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ARTICLE INFO ABSTRACT

Primary biliary cholangitis (PBC) is a classic autoimmune disease in which humoral, cytotoxic, and innate im-
mune responses have been implicated with the specific targeting of a mitochondrial antigen. The mainstay of
Liver treatment remains the bile acid ursodeoxycholic acid (UDCA). Corticosteroids may have some benefits, but to
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Tfﬁatme“t date, clinical trials of biologics targeting B cells and 1L-12/23 have not shown any efficacy. Because activated T
ilclglliy cells target the intrahepatic bile ducts in PBC and pre-clinical models suggested that blocking CD80/CD86 with

CTLA-4 Ig might have therapeutic benefit in PBC, we performed an open-label trial to determine if CTLA-4 Ig
(abatacept) is safe and potentially efficacious in PBC patients with an incomplete response to UDCA. PBC pa-
tients with an alkaline phosphatase (ALP) > 1.67 x the upper limit of normal after 6 months on UDCA
treatment or who were intolerant of UDCA received abatacept 125 mg s.q. weekly for 24 weeks. The co-primary
endpoint was ALP normalization or a > 40% reduction from baseline. Among 16 subjects enrolled and who
received at least 1 dose of abatacept, 1 (6.3%) met the co-primary endpoint. Absolute and percent changes in
ALP [median (95% CI)] were +2.8 U/L (—90.9-96.6) and —0.28% (—21.1-15.5), respectively. No significant
changes were observed in ALP, ALT, total bilirubin, albumin, immunoglobulins, or liver stiffness. Abatacept
treatment decreased several non-terminally differentiated CD4 " but not CD8* T cell populations, including
decreases in CD4* CCR5+ (p = 0.02) and CD4* PD1+ (p = 0.03) lymphocytes. In contrast there were in-
creases in CD4™ CCR7 + lymphocytes (p = 0.034). Treatment emergent adverse events occurred in 4 subjects.
Abatacept was well tolerated in this population of PBC patients but like other biologics in PBC was ineffective in
achieving biochemical responses associated with improved clinical outcomes.

1. Introduction

Primary biliary cholangitis (PBC) is a progressive autoimmune dis-
ease in which biliary epithelial cells of the small to medium caliber
intrahepatic bile ducts are targeted by autoreactive T cells resulting in
destructive lymphocytic cholangitis, cholestasis, ductopenia, and
biliary cirrhosis. The only approved medical therapies for PBC target
bile acid homeostasis. Ursodeoxycholic acid (UDCA) is a hydrophilic
bile acid that induces choleresis and alters the composition of the bile

acid pool. Multiple studies suggest that UDCA delays progression of the
disease, particularly in those that have a biochemical response which
has been defined by multiple criteria [1-5]. More recently, the farne-
soid X receptor agonist obeticholic acid (OCA) has been approved for
use in PBC patients who are intolerant to UDCA or have had in in-
adequate response to UDCA [6]. However, 20-40% of PBC patients
have an incomplete response to UDCA and while OCA has demonstrated
efficacy in improving liver biochemistries associated with better clinical
outcomes, only a minority of patients treated with OCA achieve

Abbreviations: PBC, primary biliary cholangitis; ALP, alkaline phosphatase; ULN, upper limit of normal; UDCA, ursodeoxycholic acid; OCA, obeticholic acid; AMA,
antimitochondrial antibody; 20A-BSA, 2-octynoic acid coupled to bovine serum albumin; APC, antigen presenting cell; CTLA-4, cytotoxic T lymphocyte-associated
protein-4; PBMCs, Peripheral blood mononuclear cells; FITC, Fluorescein isothiocyanate-conjugated
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complete biochemical normalization.

Although PBC is a classic autoimmune disease characterized by high
titers of serum anti-mitochondrial autoantibodies (AMA) directed
against the lipoic acid moiety on the pyruvate dehydrogenase complex
E2 subunit and elevated plasma levels of immunoglobulin M (IgM),
immunosuppressive therapies including corticosteroid [7], azathioprine
[81, cyclosporine [9], methotrexate [10], and mycophenolate mofetil
(MMF) [11] have been disappointing. Budesonide, a synthetic steroid
with a high first-pass hepatic metabolism, is the exception that may
have efficacy in combination with UDCA as second-line therapy
[12-14] but this has not been universal and there remains concerns that
budesonide could aggravate underlying osteopenic bone disease [12]. A
recent phase III randomized placebo-controlled trial comparing bude-
sonide (3mg three times daily plus) and UDCA (12-16 mg/kg body
weight) to placebo and UDCA reported significant reductions in serum
ALP with budesonide compared to placebo after 12, 24, and 36 months
of treatment [15]. These results suggest that despite the lack of success
with immune-based therapies in PBC, the potential for this approach
remains clear.

With the development of novel immune-based therapies with in-
creased potency and better safety, the discovery of a biologic therapy
with efficacy in PBC may be achieved. In addition, the recent success of
small molecules inhibitors of Janus Kinase, TGF-$/Smad 7, and sphi-
nosine-1-phosphate receptor offer additional avenues for possible
treatments for PBC [16]. In this review, we summarize the previous
experience of biologic therapies in PBC and present the results of an
open-label clinical trial of abatacept in the treatment of PBC patients
with an incomplete biochemical response to UDCA (Table 1).

2. Rituximab

In addition to AMA, the serological hallmark of PBC present in
90%-95% of sera of patients, PBC patients often have elevated serum
levels of total immunoglobulin M (IgM) [17]. In addition, B cells from
patients with PBC compared with healthy controls and patients with
primary sclerosing cholangitis produce significantly greater amounts of
IgM after stimulation with CpG-B [18]. Further, treatment of a mouse
model of PBC which expresses a dominant-negative form of trans-
forming growth factor-f3 (TGF-P) receptor II and develops autoimmune
cholangitis and AMA, with anti-CD20 monoclonal antibody resulted in
amelioration of liver inflammation, supporting a rationale for B-cell—-
targeted therapies in PBC [19].

Rituximab is an anti-CD20 monoclonal antibody which depletes B
cells and has demonstrated efficacy for B-cell lymphomas, rheumatoid
arthritis [20], and other autoimmune diseases [21-25]. A total of 3
clinical trials of rituximab in patient with PBC have been reported. The
first was an open label treatment trial which included 6 PBC patients
with an incomplete response to ursodeoxycholic acid [26]. Patients
were given two 1000 mg doses of rituximab separated by two weeks
and followed to evaluate safety, liver biochemistries, and B-cell func-
tion from baseline to week 52. All patients completed 52 weeks of
follow-up with no serious adverse event observed. During treatment
total AMA titers decreased significantly from baseline to week 16 and
24. In addition, stimulation of B-cells with CpG-B after rituximab
treatment resulted in significantly lower IgM secretion compared to

Table 1
Therapeutic trials of biologics in primary biliary cholangitis.
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pre-treatment B-cells. Importantly, significant decreases in serum ALP
levels at weeks 2, 24, and 36 compared to baseline were observed.

A similar study by Myers et al. treated 14 PBC patients with an
incomplete response to UDCA with the same dosing regimen [27]. Ef-
ficacy was measured as normalization and/or a 25% reduction in serum
ALP levels at month 6. B-cell depletion was observed in all patients
within a week of infusion. Although ALP was reduced significantly at
month 6, it was not maintained. After month 12 and 18, ALP values
returned to baseline levels. At month 6, only 3 of 14 patients were
considered biochemical responders to rituximab treatment.

A phase 2, single center, randomized controlled, double blinded
trial of rituximab was recently conducted for the treatment of fatigue,
rather than improvement in liver biochemistries [28]. In this trial, pa-
tients were selected based upon the presence of moderate to severe
fatigue. Rituximab was ineffective for fatigue in PBC patients in this
study and ALP changed little over the course of the study. For the ri-
tuximab treated group mean ALP values were 157 = 72 (baseline),
120 = 65 (3 months), 128 + 71 (6 months), 138 * 72 (9 months),
and 149 * 86 (12 months) while values in the placebo treated group
were 217 = 167 (baseline), 224 = 176 (3 months), 226 = 170 (6
months), 244 + 196 (9 months), and 204 * 159 (12 months). No-
tably, these ALP values were relatively low at baseline compared to the
prior studies of patients with an incomplete response to UDCA re-
flecting a less treatment-refractory population of patients.

3. Ustekinumab

Multiple genome-wide association studies identifying genes in the
IL-12-JAK-STAT4 pathway (IL12A, IL12RB2, STAT4) contributing to
PBC disease susceptibility led to an interest in targeting this pathway
[29]. Several lines of evidence link IL-12 and IL-23-mediated Th1/Th17
signaling pathways with PBC and provide further evidence supporting
the rationale to target IL-12/23. PBC patients demonstrate elevated
IL-23p19 protein and IL-17 + cells on liver histology and increased
serum IL-23 levels [30,31]. In addition, human biliary epithelium
produced IL-23p19 and IL-12/23p40 after treatment with IL-17, or TLR
4, or TLR2 ligands [32]. Further, dissection of the roles of multiple
cytokines using targeted gene-deleted mice immunized with 2-octynoic
acid coupled to BSA (20A-BSA) which induces an inflammatory cho-
langitis and AMA similar to PBC, demonstrated that in comparison to
the p19~/~ and p35~/~ mice in which a portal mononuclear cell in-
filtration was readily detectable after immunization with 20A-BSA, no
detectable lymphocytic infiltration was noted in the p40 ™/~ mice [33].

Based upon these studies, a phase 2 multicenter, open-label, proof of
concept clinical trial of ustekinumab was planned. Ustekinumab is a
human IgG1 kappa monoclonal antibody which binds to the shared p40
unit of IL-12 and IL-23 and also prevents IL-12 and IL-23 cell-surface
interaction with IL12RB1 receptor [34]. In this clinical trial, 20 PBC
patients with an incomplete response to UDCA were enrolled to receive
90-mg subcutaneous injections of ustekinumab at weeks 0 and 4 then
every 8 weeks through week 20. No patients achieved a predetermined
response or remission at weeks 12 or 28 which were defined as > 40%
decrease in ALP from baseline and either normalization of ALP for
patients with baseline ALP between 1.67 times and 2.8 times ULN or an
ALP < 1.67 times ULN for patients with baseline ALP > 2.8 times ULN,

Drug Target Trial Design Patient Population Patients Duration Outcome

Rituximab [26] CD20 Open-Label Incomplete response to UDCA 6 52 weeks 14% median decrease in ALP at 36 weeks

Rituximab [27] CD20 Open-Label Incomplete response to UDCA 14 6 months 16% median decrease in ALP at 6 months

Rituximab [28] CD20 Randomized, placebo-controlled Moderate to severe fatigue 57 12 months  No improvement in fatigue.

Ustekinumab [34] 1L12/23 Open-Label Incomplete response to UDCA 20 20 weeks 12% median decrease in ALP at 24 weeks

NI-0801 [41] CXCL10 Open-Label Incomplete response to UDCA 26 12 weeks  5.5% median increase in ALP 2 weeks after treatment
Abatacept CD28 Open-Label Incomplete response to UDCA 16 24 weeks No significant change in ALP.




C.L. Bowlus, et al.

Table 2

Demographic and clinical characteristics of the participants at baseline®.
Characteristic N=16
Age, years 54 (42, 59)
Female Sex, n (%) 15 (94%)

AMA Positive, n (%)
UDCA

Use at baseline, n (%)

Daily Dose, mg/kg
Alkaline phosphatase

Median value, U/L

> 1.67 x ULN, n (%)
Alanine aminotransferase, U/L
Total bilirubin, mg/dL

16 (100%)

15 (94%)
15.3 (14.2, 16.5)

324 (216, 413)
16 (100%)
57.5 (39.8, 93.3)

Median value, U/L 0.9 (0.7,1.3)

> ULN, n (%) 4 (25%)
Platelets, X 10°/ulL 208 (172, 294)
Albumin, g/dL 3.7 (3.3, 3.9)
International normalized ratio 0.94 (0.90, 0.98)
Liver Stiffness, kPa™" 3.9 (2.8,5.1)

> 4.13kPa, n (%) 6 (37.5%)

@ Continuous variables are displayed as median (IQR). AMA, anti-mi-
tochondrial antibodies; UCDA, ursodeoxycholic acid; ULN, upper limit of
normal reference range. **Liver stiffness was measured by magnetic re-
sonance elastography in 15 patients. The cutoff of 4.13 kPa used for
cirrhosis was based upon Venkatesh [59].

respectively. Median reduction in ALP from baseline was 8.4% and
12.1% at weeks 12 and 24, respectively, the latter being statistically
significant. No improvements in patient-reported symptoms or bile
acids were observed.

4. NI-0801

NI-0801 is a fully human IgGl monoclonal antibody that binds
human chemokine ligand 10 (CXCL10) and inhibits CXCL10-induced
calcium flux, chemotaxis, and lymphocyte transendothelial migration
across human sinusoidal endothelial cells [35]. CXCL10 is secreted in
response to interferon-y by several cell types, including monocytes,
endothelial cells, fibroblasts, cholangiocytes and hepatocytes. CXCL10
is a ligand for chemokine receptor 3 (CXCR3), which is highly expressed
on effector T cells and plays an important role in T-cell migration and
function. In PBC patients, serum and liver levels of CXCL10 and CXCR3
levels are increased [36-38] and blocking CXCL10 in carbon tetra-
chloride treated animals, liver inflammation and fibrosis are amelio-
rated [39,40].

In an open-label, phase 2a study in patients with PBC and an in-
complete response to UDCA, NI-0801 was administered every 2 weeks
for a total of six doses in addition to UDCA and patients were followed
up for 3 months after the last infusion [41]. The main outcome mea-
surement was the percentage reduction in liver tests from baseline to 2
weeks after the final NI-0801 administration. A total of 29 patients were
enrolled in the study and 26 patients completed. A small but statisti-
cally significant increase in serum ALP was observed after NI-0801
treatment while other liver tests remained unchanged. Interestingly,
serum IgG also increased slightly but significantly. Post hoc analysis of
NI-0801 exposure based upon the area under the curve found a sig-
nificant difference in the percentage change in the enhanced liver fi-
brosis score, a serum marker of liver fibrosis, among those with the
lowest, middle, and highest tertile of NI-0801 exposure (5.0%, 1.4%,
and —1.8%, respectively). Although NI-0801 treatment increased pa-
tient serum CXCL10 to levels expected to induce chemotaxis, CXCL10-
induced chemotaxis in vitro was not observed suggesting that the
CXCL10 is neutralized by NI-0801. Importantly, NI-0801 increased
expression of the CXCR3 on CD8* T cells and natural killer cells.
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5. Abatacept
5.1. Rationale for abatacept

Evidence from both human and murine models support the role of
CD4™" and CD8* T-cells as key mediators of bile duct damage in PBC
[42-46]. Activation of naive T cells requires an antigen-specific signal
transmitted through the T cell receptor and a costimulatory signal de-
livered via CD28 on T cells binding to CD80 (B7-1) and CD86 (B7-2) on
the antigen presenting cell (APC) [47-50]. Shortly after T cell activa-
tion, T cells express cytotoxic T lymphocyte-associated protein 4 (CTLA-
4), which preferentially engages the CD80 and CD86 on the APC surface
blocking co-stimulatory signaling of CD28 on the T cell surface required
for activation and effector functions of T cells. Notably, PBC is asso-
ciated with polymorphisms in the CTLA-4 gene [51-53].

Targeting CD80 and CD86 with CTLA-4 IgG (abatacept) has been
successful in treating rheumatoid arthritis [54], juvenile idiopathic
arthritis [55], and psoriatic arthritis [56]. Abatacept is a recombinant
fusion protein consisting of the extracellular domain of human CTLA-4
and a fragment of the Fc domain of human IgG1 that has been modified
to prevent complement fixation and antibody-dependent cellular cyto-
toxicity. Abatacept binds specifically to the CD80 and CD86 molecules
and down-modulates the CD28-mediated co-stimulation of T cells.

Pre-clinical studies of abatacept in a murine model of PBC resulted
in reduced intra-hepatic T cell infiltrates and biliary epithelial cell da-
mage, although AMA levels were not affected [57]. Based upon these
results, we performed an open-label study to determine the safety and
potential efficacy of abatacept in PBC patients with an incomplete
biochemical response to UDCA or whom could not tolerate UDCA.

5.2. Methods

5.2.1. Subjects

Patients between the ages of 18 and 80 years diagnosed with PBC
based upon the presence of at least 2 out of 3 criteria including an AMA
titer > 1:40, ALP > 1.5 times ULN, and/or liver histology consistent
with PBC and who had an incomplete response to UDCA defined by an
ALP > 1.67 times ULN after at least 6 months of UDCA treatment at a
minimum dose of 13-15mg/kg/d were eligible to participate. PBC
patients were also eligible if they were intolerant of UDCA and other-
wise met eligibility criteria. Patients were excluded if they had evidence
of decompensated liver disease (Model of End Stage Liver Disease score
of > 15, ascites, hepatic encephalopathy, or varices), other coexisting
liver disease, treatment with immunosuppressive medications within 6
months of enrollment, or active infection.

5.2.2. Study design

This was an open-label study conducted at a single academic clinical
research center (ClinicalTrials.gov Identifier: NCT02078882). After a
screening visit, all subjects were treated with abatacept 125mg by
subcutaneous injection, self-injected weekly for 24 weeks. Safety as-
sessments including a clinic visit and laboratory tests performed at
treatment weeks 0, 2, 4, 12, and 24, and 12 weeks after treatment
(week 36). Blood was also collected at the screening visit and weeks 12,
24, and 36 for flow cytometry. In addition, the PBC-40 questionnaire, a
validated tool for the assessment of quality of life in PBC patients [58],
was administered prior to treatment and at week 24.

The study was initially planned to enroll 20 patients but was closed
after 19 patients were enrolled due to a lack of demonstrated efficacy.
The study was approved by the Institutional Review Board and all
subjects gave written informed consent prior to enrollment.

5.2.3. PBMC isolation

Peripheral blood mononuclear cells (PBMCs) were isolated by
density gradient using Histopaque-1077 (Sigma Chemical Co., St. Louis,
MO), and the cells were washed and resuspended in phosphate-buffered
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Fig. 1. Alkaline Phosphatase and Total Bilirubin Levels According to Study Visit. Shown are the geometric mean values of alkaline phosphatase (top) and total
bilirubin (bottom) from baseline to week 36. Error bars indicate 95% confidence intervals. Comparisons with respect to the change from baseline were obtained with

the use of a general linear model for repeated variables.

saline (PBS) (Mediatech Inc., Herndon, VA) containing 0.5% bovine
serum albumin (BSA) (Fraction V, OmniPur; EMD Chemicals Inc.,
Gibbstown, NJ) and 0.05% EDTA (Sigma Chemical Co.). The viability of
the cells was more than 98% by trypan blue dye exclusion.

5.2.4. Flow cytometry

PBMCs from PBC patients were resuspended in staining buffer (0.2%
BSA, 0.04% EDTA, 0.05% sodium azide in PBS), divided into 25l
aliquots, and incubated with anti-human FcR blocking reagent
(eBioscience, San Diego, CA, USA) for 15 min at 4 °C. The cells were
then washed and stained with the following antibodies for 30 min at
4°C:

Fluorescein  isothiocyanate-conjugated  (FITC)-anti-CD4 (BD
Pharmingen, San Diego, CA); CD8 (BD Pharmingen); FITC-anti-CD20
(eBioscience);  Phycoerythrin-conjugated  (PE)-anti-CD45RO  (BD
Pharmingen); PE-anti-CD38 (eBioscience); PE-Cy-Chrome (PE-Cy5)-
anti-CD56 (BD Pharmingen); TRI-COLOR (TC)-anti-CD25 (Invitrogen/
Caltag, Carlsbad, CA); Allophycocyanin-conjugated (APC)-antiCD19

29

(eBioscience); Alexa fluor 750 (AF750)-conjugated-anti-CD27
(eBioscience). IgG isotype controls were used for negative controls. The
cells were then washed once with PBS containing 0.2% BSA. After
staining, the cells were washed and fixed with 1% paraformaldehyde in
PBS. For analysis, stained cells were counted on a FACScan flow cyt-
ometer (BD Immunocytometry Systems) that had been upgraded by
Cytek Development (Fremont, CA) to allow for 5-color analysis. The
acquired data were analyzed with Cellquest PRO software (BD
Immunocytometry Systems).

5.2.5. Statistical analysis

The co-primary efficacy endpoint was ALP normalization or
a > 40% reduction from baseline to week 24. Secondary endpoints
included changes in liver tests and liver stiffness measured by magnetic
resonance elastography from baseline to Week 24. Comparisons of la-
boratory tests, elastography, and lymphocytes were made using a
Wilcoxon matched pairs test. Comparisons with respect to the change
over time from baseline were made with the use of a general linear
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Fig. 2. Changes in Laboratory Values and Liver Stiffness from Baseline
(Week 0) to End of Treatment (Week 24). Shown are subject level changes
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and liver stiffness measured by MR elastography (bottom right). Comparisons
were made using the Wilcoxon matched-pairs signed rank test.

model for repeated variables. All analyses were carried out at a two-
sided 0.05 alpha level. Adverse events were summarized according to
the Medical Dictionary for Regulatory Activities (MedDRA) System Organ
Class, the MedDRA preferred term, severity, and causal relationship
assessed by the investigators (CLB) and were reviewed by the Data
Monitoring Board.

5.3. Results

5.3.1. Patient disposition and characteristics

A total of 22 patients were screened and 16 met all study criteria
and received at least 1 dose of abatacept (Supplementary Figure 1). The
subjects were predominantly female (15 female) with a mean age of 52
years (IQR:39-70) (Table 2). All participants were AMA positive and
had an ALP =1.67 times ULN at baseline. A single participant was
intolerant of UDCA and among the 15 other participants the median
daily dose of UDCA was 15.3mg/kg (IQR 14.2-16.5). Baseline total
bilirubin was above the ULN in 4 (25%) participants and 6 (37.5%) of
participants had cirrhosis based upon the mean liver stiffness measured
by MR elastography [59].

5.3.2. Changes in liver biochemistries, inflammatory markers, liver stiffness,
and PBC-40
Only 1 subject (6.3%) met the co-primary endpoint of ALP

30
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normalization or a > 40% reduction from baseline to week 24 (Fig. 1).
No subject normalized ALP and there were no significant changes in
ALP or total bilirubin over the course of the study (Fig. 2). Median
absolute and percent changes in ALP from baseline to week 24 were
+2.8 U/L (95% CI -90.9-96.6) and —0.28% (95% CI -21.1-15.5), re-
spectively. No significant changes were observed between Week 0 and
Week 24 in ALP, total bilirubin, ALT, C-reactive protein, IgM, or liver
stiffness (Fig. 1). There was a marginally significant decrease in the
fatigue domain of the PBC-40 from baseline to week 24 (median 21.5
(IQR 13.25-36.25) to 19.0 (IQR 13.0-33.0), p = 0.049). No significant
difference from baseline to week 24 were observed for itch, cognitive,
emotional, or social domains or the total PBC-40 score (Supplementary
Table 1).

5.3.3. Immunologic assessments

To determine the pharmacologic effects of abatacept, a variety of
cell surface markers were measured on PBMC. Following 24 weeks of
abatacept treatment there was no significant change in the frequency of
total CD4™ or CD8™ T cells (Supplementary Figure 2). However, among
CD4* T cells, CCR5+ and PD1+ cells decreased (p = 0.02 and
p = 0.02, respectively) and CCR7 + cells increased (p = 0.03) from
Week 0-24 (Fig. 3). Restriction of these changes was to the KLRG1-cell
populations. Similar changes were not observed in the CD8* T cell
population and no changes in CD44, CD62L, CD45R0, CD69, CX3CR1,
or CXCR5 expression were found on either CD4™ or CD8* T cells
(Supplementary Figure 2).

5.3.4. Safety and side effects

All 16 patients who received at least 1 dose of abatacept completed
24 weeks of treatment. Treatment emergent adverse events occurred in
4 subjects, including nausea, vomiting, right upper quadrant abdominal
pain, upper respiratory and urinary tract infections, urticarial rash,
chest pain, and hilar adenopathy (Table 3).

6. Discussion

Herein we review the literature on biologics for PBC and report the
results of the first clinical trial in PBC patients involving the use of a
therapeutic that targets T cell activation (Table 1). PBC patients who
respond adequately to UDCA have a life expectancy that does not differ
significantly from the general population [3,60], but response to
treatment is markedly heterogeneous [5]. A significant minority of
patients with PBC do not have an adequate biochemical response to
UDCA and represent an unmet medical need due to their risk of disease
progression. Although second-line agents targeting bile acid metabo-
lism through FXR [6], FGF19 [61], and peroxisome proliferator-acti-
vated receptors [62] have demonstrated efficacy when added on to
UDCA, some are limited by tolerability and few have resulted in a
complete response in the majority of patients treated.

PBC is an archetypal autoimmune disease with a profound female
predominance, nearly universal immune response to a specific auto-
epitope, and clear genetic and environmental predispositions [63].
However, unlike other autoimmune diseases, little efficacy has been
reported with immunosuppressive medications other than prednisone
[8] and budesonide [12,13,15] both of which have serious concerns
related to long term safety. Because of this, targeted immunotherapies
in PBC have been sought. B-cell depletion as a potential means to
ameliorate PBC by decreasing autoantibody production and antigen
presentation by B cells has been successful in antibody mediated au-
toimmune diseases [20,23,24,64,65] and showed potential efficacy in
murine models of PBC [19,66]. Not surprisingly, the most extensively
studied biologic in PBC has been rituximab which cumulatively has
been given to 47 PBC patients in 3 clinical trials [26-28]. The 2 studies
performed in patients with elevated ALP despite UDCA both demon-
strated similar small but statistically significant reductions in ALP at
6-9 months after infusion. The third trial did not require an elevated
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Fig. 3. Changes in CD4™ T Cell Subpopulations in Peripheral Blood Mononuclear Cells from Baseline (Week 0) to End of Treatment (Week 24). Shown are
subject level changes from week 0 to week 24 in CD4™ T cells in peripheral blood mononuclear cells measured by flow cytometry. CCR5+ (top row) and PD1 +
(bottom row) cells decreased and CCR7 + cells (middle row) increased among the KLRG1-cells after 24 weeks treatment with abatacept. Comparisons were made using

the Wilcoxon matched-pairs signed rank test.

Table 3
Adverse events.

SYSTEM ORGAN CLASS n (%) No. of events
Any treatment emergent adverse event 4 (25%) 10
GASTROINTESTINAL
Nausea 2 (12.5%) 2
Vomiting 1 (6.3%) 1
Elevated liver enzymes 1 (6.3%) 1
Right upper quadrant pain 1 (6.3%) 1
INFECTIONS
Upper respiratory infection 1 (6.3%) 1
Urinary tract infection 1 (6.3%) 1
DERMATOLOGICAL
Urticarial rash 1 (6.3%) 1
CARDIOVASCULAR
Chest pain 1 (6.3%) 1
LYMPHATIC
Hilar adenopathy 1 (6.3%) 1

ALP at enrollment and therefore it is not surprising that a biochemical
effect of rituximab was not identified. Notably, this study determined
that rituximab was not effective for the treatment of fatigue, a common
and often debilitating symptom of PBC. Ustekinumab also has a small
impact on ALP and based upon this criterium, is unlikely to be pursued
for further development in PBC. Surprisingly, inhibition of CXCL10
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with NI-0801 actually led to a small increase in ALP, but in a subset of
patients receiving the highest drug exposure, a reduction in a serum
liver fibrosis marker was found. Not only does this finding highlight the
need for correct dosing, but also the need to consider non-traditional
biomarkers which may be more sensitive to detect drug efficacy than
the traditional ALP and other liver biochemistries.

In light of the lack of efficacy of these approaches, the rational next
approach was to target T cells. This was further supported by evidence
from PBC patients and murine PBC models that CD4* and CD8 " T-cells
play important roles in the bile duct injury that typifies PBC
[42,45,46,63,67-69]. Using a murine model of PBC in which both AMA
and biliary inflammation are induced by immunization with the 2-OA-
BSA, we previously showed that CTLA-4 Ig treatment one day before 2-
OA-BSA immunization, completely inhibited AMA production, intra-
hepatic T cell infiltrates, and bile duct damage [57]. More critically,
treatment with CTLA-4 Ig initiated after the 2-OA-BSA immunization
and development of disease, led to improved liver histology.

In the current study of a 24-week treatment period with abatacept,
we assessed liver enzyme levels, antibody levels, and lymphocyte po-
pulations, with special emphasis on T-cell subsets in PBC patients with
an inadequate response to first line therapy. Our results suggest that
abatacept is safe, transiently reverses several of the immunologic ab-
normalities of PBC, but did not demonstrate a signal of therapeutic
effect in this PBC population.
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We chose to investigate abatacept because of its mechanism of ac-
tion which blocks both CD4* and CD8* T cell activation through
agonism of CTLA-4. The immunological effects of abatacept on PBMC in
PBC patients was as expected with a decreased frequency of CD4* T
cells expressing the inflammatory chemokine receptor CCR5 and an
increased frequency expressing the homeostatic chemokine receptor
CCR?7, the latter being nearly absent among expanded T cell clones in
PBC patients [70]. Similar effects have also been reported with juvenile
idiopathic arthritis [71]. These effects, however, were limited to the
KRLG1-population, whereas terminally differentiated KLRG1+ T cells
which represent the antigen experienced T cells were not affected
[72,73]. An alternative mechanism of action of abatacept through ef-
fects on regulatory T cells (Tregs) which are decreased in number but
not function in PBC [74],has been considered in rheumatoid arthritis
but the studies to date have reported inconsistent results [75].

Like rituximab and ustekinumab, abatacept was not associated with
a biochemical response in PBC despite demonstrating the expected
pharmacologic effects. The lack of clinical efficacy may have been due
to a number of reasons. First, abatacept does not inhibit effector func-
tions of terminally differentiated T cells, especially CD8* cytotoxic T
cells implicated in the destruction of biliary epithelial cells [72,76].
Second, the effects of abatacept noted in peripheral immune cells may
not reflect immune responses in the liver. To determine this would have
required pre- and post-treatment liver biopsies. The use of biochemical
endpoints in PBC is based on the established associations with bio-
chemical responses to UDCA and clinical outcomes, however, im-
munologic therapies including abatacept may have beneficial effects
not reflected in biochemistries. Future studies should consider direct
measures of hepatic inflammatory activity. Third, our patient cohort
had particularly advanced disease: over 30% had cirrhosis and 25% had
an elevated total bilirubin at baseline. Treatment, particularly with an
immunomodulatory therapy, may be of limited efficacy in late stage
disease where bile acids may be the primary driver of injury due to
established cholestasis. The identification of pretreatment predictors of
non-response to UDCA including higher serum alkaline phosphatase
and total bilirubin levels, younger age, and longer time from diagnosis
to treatment may allow alternative risk stratification and earlier in-
troduction of second liner therapies [77]. Finally, treatment duration
may have been insufficient, though treatment responses have been seen
with similar lengths of therapy in other diseases treated with abatacept
[54-56].

In summary, there is growing experience with clinical trials of
biologics for PBC and despite the lack of a highly efficacious biologic in
PBC, the lessons learned should aid in future trial designs. Importantly,
no safety concerns for the use of abatacept or other biologics in patients
with PBC, including those with compensated cirrhosis, has been iden-
tified. Limitations specific to abatacept and rituximab may include the
inability to inhibit terminally differentiated T or B cells. Alternatively,
approaches that target chemokines such as CXCL10 may require higher
doses to effectively inhibit the target or multiple targets may need to be
targeted due to redundancy of pathways. In addition, current clinic
study designs may not be appropriate for the investigation of biologic
therapies. The ability of biologics to affect PBC disease progression may
be at early disease stage and require limiting their use in the patient
group. Further, their impact on disease progression may not be cap-
tured by serum ALP and future studies should be considered which
incorporate more sensitive biomarkers not only of cholestasis, but also
of fibrosis and inflammation. Regardless, further clinical studies tar-
geting immune effector functions in PBC are warranted to achieve the
unmet therapeutic needs of patients with PBC.
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