Translational framework using semi-mechanistic preclinical model of
antitumor response after oncolytic virus administration
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Background

Oncolytic viruses (OVs)'2 show promise as an oncologic
therapeutic due to replication and killing of tumor cells over
normal cells. Moreover, a major advantage of OVs relies on
their ability to act as a potent immunotherapeutic agent.

The J&J IM clinical candidate is a genetically modified HSV-1
virus which preferentially replicates in tumors, minimizes the
stimulation of the innate antiviral immune response, and
encodes multiple immunomodulatory payloads (PLs).

Rationale

*  Tumor growth inhibition in a mouse model is typically used
to preclinically assess oncology drug efficacy and justify
human starting doses for first-in-human trials, based on
empirical and safety criteria, and on toxicology data.

* The translatability of such preclinical models to humans as
part of OV drug development is not well established.

* Developing a semi-mechanistic model that integrates
preclinical data across different experimental settings can
help to better understand the system characteristics and
obtain general criteria (e.g., threshold for go/no-go
decision) for drug efficacy and drive critical data
collection in clinical trial.

Objective

The aim of this work is to develop a preclinical modeling
framework which describes the antitumor effect of the
surrogate drug product after different doses and to derive
quantitative criteria to estimate efficacy, supporting
translation in early clinical development of drug product.

Methods

Data

The analysis was based on the injected and non-injected tumor
volumes (TVs) in MC38-5AG syngeneic bilateral tumor model.

 Data from 12 studies were pooled, where either the
backbone surrogate OV, or the surrogate drug product
with 1 or multiple PLs were injected intratumorally (IT) in
only one of the two tumors (right flank) of the mouse.

* A total of 4416 TV samples from 223 syngeneic mice were
collected and included in the analysis.

» Theinvestigated doses included: (i) the vehicle; (ii) the low,
intermediate and high doses in PFU for the surrogate drug
product; (iii) the high dose for the surrogate backbone and
the surrogate OV with 1 PL.

Structural Model

Figure 1. Schematic of the KPD model for antitumor effect
after OV administration
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Note: Schematic representation of the model including the following
processes: (1) delayed viral dynamics in the tumor (3 OV compartments
with KPD decay rate) after OV administration; (2) exponential (L1)
followed by linear (LO) growth of injected and non-injected tumor lesions
(TV, and TV\); (3) nonlinear antitumor dose-effect (Emax with OV; 5;) due
to the K, effect; (4) induction of the nonlinear immune response (CD8,
Emax with CD8;,) by tumor-associated antigens (TAA, Ag), if the multiple
PLs are expressed (violet solid arrow); (5) tumor cell death (K andKig )
triggered by immune response (CD8) on both lesions (dashed black
arrows).

Results

Model Parameters

Table 1. Population parameter estimates for the antitumor
response model after surrogate OVs administration in
MC38-5AG syngeneic mice

Parameter Estimate (RSE, %) IV (%) (RSE,%)
Injected Non- Injected Non-

injected injected

TV, (mm3) 8.76 (3.7) 212(13.8) | 42.5(10.4)

L1 (1/d) 0.16 (2) 0.15 (1.7) 14.5 (7.1)

LO (mm3/d) 116 (11.7) 121(15.8)

Kpp (1/d) 1.7 (5.8) 90.3 (10.8)

Ky (1/d) 0.081(2.4) 20 (17.9)

A R 0.29 (2.2)

Kis.n POP2 (1/d) - 0.06 (3.8) 64.1(19.2)

POP1(-) 0.20 (51.7)

CD8s, (103 cells) 14.9 ( .6)

GA 2.87 FIX

OV3 50 (pfu) 9230 (5.5)

RE (log mm3) 0.29 (2.6)

RE, residual error; 11V, inter-individual variability; RSE, relative standard
error; GA, hill factor; POP1, complete-responder population in the
mixture model; POP2, mild-responder population in the mixture model.

Injected lesion after multiple PLs OV

administration

Exploratory Analysis Semi-mechanistic model
The model accounted for
the dose dependent
response using an Emax
model with an OV; 5 of
9230 (RSE = 5.5%) PFU
(Table 1).

Full tumor eradication was
believed to be mainly
related to the immune
effect activated by the
surrogate OV with all
multiple PLs (Kg = 0.293
(RSE = 2.2 %) 1/day, Table
1), and additional to the mild
oncolytic effect.

A complete elimination of
the injected lesion was
reached at ~22 days after
first multiple PLs surrogate
OV injection in the
intermediate and high doses
(Figure 2).

Only 3 out of 10 animals
showed complete response
after low dose injection,
while the remaining 7
animals had a minor
response.

Figure 2. Visual Predictive Check of the antitumor effect in
injected and non-injected lesions after IT administration of
multiple PLs surrogate OV
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Note: Vertical dashed gray line is tumor inoculation; vertical dashed black
lines are surrogate OV doses; dots are observed TV data; solid red and blue
lines are the medians for POP1 and POP2, respectively; shaded areas are
the 5t and 95t percentiles of the medians; mid = intermediate.
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Injected lesion after backbone and 1 PL OV
administration

The inclusion of the surrogate backbone and 1 PL OVs in the
analysis allowed the estimation of a mild direct oncolytic effect
in the injected lesion (Ky, = 0.08 (RSE = 2.4 %) 1/day, Table 1).

Non-injected lesion after any of the 3 OVs

administration

Exploratory Analysis Semi-mechanistic model
In the non-injected lesion, no
TV response was observed
after a surrogate drug
product injection of the low
and intermediate doses, and
after high dose of the
surrogate backbone and 1 PL
OV (data not shown).

A subgroup of animals
showed complete tumor
eradication after high dose
multiple PLs surrogate OV
injection.

For the high dose of multiple
PLs surrogate OV the model
estimated a 20% (POP1) of
the animal with complete
abscopal effect and 80%
(POP2) with partial abscopal
effect.

Translational concept from preclinic to clinic
Based on Simeoni® model:
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Combining the tumor eradication criterion with the (dominant)
payload effect
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The target antigen (exposure) levels required for the tumor can
be defined as
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Figure 3. TAA (or Ag) concentration threshold for complete
injected TV eradication
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Conclusion

These findings suggest the central role of the PLs for a complete
antitumor effect in injected TV of all animals. An Ag (TAA)
concentration threshold was identified above which the complete
injected lesion elimination was estimated in mice, and this
threshold could be proposed as a go/no-go criterion for the clinic.
Further refinement of a PK/PD model is required to better
describe the antitumor dynamics. While clinical studies are
ultimately required to fully understand and develop an OV as a
therapeutic, this analysis will support the future investigation of
the translational steps needed to realize more robust models.
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