 years.
Each of the seven escalating-dose cohorts included three patients with the exception of
Cohort 2B, which included four patients, one of whom had withdrawn prior to completing
the first treatment cycle and had been replaced per protocol. An expanded cohort of 5
patients was treated at 20 mg/kg every two weeks (Cohort 3A dosing). Detailed patient
characteristics are shown in Table 1.

Treatment duration ranged from 3 to 27 weeks with the highest number of treatment cycles
(7) completed by one patient in Cohort 2A. Across all treatment groups, mean duration of
treatment was 10.5 weeks. The cohort with the shortest mean treatment duration (5.3 weeks)
was cohort 1A; the longest mean treatment duration (18.7 weeks) was in Cohort 2A.

Safety and tolerability

Fourteen patients (51.9%) experienced treatment-related adverse events. Most of these
treatment-related adverse events were low grade, and no patients had grade 3 or greater
treatment-related adverse events. Adverse events occurring in more than one patient in the
study are shown in Table 2. The most frequent adverse events were fatigue and constipation,
occurring in 9 and 8 patients respectively.

A total of 12 patients experienced 21 treatment-emergent serious adverse events (SAES)
collectively (Table 2). Each treatment-emergent SAE occurred in one patient, and none were
characterized as treatment-related. Furthermore, none of the SAEs led to death or
discontinuation of study treatment. No deaths occurred during the study or during the
protocol-required 30-day follow up period. There were no DLTS in this study (see
supplementary Table 1 for a list of grade 3 or greater TEAE by system organ class).

Pharmacokinetics and biomarker studies

The pharmacokinetic parameters computed for IMC-20D7S, are shown in Table 3. The
terminal elimination half-life (t/») could not be reliably estimated due to the limited
sampling time. Clearance at steady state for IMC-20D7S was approximately 0.01L/hr.

Consistent with recently published data on cetuximab (15), which carries the same 1gG1
backbone as IMC-20D7S, there was a significant correlation between the duration of
treatment and a polymorphism in the gene encoding FcyRIla, namely FCGR2A (p < 0.05);
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while there was no discernible correlation between duration of treatment and genotype for
FCGR3A or FCGR2B (Figure 1). The dose of drug administered positively correlated with
duration of treatment (p < 0.05). There was no significant correlation between clinical
outcome and genotype.

There was one patient in cohort 2A who had a complete response (CR) to IMC-20D7S at
week 24 (Figure 2). At baseline, this 67 year old man had ileal metastases measuring 3.3 x
1.7 cm in conglomerate dimension. His first on-treatment CT showed regression, with a CR
evident by week 24. His PFS was 5.95 months. No patients had a best response of partial
response (PR). Ten patients (37%) had stable disease; their PFS values were as follows: 2.6,
3.98,2.6,4.4,4.21,2.1,5.55, 4.3, 2.73, and 4.14 months. Twelve patients (44%) had
progressive disease. Three patients (11%) were not evaluable. The disease control rate,
defined as stable disease or better, was 41% (Table 4). Median PFS of pooled patients from
all dose levels was 2.10 months (95% confidence interval, 1.22 to 2.73). Six patients had a
PFS beyond 3 months (4.14, 4.21, 4.3, 4.4, 5.55 and 5.95 months respectively) with 6 to 13
infusions in total.

Discussion

Treatment with IMC-20D7S was well tolerated with doses safely escalated to 30mg/kg every
2 weeks (Arm A) and 30mg/kg every 3 weeks (Arm B). No MTD was determined since
there were no treatment-related SAEs, DLTSs, or grade 3 toxicities. The recommended dose
for further evaluation was established at 20 mg/kg given every two weeks based on
pharmacokinetic and safety data. While the overall objective response rate in this study was
low, there was one patient with a complete response. Ten patients achieved stable disease.

There is consistent data showing an associated between FcR polymorphisms and function of
tumor-targeting mAbs (16,17). Since FcyRlla has been implicated in ADCC (18) and
antibody-dependent cell-mediated phagocytosis (19) (ADCP) and the efficacy of the 20D7S
preclinical analogue, TA99, was dependent upon FcyR interactions, we hypothesized that
patients’ FcryRIIA polymorphisms would be relevant to clinical outcome with 20D7S. Due
to the low response rate and patient numbers, however, we were unable to find an
association between FcyRIIA polymorphisms and clinical response. Nevertheless, we found
that FcyRIIA polymorphism status was correlated with treatment duration (Figure 1).
Further exploration of Fcy receptor polymorphisms, in larger cohorts, is warranted.

Although the efficacy of IMC-20D7S as a single agent was limited, IMC-20D7S may have
greater clinical efficacy in combination with other immunotherapeutic approaches such as
checkpoint (e.g., CTLA-4, PD-1, PD-L1) blockade. In principle, since tumor-targeted mAb
therapeutics like IMC-20D7S can induce a tumor-specific T-cell response via ADCP (20—
22), the induced T-cell response may theoretically be augmented with checkpoint blockade.
The favorable toxicity profile of 20D7S makes it an attractive candidate for use in such
combinations in subsequent clinical trials.
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Statement of translational relevance

IMC-20D7S is a monoclonal antibody targeting TYRP1 on melanoma cells. We find that
IMC-20D7S is well tolerated among patients with advanced melanoma. Furthermore,
there is evidence of anti-tumor activity including a patient who achieved a complete
response. In light of the possibility that it triggers an anti-tumor T cell response via
antibody-dependent cell-mediated phagocytosis, its efficacy may be augmented with
immune checkpoint blockade. Given IMC-20D7S’s safety profile and its mechanism of
action, there is strong rationale for testing it in combination with checkpoint blockade
therapies such as anti-PD-1 and anti-CTLA-4 monoclonal antibodies. Further
investigation of IMC-20D7S in melanoma patients is thus warranted.
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FCGR2A polymorphisms correlate with duration of treatment.

Figure 1. FCGR polymorphism status
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baseline

week 24

Figure 2. Patient achieving CR

Resolution of ileal metastases measuring 3.3 x 1.7 (arrows) cm in conglomerate dimension.
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