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Shorter pruritus period and milder 
disease stage are associated 
with response to nalfurafine 
hydrochloride in patients 
with chronic liver disease
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Hidenori Toyoda4, Koichi Takaguchi5, Joji Tani6, Asahiro Morishita6, Atsushi Hiraoka7, 
Shigeru Mikami8, Toru Ishikawa9, Hironao Okubo10, Tsunamasa Watanabe11, 
Tomomi Okubo12, Taeang Arai1, Korenobu Hayama12, Norio Itokawa1, Chisa Kondo1 & 
Katsuhiko Iwakiri1

Nalfurafine hydrochloride, a selective κ-opioid receptor agonist has been approved for pruritus in 
patients with chronic liver disease. However, not all patients respond to nalfurafine hydrochloride. The 
aim of this study was to clarify the efficacy of nalfurafine hydrochloride. The subjects were patients 
with chronic liver disease complicated by pruritus who were treated with nalfurafine hydrochloride 
between May, 2015, and May, 2021. The degree of pruritus was evaluated based on the Visual Analog 
Scale (VAS) score and the Kawashima’s pruritus score. Nalfurafine hydrochloride 2.5 μg was orally 
administered once a day for 12 weeks. A decrease in the VAS score of ≥ 25 mm or the Kawashima’s 
pruritus score of ≥ 1 scores was designated as relevant response. The former of ≥ 50 mm or the latter 
of ≥ 2 scores as remarkable response. The 326 patients who were evaluated the efficacy at 12 weeks. 
The median time suffering from pruritus to administration of nalfurafine hydrochloride was 4 months. 
The median VAS score improved from 70.0 mm before administration to 40.0 and 30.0 mm at 4 
and 12 weeks of treatment, respectively. On multivariate analysis, shorter itching period and lower 
FIB-4 index value were extracted as the independent factors related to remarkable responder. On 
multivariate analysis, shorter itching period was extracted as the only independent factor related to 
relevant responder. In conclusion, this study suggested nalfurafine hydrochloride treatment markedly 
improves pruritus in patients with chronic liver disease. A short pruritus period and less-advanced 
fibrosis were associated with response to nalfurafine hydrochloride.

Pruritus (also known as itch) is defined as an uncomfortable sensation of the skin that provokes a desire to 
scratch. The characteristics and complaints of pruritus differ from person to person. Some people complain 
that “itch boiling up from inside the body,” while others complain that “sudden attacks of itching.” Such various 
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pruritic conditions occur not only in patients with skin disease (such as atopic dermatitis and urticaria) but 
also in patients with diabetes, chronic kidney disease, and chronic liver disease1. The prevalence of pruritus in 
patients with chronic liver disease is approximately 40%2, while that in the general population is approximately 
8%3. Pruritus in many patients with chronic liver disease is caused by cholestasis; however, the degree of pruritus 
is not always correlated with the grade of cholestasis and serum bile acid concentrations, because it is influenced 
by multiple factors4.

The mechanism underlying pruritus (including itch-related nervous systems) is complex, and not fully elu-
cidated. Peripheral pruritus is considered as an inflammatory reaction and is responsive to conventional treat-
ments (such as antihistamine, antiallergic drugs, moisturizer, and topical steroids). When stimulated by an IgE 
antibody and complement, mast cells in the skin dermis and subcutaneous adipose tissue release substances (such 
as histamine and protease), which bind to the itching receptors in the dermoepidermal junction. The itch signals 
are transmitted to the spinal cord through the C fibers and are finally recognized as pruritus in the cerebrum.

Meanwhile, central pruritus is considered imbalances in the expression and/or activation of the μ- and 
κ-opioid systems5 and is less responsive to conventional treatments. Pruritus is triggered by μ-opioid receptor 
agonists and suppressed by κ-opioid receptor agonists. Since the κ-opioid receptor has an opposite pharmaco-
logical action on the μ-opioid receptor, the κ-opioid receptor activation inhibits the μ-opioid receptor-mediated 
action. Endogenous opioids (such as β-endorphin and dynorphin) are produced by keratinocytes and nerve 
cells. β-endorphin (ligand of the μ-opioid receptor) induces pruritus, whereas dynorphin (ligand of the κ-opioid 
receptor) inhibits pruritus. Under the normal conditions (without itch), the μ- and κ-opioid receptor activities 
maintain equilibrium.

Patients with chronic liver disease frequently have universal pruritus, which is not or less responsive to 
conventional treatments largely due to central pruritus. Nalfurafine hydrochloride, a selective κ-opioid recep-
tor agonist, has recently been approved as a new anti-central itch drug for patients with chronic liver disease 
accompanied by pruritus in Japan, based on the treatment outcomes in a randomized, double-blinded trial6,7. 
This randomized trial demonstrated the efficacy of nalfurafine hydrochloride 2.5 or 5 μg daily for 12 weeks using 
a visual analogue scale (VAS) and the pruritus score. Another clinical study showed that the response rate to 
nalfurafine hydrochloride was 71% in 24 refractory pruritus patients8. However, these studies excluded patients 
with severe liver cirrhosis (i.e., Child–Pugh class C) from the subjects, who may have more frequent or more 
severe pruritus. In addition, they did not evaluate which factors were associated with the effect of nalfurafine 
hydrochloride.

The aim of this multicenter study was to determine factors associated with the response to nalfurafine hydro-
chloride in a relatively large, real-world cohort, including patients with severe liver cirrhosis.

Results
Characteristics of patients.  Of the 347 patients, 326 patients who received nalfurafine hydrochloride as 
scheduled for 12 weeks without any adverse events (Table 1). The remaining 21 patients discontinued the treat-
ment within the first 4 weeks due to adverse events and were excluded from this analysis (Fig. 1, Supplementary 
Table 1). The study cohort comprised 164 males and 162 females, with a median age of 71 (range, 18–93) years. 
The most prevalent etiology of liver disease was chronic hepatitis C (35.0%; 114/326). Of the 326 patients, 192 
(58.9%), 84 (25.8%), and 50 (15.3%) had Child–Pugh class A, B, and C, respectively. Sixty (18.4%) patients had 
a history of hepatocellular carcinoma treatment. The median period from pruritus onset to nalfurafine hydro-
chloride administration was 4.0 (range, 0.25–120) months.

Changes in the degree of pruritus after nalfurafine hydrochloride.  The VAS scores and Kawashi-
ma’s scores at baseline were moderately correlated (r = 0.563, p = 3.78 × 10−8). The VAS scores of 58.0 ± 14.7 mm, 
69.5 ± 13.6  mm, and 81.3 ± 14.3  mm corresponded to the Kawashima’s scores of 2, 3, and 4, respectively 
(p = 6.18 × 10−14). The median VAS scores significantly improved from 70.0 mm at baseline to 40.0 and 30.0 mm 
at 4 and 12 weeks of treatment, respectively (p = 1.47 × 10−21 and 7.74 × 10−6, respectively; Supplementary Fig. 1). 
No differences in the VAS scores at baseline were noted between different etiologies of chronic liver disease 
(p = 0.84; Supplementary Fig. 2). The Kawashima’s scores significantly improved at 4 and 12 weeks of treatment 
in the daytime (p = 7.90 × 10−34 and 9.05 × 10−51, respectively) and nighttime (p = 1.83 × 10−32 and 2.15 × 10−46, 
respectively; Supplementary Fig. 3).

Factors associated with remarkable response to nalfurafine hydrochloride.  Of the 326 patients 
who completed the treatment as scheduled, 147 (45.4%) had remarkable response. At baseline, remark-
able responders showed a shorter itching period (p = 1.29 × 10−5), Child–Pugh A or B (p = 6.31 × 10−3), higher 
platelet count (p = 1.88 × 10−8), higher prothrombin time (p = 6.68 × 10−4), lower aspartate aminotransferase 
(p = 4.02 × 10−3), lower total bilirubin (p = 2.41 × 10−2), lower FIB-4 index (p = 4.01 × 10−8), and lower ALBI score 
(p = 1.04 × 10−4), as compared to non-remarkable responders (Supplementary Table 2). No significant difference 
was noted in other baseline factors between the two groups.

On univariate analysis, the itching period (p = 2.70 × 10−3), Child–Pugh A or B (p = 2.17 × 10−2), platelet count 
(p = 2.28 × 10−4), prothrombin time (p = 5.58 × 10−4), FIB-4 index (p = 8.07 × 10−6), and ALBI score (p = 2.02 × 10−4) 
were significantly associated with remarkable response. On multivariate analysis, the itching period (odds ratio, 
0.96; p = 2.10 × 10−3) and FIB-4 index (odds ratio, 0.83; p = 2.08 × 10−3) were extracted as the independent fac-
tors (Table 2). In the ROC curve analysis, the optimal cut-off values of the itching period and FIB-4 index for 
predicting remarkable response were 5 months (sensitivity 60.7%, specificity 60.4%, AUC 0.624; Fig. 2a) and 3.74 
(sensitivity 65.3%, specificity 64.1%, AUC 0.681; Fig. 2b), respectively. The response rates were 30.1% vs. 53.0% in 
patients with the itching period of ≥ 5 vs. < 5 months (p = 1.41 × 10−4; Fig. 2c) and 32.7% vs. 42.2% in patients with 
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FIB-4 index of ≥ 3.74 vs. < 3.74 (p = 1.38 × 10−6; Fig. 2d). No differences in the response rates were noted between 
nalfurafine hydrochloride alone and concurrent treatment with other conventional agents (Supplementary Fig. 4).

Factors associated with relevant response to nalfurafine hydrochloride.  Of the 326 patients, 222 
(68.1%) had relevant response. At baseline, relevant responders showed a shorter itching period (p = 9.01 × 10−4) 
and Child–Pugh A or B (p = 3.38 × 10−3) as compared to non-responders (Supplementary Table 3). No significant 
difference was noted in other baseline factors between the two groups. On univariate analysis, the itching period 
(p = 1.15 × 10−2), Child–Pugh A or B (p = 3.47 × 10−2), and total bilirubin (p = 2.25 × 10−2) were significantly asso-
ciated with relevant response. On multivariate analysis, the itching period (odds ratio, 0.95; p = 2.95 × 10−3) was 
extracted as the only independent factor (Table 3).

Effect of nalfurafine hydrochloride dose escalation.  Of the 326 patients, 104 (31.9%) had no response. 
Of the 104 non-responders, 11 had exacerbation despite nalfurafine hydrochloride administration (Fig. 1). There 
were no significant baseline factors between non-responders with and without exacerbation (n = 11 and 93, 
respectively; Supplementary Table 4). The dose escalation (from 2.5 to 5.0 μg/day at 4 weeks of treatment) was 
performed in 24 patients. These 24 patients showed a longer itching period (p = 2.30 × 10−2), Child–Pugh C 
(p = 3.37 × 10−2), lower platelet count (p = 7.45 × 10−5), lower serum albumin (p = 2.41 × 10−3), higher total biliru-
bin (p = 1.30 × 10−2), higher FIB-4 index (p = 9.33 × 10−6), and higher ALBI score (p = 5.55 × 10−4), as compared 
to the remaining 302 patients without dose escalation (Supplementary Table 5). Of note, the dose escalation 
significantly improved the VAS and Kawashima scores (p = 3.25 × 10−3 and 4.12 × 10−3, respectively; Fig. 3). Of 
the 24 patients with dose escalation, 16, 8, and 8 had relevant response, remarkable response, and non-response, 

Table 1.   Baseline characteristics of the 326 patients. Data are presented as numbers or medians (ranges). HCV 
hepatitis C virus, PBC primary biliary cholangitis, Alc alcoholic hepatitis, NASH non-alcoholic steatohepatitis, 
HBV hepatitis B virus, AIH autoimmune hepatitis, PT prothrombin time, AST aspartate aminotransferase, 
ALT alanine aminotransferase, ALP alkaline phosphatase, γ-GTP gamma glutamyl transpeptidase, BUN blood 
urea nitrogen, eGFR estimated glomerular filtration rate, AFP α-fetoprotein, M2BPGi Mac-2 binding protein 
glycosylation isomer, FIB-4 fibrosis-4, ALBI score albumin–bilirubin score, MELD score model for end-stage 
liver disease score.

Factor

Gender (male/female) 164/162

Age (years) 71 (18–93)

Height (cm) 158 (133–176)

Body weight (kg) 57.2 (29.0–102.5)

Itching period (months) 4.0 (0.25–120)

HCV/PBC/Alc/NASH/HBV/AIH/Overlap/Others 114/62/47/41/21/11/6/24

Child–Pugh classification A/B/C 192/84/50

Hepatocellular carcinoma (presence/absence) 60/266

Ascites (none/mild/moderate) 255/41/30

Hepatic encephalopathy (none/grade I–II/grade III–IV) 284/31/11

Past history of spontaneous bacterial peritonitis (yes/no) 2/324

Past history of variceal bleeding (yes/no) 3/323

White blood cell (/mm3) 4800 (1100–21,330)

Hemoglobin (g/dL) 11.7 (6.7–18.7)

Platelet (× 103/mm3) 126 (23–549)

PT (%) 80.6 (6.7–173)

Albumin (g/dL) 3.5 (1.5–4.8)

AST (U/L) 37 (3–1177)

ALT (U/L) 25 (2–1509)

Total bilirubin (mg/dL) 1.0 (0.2–29.0)

ALP (U/dL) 391 (75–4600)

γ-GTP (mg/dL) 47 (9–1769)

BUN (mg/dL) 17.0 (4.8–143.2)

Creatinine (mg/dL) 0.84 (0.33–11.7)

eGFR (mL/min/1.73 m2) 61.0 (3.9–140.2)

AFP (ng/mL) 4.3 (0.7–180,434)

M2BPGi (C.O.I.) 2.66 (0.42–18.2)

FIB-4 index 3.84 (0.52–31.0)

ALBI score − 2.17 (− 3.53 to 0.67)

MELD score 11.1 (6–30)
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Figure 1.   Flow chart of this study.

Table 2.   Univariate and multiple logistic regression analyses of factors associated with remarkable response 
to nalfurafine hydrochloride. OR odds ratio, CI confidence interval, VAS Visual Analog Scale, AST aspartate 
aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, FIB-4 fibrosis-4.

Factor

Univariate analysis Multivariate analysis

OR 95%CI P value OR 95%CI P value

Age 0.99 0.97–1.01 0.44

Body weight 0.99 0.98–1.02 0.96

Itching period 0.96 0.93–0.99 2.70 × 10–3 0.96 0.92–0.99 2.10 × 10–3

Baseline VAS 1.01 0.99–1.03 0.24

Child–Pugh class C (vs. A and B) 0.46 0.24–0.89 2.17 × 10–2

Hepatocellular carcinoma (presence) 1.50 0.85–2.63 0.16

Platelet 1.05 1.03–1.09 2.28 × 10–4

PT 1.02 1.00–1.03 5.58 × 10–4

AST 1.00 0.99–1.00 0.23

ALT 1.00 0.99–1.00 0.99

Total bilirubin 0.97 0.91–1.05 0.48

ALP 1.00 0.99–1.00 0.66

Creatinine 1.10 0.95–1.28 0.19

FIB-4 index 0.84 0.77–0.91 8.07 × 10–6 0.83 0.81–0.99 2.08 × 10–3

ALBI score 0.57 0.43–0.77 2.02 × 10–4



5

Vol.:(0123456789)

Scientific Reports |         (2022) 12:7311  | https://doi.org/10.1038/s41598-022-11431-1

www.nature.com/scientificreports/

Figure 2.   The optimal cut-off values of the itching period and FIB-4 index and the remarkable response rates. 
(a,b) The optimal cut-off values on the ROC curves in predicting remarkable response were 5 months for the 
itching period and 3.74 for FIB-4 index. (c,d) The remarkable response rates were 30.1% vs. 53.0% in patients 
with the itching period of ≥ 5 vs. < 5 months (p = 1.41 × 10−4) and 32.7% vs. 42.2% in patients with FIB-4 index 
of ≥ 3.74 vs < 3.74 (p = 1.38 × 10−6).

Table 3.   Univariate and multiple logistic regression analyses of factors associated with relevant response to 
nalfurafine hydrochloride. OR odds ratio, CI confidence interval, VAS Visual Analog Scale, AST aspartate 
aminotransferase, ALT alanine aminotransferase, FIB-4 fibrosis-4.

Factor

Univariate analysis Multivariate analysis

OR 95%CI P value OR 95%CI P value

Age 1.00 0.98–1.02 0.44

Body weight 1.01 0.99–1.03 0.96

Itching period 0.97 0.96–0.99 1.15 × 10–2 0.95 0.93–0.98 2.95 × 10–3

Baseline VAS 1.01 0.99–1.03 0.46

Child–Pugh Class C (vs. A and B) 0.40 0.22–0.74 3.47 × 10–2

Hepatocellular carcinoma (presence) 1.36 0.73–2.54 0.34

Platelet 1.01 0.98–1.04 0.37

PT 1.00 0.99–1.01 0.73

AST 0.99 0.98–1.00 0.07

ALT 1.00 0.99–1.00 0.26

Total bilirubin 0.91 0.85–0.99 2.25 × 10–2

Creatinine 1.06 0.91–1.23 0.46

FIB-4 index 0.95 0.90–1.01 0.09

ALBI score 0.78 0.59–1.05 0.10
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respectively (Fig.  1). There were no significant factors between patients with remarkable response and non-
remarkable response (Supplementary Table 6).

Adverse events.  During the observation period, nalfurafine hydrochloride was discontinued due to the 
following adverse events within 4 weeks (Fig. 1, Supplementary Table 1): 3 flutter (0.8%), 3 renal dysfunction 
(0.8%), 2 nausea (0.5%), 1 abdominal pain (0.2%), and 1 eosinophilia (0.2%). Eleven patients died of the fol-
lowing causes: 4 hepatocellular carcinoma, 3 liver failure, 3 gastrointestinal bleeding, and 1 septic shock. These 
deaths were related to aggravation of underlying advanced liver disease, but not nalfurafine hydrochloride. All 
adverse events and deaths occurred in patients who received nalfurafine hydrochloride 2.5 μg/day. No other 
serious adverse events were observed.

Discussion
Patients with chronic liver disease are frequently accompanied by pruritus. Pruritus is usually treated with anti-
histamine, antiallergic drugs, and topical steroids9. These treatments mainly mitigate peripheral (but not central) 
pruritus symptoms; therefore, their effects are not always sufficient for patients with central pruritus10. In such 
patients, β-endorphin relatively strongly activates the μ-opioid receptor compared to dynorphin (which activates 
the κ-opioid receptor), resulting in a predominance of the pruritus-inducing μ-opioid system over the pruritic 
inhibitory κ-opioid system11. Therefore, the development of κ-opioid receptor agonists, such as nalfurafine hydro-
chloride, is crucial for prevailing over the pruritus-inducing μ-opioid system. Previous studies mainly reported 
the prevalence of pruritus in patients with chronic liver disease and the effect of nalfurafine hydrochloride and 
the treatment response rates in those with pruritus6,8. However, factors influencing the treatment response have 
not been evaluated and thus remains unclear. In addition, patients with Child–Pugh class C have been excluded 
from the study subjects. This study is the first report to identify the factors related to the response to nalfurafine 
hydrochloride in a relatively large, real-world cohort, including patients with Child–Pugh class C.

The liver may play a major role in the inactivation of blood-borne opioid peptides, which comprise eight or 
fewer amino acids and are inactivated largely by enzymatic degradation. Plasma levels of opioid peptides are 
likely to increase in patients with liver disease. Plasma β-endorphin levels were reported to increase in patients 
with primary biliary cholangitis accompanied by pruritus, and itch sensation was more severe in those with liver 
cirrhosis12,13. Patients with ascites showed the highest plasma level of Met-enkephalin, an endogenous opioid 
activating the δ and μ receptors, compared to those without ascites or liver cirrhosis and healthy controls14. In 
patients with chronic hepatitis C, high liver stiffness measurement was associated with pruritus even after suc-
cessful anti-viral treatment15. These findings suggest that advanced liver fibrosis and poor liver functional reserve 
lead to the elevation of plasma levels of endogenous opioids (such as β-endorphin and Met-enkephalin), which 
could promote activation of the μ-opioid receptor in the itch-inducing system.

Although this study did not evaluate plasma levels of endogenous opioids, comparison between the groups 
and univariate/multivariate analysis identified Child–Pugh class A or B, higher levels of platelet count and pro-
thrombin time, and lower levels of total bilirubin, FIB-4 index, and ALBI score as significant factors associated 
with the treatment responses. These analysis results suggest that patients with less-advanced liver fibrosis and 

Figure 3.   Changes in the visual analog sale score and Kawashima score of pruritus severity after nalfurafine 
hydrochloride in patients with dose escalation at 4 weeks.
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better liver functional reserve have the likelihood of achieving remarkable response and relevant response to 
nalfurafine hydrochloride.

In a randomized, double-blinded study in Japan7, there was no difference in the remarkable response rate to 
nalfurafine hydrochloride between the 2.5 and 5.0 μg/day groups (43.8% and 44.4%, respectively). Considering 
that this randomized controlled study excluded patients with advanced disease stage (i.e., Child–Pugh class C) 
from the subjects, the dose of 2.5 μg/day of nalfurafine hydrochloride may be sufficiently effective for patients 
with less-advanced disease stage. In this study, patients with advanced liver fibrosis and poor liver functional 
reserve were likely to be resistant to the initial dose of nalfurafine hydrochloride (2.5 μg/day); however, the dose 
escalation to 5.0 μg/day improved low dose-resistant symptoms without any adverse events. Therefore, nalfurafine 
hydrochloride is initiated with the dose of 2.5 μg/day. When pruritus is not adequately improved at 4 weeks of 
treatment, the dose escalation to 5.0 μg/day should be adopted, especially in patients with advanced liver fibrosis 
and poor liver functional reserve.

In patients suffering from discontinuous pruritus, itching sensation is inhibited through the inhibitory local 
circuits in the spinal cord and brain by scratching the skin and stimulating the pain receptors16,17. Therefore, 
scratching the skin seems to be “rewarded” for inhibiting pruritus. Meanwhile, in patients suffering from continu-
ous pruritus (such as those with chronic liver disease), itching sensation is not inhibited by scratching the skin 
and stimulating the pain receptors, because pain is perceived as pruritus through central sensitization. Although 
central sensitization to pruritus have not been fully clarified yet, it is reported that a broad overlap of the receptor 
systems exists between pain and itch, and therefore, repeated short intervals of peripheral pain stimulation result 
in the perception as pruritus18,19. In patients who fall into this condition, unrestrained scratching persistently 
induces the inflammatory cytokine release, resulting in the aggravation of inflammation. Furthermore, peripheral 
pain stimulation activates the striatum and limbic regions of the cortex, the reward and motivation centers20. In 
turn, this augmented inflammatory reaction further exacerbates pruritus, leading to a vicious cycle of itch and 
scratching (so-called “itch-scratch cycle”)21. In this study, a short itching period was identified as a significantly 
independent or the strongest factor associated with the treatment responses, suggesting that nalfurafine hydro-
chloride should be administered as early as possible when pruritus occurs. Early intervention with nalfurafine 
hydrochloride may disrupt the “itch-scratch cycle” and alleviate continuous central pruritus.

There are limitations of this study. First, the duration of the evaluation period was only 12 weeks, so that the 
long-term effect of nalfurafine hydrochloride was unclear. Second, the influence of the season on the treatment 
effect was not evaluated. Seasonal changes in pruritus symptoms due to the aggravating factors, such as skin 
stimulation by sweating in summer and dry skin in winter, have been reported4. Third, chemical mediators/sub-
stances, which promote or inhibit pruritus, were not investigated. Fourth, the improvement of pruritus-related 
symptoms (such as quality of life and sleep) with the treatment was not assessed. Finally, the sample size might 
be relatively small to clarify the factors associated with response to nalfurafine hydrochloride in patients with 
chronic liver disease.

In conclusion, this study confirms that nalfurafine hydrochloride treatment markedly and safely improves 
pruritus in patients with chronic liver disease. A short pruritus period, less-advanced fibrosis, and better liver 
functional reserve were associated with response to nalfurafine hydrochloride; therefore, early therapeutic inter-
vention could improve pruritus more efficiently. It is necessary to pay attention to pruritus in patients with 
chronic liver disease, especially those with advanced disease stage, in clinical practice.

Materials and methods
Subjects.  Between May 2015 and May 2021, 347 patients with chronic liver disease received nalfurafine 
hydrochloride for refractory pruritus in the 17 participating centers. Pruritus was graded based on the VAS 
score22 and the scoring system established by Kawashima et al.23. The patients were interviewed directly or in 
writing about their treatment history for pruritus, and the degree of improvement of symptoms and adverse 
effects in previous treatment. Refractory pruritus was defined as an inadequate effect of skin care (such as mois-
turizing) and/or existing treatment methods (such as antihistamine, antiallergic drugs, and topical steroids); 
VAS score of ≥ 25 or ≥ 50 mm; or Kawashima’s pruritus score of ≥ 1 or ≥ 2 despite the treatment. The degree of 
liver fibrosis was assessed using the FIB-4 index24. Liver functional reserve was evaluated based on the albu-
min–bilirubin (ALBI) grade25. Exclusion criteria included: (1) atopic dermatitis, chronic urticaria, or organic 
skin disease with generalized itching, which may be difficult to assess itching caused by chronic liver disease; 
(2) complications of obstructive jaundice; (3) depression, schizophrenia, or dementia; (4) drug addiction or 
alcohol dependence; and (5) poor adherence to the medication or drug withdrawal. This study was approved by 
the Nippon Medical School Hospital Ethics Committee (IRB number: B-2020-277). All patients provided writ-
ten informed consent prior to study participation. The study protocol was executed in conformity to the ethical 
principles in the Declaration of Helsinki and the ethical guidelines those of medical and health research involv-
ing humans of the Ministry of Health, Labour and Welfare.

Nalfurafine hydrochloride administration protocol and definition of the effect.  Nalfurafine 
hydrochloride 2.5 μg (REMITCH CAPSULES, Toray Industries or Sumitomo Dainippon Pharma, Tokyo, Japan) 
was orally administered once daily after an evening meal or before the bedtime for 12 weeks. The dose could be 
increased from 2.5 to 5.0 μg (once daily) at 4 weeks when a patient’s complaint was poignant or pruritus dete-
riorated despite nalfurafine hydrochloride treatment. The degree of pruritus in the daytime and nighttime was 
quantitated or graded using the VAS score22 and Kawashima’s pruritus scoring system23. The VAS score ranges 
from 0 mm (no pruritus) to 100 mm (maximum pruritus)22. The Kawashima’s pruritus score comprises the five-
step evaluation, ranging from score 0 (almost no pruritus) to score 4 (very severe, unbearable pruritus, sleep 
disturbance by pruritus)23. Response to nalfurafine hydrochloride at 12 weeks of treatment was defined accord-
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ing to a placebo-controlled double-blind phase 3 study in Japan7 as follows: “relevant response” was defined 
as a decrease in the VAS score of ≥ 25 mm (represented by the mean of the scores recorded in the daytime and 
nighttime) or the Kawashima’s pruritus score of ≥ 1 (represented by the greater score recorded in the daytime and 
nighttime); and “remarkable responder” as the VAS score of ≥ 50 mm or the Kawashima’s pruritus score of ≥ 2. 
Conversely, “non-response” was defined as a decrease in the VAS score of < 25 mm or the Kawashima’s pruritus 
score of < 1 score. When pruritus was aggravated, the condition was designated as “exacerbation.” In all patients, 
the degrees of pruritus were collected from the patients at the initiation of nalfurafine hydrochloride, at the time 
of visit 4 and 12 weeks after administration, and information was obtained from the medical record containing 
the results.

Statistical analysis.  Changes in the VAS and Kawashima’s pruritus score after nalfurafine hydrochloride 
administration were evaluated using the Friedman test, followed by post-hoc pairwise comparisons with the 
Bonferroni test. The two groups were compared using the Mann–Whitney U test. Categorical data were analyzed 
using the Fisher’s exact test. Correlations between continuous variables were analyzed using the Spearman’s 
rank correlation test. The cut-off value of FIB-4 index for predicting treatment response was calculated using a 
receiver operating characteristic (ROC) curve. The cut-off value for each non-invasive test was determined cor-
responding to the point on the area under the curve (AUC), which was closest to the upper-left corner of the 
plot. A p-value < 0.05 was regarded as significant. Statistical analysis was performed using Excel Statistics 2015 
(SSRI, Tokyo).

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 2 February 2022; Accepted: 21 April 2022

References
	 1.	 Reamy, B. V., Bunt, C. W. & Fletcher, S. A diagnostic approach to pruritus. Am. Fam. Physician 84, 195–202 (2011).
	 2.	 Oeda, S. et al. Prevalence of pruritus in patients with chronic liver disease: A multicenter study. Hepatol. Res. 48, E252–E262 (2018).
	 3.	 Dalgard, F., Svensson, A., Holm, J. Ø. & Sundby, J. Self-reported skin morbidity among adults: Associations with quality of life and 

general health in a Norwegian survey. J. Investig. Dermatol. Symp. Proc. 9, 120–125 (2004).
	 4.	 Imam, M. H., Gossard, A. A., Sinakos, E. & Lindor, K. D. Pathogenesis and management of pruritus in cholestatic liver disease. J. 

Gastroenterol. Hepatol. 27, 1150–1158 (2012).
	 5.	 Takahashi, N. et al. Involvement of μ-opioid receptors and κ-opioid receptors in itch-related scratching behaviour of imiquimod-

induced psoriasis-like dermatitis in mice. Acta Derm. Venereol. 97, 928–933 (2017).
	 6.	 Kamimura, K. et al. Long-term efficacy and safety of nalfurafine hydrochloride on pruritus in chronic liver disease patients: 

Patient-reported outcome based analyses. PLoS One 12, e0178991 (2017).
	 7.	 Kumada, H. et al. Efficacy of nalfurafine hydrochloride in patients with chronic liver disease with refractory pruritus: A randomized, 

double-blind trial. Hepatol. Res. 47, 972–982 (2017).
	 8.	 Yoshikawa, S. et al. Pruritus is common in patients with chronic liver disease and is improved by nalfurafine hydrochloride. Sci. 

Rep. 11, 3015 (2021).
	 9.	 Gillespie, D. A. & Vickers, C. R. Pruritus and cholestasis: Therapeutic options. J. Gastroenterol. Hepatol. 8, 168–173 (1993).
	10.	 Yosipovitch, G., Rosen, J. D. & Hashimoto, T. Itch: From mechanism to (novel) therapeutic approaches. J. Allergy Clin. Immunol. 

142, 1375–1390 (2018).
	11.	 Moniaga, C. S. et al. Plasma dynorphin A concentration reflects the degree of pruritus in chronic liver disease. A preliminary 

report. Acta Derm. Venereol. 99, 442–443 (2019).
	12.	 Kawashima, Y. Studies on the causative agents of pruritus in primary biliary cirrhosis (involvement of opioid peptides). Teikyo 

Med. J. 28, 89–97 (2005).
	13.	 Raszeja-Wyszomirska, J. et al. Assessment of health related quality of life in polish patients with primary biliary cirrhosis. Clin. 

Res. Hepatol. Gastroenterol. 40, 471–479 (2016).
	14.	 Thornton, J. R., Dean, H. & Losowsky, M. S. Is ascites caused by impaired hepatic inactivation of blood borne endogenous opioid 

peptides?. Gut 29, 1167–1172 (1988).
	15.	 Tachi, Y. et al. Predictive ability of shear wave elastography for pruritus in chronic hepatitis C patients with sustained virological 

response. Eur. J. Gastroenterol. Hepatol. 30, 1066–1072 (2018).
	16.	 Davidson, S., Zhang, X., Khasabov, S. G., Simone, D. A. & Giesler, G. J. Jr. Relief of itch by scratching: State-dependent inhibition 

of primate spinothalamic tract neurons. Nat. Neurosci. 12, 544–546 (2009).
	17.	 Yosipovitch, G. et al. The brain processing of scratching. J. Investig. Dermatol. 128, 1806–1811 (2008).
	18.	 Ikoma, A., Steinhoff, M., Ständer, S., Yosipovitch, G. & Schmelz, M. The neurobiology of itch. Nat. Rev. Neurosci. 7, 535–547 (2006).
	19.	 Ishiuji, Y. et al. Repetitive scratching and noxious heat do not inhibit histamine-induced itch in atopic dermatitis. Br. J. Dermatol. 

158, 78–83 (2008).
	20.	 Murota, H. & Katayama, I. Exacerbating factors of itch in atopic dermatitis. Allergol. Int. 66, 8–13 (2017).
	21.	 Tuerk, M. J. & Koo, J. A practical review and update on the management of pruritus sine materia. Cutis 82, 187–194 (2008).
	22.	 Aitken, R. C. Measurement of feelings using visual analogue scales. Proc. R. Soc. Med. 62, 989–993 (1969).
	23.	 Kawashima, M. et al. Addition of fexofenadine to a topical corticosteroid reduces the pruritus associated with atopic dermatitis in 

a 1-week randomized, multicentre, double-blind, placebo-controlled, parallel-group study. Br. J. Dermatol. 148, 1212–1221 (2003).
	24.	 Sterling, R. K. et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfec-

tion. Hepatology 43, 1317–1325 (2006).
	25.	 Hiraoka, A. et al. Validation of modified ALBI grade for more detailed assessment of hepatic function in hepatocellular carcinoma 

patients: A multicenter analysis. Liver Cancer 8, 121–129 (2019).

Acknowledgements
The authors wish to thank all medical doctors from all institutions who were involved in this study.



9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:7311  | https://doi.org/10.1038/s41598-022-11431-1

www.nature.com/scientificreports/

Author contributions
T.K., M.A. and K.I. performed research; T.K. analyzed data; T.K., M.A. and A.T. wrote the paper; T.K., N.S., H.T., 
K.T., J.T., A.M., A.H., S.M., T.I., H.O., T.W., T.O., T.A., K.H., N.I. and C.K. contributed to acquisition of data. All 
authors approved the final version of the manuscript and the authorship list.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​11431-1.

Correspondence and requests for materials should be addressed to M.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-11431-1
https://doi.org/10.1038/s41598-022-11431-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Shorter pruritus period and milder disease stage are associated with response to nalfurafine hydrochloride in patients with chronic liver disease
	Results
	Characteristics of patients. 
	Changes in the degree of pruritus after nalfurafine hydrochloride. 
	Factors associated with remarkable response to nalfurafine hydrochloride. 
	Factors associated with relevant response to nalfurafine hydrochloride. 
	Effect of nalfurafine hydrochloride dose escalation. 
	Adverse events. 

	Discussion
	Materials and methods
	Subjects. 
	Nalfurafine hydrochloride administration protocol and definition of the effect. 
	Statistical analysis. 

	References
	Acknowledgements


