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ABSTRACT
Background & Aims: Approximately 40% of patients with Primary Biliary Cholangitis (PBC) show incomplete response to ur-
sodeoxycholic acid, thus needing second-line treatment to prevent disease progression. As no head-to-head comparison study is 
available, we used a network meta-analysis (NMA) to compare efficacy and safety of available second-line therapies.
Methods: We performed a systematic literature review including randomised, placebo-controlled trials of patients with PBC 
and incomplete response, or intolerance, to ursodeoxycholic acid, and compared relative risks (RRs) for primary (biochemical 
response at 52-week) and secondary outcomes [incidence of new-onset pruritus and serious adverse events (SAEs)].
Results: The NMA included three studies, each testing obeticholic acid (OCA), seladelpar or elafibranor versus placebo (active 
therapy/placebo: 379/191 patients). All treatments significantly increased the RR for biochemical response with an advantage of 
elafibranor versus seladelpar (RR: 4.37, 95% CI: 1.01–18.87). OCA 5–10 mg/10 mg was associated with a higher risk of new-onset 
pruritus compared to placebo (RR: 1.43; 95% CI: 1.09–1.88/RR: 1.79; 95% CI: 1.37–2.33), while seladelpar decreased this risk (RR: 
0.30; 95% CI: 0.12–0.80). Compared to placebo, OCA 5–10 mg/10 mg was associated with an increased risk of SAE (RR: 3.82; 95% 
CI: 1.46–10.02/RR 2.67; 95% CI: 1.00–7.08).
Conclusions: Among second line therapies for patients with PBC, elafibranor is slightly more effective in obtaining biochemical 
response than seladelpar that, on the other hand, is the only drug associated with a lower incidence of pruritus. While of similar 
efficacy, OCA was associated with increased pruritus and SAEs. These findings may help personalise second-line treatment in 
patients with PBC.
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1   |   Introduction

Primary Biliary Cholangitis (PBC) is an autoimmune, chronic, 
cholestatic liver disease that mainly affects middle-aged fe-
male patients, and whose incidence and prevalence are on the 
rise [1, 2]. Despite being an autoimmune disease, PBC has an 
unsatisfactory response to immune suppressive therapy, but 
responds to treatment with bile acids or to drugs that activate 
transcription factors relevant for bile acids metabolism [per-
oxisome proliferator-activated receptor (PPAR) or farnesoid 
X receptor agonists (FXR)] [3]. Therapy with ursodeoxycho-
lic acid (UDCA)—a tertiary hydrophilic bile acid—prevents 
progression of disease and liver-related events in patients with 
biochemical response to treatment—a serum alkaline phos-
phatase level less than 1.67 times the upper limit of normal 
(ULN) and a reduction of ≥ 15% from baseline, with total bili-
rubin at or below the ULN [4–6]. Biochemical response is asso-
ciated with improved liver-related prognosis, and longer liver 
transplantation-free period [5–7]. Unfortunately, up to 40% of 
patients have an incomplete biochemical response to UDCA, 
and a small fraction of treated patients is intolerant to the drug 
[8]. These patients remain at an increased risk of progression 
of disease, liver-related death and need for liver transplan-
tation [3–5]. For these patients, obeticholic acid (OCA)—an 
FXR agonist—received conditional approval as second-line 
treatment, based on the results of a Phase III, 12-month, ran-
domised, placebo-controlled trial that demonstrated its effi-
cacy in improving biochemical endpoints [9]. In this study, 
OCA reached the composite primary endpoint of decrease in 
serum ALP and normalisation of bilirubin in approximately 
47% of patients compared to 10% of placebo-treated patients, 
with new-onset pruritus emerging as the main adverse event 
[9]. In addition, real-world studies strongly suggested that 
second-line OCA treatment was associated with improved 
transplant-free survival as compared to historical cohorts 
[10, 11]. Later, the use of OCA was restricted to patients with 
compensated liver disease without portal hypertension, due 
to the emergence of potential toxicity in patients with more 
advanced disease [12, 13].

Recently, two Phase III, randomised, placebo-controlled trials 
showed the efficacy and safety of either seladelpar—an α-PPAR 
agonist—or elafibranor—a double α- and δ-PPAR agonist—on 
biochemical response in patients with incomplete response, or 
intolerant, to UDCA [14, 15]. Both trials were positive, with a 
response rate, as compared to placebo of 61.7% versus 20.0% 
and 21.0% versus 4.0% in the seladelpar and elafibranor trials, 
respectively, with no emerging safety signals associated with ei-
ther drug, and seladelpar showing significantly improved pruri-
tus scores among patients who had moderate-to-severe pruritus 
at baseline [14, 15].

As of today, no direct, head-to-head study compared the safety 
and efficacy of second-line treatments for patients with PBC 
(OCA and PPAR-agonists), and therefore there is no evidence 
that may potentially guide treatment decisions. Thus, with 
the aim to support future clinical decision-making in a poten-
tially complex setting, we indirectly compared the efficacy and 
safety data of randomised, controlled second-line trials for pa-
tients with PBC using a systematic review with network meta-
analysis (NMA).

2   |   Materials and Methods

We conducted a systematic review with NMA to summarise 
and compare the available evidence on second-line therapies 
for the treatment of patients with PBC. The studies included 
in our search strategy met the following criteria: (I) Phase III, 
randomised, placebo-controlled trials, (II) inclusion of patients 
showing incomplete response, or intolerance, to UDCA and (III) 
evaluation of biochemical response after 1-year of treatment as 
the primary endpoint, defined by an ALP level less than 1.67 
times the ULN and a reduction of ≥ 15% from baseline, with total 
bilirubin at or below the ULN. The study protocol was registered 
with PROSPERO (CRD42024569721). Ethical approval was not 
required for this evidence synthesis.

2.1   |   Search Strategy

A literature review was performed using Ovid (Embase, Scopus, 
and Web of Science) and PubMed until 4 July 2024. Conference 
abstracts from leading gastrointestinal journals were also re-
viewed, and grey literature was searched using Google (www.​
google.​com) and Yahoo (www.​yahoo.​com). The comprehensive 
search strategy is reported in Table S1. Two independent authors 
(AP and FC) screened all titles and abstracts retrieved from the 
databases, excluding duplicate records and studies not meeting 
the eligibility criteria. Full-text articles were obtained via insti-
tutional access or open-access licences and underwent further 
review to identify manuscripts suitable for data extraction. 
Discrepancies were resolved through discussion with a third au-
thor (EGG). Reviews, editorials, commentaries and other non-
original studies were excluded.

2.2   |   Primary and Secondary Endpoints

The main outcome measured was the biochemical response at 
Week 52, characterised by an ALP level less than 1.67 times the 

Summary

•	 The comparative efficacy, and safety, of second-line 
therapies in patients with Primary Biliary Cholangitis 
is unknown.

•	 In this systematic review and network meta-analysis 
including three randomised, placebo-controlled trials 
with 570 participants, treatment with elafibranor was 
associated with higher efficacy in inducing biochem-
ical response at 52-week, while seladelpar was asso-
ciated with a decreased risk of new-onset pruritus. 
Obeticholic acid showed similar efficacy to elafibra-
nor and seladelpar, although was associated with an 
increased risk of severe adverse events.

•	 These findings can be used in clinical practice to per-
sonalise second-line treatment and inform decisions 
for patients with a rare disease such as Primary Biliary 
Cholangitis.

http://www.google.com
http://www.google.com
http://www.yahoo.com
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ULN, a decrease of 15% or more from the baseline, and total 
bilirubin at or below the ULN. Additional secondary endpoints 
included the relative reduction in ALP levels, the incidence of 
new-onset pruritus considered as an adverse event, and the oc-
currence of serious adverse events (SAEs).

2.3   |   Data Synthesis and Analysis

Primary data from the studies included were extracted and sys-
tematically recorded into dedicated data collection forms. We 
extracted the baseline characteristics of all studies, including 
patients' age, sex, race, disease duration and concomitant use 
of UDCA. Additionally, baseline levels of ALP and bilirubin, 
as well as liver stiffness, were recorded. To assess potential bi-
ases associated with the design, conduct, and reporting of the 
randomised controlled trials, we employed the Cochrane risk-
of-bias assessment tool. This tool evaluates seven distinct do-
mains of potential bias, categorising each as either ‘low’ or ‘high’ 
risk [16].

Continuous data were synthesised and analysed using mean and 
standard deviation. Standard deviations of the mean difference 
were obtained as previously reported [17]. Whereas the outcome 
measures were reported in median and interquartile range or 
95% confidence interval (95% CI), mean and standard deviation 
values were estimated using previously described methodol-
ogy [18]. The efficacy of each comparison was assessed using 
a pooled relative risk (RR) with 95% CIs, employing a random 
effects model as a conservative estimate. The risk difference 
(RD) with 95% CIs was also calculated to provide additional 
insight into the absolute effect size. Pooled least square mean 
difference from placebo with 95% CIs was used to represent vari-
ation in continuous parameters [19]. Heterogeneity was mea-
sured using the I2 statistic, ranging from 0% to 100%, and the 
τ2 statistic, with thresholds of approximately 0.04, 0.16 and 0.36 
representing low, moderate, and high levels of heterogeneity, re-
spectively [20]. Analyses were performed using the frequentist 
model in STATA BE version 18 (StataCorp. 2023, Stata Statistical 
Software: Release 18, Texas, USA) with the statistical package 
mvmeta.

3   |   Results

A total of 2193 records were initially identified, with 1075 re-
maining after removal of duplicates. After screening, 15 articles 
were finally assessed for eligibility. Among them, one study 
was excluded as it was a Phase II study and 11 studies were ex-
cluded due to different endpoints [21]. In particular, one Phase 
III randomised clinical trial comparing bezafibrate to placebo 
(BEZURSO trial) was excluded because it considered different 
inclusion criteria and endpoints, while a Phase III, randomised, 
placebo-controlled study comparing two different seladelpar 
doses (ENHANCE trial) was not included as it was terminated 
early following an erroneous safety signal in a non-alcoholic ste-
atohepatitis trial, and therefore efficacy data were assessed at 
3- rather than 12-month as initially planned [22, 23]. Eventually, 
three Phase III, randomised, placebo-controlled trials were in-
cluded in this NMA. Figure S1 shows the sorting process of the 
publications. The Phase III randomised clinical trials included 

in the NMA tested the safety and efficacy of OCA 5–10 mg, or 
10 mg, versus placebo (POISE trial), seladelpar 10 mg versus 
placebo (RESPONSE trial) and elafibranor 8 mg versus placebo 
(ELATIVE trial) [9, 14, 15].

The network plot is provided in Figure S2. The inclusion crite-
ria were consistent across the three trials considered, but in the 
RESPONSE trial, patients were also required to have aspartate 
and alanine aminotransferase levels greater than three times 
the ULN at inclusion [16]. The risk of bias was judged to be low 
for all three studies (Table S2), and considering the inclusion of 
only one study per active treatment heterogeneity remained low 
with both methods used (I2 and τ2 statistics).

Overall, 570 patients were included in the NMA, and among 
them 379 (66.5%) received an active therapy, while 191 (33.5%) 
received placebo. Table  S3 reports the baseline characteristics 
of the populations included in the trials, showing homogene-
ity in the main characteristics among the intervention groups. 
Mean age was 56.6 ± 9.8 years, and most patients were female 
477 (83.7%). The majority of patients (n = 534, 93.7%) were in-
complete responders to UDCA, and 36 patients (6.3%) were in-
tolerant to the drug.

3.1   |   Efficacy on the Achievement of Biochemical 
Response and Alkaline Phosphatase Reduction

Focusing on primary endpoint, 53.0% of patients treated with 
an active therapy and 15.2% of patients on placebo reached the 
biochemical response (i.e. ALP level less than 1.67 times the 
ULN, a decrease of 15% or more from the baseline, and total bil-
irubin at or below the ULN). In detail, the RR of response was 
4.85 (95% CI: 2.3–10.23) and 4.86 (95% CI: 2.3–10.24) with OCA 
5–10 mg and 10 mg, respectively, 3.09 (95% CI: 95% CI, 1.86–5.11) 
with seladelpar, and 13.50 (95% CI: 3.42–53.22) with elafibranor 
(Figure 1A). Moreover, we also assessed the relative response of 
the single active arms as compared to placebo, and this analysis 
showed a RD of 0.37 (95% CI: 0.26–0.48) for both OCA 5–10 mg 
and OCA 10 mg, 0.42 (95% CI: 0.29–0.55) for seladelpar, and 0.47 
(95% CI: 0.36–0.58) for elafibranor (Figure 1B).

Table 1 reports the direct and indirect comparisons for biochem-
ical response at 12-month for all treatments. All active treat-
ments were superior to placebo, while indirect comparisons 
showed that elafibranor was significantly more effective than 
seladelpar (RR 4.37, 95% CI: 1.01–18.87), while no significant 
differences were observed in indirect comparisons among the 
other treatments [seladelpar vs. OCA 5–10 mg and 10 mg: 0.64 
(95% CI: 0.26–1.57) and 0.64 (95% CI: 0.26–1.56); elafibranor vs. 
OCA 5–10 mg and 10 mg: 2.78 (95% CI: 0.58–13.28) and 2.78 (95% 
CI: 0.58–13.25)].

Figure  S3 shows the variations in ALP levels over 12-month 
of treatment, with no significant difference among the various 
drugs. More in detail, all drugs were associated with a decrease 
in ALP, with mean relative difference compared to baseline 
of −30.4 (95% CI: −48.4 to −12.4) and − 36.8 (95% CI: −55.9 to 
−17.8) for OCA 5–10 mg and 10 mg, respectively, −38.2 (95% 
CI: −46.3 to −30.1) for seladelpar, and − 40.6 (95% CI: −47.8 to 
−33.5) for elafibranor.
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3.2   |   Incidence of New-Onset Pruritus and Severe 
Adverse Events

Overall, the 12-month incidence of new-onset pruritus was 
34.6%, affecting 117 patients (30.9%) receiving active treat-
ment and 80 patients (41.9%) receiving placebo. Figure  2A 
shows the forest plots for the risk of new-onset pruritus (active 
treatments vs. placebo). OCA treatment at both 5–10 mg (RR 
1.43; 95% CI: 1.09–1.88) and 10 mg (RR 1.79; 95% CI: 1.37–2.33) 
was associated with a significantly higher risk of new-onset 
pruritus, while seladelpar with a significantly lower relative 
risk (RR 0.30; 95% CI: 0.12–0.80), and elafibranor was not 

associated with either increased or decreased incidence (RR 
0.77; 95% CI: 0.43–1.38). The risk difference of new-onset pru-
ritus (Figure  2B) was significantly favourable for seladelpar 
[RD-0.11 (−0.20 to −0.01)] and marginally for elafibranor [RD 
−0.06 (−0.20 to 0.08)], while was negative for OCA at both 
5–10 mg [RD 0.17 (0.04 to 0.30)] and 10 mg [RD 0.30 (0.17 to 
0.43)].

Indirect comparisons (Table 2) showed a significantly decreased 
risk of new-onset pruritus for seladelpar compared to either 
OCA 5–10 mg (RR 0.21; 95% CI: 0.08–0.60) or 10 mg (RR 0.17; 
95% CI: 0.06–0.47), and for elafibranor compared to OCA 10 mg 

FIGURE 1    |    Forest plot reporting the relative risk (A) and the risk difference (B) of biochemical response after 12-month of treatment with the 
various drugs.

RR 95%-CI

Obe�cholic acid 5-10 mg 4.85 (2.3 to 10.23)

Obe�cholic acid 10 mg 4.86 (2.3 to 10.24)

Seladelpar 10mg 3.09 (1.86 to 5.11)

Elafibranor 80mg 13.50 (3.42 to 53.22)

Comparison: other vs ‘Placebo’ 
(Random effects model)

A

B

RD 95%-CI

Obe�cholic acid 5-10 mg 0.37 (0.26 to 0.48)

Obe�cholic acid 10 mg 0.37 (0.26 to 0.48)

Seladelpar 10mg 0.42 (0.29 to 0.55)

Elafibranor 80mg 0.47 (0.36 to 0.58)

Comparison: other vs ‘Placebo’ 
(Random effects model)

TABLE 1    |    League table for relative probability of achieving biochemical response after 12-month of treatment.

Elafibranor 80 mg 13.50 (3.42–53.22)

4.37 (1.01–18.87) Seladelpar 10 mg 3.09 (1.86–5.11)

2.78 (0.58–13.28) 0.64 (0.26–1.57) Obeticholic acid 5–10 mg 1.00 (0.70–1.42) 4.85 (2.3–10.23)

2.78 (0.58–13.25) 0.64 (0.26–1.56) 1.00 (0.72–1.39) Obeticholic acid 10 mg 4.86 (2.3–10.24)

13.5 (3.42–53.22) 3.09 (1.86–5.11) 4.85 (2.79–8.43) 4.86 (2.3–10.24) Placebo

Note: Relative risk values with 95% confidence intervals (CIs) are given in parentheses. To interpret comparisons, read from left to right across the columns relative 
to the rows, arranged by their overall efficacy. Direct comparisons are shown above the drug names, while indirect comparisons are below them. Grey-shaded boxes 
indicate statistically significant differences. Bold text identifies the drug. Data in shaded cells are those with statistically significant difference.
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(RR 0.43; 95% CI: 0.22–0.84), while no difference was observed 
between elafibranor and seladelpar (RR 2.53; 95% CI: 0.82–7.83).

The overall incidence of SAEs was 9.8%, affecting 40 patients 
(10.6%) receiving active treatments and 16 patients (8.4%) receiv-
ing placebo. Figure S4 shows that OCA 5–10 mg (RR 3.82; 95% 
CI: 1.46–10.02) or 10 mg (RR 2.67; 95% CI: 1.00–7.08) was associ-
ated with an increased risk of SAE compared to placebo, while 
both seladelpar (RR 1.14; 95% CI: 0.37–3.57) and elafibranor (RR 
0.98; 95% CI: 0.39–2.47) were not. Indirect comparisons showed 
no difference in the risk of SAEs across the various treatments 
(Table S4).

4   |   Discussion

In patients with PBC, treatment with UDCA improves cholesta-
sis, and this biochemical endpoint is associated with positive, 
long-term endpoints such as decrease in the risk of liver de-
compensation, liver-related death and transplantation [4, 5]. 
Therefore, in patients with PBC treated with UDCA, initial bio-
chemical response highlighted by amelioration of ALP and bili-
rubin is considered a surrogate marker of future clinical benefit. 
Unfortunately, up to 40% of patients do not show an adequate 
improvement in cholestasis, and these patients are at higher 
risk of disease progression [3, 6, 7]. In patients not responding 

FIGURE 2    |    Forest plot showing the relative risk (A) and risk difference (B) for new-onset pruritus within 12-month of treatment with the various 
drugs.

RR 95%-CI

Obe�cholic acid 5-10 mg 1.43 (1.09 to 1.88)

Obe�cholic acid 10 mg 1.79 (1.37 to 2.33)

Seladelpar 10 mg 0.30 (0.12 to 0.80)

Elafibranor 80 mg 0.77 (0.43 to 1.38)

Comparison: other vs ‘Placebo’ 
(Random effects model)

RD 95%-CI

Obe�cholic acid 5-10 mg 0.17 (0.04 to 0.30)

Obe�cholic acid 10 mg 0.30 (0.17 to 0.43)

Seladelpar 10 mg -0.11 (-0.20 to -0.01)

Elafibranor 80 mg -0.06 (-0.20 to 0.08)

Comparison: other vs ‘Placebo’ 
(Random effects model)

A

B

TABLE 2    |    League table for the relative risk of experiencing pruritus within 12-month of treatment.

Elafibranor 80 mg 0.77 (0.43–1.38)

2.53 (0.82–7.83) Seladelpar 10 mg 0.30 (0.12–0.80)

0.54 (0.27–1.07) 0.21 (0.08–0.6) Obeticholic acid 5–10 mg 0.80 (0.62–1.04) 1.43 (1.09–1.88)

0.43 (0.22–0.84) 0.17 (0.06–0.47) 0.8 (0.64–1.01) Obeticholic acid 10 mg 1.79 (1.37–2.33)

0.77 (0.43–1.38) 0.30 (0.12–0.80) 1.43 (1.09–1.88) 1.79 (1.37–2.33) Placebo

Note: Relative risk values with 95% confidence intervals (CIs) are given in parentheses. To interpret comparisons, read from left to right across the columns relative 
to the rows, arranged by their overall efficacy. Direct comparisons are shown above the drug names, while indirect comparisons are below them. Grey-shaded boxes 
indicate statistically significant differences. Bold text identifies the drug. Data in shaded cells are those with statistically significant difference.
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to UDCA, the current second-line treatment option is repre-
sented by OCA, whose administration proved to be able to im-
prove cholestasis in both the registration study and in various 
real-world cohorts [9, 10, 24]. OCA treatment for patients with 
PBC was conditionally approved by regulatory authorities both 
in the EU and US, pending the results of a Phase IV confirma-
tory required to confirm the efficacy of the drug, as compared 
to placebo, on composite clinical endpoints such as death, liver 
transplantation, or decompensation of liver disease. However, 
this study was prematurely ended due to inadequate enrolment 
and retention, and thus resulted underpowered for the primary 
composite endpoints set by the regulatory authorities. This neg-
ative result, despite positive data accrued in real-world stud-
ies since availability of the drug, led the European Medicine 
Agency (EMA) Committee for Medicinal Products for Human 
Use (CHMP) to recommend revoking the marketing authorisa-
tion of OCA in the EU [24, 25].

In this evolving scenario, two recent studies carried out in pa-
tients who showed incomplete response, or were intolerant, to 
UDCA demonstrated that two PPAR agonists, seladelpar and 
elafibranor, may represent safe and effective treatment options 
for these patients [14, 15]. In both studies, the drug met the pri-
mary biochemical endpoint, with no emerging safety signals, 
and a significant improvement in pruritus was also demon-
strated in patients with moderate-to-severe pruritus at baseline 
treated with seladelpar [14, 15]. As, there are no studies directly 
comparing second-line therapies for PBC, and we performed a 
systematic review and NMA to indirectly compare efficacy and 
safety of the available second-line therapies for patients with 
PBC. We set homogeneous criteria for inclusion and selected 
studies using well-defined and internationally accepted end-
points to assess treatment response.

We observed that, on average, the 12-month primary biochem-
ical endpoint was met in 53.0% of patients treated with active 
drugs, versus an average of 15.2%, in the placebo groups, with 
and an average differential gain of response of 37.8%. More in 
detail, all treatments were associated with overlapping, higher 
likelihood of biochemical response compared to placebo, rang-
ing from 3.09 with seladelpar (95% CI: 1.86–5.11), to 4.85/4.86 
with the various OCA schedules (95% CI: 2.3–10.23/10.24), to 
13.5 with elafibranor (95% CI: 3.42–53.22). To overcome the lim-
itation inherent to the potential different placebo response rates 
among studies, we assessed and compared the relative response 
compared to placebo across the various studies. We observed, 
despite increasing numerical relative response rates from 37% 
with OCA (95% CI: 26%–48%), to 42% with seladelpar (95% CI: 
29%–55%), and 47% with elafibranor (95% CI: 36%–58%), that 
the intervals were overlapping. The relative decrease in ALP, 
too, overlapped across the various treatments, ranging from 
30% with OCA to about 40% with either seladelpar or elafi-
branor. Lastly and noteworthy, the NMA indirect comparison 
of efficacy between the various treatments showed no major 
differences among the various drugs in achieving biochemical 
response, although elafibranor was significantly superior com-
pared to seladelpar (RR: 4.37; 95% CI: 1.01–18.87).

Another aspect of interest concerns the incidence of new-onset 
pruritus, a symptom that represents a major clinical issue in 
patients with PBC, as it worsens quality of life in patients with 

PBC [26, 27]. Our study showed that the average 12-month risk 
of developing new-onset pruritus in patients treated with pla-
cebo, is 41.9%, and that this figure is, on the average, 10% lower 
when patients are treated with an active drug. However, when 
we evaluated the effect of each single drug compared to placebo 
on the onset of this symptom, we observed that treatment with 
OCA was associated with a 12-month increased risk difference 
of 17%–30% of developing pruritus, while seladelpar was as-
sociated with a significant risk reduction, of about 10%, and a 
non-significant 6% decrease was observed with elafibranor. It 
must be emphasised that we limited our analysis to new-onset 
pruritus, identified in the various studies as an adverse event, 
and did not evaluate the modification in the severity of this 
symptom since the studies used different scores to grade pru-
ritus, and the potential inconsistency related to the comparison 
of the improvement in these scores has previously been debated 
at length [28–30]. Noteworthy, we feel that the data reported on 
new-onset pruritus in patients treated with placebo may serve 
as a benchmark for future studies addressing this issue, and 
that its apparently elevated figure may be related to the fact that 
the symptom was consistently captured in the environment of a 
Phase III study, while there is evidence that pruritus is under-
recorded in clinical practice [31]. Lastly, as far as overall safety 
is concerned, we observed that while both seladelpar and ela-
fibranor were not associated with an increased risk of SAEs as 
compared to placebo, OCA at any dose was associated with a 
greater likelihood of SAEs.

How can the results of this NMA be put in the context of the 
clinical scenario of patients with PBC and incomplete response 
to UDCA? All treatment regimens, with variable results, showed 
efficacy as compared to placebo although both new drugs—sel-
adelpar and elafibranor—showed a higher margin of efficacy as 
compared to OCA, and in the indirect comparison elafibranor 
seemed to provide some advantage over seladelpar in obtaining 
a biochemical response after 12 months of treatment. Therefore, 
considering the potential, future limitations to the use of OCA, 
at least in the EU, one has to balance the increased efficacy ela-
fibranor with the lower incidence of pruritus with seladelpar, a 
finding that could be related to an intrinsic mechanism of ac-
tion of the drug, and that might indicate its preferential use in 
patients at higher risk of developing this troublesome symptom 
[32]. Moreover, as far as safety is concerned, both seladelpar and 
elafibranor demonstrated an overall better safety profile as com-
pared to OCA both in terms of new-onset pruritus and overall 
rate of SAEs, while seladelpar was associated with a reduced in-
cidence of new-onset pruritus.

Given the different mechanisms of action of this class of drugs, 
it is hoped that future studies may help in better understanding 
the predictors of response and of SAEs and allow for a more pre-
cise allocation to second therapy for patients with PBC.

4.1   |   Limitations

Unfortunately, because of differences in inclusion criteria and 
end-points, our NMA could not account for the pan-PPAR 
agonist bezafibrate [22, 33], that in a randomised, placebo-
controlled study in patients who were incomplete responder to 
UDCA, normalised indexes of cholestasis and hepatic cytolysis 
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in 31% of patients after 24 month of treatment (0% placebo), and 
improved both pruritus and non-invasive tests of liver fibrosis 
[22]. Moreover, in a small, real-world study with paired liver bi-
opsies performed after 5 years of treatment, bezafibrate use was 
associated with significant decrease in liver histological activity 
index, regression of liver fibrosis in 48% of patients, and reduc-
tion in the proportion of patients with cirrhosis from 19% at base-
line to 3% at 5-year follow-up [34]. Lastly, the results of a large, 
retrospective study with a follow-up to 10 years carried out in 
Japan, demonstrated that the use of bezafibrate—as compared 
to UDCA alone—was associated with solid, long-term endpoints 
such as improvement in transplant-free survival (adjusted HR: 
0.33, 95% CI: 0.19–0.55), and that this association was consis-
tent across various risk groups at baseline [35]. However, in the 
context of this NMA, an indirect comparison of the BEZURSO 
study results was not feasible as the bezafibrate trial considered 
both different inclusion criteria and endpoints, and therefore 
how the efficacy and safety of this drug may compare, though 
indirectly, with either OCA, seladelpar and elafibranor could not 
be assessed due to methodological issues that would have pre-
vented a correct analysis of data [14, 15, 22]. Since bezafibrate is 
currently used in clinical practice in several countries, it is likely 
that the results of real-world studies with direct comparison, or 
indirect comparison with historical cohorts, will be available in 
the near future and therefore help disclose the potential differ-
ence in efficacy and safety between off-label bezafibrate and the 
other licensed second-line therapies.

Another limitation of this study is related to the use of study-
level and estimation techniques, and to the fact that the avail-
ability of a limited number of studies—and an overall relatively 
small number of patients—increased uncertainty around our 
comparative effectiveness estimates, and prevented sub-group 
analyses. Specifically, the absence of individual patient data re-
stricted our ability to perform more granular analyses and might 
have affected the precision of our estimates. Lastly, availability 
of individual patient data would have allowed the inclusion of 
patients treated with bezafibrate. In this regard, real-world stud-
ies will likely provide more information about the efficacy and 
safety of the newer drugs—seladelpar and elafibranor—once 
they will be widely available, allowing larger scale, and possibly 
head-to-head, comparisons.

The inclusion of Phase III studies with a 12-month biochemical 
endpoint alone was a selection criterion for inclusion in the meta-
analysis to increase the rigorousness of data as Phase II studies 
had a limited duration (i.e. 3 months), although this might have 
limited the sample size, and thus the robustness of the findings. 
To this end, we performed a sensitivity analysis of efficacy in-
cluding the Phase II, randomised trial that assessed 3-month 
biochemical response of different elafibranor doses (80 and 
120 mg) against placebo, and a Phase III, randomised, placebo-
controlled study of different seladelpar doses (5 and 10 mg) 
that was terminated earlier than planned and whose available 
results in terms of biochemical response were evaluated at 3-
month (21,23, network plot provided in Figure S5). This analy-
sis, albeit limited to 3-month composite biochemical endpoint, 
showed that all the drugs had an overall favourable relative risk 
of response compared to placebo (Figure S6A), with a gradient 
in risk difference of 0.33 (95% CI: 0.23–0.43) for OCA 5–10 mg, 
0.56 (95% CI: 0.47–0.66) for elafibranor 80 mg and 0.60 (95% CI: 

0.48–0.72) for seladelpar 10 mg (Figure S6B). Direct and indirect 
comparisons for biochemical response at 3-month showed that 
all active treatments were superior to placebo (Table S5), while 
seladelpar 10 mg was superior to seladelpar 5 mg (RR 1.37; 95% 
CI: 1.05–1.79). No significant differences were observed in in-
direct comparisons among the other treatments. The results of 
this sub-analysis, though informative due to increased number 
of patients, need to be considered with caution due to the quite 
short time-horizon evaluated (3-month) and to the fact that two 
studies included the assessment of drug doses that were not fur-
ther explored in Phase III studies [21, 23].

Lastly, due to the availability of well-detailed, registration stud-
ies, the heterogeneity across trials was quite low, and while 
network meta-analyses allow for the comparison of treatments 
not directly compared in head-to-head trials, it might inher-
ently carry the risk of bias due to unmeasured characteristics 
that could affect outcomes, and therefore their results should be 
interpreted with caution. While this can be considered an in-
trinsic limitation of network meta-analyses, they are performed 
to overcome the limitations of direct comparisons, since they 
usually yield more precise estimates than a single direct or in-
direct estimate. Moreover, network meta-analyses allow triple 
comparisons, as in this case, that in real-life would be hardly 
performed, especially in rare diseases such as PBC.

A final consideration regards the approval status of OCA in 
Europe. The decision of the EMA CHMP to recommend revok-
ing the marketing authorisation of OCA in the EU was deci-
sion was critically appraised by the scientific community and 
heightened the debate concerning the balance between the need 
to provide patients with solutions for their unmet needs, once 
pivotal interventional trials meet surrogate endpoints, and the 
requirements of regulatory authorities for long-term, placebo-
controlled studies in patients with rare diseases and long natural 
history, [14, 15, 36]. Further discussion needs to be entertained 
on how to combine the challenges posed by such studies and the 
necessity provide patients with solutions for their unmet needs. 
We believe that study such this NMA might help the health au-
thorities to analyse and compare alternatives based on available, 
objective data.

5   |   Conclusions

On the basis of the results of this NMA, in the absence of direct 
comparisons between the various drugs available, selection of 
optimal treatment for second-line therapy of patients with PBC 
may be quite nuanced, and the decision should be tailored on 
the single patient rather than being universal. Indeed, efficacy 
of treatment on biochemical endpoints seems to favour the se-
lection of elafibranor due to its better results compared to se-
ladelpar, and to similar results compared to OCA, but with 
significantly better safety profile. On another note, seladelpar 
showed an overall efficacy similar to OCA but with a better 
safety profile, and was the only drug associated with a signifi-
cantly lower incidence of new-onset pruritus, though indirect 
comparison with elafibranor showed no difference between the 
two drugs on this aspect. Thus, while waiting for evidence gen-
erated by real-world comparison studies, that should possibly in-
clude also bezafibrate, we feel that the results of this NMA may 
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inform decisions regarding second-line treatment of patients 
with PBC and help better tailor treatment to patients' needs.
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