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Introduction
•
•

Interleukin-2 (IL-2) is a cytokine that activates and expands tumor killing lymphocytes, but also potently activates
suppressive T regulatory cells (Tregs) by binding to the heterotrimeric IL-2Rαβγ
NKTR-214 is a CD122-biased cytokine agonist conjugated with multiple releasable chains of polyethylene glycol and
designed to provide sustained signaling through the heterodimeric IL-2 receptor pathway (IL-2Rβγ) to preferentially
activate and expand effector CD8+ T and NK cells over Tregs (1)

Active IL-2 conjugates derived from NKTR-214 increase AUC receptor occupancy at
IL-2Rβγ by 5.9-fold compared to IL-2Rαβγ

• Active conjugates derived from NKTR-214 have only modestly lower affinity for IL-2Rβγ, but their affinities at IL-2Rαβγ are significantly
•

lower, hence they significantly increase receptor occupancy only at IL-2Rβγ
Receptor occupancy of free IL-2 derived from NKTR-214 is similar at IL-2Rβγ and IL-2Rαβγ
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An ordinary differential equations (ODE) model was developed using MATLAB® programming language
The model describes the dynamics of NKTR-214 PEG release, clearance, distribution, and receptor occupancy in vivo
The model was conditioned using experimental data from

• in vitro binding of unconjugated IL-2 and active conjugated IL-2 derived from NKTR-214 to IL-2 receptors using surface plasmon
•
•

2-PEG-IL-2 derived from
NKTR-214

• Values in parenthesis show percentage contribution of each IL-2 conjugates derived from NKTR-214 in total AUC of receptor

Methods
•
•
•

Receptor

NKTR-214 is being evaluated in an outpatient setting in a Phase I dose escalation trial (15 minute IV infusion every 2 or 3
weeks) (2). Comparing to aldesleukin, NKTR-214 has much more favorable safety and tolerability profile. There has been
no evidence of autoimmune AEs or organ-related inflammation (e.g. colitis, pneumonitis, dermatitis, hepatitis,
endocrinopathies) (3)
NKTR-214 is also being evaluated in combination with nivolumab in collaboration with Bristol-Myers Squibb
Here we sought to better understand the mechanism of action of NKTR-214. In particular, the in vitro and in vivo binding
and kinetic parameters measured experimentally were unified into a mechanistic model that aids understanding of the
receptor bias inherent in the molecular design of NKTR-214
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NKTR-214 provides 20.8-fold higher AUC of receptor occupancy at IL-2Rβγ compared to an
equivalent dose of aldesleukin
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Here, Interleukin-2 (IL-2) refer to the IL-2 sequence identical to the FDA approved therapy called aldesleukin, hence IL-2
and aldesleukin are used interchangeably

Model Assumptions

•
•
•
•

PEG chains are released with rates within 20% of in vitro release rates
Receptor binding occurs on the surface of lymphocytes. Average number of lymphocytes in mice and average number of
IL-2Rα IL-2Rβγ subunits per lymphocytes were used for simulations
The IL-2Rβγ receptor is formed when IL-2, 1-PEG-IL-2, or 2-PEG-IL-2 bind to beta-gamma complex. The heterotrimeric
receptor, IL-2Rαβγ, is engaged after IL-2, 1-PEG-IL-2, or 2-PEG-IL-2 bind to the alpha subunit, with subsequent binding to
the beta-gamma complex to form IL-2Rαβγ (4)
Occupancy of IL-2Rβγ and/or IL-2Rαβγ are required for phosphorylation of STAT5 (5)
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• kdeg,*: rate of degradation of each IL-2
conjugates
• kelim,IL-2: rate of IL-2 elimination from plasma
• k12, k21, k13, k31: rates of distribution of IL-2 to
the second and third compartments
• IL-2 R: IL-2Rα and IL-2Rβγ receptors on
lymphocytes
• kon, koff: association and dissociation rates of
active IL-2 conjugates to IL-2 receptors
• NKTR-214-RC (summation of all active and
inactive IL-2 conjugates derived from NKTR214), NKTR-214-AC (summation of active IL-2
conjugates derived from NKTR-214)

• In a head to head comparison of a single dose of NKTR-214 to IL-2 (aldesleukin), simulations show aldesleukin causes high but
•

Receptor bias is inherent to the design of NKTR-214
Comparison of AUC of NKTR-214 receptor occupancy to multiple dose regimens and exposures of aldesleukin
Receptor

Results
The mechanistic model is validated in part by suitable fit to experimental mouse PK data

transient receptor occupancy at IL-2Rβγ, while NKTR-214 creates a sustained receptor occupancy
The area under the curve of receptor occupancy of NKTR-214 is 20.8 fold higher at IL-2Rβγ (left) but 44% less at IL-2Rαβγ compared
to aldesleukin (right)
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• “Sustained exposure” is a theoretical simulation of aldesleukin with AUC matching NKTR-214
• Multi-dosing or sustained exposure to aldesleukin increase receptor occupancy at both receptors while NKTR-214 increases the
receptor occupancy only at IL-2Rβγ

The mechanistic model simulates the experimentally observed sustained pSTAT5 signaling
after a single dose of NKTR-214

• C57BL/6 mice were treated with a single dose of NKTR-214 (0.8 mg/kg); NKTR-214-RC (active and inactive IL-2 conjugates), NKTR•

214-AC (active IL-2 conjugates only) and 1-PEG-IL-2 (the most active IL-2 conjugates) were measured in plasma
The summation of simulated concentration-time profiles of the individual conjugates derived from NKTR-214 correspond to the
measured concentration-time profiles of the groupings defined as NKTR-214-RC (left), NKTR-214-AC (middle) and 1-PEG-IL-2 (right)

The mechanistic model indicates that the concentration of active IL-2 conjugates derived
from NKTR-214 are significantly higher than free IL-2 derived from NKTR-214

• C57BL/6 mice were treated with a single dose of NKTR-214 (0.8 mg/kg) and %pSTAT5 was assessed by flow cytometry
• pSTAT5 levels gradually builds through seven days post-dose
• The model can fit to %pSTAT5 data down stream of receptor occupancy of IL-2Rβγ and IL-2Rαβγ

Conclusions
•
•
•
•
• Concentration time-profiles of all IL-2 conjugates derived from NKTR-214 are explicitly simulated
• Simulations show that Cmax of 2-PEG-IL-2 and 1-PEG-IL-2 are three and two orders of magnitude higher than Cmax of free IL-2 derived
from hydrolysis of NKTR-214, in agreement with experimental observation of undetectable free IL-2 in vivo

NKTR-214 delivers a controlled, sustained, and biased signal through the IL-2 receptor complex. We believe
this ultimately leads to stimulation of CD8+ Tcells and NK cells and increasing their infiltration into the tumor
microenvironment
Modeling offers mechanistic insight by explicitly simulating concentration of active IL-2 conjugates and their
role in receptor occupancy
By design, PEG conjugation impacts the affinity for IL-2Rαβγ to a greater extent than at IL-2Rβγ, hence IL-2
conjugates derived from NKTR-214 significantly favors occupancy at IL-2Rβγ compared to the IL-2Rαβγ
Regardless of dose and exposure, aldesleukin does not achieve a bias in receptor occupancy similar to NKTR214 even with a theoretical sustained exposure the same as that of NKTR-214
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