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ARTICLE INFO ABSTRACT

Keywords: Background and aims: There is an unmet need for alternative treatments for patients with primary biliary chol-
Liver disease angitis (PBC) who do not respond to treatment with ursodeoxycholic acid (UDCA). A proof-of-concept study of
Jak1/2 inhibitors baricitinib, an orally administered Janus kinase 1 and 2 inhibitor, was initiated to evaluate its use in PBC
ltch patients.

12-Week

Approach and results: Patients with PBC showing inadequate response or intolerance to UDCA were eligible. This
was a randomized, double-blinded placebo-controlled trial. Enrollees were assigned 1:1 to baricitinib (2 mg/day)
or placebo. Endpoints included change in alkaline phosphatase (ALP), itch Numeric Rating Score (NRS), and
fatigue NRS at 12 weeks post-baseline; exploratory markers included high sensitivity C-reactive protein (hs-CRP)
and Enhanced Liver Fibrosis (ELF) score.

Due to low enrollment, the study was terminated early. Two patients were enrolled and completed the trial; 1
was randomized to receive baricitinib and 1 to placebo. Over the treatment period, the baricitinib-treated patient
demonstrated a 30% decrease in ALP and a 7-point improvement in the itch NRS, but a 2-point increase in the
Fatigue NRS. Markers of inflammation and liver fibrosis (hs-CRP and ELF score) also improved over the study
period. In contrast, the placebo-treated patient showed no improvement in primary or secondary endpoints. A
single non-serious treatment-emergent adverse event of moderate sinusitis was reported by the baricitinib-
treated patient at day 47.

Conclusions: In a 12-week trial, a patient with PBC showing inadequate response to treatment with UDCA
demonstrated a dramatic response to treatment with baricitinib.

have been associated with reduced transplant-free survival [3-5].
Obeticholic acid was approved in 2016 to be used in combination with
UDCA for those patients who have an inadequate response to UDCA or as
monotherapy for those patients intolerant to UDCA [6,7]. Other drugs
with varied mechanisms of action are currently in development with the
goal of expanding treatment options, improving response rates and
prolonging survival [8,9].

Given its classic automimmune presentation, a number of immune-
suppressive therapies have been trialed for treatment of PBC,
including corticosteroids, azathioprine, cyclosporine, methotrexate and
mycophenolate mofetil; none has been shown to be effective. Despite the
success of emerging biologic immune-based regimens in treating other
autoimmune conditions, trials of rituximab, ustekinumab, NI-0801, and
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Primary biliary cholangitis (PBC) is a chronic autoimmune chole-
static liver disease affecting the small and medium-sized intrahepatic
bile ducts. Rate of disease progression varies, but may ultimately result
in cholestasis, portal inflammation, fibrosis and cirrhosis [1,2]. Urso-
deoxycholic acid (UDCA) was approved in 1997 for the treatment of PBC
and remains a first-line treatment for this indication. Although several
clinical trials have shown UDCA improves the natural history of PBC,
roughly 40% of patients do not respond to treatment, as evidenced by
persistently elevated levels of alkaline phosphatase (ALP), which in turn
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Abbreviations list

PBC primary biliary cholangitis
UDCA  ursodeoxycholic acid

ALP alkaline phosphatase

NRS Numeric Rating Score
hs-CRP  high sensitivity C-reactive protein
ELF Enhanced Liver Fibrosis
JAK Janus kinase

TYK tyrosine-protein kinase

IL interleukin

ULN upper limit of normal

ALT alanine aminotransferase

AST aspartate aminotransferase

PIIINP  procollagen III amino terminal peptide
HA hyaluronic acid

TIMP-1 tissue inhibitor of metalloproteinase 1
AE adverse events

SAE serious adverse events

AESI AEs of special interest

QIDS-SR16 Quick Inventory of Depressive Symptomatology Self
Rated-16

IFN interferon

STAT signal transducer and activator of transcription

abatacept in treatment of PBC have likewise failed to show promise.
Baricitinib, a novel small molecule approved in 2018 for treatment of
moderate to severe rheumatoid arthritis, belongs to the pharmacological
class of Janus kinase (JAK) inhibitors [10]. Baricitinib is theorized to
inhibit the activity of a number of cytokines implicated in PBC, most
notably type I interferon (IFN [JAK1/tyrosine-protein kinase (TYK2)]),
interleukin (IL)-12 and IL-23 (JAK1/TYK2). Additionally, in Phase III
studies of baricitinib treatment for rheumatoid arthritis, ALP decreased
in the first 20 weeks and mean values remained within the normal range
over the course of treatment. Reductions in fatigue and tiredness were
also noted. Studies of baricitinib for treatment of atopic dermatitis and
psoriasis reported reductions in itch. These findings, along with the
activity profile of baricitinib and its overlap with cytokine pathways
involved in the pathogenesis of PBC, support evaluating baricitinib for
the treatment of PBC. Herein, we describe the results from 2 patients
who completed a Phase II, proof-of-concept, double-blind, randomized,
parallel placebo-controlled study of baricitinib in the treatment of PBC.

1. Methods

The study consisted of 3 periods: a 49-day screening period, a 12-
week treatment period, and a 4-week post-treatment follow-up. Due to
low enrollment, the study was terminated after only 2 patients had been
randomized (1 to baricitinib 2 mg/day, and 1 to placebo). Both patients
remained on the blinded study drug and completed study procedures per
protocol.

Eligibility criteria included: 1) a diagnosis of PBC, defined as the
presence of at least 2 of the following 3 factors: >6 month history of
elevated ALP, positive antimitochondrial antibodies titer, and/or liver
biopsy consistent with PBC; 2) ALP >1.67 x upper limit of normal (ULN)
but <6 x ULN; and 3) UDCA intolerance or >52 weeks of previous
treatment with UDCA with a stable dose for >12 weeks without
adequate response (as determined by the investigator) or no receipt of
UDCA within 12 weeks prior to enrolment.

Exclusion criteria included: 1) alanine aminotransferase (ALT) > 3 x
ULN; 2) aspartate aminotransferase (AST) > 3 x ULN; 3) ALP >6 x ULN;
4) or total bilirubin level > ULN; all as defined from tests administered
during the screening process. The ULN for the ALP assay used in the
study was 104 IU/L (for total ALP) and 94 IU/L (for liver-specific ALP).

1.1. Efficacy measures

The primary efficacy assessment was change in ALP at Week 12 of
treatment. Secondary efficacy assessments included proportion of pa-
tients with ALP <1.67 x ULN (and at least 15% decrease from baseline),
change from baseline in Itch Numerical Rating Score (NRS) and Fatigue
NRS. The Itch NRS is a patient-administered, 11-point horizontal scale
anchored at 0 and 10, with O representing “no itch” and 10 representing
“worst itch imaginable” [11]. Overall severity of a patient’s itching is
indicated by selecting the number that describes the worst level of

itching in the past 7 days. The Fatigue NRS is a single-item, patient--
administered, 11-point horizontal scale anchored at 0 and 10, with
0 representing “no fatigue” and 10 representing “as bad as you can
imagine” [12]. Overall severity of a patient’s fatigue is indicated by
selecting the number that describes the worst level of fatigue during the
past 7 days. Exploratory efficacy measures included total bilirubin, high
sensitivity C-reactive protein (hs-CRP) and Enhanced Liver Fibrosis
(ELF) Score, which uses serum measurements of procollagen III amino
terminal peptide (PIIINP), hyaluronic acid (HA) and tissue inhibitor of
metalloproteinase 1 (TIMP-1), calculated as ELF score = 2.494 + 0.846
In(Cxa) + 0.735 In(Cpmnp) + 0.391 (Crimp-1) [13].

1.2. Safety measures

Patients were monitored for adverse events (AEs), serious AEs (SAESs)
(including death) and AEs of special interest (AESI) including infection
(including opportunistic infections), malignancies, hepatic events,
major adverse cardiovascular events and thrombotic events (deep-vein
thrombosis and pulmonary embolism). Monitoring also included Quick
Inventory of Depressive Symptomatology Self Rated-16 (QIDS-SR16), a
16-item safety assessment intended to assess the existence and severity
of symptoms of depression, with higher scores denoting greater symp-
tom severity [14].

2. Results

Two patients, both white females, were enrolled in the study in 2019;
1 was randomized to baricitinib 2 mg per day, and 1 to placebo. Both
patients completed the 12-week treatment study. At baseline, the
baricitinib-treated patient was 65 years old and weighed 45 kg. She was
diagnosed with PBC in 2005; a recent biopsy and transient elastography
were consistent with advanced fibrosis/early cirrhosis. Her medical
history included dyslipidemia and hypertension. Concomitant medica-
tions included cholecalciferol, ezetimibe, lisinopril, amoxicillin and
UDCA. The placebo-treated patient was 51 years old and weighed 75 kg
at baseline. She was diagnosed with noncirrhotic PBC in 2015, and her
medical history included gastroesophageal reflux disease and hyper-
tension. Concomitant medications included metoprolol, dexlansopra-
zole, cholecalciferol and UDCA.

As shown in Fig. 1A, the baricitinib-treated patient’s ALP ranged
from 224 to 240 U/L (>2 x ULN) prior to treatment initiation. After an
increase to 253 U/L observed at roughly 4 weeks post-treatment initi-
ation, the patient’s ALP levels declined consistently across the rest of the
treatment period. This decline continued even when treatment was
paused due to the patient experiencing sinusitis. By the end of the 12-
week treatment period, the patient’s ALP was 157 IU/L, a 30% reduc-
tion from baseline and below the target threshold of 173 U/L (1.67 x
ULN) used to evaluate efficacy of PBC treatment. Based on these end-
points, the patient was considered to be a responder to baricitinib.
Within 4 weeks of treatment discontinuation, the patient’s ALP
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Fig. 1. Serum alkaline phosphatase (blue) and liver-specific alkaline phosphatase (green) for primary biliary cholangitis patients treated with baricitinib (A) and
placebo (B). ULN and relevant multiples of the ULN are noted. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

rebounded to pre-treatment levels (234 U/L).

Table 1
Efficacy measures at treatment Weeks 0 and 12 for baricitinib- and placebo-
treated patients.

Measure (reference range) Baricitinib 2 mg Placebo
Week 0  Week 12  Week O  Week 12

Alkaline phosphatase (<104 U/L) 224 157 440 455
Itch NRS (10 = worst; 0 = none) 9 2 3 0
Fatigue NRS (10 = worst; 0 = none) 8 10 5 7
Total bilirubin (<1.2 mg/dL) <0.2 0.2 0.9 0.8
hs-CRP (<3.0 mg/L) 3.5 0.6 6.7 8.0
ELF score (6.6-9.3) 9.8 9.4 9.4 9.7

PIIINP (<8 pg/L) 9.2 5.6 8.9 8.5

HA (<54 pg/L) 62.9 61.6 41.0 56.8

TIMP-1 (pg/L) 287.2 234.6 246.8 285.7

ELF, Enhanced Liver Fibrosis; hs-CRP, high-sensitivity C-reactive protein; HA,
hyaluronic acid; NRS, Numerical Rating Score; PIIINP, procollagen III amino
terminal peptide; TIMP-1, tissue inhibitor of metalloproteinase 1.

As shown in Table 1, the baricitinib-treated patient’s self-reported
itch score decreased from 9 to 2 (on a 10-point NRS scale) across the
study period, but self-reported fatigue increased from 8 to 10. Likewise,
total bilirubin remained normal (<1.2 mg/dL) across the study period.
ELF Score for the patient declined from 9.8 to 9.4 (reference range for
healthy females = 6.6-9.3). PIIINP and TIMP normalized and HA
declined over the treatment period.

In contrast, the placebo-treated patient’s ALP ranged from roughly
3.5 to 5.5 x ULN for the entire observation period (Fig. 1B), increasing
slightly from 440 U/L at Week 0-450 U/L at Week 12. The patient re-
ported a decrease in Itch NRS from 3 to O points, and an increase in
Fatigue NRS from 5 to 7 points over the study period (Table 1).

2.1. Safety

The treated patient was exposed to baricitinib for 74 days. A single
non-serious treatment-emergent AE of sinusitis (moderate) was reported
47 days after treatment initiation. The study drug was temporarily
interrupted. The sinusitis was treated with levofloxacin and resolved
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after 13 days. Treatment protocol resumed and the event was reported
as not related to study procedure or study treatment. No AEs were re-
ported for the placebo patient. No SAEs, AESIs or study discontinuations
due to AEs were reported in the study.

The QIDS-SR-16 score for the baricitinib-treated patient decreased
from 20 (severe) in Week O to 10 (mild) in Week 12. Scores for the
placebo-treated patient were unchanged over the study period (Table 2).

The baricitinib-treated patient’s ALT and AST remained in the
normal range during the course of the study. The placebo patient’s ALT
and AST were elevated on Day 1 and remained elevated throughout the
course of the study (Table 2.)

3. Discussion

A dramatic decline in ALP, the primary biomarker of PBC severity,
was observed in a single female patient during a 12-week course of
treatment with baricitinib. The patient also reported a significant
reduction in pruritus and depressive symptoms during treatment. ALP
rebounded to pre-treatment levels (greater than twice the upper limit of
normal) within 4 weeks of treatment withdrawal. Additional measures,
including ALT, AST and total bilirubin, remained within normal ranges
throughout the study period. Moreover, the baricitinib-treated patient
also demonstrated reductions in markers for liver fibrosis (P3NP, HA
and TIMP-1) and inflammation (hs-CRP) markers over the course of the
study. Similar improvements were not observed in the matched placebo-
treated patient.

PBC is a prototypical autoimmune disease. Associations between risk
of PBC and presence of common genetic variants at the HLA class II,
interleukin (IL)-12A and IL-12RB2 loci have been established and sug-
gest the IL-12 immunoregulatory signaling axis is relevant to the path-
ophysiology of PBC [15]. More recent data have identified a relationship
between the interferon (IFN), IL-12 and IL-23 pathways and the patho-
genesis of PBC [16]. However, current PBC treatments do not directly
address immune mechanisms; rather, treatment is directed toward the
biliary canaliculus and regulation of bile salts. Early trials of immune
suppressive treatment included corticosteroids, but detrimental effects
on bone precluded this treatment. Cyclosporine, methotrexate, azathi-
oprine and other immune suppressive regimens were either ineffective
or deleterious and none showed demonstrable anti-cholestatic or anti-
pruritic activity.

We postulate the JAK/signal transducer and activator of transcrip-
tion (STAT), pathway may contribute to the mechanisms by which PBC
initiates a cytokine cascade. JAKs are a family of protein tyrosine kinases
(JAK1, JAK2, JAK3 and tyrosine kinase 2 [TYK2]) that play an impor-
tant role in cytokine signal transduction. Baricitinib is a JAK1/2 inhib-
itor that demonstrates selectivity for and inhibition of JAK1 and JAK2
with lower potency towards inhibition of JAK3 or TYK2 [17]. JAKs also
transduce intracellular signals from cell surface receptors for a number
of cytokines and growth factors involved in hematopoiesis, inflamma-
tion and immune function [18]. Within the intracellular signaling
pathway, JAKs phosphorylate and activate STATs, which activate gene
expression within the cell. Baricitinib modulates these signaling path-
ways by partially inhibiting JAK1/2 enzymatic activity, then reducing
the phosphorylation and activation of STATs and thereby reducing
inflammation, cellular activation and proliferation of key immune cells
[19,20].

The decline in serum ALP observed in the baricitinib-treated patient
was more rapid than that generally observed with UDCA. In a study of
375 PBC patients, Poupon et al. [21] found mean ALP values roughly 2.5
x ULN prior to initiation of UDCA. ALP in these patients declined <10%
in the first 12 weeks and <20% in the first year of UDCA treatment. In
contrast, similar pre-treatment levels of ALP declined by roughly 30% in
the 12 weeks of baricitinib treatment. This is similar to declines in ALP
observed among rheumatoid arthritis patients treated with baricitinib
(unpublished data). Moreover, similar to results among patients with
atopic dermatitis treated with baricitinib, the treated patient

Journal of Translational Autoimmunity 4 (2021) 100107

Table 2
Safety measures throughout treatment for baricitinib- and placebo-treated
patients.

Week Baricitinib, 2 mg Placebo
QIDS- ALT (U/ AST (U/ QIDS- ALT (U/ AST (U/
SR16 L) L) SR16 L) L)
Week 0 20 21 23 6 79 70
Week 1 11 23 24 5 67 63
Week 4 6 22 21 5 54 54
Week 8 11 17 21 8 141 130
Week 10 17 22 6 82 67
12

ALT, alanine aminotransferase; AST, aspartate aminotransferase; QIDS-SR16,
Quick Inventory of Depressive Symptomatology Self Rated-16 (higher scores
indicate worse depression).

experienced a dramatic and prompt resolution of pruritus. There are
currently no treatments that effectively address this serious and dis-
tressing symptom of PBC. Likewise, although the patient reported some
increase in fatigue, self-reported depression scores decreased dramati-
cally across the study period.

Despite an early end due to low enrollment, we believe this study
provides a proof-of-concept for the role of baricitinib in the treatment of
PBC. The treated patient demonstrated a rapid and significant decline in
ALP, markers of inflammation, pruritus and self-reported depression.
This constellation of both objective and subjective measures of response
represent an important phenomenon that provides both insights into
disease mechanisms and avenues for future investigation.
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