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Abstract

A phase I trial (NCT03447314; 204686) evaluated the safety and efficacy of
GSK1795091, a Toll-like receptor 4 (TLR4) agonist, in combination with im-
munotherapy (GSK3174998 [anti-OX40 monoclonal antibody], GSK3359609
[anti-ICOS monoclonal antibody]|, or pembrolizumab) in patients with solid tu-
mors. The primary endpoint was safety; other endpoints included efficacy, phar-
macokinetics, and pharmacodynamics (PD). Manufacturing of GSK1795091
formulation was modified during the trial to streamline production and ad-
ministration, resulting in reduced PD (cytokine) activity. Fifty-four patients re-
ceived GSK1795091 with a combination partner; 32 received only the modified
GSK1795091 formulation, 15 received only the original formulation, and seven
switched mid-study from the original to the modified formulation. Despite the
modified formulation demonstrating higher systemic GSK1795091 exposure
compared with the original formulation, the transient, dose-dependent eleva-
tions in cytokine and chemokine concentrations were no longer observed (e.g.,
IP-10, IL10, IL1-RA). Most patients (51/54; 94%) experienced >1 treatment-
emergent adverse event (TEAE) during the study. Safety profiles were similar
between formulations, but a higher incidence of TEAEs associated with immune
responses (chills, fatigue, pyrexia, nausea, and vomiting) were observed with
the original formulation. No conclusions can be made regarding GSK1795091
anti-tumor activity due to the limited data collected. Manufacturing changes
were hypothesized to have caused the change in biological activity in this study.
Structural characterization revealed GSK1795091 aggregate size in the modified
formulation to be twice that in the original formulation, suggesting a negative
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correlation between GSK1795091 aggregate size and PD activity. This may have
important clinical implications for future development of structurally similar

compounds.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Toll-like receptor 4 (TLR4) agonists, such as lipopolysaccharide (LPS) and lipid
A analogs, have demonstrated anti-cancer effects in patients. Previous studies
offer conflicting evidence on the active form (monomeric vs. aggregates) of LPS/
lipid A analogs and suggest that different forms can stimulate different immune
pathways.

WHAT QUESTION DID THIS STUDY ADDRESS?

This phase I study investigated the safety, pharmacokinetics (PK), and pharma-
codynamics (PD) of GSK1795091 with one of three immunotherapies in patients
with solid tumors. In addition, the study addressed the effects of a manufacturing
change on the biological activity of GSK1795091.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study enables a better understanding of the impact of the manufacturing
process on drug aggregate morphology and activity. The formulation change
led to the formation of particle aggregates with globular morphology, suggest-
ing the initial dissolution of GSK1795091 in ethanol, instead of initial dissolution
using sonication, was the likely contributor to the lowered biological activity of
GSK1795091. This could have implications for the development of other lipid A
analogs and TLR agonists.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Following manufacturing changes of LPS/other lipid A analogs and chemically
manufactured active pharmaceutical ingredients that are prone to structural or-
ganization in solution, it is recommended to perform in vitro PD assessments
to understand the impact on its biological activity prior to clinical assessment.
PK and PD evaluations should be prioritized to ensure no clinically meaningful
changes related to the manufacturing occur.

INTRODUCTION

Toll-like receptors (TLRs) are membrane receptors that
elicit innate and adaptive immune responses.' In humans,
10 TLRs have been identified and are functionally subdi-
vided into intracellular TLRs that recognize viral and bac-
terial DNA and RNA, and cell surface TLRs that primarily
recognize extracellular ligands, including microbial com-
ponents, such as lipopolysaccharide (LPS)."* LPS, a major
component of the outer membrane of Gram-negative bac-
teria, is the primary natural ligand of TLR4® and elicits
an immune response through TLR4-mediated signaling.*
LPS has demonstrated an ability to induce cytokine pro-
duction in vitro, anti-cancer activity mediated by lipid A
(a conserved portion of LPS) in vivo, and anti-cancer ac-
tivity in a phase II clinical trial.”” Several lipid A analogs
have been developed for the treatment of cancer.*'°

The TLR4 agonist GSK1795091 is a synthetic lipid A
analog that demonstrated immunomodulatory activity
in preclinical in vivo studies, including an ability to in-
duce production of proinflammatory cytokines, enhance
antigen presentation, and regulate T-cell responses,
alone and in combination with a surrogate OX40 ago-
nist."! In the first-time-in-human (FTIH) study (204,685;
NCT02798978), GSK1795091 demonstrated an acceptable
safety profile, induced transient increases in cytokine lev-
els, and led to changes in immune cell counts in a dose-
dependent manner.'

Considerable evidence supports the use of TLR ag-
onists as immune adjuvants in combination with other
anti-cancer treatments. The TLR4 agonists glucopyrano-
syl lipid A in a stable emulsion (GLASE) and OM-174 are
being investigated in combination with other therapies
in several cancer types.'>'* This phase I study evaluated
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the safety, tolerability, and efficacy of GSK1795091 in
combination with several immunomodulatory agents
with complementary mechanisms of action: GSK3174998
(anti-OX40 monoclonal antibody),"> GSK3359609 (anti-
inducible costimulatory [ICOS] monoclonal antibody),'®
or pembrolizumab (anti-programmed cell death protein
1 [PD-1] monoclonal antibody),’” under the hypothesis
that combinations would lead to greater anti-tumor im-
mune response and clinical activity than with monother-
apies alone. The study was designed in two parts: Part 1
(dose escalation) to evaluate the dose and safety of these
combinations, and Part 2 (cohort expansion) to further
evaluate the safety and efficacy of the selected dosing
regimen. During Part 1, the manufacturing procedure for
GSK1795091 was modified to reduce the manufacturing
time and to optimize administration. Pharmacodynamic
(PD) evaluation of GSK1795091 revealed that the modi-
fied formulation had significantly lower biological activ-
ity than the original formulation. The study was therefore
terminated before the opening of Part 2, and both formu-
lations underwent further investigation to understand the
consequences of the manufacturing change.

Here we report data for primary (safety), secondary
(pharmacokinetics [PK]), and exploratory (PK/PD re-
sponse) endpoints from Part 1 of the NCT03447314 study,
as well as data related to investigations of the cause of the
change in biological activity. Findings that led to the dis-
covery of an apparent manufacturing-dependent correla-
tion between the aggregate size and shape of GSK1795091
and its biological activity are highlighted, along with con-
sequential learnings and recommendations for future de-
velopment of TLR4 agonists and other structurally similar
compounds.

MATERIALS AND METHODS
Formulation manufacturing process

The chemical structure of GSK1795091 is shown in
Figure S1. The manufacturing procedure was adjusted to
replace a sonication step with ethanol dissolution to dis-
solve the GSK1795091 active pharmaceutical ingredient
(API). The final ethanol concentration in the modified for-
mulation was low (0.05% v/v). The adjustment resulted in
areduction of manufacturing time from 2 days to 1 day and
streamlined the analytical testing throughout the process.
Additionally, the lower final GSK1795091 concentration
in the preparation of the modified formulation allowed
a simplified dosing procedure (with no dilution steps re-
quired at lower doses <200ng) and reduced waste due to
a longer in-use stability period (24 vs. 8 h), which allows
more time between dose preparation and administration.

ASCPT

Full details of the manufacturing procedures and compo-
nents of the original and modified GSK1795091 formula-
tions are presented in Appendix S1 and in Table S1 and
Table S2.

Full details for dynamic light scattering (DLS) and
cryo-transmission electron microscopy (TEM) analyses
used to characterize the formulations are summarized in
Appendix S1.

Study design and treatments

This was a phase I, open-label, nonrandomized study
(204686; NCT03447314) of the TLR4 agonist GSK1795091,
administered with a combination partner (anti-OX40
monoclonal antibody GSK3174998, anti-ICOS monoclo-
nal antibody GSK3359609, or the anti-PD-1 monoclo-
nal antibody, pembrolizumab) in patients with advanced
solid tumor cancers. Part 1 utilized a Neuenschwander
continual reassessment method design'® to assess safety
and tolerability of escalating doses of GSK1795091 with
a fixed dose of the combination partner to identify doses
for evaluation in Part 2 (Figure S2). Due to the ultra-low
drug concentrations of the GSK1795091 formulations,
doses were administered by intravenous (IV) bolus injec-
tion. The administration kit consisted of a syringe and
catheter (BD Insyte Autoguard catheter [no tubing] and
BD Nexiva catheter [with tubing]). Dose and content re-
covery from both syringe—catheter configurations were
determined to be 100% of label claim. However, due to the
long length of tubing on the BD Nexiva catheter, a post-
administration flush volume with 3-5 ml of placebo dilu-
ent of was required to obtain 100% recovery. These data
indicate that the formulation and administration kit were
compatible and that there was no loss of GSK1795091 due
to sticking on the inner surfaces of the administration
kits. The starting dose of GSK1795091 was 50ng; patients
were allocated to one of three cohorts: Group A, receiv-
ing GSK1795091 4+ GSK3174998 (fixed dose of 24mg IV);
Group B, receiving GSK1795091 + GSK3359609 (fixed dose
of 80mg IV); or Group C, receiving GSK1795091 + pem-
brolizumab (fixed dose of 200mg IV). GSK1795091 was
administered once-weekly by IV injection for 12weeks,
including an initial 2-week safety run-in period of
GSK1795091 monotherapy. Combination treatment was
initiated from Week 3, and the combination partner was
administered by IV infusion once every 3weeks. From
Week 12, GSK1795091 was administered every 3weeks
to coincide with combination partner treatment. Patients
received study treatment for 2years unless one of the fol-
lowing occurred earlier: disease progression as determined
by immune-related Response Evaluation Criteria in Solid
Tumors (RECIST) criteria, death, unacceptable toxicity,
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or protocol-defined stopping criteria met. Following the
discovery that the modified GSK1795091 formulation
resulted in lower biological activity compared with the
original formulation (measured as a reduction in cytokine
production), enrollment into Part 1 was interrupted after
considering the totality of data available, and screening
of participants was paused to allow continued investiga-
tion into the cause (January 2020). The protocol was then
amended to discontinue GSK1795091 and to allow patients
to continue treatment with the combination partner as
monotherapy (March 2020). Enrollment to the study was
formally stopped before initiating Part 2 (September 2020).

The study was conducted in accordance with the
principles of the Declaration of Helsinki and Council
for International Organization of Medical Sciences
International Ethical Guidelines and in accordance with
the International Conference on Harmonisation Good
Clinical Practice. Approval was obtained from institu-
tional review boards and ethics committees before study
initiation. Written informed consent was obtained from
all patients before enrollment.

Patients

Adult patients with histological confirmation of an ad-
vanced solid tumor malignancy with available archival
tumor tissue were included in this study. Included patients
had disease progression after standard therapies (meas-
urable disease per RECIST 1.1), an Eastern Cooperative
Oncology Group (ECOG) performance status of 0-1, life
expectancy of at least 12weeks, and adequate organ func-
tion. Excluded patients had other malignancies, central
nervous system metastases requiring steroids within
2weeks of first study treatment, active autoimmune dis-
ease requiring systemic disease-modifying or immuno-
suppressive treatment, a concurrent condition requiring
immunosuppressive treatment, known human immu-
nodeficiency virus infection, or current unstable liver or
biliary disease. Patients were not permitted to have had
prior treatment with OX40, ICOS, or TLR4 agonists, anti-
cancer therapy, or investigational therapy within 30 days
or five half-lives of the drug (whichever was shorter), ra-
diation therapy (with exceptions), allogeneic or autolo-
gous bone marrow transplantation, or other solid organ
transplantation. For complete inclusion and exclusion
information see Appendix S1.

Study endpoints and assessments

The primary endpoints of this study were to evaluate the
safety and tolerability of GSK1795091 in combination with

GSK3174998, GSK3359609, or pembrolizumab. Secondary
endpoints included evaluation of the anti-tumor activ-
ity of GSK1795091 in combination (objective response
rate [ORR] and disease control rate [DCR]) and PK of
GSK1785091 (maximum observed concentration [C,,,.],
area under the curve over the dosing interval [AUC, ],
terminal half-life [¢,,], clearance, and volume of distribu-
tion at steady state [Vss]). Accumulation ratios for trough
concentrations (Cyo,,n) Were not calculated as many pre-
dose concentrations were below the limit of quantifica-
tion. Exploratory endpoints included evaluation of PK/PD
relationships, such as between PK parameters and various
blood-derived PD markers of immunologic activity (e.g.,
granulocyte colony-stimulating factor, interleukin [IL]-6,
IL-8, IL-10, IL-1 receptor agonist [IL-1Ra], interferon
gamma-induced protein [IP-10], monocyte chemoat-
tractant protein 1 [MCP-1], and tumor necrosis factor o
[TNFa)).

Patients were monitored for treatment-emergent ad-
verse events (TEAEs) from the start of study treatment
until at least 30days after the last dose of study treat-
ment or the start of a new anti-cancer therapy, which-
ever occurred first. Serious TEAEs and adverse events
(AEs) of special interest were monitored until up to
90days after the last dose of study treatment or until the
start of a new anti-cancer therapy, whichever occurred
first. TEAEs were coded using the standard Medical
Dictionary for Regulatory Activities, grouped by System
Organ Class, and graded by the investigator according to
the National Cancer Institute—Common Terminology
Criteria for Adverse Events, version 4.0. Other safety as-
sessments included physical examinations, assessment
of vital signs, electrocardiograms, and clinical safety
laboratory tests.

Anti-cancer activity was evaluated according to
RECIST 1.1 and immune-related RECIST (irRECIST).
Blood samples for PK and PD analysis of GSK1795091
were collected within 1 h before study drug administra-
tion and at additional timepoints following administra-
tion (see Appendix S1 for complete timings). Cytokine/
chemokine levels in isolated plasma were analyzed using
a custom multiplex immunoassay (Quanterix).

Statistical analyses

No specific statistical hypotheses were tested. The sample
size for the study was planned to allow adequate char-
acterization of safety, clinical activity, PK, and PD based
on the study objectives. Safety and anti-tumor activity
were evaluated in patients who received >1 dose of any
study treatment. In some analyses, results for combina-
tion partners were pooled due to limited sample sizes and
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to evaluate the effect of the formulation. PK was evalu-
ated in patients who received >1 dose of GSK1795091 and
from whom >1 post-dose PK sample for GSK1795091 was
measured. PK samples were analyzed using a previously
validated method'® and data were analyzed using stand-
ard noncompartmental methods and descriptive statistics.
PD biomarkers were evaluated in patients who received
>1 dose of any study drug, from whom >1 PD sample was
obtained, analyzed, and measurable, and were summa-
rized descriptively and/or graphically.

RESULTS

Physicochemical characterization of
GSK1795091 original and modified
formulations

Comparisons of the stability of the original and modi-
fied formulations are presented in Table S3; the chemical
structure of GSK1795091 is shown in Figure S2. Both the
original and modified GSK1795091 formulations met all
the specification criteria during the testing timeframes
(Table S3).

Characterization of the two formulations by cryo-TEM
revealed that the original GSK1795091 formulation gave
rise to a heterogeneous particle population with no glob-
ular structures, while aggregated globular structures were
mainly observed in samples of the modified formulation.
The aggregated globular structures observed in the modi-
fied formulation were larger than the sheet-like structures
in the original formulation; this was consistent with DLS
particle size analysis, which showed that the mean aggre-
gate size of the modified formulation is approximately
two times that of the original formulation (Figure 1).
GSK1795091 in the modified formulation degraded faster
than the original formulation. However, the modified for-
mulation was within the specifications and suitable for
dosing (Table S3).

Clinical study results
Patient disposition and baseline characteristics

The NCT03447314 study was carried out across eight
sites in four countries (5 in the USA, 1 in Canada, 1 in
The Netherlands, and 1 in Spain). In total, 54 patients
were enrolled and assigned to receive GSK1795091 (TLR4
agonist) with an immunomodulatory combination part-
ner (30 patients received GSK3174998 [anti-OX40 mono-
clonal antibody], 11 received GSK3359609 [anti-ICOS
monoclonal antibody], and 13 received pembrolizumab;

ASCPT

Figure 2). Most patients received the modified formula-
tion of GSK1795091: 32 patients received only the modi-
fied formulation, 15 patients received only the original
formulation, and seven patients received both formula-
tions (switching from the original to the modified dur-
ing the study). At the time of data cutoff (July 1, 2020),
all patients had been discontinued from GSK1795091,
19 patients (35.2%) were ongoing in the study (off study
treatment and in follow-up [n = 15] or receiving combina-
tion partner monotherapy [n = 4] following GSK1795091
discontinuation), 8 (14.8%) withdrew from the study be-
fore completion, and 30 (55.6%) died (including 3 patients
who withdrew from the study before completion). Among
patients who died during the study, the primary cause
of death was cancer. Baseline patient demographics and
characteristics are summarized in Table 1. The baseline
characteristics were overall similar between the patients
who received only original or modified formulations.

Pharmacokinetics

Since the PK of GSK1795091 appeared to differ based
on formulation, PK results are summarized separately
for the two formulations. Due to limited sample sizes,
PK results were pooled (regardless of treatment partner)
and reported for each dose of GSK1795091. Key PK pa-
rameters are summarized in Table 2. Overall, geometric
mean exposures (AUC|,_,;) increased proportionally to
dose for both formulations and were higher for the modi-
fied formulation compared with the original formula-
tion at the equivalent dose levels. Terminal half-life (¢,,),
geometric mean clearance, and geometric mean volume
of distribution at steady state (Vss) were only estimable
for the modified formulation. When estimable, t,, ranged
from 41 to 74h, geometric mean clearance ranged from
0.053 t0 0.084 L/h, and Vss ranged from 3.8 to 4.2 L across
dose levels for the modified formulation. The C,,, for
GSK1795091 with the different combination partners was
similar between each formulation (Table S4), but no sta-
tistical test was conducted as this was not an objective of
the study and sample sizes were limited. C,,,, concentra-
tions occurred shortly after the bolus injection; median
tmax Values ranged from 0.1 to 0.9 h after dosing.
GSK1795091 concentration-time profiles for both for-
mulations were not available at all doses for each com-
bination partner, so data from different combination
partners were pooled for each dose level and formula-
tion of GSK1795091 (Figure 3). For both formulations,
GSK1795091 concentration-time profiles for a full treat-
ment cycle (168h) were characterized by a biphasic
elimination process, with a distribution phase occurring
from 2 to 6 h post-dose, followed by a more prolonged
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» Triangle-like structure

Edges of TEM grid holes

Particle diameter (nm)

Modified formulation

— Bubbling artefacts Aggregates of

globular-like structures

Globular structures Edges of TEM grid holes

FIGURE 1 Structural characterization of the original and modified GSK1795091 formulations. Evaluation of the original and modified
formulations using (a) dynamic light scattering, revealing that the diameter of GSK1795091 particles in the modified formulation was

twice the diameter of the original formulation, and (b) cryo-transmission electron microscopy (TEM) images, showing formation of large
aggregates of globular-like structures in the modified formulation while the original formulation has mostly sheet-like morphologies with no
globular structures. The globular-like structures appeared to be sensitive to beam electron due to the presence of ethanol which evaporates
under the effect of heat resulting in the dark shades in the image. Globular structures are small, round bodies or spherical objects formed by
attractive forces between molecules or group of molecules. Complex structures are multidimensional arrangements of molecules or group of
molecules.

elimination phase. For both formulations, there were no
signs of accumulation between cycles, and PK appeared
to be time-invariant. Median GSK1795091 concentrations
were markedly higher (~3-fold to ~16-fold depending on
dose and timepoint) with the modified formulation com-
pared with the original formulation (Figure 3).

PK—PD response and analysis of biomarkers

A concentration-dependent PD response was observed
for most biomarkers evaluated (e.g., IP-10, IL-10, IL-
1Ra, IL-6, and MCP-1) in patients receiving the original
GSK1795091 formulation, but not with the modified
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83 patients assessed for eligibility |

}| 29 patients excluded (screen failures)

v

54 patients enrolled and
assigned a treatment

!

30 patients received

GSK1795091 + GSK3174998
Original formulation (n=14)
Modified formulation (n=12)
Both formulations* (n=4)

\ 4

11 patients received
GSK1795091 + GSK3359609
Original formulation (n=0)
Modified formulation (n=10)

Both formulations* (n=1)

9 patients ongoing
8 in active follow-up or LTFU
1 on study treatment®

16 patients died while on study

5 patients withdrew from study
1 died after withdrawal

!

13 patients received
GSK1795091 + pembrolizumab

Original formulation (n=1)
Modified formulation (n=10)
Both formulations™ (n=2)

3 patients ongoing

3 in active follow-up or LTFU
5 patients died while on study
3 patients withdrew from study

2 died after withdrawal

1 survival unknown

7 patients ongoing
4 in active follow-up or LTFU
3 on study treatment?

6 patients died while on study

4 survival unknown

FIGURE 2 CONSORT flow diagram of study disposition. *Patients switched from original to modified GSK1795091 formulation during
the study. 'Patients continued combination partner monotherapy following GSK1795091 discontinuation. LTFU, long-term follow-up.

TABLE 1 Summary of demographics

and baseline characteristics (combination Original . b Modiﬁed. b
. Total formulation formulation
partners pooled)* Characteristic (N =54) (N =15) (N =32)
Age (years), mean (SD) 57.6 (12.7) 60.2 (12.0) 56.6 (12.7)
Female, n (%) 28 (52.0) 6 (40.0) 18 (56.3)
BMI (kg/m?), mean (SD) 26.9 (6.3) 29.2(5.1) 25.7 (5.8)
Height (cm), mean (SD) 168.4 (8.7) 168.9 (9.9) 168.1 (8.1)
Weight (kg), mean (SD) 76.8 (19.9) 83.5(18.2) 73.8(19.3)
Ethnicity, n (%)
Hispanic or Latino 8(14.8) 3(20.0) 5(15.6)
Other 45(83.3) 12 (80.0) 26 (81.3)
Race, n (%)
Asian 2(3.7) 1(6.7) 1(3.1)
Caucasian 47 (87.0) 12 (80.0) 28 (87.5)
Mixed race 0(0.0) 0(0.0) 0(0.0)
Missing data 5(9.3) 2(13.3) 3(9.4)

Note: Data on tumor type, prior lines of therapy, and prior immunotherapy were not retrievable and could
not be presented.

Abbreviations: BMI, body mass index; ICOS, inducible T-cell costimulatory; PD-1, programmed cell death
protein 1; SD, standard deviation.

“Data for combination partners were pooled for both formulations due to limited sample sizes.
Combination partners included GSK3174998 (anti-OX40 monoclonal antibody), GSK3359609 (anti-ICOS
monoclonal antibody), or pembrolizumab (anti-PD-1 monoclonal antibody).

®Data shown for patients who received either formulation alone. The seven patients who switched
formulation during the study and received both formulations are included in the totals and are not shown
separately by formulation.
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TABLE 2 Summary of C,,,, and AUC,_,, for GSK1795091 on Day 1 for original and modified formulations (combination partners pooled)®

GSK1795091 dose

ASCPT

250ng

200ng

150ng

100ng

50ng

Parameter (Day 1)

Cinax (pg/ml)

NC NC

NC

4.7 (24.5) 6.0 (51.7)

Geometric mean (%CV)

Original

NC

NC

11.0 (8.3-13.6)

5.3 (4.0-11.9)

11

4.7 (3.2-6.0)

Median (range)

31.0 (37.0) 34.6 (26.4) 57.0 (21.1) NC

15.4 (24.5)

Geometric mean (%CV)

Modified

31.3 (26.8-53.4) 60.0 (43.6-68.1) 82.2 (65.0-99.4)

32.3 (13.2-56.6)

14.0 (13.1-28.8)

Median (range)

NC NC

NC

122.4 (144.3)

120.9 (131.0)

Geometric mean (%CV)

Original

NC

NC

146.8 (39.0-383) 410.7 (310-512)

208.4 (35.0-276)

Median (range)

NC

Geometric mean (%CV) 846.5 (10.1) 1521 (36.2) 2117 (17.3) 3336 (30.9)

Modified

4166 (nc)

2116 (1670-2540) 3615 (2390-4300)

1681 (645-2120)

857.1 (721-990)

Median (range)

Abbreviations: AUC, area under the curve; C,,,,, concentration maximum; CV, coefficient of variation; ICOS, inducible T-cell costimulatory; NC, noncalculable; PD-1, programmed cell death protein 1.

“Data for combination partners were pooled for both formulations due to limited sample sizes and to specifically evaluate the effect of the two formulations on the pharmacokinetic profile of GSK1795091. Combination

partners included GSK3174998 (anti-OX40 monoclonal antibody), GSK3359609 (anti-ICOS monoclonal antibody), or pembrolizumab (anti-PD-1 monoclonal antibody).

formulation (Figure 4). No PD response was observed for
TNFa or safety markers (systolic blood pressure and pulse
rate) with either of the formulations (Figure S3).
Transient increases in circulating plasma concentra-
tions of IP-10, IL-6, MCP-1, and IL-1Ra peaked from 2 to
6 h and returned to baseline within 24 h of administration
of the original GSK1795091 formulation only (Figure S4).

Safety

Dose-limiting toxicities were observed in two patients in
the study; both were assessed as related to GSK1795091 and
led to discontinuation of treatment. One patient in Group
A receiving 150ng GSK1795091 (original formulation only)
with GSK3174998 experienced Grade 3 blood alkaline
phosphatase increase, Grade 3 alanine aminotransferase
increase, Grade 3 aspartate aminotransferase increase, and
Grade 3 hepatitis; and one patient in Group C receiving
100ng GSK1795091 (original formulation only) with pem-
brolizumab experienced Grade 3 hypotension.

Overall, 51/54 patients (94.4%) who received
GSK1795091 with a combination partner experienced >1
TEAE during the study, with 24/54 (44.4%) experiencing
Grade>3 TEAEs (Table 3). The most common nonseri-
ous TEAEs (=20% incidence) were chills (n = 22 [40.7%)),
nausea (n = 20 [37.0%]), fatigue (n = 19 [35.2%]), anemia
(n=141[25.9%]), vomiting (n = 12 [22.2%]), and decreased
appetite (n = 11 [20.4%]). Two TEAEs were fatal (sepsis
[n = 2; 50ng GSK1795091 with GSK3359609 and pem-
brolizumab] and depressed level of consciousness [n = 1;
50ng GSK1795091 with GSK3359609]) and were consid-
ered unrelated to treatment.

While the overall incidence of TEAEs was similar be-
tween patients receiving the original formulation only
(15/15 [100%]) compared with the modified GSK1795091
formulation only (29/32 [90.6%]), the incidence of nausea,
vomiting, chills, fatigue, pyrexia, weight reduction, head-
ache, and hypertension was higher in patients receiving
the original formulation only (Table 3). Many of these
events are typically associated with active immune acti-
vation. While dose levels were pooled for safety analysis
due to small sample sizes, a difference in the incidence of
chills was observed between the two formulations at 50 ng
GSK1795091 (4/9 patients [44.4%], original formulation
only vs. 2/9 [22.2%], modified formulation only; data not
shown). A dose-response trend was also observed for the
next two dose levels with the original but not the modi-
fied formulation (original formulation only: 4/4 [100%] at
100ng, 2/2 [100%] at 150 ng; modified formulation only:
4/11 [36.4%] at 100ng, 0/6 [0%] at 150 ng; data not shown).
Serious TEAEs were reported by 18 patients (33.3%),
with a similar incidence between formulations (original
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FIGURE 3 Median GSK1795091 pharmacokinetic concentration-time plots with (a) original formulation and (b) modified formulation

(combination partners pooled)*. Horizontal dashed line represents the default lower limit of quantification for the assay (2.0 pg/ml).

*Data for combination partners were pooled for both formulations due to limited sample sizes and to specifically evaluate the effect of the
two formulations on the pharmacokinetic profile of GSK1795091. Combination partners included GSK3174998 (anti-OX40 monoclonal
antibody), GSK3359609 (anti-ICOS monoclonal antibody), or pembrolizumab (anti-PD-1 monoclonal antibody). ICOS, inducible T-cell

costimulatory; PD-1, programmed cell death protein 1.

formulation only: 4/15 [26.7%]; modified formulation
only: 10/32 [31.3%]); three serious TEAEs experienced by
two patients receiving the original formulation only were
related to the study treatment (Table S5).

Overall, more than half of patients (36/54 [66.7%])
reported treatment-related AEs. These were reported in
14/15 (93.3%) of those receiving original formulation only,
and 16/32 (50.0%) of those receiving the modified formu-
lation. Grade 3/4 treatment-related AEs were reported in
7/54 patients (13.0%) and were similar between formula-
tions (original formulation only: 2/15 [13.3%]; modified
formulation only: 3/32 [9.4%]). No fatal treatment-related
AEs were observed.

Efficacy

There are limited data regarding the anti-tumor activity
of GSK1795091 in combination with either GSK3174998,
GSK3359609, or pembrolizumab. This is due to the small
sample sizes resulting from the change in formulation and
discontinuation of the combination treatment (and sub-
sequent continued treatment with monotherapy for some
patients).

Three patients in the study achieved a partial response:

« 50ng GSK1795091 and 24mg GSK3174998 (n = 1/9
[11.1%]).

« 100ng GSK1795091 and 200mg pembrolizumab
(n=2/633.3%]).

Thirteen patients in the study achieved stable disease:

e 50ng GSK1795091 and 24mg GSK3174998 (3/9
[33.3%]); 100ng GSK1795091 and 24mg GSK3174998
(3/6 [50.0%]); 150ng GSK1795091 and 24mg
GSK3174998 (3/9 [33.3%]); 200ng GSK1795091 and
24 mg GSK3174998 (1/4 [25.0%)).

« 50ng GSK1795091 and 80mg GSK3359609 (1/6
[16.7%]); 100ng GSK1795091 and 80mg GSK3359609
(1/5 [20.0%]).

« 50ng GSK1795091 and 200mg pembrolizumab (1/7
[14.3%]).

Across all cohorts, the ORR was 5.6% and the DCR was
27.8%.
Investigative follow-up studies
In vivo and in vitro PD response assessment
The change in cytokine production observed between the
two formulations was investigated in follow-up nonclini-

cal studies. Consistent with the findings in the clinical
study, reduced production of IL-6 was observed in naive

95UB01 T SUOLULLOD 9AII1D) 3{cedl|dde aLpy Aq peusenob a2 Sajole YO 9SN JO SaInJ 10} Ae1q1 8Ul|UO AB[IM UO (SUONIPUOD-PUB-SWB)/LIO™AB | 1M ARe.q1jBul [UO//ScY) SUORIPUOD pue SIS 1 8L} 38S " [£202/50/v2] U0 Akeiqiauliuo A8|Im ‘[0oyos Aisiealun uoiBuiusem Aq Z8EET SIO/TTTT OT/I0p/W0d Ae i Akeiq i puijuo’idose//sdny wouy papeojumod ‘TT ‘2202 ‘29082SLT



2634 | STEEGHS ET AL.

ASCPT

& 1P-10 Interleukin 10
- _ - -
j 6 R E’ 20 .
g 5 2 5]
Y =
2 < 101
8 €
Ko} 34 S ..
€ &=
o ] i
= 2 © 51 % *
(o)) ®© u n [ ]
c S e gy ___-- -
% L £ 04 L "l -¥T "
g 0 “° Gy --BRm--ma--F----g g ]
'E T T T T T T T T T T 1 ° _5_I T T T T T T T T T 1
§ 0 10 20 30 40 50 60 70 80 90 100 = 0 10 20 30 40 50 60 70 80 90 100
GSK1795091 C__ (pg/mL) GSK1795091 C__ (pg/mL)
‘g Interleukin 1 receptor antagonist Interleukin 6
% 6001 < 200
o ° g
?, 5004 o 150 °
o) 3 .
£ 4004 8
[0}
n Ke)
T 300 g 1001
= o
£ 2007 S 50 ‘
(0] c
(] 4 ° @ [
f_—% 100 o, S 0 .. a:____‘.;.__f;_____-_-.
; 0 - - -plia- - @ E---B---n §
S
'E _100_ T T T T T T T T T T 1 é _50_I T T T T T T T T T 1
g 0O 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

GSK1795091 C,_, (pg/mL) GSK1795091 C,_, (pg/mL)

Monocyte chemotactic protein 1

-—---WA N - g ---n

0 10 20 30 40 50 60 70 80 90 100
GSK1795091 C___(pg/mL)

Maximum change from baseline (ng/L x 10°%)
Gy

Study formulation -o— Original -=- Modified

FIGURE 4 Maximum change from baseline in pharmacodynamic (PD) biomarkers versus GSK1795091 C,,,, for original and modified
formulations (combination partners pooled)*. *Data for combination partners were pooled for both formulations due to limited sample sizes
and to specifically evaluate the effect of the two formulations on the PD profile of GSK1795091. Combination partners included GSK3174998
(anti-OX40 monoclonal antibody), GSK3359609 (anti-ICOS monoclonal antibody), or pembrolizumab (anti-PD-1 monoclonal antibody).
Cax concentration maximum; ICOS, inducible T-cell costimulatory; IP-10, interferon gamma-induced protein 10; PD-1, programmed cell
death protein 1.

BALB/c mice following administration of the modified in vitro human whole-blood assay (healthy donors) with
GSK1795091 formulation compared with the original the modified formulation compared with the original for-
(Figure S5A). Cytokine production was also lower in an ~ mulation. However, no significant changes were observed
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TABLE 3 Summary of treatment-emergent adverse events (occurring in >10% of patients) and grade >3 events for original and modified

formulations (combination partners pooled)*

Any event Grade >3 event
Original Modified Original Modified
Total formulation® formulation® Total formulation® formulation®

n (%) (N =54) (N =15) (N =32) (N =54) (N =15) (N =32)
Any events 51 (94.4) 15 (100) 29 (90.6) 24 (44.4) 4(26.7) 14 (43.8)
Blood and lymphatic system

Anemia 14 (25.9) 4(26.7) 8 (25.0) 6(11.1) 1(6.7) 3(9.3)
Gastrointestinal disorders

Nausea 20 (37.0) 8(53.3) 8 (25.0) 0(0.0) 0(0.0) 0(0.0)

Vomiting 12 (22.2) 6 (40.0) 4(12.5) 0(0.0) 0(0.0) 0(0.0)

Constipation 6(11.1) 1(6.7) 4(12.5) 1(1.9) 1(6.7) 0(0.0)

Diarrhea 6(11.1) 2(13.3) 4(12.5) 0(0.0) 0(0.0) 0(0.0)
General disorders and administration site conditions

Chills 22 (40.7) 10 (66.7) 8 (25.0) 0(0.0) 0(0.0) 0(0.0)

Fatigue 19 (35.2) 9 (60.0) 8 (25.0) 2(3.7) 0(0.0) 1(3.1)

Pyrexia 8(14.8) 3(20.0) 3(94) 0 (0.0) 0(0.0) 0(0.0)
Investigations

Weight decreased 7(13.0) 4(26.7) 2(6.3) 0(0.0) 0(0.0) 0(0.0)
Metabolism and nutrition disorders

Decreased appetite 11 (20.4) 2(13.3) 6(18.8) 0(0.0) 0(0.0) 0(0.0)
Musculoskeletal and connective tissue disorders

Arthralgia 6(11.1) 2(13.3) 4(12.5) 0(0.0) 0(0.0) 0(0.0)

Back pain 6(11.1) 2(13.3) 2(6.3) 2(3.7) 1(6.7) 0(0.0)
Nervous system disorders

Headache 8 (14.8) 4(26.7) 4(12.5) 0(0.0) 0(0.0) 0(0.0)

Dizziness 7 (13.0) 2(13.3) 3(94) 0 (0.0) 0(0.0) 0(0.0)
Vascular disorders

Hypertension 7(13.0) 3(20.0) 3(9.4) 2(3.7) 0(0.0) 1(3.1)

Abbreviations: ICOS, inducible T-cell costimulatory; PD-1, programmed cell death protein 1.

*Data for combination partners were pooled for both formulations due to limited sample sizes and to specifically evaluate the effect of the two formulations
on the safety profile of GSK1795091. Combination partners included GSK3174998 (anti-OX40 monoclonal antibody), GSK3359609 (anti-ICOS monoclonal

antibody), or pembrolizumab (anti-PD-1 monoclonal antibody).

"Data shown for patients who received either formulation alone. The seven patients who switched formulation during the study and received both

formulations are included in the total and are not shown separately by formulation.

between different API batches prepared using the same
formulation method (Figure S5B).

In vitro evaluation of the impact of formulation
manufacturing processes on PD response

The in vitro whole-blood assay was repeated with several
formulation preparation conditions, which were altered to
determine which aspect may have resulted in the reduced
PDresponsein patientsreceiving the modified formulation

of GSK1795091 (Figure S6). No notable changes were seen
between the original formulation that had been spiked
with ethanol, that had been increased in ionic strength,
or was prepared using a reduced sonication time, com-
pared with the positive control (preclinical formulation
and preclinical batch of GSK1795091). Initial dissolution
of GSK1795091 in 100% ethanol before diluting to the final
concentration in the modified formulation resulted in a re-
duced PD compared with the positive control. Sonication
did not ameliorate the lowered PD response observed with
the modified formulation.
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DISCUSSION

This was a phase I study evaluating the safety, toler-
ability, and efficacy of GSK1795091 (TLR4 agonist) in
combination with one of three immunomodulatory
agents: GSK3174998 (anti-OX40 monoclonal antibody),
GSK3359609 (anti-ICOS monoclonal antibody), or pem-
brolizumab (anti-PD-1 monoclonal antibody). During the
dose-escalation part of the study (Part 1), the manufactur-
ing procedure of GSK1795091 was modified to streamline
the manufacturing process to make it more suitable for
large-scale manufacturing and simplify the clinical ad-
ministration procedure. However, PD and PK analyses
performed as the study was ongoing revealed that the
modified formulation had substantially lowered biologi-
cal activity, leading to discontinuation of GSK1795091 and
early termination of the study. The further development
of GSK1795091 has since been discontinued and no fur-
ther studies are planned.

The PK of GSK1795091 was linear, dose-proportional,
and overall consistent with those of other synthetic lipid
A analogs®® and the FTIH study performed in healthy vol-
unteers.'? However, while the same original formulation
was used in the FTTH study, GSK1795091 exposures for
the original formulation were lower compared with those
seen in the FTIH study at equivalent doses. The reason
for the difference in GSK1795091 exposures between this
and the FTIH study is unknown but may be related to dif-
ferences in administration procedures between the trials
or the different trial populations (healthy volunteers vs.
patients with advanced solid tumors). After the formula-
tion was modified and the administration procedure was
changed to include an increased IV flush, GSK1795091 PK
exposures increased.

While the modified GSK1795091 formulation/admin-
istration procedure resulted in increased GSK1795091
exposure compared with the original formulation, it was
associated with a lack of PD response, in the form of di-
minished cytokine and chemokine response compared
with the original formulation and the FTIH study.'?
Similar PD results were observed when comparing the
modified versus original formulation in follow-up in vivo
and ex vivo experiments.

The overall incidence of TEAEs was similar between
the two formulations. However, consistent with the di-
minished levels of cytokines following administration
of the modified formulation, a lower incidence of cer-
tain TEAEs was observed, including ‘flu-like’ events
such as chills, fatigue, pyrexia, nausea, and vomiting.
Due to limited data, no conclusions could be made
regarding the anti-tumor activity of GSK1795091 in
combination with either GSK3174998, GSK3359609, or
pembrolizumab.

The marked change in PD response between the mod-
ified and original formulations may be due to the differ-
ences in aggregate size and shape between GSK1795091
formulations. Physiochemical characterization of both
formulations by cryo-TEM revealed the aggregate size
of the modified formulation to be twice that of the orig-
inal formulation, with a globular morphology. This may
have resulted in a configuration that impaired binding
of GSK1795091 to the TLR4 receptor, leading to reduced
downstream signaling. Lipid A aggregate morphology has
also been linked to biological activity, which is depen-
dent on the molecular shape of lipid A,*° suggesting both
size and shape implications of GSK1795091 aggregates.
Previous studies offer conflicting evidence on whether LPS
is active in monomer or aggregate form. Our data suggest
that an aggregate form of GSK1795091 has lower biologi-
cal activity, consistent with previous findings with LPS.*
Conversely, aggregates can also be the active form of LPS
and lipid A analogs.? It has been suggested that different
forms of the same LPS can stimulate different immune
pathways.> Together, the evidence suggests a complex in-
terplay of monomeric/aggregate form, aggregate size, and
morphology, and that other factors may modulate the ac-
tivity of LPS and lipid A analogs.

Several follow-up experiments were carried out to iden-
tify the cause for the lower biological activity of GSK1795091
following the formulation change. Follow-up nonclinical
data demonstrated similar levels of released cytokines be-
tween different API batches prepared using the same for-
mulation method (original or modified), suggesting that
the change in PD response stemmed from the adaptation of
the formulation manufacturing procedure rather than the
API itself. As the modified formulation included the addi-
tion of an ethanol dissolution step, it was hypothesized that
ethanol in the preparation may have had an adverse effect
on the activity of GSK1795091 as ethanol inactivates LPS in
polysaccharide preparations.” Results from a whole-blood
assay follow-up investigation indicated that the original
formulation spiked with 0.05% ethanol did not negatively
impact PD activity. However, the modified formulation
included initial dissolution of GSK1795091 in 100% etha-
nol, suggesting this step is unfavorable to the bioactivity of
GSK1795091 and in agreement with the aforementioned
LPS inactivation procedure that used 60% ethanol.>* These
investigations concluded that the sonication step used for
the original formulation appeared to be a critical step for
producing a more biologically active form of GSK1795091.
However, sonication of the modified formulation (i.e., after
initial dissolution in 100% ethanol) did not enhance PD ac-
tivity, suggesting that the biological activity of GSK1795091
is not recoverable by this technique. Sonication is the most
extensively used method to create small unilamellar vesi-
cles” and may have helped to prevent the formation of the
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larger, globular aggregates upon initial dissolution, in con-
trast to observations with the modified formulation. Other
potential reasons for reduced PD activity such as increasing
ionic strength (whole-blood assay), compatibility with the
injection equipment used, quality of the PK and PD assays,
as well as drug preparation in the clinic (including dilution
and administration) were also investigated and ruled out. A
limitation of this study is that it was not originally designed
to assess the effects of a formulation change on study drug
efficacy, safety, or PK and PD parameters. Several other
factors could also have contributed to the observed effects,
such as dose, drug combinations, small sample sizes, etc.
Our study was not designed to account for the potential im-
pact of these factors post-formulation-change, so we can-
not rule out some contribution to the resulting change in
biological activity. Nonetheless, the nonclinical follow-up
studies support our clinical observations and provide con-
firmatory evidence that the formulation change is the main
driver underlying the change in biological activity.

The quality testing and release specifications of the
modified GSK1795091 formulation were in line with stan-
dard operating procedures and regulatory expectations for
a small-molecule injectable drug, meaning that the release
specifications did not capture the differences that pro-
duced the change in biological activity. Thus, the change
in activity was only discovered during the in-stream clini-
cal study assessments. Based on these findings, we would
recommend in vitro PD assessment of the biological ac-
tivity of TLR agonists and possibly other lipid A analogs,
including chemically manufactured APIs that might be
prone to structural organization in solution, following a
significant manufacturing change. These findings may
have important implications for the future development
of other structurally similar compounds and suggest that
considerations for release specifications should ensure
similar activity of new formulations. For in-study formu-
lation changes, initial in vitro assessment to confirm com-
parable response is advised, particularly for drugs whose
biological activity may be dependent on aggregate size and
shape and those sensitive to manufacturing procedures,
such as other lipid A and LPS analogs.?*2>2%%’
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