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Abstract

Treatment of metastatic, castrate-resistant prostate cancer (CRPC) remains a highly unmet medical 
need. We have developed a bispecific ADAPTIR™ (modular protein technology) molecule1, ES414, 
that redirects T cell cytotoxicity against cells expressing PSMA (Prostate Specific Membrane An-
tigen), a prostate cancer antigen.2 ADAPTIR molecules are antibody-like therapeutics containing 
two sets of binding domains linked to immunoglobulin Fc domains, which extend the half-life of the 
molecules in vivo. In these studies, we examine the pharmacokinetics and tolerability of ES414 in 
humanized mice and non-human primates (NHP) to assess the potential for clinical development. 
Because this molecule can interact with the CD3 epsilon chain in the T cell receptor complex, it is 
important to assess the tolerability of this drug candidate, in particular whether the mechanism of 
action of this drug candidate would lead to excessive cytokine release and associated co-morbidities.

Materials and Methods

Cross-reactivity of ES414 to cynomolgus antigens was first assessed by measuring binding to re-
combinant PSMA and primary cynomolgus T cells in vitro. Cross-reactivity was further assessed in 
redirected T cell cytotoxicity (RTCC) assays using cynomolgus T cells. Pharmacokinetics of ES414 
were determined from single intravenous injections in BALB/c mice (not shown) and cynomolgus 
monkeys. Serum draws at time points ranging from 15 minutes to 504 hours were used to deter-
mine the serum half-life in each species. Tolerability was assessed following single intravenous in-
jections in both humanized NOD scid gammanull (NSG) mice and cynomolgus monkeys. Cytokine 
release was assessed using multiplex immunoassays. Peripheral blood NHP cell populations were 
followed using standard hematology measurements, and T cell redistribution was followed using 
flow cytometry. 

ADAPTIR Therapeutics

ADAPTIR molecules are bispecific antibody-like therapeutics containing two sets of binding domains 
linked to immunoglobulin Fc domains to extend the half-life of the molecule in vivo. In the αPSMA x 
αCD3 ADAPTIR molecule ES414, the Fc region has been engineered to minimize complement fixa-
tion and interaction with Fcγ receptors, to avoid interactions with other components of the immune 
system that could lead to CD3 clustering and non-specific T cell activation. The anti-PSMA binding 
domain is a humanized single chain variable fragment (scFv) derived from a murine antibody that 
binds human and NHP PSMA. The anti-CD3 binding domain is a humanized scFv adapted from a 
murine antibody that binds human and NHP CD3. 
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Results

Figure 1. ES414 is Cross-Reactive on Human and NHP Cells

RTCC Activity of Human Tcells on C4-2b Cells  
51Cr release assay (4hr, E:T 5:1)

RTCC Activity with NHP PBMNC on C4-2B cells 
51Cr release assay (4 hr, 10:1 ratio)

Assay Human EC50 Cyno EC50

RTCC 1.3 +/− 0.43 pM 6.5 +/− 1.9 pM

 
Thawed Human T cells or freshly isolated Cynomolgus PBMC were combined with PSMA+ C4-2B 
prostate cancer cells in RTCC assay using chromium release to compare activity of ES414 across 
species. Negative control ADAPTIR molecule has a binding domain targeting a different tumor 
antigen, but the same anti-CD3 binding domain.

Figure 2. Cytokine Release Study Design in Humanized Mice 

Compound nmol/dose mg / kg # Mice Group Description

Vehicle  — — 6 Vehicle Control

ES414 0.6 5 6 High Dose

ES414 0.1 0.5 6 Low Dose

scFv-scFv 0.6 1.65 6 High Dose, Comparator

scFv-scFv 0.1 0.165 6 Low Dose, Comparator

OKT3 0.1 0.715 5
Positive Control, Molar Equivalent 

of Low Dose

Dosing Monitor weight and symptoms 

0	   2hr	   68hr	  

Treatment 

Bleed 

18hr	  

The PK of ES414 was assessed in BALB/c mice after a single injection of 200µg/mouse. Half-life 
was estimated at 38 to 40 hours. In vivo cytokine release by human T cells was determined in hu-
manized NSG mice carrying at least 75,000 human T cells/ml of blood. Humanized NSG mice were 
injected with vehicle, OKT3 mAb (anti-human CD3, a positive control for cytokine release), low or 
high doses of ES414, or low or high doses of the scFv-scFv control. Cytokines were assessed at 2, 
18, and 68 hours.

Figure 3. Cytokine Release Patterns in Humanized Mice

Example of Early Induction Example of Late Induction 

Cytokines with this pattern  
IL-2, IL-4, IL-6, IL-10, IL-17, TNFα, 

GM-CSF, MCP-1 

Cytokines with this pattern 
IL-5, IL-13, IP-10, G-CSF 

Figure 4. Cytokine Release Levels in Humanized Mice
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Minimal levels of cytokines were seen upon injection of PBS. Small, but detectable levels of IL-6, 
MCP-1 and IP-10 were seen on injection of ES414. Noticeably higher levels of cytokines were seen 
from injection of the scFv-scFv comparator at either concentration or the OKT3 mAb.

Figure 5. Non-GLP NHP PK and Tolerability Study Design

Group No. No. of Males Test Material Dose (mg / kg)

1 3 Vehicle 0

2 3 ES414 0.01

3 3 ES414 0.1

4 3 ES414 1

5 3 ES414 10

The PK and single-dose tolerability of ES414 were assessed in male cynomolgus monkeys. 4 dose 
groups were chosen from 0.01 to 10 mg/kg. Effects of clinical administration of ES414 were moni-
tored through clinical observation, clinical chemistries, coagulation, hematology, and flow cytometry.  

Serum samples were evaluated for PK parameters at pre-dose, 0.25, 2, 6, 24, 48, 96, 168, 334 
and 504 hour time points.  Early serum samples through 96 hours were evaluated for cytokine lev-
els by luminex assay. Late serum time points were evaluated for anti-drug antibody. 

Whole blood samples were analyzed for peripheral populations by hematology and flow cytometry 
at pre-dose, 2hr, 24hr, 96hr, 168, 334 and 504 hours after the single dose.

Serum samples were also analyzed for standard clinical chemistry and coagulation parameters at 
pre-dose, 24 and 168 hours after the single dose (no toxicological signal in the data collected).

Figure 6. ES414 Serum Concentrations in NHP

Description 10 mg / kg

Apparent terminal elimination half life 38.7 hr

Time of maximum observed concentration 0.25 hr

Maximum observed concentration, occurring at Tmax 169.4 µg/ mL

Volume of distribution based on the terminal phase 599.1 mL / kg

Serum clearance 10.72 mL / hr / kg

Area under the curve from the time of dosing extrapolated to infinity 946 hr*μg / mL

Figure 7. Hematology: NHP Peripheral Lymphocytes (x103 / µL)
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Figure 8. Flow Cytometry: CD2+CD16- NHP T cells (/ µL)
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A transient, dose-dependent, peripheral redistribution of lymphocytes after administration of ES414 
was observed in both hematology and flow cytometry assays.

Figure 9. Example of Cytokine Release: IL-6 in all Groups

Figure 10. Comparing Cytokine Release: ES414 to FN-18* 

 ▪ Induced in all groups:  IL-6, IL-12, IL-15, MCP-1, MP-1b

 ▪ Induced in groups 4 and 5:  IL-1ra, IL-5, TNFα

 ▪ Induced in group 5: IL-2, IFNγ

 ▪ NHP 3003 exclude, high pre-dose baseline values

* FN-18 is an activating anti-NHP CD3 epsilon used in an independent study by Charles River Laboratories, Montreal to 
assess cytokine release in cynomolgus monkeys. Charles River Laboratories is not responsible for any outcome linked to the 
comparison of data generated in this study with their previous study on FN-18.

Results

 ▪ ES414 showed comparable in vitro cytotoxic activity with human and cynomolgus T cells. 

 ▪ Tolerability experiments in humanized NSG mice showed a limited dose-dependent effect on cyto-
kine release  for ES414 that was less than that produced by the comparator scFv-scFv format or 
the OKT3 mAb.  

 ▪ PK and tolerability experiments in cynomolgus monkeys showed an extended serum half-life for 
ES414 and a limited dose-dependent effect on cytokine release and T cell redistribution.  This cy-
tokine release was less than that seen in a separate study with  the FN-18  mAb. This drug candi-
date is well tolerated in non-human primates.  

Conclusions

These studies demonstrate that  ES414, an anti-PSMA x anti-CD3 ADAPTIR molecule, is pharmaco-
logically active in cynomolgus monkeys, is well tolerated at levels well above the expected human 
dose, possesses suitable characteristics for further in vivo toxicology studies, and merits further 
investigation as a potential therapeutic for the treatment of CRPC.
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