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STRUCTURED ABSTRACT

Question: Among adults with large-duct primary sclerosing cholangitis (PSC)
and a serum alkaline phosphatase (SAP) greater than 1.5 times the upper
limit of normal (ULN), does 18 months of oral vancomycin (OV) normalize
SAP or improve other markers of disease severity compared with placebo?

Design: This was a phase 3, multicenter, randomized, double-blind, placebo-
controlled trial with 1:1 allocation, 18 months of treatment, and a 6-month washout.
Randomization was stratified by inflammatory bowel disease (IBD) status using
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permuted blocks of 6. Enrollment opened in January 2020 and was terminated early
in March 2025 because of slow recruitment.

Setting: The study was conducted in 3 Mayo Clinic sites in the United States:
Rochester, Minnesota; Jacksonville, Florida; and Phoenix/Scottsdale, Arizona.

Patients: Patients were adults aged 18 to 76 years with large-duct PSC, SAP greater
than 1.5 times ULN, total bilirubin no greater than 2 times ULN, and imaging within
6 months of enrollment that did not suggest hepatobiliary malignancy. Participants
needed stable doses of ursodeoxycholic acid (UDCA), probiotics, and IBD
medications for 3 months before enrollment. Key exclusions included concomitant
liver disease other than hepatic steatosis on imaging, creatinine clearance <60 mL/
min, hepatic decompensation, model for end-stage liver disease (MELD) 3.0 >14,
prior liver transplantation or anticipated need for transplantation during the study
period, suspected or confirmed malignancy, prior hepatobiliary cancer, pregnancy
or breastfeeding, and endoscopic retrograde cholangiopancreatography, ascending
cholangitis, or antibiotic use within the preceding 3 months. Of 230 eligible adults,
148 declined participation.

Intervention: Participants were randomized 1:1 to oral vancomycin or an identical
placebo, with randomization stratified by IBD status. Oral vancomycin was started
at 125 mg 4 times daily. If SAP had not normalized by month 6, the dose was
increased to 250 mg 4 times daily; if SAP had not normalized by month 12, the dose
was increased to 375 mg 4 times daily for the remainder of treatment. Laboratory
testing was obtained every 3 months. Liver stifftness was measured by transient
elastography at baseline and months 6, 12, and 18, and the 5-D itch scale, PBC-40,
Short Inflammatory Bowel Disease Questionnaire, and Ulcerative Colitis Clinical
Score were collected during study visits. Participants and study staff were blinded,
except for statisticians and the pharmacists preparing the formulations.

Outcomes: The primary endpoint was SAP normalization at month 18. Secondary
endpoints included changes in liver tests, Mayo PSC risk score, MELD 3.0,
liver stiffness, estimated fibrosis stage, 5-D itch score, PBC-40 domains, Short
Inflammatory Bowel Disease Questionnaire score, and Ulcerative Colitis Clinical
Score. Fibrosis stage was estimated using previously published liver stiffness cutoffs.
SAP changes were also assessed in select subgroups based on IBD status, UDCA use,
and cirrhosis as determined by liver stiffness. Post hoc analyses evaluated changes
in the Anali score among participants who completed at least 12 months of the study
and had 2 magnetic resonance cholangiopancreatography examinations available
for review.

Data Analysis: The intention-to-treat (ITT) population included all 82 randomized
participants; those without month-18 data were classified as nonresponders for the



LIVER

primary endpoint. The modified ITT (mITT) population included 73 participants
with at least 1 post-baseline assessment and used the last observation carried forward
for the primary endpoint, while the per-protocol population included 35 participants
who completed the month-18 assessment. Continuous secondary outcomes were
analyzed using mixed-effects models incorporating all available data. Sensitivity
analyses for the primary endpoint were performed under the ITT, mITT, and per-
protocol frameworks using an alternative definition of SAP response: SAP <1.5
times ULN and a >40% reduction from baseline. A 2-sided alpha of 0.05 was used.

Funding: The US Food and Drug Administration Office of Orphan Products
Development (grant FD-R-6102). Azurity Pharmaceuticals supplied the

investigational product and matching placebo. ClinicalTrials.gov identifier
NCT03710122.

Results: A total of 82 participants were randomized (Figure 1): 42 to placebo and
40 to oral vancomycin. Seventy-three participants (placebo n=39, oral vancomycin
n=34) had at least 1 post-baseline outcome assessment, and 35 (placebo n=20,
oral vancomycin n=15) completed the full 18-month treatment period. Among the
47 participants who did not complete the study, 23 voluntarily withdrew consent;
other reasons for discontinuation included disease progression (n=4), investigator
decision (n=4), toxicity or adverse events (n=8), and early study termination (n=8).
Participants who withdrew early were less likely to rate their baseline health as
excellent or very good compared with those who completed the study (23.4% vs
54.5%, P <0.01), despite similar baseline liver tests, liver stiffness, MELD, and
Mayo PSC risk scores. Median reported adherence at each time period was >98% in
both treatment groups. All but 1 participant receiving oral vancomycin underwent
dose escalation at months 6 and 12.

The primary endpoint of SAP normalization at month 18 did not differ between
placebo and oral vancomycin (5.0% vs 6.7%, respectively; P =1.00). Rates of
achieving SAP <1.5 times ULN were also identical (20.0% in each group), and the
proportion achieving a >40% reduction from baseline was similar between groups.
These findings were consistent across I'TT, modified ITT, and per-protocol analyses.
SAP analyzed as a continuous measure decreased by 21.9% with OV compared with
a 1.5% increase with placebo (P = 0.03) (Figure 2).

Between-group differences were 0.0 for the Mayo PSC risk score (P = 0.88), —4.2
kPa for liver stiffness (P = 0.15), —0.6 for MELD 3.0 (P = 0.82), —0.9 for the
5-D itch scale (P = 0.46), and +3.5 for the Short Inflammatory Bowel Disease
Questionnaire (P = 0.14). Sustained fibrosis improvement at month 18 was not
more common with OV (OV 14.3% vs placebo 30.8%, P = 0.61). Liver stiffness
findings were unchanged in a sensitivity analysis excluding participants without
baseline liver stiffness measurements (P=0.13). A borderline difference favored oral
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vancomycin in the PBC-40 emotional domain (P=0.05), whereas the other PBC-40
domains did not significantly improve. Among participants with IBD, changes in
Short Inflammatory Bowel Disease Questionnaire and Ulcerative Colitis Clinical
Score scores were similar between treatment groups. Anali scores with and without
gadolinium did not change significantly in either group.

Adverse events occurred in 73.8% of placebo-treated and 80.0% of oral vancomycin-
treated participants (P=0.51), while serious adverse events occurred at similar
rates (16.7% vs 12.5%; P=0.59). Teeth and/or tongue discoloration was the most
characteristic treatment-related adverse event, occurring in 17.5% of participants
receiving oral vancomycin and none receiving placebo. The discoloration resolved
in 6 of the 7 affected participants. No serious adverse event was attributed to the
study drug.

| Edigible Adults with PSCn=230 |

:II Declined participation n=148
| Randomized n=82 l
! '
Received placebo n=42 | | Received OV n=40
Early withdrawal n=6
Early withdrawal n=3 « Patient refusal / withdrawal of
= Patient refusal / withdrawal of consent n=4
consent n=3 = Investigator's decision n=1

« Toxicity / adverse event n=1

Included in modified intention to treat Included in modified intention to treat
analysis n=39 analysis n=34

Early withdrawal n=19 - -
+ Patient refusal / withdrawal of Early withdrawal n=19

consent n=9 + Patient refusal / withdrawal of
« Progression of disease n=3
= Investigator's decision n=1

« Toxicity / adverse event n=1
= Study early discontinuation n=5

consent n=7
* Progression of disease n=1
+ Investigator's decision n=2
« Toxicity / adverse event n=6
+ Study early discontinuation n=3

| Completed study n=20 | | Completed study n=15 |

Figure 1. Patient disposition throughout the trial. OV, oral vancomycin; PSC, primary sclerosing cholangitis.
Reproduced from Eaton et al.

COMMENTARY

Why Is This Important? ~ that has been shown to alter its natural
Primary sclerosing cholangitis remains history. UDCA may improve liver
a Progressive cholestatic 1.1ver disease piochemistries in select patients, but
without an approved medical therapy it has not been shown to improve



600
550
500
450
400
350
300
250
200

Least-Squares Mean (Ul/liter)

150
100

No. at Risk with Measurement
Placebo 42 36 36
Vancomycin 40 34 24

LIVER

Group
» Placebo
Vancomycin

p=0.03

1.5xULN

ULN

9 12 15 18
Month

29 25 17 20

18 19 17 15

Percentage Change from Baseline (95% CI)

Placebo 71 -2.6

-4.7 -6.6 -7.4 15

(-186t044) (-144t092) (-173107.8) (-197t066) (-226t07.7) (-13.1t016)

vVancomycin -12.2 -12.3

-25.7 -287 -226 -218

(-231to-1.4) (-248100.1) (-39.4t0-11.9)(-42.2 t0 -15.2) (-36.7 to -8.5) (-36.7 to -7.1)

Figure 2. Change in serum alkaline phosphatase during treatment with oral vancomycin versus placebo. ULN,
upper limit of normal. Reproduced from Figure 3 of Eaton et al.

transplant-free survival.! Management
therefore focuses on monitoring disease
progression, treating complications,
conducting cancer surveillance, and
referring patients for liver transplantation
when appropriate.

The gut-liver axis has emerged as an
attractive therapeutic target in PSC.
Alterations in the intestinal microbiome,
bile acid signaling, and mucosal immune
responses have all been implicated in PSC
pathogenesis, although the mechanisms
linking intestinal dysbiosis to biliary
injury remain incompletely understood.?

Much of the early enthusiasm for oral
vancomycin arose from pediatric studies.
In a small series of 14 children with PSC,

Davies et al. reported improvements
in liver biochemistries, inflammatory

markers, and clinical symptoms
following oral vancomycin therapy.
Alanine  aminotransferase, gamma-

glutamyl transferase, and erythrocyte
sedimentation rate normalized in 10 of
14 children; the remaining 4, all of whom
had pre-existing cirrhosis, improved
without normalization.® Subsequent
pediatric reports similarly suggested
biochemical benefit. However, larger
pediatricstudieshavebeenlesspromising.
In a propensity-matched analysis from
the Pediatric PSC Consortium, Deneau
et al. compared 88 children treated with
oral vancomycin with 88 receiving
UDCA and 88 receiving neither therapy.
At 1 year, gamma-glutamyl transferase
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normalization and fibrosis outcomes
were similar across groups, as was
longer-term liver transplant listing, while
spontaneous biochemical normalization
was common among untreated children
with milder disease.*

Notably, one of the more consistent
signals for oral vancomycin has involved
intestinal disease. In a matched analysis
from the Pediatric PSC Consortium,
vancomycin was associated with higher
odds of clinical remission (adjusted odds
ratio 5.24) and endoscopic remission
(adjusted odds ratio 2.76) in PSC-
associated inflammatory bowel disease.’
This raises an important interpretive
challenge: distinguishing a beneficial
effect on intestinal inflammation from a
direct disease-modifying effect on PSC
itself.

Adult data have also been limited. In a
4-arm dose-comparison trial, Tabibian et
al randomized 35 adults to low- or high-
dose oral vancomycin or metronidazole
and reported a significant reduction in
SAP at 12 weeks in the vancomycin
groups.® In a separate 12-week placebo-
controlled trial of 29 patients, Rahimpour
et al. reported a significant reduction
in the Mayo PSC risk score with oral
vancomycin without a statistically
significant change in SAP.” These studies
were small and short in duration, leaving
uncertainty as to whether biochemical
improvements translate into meaningful
changes in PSC progression. Current
American Association for the Study

of Liver Diseases guidance therefore
considers the evidence insufficient
to recommend oral vancomycin for
treatment of PSC.' This trial is important
because it gives us a much better answer
to a question that comes up fairly often
in practice: does lowering alkaline
phosphatase with oral vancomycin
actually translate into improvement in
PSC?

Key Study Findings

In  this 18-month, multicenter,
randomized, placebo-controlled trial,
SAP normalization did not differ between
oral vancomycin and placebo (6.7%
vs 5.0%; P =1.00).® The mean SAP
reduction with OV was about 22%, and
the difference was statistically significant
when SAP was analyzed continuously.
The trial found no significant between-
group differences in the Mayo PSC
risk score, MELD 3.0, liver stiffness,
estimated fibrosis stage, IBD-related
outcomes, pruritus, or most patient-
reported outcomes.

The dose-response findings are also
interesting. The dose was increased
from 125 mg to 250 mg and then 375
mg 4 times daily in patients who had not
reached the biochemical target, but this
did not produce an additional reduction
in SAP. SAP also did not significantly
increase after treatment was stopped.
Neither finding proves that the reduction
in SAP was unrelated to treatment, but
together they make the biochemical
signal harder to interpret.



Oral vancomycin was  generally
well tolerated. Teeth and/or tongue
discoloration was the most characteristic
treatment-related adverse event (17.5%),
and no serious adverse event was
attributed to the study drug.

Caution

The study should not be interpreted as
proof that oral vancomycin has no effect
in PSC. The trial was terminated early
because recruitment was slow. Eighty-
two patients were randomized instead
of the planned 94. The authors estimate
that the study had about 80% power to
detect an absolute difference in SAP
normalization of approximately 19% or
greater. So, a relatively small treatment
effect cannot be excluded.

Attrition 1s another concern. Patients
who withdrew early were less likely
to describe their baseline health as
excellent or very good and reported more
impairment in several PBC-40 domains.
This is important because patients with
more symptoms or poorer quality of life
may be harder to retain in a long clinical
trial. At the same time, several findings
make a major false-negative result less
likely. Withdrawal rates and baseline
prognostic characteristics were generally
similar between treatment groups;
patients who withdrew did not appear to
have a hidden biochemical response; and
the ITT, modified ITT, and per-protocol
analyses were overall consistent.

There are also some interesting subgroup
findings. Greater SAP reductions were
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reported in patients without IBD, those
without liver stiffness in the cirrhotic
range, and those not taking UDCA.
These analyses are small and should be
considered hypothesis-generating rather
than evidence for selecting patients for
treatment.

A second limitation is the primary
endpoint itself. Although lower or
improving SAP is associated with
better prognosis in PSC, spontaneous
fluctuations and normalization occur,
and it remains unproven that a treatment-
induced decline in alkaline phosphatase
predicts improvement in long-term
clinical outcomes.!” No surrogate
biomarker has been sufficiently validated
to replace clinical endpoints such as
hepatic decompensation, hepatobiliary
cancer, transplantation, or death in
PSC trials. The study was not designed
or powered to determine whether oral
vancomycin affects these longer-term
clinical outcomes.

Chronic antimicrobial exposure is an
additional consideration: although no
vancomycin-resistant enterococcal
infections were observed, participants
were not systematically screened for
asymptomatic colonization with resistant
organisms, limiting conclusions about
the broader antimicrobial-resistance risk
of prolonged therapy.

My Practice
In our practice, PSC is one of a trio of
autoimmune diseases that we encounter,
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in addition to autoimmune hepatitis
and primary biliary cholangitis, with
far lower prevalence than commonly
encountered liver diseases such as
metabolic dysfuction-associated
steatotic liver disease. Moreover, PSC
is the only common autoimmune liver
disease without clearly defined first-
line therapy. As such, this can often be a
challenging diagnosis to manage for both
our patients and physicians, given the
lack of treatment options. Patients have
concerns about long-term complications
including the risk of cholangiocarcinoma
and wish to avoid liver transplant if
possible. In the short term, they are often
concerned with normalization of the
serum alkaline phosphatase, preventing
recurrent episodes of cholangitis, and
reducing symptoms such as pruritus, in
addition to normalization of the serum
alkaline phosphatase.

We do not routinely start OV for PSC
outside of a clinical trial though there
are Hepatolgists and Gastroenterologists
who will prescribe OV in select
cases. Previously, there was enough
uncertainty that a time-limited trial
could at least be discussed with some
patients, particularly when alkaline
phosphatase remained elevated, as there
are few other therapeutic options. This
randomized trial, albeit small, provides
additional evidence that the efficacy
of OV for PSC is not yet established.
For patients who are not eligible for
or interested in a clinical trial and
have persistently elevated alkaline

phosphatase, we consider UDCA at 13—
23 mg/kg/day, consistent with American
Association for the Study of Liver
Diseases guidance and continue it only
if there is a meaningful reduction in
alkaline phosphatase or improvement in
symptoms after 12 months; doses of 28
mg/kg/day or higher should be avoided.

The more common situation, however, 1s
the patient who presents and is already
taking OV. We would approach this
situation as a shared decision-making
process rather than simply telling the
patient to stop. Many patients have
been taking OV for years, sometimes
because they started it when they
were younger or because they saw a
substantial improvement in their liver
tests. It i1s important to acknowledge
that the biochemical response is real.
The challenge is that reduction in SAP
was not accompanied by improvement
in the other measures of PSC severity in
this trial and has yet to be established
A lower alkaline phosphatase may seem
reassuring, but by itself it does not tell
us that the biliary disease is improving.
For a patient already taking OV, we
would therefore discuss whether there
1s a clear reason to continue it, review
what has changed since it was started,
and consider discontinuation if the only
measurable benefit has been a lower
alkaline phosphatase.

Another issue is long-term antibiotic
exposure. These patients may eventually
require antibiotics for episodes of



bacterial cholangitis, and repeated
antibiotic exposure has implications for
antimicrobial resistance and the intestinal
microbiome. In the pooled PSC-IBD
literature, VRE was identified in 8.7% of
69 patients in whom it was assessed.’

The current trial primarily evaluated
liver-related efficacy and should not be
interpreted as definitively excluding an
intestinal benefit in selected patients
with active PSC-IBD.> A systematic
review and pooled analysis of 21 open-
label, non-controlled studies including
290 patients with PSC-IBD reported
clinical response in 47.6% and clinical
remission in 43.5% of patients treated
with oral vancomycin.” More recently,
a small prospective open-label study
of 15 patients with active PSC-IBD
found clinical remission in 12 patients
after 4 weeks of oral vancomycin, with
recurrence of colitis activity following
drug withdrawal.'® Thus, in patients with
concomitant IBD, our approach is to co-
manage patients closely with their IBD
specialist in order to carefully consider
oral vancomyecin.

Fornow,ourapproachtoPSCmanagement
focuses on surveillance for hepatobiliary
malignancy, evaluation and treatment of
biliary strictures, cholangitis, pruritus,
management of portal hypertensive
complications, appropriate colorectal
cancer surveillance in patients with
PSC-IBD, attention to bone density and
fat-soluble vitamins, and timely referral
for liver transplantation when indicated.
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For Future Research

Future  studies should  prioritize
endpoints that more reliably reflect
disease progression. SAP may remain
useful as one component of disease
assessment, but a biochemical response
alone is insufficient to establish disease
modification. The International PSC
Study Group consensus concluded that
no candidate surrogate, including ALP,
currently exceeds level 3 wvalidation
and recommended combining multiple
endpoints. Quantitative imaging
validated fibrosis measures, patient-
reported outcomes, and clinical events
such as hepatic decompensation,
transplantation, and liver-related death
will be important components of future
trial design.

Given the slow recruitment and
substantial attrition in this trial, future
PSC studies should also prioritize
strategies that reduce participant burden
and 1mprove retention, particularly
when prolonged follow-up is required.'?
Future studies should prioritize validated
clinical or surrogate endpoints, longer
follow-up, and strategies to improve
retention and reduce the burden of
frequent visits and 4-times-daily dosing.

Given the modest biochemical signal
without improvement in other disease
measures, further evaluation of
microbiome-directed therapies should
focus on identifying patients most likely
to benefit while addressing antimicrobial
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resistance and other long-term safety
concerns.

For now, the important message 1is
relatively simple: oral vancomycin was
associated with a modest reduction
in alkaline phosphatase, but this
biochemical change wasnotaccompanied
by improvement in the primary endpoint
or other markers of PSC disease severity
and quality of life.
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