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Abstract

Background Patients with primary biliary cholangitis
(PBC) frequently suffer from pruritus, which can severely
impair their health-related quality of life (HRQOL). Nal-
furafine hydrochloride, a selective k-opioid receptor ago-
nist, was recently approved in Japan for refractory pruritus
in patients with chronic liver diseases, but it still remains
unclear whether this treatment improves the patient-re-
ported outcome (PRO) in PBC patients with refractory
pruritus. Herein, we conducted a multicenter, post-mar-
keting, single-arm prospective study to investigate the
efficacy of nalfurafine in terms of PRO, and the associa-
tions of the efficacy with any clinical characteristics.
Methods After screening for pruritus in 496 patients with
PBC using PBC-40 and the visual analog scale (VAS), we
identified 141 patients with moderate to severe pruritus;
these were invited to participate in the study. The partici-
pants received 2.5 pg nalfurafine once daily for 12 weeks,
and pruritus and HRQOL were assessed in week 12 of this
treatment. Generic HRQOL, short form 36, blood
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chemistries, and serum autotaxin levels were also measured
at baseline and at week 12.

Results Forty-four patients participated in this study. The
mean PBC-40 itch domain scores and VAS declined during
the study period, from 8.56 to 7.63 (P = 0.041) and from
42.9 to 29.3 (P =0.001) at baseline and at week 12,
respectively, indicating a significant effect of nalfurafine.
The other domains of PBC-40 and all domains of SF-36
were not significantly altered by this treatment. We failed
to find any association between the change in VAS and
PBC-40 itch scores and any clinical variable. Serum
autotaxin levels were significantly increased during the
study period.

Conclusions This study demonstrated that nalfurafine
improved pruritus in patients with PBC, independent of
their clinical characteristics, but had a limited effect on the
PRO.

Keywords PBC-40 - SF-36 - Opioid - Autotaxin - Health-
related quality of life

Abbreviations
PBC Primary biliary cholangitis

HRQOL Health-related quality of life
UDCA Ursodeoxycholic acid

VAS Visual analog scale

PRO Patient-reported outcomes
SF-36 Short form 36
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Introduction

Primary biliary cholangitis (PBC) is a chronic cholestatic
liver disease characterized by immune-mediated destruc-
tion of small and medium intrahepatic bile ducts [1, 2]. A
substantial proportion of patients with PBC suffer from a
variety of subjective symptoms. One of the most troubling
of these is pruritus [3], which can severely impair health-
related quality of life (HRQOL) [4-6]. Pruritus can occur at
any stage of PBC in a local or generalized manner, and can
significantly disturb daily life and disrupt sleep at night.
The pathophysiologic mechanism underlying pruritus is
largely unknown, although cholestasis definitely plays a
key role [7]. Ursodeoxycholic acid (UDCA), a first-line
therapeutic medication for PBC, does not ameliorate pru-
ritus [8]. Bile sequestrants such as rifampicin and anti-
histamines are used to alleviate pruritus. However, the
efficacies of these therapeutic options are limited, and liver
transplantation is required to address severe pruritus in
some patients [2, 9, 10]. Therefore, new therapeutic
approaches for the treatment of pruritus are strongly
required.

Neurotransmission involving opioid receptors is known
to play a significant role in pruritus. Serum levels of B-
endorphin, an endogenous opioid, are elevated in patients
with severe pruritus. Two opioid receptors are involved in
pruritus signaling in the central nervous system; p-recep-
tors are stimulatory and «-receptors are inhibitory.
Antagonists of the p-opioid receptor, such as naloxone or
naltrexone, exhibited anti-pruritic effects in patients with
cholestasis [11, 12]. Similarly, the use of k-opioid receptor
agonists could provide a rational approach to the treatment
of pruritus.

Nalfurafine hydrochloride is a selective x-opioid
receptor agonist that has been approved as an anti-pruritic
drug in hemodialysis patients with refractory pruritus [13].
The efficacy and safety of nalfurafine was previously
investigated in a phase 3 randomized double-blind trial
involving 318 patients with chronic liver diseases, includ-
ing PBC [14]. Pruritus, measured using the visual analog
scale (VAS), was significantly decreased by week 4 of oral
nalfurafine administration, and the safety issues were
acceptable [14]. However, although 87 patients with PBC
were included in this study, only 30 patients were assigned
to receive 2.5 pg daily, which is the usual dose of this
compound. Furthermore, pruritus was measured by VAS
only, and patient-reported outcomes (PRO) were not
assessed using PBC-40 or the short form 36 (SF-36).
Finally, these 30 patients were not analyzed in detail as a
subgroup in this study, and it is therefore unclear whether
the efficacy of nalfurafine is influenced by clinical char-
acteristics such as age, sex, blood chemistry, and
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progression of PBC. Very recently, a large-scale, post-
marketing study was published, demonstrating the efficacy
of nalfurafine [15]. Although this study employed 673
patients with chronic liver diseases, only 38 patients with
PBC were included and the details of these patients were
obscure.

The current multicenter, post-marketing, single-arm
prospective study aimed to clarify whether the PRO of
PBC patients with moderate to severe pruritus, measured
using PBC-40, SF-36, and VAS, were improved by treat-
ment with nalfurafine. We also examined whether clinical
variables were associated with any change in the level of
pruritus following nalfurafine administration. In addition,
we sampled serum from the study participants at baseline
and investigated whether pruritus was associated with the
level of autotaxin, which was previously reported to be
associated with pruritus severity in patients with cholesta-
sis [16].

Patients and methods
Screening of patients

We identified patients with PBC who were experiencing
moderate to severe pruritus, and invited them to participate
in the current study. The pruritus screening procedure was
designed as a separate observational cross-sectional study,
which was approved by the Ethics Committee of Teikyo
University (approval no. 14-186); the results of this study
have been described elsewhere [17]. In brief, we invited
consecutive patients who presented with PBC at the out-
patient clinics of each study center between July 1st, 2015,
and October 31st, 2016. Diagnosis of PBC was made using
established criteria, which required two or more of the
following symptoms: chronic elevation of cholestatic liver
enzymes, detectable anti-mitochondrial antibodies in sera,
and compatible or diagnostic liver histology [10]. We
asked patients to complete questionnaires to assess their
symptoms and HRQOL (the Japanese version of PBC-40
and the SF-36), and assessed pruritus severity using the
VAS. Patients were not invited to participate if they were
being admitted to hospital, had a history of liver trans-
plantation, had other liver diseases including autoimmune
hepatitis, or had other comorbidities which were likely to
affect their HRQOL. Consequently, 496 patients with PBC
(male/female = 53/443; 66.0 &= 9.9 years old) agreed to
complete the Japanese version of PBC-40 and SF-36.

Pruritus and HRQOL assessment tools

We employed the Japanese version of PBC-40 and SF-36
to assess symptoms and HRQOL in patients with PBC.
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PBC-40 is a patient-derived, disease-specific measure of
symptoms and HRQOL that covers 6 domains: symptoms,
itch, fatigue, cognition, social, and emotional. The
acceptability, reliability, construct validity, and precision
of this tool has been validated previously [18]. Participants
were asked to select one of the following responses: never,
rarely, sometimes, most of the time, or always, and these
corresponded to scores of 1-5 points [19]. The itch domain
included 3 items: Question 8, “Itching disturbed my sleep
most of the time”; Question 9, “I scratched so much I
made my skin raw”; and Question 10: “I felt embarrassed
because of the itching”. The scores for the whole itch
domain thus ranged from 3 to 15. Our screening process
defined the severity of pruritus into the following four
categories: “none” if the score was 0; “mild” if the score
ranged from 1 to 5; “moderate” for scores between 6 and
10; and “severe” for scores between 11 and 15. This
procedure classified 199, 156, 117, and 24 patients as
“none”, “mild”, “moderate”, and “severe”, respectively;
141 patients were thus evaluated as experiencing moderate
to severe pruritus, and were considered as potential can-
didates for nalfurafine treatment.

The SF-36 is a questionnaire used to measure general
health status. In the SF-36, one item is designed to assess
the perceived change in health status, and each of the
remaining 35 items contributes to a score on one of eight
scales: physical functioning; role-physical; bodily pain;
general health perception; vitality; social functioning; role-
emotional; and mental health [20]. The Japanese version of
SF-36 was already established and has been validated
previously [21, 22].

Nalfurafine intervention

We invited 141 patients with moderate to severe pruritus to
participate in the current interventional study of nalfurafine
(https://clinicaltrials.gov/ NCT02659696;
UMINO000021681). This study was designed and conducted
by the Japan PBC Study Group (JPBCSG), and approved
by the Ethics Committee of Teikyo University (Approval
no. 15-037) and other participating centers. Patients with
moderate to severe pruritus who agreed to participate in the
current study received once-daily oral nalfurafine (Toray
Industries, Inc., Tokyo, Japan) at a dose of 2.5 pg for
12 weeks. Pruritus severity and HRQOL were evaluated
again at week 12 using PBC-40, SF-36, and VAS. In
patients receiving other anti-pruritic drugs such as bile acid
sequestrants, anti-histamines, and moisturizing agents, the
dosages of these were fixed throughout the study period
and any additional treatments were prohibited. Detailed
clinical information was collected at baseline and at the
end of the treatment period. These data included the date of
diagnosis, liver histological stage at diagnosis (if liver

biopsy was performed), liver biochemistry, and clinical
events such as jaundice, ascites, edema, hepatic
encephalopathy, esophageal or gastric varices, and hepa-
tocellular carcinoma. Additionally, we collected sera from
the patients at baseline and the end of treatment to measure
serum autotaxin levels.

Statistical analyses

All statistical analyses were performed using SPSS®
Statistics version 22 (IBM Japan, Tokyo, Japan). Contin-
uous variables are presented as the mean =+ the standard
deviation if normally distributed, or median (interquartile
range) otherwise. We excluded the prothrombin time and
international normalization ratio from the analysis because
the missing data rates for these two variables were
exceptionally high (33 and 39%, respectively). The Pear-
son correlation efficient was used to assess the correlation
between VAS, PBC-40, and SF-36, and between continu-
ous variables and VAS/PBC-40 itch scores. Comparisons
between values at baseline and at week 12 were performed
using a paired Student’s 7 test for continuous and normally
distributed variables, and the Mann—Whitney U test for
variables without normal distribution. A result was con-
sidered to be statistically significant when the P value
was < 0.05.

Results
Study participants

A total of 44 patients with PBC agreed to participate in this
interventional study, and their clinical characteristics are
shown in Table 1. The serum alkaline phosphatase level
was > 1.5 x ULN in 7 patients, and serum bilirubin
was > 1.5 mg/dL in only 1 patient (1.7 mg/dL). Although
all participants were currently attending outpatient clinics,
one or more clinical events (jaundice, ascites, edema,
hepatic encephalopathy, esophageal or gastric varices, or
hepatocellular carcinoma) had occurred previously in 9
(20.9%) of the patients. Treatment with UDCA and
bezafibrate was recorded in 43 (97.7%) and 6 (13.6%) of
the patients, respectively.

Changes in PBC-40 scores

First, we examined whether pruritus, measured by the itch
domain of PBC-40, was improved by treatment with nal-
furafine. The mean scores for this PBC-40 domain (Q8-
Q10) at baseline and at week 12 were 8.56 and 7.63,
respectively, indicating that this intervention caused a
marginally significant reduction (P = 0.041) (Fig. 1a).
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Table 1 Clinical characteristics of the study participants at baseline

Variables

Number of females (%) 39 (88.6)
Age at diagnosis (years old) 58.8 (12.2)
Age at participation (years old) 66.8 (12.3)
Follow-up period (years) 5.8 (0.3-24.5)
Aspartate aminotransferase (U/L) 27 (11-69)
Alanine aminotransferase (U/L) 18 (7-50)
Alkaline phosphatase (x ULN) 0.90 (0.36-2.28)
Bilirubin (mg/dL) 0.6 (0.3-1.7)
Albumin (g/dL) 4.0 (2.7-4.7)
Presence of clinical events (%) 9 (20.9)
UDCA used (%) 43 (97.7)
Bezafibrate used (%) 6 (13.6)

Continuous variables are shown as mean (standard deviation) if they
are normally distributed and as median (range) if not

ULN upper limit of normal

A P =0.041 B P =0.482 P =0.087 P=0.013
s s 1 1 1
012 g 4
o I}
2 &
e
E 9 S 3
2 §
O @)
E 6 E 2
3 1
baseline 12W baseline12W baseline12W baseline12W
Qs8-Q10 Q8 Q9 Q10

Fig. 1 a The average itch domain scores of PBC-40 (Q8-Q10) at
baseline and at week 12 (12 W) of nalfurafine treatment are shown in
the participating Japanese PBC patients (n = 44). The error bars
represent standard deviations. b The average scores for each PBC-40
itch domain question (Q8, Q9, Q10) are shown at baseline and at
week 12 of nalfurafine treatment. The error bars represent standard
deviations

Analysis of the individual scores only identified a signifi-
cant reduction for Q10 (P = 0.013), but not for Question 8,
(P =0.482) or Question 9 (P =0.087) (Fig. 1b). The
scores in the other PBC-40 domains were not significantly
altered by this intervention (Fig. 2).

Changes in VAS, autotaxin levels, and SF-36
Next, we assessed pruritus using VAS. The mean VAS at
baseline and at week 12 was 42.9 and 29.3, respectively,

representing a more pronounced reduction (P = 0.001)
(Fig. 3a) than that detected by PBC-40. In contrast, serum
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Fig. 2 The average scores in the indicated PBC-40 domains at
baseline and at week 12 (12 W) of nalfurafine treatment are shown.
The error bars represent standard deviations
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Fig. 3 a The average VAS at baseline and at week 12 of nalfurafine
treatment (12 W) are shown. b The average serum autotaxin levels at
baseline and at week 12 of nalfurafine treatment are shown. The error
bars represent standard deviations

autotaxin levels at baseline and at week 12 were 1.10 and
1.17 mg/L, respectively, representing a significant increase
after treatment intervention with nalfurafine (P < 0.001)
(Fig. 3b). The scores in each domain of the SF-36 were not
significantly altered by intervention with nalfurafine
(Fig. 4).

Association of VAS/PBC-40 with SF-36

Significant associations were repeatedly observed between
PBC-40 and SF-36 in the original study [19] and in our
previous validation of the Japanese version of PBC-40
[18]. The present study confirmed that there were signifi-
cant correlations between every combination of PBC-40
and SF-36 domains (Table 2). However, it is notable that
the PBC-40 itch domain showed a relatively weak corre-
lation with SF-36, and the Pearson correlation coefficients
were > — (0.5 in each domain (Table 2). Additionally,
VAS also showed a weak correlation with each domain of
SF-36. Collectively, these findings indicate that although
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Fig. 4 The average score for P=0.902 P=0.306 P=0.107 P=0.227 P=0.761 P=0.142 P=0.071  P=0.353
each SF-36 domain at baseline | | | | ' | | | | | | | | | | |
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Table 2 Association of VAS PF RP BP GH VT SF RE MH
and PBC-40 domains with SF-
36 domains at baseline VAS — 0138 —0399 —0279 —0388 —0360 —0155 —0241 —0224
Itch —0.183 —-0397 —-0367 —0393 —0369 —0.192 —0.373 —0.269
Symptoms — 0.264 — 0.556 — 0.663 —0.507 —0.596 — 0485 —0.527 — 0.521
Fatigue — 0438 —0702 —0584 —0692 —0.892 —0618 —0.707 — 0.660
Cognitive - 0530 —-0567 —0.552 —0.198 —0470 —0423 —0.592 — 0423
Social - 0459 —0.627 —0473 —0.525 —0.594 —0.702 —0.610 — 0.567
Emotional — 0.253 —0.348 —0.320 —0.605 —0.534 —0.618 —0.394 — 0.554

Data represent the Pearson correlation coefficients, shown in bold text if < — 0.5

PF physical functioning, RP role-physical, BP bodily pain, GH general health perception, VT vitality, SF
social functioning, RE role-emotional, MH mental health

SF-36 provides a generic HRQOL assessment tool, it is less
sensitive to impairments in HRQOL caused by pruritus.

Analysis of the associations between the changes
in VAS and PBC-40 itch scores and other variables

Finally, we aimed to elucidate whether any clinical or
laboratory variables were related to the changes in VAS or
PBC-40 itch scores. We analyzed age at diagnosis, follow-
up period, age at participation, serum levels of aspartate
transaminase, alanine transaminase, and alkaline phos-
phatase (x ULN), and serum levels of bilirubin and albu-
min as continuous variables, and sex, the presence of
clinical events, and use of bezafibrate as categorical vari-
ables. UDCA was used in 43 of the 44 enrolled patients and
therefore use of UDCA was not evaluated. As shown in
Table 3a, there were no significant correlations between
the change in VAS or PBC-40 itch scores and continuous

variables. The P value was only < 0.05 for the association
between age at participation and the PBC-40 itch score
(P = 0.030); the association between age at participation
and VAS was not significant (P = 0.123). Serum levels of
liver enzymes, bilirubin and albumin were not significantly
associated with the changes in VAS or the PBC-40 itch
score. In addition, sex, the presence of clinical events, and
use of bezafibrate were not associated with the change in
VAS or PBC-40 itch score (Table 3b). Taken together, this
analysis indicated that the efficacy of nalfurafine was not
dependent on these clinical parameters.

Discussion
The current multicenter, post-marketing, single-arm,

prospective study had four main aims. First, it investigated
the efficacy of nalfurafine for pruritus in patients with PBC
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Table 3 Associations between clinical and laboratory variables and the changes in VAS and PBC-40 itch score between baseline and week 12

Variables VAS PBC-40 itch score
R P R P
(a) Continuous variables
Age at diagnosis (years) 0.270 0.096 — 0.064 0.687
Follow-up period (years) 0.125 0.436 — 0.254 0.096
Age at participation (years) — 0.251 0.123 — 0.336 0.030
Aspartate aminotransferase (U/L) — 0.180 0.261 — 0.244 0.110
Alanine aminotransferase (U/L) — 0.019 0.906 — 0.103 0.505
Alkaline phosphatase (x ULN) 0.175 0.279 — 0.216 0.164
Bilirubin level (mg/dL) — 0.140 0.382 — 0.05 0.747
Albumin level (g/dL) — 0.176 0.272 — 0.074 0.635
Variables Categories VAS PBC-40 itch score
Mean (SD) P Mean (SD) P
(b) Categorical variables
Sex Male (n = 5) — 6.75 (5.55) 0.465 — 2.00 (4.55) 0.570
Female (n = 39) 16.5 (2.02) 10.8 (2.71)
Presence of events Absent (n = 9) 26.1 (2.56) 0.153 10.0 (3.32) 0.924
Present (n = 35) 10.6 (2.50) 8.8 (2.91)
Use of bezafibrate Yes (n = 6) 12.2 (2.89) 0.852 — 5.00 (3.39) 0.298
No (n = 38) 14.6 (2.53) 11.6 (2.83)

R indicates the Pearson correlation coefficient, ULN upper limit of normal

and moderate to severe pruritus. Second, it explored whe-
ther any clinical variables were associated with the efficacy
of nalfurafine. Third, it determined whether the serum
autotaxin level, reported to serve as a biomarker of pruritus
[16], associated with the severity of pruritus in patients
with PBC. Finally, and most importantly, it examined
whether an improvement of pruritus was linked to better
PRO; this is regarded as a vital outcome in PBC because
overall survival in patients with this condition is excellent
and comparable to that of the general population.

In the current study, the scores for the PBC-40 itch
domain and VAS declined significantly following nalfu-
rafine treatment, confirming the efficacy of nalfurafine for
cholestatic pruritus that was previously demonstrated in a
phase 3 trial in Japan [14]. As pruritus is a subjective
symptom, the placebo effect should not be underestimated.
Indeed, the phase 3 trial of nalfurafine found that VAS
declined by 19.46 points at week 4 even in the placebo
group [14]. A placebo arm was not included in the design
of the current study and it is therefore possible that this
effect contributed to the observed improvement of pruritus.
However, since nalfurafine has been officially approved for
refractory pruritus in patients with chronic liver diseases,
including PBC, it was not ethically valid to assign partic-
ipants to a placebo arm.
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The decline in score was more pronounced for VAS than
for the PBC-40 itch score. This is probably because the itch
domain of PBC-40 includes three items (questions), and
these yielded different responses. Both Question 8 “Itching
disturbed my sleep the time” and Question 9 “I scratched
so much I made my skin raw” relate to very severe pru-
ritus, while Question 10 “I felt embarrassed because of the
itching” could apply to milder pruritus. As a result, the
mean score and the decline following nalfurafine treatment
were greatest for Q10, and lower in Q8 and Q9. On the
other hand, VAS can measure generic and mild pruritus.
Therefore, the score and extent of decline were comparable
for VAS and Q10, but not for Q8 and Q9.

The phase 3 trial of nalfurafine for patients with PBC did
not provide detailed clinical information and it is therefore
unclear which patients will benefit from nalfurafine and
which will not. To address this, we searched for any
associations between clinical variables and the change in
VAS/PBC-40 itch domain, but failed to find any relation-
ships between these. In our previous observational study,
which was performed to screen patients for this study, we
found that the severity of pruritus (measured by PBC-40
itch scores in Japanese PBC patients) was independently
associated with a longer follow-up period and lower serum
albumin levels [17]; however, neither the follow-up period
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nor the serum albumin level was associated with the
treatment-associated change in PBC-40/VAS. This indi-
cated that nalfurafine is likely to be effective in all patients
with PBC, regardless of their clinical characteristics
including age, sex, and disease progression. We should
note, however, that the sample size was not large enough to
draw conclusive results.

Autotaxin is a 125-kD type II ectonucleotide
pyrophosphatase/phosphodiesterase that catalyzes the
conversion of lysophosphatidylcholine into lysophospha-
tidic acid [23], which is a potential mediator of cholestasis-
induced pruritus [24]. The serum autotaxin level was pre-
viously reported to associate with cholestatic pruritus [25].
Therefore, we expected serum autotaxin levels to decrease
along with the improvement in pruritus with nalfurafine
treatment, but this was not the case. The reason for this
discrepancy is unclear but we believe that the role of
autotaxin in cholestatic pruritus should be further evaluated
in Japanese patients with PBC. All previous reports
demonstrating the association of autotaxin with pruritus
came from European countries, and pruritus may be
influenced by social and cultural backgrounds.

Although the severity of pruritus was improved by
nalfurafine, the scores in other PBC-40 domains were not
affected, suggesting that overall PRO was not improved by
nalfurafine treatment. Furthermore, the baseline SF-36
scores were < 50, which is defined as the mean of the
general population. Therefore, PRO measured by the SF-36
was impaired at baseline, especially in the physical func-
tioning and role-physical domains. The SF-36 scores were
not altered by nalfurafine treatment. These findings could
partly reflect the fact that other domains of PBC-40 and the
SF-36 were originally designed to be less sensitive to
pruritus. The “symptoms” domain of PBC-40 mainly
measures pain, abdominal discomfort, and dryness, rather
than pruritus. Similarly, the SF-36 asks about symptoms of
body pain and fatigue but not about pruritus. Nevertheless,
it is obvious that nalfurafine did not affect emotional,
social, or cognitive PBC-40 domains or the general health
perception, vitality, social functioning, role-emotional, and
mental health domains of SF-36, resulting in no marked
improvement of PRO. In this regard, we conclude that
nalfurafine has some efficacy for the treatment of pruritus
in patients with PBC, but that this effect was not sufficient.
We should note, however, that treatment with nalfurafine
was limited to 3 months in the current study and the PRO
measured by other domains of PBC-40 and SF-36 may be
improved if the treatment will be continued much longer.
Nevertheless, more effective anti-pruritic drugs capable of
resolving cholestasis, which is involved in the etiology of
pruritus in PBC, are strongly warranted to improve PRO in
patients with PBC and pruritus.
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