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Figure 4 Pharmacodynamic effect of AMG 557—inhibition of the anti-keyhole limpet haemocyanin (KLH) IgG response.
Anti-lgM and anti-IgG responses are shown for the placebo subjects and the aggregate AMG 557-treated subjects from the
single-ascending dose (SAD) (A and B) and multiple-ascending dose (MAD) (C and D) studies. Data are shown for all four
graphs by time following the first KLH immunisation on the x-axis and baseline-adjusted anti-KLH IgM (A and C) and anti-KLH
IgG (B and D) values. The second KLH immunisation was administered approximately four weeks later (arrow). The fold change
over baseline is shown on the right y-axis and the baseline-adjusted value (median fluorescence intensity (MFI) for IgM and
concentration for IgG) is shown on the left y-axis; the dashed line indicates a fold change of 1. All AMG 557 doses were pooled
for comparison to the placebo group. The number of values per symbol is indicated at the top of each graph. The plots show the

mean+=SEM.

these defined subpopulations as a result of AMG 557
administration (data not shown).

No discernible changes were observed in lupus serolo-
gies, complement levels or disease measures (BILAG,
SELENA-SLEDAI) (data not shown).

DISCUSSION
The ICOS:ICOSL pathway represents a promising target
for therapeutic immunomodulation of autoimmune dis-
eases. Immunological investigations in mice and humans,
including analyses of ICOS null individuals, have detailed
the role of this co-stimulatory pathway in driving antigen-
specific T cell responses. The importance of ICOS for the
development of T cell subsets such as Tth and Th17 cells
and for driving class-switched antibody responses impli-
cates it as a potential key mediator of autoimmune dis-
eases. This is the first report of pharmacological blockade
of the ICOS:ICOSL pathway in humans.

Consistent with other therapeutics targeting a cell
surface molecule, the AMG 557 PK profile showed non-
linear characteristics at lower dose levels. AMG 557

concentration  increased  greater  than  dose-
proportionally over the dose range of 1.8-140 mg sub-
cutaneous in the SAD study and 6-70 mg subcutaneous
in the MAD study. Flow cytometric analyses of ICOSL
target occupancy on circulating B cells indicated an ICgg
between 3.5 and 14 g/mL using a simple E ,,,x model.
Within the ICy9 serum concentration range, a transition
from target-mediated (ie, non-linear) elimination to
linear elimination occurred, likely suggesting ICOSL sat-
uration in blood as well as compartments not measured
(or accessible).

In the MAD study, AMG 557 significantly reduced the
anti-KLH IgG response, but a dose-response to AMG
557 was not readily discernible given the high degree of
variability in the data. Also, 9 of the 51 subjects immu-
nised with KLH had detectable levels of anti-KLH IgG
(eg, >250 ng/mL) prior to KLH immunisation. Parallel
validation of the anti-KLH IgG assay from independent
samples revealed that 16% of healthy volunteers and
12% of subjects with SLE had detectable levels (eg,
>250 ng/mL) of serum anti-KLH IgG. Preincubation
with increasing concentrations of KLH reduced the
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Figure 5 Effect of dose level on the anti-keyhole limpet haemocyanin (KLH) IgG response in the multiple-ascending dose
(MAD) study. (A) anti-KLH 1gG serum values by individual cohort in the MAD study (uncensored). (B) Anti-KLH 1gG serum values
by individual cohort in the MAD study with the nine (of 51) pre-existing (ie, pre-immunisation) anti-KLH IgG-positive subjects
removed. For both graphs, data are shown by study day (x-axis) and the anti-KLH IgG mean+SEM (y-axis), the dose level is
indicated in the legend and the number of samples per symbol are shown in parentheses. (C) Mean area under the curve (AUC)
(xSEM) of the serum anti-KLH IgG from the first KLH to 112 days after the first KLH (y-axis) is shown versus the mean AUC
(xSEM) AMG 557 serum concentration from study day 1 to 112 days after the first KLH for the single-ascending dose (SAD) and
the MAD studies. Pre-immunisation anti-KLH 1gG-positive subjects from both studies were excluded from the analysis.

anti-KLH IgG signal, indicating KLH specificity in the
absence of intentional KLH immunisation, and possibly
cross-reactivity. Protective cross-reactivity between shared
carbohydrate epitopes on KLH and Schistosoma mansoni
has been described in rats.*” Regardless of the origin of
the KLH-binding IgGs in the baseline samples of this
study, the KLH may in fact represent a ‘booster antigen’
and not a ‘neoantigen’, as intended. A post hoc analysis
excluding the preimmunisation-positive subjects in the
MAD anti-KLH IgG data set appeared to clarify the
dose-response relationship in the overall dataset.
Further evaluation of the AUC of anti-KLH IgG levels as
a function of the AUC of AMG 557 serum concentration
clearly shows a visual trend towards a dose-response with
multiple doses of 70 mg subcutaneous as the inflection

point of the curve. This inflection point correlates well
with the steady-state trough concentrations of AMG 557
that were above the ICg9 concentration for target
occupancy.

Beyond KLH, ICOSL blockade in subjects with SLE
may reduce subclinical inflammation and GC activity
more broadly, including those that harbour autoreactive
B cells. Bystander cell expression of ICOSL has also
recently been shown in mice to be required for
ICOS-mediated trafficking to form GCs."® These data
will provide helpful information to guide dose selection
for subsequent efficacy studies.

As expected for subjects with SLE with mild, stable
disease, there were no discernible changes in disease
activity (BILAG, SELENA-SLEDAI), lupus serology,
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complement levels or circulating lymphocyte subpopu-
lations (data not shown). While the percentage of sub-
jects with a positive ANA at baseline in the MAD study
was surprisingly low, a documented history of a positive
ANA (titre >1:80) was required for enrolment.
Additionally, SLE-associated serum biomarkers (includ-
ing IP-10) as well as ICOS levels on T cells were elevated
at baseline (data not shown), consistent with other
reports in SLE.

The safety profile of AMG 557 appeared acceptable in
these early and small studies, but more data are needed,
particularly with longer-term administration. There was
no evidence of cellular depletion or of aberrant activation
as a result of AMG 557 administration. ICOSL is detect-
able predominantly on the surface of APCs, but it can be
upregulated on endothelial cells and some epithelial
cells, and mRNA can be induced on testes, kidney and
peritoneum.*” ** Additionally, [COSL has been found on

human placental trophoblast cells.” We also note that
the 15 described ICOS null patients''™* °* °! are charac-
terised by low-circulating memory B cells, low-memory
TFH, low IgG, low IgA and manifest clinically with oppor-
tunistic infections and colitis.

Recent advances in targeted therapies for SLE have
validated the cytokine BAFF as a key driver of disease.”
Numerous other targets are currently being pursued in
clinical trials for SLE and related autoimmune condi-
tions.>! The overall safety, PK and pharmacodynamic
biomarker results of these reported phase I studies in
patients with SLE establish ICOSL as a viable target for
pharmacological intervention and support further evalu-
ation of AMG 557 as a therapeutic for SLE and other
autoimmune diseases.
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