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Purpose: rhIL-7-hyFc (Efineptakin alfa) is a novel, long-acting recombinant human interleukin-7 developed to enhance immune
responses by correcting T-cell deficiencies through increased lymphocyte counts. This study aimed to develop a population pharma-
cokinetic—pharmacodynamic (PK—PD) model to support selection of the recommended Phase 2 dose (RP2D) through optimization of
dosing regimens.

Patients and Methods: Serum rhIL-7-hyFc concentrations and absolute lymphocyte counts (ALC) were collected from 35 patients
with solid tumors enrolled in a Phase Ib clinical trial (NCT03478995), who received multiple intramuscular administrations of rthIL-7-
hyFc at doses ranging from 0.06 to 1.7 mg/kg every 3 or 6 weeks. A sequential mixed-effects PK—PD model was developed using
NONMEM® (version 7.4.3) based on individual PK parameters. Monte Carlo simulations with extended dosing intervals up to 12
weeks were conducted to explore serum concentration profiles, ALC dynamics over time, and exposure—response relationships.
Results: The PK data were best described by a two-compartment model with first-order absorption from two depot compartments, and
inter-occasional variability in clearance was incorporated in the final model. To account for the time-delayed response, the PD model
utilized a series of transit compartments representing lymphocyte maturation. The stimulatory effect of rthIL-7-hyFc on progenitor cell
proliferation was described using a simple maximum effect model. The estimated half-maximum effective concentration (ECso) was
0.066 ng/mL, indicating a high potency in increasing serum lymphocyte levels. Monte-Carlo simulation based on the final PK-PD
model showed a dose-dependent increase in ALC. A dose range of 0.6-1.2 mg/kg administered at intervals of 6 to 12 weeks was
suggested as feasible for the RP2D in further clinical trials.

Conclusion: A population PK-PD modeling and simulation results demonstrated a strong exposure-response relationship for ALC
across dosing intervals, underscoring the mechanism-based therapeutic potential of rhIL-7-hyFc in cancer immunotherapy.
Keywords: rhIL-7-hyFc, PK/PD modeling, ALC, model-based exposure-response relationship, optimal dosing regimens

Introduction

Interleukin-7 (IL-7) is a non-redundant homeostatic cytokine that plays a pivotal role in T-cell biology. As a member of
the common gamma-chain cytokine family, IL-7 is essential for the development, survival, and homeostatic proliferation
of T lymphocytes. It enhances thymopoiesis, promotes the survival of naive and memory T cells, and expands the
peripheral T-cell pool by reducing apoptosis and stimulating proliferation."* In healthy individuals, endogenous IL-7
levels are typically low (2-8 pg/mL) and inversely correlated with circulating T-cell counts, reflecting a feedback
mechanism that regulates immune homeostasis.® In lymphopenic states, such as those caused by congenital or acquired
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immunodeficiency, IL-7 levels can rise to as high as 60 pg/mL as a compensatory response; however, this endogenous
elevation is often insufficient to restore immune competence.> > Exogenous IL-7 and its derivatives have been shown in
multiple studies to reverse treatment-induced lymphopenia and support immune reconstitution in cancer, viral infections,
and immunodeficiency syndromes.®®

Lymphopenia, typically defined as an absolute lymphocyte count (ALC) < 1000 cells/uL, is a common and often
prolonged complication of cancer therapy, particularly in regimens involving chemotherapy or protracted/fractionated
radiotherapy.”'® It has been consistently associated with poor survival outcomes across various solid tumors, including
glioblastoma, lung, pancreatic, and head and neck squamous cell carcinomas (HNSCC)."''* Persistent lymphopenia not
only reflects impaired host immunity but also compromises anti-tumor responses and increases susceptibility to infec-
tions and treatment-related complications.'> Accordingly, therapeutic strategies aimed at restoring lymphocyte, particu-
larly T cell, levels have gained traction as adjunctive approaches to improve treatment efficacy and clinical outcomes.'®

In early-phase oncology trials, the identification of reliable mechanism-based biomarkers is critical for evaluating both the
pharmacodynamic effects of immune-targeting therapies and their potential clinical benefits. In this context, peripheral ALC has
emerged as a readily accessible and quantitative biomarker, providing a robust indicator of systemic immune competence.'” "
Biologically, IL-7 administration leads to a broad expansion of T-cells, including both CD4 " and CD8" populations, in a roughly
proportional manner. Measuring the composite ALC thus reflects the overall magnitude of IL-7-driven T-cell proliferation
without being limited to one subset.'” Importantly, ALC is a clinically meaningful indicator of immune status: cancer patients’
baseline ALC or post-therapy lymphocyte recovery has been correlated with survival outcomes and response to treatments.” '

Incorporating ALC through PK/PD modeling, provides critical insights into exposure-response relationships and
facilitates the evaluation of candidate doses. Monte Carlo simulations, which account for interindividual variability,
further enable the assessment of efficacy across diverse patient populations and support dose optimization under various
clinical scenarios.’®*' Recent regulatory guidance emphasizes the importance of early exposure—response characteriza-
tion using mechanistic biomarkers, offering a more rational and evidence-based framework for dose selection in clinical
development, particularly for targeted and immuno-oncology**** Regulatory precedents in immuno-oncology, such as
the dose selection for pembrolizumab based on an integrated approach that combines pharmacokinetic exposure,
pharmacodynamic biomarkers (eg, receptor occupancy), and clinical outcomes, underscore the regulatory acceptance
of biomarker-driven strategies for dose optimization.**

Native IL-7 has a short half-life (7-23 hours) and is rapidly cleared from circulation, limiting its therapeutic
application.' > In contrast, rhIL-7-hyFc (efineptakin alfa), a long-acting Fc-fused IL-7 (half-life: 61—139 hours), achieves
markedly prolonged systemic exposure via FcRn-mediated recycling and sustains robust T-cell expansion with infrequent
dosing.>*2® Prior clinical experience with other IL-7 agents (eg, CYT107) has consistently demonstrated substantial
lymphocyte increases in cancer and lymphopenic populations.** Notably, anti-drug antibodies (ADA) were observed
following exogenous IL-7 administration in early trials; however, these did not diminish IL-7—induced lymphocyte
expansion.”* Preclinical and early-phase clinical studies have demonstrated that rhIL-7-hyFc significantly increases ALC,
particularly CD4+ and CD8+ T-cell subsets.”>*® The objective of this study was to characterize the pharmacokinetics
(PK) and pharmacodynamics (PD) of rhIL-7-hyFc in patients receiving multiple intramuscular doses. We developed a
population PK/PD model to quantitatively describe the relationship between rhIL-7-hyFc exposure and changes in ALC,
and conducted Monte Carlo simulations to evaluate the impact of various dosing regimens on ALC trajectories. These
analyses aim to support dose selection and inform clinical development of rhIL-7-hyFc in patients with solid tumors.

Materials And Methods

Study Design

Data for the current modeling analysis were obtained from a phase 1b open-label clinical trial evaluating the safety,
tolerability, and PK/PD of rhIL-7-hyFc in patients with locally advanced or metastatic solid tumors (NCT03478995). A
total of 35 patients were enrolled: 29 were assigned to receive intramuscular injections of escalating doses (0.06, 0.12,
0.24, 0.48, 0.72, 0.96, 1.2, and 1.7 mg/kg; equivalent to 2.8—-133.5 mg) every 3 weeks, and 6 patients were assigned to
receive 1.2 mg/kg every 6 weeks.
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The study received approval from the institutional review boards of Yonsei Cancer Center (IRB approval number:
4-2017-1167), Asan Medical Center (IRB approval number: 2017-1215), and Seoul St. Mary’s Hospital (IRB approval
number: KC18MDDFO0139), all located in Seoul, Republic of Korea. The reserach was conducted in accordance with the
Declaration of Helsinki and the International Conference on Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use-Good Clinical Practice (ICH-GCP) guidelines. Written informed consent was
obtained from all participants before enrollment.

Data Sampling and Bioanalytical Assay

Pharmacokinetic sampling was conducted at 0 (pre-dose), 0.5, 6, 12, 24, 48, 72, 168, 336 hours during Cycle 1.
Additional blood samples were collected at 504, 672, 840, and 1008 hours. Serum concentrations of total IL-7
(endogenous and rhlIL-7-hyFc) were quantified using the Quantikine HS ELISA kit (R&D Systems, Minneapolis,
MN), which employs a human IL-7-specific capture antibody and an enzyme-linked detection system. The lower limit
of quantitation (LLOQ) was 0.031 ng/mL. As the PD variable, ALC was measured weekly at 0, 168, 336, 504, 672, 840,
and 1008 hours. Thereafter, ALC was collected at 1512, 2016, 2520, 3024, 3528, 4032, and 4536 hours. All PK and PD
samples were collected from individual trial participants, with each patient considered as an independent observational
unit. These measurements represent repeated administrations and longitudinal observations conducted within a single

clinical study. Detailed descriptions for bioanalytical assay methods have been published previously.*®’

PK—PD Modeling Analysis

Estimation Methods

Population PK and PK—PD analyses were performed using nonlinear mixed-effects modeling in NONMEM® (version
7.4.3, ICON Development Solutions, Ellicott City, MD, USA), compiled with gFortran on a Windows 10 platform. The
ADVANI13 subroutine and the first-order conditional estimation with interaction (FOCE-I) were employed. Data
preparation and graphical analyses were conducted using R (version 4.1.3).”® An overview of the workflow for this
modeling and simulation is provided in Figure 1.

PK and PD models were developed sequentially. First, the PK model was constructed and parameterized; individual
PK parameter estimates were then used as input for PD modeling.*® Various linear and nonlinear compartmental models
were evaluated based on statistical criteria and graphical diagnostics, including goodness-of-fit (GOF) plots. To capture
the observed time delay between serum rhIL-7-hyFc concentrations and changes in ALC, a previously described semi-
mechanistic model was adopted. This model includes a proliferative ALC compartment, three transit compartments
representing cell maturation, and a compartment representing circulating lymphocytes. The structural PD model,

originally developed by Friberg et al,*°

is illustrated in Figure 2.

Inter-occasional variability (IOV) as well as interindividual variability (IIV) were evaluated for each fixed-effect
parameter in the PK and PK—PD models.*' The final model was selected based on graphical diagnostics and statistical
criteria.”* Nested models were compared using likelihood ratio tests (LRT), assuming differences in —2 log-likelihood
(—2LL) follow a chi-square distribution. For base model development without covariates, p < 0.05 (equivalent to a decrease
in the minimum objective function value [MOFV] by 3.84; y2 distribution, degree of freedom = 1) was considered
statistically significant. The Wald statistic was used to evaluate parameter significance, and 95% confidence intervals
(CIs) were estimated from NONMEM output; parameters with Cls excluding zero were considered statistically significant.

Individual PK and PD parameters (P;) were described using the following exponential error model:
Py =Py x exp(n, +n,)

where Pry is the typical value of the parameter, and m; and n; are random effects representing IIV and 10V,
respectively. Both n; and n; were assumed to follow a normal distribution with a mean of zero and estimated variances.
To assess parameter precision and stability, a nonparametric bootstrap analysis with 1000 replicates was performed. The
95% CI was obtained using the percentile method.*?
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. 402 serum concentrations and 256 ALC observations of 35 patients with solid tumors
Data Preparation were prepared.

H A two-compartment model with linear disposition provided the best fit for
Basic PK MOdeI concentrations among all evaluated linear and nonlinear compartmental models.

: 26 demographic and clinical covariates were screened using stepwise forward selection
Covarlate Assessment (p < 0.005) and backward elimination (p < 0.001).

PK Model
Development

H Time-dependent increase in clearance and sex as a covariate were incorporated into the
Final PK Model model. Parameters for I0Vs as well as 1IVs were included.

. . Internal validation (GOF, VPC) was conducted. Precision and robustness were evaluated
MOdel Valldatlon through non-parametric bootstrap analysis (n=1,000 replicates).

'

: _ Sequential PK-PD modeling was applied using individual empirical Bayes estimates from
L Basic PK-PD MOdel the final PK model.

N N\ N\ )

-

. 26 demographic and clinical covariates were screened using stepwise forward selection
PK-PD MOdel Cova“ate Assessment (p < 0.005) and backward elimination (p < 0.001).

\

-
Development . Series of transit compartments model representing lymphocyte maturation, and an Emax
FlnaI PK-PD MOdel model linked to serum concentrations and proliferation of progenitor cell population.
L I0Vs as well as 1IVs were included.
M d | V |d . Internal validation (GOF, VPC) was conducted. Precision and robustness were evaluated
odel Validation through non-parametric bootstrap analysis (n=1,000 replicates).

!

Simulations (n=1,000 replicates) were conducted to predict and investigate various

Application Monte Carlo Simulations dosing regimens with extended dosing intervals up to 12 weeks. Predicted exposure-
response relationships supported the identification of an optimal dosing range for
further clinical evaluation.

_} - — W\

Figure | An overview of the workflow for PK-PD modeling and simulation.
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Figure 2 Pharmacodynamic model scheme for describing the proliferation and maturation of lymphocyte. MTT, mean transit time for maturation of lymphocyte defined as
MIT = (%1)‘ where K, is transit compartments and rate constant, and n is 3, the number of transit compartments.; v, a parameter for feedback mechanism on rate of

N7

lymphocyte division from circulating lymphocyte expressed as 42 = Kp,;; x Prol x (1 + EmiL—7-hyre) X (5’&‘) — Ky x Prol, where Kp,, is proliferation constant of
stem and progenitor cells, Prol is amount of stem and progenitor cells, Circ is ALC in blood circulation, Enir—7-hyre is stimulatory effect of rhIL-7-hyFc, Circ is ALC in blood
circulation, Circ is baseline ALC in blood circulation.; K., degradation rate constant of circulating lymphocytes.; E,.x, maximum stimulatory effect of rhlL-7-hyFc on the
proliferation stem or progenitor cells.; ECso; serum concentration at half of Eqy.
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Selection of Covariates

A total of 26 demographic and clinical covariates were evaluated for their potential to improve the fit of the PK and PK-PD
models. These included: sex, age, body weight, height, smoking status, alcohol consumption, red blood cell (RBC) count,
hemoglobin (Hb), hematocrit (Hct), white blood cell (WBC) count, neutrophil (%), lymphocyte (%), monocyte (%), eosinophil
(%), basophil (%), platelet count, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC),
absolute neutrophil count (ANC), ALC, prothrombin time (PT), activated partial thromboplastin time (aPTT), PT in international
normalization ratio (INR), thyroid-stimulating hormone (TSH), T3 (Triiodothyronine), and free T4 (Thyroxine).

PK and PK—PD models were developed using a stepwise covariate modeling.* Covariates were retained during
forward selection if p < 0.005 (AMOFV > 7.88) and removed during backward elimination if p > 0.001 (AMOFV >
10.83). After initial univariate screening, covariates yielding the largest MOFV reduction were added sequentially to the
base model until no further improvement was observed, forming the full model. Backward elimination was then applied
iteratively until only statistically significant covariates remained in the final model.

Model Validation

Internal validation of model adequacy was assessed by comparing observed and model-predicted values through basic
GOF diagnostics and individual scatter visual predictive checks (VPC).*> VPCs were performed by simulating 1000
replicates for both PK and PD models. The median predictions and 95% prediction intervals for serum rhIL-7-hyFc
concentrations and ALC were plotted and overlaid with observed values.

Monte Carlo Simulation for PK and PD (ALC) of rhIL-7-hyFc Over Time

Based on the MTD and observed changes in ALC, PK-PD simulations were performed to investigate extended dosing
intervals of up to 12 weeks for rhIL-7-hyFc. To explore the time-dependent relationship between serum rhIL-7-hyFc
concentrations and ALC, Monte Carlo simulations (1000 replicates) were performed for repeated intramuscular admin-
istration of rhIL-7-hyFc at doses of 0, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/kg, with dosing intervals of 6,8,9 or 12
weeks. In addition to the dosing intervals evaluated in the clinical study (every 3 or 6 weeks), hypothetical regimens of
every 8, 9 and 12 weeks were included in the simulations to explore a broader range of potential dosing schedules.
Simulation outcomes were presented as overlay plots of PK and PD profiles over time.

Monte Carlo Simulation to Predict the Exposure—Response Relationship for ALC at Steady State

The exposure (dose)-response relationship between rhIL-7-hyFc and ALC was investigated under the assumption that
increases in ALC are associated with clinically meaningful efficacy in patients with cancer. Based on the simulated PK
and PD data, the area under the concentration-time curve (AUC) and the area under the effect-time curve (AUEC) at
steady state were calculated for each dosing interval. The average rhIL-7-hyFc concentration and average ALC were
subsequently derived by normalizing AUC values to the respective dosing interval.

Results

Patient Data

A total of 402 serum concentration measurements and 256 ALC observations of rhIL-7-hyFc were included in this PK—
PD modeling analysis. All patients underwent intensive PK sampling from 0 to 72 hours after the first dose. In total, data
from 75 treatment cycles across 35 patients with solid tumors were analyzed. All 35 patients contributed PK —PD data
during Cycle 1. In Cycle 2, PK —PD data were available for 26 patients (74%), while six patients provided data during
Cycle 3. Only one patient had data extending beyond three treatment cycles. Long-term follow-up after repeated dosing
could not be obtained, as most patients had late-stage cancer with very short life expectancies.”’

Eligible patients were >19 years of age with an Eastern Cooperative Oncology Group (ECOG) performance status of
0-1, and adequate hematologic and end organ function. They had histologically confirmed, locally advanced, recurrent,
or metastatic solid tumors that were incurable and had failed or were unsuitable for standard therapy. Exclusion criteria
included anti-tumor therapy within 3 weeks or prior use of an immune checkpoint inhibitors (ICI) or immunomodulatory
antibody within 12 weeks. rhIL-7-hyFc was well tolerated and safe across a dose range of 0.06 to 1.2 mg/kg. Anti-drug
antibody development was observed across all doses and dosing intervals; however, it did not impact the safety profile of
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rhIL-7-hyFc. In the 1.7 mg/kg group, one patient experienced a dose-limiting toxicity (DLT) of >grade 3 hypersensitivity,
leading to the selection of 1.2 mg/kg as the maximum tolerated dose (MTD).?” Full details of the study design and
assessments of safety and immunogenicity have been reported previously.*’

Demographic characteristics are summarized in Table 1. The median baseline serum IL-7 concentration was 0.05 ng/
mL (range: 0.02—0.23). The median baseline ALC was 1268 cells/uL (range: 341-2453), with 34% of patients (12/35)
presenting with ALC >1500 cells/uL and two patients exhibiting severe lymphopenia (ALC <500 cells/uL). The mean
age of patient was 58 years (range, 40-75), and 31% (11/35) were classified as elderly (aged >60 years). The sex
distribution was approximately balanced; however, notable differences were observed in body weight between males and

Table 1 Demographic and Baseline Information of the
Patients with Solid Cancer (n=35) Included in the PK-PD
Modeling Analysis

Characteristics Mean (CV%)
Age, years 57.9 (16.2)
Sex Male' 19
Female® 16
Race Asian' 35
Smoking Smoker' |
Ex-smoker! 9
Non-smokert 25
Drinking Drinker® 12
Ex-drinker? 23
Height, cm Male 169.7 (3.0)
Female 157.9 (4.6)
Weight, kg Male 67.1 (22.7)
Female 55.3 (12.7)
WBC, x10%/L 7.77 (40.3)
RBC, x10'4/L 3.80 (14.2)
Hemoglobin, g/dL 11.86 (13.2)
Hematocrit, % 35.61 (12.9)
Platelet, x10%/L 240.43 (47.3)
Neutrophil, % 69.64 (14.3)
Lymphocyte, % 18.89 (45.8)
Monocyte, % 8.43 (29.5)
Eosinophil, % 2.60 (123.2)
Basophil, % 0.44 (63.9)
ANC, |/uL 5607.8 (52.9)
ALC, I/uL 1314.4 (40.3)
PT, sec 12.3 (8.0)
PT in INR 1.07 (7.9)
aPTT, sec 283 (14.5)
MCH, pg 31.4 (9.0)
MCHC, g/dL 33.3(33)
MCV, fl 94.2 (52.9)
TSH, mlU/L 7.6 (414.6)
T3, ng/dL 49.2 (133.1)
Free T4, pg/dL 1.1 (20.6)

Note: TNumber of the patients are presented.

Abbreviations: CV, coefficient of variation; WBC, White Blood Cell;
RBC, Red Blood Cell; ANC, Absolute Neutrophil Count; ALC, Absolute
Lymphocyte Count; PT, Prothrombin Time; INR, international normal-
ization ratio; MCH, Mean Corpuscular Hemoglobin;, MCHC, Mean
Corpuscular Hemoglobin Concentration; MCV, mean corpuscular
volume; TSH, Thyroid Stimulating Hormone; T3, Triiodothyronine; T4,
Free Thyroxine.
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females. The mean body weight in males was 67 kg (range: 49-110 kg) compared with 55 kg (range: 42-68 kg) in
females.

Pharmacokinetic Model Development

Final Pharmacokinetic Model

The serum concentration-time profile of rhIL-7-hyFc after intramuscular administration in patients with cancer was best
described by a two-compartment model with linear disposition kinetics and a combined additive and proportional
residual error model. Since the ELISA method used to measure serum drug concentrations does not distinguish between
endogenous IL-7 and exogenous rhIL-7-hyFc, baseline (pre-dose) endogenous IL-7 levels were retained in the analysis
without substitution or correction, under the assumption that baseline levels remained constant for each individual. Both
endogenous IL-7 and rhIL-7-hyFc concentrations were modeled using the same residual error structure, as follows:

C()bs = LCpred + (CBSL, obs T @1 + @2 X CBSL, obs) +ée+ée X (CBSL. obs T Cpred)

Where C, is the observed total concentration (endogenous IL-7 + rhIL-7-hyFc); Cp.q is the model-predicted rhIL-7-
hyFc concentration; is the observed IL-7 baseline concentration; w;, w;, € and &, are random variables normally
distributed with zero mean with respective variances. However, @ and €, share the same variance, as do @, and &,, and
the random effect w; and w, persist across all observations for each individual.

Introduction of two depot compartments in the absorption model, where each of the two doses is administered divided
by two fractions with a time interval, well described the double peaks during the absorption phase. The model also
incorporated IIV in bioavailability. IOV was tested for each fixed effect parameter; inclusion of IOV in clearance (CL)
significantly improved model fit. However, due to data limitations, IIV and IOV in CL could not be estimated separately,
and a combined random effect parameter was estimated instead.

The PK model indicated that clearance of rhIL-7-hyFc increases approximately 350 hours (14 days) after treatment
initiation, leading to reduced average drug concentrations. This time-dependent change was captured by implementing a
stepwise increase in CL at an estimated time point (TCLcpange) Within each patient in the model, using the MTIME
feature in NONMEM. Clearance before and after this point was denoted as (CL<TCLcpange) and (CL> TCLcpange),
respectively. Sex was the only covariate influencing CL< TCLhange. The estimated clearance values were 4.82 L/h in
females, 12.40 L/h in males (both CL<TCLpange), and 45.80 L/h CL> TCLpange in both sexes. The estimated absorption
rate constant (Ka) was 0.341/h, and the apparent steady-state volume of distribution (Vs/F = V/F+ Vp/F) was 16290.0
L. Final PK parameter estimates are summarized in Table 2.

Pharmacokinetic Model Evaluation

Basic GOF plots and individual VPC plots (Figure 3) demonstrated that the final PK model adequately described the
observed serum concentration-time data. While slight underprediction was noted around the peak concentration (C,.y) at
higher doses after the first administration, the overall predictive performance remained acceptable Residuals were evenly
distributed around the line of identity (y=0), with no apparent trends or systematic deviations, indicating that the
assumption of normally distributed residuals was met. Standard errors for the estimated PK parameters were generally
small, and lower bounds of the 95% confidence intervals, calculated under the assumption of normal distribution, were
above zero for most parameters (Table 2), supporting the robustness and precision of the parameter estimates.

Pharmacodynamic Model for Absolute Lymphocyte Count

Final Pharmacodynamic Model

The PD model for ALC was developed sequentially, using individual empirical Bayes estimates of PK parameters
obtained from the final PK model. Lymphocyte kinetics were described through a series of compartments representing
progenitor cell proliferation, lymphocyte maturation, and circulation in peripheral blood. The model structure comprised
one compartment for progenitor cells, three transit compartments to represent the maturation process, and a final
compartment for circulating lymphocytes. A feedback mechanism was incorporated to regulate progenitor cell produc-
tion based on circulating lymphocyte concentrations, as previously described.* The stimulatory effect of rhIL-7-hyFc on
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Table 2 Parameter Estimates of the Final Pharmacokinetic Model for rhIL-7-hyFc in
Patients with Solid Cancer. (n=35)

Parameter Point Estimate Bootstrap® Median Bootstrap 95% CI
Ka, I/h 0.341 0.351 0.244-0.550

IVka (CV %) 0.609 (91.6) 0.542 0.015-0.982

BIOF 0.346 0.354 —0.067-0.970
BIOA | NA NA

IVeioa (CV %) 0.377 (67.7) 0314 0.098-0.554
ALAG,, h 225 22.463 11.390-26.196
Vo, L 1290.0 1243.4 880.692—-1651.992
Vv (CV %) 0.198 (46.8) 0.249 0.100-0.503

Ve L 15000.0 12,429.5 5954.2-24,350.3
Q, L/h 10.80 9.02 4.19-16.63

Vg (CV %) 1.81 (226.1) 1.733 0.749-3.514
TcLchanges D 350.0 444.1 340.6-561.8

CLF <TcLchanges L/h 4.82 5.80 1.81-9.19

CLM < TCLchanges L/h 12.40 I1.18 5.21-21.16

CL> Tcichanger L/D 45.80 46.22 30.55-78.12
[IV+IOV L (CV %) 0.613 (91.9) 0.415 0.131-1.401

& (proportional)® 0.275 0.277 0.247-0.319

Notes: “Bootstrap analysis with 1,000 replicates: A total of 988 (98.8%) runs were minimization successful, or
minimization terminated with rounding errors. , a proportional residual error represented as CV.
Abbreviations: Cl, confidence interval; IIV and IOV, inter-individual and inter-occasional variabilities which are
also expressed in variances () and % coefficient of variation (CV%), calculated as CV% = 100 x /(e® — 1);
Ka, absorption rate constant from depot compartment | and 2 to central compartment; ALAG,, absorption lag-
time from depot compartment 2 to central compartment; BIOA, bioavailability of rhIL-7-hyFc which is fixed at I;
BIOF, determinant of relative bioavailabilities between depot compartment | (FI) and 2 (F2), which is expressed
as following logistic model: F1 = iBIOA x &%0F /(1 + P1OF ) F2 = iBIOA x (1 — €07 /(1 + €P1OF ), where
iBIOA is individual BIOA; V¢, Volume of distribution of central compartment; Vs Volume of distribution of
peripheral compartment; Q, Inter-compartmental clearance between central compartment and peripheral
compartment; Tcichanges Time when clearance change (increase); Clr<rcichanges Clearance of female before
Teichanges CLMy<TcLchanges Clearance of male before Teichanges CL>Tcichanges Clearance of both female and male
after Tcichange.

progenitor cell production (denoted as Epy—7-nyrc) Was described using a standard maximum effect model. The
dynamics of lymphocyte production and drug stimulation were defined by the following differential equations:

di;;oz = Kprot X Prol x (1 + EpiL—7-nykc) X (ch;l:;)y — Ky x Prol
@ = K; X Prol — K, x Transitl
7dTrzrtzsit2 = Ky x Transitl — K, x Transit2
dTransit3 . :
—Q = K, X Transit2 — K x Transit3
dCdirc = Ky X Transit3 — K, x Circ

where Kp,,; is the proliferation rate constant of progenitor cells; Prol represents the amount of progenitor cells; is the
drug effect; is the circulating lymphocyte count; Circy is the baseline lymphocyte count in blood circulation; K, is the

transit rate constant. The stimulatory effect of rhIL-7-hyFc was modeled as: Ei—7-hyre = %, where CONC is
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the serum concentration of rhIL-7-hyFc, E,,, is the maximum stimulatory effect on progenitor cell proliferation, and
ECs is the concentration at which 50% of the maximum effect is achieved.

Including the IOV on any fixed-effect parameter did not improve the model fit. A combined residual error model
(additive and proportional) was found to best describe the residual variability. The final PD parameter estimates for ALC
are provided in Table 3.

Pharmacodynamic Model Evaluation

No systemic bias was observed in basic goodness-of-fit or individual VPC plots (Figure 4), indicating that the PD model
adequately describes the observed ALC over time. The 95% confidence intervals for all parameter estimates, constructed
using the normal distribution assumption, did not include zero, further supporting the robustness of the model.

Monte Carlo Simulation for Evaluation of Optimal Dose Regimens

Serum rhlL-7-hyFc Concentration and Absolute Lymphocyte Count Over Time

Simulations revealed a consistent pharmacological effect of rhIL-7-hyFc on ALC, with increases observed even at the
lowest simulated dose of 0.05 mg/kg administered every 12 weeks. Representative simulated profiles of serum rhIL-7-
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Table 3 Parameter Estimates of Final Pharmacodynamic Model of rhIL-7-hyFc in
Patients with Solid Cancer. (n=35)

Parameter Point Estimate Bootstrap® Median Bootstrap 95% ClI
MTT, h 146.0 140.9 112.3-185.6
IIVmrr (CV %) 0.127 (36.8) 0.106 0.009-0.293
Y 0.130 0.134 0.095-0.198
Keire 1/h 0.051 0.039 0.026-0.158
Ermax 0.155 0.152 0.116-0.202
IVEmax (CV %) 3.900 (695.7) 3.571 0.005-7.774
ECso, ng/mL 0.066 0.058 0.003-0.139
1IVecso (CV %) 0.1'1 (34.7) 0.118 0.047-0.248
g, (additive)® 2.450 2.878 1.240-8.654
€, (proportional) 0.195 0.193 0.162-0.226

Notes: *Bootstrap analysis with 1000 replicates: A total of 997 (99.7%) runs were minimization successful,
or minimization terminated with rounding errors. %, additive residual error represented as standard
deviation. “e,, proportional residual error represented as CV.

Abbreviations: Cl, confidence interval; IV and IOV, inter-individual and inter-occasional variabilities which
are also expressed in variances () and % coefficient of variation (CV%), calculated as

CV% = 100 x /(e — 1); MTT, mean transit time for maturation of lymphocyte defined as MTT = ("KL)

I

where K, is transit compartments and rate constant, and n is 3, the number of transit compartments.; v, a
parameter for feedback mechanism on rate of lymphocyte division from circulating lymphocyte expressed as

17”{’;101 = Kpyo1 X Prol x (1 +Eyhn_—7—hch) X (é‘;{fﬂ) — Ky x Prol, where Kp,, is proliferation constant of

stem and progenitor cells, Prol is amount of stem and progenitor cells, Egy_;7 is stimulator effect of rhiL-
7-hyFe, Circ is ALC in blood circulation, Circ is baseline ALC in blood circulation; K., degradation rate
constant of circulating lymphocytes; E.x, maximum stimulatory effect of rhIL-7-hyFc on the proliferation
stem or progenitor cells; ECsp, serum concentration at half of E, .,

hyFc concentrations and ALC following multiple intramuscular doses of 0.6 mg/kg and 1.2 mg/kg every 12 weeks are
shown in Figure 5.

Exposure—Response Relationship Between rhlL-7-hyFc and Absolute Lymphocyte Count

At simulated steady-state for the longest dosing interval, the lowest simulated dose (0.05 mg/kg every 12 weeks) resulted
in predicted serum IL-7 concentrations of 0.05 ng/mL, which remained close to the estimated ECso of 0.066 ng/mL. At
the maximum tolerated dose (1.2 mg/kg) administered every 12 weeks, the predicted concentration was markedly higher
(1.09 ng/mL) than the estimated ECqy of 0.594 ng/mL. Notably, at the longest dosing interval, the lowest dose
approaching ECqy was 0.6 mg/kg, with a predicted concentration of 0.54 ng/mL (Figure 6).

Monte Carlo simulations based on the final PK—PD model demonstrated a dose-dependent increase in ALC. At steady
state, average ALC levels exceeded 1500 cells/uL across all the evaluated regimens, and administration of 0.6—1.2 mg/kg
every 6—12 weeks increased ALC from baseline by more than 1000 cells/uL (+1088 to +1802 cells/uL). A steep rise in
ALC was predicted between 0 and 0.6 mg/kg, with a plateauing trend at doses above 0.6 mg/kg. With intramuscular
administration every 6 or 12 weeks, simulation predicted steady-state mean ALCs of 2439-2898 cells/uL at 0.6 mg/kg
(increases of +1088 and +1535 from baseline, respectively) and 2716-3165 cells/uL at 1.2 mg/kg (additional increases of
+276 and +267 relative to 0.6 mg/kg, respectively).

Although the estimated clearance rose from 12.4 L/h (male) and 4.82 L/h (female) to 45.80 L/h (both male and
female) during repeated dosing (Table 2)., the predicted steady-state average concentrations across most evaluated
regimens exceeded the estimated ECsq of 0.066 ng/mL, indicates high potency. The increase in clearance was not
dose-dependent, as no correlation was observed between Bayesian-estimated individual clearance and the administered
dose. While sex was a statistically significant covariate associated with clearance, the predicted ALC levels were
comparable between males and females (2723 and 2709 cells/uL, respectively, at 1.2 mg/kg every 12 weeks), suggesting

limited clinical relevance.
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Based on these results, intramuscular administration of 0.6—1.2 mg/kg every 6 to 12 weeks was proposed as the
optimal dosing range for further clinical evaluation. The predicted exposure-response relationships at steady state from
intramuscular administration every 6 or 12 weeks are illustrated in Figure 6.

Discussion

Intramuscular administration of rhIL-7-hyFc increased ALC in a dose-dependent manner, consistent with its mechanism
of action. Although serum rhlL-7-hyFc concentrations increased with higher doses, further increases in ALC were
minimal, indicating a plateau effect. This plateau is consistent with the maximum effect PD model, in which saturable

stimulation of progenitor proliferation and homeostatic feedback collectively constrain lymphocyte expansion despite
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rising drug exposure. The low ECq¢ value (0.594 ng/mL), approximately 9 times the ECs, as derived from a E ., model,
aligns with a plateau in response at relatively low dose levels. These dynamics suggest that at dose levels beyond the
plateau, further increases in drug concentration produce only minimal ALC responses, thereby attenuating fluctuations
in ALC.

Traditionally, oncology dose-finding studies have determined the MTD based on DLTs, and this dose was carried
forward into later-phase trials. However, many modern targeted and immuno-oncology agents often demonstrate different
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dose-response relationships with wider therapeutic indices compared to cytotoxic chemotherapy, such that doses below
the MTD may have similar activity with fewer toxicities.’® Accordingly, dose selection should prioritize quantitative
exposure—response analyses to identify an optimal biological dose at which biomarker or clinical responses approach
their near-maximal levels, rather than defaulting to the MTD.>”*® When the exposure—response curve shows a clear
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plateau, the ECop——concentration achieving 90% of the maximal effect—can be estimated from a fitted exposure—
response model near the asymptote and regarded as a biologically effective dose for subsequent clinical
development.>**°

In this study, exploration of a wide dose range—including lower doses—enabled reliable characterization of the
exposure (dose)-response relationship and robust estimation of key parameters such as ECsy. The simulation results
demonstrated that the concentration range between the simulated plateau-reaching dose (defined as the dose at ECy) and
the observed MTD (1.2 mg/kg) was 0.54-2.37 ng/mL, corresponding to doses of 0.6—1.2 mg/kg administered every 6 or
12 weeks. Within this range, the predicted steady-state average ALCs exceeded 2500 cells/uL, representing an
approximately 1.8- to 2.3-fold increase from baseline. Accordingly, a dosing regimen of 0.6-1.2 mg/kg every 6 to 12
weeks is proposed as the optimal dosing range for RP2D, which is expected to achieve clinically meaningful immune
reconstitution in patients with cancer. These findings are consistent with recent clinical studies reporting that rhIL-7-hyFc
induces sustained lymphocyte responses.*'

This study has several limitations. First, most patients (77%, 27/35) received one or two doses, and only one patient
received long-term treatment (nine dosing cycles every 3 weeks), with final PK and PD samples collected at 6.4 months
and 9.5 months, respectively, after the first dose. Consequently, data for long-term treatment were limited allowing
estimation of IOV across cycles, restricting validation of the PK/PD using observed data. Second, only ALC was used as
the PD marker, although other immune cell subsets, including tumor-infiltrating lymphocytes such as CD4+ and CD8+ T
cells, may follow different kinetic patterns. Mechanism-based modeling using these subtypes as biomarkers predictive of
treatment response would offer a more refined and individualized understanding of treatment effect. Furthermore,
external validation across different tumour types and linkage to clinically relevant outcomes, such as survival or
immune-response endpoints, are needed before the RP2D can be considered definitive.

Despite these limitations, this study highlights the novelty of applying population PK—PD modeling to characterize
rhIL-7-hyFc in patients with solid tumors. This approach enabled pharmacological characterization of long-acting IL-7
and clarified the relationship between drug exposure and ALC of immune activation. The key findings—a dose-
dependent increase in ALC, a low ECs, estimate, and rational identification of an appropriate dosing range—were
consistently supported by VPCs, bootstrap confidence intervals, and Monte Carlo simulations. The plateau in ALC
observed beyond 0.6 mg/kg corresponded to the E,.. relationship predicted by the model, reinforcing the internal
validity of the analysis. In light of the limited clinical data on long-acting IL-7 and its potential role in mitigating
treatment-related lymphopenia, these findings support a promising extended-interval dosing strategy with meaningful
implications for cancer immunotherapy.

Conclusion

A population PK—PD model was successfully developed to describe the pharmacokinetics and pharmacodynamics of
rhIL-7-hyFc in patients with solid tumors, using ALC as a exploratory biomarker in early clinical trials. Simulations
following repeated intramuscular dosing demonstrated a clear exposure-response relationship, indicating that rhIL-7-
hyFc exerts its pharmacologic effect at relatively low doses with sufficient duration to sustain elevated ALC levels across
regimens, including intervals of up to 12 weeks. These results provide quantitative insights to support the selection of
optimal dosing strategies. The proposed dosing range is a modeling-driven recommendation intended to inform the
selection of a recommended phase 2 dose (RP2D).

Abbreviations

ALC, absolute lymphocyte counts; ANC, absolute neutrophil count; aPTT, activated partial thromboplastin time; AUC,
area under the concentration; AUEC, area under the effect-time curve; CI, confidence interval; CL, Clearance; Cmax,
Maximum Concentration; CV coefficient of variation; DLT, dose-limiting toxicity; ECso, half-maximum effective
concentration; ECOG, Eastern Cooperative Oncology Group; FOCE-], first-order conditional estimation with interaction;
GOF, goodness of fit; Hb, hemoglobin; Hct, hematocrit; ICI, immune checkpoint inhibitors; IIV inter-individual
variabilities; IL-7, Interleukin-7; INR, international normalization ratio; IOV inter-occasional variabilities; MCHC,
mean corpuscular hemoglobin concentration; MCH, mean corpuscular hemoglobin; MOFV, minimized objective
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function value; MTD, maximum tolerated dose; NONMEM, nonlinear mixed-effects modeling; PK—PD, pharmacoki-
netic—pharmacodynamic; PT, prothrombin time; RBC, red blood cell; RP2D, recommended phase 2 dose; T4, thyroxine;
T3, triiodothyronine; TSH, thyroid-stimulating hormone; VPC, visual predictive checks; WBC, white blood cell.
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