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NI-0801 is a fully human monoclonal antibody against chemokine (C-X-C motif) ligand 10 (CXCL10), which is involved
in the recruitment of inflammatory T cells into the liver. The safety and efficacy of NI-0801 was assessed in patients with
primary biliary cholangitis. In this open-label phase 2a study, patients with primary biliary cholangitis with an inadequate
response to ursodeoxycholic acid received six consecutive intravenous administrations of NI-0801 (10 mg/kg) every 2 weeks.
Patients were followed up for 3 months after the last infusion. Liver function tests, safety assessments, as well as pharma-
cokinetic and pharmacodynamic parameters were evaluated at different time points throughout the dosing period and the
safety follow-up period. Twenty-nine patients were enrolled in the study and were treated with NI-0801. The most fre-
quently reported adverse events included headaches (52%), pruritus (34%), fatigue (24%), and diarrhea (21%). No study
drug-related serious adverse events were reported. NI-0801 administration did not lead to a significant reduction in any of
the liver function tests assessed at the end of the treatment period (i.e., 2 weeks after final NI-0801 administration) com-
pared to baseline. Conclusion: Despite clear pharmacologic responses in the blood, no therapeutic benefit of multiple adminis-
trations of NI-0801 could be demonstrated. The high production rate of CXCL10 makes it difficult to achieve drug levels
that lead to sustained neutralization of the chemokine, thus limiting its targetability. (Hepatology Communications 2018;
2:492-503)

leads to decreased bile secretion and the retention of

rimary biliary cholangitis (PBC), previously

known as primary biliary cirrhosis," is a slowly

progressive autoimmune disease characterized
by a gradual destruction of the small intrahepatic bile
ducts.>® PBC is considered a multifactorial disease
presumably arising from a combination of environ-
mental and genetic factors.> The disease primarily
affects women, and incidence is highest in the fifth
decade of life. The immune-mediated loss of bile ducts

toxic substances within the liver. This inflammatory
process can result in further hepatic damage, fibrosis,
cirrhosis, and eventually liver failure.*> The mainstay
of treatment for PBC is ursodeoxycholic acid
(UDCA). UDCA is an anticholestatic agent that
improves liver biochemistry by promoting bile-acid
secretion and reducing the effect of accumulation of
toxic bile acids in the liver. More recently, obeticholic

Abbreviations: AE, adverse event; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, anti-mitochondrial autoantibody; APC, allo-
phycocyanin; AST, aspartate aminotransferase; CCL, chemokine (C-C motif) ligand; CD, clusters of differentiation; CXCL, chemokine (C-X-C motif)
ligand; CXCR, chemokine (C-X-C motif) receptor; D, day; ELF, enbanced liver fibrosis; yGT, gamma glutamyl transpeptidase; HV, healthy volun-
teer; Ig, immunoglobulin; mAb, monoclonal antibody; NK, natural killer; PBC, primary biliary cholangitiss PBMGC, peripheral blood mononuclear cell;
PD, pharmacodynamic; PE, phycoerythrin; PK, pharmacokinetic; SAE, serious adverse event; TMDD, target-mediated drug disposition; UDCA,

ursodeoxycholic acid; ULN, upper limit of normal.
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acid has been approved as a second-line therapy in
combination with UDCA for patients with PBC with
an inadequate response to UDCA.® However, neither
UDCA nor obeticholic acid address the underlying
cause of the disease, i.e., autoimmune inflammation of
the bile ducts.

A serologic hallmark of PBC is the presence of auto-
antibodies reactive with both mitochondrial and nuclear
antigens.” Most commonly, these anti-mitochondrial
autoantibodies (AIMA) target the pyruvate dehydroge-
nase E2 complex, which is located in the inner mito-
chondrial matrix. Although AMAs are present in the
serum of 95% of patients with PBC and represent a key
diagnostic finding, they are unlikely to play a direct role
in the induction of target cell damage.® Histopatholog-
ically, PBC is characterized by a lymphocytic infiltrate
of portal tracts and segmental inflammatory destruction
of intrahepatic bile ducts, resulting in progressive loss of
these ducts with associated periportal fibrosis and even-
tually cirrhosis. T cells infiltrating the liver in PBC were
shown to include populations specific for the pyruvate
dehydrogenase E2 complex, and there is evidence that
the destruction of bile ducts is mediated by these liver-
infiltrating autoreactive T cells.®
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Chemokine (C-X-C motif) ligand 10 (CXCL10) is
a chemokine that is secreted by several cell types,
including monocytes, endothelial cells, fibroblasts, and
epithelial cells, including cholangiocytes and hepato-
cytes, in response to interferon-y. CXCL10 elicits its
effects by binding to chemokine (C-X-C motif) recep-
tor 3 (CXCR3), which is highly expressed on effector
T cells and plays an important role in T-cell trafficking
and function.”” CXCL10 and CXCR3 levels are con-
sistently found to be up-regulated in serum and the
liver of patients suffering from inflammatory hepatic
disease, including PBC,1%1® and CXCR3 is consid-
ered the main chemokine receptor driving infiltration
of inflammatory lymphocytes into the liver."” In ani-
mal models of liver disease, it has been shown that
CXCL10 neutralization reduces inflammation and
fibrosis."®'? Altogether, these data suggest a potential
role for CXCL10 as a therapeutic target in PBC.

NI-0801 is a fully human immunoglobulin (Ig) G1
monoclonal antibody (mAb). This antibody binds with
high affinity to human CXCL10 (Kd = 140 pM) but
not to the other CXCR3 ligands CXCL9 and
CXCL11. In witro, NI-0801 efficiently inhibits
CXCL10-induced calcium flux and chemotaxis as well
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as lymphocyte transendothelial migration across human
sinusoidal endothelial cells under conditions of physio-
logic flow. In addition, NI-0801 is capable of binding
CXCL10 sequestered on glycosaminoglycans, assuring
neutralization of CXCL10 in its physiologic context.

Phase 1 single-dose studies in healthy volunteers
(HVs) demonstrated that NI-0801 was well tolerated
and that the terminal half-life of 18.5 days observed at
the highest dose tested in HVs (i.e., 20 mg/kg) was
consistent with the expected half-life of an IgG. This
open-label phase 2a study was conducted to investigate
the safety and efficacy of NI-0801 in patients with
PBC with an inadequate response to UDCA.

Patients and Methods

PATIENTS

Male and female patients aged >18 years with
proven PBC as demonstrated by the presence of at
least two of the following three diagnostic factors were
enrolled in this multicenter study: history of increased
alkaline phosphatase (ALP) for at least 6 months; pos-
itive serum AMA titer (>1:40); liver biopsy consistent
with PBC. Patients had an incomplete response to
UDCA if they showed a failure to normalize ALP lev-
els or to reduce ALP levels by >40% after 1 year of
therapy with UDCA (Barcelona criteria®”) and were
receiving stable doses of UDCA for at least 6 months
prior to screening. In addition to the above criteria,
patients were included if they had elevated ALP levels
(>1.5 upper limit of normal [ULN]) and elevated ala-
nine aminotransferase (ALT) (>1.5 ULN) or aspartate
aminotransferase (AST) (>1.5 ULN) levels.

Patients were excluded if at screening total bilirubin
was >2.9 mg/dL (50 umol/L) or creatinine clearance
was <80 mL/minute. Patients with a history of or an
ongoing hepatic decompensation or with a positive
serology result for human immunodeficiency virus,
hepatitis B or C, known or previous malignancy, pres-
ence of any active infection, or previous history of
active tuberculosis within 12 months of screening were
excluded. In addition, patients were excluded if the
average alcohol ingestion exceeded 21 units/week (for
male patients) or 14 units/week (for female patients).
The use of immunosuppressants, steroids, or peroxi-
some proliferator activation receptor activators within
3 months prior to study treatment was prohibited.

Screening according to the inclusion and exclusion
criteria occurred within 21 days prior to the first

NI-0801 dosing. All patients provided written
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informed consent before any study-related procedures
were undertaken.

STUDY DESIGN

This study was an open-label, single-arm, phase 2a,
proof-of-concept, multicenter study in male and female
patients with PBC, aged >18 years, with an incomplete
response to UDCA; it was designed to provide safety,
efficacy, pharmacokinetic (PK) and pharmacodynamic
(PD) data on multiple administrations of NI-0801 in
PBC. Patients received 10 mg/kg NI-0801 as a 1-hour
intravenous infusion every 2 weeks for a total of six
doses in addition to UDCA. Patients were followed up
for 3 months after the last infusion.

This study was registered on ClinicalTrials.gov
(NCT01430429). The study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki
as reflected in a priori approval by the institution’s
human research committee.

SAFETY ASSESSMENTS

Adverse events (AEs), defined as any undesirable
experience occurring during the trial regardless of rela-
tionship to the study drug, were recorded and classified
based on the intensity and relationship to the study
drug. Events that were fatal, life threatening, required
inpatient hospitalization or prolonged hospitalization,
or surgical intervention were classified as serious AEs
(SAEs). Patients were monitored for 3 months after
final infusion for safety purposes. Physical examina-
tion, vital signs, hematology, serum chemistries, uri-
nalyses, and electrocardiograms were performed for all
patients at baseline (day [D] 1 predose) and at sched-
uled time points postdose. The presence of NI-0801
anti-drug antibodies was analyzed by ICON Develop-
ment Solutions (Manchester, United Kingdom) using
an electrochemiluminescence-based bridging assay.

EFFICACY ASSESSMENTS

Effects on disease activity were assessed by measure-
ment of liver function tests (including ALT, ALP,
AST, gamma glutamyl transpeptidase (yGT), and total
bilirubin) and IgG and IgM levels predose and post-
dose on the dosing days (i.e., D1, D15, D29, D43,
D57, D71) and on D5, D75, D85, week 18, and week
24. An enhanced liver fibrosis (ELF) test was per-
formed at D1 predose, D85, and week 18. The main
outcome measurement consisted of the percentage
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reduction in liver function tests from baseline to D85

(i.e., 2 weeks after final NI-0801 administration).

PK AND PD EVALUATION

Serum concentrations of NI-0801 and total
CXCL10 were assessed at predose and postdose on
dosing days (i.e., D1, D15, D29, D43, D57, D71) and
on D5, D75, D85, week 18, and week 24. NI-0801
concentrations were quantified using an enzyme-linked
immunosorbent assay-based assay developed to detect
free (or partially bound) NI-0801 in human serum. For
measurement of total CXCL10 (i.e., free and antibody-
bound CXCL10), serum samples were first subjected
to an acid—alcohol dissociation step. Subsequently,
CXCL10 levels were analyzed by enzyme-linked immu-
nosorbent assay (Quantikine kit, R&D Systems).

CHEMOTAXIS ASSAY

The chemotactic activity of sera collected from
patients with PBC was monitored using murine preB
lymphoma L1.2 cells, which were stably transfected to
express human CXCR3. Assays of chemotactic
responsiveness were carried out using 96-well Che-
moTx plates with 5 um pores (Neuroprobe, Gaithers-
burg, MD). Briefly, samples were added in triplicate to
the lower chamber in the presence or absence of exoge-
nously added recombinant human CXCL10 (R&D
Systems). L1.2 transfected cells were stimulated with
butyric acid (0.6 mg/mL) for 24 hours to induce
expression of CXCR3 prior to the chemotaxis assay.
Activated cells (2,000 cells per well) were seeded on
top of the membrane. The culture plate was incubated
at 37°C for 3-4 hours. Cells having migrated across
the membrane in the lower chamber were recovered by
centrifugation (600g; 3 minutes) and transferred to
FMAT optical black plates (Applied Biosystems).
Harvested cells were stained with 1, 5-bis{[2-(di-
methylamino)ethyl]amino } -4, 8-dihydroxyanthracene-
9, 10-dione (DRAQS; Alexis Corporation, Biostatus
Limited) and counted using the fluorometric microvo-
lume assay technology (FMAT 8100 HTS system;
Applied Biosystems).

ISOLATION OF PERIPHERAL
BLOOD MONONUCLEAR CELLS
AND FLOW CYTOMETRY

For flow cytometric analysis, matched samples
collected at baseline (i.e., D1 predose) and 2 weeks
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following the final infusion of NI-0801 (D85) were
available for 7 patients. Peripheral blood was collected
in ethylene diamine tetraacetic acid tubes, and mono-
nuclear cells were isolated by overlaying Ficoll before
spinning in a benchtop centrifuge for 30 minutes at
650g without a brake. The mononuclear band at the
interface of the plasma and Ficoll was collected,
washed twice, and resuspended to 10 X 10°/mL or
cryopreserved for future analysis.

Peripheral blood mononuclear cells (PBMCs)
were incubated with mouse anti-human monoclonal
fluorochrome-conjugated antibodies for 30 minutes at
4°C prior to flow cytometry. All antibodies were pur-
chased from BD Biosciences and were raised against
clusters of differentiation (CD)3 (v500), CD4 (v450),
CD8 (fluorescein isothiocyanate), CD25 (allophyco-
cyanin [APC]-Cy7), CD45RA (v500), CD45RO
(APC-H7), CD56 (peridinin chlorophyll protein
complex-Cy5.5), CD62L  (phycoerythrin  [PE]),
CD69 (APC-Cy7), CD127 (PE), CD154 (PE),
CD183 APC, and CD197 (peridinin chlorophyll pro-
tein complex-Cy5.5). Following incubation, cells were
washed and resuspended in phosphate-buffered saline
supplemented with 0.5% fetal bovine serum for analy-
sis. Previously cryopreserved samples were thawed
rapidly at 37°C, washed in staining buffer, and resus-
pended in Roswell Park Memorial Institute medium-—
10% fetal bovine serum/50 IU interleukin-2 before
being allowed to rest overnight at 37°C, 5% CO; in a
humidified incubator. Labeling then proceeded as
described above. Analysis was performed on a Beck-
man Coulter 9-color CyAn.

Flow cytometric analysis was only performed on
patient samples originating from the two study sites
that had the possibility to perform PBMC isolation.
Therefore, the results obtained from the flow cytomet-
ric analysis are not necessarily representative of the
whole study population.

STATISTICAL ANALYSIS

For this phase 2 pilot study, a sample size calculation
estimated that with 40 patients the study would have
80% power to detect (with a 0.05 significance level)
reductions from baseline of 27% and 22% in ALP and
AST, respectively. All statistical tests were two sided.

The safety analysis set includes all patients who
received any part of an infusion of the study drug. The
evaluable analysis set is defined as the safety analysis
set excluding 3 patients who did not receive the sched-

uled six doses of NI-0801.
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TABLE 1. PATIENT CHARACTERISTICS AT
BASELINE (SAFETY ANALYSIS SET)

Age (years) 50 (32-72)
Sex (M:F) 1/28
Weight (kg) 63 (48-92)
Disease duration (years) 5.3 (1.2-21.2)

Liver function tests

ALP (IU/L) 417 (163-834)
ALT (IU/L) 83 (36-269)
AST (IU/L) 61 (32-171)
6T (U/L) 292 (60-1277)
Total bilirubin (umol/L) 12 (4-45)

Values are expressed as median (range). Normal ranges: ALP 40-
129 IU/L (men), 35-104 IU/L (women); ALT 10-50 IU/L
(men), 10-35 IU/L (women); AST 0-37 IU/L (men), 0-31 IUL/
L (women); yGT 10-71 TU/L (men), 6-42 TU/L (women); total
bilirubin 0-20 pmol/L.

Regular interim analyses were conducted during the
study estimating the percentage reduction from base-
line at D85 (i.e.,, 2 weeks after the final NI-0801
administration) for each of the liver function tests. A
two-tailed one-sample # test was used to test the null
hypothesis that the percentage change from baseline at
D85 was equal to 0. No imputations were made for
missing data.

Statistical analysis was performed using SAS software
(SAS Institute, Cary, NC) and GraphPad Prism 6.02
for Windows (GraphPad Software, San Diego, CA).

Results

PATIENT CHARACTERISTICS AT
BASELINE AND PATIENT
DISPOSITION

Patient demographics and disease characteristics at
baseline for the 29 patients enrolled and treated at 10
investigational sites in Europe (eight in the United
Kingdom, two in Italy) are displayed in Table 1. The
majority of patients in the study were women (28/29).
Patient age and weight ranged from 32 years to 72
years and from 48 kg to 92 kg, respectively. Median
disease duration was 5.3 years. At baseline, the median
value of ALP was 417 IU/L (range, 163-834 IU/L)
and the median values for the transaminases AL'T and
AST were 83 TU/L (range, 36-269 1U/L) and 61 IU/
L (range, 32-171 IU/L), respectively.

Twenty-six patients completed the study, whereas 3
patients withdrew from the study after having received
two to five infusions of NI-0801. None of these
patients discontinued due to safety concerns linked to
the administration of NI-0801.
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Initially, the study aimed to recruit 40 patients;
however, the trial was terminated due to lack of efficacy
after an interim futility analysis conducted by the time
26 patients had reached D85.

SAFETY AND TOLERABILITY OF
NI-0801

One or more AEs were reported for all patients, and
a total of 228 AEs were recorded during the study. Of

these, 63 were of moderate/severe intensity. The most

TABLE 2. SUMMARY OF AES (SAFETY ANALYSIS SET)
Number of Events
(Number of Patients

Type of AE Reporting Event)
Total AEs 228 (29)
Moderate AEs 48 (19)
Severe AEs 15 (7)
Serious AEs 1()
Serious adverse drug reactions 0 (0)
Life-threatening AEs/deaths 0 (0)
AEs leading to drug withdrawal 0 ()
AEs reported in 2 or more subjects:
Ear and labyrinth disorders
Ear pain 2 (2)
Gastrointestinal disorders
Abdominal pain 4 (3)
Diarrhea 11 (6)
Nausea 4 (4
Toothache 3@
Vomiting 3@
General disorders and administration
site conditions
Fatigue 13 (7)
Influenza-like illness 5 (4)
Injection-site hematoma 22
Edema peripheral 3@
Infections and infestations
Candidiasis 22
Gastroenteritis 33)
Nasopharyngitis 7 (6)
Urinary tract infection 9
Viral infection 2 (2)
Musculoskeletal and connective
fissue disorders
Arthralgia 8 (b)
Back pain 22
Pain in extremity 22
Nervous system disorders
Dizziness 5 (4)
Headache 41 (15)
Lethargy 33
Syncope 3@
Respiratory, thoracic, and mediastinal
disorders
Cough 3(3)
Oropharyngeal pain 8 (b)
Skin and subcutaneous tissue disorders
Pruritus 14 (10)
Vascular disorder
Hot flush 22
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FIG. 1. Serum concentration—time profile. (A) NI-0801 and (B)
total (antibody-bound and free) CXCL10 in patients with PBC
(evaluable analysis set) following six intravenous doses of NI-
0801. The solid line represents mean values, circles represent
individual values. Empty circles in (A) represent predose NI-
0801 values on dosing days; the LLOQ_of the PK assay is indi-
cated by the dotted line. Abbreviation: LLOQ, lower limit of
quantification.

frequently reported AE was headache (by 52% of the
patients), which was mostly of mild intensity (85%).
Other frequently reported AEs included pruritus,
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fatigue, and diarrhea, reported by 34%, 24%, and 21%
of the patients, respectively. The most frequently
reported infection was urinary tract infection (24%),
followed by nasopharingitis (21%), which mostly
occurred during the winter season. None of the
observed infections were opportunistic.

The only SAE reported was a domestic accident
resulting in patient hospitalization. This SAE occurred
3 weeks after the final NI-0801 administration and
was considered by the investigator not related to the
study drug administration. The AEs reported by 2 or
more patients during the study are listed in Table 2.
Immunogenicity analysis revealed trace positive anti-
body titers for 9 patients at the last follow-up visit;
these did not impact PK exposure (data not shown).

PKs AND PDs

NI-0801 concentrations following six repeated
intravenous infusions of 10 mg/kg NI-0801 every 2
weeks in patients with PBC are shown in Fig. 1A.
Mean maximum concentration was 242 = 74.9 ug/
mL, and mean area under the curve (AUC)y.pgs was
201.5 = 104.4 mg-hour/mL in the 26 treated patients.

Mean trough level was 32.8 * 33.2 ug/mL and var-
ied widely between patients, ranging from below the
limit of detection (i.e., 1 ug/mL) to 144.5 ug/mL. At
2 montbhs after the final NI-0801 administration, drug
levels were no longer detectable in any of the patients.

The serum concentration—time profile of total (i.e.,
antibody-bound and free) CXCL10 in patients with
PBC following six intravenous doses of NI-0801 is
shown in Fig. 1B. Following the administration of NI-
0801, a rapid increase in total CXCL10 levels from
average baseline levels of 0.35 ng/mL to 14.3 ng/mL
(1 hour after first dosing) was observed in the serum of
patients with PBC, indicating the formation of NI-
0801/CXCL10 complexes. Four days after the first

TABLE 3. COMPARISON OF LIVER FUNCTION TESTS, IGG, IGM, AND ELF TEST AT BASELINE AND
STUDY DAY 85 (EVALUABLE ANALYSIS SET)

D85 Change
Laboratory Parameter Baseline D85 From Baseline (%) P Value
ALP (IU/L) 412 (163-810) 456 (171-874) 5.5 0.022*
ALT (IU/L) 82 (36-245) 78 (33-235) -6.8 0.346
AST (IU/L) 61 (32-171) 57 (29-165) -1.9 0.909
96T (IU/L) 292 (60-1277) 273 (62-1051) -4.6 0.501
Total bilirubin (umol/L) 12 (4-45) 12 (6-33) 0 0.162
196G (g/L) 11.71 (7.27-18.01) 12.65 (6.48-21.66) 4.3 0.014*
IgM (g/L) 3.82 (0.84-11.01) 2.87 (0.9-5.44) -2.5 0.394
ELF fest 10.06 (8.59-11.96) 10.29 (8.11-12.70) 3.1 0.109

Laboratory values are expressed as median (range); P values derived using two-tailed one-sample # test; *P < 0.05.
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FIG. 2. Change of baseline from clinical effect parameters
(ALP, ALT, AST, yGT, IgG, and ELF) on D85 by the level of
NI-0801 exposure achieved. Bold horizontal bar indicates mean,
error bars indicate SEM; P values were derived using two-tailed
unpaired 7 test (*P < 0.05, **P < 0.005).

NI-0801 administration, total CXCL10 levels reached
a plateau and remained elevated throughout the dosing
period (range of mean total CXCL10 levels, 111-156
ng/mL). Maximal total CXCL10 levels varied consid-
erably between patients, ranging from 93 ng/mL to
303 ng/mL. After the final NI-0801 administration,
total CXCL10 levels started decreasing again and had
returned to baseline levels at the final safety follow-up
visit (week 24). The clearance of total CXCL10 in
serum followed the kinetics of NI-0801 clearance.
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EFFECT OF NI-0801 TREATMENT
ON PBC

Multiple administrations of NI-0801 at a dose of 10
mg/kg failed to reduce the liver biochemistry test val-
ues in patients with PBC. Values obtained for the vari-
ous efficacy parameters measured at baseline and D85
(i.e., 2 weeks after the final NI-0801 administration)
in all 26 patients that completed the study are summa-
rized in Table 3.

At D85, a small but statistically significant increase
in percentage change from baseline for ALP and
IgG levels was noticeable (ALP median change from
baseline, 5.5%, P = 0.022; IgG median change from
baseline, 4.3%, P = 0.014), whereas no significant
alterations in serum levels of ALT, AST, total biliru-
bin, yGT, IgM, or ELF were observed (median
change from baseline, —=6.8% [ALT], 1.9% [AST],
—4.6% [yGT], 0% [total bilirubin], 3.1% [ELF]). No
consistent changes were observed over time for any of
the liver function tests (data not shown).

EXPLORATORY ASSESSMENT OF
RELATIONSHIP BETWEEN
EXPOSURE TO NI-0801 AND
CLINICAL EFFECT PARAMETERS

Based on their AUC.pgs, patients were stratified
into low- (63.4-124.5 mg-hour/mL; n = 9), medium-
(147.7-224.2 mg-hour/mL; n = 8), and high-exposure
(228.4-417.5 mg-hour/mL; n = 9) tertiles. The per-
centage change from baseline achieved at D85 (i.e.,
2 weeks after the final NI-0801 administration) for
ALP, ALT, AST, yGT, IgG, and ELF by the level of
NI-0801 exposure is shown in Fig. 2.

The mean percentage change from baseline in ALT
varied from 8.9% (range, —30.6% to +53.3%) for the
group with low NI-0801 exposure to —7.3% (range,
—41.2% to +25.5%) and -15.4% (range, —45.7 to
+16.42%; P value low versus high, 0.033) for the
groups with medium and higher NI-0801 exposures,
respectively.

The mean percentage change from baseline in the
ELF score varied from 5.0% (range, —0.6% to +9.8%)
for the group with low NI-0801 exposure to 1.4%
(range, —4.9% to +9.0%) and —1.8% (range, —6.4% to
+5.2%; P value poor versus adequate, 0.0006) for the
groups with medium and higher NI-0801 exposures,
respectively.

Although not significant, a similar trend toward
increased reduction in AST (mean of low reduction,
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+10.0% [-33.3% to +63.1%]; mean of medium
reduction, +0.5% [-48.5% to +50.0%], mean of high
reduction, —12.2% [-37.0% to + 23.0%]) was observed
for the group achieving higher NI-0801 exposure. No
trends were apparent for the percentage change from

baseline in ALP, yGT, or IgG levels.

CXCL10-MEDIATED
CHEMOTACTIC ACTIVITY
IN PATIENT SERUM

The capacity of NI-0801 in the patients’ serum to
inhibit CXCL10-induced chemotaxis was investigated
in a selected number of patients representing patients
achieving high (>228.4 mg-hour/mL) or low (<124.5
mg-hour/mL) NI-0801 exposure throughout the dos-
ing period. For each of these patients, the predose
sample (i.e., before first administration of NI-0801)
was used as baseline; 2 to 3 time points from the dos-
ing and follow-up period were analyzed.

Using murine L.1.2 cells expressing human CXCR3,
maximal chemotaxis was reached in the presence of
CXCL10 levels ranging from 8 to 67 nM (correspond-
ing to 70-580 ng/mL). Endogenous levels of CXCL10
found in predose samples of patients with PBC were
lower than 0.056 nM (corresponding to 0.5 ng/mL) and
thus not sufficient to induce chemotaxis of CXCR3-

expressing cells. However, although the total CXCL10
levels measured in the majority of the postdosing sam-
ples were in the range expected to induce maximal che-
motaxis, cells expressing CXCR3 did not migrate in
response to endogenous CXCL10 in any of the postdos-
ing serum samples tested (Fig. 3, empty bars). These
findings indicate that endogenous CXCL10 present in
the serum of patients with PBC exposed to NI-0801 is
neutralized by the antibody and not biologically active.

To mimic tissue conditions where high local con-
centrations of CXCL10 can be found, chemotaxis was
also assessed after adding exogenous CXCL10 (25
nM) to the patient serum samples (Fig. 3). In all pre-
dose samples tested, CXCR3-expressing cells migrated
in response to the exogenously added CXCL10. For
patients achieving high NI-0801 exposure, no chemo-
taxis was observed for any of the postdosing samples in
the presence of exogenous CXCL10. In contrast, che-
motaxis to exogenously added CXCL10 was restored
in patients with lower NI-0801 exposure.

ANALYSIS OF CXCR3 EXPRESSION
ON DIFFERENT LYMPHOCYTE
SUBSETS

The impact of NI-0801 dosing on the expression of
CXCR3 on different lymphocyte subsets was
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FIG. 4. Flow cytometric analysis. The percentage of (A) CD3,
(B) CD8, (C) CD4, and (D) NK cells expressing CXCR3 before
and after treatment with NI-0801. Bold horizontal bars indicate
mean, error bars indicate SEM; *P < 0.05; P values derived
using two-tailed paired # test.

investigated by flow cytometry on PBMCs from a sub-
set of patients (n = 7) for whom matched pretreatment
and posttreatment samples (i.e., D1 predose and D85)
were available. The percentage of cells expressing
CXCR3 was analyzed (Fig. 4). An increase in the per-
centage of CD3 cells expressing CXCR3 after treat-
ment (mean, 45.73%; range, 28.72-55.72) compared
to pretreatment (mean, 37.22%; range, 29.77-42.81)
was recorded. Furthermore, this trend was repeated for
both CDS8" T cells (pretreatment mean, 54.72%
[34.8-77.6]; posttreatment mean, 62.8% [35.35-
85.34]) and natural killer (NK) cells (pretreatment
mean, 37.18% [22.68-49.9]; posttreatment mean,
52.32% [30.58-72.12]). Percentage expression of
CXCR3 on CD4" T cells followed a similar trend but
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did not reach significance (Fig. 4). The median chan-
nel fluorescence value for CXCR3 on each of the lym-
phocyte subset studied was also analyzed and revealed
a consistent trend of greater expression posttreatment,
although this did not reach significance (data not
shown).

Discussion
CXCL10 and its receptor CXCR3 are involved in

the recruitment of inflammatory T cells to the liver
where these cells contribute to the destruction of the
biliary tract in patients with PBC. NI-0801 is a fully
human mAb that binds to human CXCL10 with high
affinity, inhibiting the interaction of CXCL10 with its
receptor CXCR3.

This study was designed to investigate the efficacy,
safety, PK, and PD profile of multiple doses of
NI-0801 in patients with PBC with an inadequate
response to UDCA. NI-0801 was administered at the
dose of 10 mg/kg every 2 weeks.

NI-0801 administration did not reveal any particular
safety concerns. The most frequently occurring AEs
reported in the NI-0801-03 study included symptoms
commonly seen in patients with PBC, i.e., pruritus
and fatigue,”"?? or symptoms associated with
UDCA therapy, e.g., diarrhea. Similarly, the most fre-
quent infection reported was urinary tract infection,
which is consistent with the increased frequency of this
infection seen in patients suffering from PBC.2°2®
No SAE attributed to the drug was reported.

With NI-0801 administration, total CXCL10 con-
centrations increased to peak levels that were approxi-
mately 450-fold higher than baseline CXCL10 levels.
This was most likely due to the formation of NI-0801/
CXCL10 complexes because CXCL10 present in the
patient sera after NI-0801 administration had no che-
motactic activity, suggesting it was complexed to NI-
0801 and biologically inactive. The rise in total
CXCL10 levels could be explained by several mecha-
nisms. Chemokines bind rapidly to proteoglycans in
the endothelial glycocalyx, which provides a mecha-
nism to display and retain them at sites of inflamma-
tion. The antibody might bind to this sequestered
chemokine and strip it off the endothelium into blood.
In addition, binding of antibody to the chemokine
interferes with its normal clearance pathway, thereby
prolonging the half-life of the chemokine. Comple-
mentary to the impact of NI-0801 on the CXCL10
half-life, the rate of neutralization of free NI-0801 will
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be influenced by the levels of CXCL10. Rapid elimi-
nation of antibody in conjunction with an increase
in antibody/target complex is characteristic for anti-
bodies undergoing target-mediated drug disposition
(TMDD) and has been described for other mAbs
targeting cytokines and chemokines.?” 2%

Flow cytometric analysis of CXCR3 expression on
different lymphocyte subsets demonstrated a subtle but
reproducible increase in the number of CXCR3-
expressing T cells and NK cells. Receptor-ligand
interaction causes the internalization and degradation
of CXCR3.64%3Y Thuys, neutralization of CXCL10 in
the blood by NI-0801 could lead to reduced engage-
ment of CXCR3, decreased receptor internalization,
and an apparent increase in CXCR3 surface expres-
sion. Alternatively, the significant increase in CXCR3-
expressing T cells and in particular NK cells may be
the result of reduced CXCL10-mediated recruitment
of these cells into the inflamed liver. However, the
scope of the current study does not allow any conclu-
sions to be drawn as to which mechanism underlies the
observed increase in CXCR3 expressing cells in blood.

Despite these clear PD responses indicating modu-
lation of the CXCR3/CXCL10 pathway in the blood,
treatment with NI-0801 did not translate into a clini-
cal benefit for patients with PBC, as evidenced by the
lack of improvement in any of the tests of liver damage
and function measured. At D85, ALP levels were
found to be modestly but significantly higher com-
pared to baseline (ALP median change from baseline,
5.5%). Of note, ALP values at baseline were lower
than the ALP screening values measured within 21
days prior to first drug administration (median screen-
ing versus baseline values for evaluable analysis set, 468
versus 412 IU/L, representing a reduction of 4.3% in
ALP levels between screening and baseline). This sug-
gests that the observed differences may simply reflect
the normal fluctuations of ALP levels in patients with
PBC. Of note, stratification of patients by level of NI-
0801 exposure suggests that higher drug exposure did
lead to a reduction in ALT, AST, and ELF but not
in ALP.

There are different possible explanations why treat-
ment with NI-0801 did not lead to clinical improve-
ment in patients with PBC. The lack of improvement
in patients with PBC following NI-0801 treatment
could be due to the high degree of redundancy present
in the chemokine network. Apart from CXCL10,
CXCR3 can also be activated by the chemokines
CXCL9 and CXCL11.” It has been shown that the
neutralization of CXCL10 in animal models of liver
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disease reduces inflammation and fibrosis"®'? and

that CXCR3 deficiency delays and reduces progres-
sion of cellular inflammation in an autoimmune chol-
angitis animal model.®? However, existing animal
models for PBC only have limited predictability, and
we cannot exclude that interfering with CXCL10
alone might not be sufficient to reduce the entry of
inflammatory cells into the liver to an extent that a
clinical response can be achieved in patients with
PBC.

Alternatively, we cannot exclude that the lack of
clinical effect is due to insufficient target coverage. The
dose and dosage schedule of NI-0801 in patients with
PBC were selected based on PK data from two previ-
ous HV studies conducted with NI-0801. Although
the peak levels of NI-0801 after each infusion were
similar between patients, the trough levels varied con-
siderably between individual patients; for 5/26 (19%)
patients, NI-0801 trough levels were below the limit of
detection at 1 or more time points during the dosing
period. Overall, NI-0801 exposure in the patients with
PBC was much lower than expected, suggesting an
increased clearance of the drug in patients compared to
HVs.

For antibodies undergoing TMDD, the extent of
target expression and the turnover rate of the target
have a major impact on the clearance of the antibody.
CXCL10 is elevated in hepatocytes and cholangiocytes
isolated from patients with inflammatory liver diseases,
including autoimmune hepatitis and PBC, leading to
higher CXCL10 serum levels in these patients than in
HVs.1%1%1) PK/PD modeling of the clinical trial
data from HVs and patients with PBC estimated a
CXCL10 production rate of 0.17 nM/hour and 0.99
nM/hour in HVs and patients with PBC, respectively
(data on file). Thus, the 5-fold to 6-fold increased pro-
duction rate of CXCL10 in the patients with PBC
probably accounted for the faster clearance of NI-0801
by TMDD, resulting in the reduced exposure observed
in the patients compared to HVs. High turnover rates
have also been reported for other chemokines, includ-
ing chemokine (C-C motif) ligand 2 (CCL2) and
CCL21.0%

Thus, the NI-0801 levels achieved in the patients
might not have been sufficient to neutralize the high
CXCL10 levels present in the inflamed peripheral tis-
sues in addition to the levels of CXCL10 circulating in
the blood. This is supported by results from the che-
motaxis assay that showed that trough serum samples
taken from patients showing low exposure caused by
rapid clearance of the antibody do not contain enough

501



DE GRAAF ET AL.

NI-0801 to neutralize chemotaxis induced by an excess
of exogenously added CXCL10.

Clinical trials conducted with other anti-chemokine
mAbs, including eldelumab (anti-CXCL10 mAb for
treatment of ulcerative colitis and Crohn’s disease) and
carlumab (anti-CCL2 mAb for treatment of prostate
cancer), suggested that very high drug levels requiring
multiple administrations of mAb doses of at least 25
mg/kg would be needed to achieve a clinical response.
These results provide further support to the hypothesis
that higher NI-0801 doses would be required to obtain
prolonged suppression of CXCL10.2%33-3%)

Finally, both treatment duration as well as patient
characteristics might have limited the potential of
observing clinical benefit in patients with PBC after
NI-0801 administration. Thus, it is possible that the
duration of NI-0801 treatment was not long enough
to show a target injury effect in what is a chronic
immune-mediated disease, and we might have reduced
liver infiltration by lymphocytes but not seen the bene-
fit translate into less liver injury over the relatively short
time frame studied. In addition, as indicated by the rel-
atively high baseline ALP levels in a significant pro-
portion of patients, the study population included
patients that were far down the cholestatic pathway of
injury. Immunotherapy-based approaches might actu-
ally need to be used much earlier in the disease course
in high-risk patients to prevent the consequences of
cholestasis becoming the more dominant pathologic
feature.

In conclusion, this open-label single-arm study
failed to demonstrate the therapeutic benefit of multi-
ple administrations of NI-0801 at a dose of 10 mg/kg
in patients with PBC with an incomplete response to
UDCA. Given the possible insufficient neutralization
of the target in the tissue, the current study does not
provide a clear answer regarding the potential role of
CXCL10 in the pathogenesis of PBC. Nevertheless,
PK/PD results indicate that achieving clinical benefit
by neutralizing CXCL10 might be challenging as the
high production rate of the chemokine might limit its
targetability.
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