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INTRODUCTION: Patients with primary biliary cholangitis (PBC) without biochemical response to ursodeoxycholic acid

(UDCA) are at increased risk of liver-related mortality. Saroglitazar is a novel peroxisome proliferator-

activated receptor (PPAR) agonist with dual PPAR agonistic properties (a/g). There is a strong

mechanistic rationale for studying saroglitazar in PBC because PPARa is a molecular target of fibrates

that showed improvements in liver tests in patients with PBC.

METHODS: In this 16-week, open-label, phase3 study, 37patientswere screened across 3 clinical centers to enroll

7 patients. All patients received daily dose of saroglitazar 4mg for 16weeks in addition to their ongoing

treatment with UDCA. The primary efficacy endpoint was the reduction in alkaline phosphatase (ALP)

level at week 16 as compared to baseline.

RESULTS: Mean age of the study population was 51.16 10.0 years, all patients were female of Mexican descent,

and mean body mass index was 25.565 4.8 kg/m2. Six (85.7%) patients reported taking ursodiol at

baseline and continued throughout the study with a mean daily dosage of 417 mg. Among these, the

daily dosage of UDCA500mg in 4 and250mg in 2 subjects, respectively. Themean baseline ALP level

was 230 6 103 U/L. The primary efficacy endpoint, mean change (reduction) from baseline in ALP

concentration at week 16 based on the modified intent-to-treat population was 2946 53 U/L

(P5 0.003), corresponding to a reduction of 486 23%. Treatment with saroglitazar 4mg resulted in a

rapid and sustained decrease of ALP levels at week 4 (284 6 47 U/L, P5 0.003). Six patients who

completed the study achievedmean ALP reduction of at least 40% at week 4 and all subsequent visits.

DISCUSSION: Although the study was terminated because of lack of enrollment, saroglitazar daily for 16weeks resulted

in rapid and sustained improvements in ALP with an acceptable safety profile in patients with PBC.
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INTRODUCTION
Patients with primary biliary cholangitis (PBC) without bio-
chemical response to ursodeoxycholic acid (UDCA) are at in-
creased risk of liver-related mortality (1–3). Currently, there is
only 1 approved drug, obeticholic acid, for use in these patients
(4). Patients with PBC also suffer from fatigue and pruritus, with
no therapies approved to treat either of these symptoms (5–7).
Therefore, a treatment option that would address both hepatic
and extrahepatic manifestations in patients with PBC is very
desirable.

Saroglitazar is a novel peroxisome proliferator-activated re-
ceptor (PPAR) agonist with dual agonistic properties—it is a

potent and predominant PPARa agonist with moderate PPARg
agonistic activity (8–11). There is a strong mechanistic rationale
for studying saroglitazar in PBC because PPARa is a molecular
target of fibrates that show improvements in liver enzymes and
lipid profiles (1,12,13). Therefore, this study was designed to
evaluate the safety, tolerability, and efficacy of saroglitazar in
patients with PBC.

MATERIALS AND METHODS
Patients aged 18–75 years at the time of screeningwith a diagnosis
of PBC based on the Practice Guidelines were enrolled in this
study (5,6). Patients had to be on therapeutic doses of UDCA for
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$12 months and on stable therapy for $3 months before en-
rollment. One entry criterion was an alkaline phosphatase (ALP)
level of at least 1.67 times the upper limit of the normal (ULN) at
both screening 1 and 2 visits with ,30% variance between the
ALP levels from screening visit 1 to 2 and total bilirubin less than
or equal to 2 3 ULN. All patients provided written informed
consent before the study participation. This was a multicenter,
prospective, open-label proof-of-concept study conducted to
evaluate the efficacy and safety of saroglitazar 4 mg in patients
with PBC treated for 16 weeks. The study protocol was reviewed
and approved by the institutional review board at each partici-
pating institution. All eligible patients received a daily dose of
saroglitazar 4 mg orally for 16 weeks in addition to their ongoing
treatment with UDCA. Patients were followed every 4 weeks for
clinical and biochemistry assessments. The primary efficacy
endpoint was the reduction in ALP concentration level at week
16. It was analyzed using a modified intent-to-treat population
that included all enrolled patients who received at least 1 dose of
study drug and had at least 1 postbaseline efficacy assessment.
Change from baseline in the primary and secondary efficacy
parameters was analyzed using a paired t test. For this proof-of-
concept study, no formal sample size estimation was performed.
All statistical analyses were conducted using SAS software (ver-
sion 9.4; SAS Institute, Cary NC).

RESULTS
A total of 37 patients were screened, and only 7 participants who
met the study inclusion and exclusion criteria were enrolled
from 3 participating medical centers inMexico. The top reasons
for screen failure include .30% variation of ALP with levels
$1.67 3 ULN between the 2 screening visits, elevated total
bilirubin or international normalized ratio, or renal impairment
(6 patients met 1 or more of these criteria). The other common
reasons include inability to meet the PBC criteria, abnormal
creatinine kinase, lipase or amylase levels (5 patients met 1 of
more of these criteria), or ,30% increase in aminotransferase.
International normalized ratio or total bilirubin levels between
the 2 screening visits (3 patients met 1 or more of these criteria).
The ALP values at baseline for 3 patients were less than 1.67
times of ULN and were enrolled through a protocol exemption.
All 7 patients were included in both efficacy and safety analysis.
The demographic and baseline characteristics are presented in
Table 1. Briefly, themean age of the study populationwas 51.16
10.0 years, all (100%) patients were female and of Mexican de-
scent, and mean body mass index was 25.56 5 4.8 kg/m2. Six
(85.7%) patients reported taking ursodiol at baseline and con-
tinued throughout the studywith amean daily dosage of 417mg.
Among these, the daily dosage of UDCA500mg in 4 and 250mg
in 2 subjects, respectively. The mean baseline ALP level was 230
6 103 U/L.

The primary efficacy endpoint mean change (reduction) from
baseline in ALP concentration at week 16 based on the modified
intent-to-treat population was 294 6 53 U/L (P 5 0.003) and
corresponds to mean percentage reduction of 48% 6 23%.
Treatment with saroglitazar 4 mg resulted in a rapid and sus-
tained decrease ofALP levels atweek 4 (2846 47U/L,P5 0.003)
(Figure 1a). Six patients who completed the study achieved mean
ALP reduction of at least 40% at week 4 and all subsequent visits
(Figure 1b). For 1 patient who discontinued the study after the
week 8 assessment, no clinically meaningful changes in ALP
concentration were observed at week 8 445 IU/L) compared with

baseline (436 IU/L). At week 16, 5 (71%) patients were within the
ULN inALP concentration, and 6 (86%) patientswerewithin 1.67
3 ULN.

The mean reduction in gamma-glutamyl transferase concen-
tration, the other cholestasis-associated enzyme, was consistent
with the primary efficacy endpoint (1A). No clinically relevant
changes in total bilirubin were observed at week 16 (Figure 1c).
The total bilirubin level for all patients was within the normal
ranges both at baseline and at week 16. No clinically relevant
changes in aspartate aminotransferase and alanine aminotrans-
ferase (ALT) were observed at week 16. At week 16, the mean
reductions in total cholesterol, triglycerides, and low-density li-
poproteinwere 10.3%, 21.5%, and 14.0%, respectively (Figure 1d).

One patient discontinued the study by withdrawing consent
after 8 weeks with no safety concerns. The adverse events oc-
curred in 4 patients, and all of them were mild to moderate in
severity. The adverse events that occurred in at least 2 patients
were dry mouth, gastritis, gastroesophageal reflux disease,
headache, nausea, and pruritus.

One patient had a hepatocellular pattern of liver enzyme ele-
vations with ALT levels ,3 3 baseline at weeks 12 and 16 that
worsened to 5–103ULN at week 20 and resolved spontaneously
at follow-up. Briefly, this was a 51-year, Hispanic or Latino
woman with BMI of 32.3 kg/m2 enrolled with confirmed di-
agnosis of PBC. She was continued on UDCA and received sar-
oglitazar for total study duration of 16 weeks. A 2.63 elevation of
ALT from baseline was noted. At the safety visit (4 weeks after

Table 1. Select demographic, liver biochemistries, lipid panel,

and use of UDCA at baseline

Saroglitazar 4 mg (N 5 7)

Age (yr) 51.1 6 10.0

Female, n (%) 7 (100)

Race, Mexican, n (%) 7 (100)

BMI (kg/m2) 25.5 6 4.8

Liver biochemistries

ALP (U/L) 2306 103

Total bilirubin (mg/dL) 0.5 6 0.1

AST (U/L) 506 9

ALT (U/L) 576 24

GGT (U/L) 1366 60

Lipid panel

Total cholesterol(mg/dL) 1916 36

Triglyceride(mg/dL) 1166 16

LDL (mg/dL) 1136 33

HDL (mg/dL) 656 13

UDCA, daily dose (mg) 4176 129

Pruritus at baseline, n (%) 1 (14.3)

All values are reported in mean 6 SD unless otherwise specified.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; GGT, gamma-glutamyl transferase;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; UDCA,
ursodeoxycholic acid.
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discontinuation of saroglitazar), the ALT levels were increased to
545 U/L (see Supplementary Figure 1, Supplementary Digital Con-
tent 1, http://links.lww.com/CTG/A525). Serum total bilirubin levels
remained well within the reference range throughout the course of
the study. Unfortunately, no additional laboratory parameters were
available until a year laterwhen shewas found to have a normalALT
at 19 U/L. The local study investigator attributed the liver enzyme
elevations to underlying nonalcoholic fatty liver disease and in-
tentional weight loss by the study participant. This case of suspected
drug-induced liver injury was evaluated by an independent hepatic
safety adjudication committee, and the event was considered as

possibly related to saroglitazar. Liver enzyme elevations in the 500-
U/L range were considered unlikely to be from underlying non-
alcoholic fatty liver disease.

Overall, saroglitazar 4 mg was well-tolerated in PBC patients
with no potentially life-threatening adverse events. Its effect on
pruritus severity could not be assessed as there was only 1 patient
with pruritus at baseline.

DISCUSSION
In this proof-of-concept study, saroglitazar seems to be a very
promising therapeutic agent with rapid and sustained

Figure 1. Trends of select liver biochemistries and lipid profile parameters during the study period. (a) Mean changes in ALP and GGT levels from
BL at various study visits. Treatment with saroglitazar 4 mg resulted in rapid reduction of ALP concentration at week 4 (mean5283.9 IU/L, SD5
46.9, P5 0.003) and sustained throughout the duration of treatment. The mean changes in GGTconcentration was269.2 IU/L (SD5 65.7, P5
0.032) and277.7 IU/L (SD5 28.1, P5 0.001) for week 8 and week 16 which corresponds to a reduction of 49.6% and 60.8% at week 8 and week
12, respectively. (b) Change in ALP and gamma-glutamyl transferase levels compared with baseline at various study visits expressed as percent
change from BL. Six patients who completed the study achieved mean ALP reduction of at least 40% at week 4 and all subsequent visits. For 1
patient who discontinued the study after the week 8 assessment, no clinically meaningful changes in ALP concentration were observed at week 8
(mean5 445 IU/L) compared with baseline (mean5 436 IU/L). At week 16, 5 (71.4%) patients were within the ULN in ALP concentration and 6
(85.7%) patients were within 1.67 3 ULN. (c) Mean total bilirubin levels (mg/dL) at various study visits. (d) Mean changes in lipid panel
parameters at week 16 as compared to baseline. At week 16, the mean reduction in total cholesterol was2226 30mg/dL (P5 0.10), triglycerides
was 226 6 34 mg/dL (P 5 0.096), and low-density lipoprotein was 219 6 28 mg/dL (P 5 0.122) which corresponds to a reduction of 10.3%,
21.5%, and 14.0%, respectively. No clinically relevant changes were observed for high-density lipoprotein concentration. ALP, alkaline
phosphatase; BL, baseline; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ULN, upper limit of
the normal.
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biochemical response rates that far exceed any previous treat-
ments for PBC. Its effect on pruritus could not be assessed because
only 1 patient reported itching at baseline. Unfortunately, the
study was closed because of a lack of enrollment from a high
screen failure rate (81%). Although some of the screen failure rate
could be inflated from inadequate prescreening such a not
meeting the PBC criteria or renal impairment at baseline, most
reasons seem to unanticipated and highlight the challenges with
study enrollment. These include .30% variation in ALP and
other liver test biochemistries. Enrollment into therapeutic clin-
ical trials for PBC is challenging because of it being a rare disease
with low prevalence in the general population. Currently, im-
provement in ALP levels or achieving a composite endpoint of
ALP ,1/67 3 ULN, normal total bilirubin, and .15% decrease
inALP are recommended endpoints to assess therapeutic benefits
per regulatory guidelines. This criteria for the most part require
the sponsor to make sure that there are at least 2 baseline liver
biochemistry values, at least 4 weeks apart with fluctuations that
are not more than 30% to establish a stable ALP value at baseline.
Unfortunately, this aspect of the study design adds additional
challenge with study enrollment as encountered in the current
study.

Saroglitazar also seems to be well-tolerated and safe, although
the small sample size precludes any definitive conclusions.
However, the 1 case of potential drug-induced liver injury ob-
served in this studywill likely result in evaluation of lower doses of
saroglitazar. The results from an ongoing phase 2 trial in the
United States examining 2 and 4 mg daily (ClinicalTrials.gov
Identifier: NCT03112681) were recently reported, and there
seems to be a dose-dependent increase in the incidence of patients
with aminotransferase elevations. It is likely that lower dosage of 1
and 2mgwill be pursued in the phase 3 trial. Interestingly enough,
no cases of hepatoxicity were reported in the phase 2 trial that
evaluated saroglitazar for treatment of non-alcoholic steatohe-
patitis (14). The observation in the current trial only emphasizes
the caution that must be exercised when similar doses of a study
drug are used for drug development in cholestatic and paren-
chymal liver disorders.

In summary, the current proof-of-concept study supports the
potential therapeutic role of saroglitazar as a treatment option for
patients with PBC. This study also highlights the challenges as-
sociated with recruitment for a PBC trial in Hispanic or Latino
population.
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Study Highlights

WHAT IS KNOWN

3 Patients with primary biliary cholangitis who do not have
biochemical improvement with ursodeoxycholic acid (UDCA)
have limited treatment options.

3 Fibrates downregulate bile acid biosynthesis through
suppression of cholesterol 7-alpha hydroxylase (CYP7A1),
the rate-limiting enzyme in bile acid biosynthesis.

3 In combination with UDCA, fibrates have resulted in the
improvement or normalization of alkaline phosphatase
(ALP) levels. Saroglitazar, a novel peroxisome proliferator-
activated receptor agonist, is an attractive treatment option
because of its predominant peroxisome proliferator-
activated receptor alpha activity resulting in decreased bile
acid biosynthesis.

WHAT IS NEW HERE

3 Saroglitazar in patients who have failed to respond to UDCA
showed a significant reduction in ALP levels with
approximately 50% decline compared with baseline at 16
weeks.

3 The improvement in ALP was observed as early at 4 weeks
and was sustained throughout the treatment duration.

TRANSLATIONAL IMPACT

3 Measurement of fibroblast growth factor 19 and 7alpha-
hydroxycholest-4-en-3-one (C4) may allow us to understand
the mechanism through which saroglitazar may provide the
therapeutic benefit.
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