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BACKGROUND
Effective treatments for patients with primary biliary cholangitis are limited. Seladel-
par, a peroxisome proliferator–activated receptor delta agonist, has potential benefits.
METHODS
In this phase 3, 12-month, double-blind, placebo-controlled trial, we randomly as-
signed (in a 2:1 ratio) patients who had had an inadequate response to or who had 
a history of unacceptable side effects with ursodeoxycholic acid to receive oral 
seladelpar at a dose of 10 mg daily or placebo. The primary end point was a bio-
chemical response, which was defined as an alkaline phosphatase level less than 
1.67 times the upper limit of the normal range, with a decrease of 15% or more 
from baseline, and a normal total bilirubin level at month 12. Key secondary end 
points were normalization of the alkaline phosphatase level at month 12 and a change 
in the score on the pruritus numerical rating scale (range, 0 [no itch] to 10 [worst itch 
imaginable]) from baseline to month 6 among patients with a baseline score of at 
least 4 (indicating moderate-to-severe pruritus).
RESULTS
Of the 193 patients who underwent randomization and treatment, 93.8% received 
ursodeoxycholic acid as standard-of-care background therapy. A greater percentage 
of the patients in the seladelpar group than in the placebo group had a biochemical 
response (61.7% vs. 20.0%; difference, 41.7 percentage points; 95% confidence in-
terval [CI], 27.7 to 53.4, P<0.001). Normalization of the alkaline phosphatase level 
also occurred in a greater percentage of patients who received seladelpar than of 
those who received placebo (25.0% vs. 0%; difference, 25.0 percentage points; 
95% CI, 18.3 to 33.2, P<0.001). Seladelpar resulted in a greater reduction in the 
score on the pruritus numerical rating scale than placebo (least-squares mean 
change from baseline, −3.2 vs. −1.7; least-squares mean difference, −1.5; 95% CI, 
−2.5 to −0.5, P = 0.005). Adverse events were reported in 86.7% of the patients in 
the seladelpar group and in 84.6% in the placebo group, and serious adverse events 
in 7.0% and 6.2%, respectively.
CONCLUSIONS
In this trial involving patients with primary biliary cholangitis, the percentage of 
patients who had a biochemical response and alkaline phosphatase normalization 
was significantly greater with seladelpar than with placebo. Seladelpar also sig-
nificantly reduced pruritus among patients who had moderate-to-severe pruritus 
at baseline. The incidence and severity of adverse events were similar in the two 
groups. (Funded by CymaBay Therapeutics; RESPONSE ClinicalTrials.gov number, 
NCT04620733; EudraCT number, 2020 - 004348 - 27.)
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Primary biliary cholangitis is a rare 
liver disease, characterized by the destruc-
tion of the small intrahepatic bile ducts and 

accumulation of toxic bile acids, resulting in cho-
lestasis, inflammation, and biliary fibrosis, which 
can progress to cirrhosis and liver failure.1-4 Com-
mon symptoms are pruritus and fatigue.

Ursodeoxycholic acid is the only agent currently 
approved by the Food and Drug Administration 
(FDA) for first-line treatment of primary biliary 
cholangitis.2,5,6 However, up to 40% of patients 
treated with ursodeoxycholic acid have a persis-
tently elevated alkaline phosphatase level, bilirubin 
level, or both, which portends disease progres-
sion.2,3,5 Although peroxisome proliferator–acti-
vated receptor (PPAR) agonists7 and budesonide8 
are used off-label, obeticholic acid is the only FDA-
approved second-line treatment for primary bili-
ary cholangitis.2,6,9-11 In a phase 3, placebo-con-
trolled trial, 47% of patients who had had an 
inadequate response to or who had a history of 
unacceptable side effects with ursodeoxycholic 
acid and who were treated with obeticholic acid 
for primary biliary cholangitis had a response with 
respect to the levels of alkaline phosphatase and 
bilirubin; however, pruritus and serious adverse 
events were more common with obeticholic acid 
than with placebo.10 Additional FDA-approved ther-
apies for primary biliary cholangitis are needed.

Seladelpar is a drug candidate for the treatment 
of primary biliary cholangitis that selectively acti-
vates PPARδ.12 PPARδ is unique among PPAR iso-
types, with broad expression in cells that play a 
key role in the pathobiology of primary biliary 
cholangitis: hepatocytes, cholangiocytes, Kupffer 
cells, and stellate cells.13-15 The activation of PPARδ 
by seladelpar releases fibroblast growth factor 21 
(FGF21) from hepatocytes, which in turn reduc-
es the accumulation of bile acids by inhibiting 
the expression of cholesterol 7α-hydroxylase, the 
rate-limiting enzyme for bile acid synthesis.16,17 
Seladelpar decreases proinflammatory macro-
phages,18 an effect that is consistent with the 
known effect of PPARδ to promote the antiinflam-
matory M2 phenotype in Kupffer cells and macro-
phages.15,19

In a phase 2, open-label trial involving patients 
with primary biliary cholangitis, treatment with 
seladelpar for 1 year decreased alkaline phospha-
tase and bilirubin levels, patient-reported pruri-
tus, sleep disturbance, and fatigue.20,21 In a placebo-

controlled trial, after 3 months of treatment, 
patients who received seladelpar had significantly 
lower levels of alkaline phosphatase, bilirubin, 
and aminotransferases and greater amelioration 
of pruritus than those who received placebo.22 In 
both trials, no worrisome safety signals with 
seladelpar were reported. We report here the 
results of RESPONSE, a phase 3 trial to evaluate 
the efficacy and safety of oral, once-daily sela-
delpar over the course of 12 months in patients 
with primary biliary cholangitis.

Me thods

Patients

Patients 18 to 75 years of age who had received 
a diagnosis of primary biliary cholangitis were 
recruited at 90 sites in 24 countries. Inclusion 
criteria were treatment with ursodeoxycholic 
acid for at least 12 months or a history of unac-
ceptable side effects with ursodeoxycholic acid 
(last dose, >3 months before screening), an alka-
line phosphatase level of at least 1.67 times the 
upper limit of the normal range (ULN), aspar-
tate aminotransferase (AST) and alanine amino-
transferase (ALT) levels up to 3 times the ULN, 
a total bilirubin level up to 2 times the ULN, an 
estimated glomerular filtration rate of more than 
45 ml per minute per 1.73 m2, an international 
normalized ratio of less than 1.1 times the ULN, 
and a platelet count of at least 100,000 per cubic 
millimeter. Key exclusion criteria were advanced 
primary biliary cholangitis (an albumin level below 
the lower limit of the normal range and a total 
bilirubin level above the ULN),23 hepatic decom-
pensation, and any other chronic liver disease. 
Full eligibility criteria can be found in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org. All patients provided writ-
ten informed consent.

Trial Oversight and Design

The protocol (available at NEJM.org) was approved 
by the appropriate institutional review boards or 
ethics committees, and the trial was conducted 
according to the Good Clinical Practice guidelines 
and the principles of the Declaration of Helsinki. 
Employees of the funder (CymaBay Therapeutics) 
designed the trial and performed site monitoring, 
data collection, and data analysis. The first seven 
and last four authors vouch for the accuracy and 
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completeness of the data and for the fidelity of 
the trial to the protocol. The initial manuscript 
draft was prepared by a medical writer funded 
by CymaBay. Subsequent revisions and the final 
decision to submit the manuscript for publication 
were made by all the authors.

In this phase 3, multicenter, double-blind, ran-
domized, placebo-controlled trial, patients were 
randomly assigned, in a 2:1 ratio, to receive oral 
seladelpar at a dose of 10 mg daily or matching 
placebo for up to 12 months, along with ursode-
oxycholic acid, or without ursodeoxycholic acid 
in patients who had a history of unacceptable side 
effects with that therapy. Randomization was per-
formed centrally through an interactive online 
response system, with stratification according to 
the baseline alkaline phosphatase level (<350 or 
≥350 U per liter) and the pruritus numerical rating 
scale (NRS) score24 (<4 or ≥4, with scores on the 
NRS ranging from 0 [no itch] to 10 [worst itch 
imaginable]). Investigators performed assess-
ments, including safety and laboratory evalua-
tions, at baseline and months 1, 3, 6, 9, and 12. 
The pruritus NRS score and quality-of-life25,26 
data were collected with the use of an electronic 
diary. Pruritus NRS data were collected daily from 
the run-in visit through month 6 and then for 
7 consecutive days during each month up to the 
end of the treatment period. Liver stiffness was 
assessed with use of transient elastography 
(FibroScan, Echosens)27 at baseline and at months 
6 and 12. Adverse events and results of labora-
tory tests for safety assessments were monitored 
at each visit. Patients who completed the trial 
could enroll in an open-label, long-term extension 
trial (ClinicalTrials.gov number, NCT03301506) 
at participating sites. Otherwise, patients had a 
follow-up visit 2 weeks after completion of the 
trial for safety assessment (see the Supplementary 
Appendix for additional details).

End Points

The primary end point was a biochemical response 
— an alkaline phosphatase level less than 1.67 
times the ULN, with a decrease of 15% or more 
from baseline, and a total bilirubin level up to 
1.0 times the ULN — at month 12. Key secondary 
end points were normalization of the alkaline 
phosphatase level (≤1.0 times the ULN) at month 
12 and a change from baseline in the weekly 
mean pruritus NRS score at month 6 among pa-

tients with moderate-to-severe pruritus (NRS ≥4) 
at baseline.24 Primary and key secondary end 
points were also assessed in prespecified patient 
subgroups.

Other secondary and exploratory end points 
that were assessed at trial visits through month 
12 (i.e., at months 1, 3, 6, 9, and 12) were the bio-
chemical response, alkaline phosphatase thresh-
olds, ALT normalization, and risk criteria for 
primary biliary cholangitis5,28-32; changes in se-
rum levels of alkaline phosphatase, ALT, AST, 
bilirubin, γ-glutamyltransferase, 5′-nucleotidase, 
FGF21,17 pruritogenic cytokine interleukin-31,33 
and lipids, in markers of fibrosis (liver stiffness27,34 
and the enhanced-liver-fibrosis score), and in high-
sensitivity C-reactive protein, IgM, the bile acid 
intermediate 7α-hydroxy-4-cholesten-3-one (C4), 
and total bile acids; changes in the pruritus NRS 
score, the total score and the itch-domain score 
on the primary biliary cholangitis-40 (PBC-40) 
quality-of life questionnaire, and the 5-D itch 
scale among patients with moderate-to-severe 
pruritus and in the overall population; and 
clinical outcomes related to primary biliary chol-
angitis. Scores on the PBC-40 quality-of-life ques-
tionnaire range from 1 (or 0 in some items re-
lated to itch, social function, and symptoms) to 
5 for each of the 40 items, with higher scores 
indicating worse quality of life.25 Scores on the 
5-D (degree, duration, direction [improvement or 
worsening], disability [effect on daily activities], 
and distribution of itching) itch scale range 
from 5 to 25, with higher scores indicating 
worse itch-related quality of life.26 All end points 
reported here were prespecified (Table S1 in the 
Supplementary Appendix). Safety end points in-
cluded adverse events, serious adverse events, 
and laboratory evaluations.

Statistical Analysis

On the basis of estimates that 55% of patients 
who received seladelpar at a dose of 10 mg daily 
and 20% of patients who received placebo would 
have a biochemical response and that 25.5% and 
2.5%, respectively, would have normalized alka-
line phosphatase levels,22 we calculated that a 
sample size of 180 patients would provide more 
than 90% power to detect a significant differ-
ence between treatment groups with a two-sided 
test of equality of binomial proportions using 
Fisher’s exact test with a type I error rate of 0.05. 
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We estimated that a total of 48 patients with a 
baseline pruritus NRS score of at least 4 would 
provide more than 80% power to detect a clini-
cally important difference of 2 or more points35 
between treatment groups using a two-sample 
two-sided t-test with a type I error rate of 0.05.

Safety and efficacy analyses included data from 
the intention-to-treat population (all patients who 
underwent randomization and received ≥1 dose 
of seladelpar or placebo). Pruritus NRS end points 
were analyzed among patients with a baseline 
NRS score of at least 4 and in the intention-to-
treat population. Efficacy data were analyzed accord-
ing to group assignment. Safety data were ana-
lyzed according to the trial product (seladelpar or 
placebo) the patients received. Statistical testing 
was two-sided and performed at the 0.05 alpha 
level. For the primary and key secondary efficacy 
end points, we maintained the 0.05 type I error 
using a hierarchical fixed-sequence method in the 
following order: the primary end point; normal-
ization of alkaline phosphatase levels at month 
12; and the change in pruritus NRS score from 
baseline to month 6. Other end points are re-
ported as point estimates and measures of vari-
ability that were not adjusted for multiple testing 
and should not be used to infer definitive bene-
fits of treatment. We analyzed the primary end 
point and the normalization of alkaline phos-
phatase levels using a Cochran–Mantel–Haenszel 
test adjusted for randomization stratification vari-
ables. For all categorical end points, patients with 
missing data at any time point were considered 
not to have had a response at that time point.

A mixed-effect model for repeated measures 
was used to evaluate the change from baseline 
in the pruritus NRS score and other continuous 
end points. The least-squares mean changes (with 
95% confidence intervals) according to random-
ization group and the least-squares mean differ-
ence between the groups and associated two-sided 
95% confidence intervals and two-sided P values 
were derived from the model. For pruritus NRS 
end points, data for a missing assessment at a 
specific time point were imputed as the mean of 
the adjacent 2 weeks (i.e., the week before and the 
week after the missing time point). Daily inputs 
were averaged to create weekly means. If assess-
ment data were still missing, no further imputa-
tion was performed. A mixed-effect model for re-
peated measures was used to analyze the change 
in weekly mean pruritus NRS scores under a 

missing-at-random assumption. Missing data were 
not imputed for other continuous end points.

Adverse events were summarized according 
to the preferred terms in the Medical Dictionary for 
Regulatory Activities, version 24.0. Severity was grad-
ed with the use of the National Cancer Institute 
Common Terminology Criteria for Adverse Events, 
version 5.0 (see the Supplementary Appendix for 
details).

R esult s

Patients

A total of 193 patients underwent randomization 
and received either seladelpar (128 patients) or 
placebo (65 patients) (Fig. S1). The first patient 
was enrolled on April 21, 2021, and the last visit 
of the last patient to enroll was on August 11, 
2023. Overall, 174 patients (90.2%) completed 
the trial; 11 (8.6%) who received seladelpar and 
8 (12.3%) who received placebo withdrew from 
the trial. Of 166 patients who completed the 
trial at sites offering enrollment in the long-term 
extension, 160 (96.4%) enrolled.

At baseline, the mean alkaline phosphatase 
level was 314.3 U per liter (2.7 times the ULN), 
the mean total bilirubin level was 0.76 mg per 
deciliter (0.69 times the ULN), and the mean ALT 
level was 47.7 U per liter (1.2 times the ULN) (Ta-
ble 1). Alkaline phosphatase levels were at least 350 
U per liter (3 times the ULN) in 27.5% of the 
patients (53 of 193) and total bilirubin levels were 
higher than the ULN in 13.0% (25 of 193). The 
mean baseline pruritus NRS score was at least 4 
in 37.3% of the patients (72 of 193; mean score, 
6.3). At baseline, 83.4% of the patients (161 of 193) 
were positive for antimitochondrial antibodies, 
14.0% (27 of 193) had cirrhosis, and 93.8% (181 
of 193) were taking ursodeoxycholic acid (mean 
total daily dose, 15.0 mg per kilogram of body 
weight); 17.1% of the patients (33 of 193) had 
previously received obeticholic acid or fibrates 
(Table S2). The representativeness of the trial 
population is summarized in Table S3.

Efficacy
Biochemical Response

The primary end-point criteria (alkaline phospha-
tase level <1.67 times the ULN, with a decrease of 
≥15% from baseline, and a total bilirubin level 
≤1.0 times the ULN) were met in 61.7% of the 
patients (79 of 128) treated with seladelpar and 
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in 20.0% (13 of 65) receiving placebo (difference, 
41.7 percentage points; 95% confidence interval 
[CI], 27.7 to 53.4; P<0.001) (Fig. 1). Figure S2A 
shows the primary end-point results at additional 
trial visits. Results appeared to be generally con-
sistent among patients with and those without 
cirrhosis and among patients who received sela-
delpar alone and those who received seladelpar 
with ursodeoxycholic acid (Fig. S2B). Results of 
analyses performed according to various risk cri-
teria for primary biliary cholangitis are summa-
rized in Tables S4 and S5.

Normalization of the alkaline phosphatase 
level at month 12 was observed in 25.0% of the 
patients (32 of 128) treated with seladelpar and in 
none of the patients receiving placebo (difference, 
25.0 percentage points; 95% CI, 18.3 to 33.2; 
P<0.001) (Fig. 1). The least-squares mean alka-
line phosphatase level decreased by 42.4% (133.9 
U per liter) in patients who received seladelpar 
as compared with 4.3% (16.9 U per liter) in pa-
tients who received placebo at month 12 (least-
squares mean difference, −38.2 percentage points; 
95% CI, −46.3 to −30.1) (Fig. 2A). Additional data 
can be found in Figures S3 and S4.

The total bilirubin level appeared to remain 
stable through month 12 in both groups (Fig. 2B). 
The ALT level was reduced by 23.5% from base-
line to month 12 in patients who were treated 
with seladelpar and by 6.5% in patients who re-
ceived placebo (least-squares mean difference, 
−17.0 percentage points; 95% CI, −28.1 to −5.9). 
The percentage of patients with a normal ALT 
level at month 12 also appeared to be greater 
with seladelpar than with placebo (56.3% vs. 
25.0%; least-squares mean difference, 31.3 per-
centage points; 95% CI, 11.6 to 47.8) (Fig. S5). 
Levels of AST and direct and indirect bilirubin 
appeared to remain stable in both groups through 
month 12. Reductions in levels of γ-glutamyl-
transferase and 5′-nucleotidase appeared to be 
greater with seladelpar than with placebo (Fig. S4).

Pruritus and Quality of Life
A total of 49 patients (38.3%) in the seladelpar 
group and 23 (35.4%) in the placebo group had 
moderate-to-severe pruritus at baseline. Among 
these patients, the reduction from baseline in 
the pruritus NRS score at month 6 was signifi-
cantly greater in patients who were treated with 
seladelpar than in patients who received placebo 
(change from baseline, −3.2 points vs. −1.7 points; 

least-squares mean difference, −1.5 points; 95% CI, 
−2.5 to −0.5; P = 0.005) (Fig. 3A). In the overall 
population, the change in the pruritus NRS score 
from baseline to month 6 was −1.3 points in the 
seladelpar group and −0.4 points in the placebo 
group (least-squares mean difference, −0.9 points; 
95% CI, −1.4 to −0.5) (Fig. 3B). Among patients 
with moderate-to-severe pruritus at baseline as 
well as in the overall population, reduction in itch 
from baseline to month 12, as measured by the 
5-D itch total score and in all individual domains 
except direction, appeared to be greater in pa-
tients who were treated with seladelpar than in 
patients who received placebo (Figs. S6 and S7). 
Similar findings were observed with respect to 
PBC-40 quality-of-life questionnaire scores (Figs. 
S8 and S9). The results with respect to the pri-
mary and key secondary end points appeared to 
be generally consistent in the prespecified sub-
groups (Fig. S10).

Markers of Disease Progression, Inflammation, 
Immune Reactivity, and Bile Acid Synthesis
No meaningful changes in liver stiffness or en-
hanced-liver-fibrosis scores were observed at 
month 12 (Table S6). Changes in levels of high-
sensitivity C-reactive protein, IgM, total bile ac-
ids, C4, and lipids through month 12 are shown 
in Tables S7 and S8 and Figure S11. Increases in 
FGF21 levels appeared to be greater with seladel-
par than with placebo at months 3 and 6 but were 
similar in the two groups at month 12. Decreases 
in interleukin-31 levels appeared to be greater 
with seladelpar than with placebo at months 3, 
6, and 12 (Fig. S12).

Safety

A total of 166 patients had adverse events, with 
a similar incidence in the two groups (Table 2). 
The most common adverse events overall (occur-
ring in ≥10% in either group) were coronavirus 
disease 2019 (Covid-19) and pruritus. The per-
centage of patients who reported pruritus adverse 
events was greater among patients who received 
placebo than among those who received seladel-
par, a finding consistent with the positive effect 
of seladelpar on the pruritus NRS score. Adverse 
events that were reported more often in the sela-
delpar group than in the placebo group (i.e., with 
a between-group difference of >1 percentage 
points) included Covid-19 (18.0% vs. 15.4%), head-
ache (7.8% vs. 3.1%), abdominal pain (7.0% vs. 
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1.5%), nausea (6.2% vs. 4.6%), and abdominal 
distention (6.2% vs. 3.1%); these were mild or 
moderate in severity and did not result in dis-
continuation of seladelpar or placebo. Serious 
adverse events were reported in 7.0% of the pa-
tients who received seladelpar and in 6.2% of 
those who received placebo. No serious adverse 
event occurred in more than one patient and none 
were deemed by the investigators to be related to 
seladelpar (Table S9). Adverse events that resulted 
in discontinuation of the regimen were uncom-

mon in both groups (4.6% of the patients in the 
placebo group and 3.1% in the seladelpar group). 
One patient with cirrhosis at baseline who was 
treated with seladelpar had variceal bleeding after 
completion of the treatment period; this was the 
only event that was adjudicated as a clinical out-
come related to primary biliary cholangitis. Addi-
tional safety details are summarized in the Supple-
mentary Appendix.

Muscle-related adverse events occurred in 7.7% 
of the patients who received placebo and in 

Table 1. Baseline Demographic and Clinical Characteristics.*

Characteristic
Placebo  
(N = 65)

Seladelpar 
(N = 128)

Age — yr 57.0±9.2 56.6±10.0

Age at diagnosis — yr 49.3±10.9 49.2±9.9

Female sex — no. (%) 60 (92.3) 123 (96.1)

Race or ethnic group — no. (%)†

White 56 (86.2) 114 (89.1)

Asian 4 (6.2) 7 (5.5)

Black 2 (3.1) 2 (1.6)

American Indian or Alaska Native 3 (4.6) 3 (2.3)

Hispanic or Latino 27 (41.5) 29 (22.7)

Duration of disease — yr 8.6±6.5 8.2±6.7

Positive for antimitochondrial antibodies — no. (%)‡ 55 (84.6) 106 (82.8)

Ursodeoxycholic acid

History of unacceptable side effects — no. (%) 4 (6.2) 8 (6.2)

Daily dose — mg/kg§ 14.9±3.3 15.0±3.1

Alkaline phosphatase level — U/liter¶ 313.8±117.7 314.6±123.0

≥350 U/liter 3×ULN — no. (%) 18 (27.7) 35 (27.3)

Total bilirubin level — mg/dl‖ 0.74±0.3 0.77±0.3

>ULN — no. (%) 5 (7.7) 20 (15.6)

ALT level — U/liter** 48.2±22.8 47.4±23.5

AST level — U/liter†† 41.7±16.0 39.6±16.1

γ-glutamyltransferase — U/liter‡‡ 287.5±249.6 269.0±240.0

Albumin level — g/dl 4.1±0.2 4.2±0.3

Platelet count — ×103/mm3§§ 241.9±84.5 241.7±78.9

History of pruritus — no. (%) 48 (73.8) 91 (71.1)

Pruritus NRS score¶¶ 3.0±3.0 3.0±2.8

≥4 — no. (%) 23 (35.4) 49 (38.3)

≥4 — mean score 6.6±1.4 6.1±1.4

Liver stiffness — kPa‖‖ 8.7±4.2 9.8±6.2

Cirrhosis — no. (%)*** 9 (13.8) 18 (14.1)

Portal hypertension 3 (4.6) 0
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6.2% of the patients who received seladelpar. All 
muscle-related adverse events in patients who 
were treated with seladelpar were grade 1 or 2. 
One event of grade 3 myalgia occurred in a patient 
who received placebo.

Postbaseline ALT or AST levels that were 3 or 
more times the ULN were observed in seven 
patients (10.8%) who received placebo and in 
nine (7.0%) who received seladelpar. One patient 
who received seladelpar had liver enzyme levels 
that were 5 or more times the ULN in the con-
text of amoxicillin use; seladelpar administration 
was interrupted, but the patient subsequently 
completed treatment. Creatine kinase and serum 
creatinine levels were similar in the two groups 
(Table S10). Three patients (one receiving place-
bo and two receiving seladelpar) had postbase-
line creatine kinase levels that were more than 
3 times the ULN. One patient treated with sela-
delpar had a transient increase in creatinine levels 
to 1.5 or more times the baseline levels, but the 
levels were still within the normal range. There 
were no adverse events associated with a change 
in renal function. The safety profile was similar 
in patients who had cirrhosis at baseline and in 
those who did not have cirrhosis at baseline 
(Table S11).

*  Plus–minus values are means ±SD. Shown are demographic and clinical characteristics at baseline in patients in 
the intention-to-treat population. Seladelpar and placebo were administered with standard-of-care ursodeoxycholic 
acid unless patients had a history of unacceptable side effects. ALT denotes alanine aminotransferase, AST aspar-
tate aminotransferase, and ULN the upper limit of the normal range.

†  Race and ethnic group were reported by the patients; data on race and ethnic group were not collected in France. 
Data were missing for two patients in the seladelpar group.

‡  Equivocal results were observed in one patient in the placebo group and two patients in the seladelpar group.
§  Patients continued their pretrial ursodeoxycholic acid regimen as closely as possible.
¶  The ULN is 116 U per liter in men and women.
‖  To convert the values for total bilirubin to micromoles per liter, multiply by 17.1.
**  The ULN is 41 U per liter in men and women.
††  The ULN is 34 U per liter in men and women.
‡‡  The ULN is 52 U per liter in men and 38 U per liter in women.
§§  Data were missing for three patients in the seladelpar group.
¶¶  Scores on the pruritus numerical rating scale (NRS) range from 0 to 10, with 0 indicating no itch and 10 indicating 

the worst itch imaginable.
‖‖  Liver stiffness was assessed by means of transient elastography (FibroScan, Echosens).26 Scores range from 1.5 to 

75 (measured in kilopascals [kPa]); higher scores indicate greater liver stiffness.
***  Cirrhosis was documented if one or more of the following criteria were met: a history of liver biopsy showing cir-

rhosis (e.g., Ludwig stage 4 or Ishak stage 5); current or a history of decompensated liver disease, including ascites, 
hepatic encephalopathy, esophageal varices, or other clinical conditions consistent with liver cirrhosis, portal hy-
pertension, or both; liver stiffness (>16.9 kPa by FibroScan) at screening; the combination of a platelet count below 
140×103 per cubic millimeter with a serum albumin level below 3.5 g per deciliter, an international normalized ratio 
higher than 1.3 (not due to antithrombotic agent use), or a total bilirubin level higher than 1.0 times the ULN; the 
presence of radiologic evidence of cirrhosis (a nodular liver) with concurrent splenomegaly; or clinical determina-
tion by the investigator. A diagnosis of portal hypertension was ascertained on a dedicated case-report form at 
screening; features supporting the diagnosis were entered as medical history and included esophageal varices, asci-
tes, splenomegaly, nonesophageal varices, and thrombocytopenia.

Table 1. (Continued.)

Figure 1. Biochemical Response and Normalization of Alkaline Phosphatase 
Levels.

Shown are the percentages of patients who met the primary end-point criteria 
(biochemical response, defined as an alkaline phosphatase level <1.67 times 
the upper limit of the normal range [ULN], with a decrease of ≥15% from 
baseline, and a normal total bilirubin level at month 12) and the key second-
ary end-point criterion of normalization of alkaline phosphatase levels at 
month 12. P values were calculated with the use of a Cochran–Mantel–
Haenszel test adjusted for stratification variables at randomization. A total 
of 8 patients in the placebo group and 14 in the seladelpar group were 
missing data for both end points. I bars indicate 95% confidence intervals. 
Seladelpar and placebo were administered with standard-of-care ursode-
oxycholic acid unless patients had a history of unacceptable side effects.
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Figure 2. Alkaline Phosphatase and Total Bilirubin Levels through Month 12.

Panel A shows the mean observed alkaline phosphatase levels and the least-squares mean (LSM) percent change from baseline at each 
trial visit through month 12. Panel B shows the mean observed total bilirubin levels and the LSM percent change from baseline at each 
trial visit through month 12. I bars in both panels indicate standard deviations. The LSM difference at month 12 was −38.2 percentage 
points (95% CI, −46.3 to −30.1) for the alkaline phosphatase level and −3.9 percentage points (95% CI, −18.4 to 10.5) for the total biliru-
bin level. Seladelpar and placebo were administered with standard-of-care ursodeoxycholic acid unless patients had a history of unac-
ceptable side effects.
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Discussion

In this phase 3, 12-month, randomized, placebo-
controlled trial, the selective PPARδ agonist sela-
delpar elicited biochemical responses while also 
reducing pruritus in patients with primary biliary 
cholangitis who had had an inadequate response 
to or who had a history of unacceptable side ef-
fects with ursodeoxycholic acid. A significantly 
greater percentage of patients treated with sela-
delpar (61.7%) than patients receiving placebo 
(20.0%) met the primary end-point criteria of an 
alkaline phosphatase level of less than 1.67 times 
the ULN, with a decrease of 15% or more from 
baseline, and a normal total bilirubin level at 
month 12. In addition, 25.0% of the patients 
treated with seladelpar had normalization of the 
alkaline phosphatase level at month 12 as com-
pared with none of the patients receiving placebo. 
Reductions in alkaline phosphatase levels and 
other biochemical markers of the disease activ-
ity of primary biliary cholangitis, including reduc-
tions in ALT and γ-glutamyltransferase levels, ap-
peared to occur early and to be sustained through 
month 12 in the seladelpar group.

In contrast to the finding of worsened pruritus 
observed with obeticholic acid,10 the only FDA-
approved second-line therapy for primary biliary 
cholangitis, pruritus decreased with seladelpar in 
patients with moderate-to-severe pruritus at base-
line. Seladelpar also reduced other measures of itch 
and decreased levels of the pruritogenic cytokine 
interleukin-31.

The biochemical response observed in this trial 
is consistent with the results of the preliminary 
placebo-controlled trial of seladelpar at 3 months.22 
The reductions in alkaline phosphatase levels re-
ported here are generally consistent with results 
previously reported for PPAR agonists that acti-
vate multiple PPAR subtypes.7,36-43 The reductions 
in markers of cholestasis, liver injury, and in-
flammation with seladelpar reported here and 
published previously20,22 are consistent with the 
antiinflammatory effects of PPARδ agonists.14,15 
Seladelpar appeared to reduce pruritus across mul-
tiple measures. Taken together, these findings 
provide evidence that seladelpar lessens the risk 
of disease progression and reduces symptoms in 
patients with primary biliary cholangitis.

Adverse events that resulted in discontinuation 
of seladelpar or placebo were rare, and the inci-
dence of serious adverse events was similar in 

Figure 3. Change in Pruritus Numerical Rating Scale (NRS) Scores  
According to Time and Trial Group.

Shown are the LSM changes from baseline in pruritus NRS scores at all trial 
visits through month 12 among patients with a baseline NRS score of at 
least 4 (Panel A) and in the overall patient population (Panel B). For the 
key secondary end point of the change from baseline in pruritus NRS 
scores at month 6 among patients with a baseline pruritus NRS score of at 
least 4, the LSM difference was −1.5 points (95% CI, −2.5 to −0.5; P = 0.005). 
For the change from baseline in pruritus NRS scores at month 6 in the 
overall population, the LSM difference was −0.9 points (95% CI, −1.4 to 
−0.5). I bars in both panels indicate 95% confidence intervals. A mixed- 
effect model for repeated measures was used to analyze the change in the 
weekly mean pruritus NRS scores under a missing-at-random assumption. 
A missing assessment at a specific time point was imputed as the mean of 
the adjacent 2 weeks (i.e., the week before and the week after the missing time 
point). If the assessment was still missing, no further imputation was per-
formed. For Panel A, two patients in the seladelpar group were missing 
data at month 6. For Panel B, two patients in the placebo group and seven 
in the seladelpar group were missing data at month 6. Seladelpar and pla-
cebo were administered with standard-of-care ursodeoxycholic acid unless 
patients had a history of unacceptable side effects.
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the two groups. No worrisome adverse events 
affecting the muscles were observed, including 
among patients receiving statins. Certain gastro-
intestinal events — abdominal pain, abdominal 

distention, and nausea — were reported more 
frequently in the seladelpar group than in the 
placebo group. A substantial percentage of eli-
gible patients (96.4%) who participated in the 
RESPONSE trial chose to enroll in the extension 
trial to evaluate long-term safety and the side-
effect profile of seladelpar. No clinically meaning-
ful differences in efficacy or safety were apparent 
among the 14.0% of patients with cirrhosis or 
the 6.2% of patients who received the trial prod-
uct without ursodeoxycholic acid as background 
therapy. There were no patients with advanced 
primary biliary cholangitis, including hepatic de-
compensation, in this trial, and seladelpar remains 
to be studied in these patients.

In this trial involving patients with primary 
biliary cholangitis who had had an inadequate 
response to or who had a history of unacceptable 
side effects with ursodeoxycholic acid, the percent-
age of patients who met the primary end-point 
criteria and had normalization of alkaline phos-
phatase levels was significantly greater with se-
ladelpar than with placebo. Furthermore, seladel-
par significantly reduced pruritus in patients who 
had had moderate-to-severe pruritus at baseline. 
Adverse events were not more common with se-
ladelpar than with placebo.

Presented in part at the annual meeting of the American As-
sociation for the Study of Liver Diseases in Boston, November 
10–14, 2023.
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Any serious adverse event 4 (6.2) 9 (7.0)
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Urinary tract infection 4 (6.2) 4 (3.1)
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Positional vertigo 4 (6.2) 1 (0.8)

*  Shown is the number of patients with at least one reported event. Details 
regarding discontinuations of treatment or placebo due to adverse events and 
all serious adverse events are provided in the Safety Results section and Table 
S9, respectively, in the Supplementary Appendix. Seladelpar and placebo were 
administered with standard-of-care ursodeoxycholic acid unless patients had a 
history of unacceptable side effects.

The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITAET BERN- INSELSPITAL BERN on May 3, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 390;9 nejm.org February 29, 2024 793

Seladelpar in Primary Biliary Cholangitis

National University Bundang Hospital, Seoul National University, College of Medicine, Seongnam, South Korea (S.-H.J.); the Depart-
ment of Gastroenterology, School of Medicine, Recep Tayyip Erdoğan University, Rize, Turkey (Y.Y.); Barts Liver Centre, Blizard Insti-
tute, Queen Mary University of London, London (Y.K.); the Reference Center for Inflammatory Biliary Diseases and Autoimmune 
Hepatitis, French Network for Rare Liver Disease in Children and Adults FILFOIE, European Reference Network RARE-LIVER, Saint-
Antoine Hospital and Research Center, Assistance Publique–Hôpitaux de Paris, Sorbonne University, Paris (C.C.); Liver Centre Hamburg 
at Ifi-Institute, Hamburg, Germany (P.B.); the Division of Gastroenterology, Center for Autoimmune Liver Diseases, Department of 
Medicine and Surgery, University of Milan-Bicocca, and the European Reference Network on Hepatological Diseases (ERN RARE-LIVER), 
Fondazione IRCCS San Gerardo dei Tintori — both in Monza, Italy (P.I.); the Liver Unit, Hospital Clínic Barcelona, Fundació de Re-
cerca Clínic Barcelona-Institut d’Investigacions Biomèdiques August Pi i Sunyer, CIBEREHD, European Reference Network on Hepato-
logical Diseases (ERN-LIVER), University of Barcelona, Barcelona (M.C.L.H.); and Saberg Clinical Research, the Hague, the Netherlands 
(S.B.). Dr. Hirschfield is the Lily and Terry Horner Chair in Autoimmune Liver Disease Research at Toronto General Hospital.

References
1. Trivedi PJ, Hirschfield GM. Recent ad-
vances in clinical practice: epidemiology 
of autoimmune liver diseases. Gut 2021; 
70: 1989-2003.
2. Galoosian A, Hanlon C, Zhang J, Holt 
EW, Yimam KK. Clinical updates in pri-
mary biliary cholangitis: trends, epidemi-
ology, diagnostics, and new therapeutic 
approaches. J Clin Transl Hepatol 2020; 8: 
49-60.
3. Lindor KD, Bowlus CL, Boyer J, Levy 
C, Mayo M. Primary biliary cholangitis: 
2018 practice guidance from the Ameri-
can Association for the Study of Liver Dis-
eases. Hepatology 2019; 69: 394-419.
4. Lleo A, Wang G-Q, Gershwin ME, 
Hirschfield GM. Primary biliary cholan-
gitis. Lancet 2020; 396: 1915-26.
5. Corpechot C, Abenavoli L, Rabahi N, 
et al. Biochemical response to ursodeoxy-
cholic acid and long-term prognosis in 
primary biliary cirrhosis. Hepatology 2008; 
48: 871-7.
6. European Association for the Study of 
the Liver. EASL clinical practice guide-
lines: the diagnosis and management of 
patients with primary biliary cholangitis. 
J Hepatol 2017; 67: 145-72.
7. Corpechot C, Chazouillères O, Rous-
seau A, et al. A placebo-controlled trial of 
bezafibrate in primary biliary cholangi-
tis. N Engl J Med 2018; 378: 2171-81.
8. Hirschfield GM, Beuers U, Kupcins-
kas L, et al. A placebo-controlled ran-
domised trial of budesonide for PBC fol-
lowing an insufficient response to UDCA. 
J Hepatol 2021; 74: 321-9.
9. Momah N, Lindor KD. Primary biliary 
cirrhosis in adults. Expert Rev Gastroen-
terol Hepatol 2014; 8: 427-33.
10. Nevens F, Andreone P, Mazzella G, et 
al. A placebo-controlled trial of obeticho-
lic acid in primary biliary cholangitis.  
N Engl J Med 2016; 375: 631-43.
11. Intercept Pharmaceuticals. Ocaliva 
(obeticholic acid): highlights of prescrib-
ing information. 2016 (https://www 
. accessdata . fda . gov/  drugsatfda_docs/ 
 label/  2018/  207999s003lbl . pdf).
12. Kamata S, Honda A, Ishikawa R, et al. 
Functional and structural insights into 
the human PPARα/δ/γ targeting prefer-
ences of anti-NASH investigational drugs, 
lanifibranor, seladelpar, and elafibranor. 
Antioxidants (Basel) 2023; 12: 1523.

13. Xia X, Jung D, Webb P, et al. Liver X 
receptor β and peroxisome proliferator-
activated receptor δ regulate cholesterol 
transport in murine cholangiocytes. Hep-
atology 2012; 56: 2288-96.
14. Iwaisako K, Haimerl M, Paik Y-H, et 
al. Protection from liver fibrosis by a per-
oxisome proliferator-activated receptor δ 
agonist. Proc Natl Acad Sci U S A 2012; 
109(21): E1369-E1376.
15. Odegaard JI, Ricardo-Gonzalez RR, 
Red Eagle A, et al. Alternative M2 activa-
tion of Kupffer cells by PPARdelta amelio-
rates obesity-induced insulin resistance. 
Cell Metab 2008; 7: 496-507.
16. Jones D, Boudes PF, Swain MG, et al. 
Seladelpar (MBX-8025), a selective PPAR-δ 
agonist, in patients with primary biliary 
cholangitis with an inadequate response 
to ursodeoxycholic acid: a double-blind, 
randomised, placebo-controlled, phase 2, 
proof-of-concept study. Lancet Gastroen-
terol Hepatol 2017; 2: 716-26.
17. Kouno T, Liu X, Zhao H, Kisseleva T, 
Cable EE, Schnabl B. Selective PPARδ ago-
nist seladelpar suppresses bile acid syn-
thesis by reducing hepatocyte CYP7A1 via 
the fibroblast growth factor 21 signaling 
pathway. J Biol Chem 2022; 298: 102056.
18. Haczeyni F, Wang H, Barn V, et al. 
The selective peroxisome proliferator-
activated receptor-delta agonist seladelpar 
reverses nonalcoholic steatohepatitis pa-
thology by abrogating lipotoxicity in dia-
betic obese mice. Hepatol Commun 2017; 
1: 663-74.
19. Bojic LA, Burke AC, Chhoker SS, et al. 
Peroxisome proliferator-activated recep-
tor δ agonist GW1516 attenuates diet-
induced aortic inflammation, insulin re-
sistance, and atherosclerosis in low-density 
lipoprotein receptor knockout mice. Arte-
rioscler Thromb Vasc Biol 2014; 34: 52-60.
20. Bowlus CL, Galambos MR, Aspinall 
RJ, et al. A phase II, randomized, open-
label, 52-week study of seladelpar in pa-
tients with primary biliary cholangitis.  
J Hepatol 2022; 77: 353-64.
21. Kremer AE, Mayo MJ, Hirschfield G, 
et al. Seladelpar improved measures of 
pruritus, sleep, and fatigue and decreased 
serum bile acids in patients with primary 
biliary cholangitis. Liver Int 2022; 42: 112-
23.
22. Hirschfield GM, Shiffman ML, Gu-

lamhusein A, et al. Seladelpar efficacy 
and safety at 3 months in patients with 
primary biliary cholangitis: ENHANCE, a 
phase 3, randomized, placebo-controlled 
study. Hepatology 2023; 78: 397-415.
23. Kuiper EMM, Hansen BE, de Vries 
RA, et al. Improved prognosis of patients 
with primary biliary cirrhosis that have a 
biochemical response to ursodeoxycholic 
acid. Gastroenterology 2009; 136: 1281-7.
24. Lai J-W, Chen H-C, Chou C-Y, et al. 
Transformation of 5-D itch scale and nu-
merical rating scale in chronic hemodial-
ysis patients. BMC Nephrol 2017; 18: 56.
25. Jacoby A, Rannard A, Buck D, et al. 
Development, validation, and evaluation 
of the PBC-40, a disease specific health 
related quality of life measure for primary 
biliary cirrhosis. Gut 2005; 54: 1622-9.
26. Elman S, Hynan LS, Gabriel V, Mayo 
MJ. The 5-D itch scale: a new measure of 
pruritus. Br J Dermatol 2010; 162: 587-93.
27. Oeda S, Tanaka K, Oshima A, Matsu-
moto Y, Sueoka E, Takahashi H. Diagnos-
tic accuracy of FibroScan and factors af-
fecting measurements. Diagnostics (Basel) 
2020; 10: 940.
28. Carbone M, Sharp SJ, Flack S, et al. 
The UK-PBC risk scores: derivation and 
validation of a scoring system for long-
term prediction of end-stage liver disease 
in primary biliary cholangitis. Hepatolo-
gy 2016; 63: 930-50.
29. Lammers WJ, Hirschfield GM, Cor-
pechot C, et al. Development and valida-
tion of a scoring system to predict out-
comes of patients with primary biliary 
cirrhosis receiving ursodeoxycholic acid 
therapy. Gastroenterology 2015; 149(7): 
1804.e4-1812.e4.
30. Corpechot C, Chazouillères O, Pou-
pon R. Early primary biliary cirrhosis: 
biochemical response to treatment and 
prediction of long-term outcome. J Hepa-
tol 2011; 55: 1361-7.
31. Kumagi T, Guindi M, Fischer SE, et al. 
Baseline ductopenia and treatment re-
sponse predict long-term histological 
progression in primary biliary cirrhosis. 
Am J Gastroenterol 2010; 105: 2186-94.
32. Parés A, Caballería L, Rodés J. Excel-
lent long-term survival in patients with 
primary biliary cirrhosis and biochemical 
response to ursodeoxycholic acid. Gastro-
enterology 2006; 130: 715-20.

The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITAET BERN- INSELSPITAL BERN on May 3, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 390;9 nejm.org February 29, 2024794

Seladelpar in Primary Biliary Cholangitis

33. Dillon SR, Sprecher C, Hammond A, 
et al. Interleukin 31, a cytokine produced 
by activated T cells, induces dermatitis in 
mice. Nat Immunol 2004; 5: 752-60.
34. Corpechot C, Carrat F, Poujol-Robert 
A, et al. Noninvasive elastography-based 
assessment of liver fibrosis progression 
and prognosis in primary biliary cirrho-
sis. Hepatology 2012; 56: 198-208.
35. Reich A, Riepe C, Anastasiadou Z, et 
al. Itch assessment with visual analogue 
scale and numerical rating scale: determi-
nation of minimal clinically important 
difference in chronic itch. Acta Derm Ve-
nereol 2016; 96: 978-80.
36. Dohmen K, Mizuta T, Nakamuta M, 
Shimohashi N, Ishibashi H, Yamamoto K. 
Fenofibrate for patients with asymptom-
atic primary biliary cirrhosis. World J 
Gastroenterol 2004; 10: 894-8.

37. Han XF, Wang QX, Liu Y, et al. Effi-
cacy of fenofibrate in Chinese patients 
with primary biliary cirrhosis partially 
responding to ursodeoxycholic acid thera-
py. J Dig Dis 2012; 13: 219-24.
38. Honda A, Ikegami T, Nakamuta M, et 
al. Anticholestatic effects of bezafibrate 
in patients with primary biliary cirrhosis 
treated with ursodeoxycholic acid. Hepa-
tology 2013; 57: 1931-41.
39. Hosonuma K, Sato K, Yamazaki Y, et 
al. A prospective randomized controlled 
study of long-term combination therapy 
using ursodeoxycholic acid and bezafi-
brate in patients with primary biliary cir-
rhosis and dyslipidemia. Am J Gastroen-
terol 2015; 110: 423-31.
40. Schattenberg JM, Pares A, Kowdley 
KV, et al. A randomized placebo-con-
trolled trial of elafibranor in patients with 

primary biliary cholangitis and incom-
plete response to UDCA. J Hepatol 2021; 
74: 1344-54.
41. Takeuchi Y, Ikeda F, Fujioka S-I, et al. 
Additive improvement induced by bezafi-
brate in patients with primary biliary cir-
rhosis showing refractory response to 
ursodeoxycholic acid. J Gastroenterol 
Hepatol 2011; 26: 1395-401.
42. Vuppalanchi R, Caldwell SH, Pyrso-
poulos N, et al. Proof-of-concept study to 
evaluate the safety and efficacy of saro-
glitazar in patients with primary biliary 
cholangitis. J Hepatol 2022; 76: 75-85.
43. Kowdley KV, Bowlus CL, Levy C, et al. 
Efficacy and safety of elafibranor in pri-
mary biliary cholangitis. N Engl J Med 
2024; 390:795-805.
Copyright © 2024 Massachusetts Medical Society.

The New England Journal of Medicine
Downloaded from nejm.org at UNIVERSITAET BERN- INSELSPITAL BERN on May 3, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.


