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SUMMARY

Background
Emerging data suggest that oral antibiotics may have therapeutic effects in
primary sclerosing cholangitis (PSC), but published studies are limited.

Aims
To investigate the safety and efficacy of oral vancomycin and metronidazole
in patients with PSC.

Methods
Thirty-five patients with PSC were randomised in a double-blind manner
into four groups: vancomycin 125 mg or 250 mg four times/day, or metro-
nidazole 250 mg or 500 mg three times/day for 12 weeks. The primary
endpoint was decrease in alkaline phosphatase (ALK) at 12 weeks. Second-
ary end points included serum bilirubin and Mayo PSC risk score; pruritus;
and adverse effects (AEs). Nonparametric tests were used for analysis.

Results
The primary endpoint was reached in the low-dose (�43% change in ALK,
P = 0.03) and high-dose (�40%, P = 0.02) vancomycin groups, with two patients
in the former experiencing ALK normalisation. Bilirubin decreased significantly in
the low-dose metronidazole group (�20%, P = 0.03) and trended towards signifi-
cance in the low-dose vancomycin group (�33%, P = 0.06). Mayo PSC risk
score decreased significantly in the low-dose vancomycin (�0.55, P = 0.02) and
low-dose metronidazole group (�0.16, P = 0.03). Pruritus decreased significantly
in the high-dose metronidazole group (�3.4, P = 0.03). AEs led to medication
discontinuation in six patients, four of whom were receiving metronidazole.

Conclusions
Both vancomycin and metronidazole demonstrated efficacy; however, only
patients in the vancomycin groups reached the primary endpoint, and with
less adverse effects. Larger, longer-term studies are needed to further exam-
ine the safety and efficacy of antibiotics as a potential treatment for patients
with primary sclerosing cholangitis (clinicaltrials.gov NCT01085760).
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic idio-
pathic liver disease characterised by inflammation and
concentric fibrosis of the bile ducts for which there is no
known effective pharmacotherapy.1, 2 Liver transplanta-
tion (LT) is the only existing treatment shown to pro-
long survival; however, PSC recurs in up to one-third of
deceased donor LT and up to two-thirds of living-related
donor LT patients.3, 4 The most widely studied pharma-
cological agent in the treatment of cholestatic liver dis-
eases, ursodeoxycholic acid (UDCA), improves serum
liver tests in PSC, but unlike in primary biliary cirrhosis,
does not appear to delay disease progression.5–7 Further-
more, a recent large randomised trial has found high-
dose UDCA to be associated with serious adverse effects
(AEs) in patients with PSC.5, 8 Numerous other drugs,
including but not limited to azathioprine, budesonide,
methotrexate and pentoxifylline, have also been evalu-
ated in the treatment of PSC but without evidence of
benefit.2, 4, 9–15 The negative results of these clinical trials
have highlighted the importance of considering treat-
ment approaches that target alternative pathophysiologi-
cal pathways.

Primary sclerosing cholangitis is now generally consid-
ered to be an idiopathic, likely immune-mediated disease

with various aetiopathogenic components. One hypothe-
sis is that enterohepatic circulation of (as of yet undeter-
mined) bacterially derived molecules plays a critical role
in eliciting pro-inflammatory, pro-fibrotic hepatobiliary
responses that lead to the development of PSC (hereinaf-
ter ‘PSC microbiota hypothesis’).16–18 The entry of such
molecules into the enterohepatic circulation may, in
some patients, be related to the enteric dysbiosis and
increased intestinal permeability associated with inflam-
matory bowel disease (IBD), a condition diagnosed in
75% of those with PSC.19–23 Further supporting the PSC
microbiota hypothesis is the observation, for example,
that patients with PSC often have a leucocyte differential
exhibiting increased neutrophils, even in the absence of
signs or symptoms of acute cholangitis, suggesting circu-
lation of endotoxins or other immunoactive molecules.24

Collectively, these and animal model25, 26
findings point

toward a role for bacteria and bacterially derived mole-
cules in the aetiopathogenesis of PSC.2

To date, there have been a few studies of antibiotics
in patients with PSC (Table 1), some of which have
yielded favourable results based primarily on reduction
in serum aminotransferases or alkaline phosphatase
(ALK).27–30 Aminotransferase values are independently
associated with prognosis and are a component of the

Table 1 | Previously reported results of antibacterial treatment in primary sclerosing cholangitis

Drug Year n Antibiotic dose Months of therapy

% change from baseline post-
therapy

ALK AST ALT GGT

Tetracycline32† 1959 5 500 mg/day 1–10 �45 �60 �45 –
Tetracycline36‡ 1965 5 500 mg/day 48 (mean) +21 – – –
Sulfasalazine (+UDCA)34§ 1998 2* – 30 �79 �38 �70 �26

45 �35 �87 �95 �94
Vancomycin28 1998 3* 375–1000 mg/day 9 (mean) – – �89 �93
Sulfasalazine (+UDCA)35 2002 1 50 mg/kg/day 37 – �92 �83
Metronidazole (+UDCA)38 2004 39 600–800 mg/day 36 �52.4 �41.0 �67.9 –
Sulfasalazine29 2006 1 2–4.5 g/day 24 �74 – �84 –
Azithromycin (+UDCA)33 2007 1 500 mg/day, 3 days/week 5 �72 �31 �33 �54
Vancomycin27 2008 14* 50 mg/kg/day 54 � 43 – – �78 �89
Minocycline39 2009 16 200 mg/day 12 �19.7 �2.8 – –

ALK, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, c-glutamyl transpeptidase; q.d.
s., four times a day; UDCA, ursodeoxycholic acid.

Months of treatment and follow-up are absolute unless otherwise indicated.

Table adapted from Elfaki and Lindor.37

* Paediatric patients.

† Includes one patient who also received prednisone but was not separable from the other four patients.

‡ Does not include two patients who received prednisone.

§ Does not include a third patient who also received prednisolone and mizoribine.
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Mayo PSC risk score, and ALK values have been recently
associated with prognosis,31 thus making these two read-
ily measured liver biochemistries important end points
in studies of PSC. However, the number of patients in
the aforementioned antibiotic studies has been small
(and often case report-based), the end points assessed
relatively few and the selection of antibiotics often
arbitrary or for another condition (e.g. reactive airways
disease, after which incidental improvement of PSC was
noted).28, 29, 32–36

Given the evidence supporting the PSC microbiota
hypothesis yet the limited studies investigating the
potential therapeutic effects of antibiotics, we conducted
a randomised, double-blind pilot study of oral vancomy-
cin or metronidazole as a treatment for patients with
PSC. We chose these agents based on prior experience
and evidence of seemingly greater therapeutic response.
We assessed safety and efficacy of both antibiotics, each
at two different doses, in improving liver biochemistries
and liver-related symptoms in patients with PSC.

MATERIALS AND METHODS

Patients
Thirty-five adult patients with PSC were enrolled in this
study between February 2010 and November 2011. Diag-
nosis of PSC was established by the following criteria:
ALK greater than 1.5 times the upper limit of normal
for at least 6 months and cholangiography demonstrat-
ing intrahepatic and/or extrahepatic biliary strictures,
beading or irregularity consistent with PSC. Exclusion
criteria were (i) treatment with any investigational
agents, such as UDCA or other antibiotics, within three
months of the study, (ii) prior history of allergic reac-
tions to vancomycin and/or metronidazole, (iii) evidence
of decompensated liver disease such as recurrent variceal
bleeding, refractory ascites, or spontaneous hepatic
encephalopathy, (iv) anticipated need for liver transplant
within one year as determined by Mayo PSC risk score,
(v) findings highly suggestive of liver disease of an
alternative or concomitant aetiology, such as chronic
alcoholic liver disease, chronic hepatitis B or C infection,
haemochromatosis, Wilson’s disease, a1-antitrypsin
deficiency, non-alcoholic steatohepatitis, primary biliary
cirrhosis, or secondary sclerosing cholangitis, (vi) preg-
nancy or lactation, (vii) active illicit drug or alcohol
abuse, and (viii) extremes of age (younger than 18 or
older than 75 years of age).

Informed consent was obtained from each patient,
and in addition, written material containing information

about the study was provided, including the potential
side effects of antibiotic therapy. A complete history and
physical examination was performed for each patient at
study entry if one had not been done within the previous
year at Mayo Clinic. The study was approved by the
Mayo Foundation Institutional Review Board and was
carried out in accordance with the ethical principles
of the current revision of the Declaration of Helsinki.
(clinicaltrials.gov registration number: NCT00483938).

Study medication and monitoring
Patients were randomised into four treatment groups:
vancomycin 125 mg orally four times a day (n = 8),
vancomycin 250 mg orally four times a day (n = 9),
metronidazole 250 mg orally three times a day (n = 9)
or metronidazole 500 mg orally three times a day
(n = 9) for 12 weeks. These groups are hereafter referred
to as low-dose vancomycin, high-dose vancomycin, low-
dose metronidazole and high-dose metronidazole respec-
tively. Randomisation was stratified according to initial
ALK level (� 320 U/L or >320 U/L); this cut-off was the
mean value among the patients in a previous high-dose
UDCA trial.8 Patients were advised to abstain from
alcohol due to the potential for serious interactions with
metronidazole. Drugs were packaged in identical gelatin
capsules, and patients and investigators were blinded to
the type and dose of the drug.

Serum liver biochemistries were measured at 3 weeks
and at 12 weeks. Phone calls were made monthly to
monitor for AEs related to the study medications.

Variables and definitions
Serum ALK, aspartate aminotransferase (AST), total bili-
rubin, C-reactive protein (CRP), and albumin were mea-
sured at baseline (i.e. study entry), 3 weeks and 12 weeks
(i.e. study end). For CRP results below the 3 mg/L sensi-
tivity limit of the conventional CRP assay used, a value of
1.0 mg/L was assigned for purposes of statistical analysis.

The Mayo PSC risk score was calculated for each
patient at baseline and at 12 weeks, where Risk = 0.03
[age (years)] + 0.54 Ln [total bilirubin (mg/dL)] + 0.54
Ln [AST (IU/L)] + 1.24 (variceal bleeding) � 0.84 [albu-
min (g/dL)].37 As no patients had a history of variceal
bleeding, the Mayo PSC risk score in the present study
was a reflection of only patient age and serum biochemi-
cal tests.

Severity of two symptoms, fatigue and pruritus, was
assessed at baseline and at 12 weeks. Fatigue was
assessed using the Fisk Fatigue Impact Scale (FFIS), a
40-item instrument with a response range from 0 to 4
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for each item. Pruritus was graded using a 10-cm visual
analogue scale (VAS).

Study end points
The primary end point was decrease in ALK at 12 weeks
of treatment compared with the baseline value. Second-
ary end points were: (i) decrease in AST, total bilirubin,
Mayo PSC risk score and CRP at 12 weeks compared
with the baseline value, (ii) decrease in fatigue severity
and pruritus VAS score at 12 weeks compared with
baseline and (iii) AEs anytime during the 12 weeks of
treatment.

Sample size
In patients with PSC, there is often spontaneous varia-
tion in the ALK level within �5% of the baseline level
based on our unpublished experience. Therefore, it
seemed reasonable to consider a response to therapy in
PSC patients as an improvement in ALK levels from 5%
to approximately 55% from baseline. A study with nine
patients would have a power of 0.8 to detect a response
rate of 50% with a two-sided alpha level of 0.05. There-
fore, we planned to enrol 10 patients in each arm, which
would have a power of 0.8 to detect a positive response
rate of 50% (55% minus 5% spontaneous variation of
baseline) at a two-sided alpha level of 0.05 while allow-
ing for one patient drop-out per arm. However, we were
only able to enrol 35 patients, and thus the study was
conducted with three arms of nine patients and one arm
of eight patients.

Statistical analysis
Considering the small number of patients per treatment
group as well as the heterogeneous nature of PSC, statis-
tical analyses were conducted using conservative (e.g.
nonparametric) tests. Baseline data from the four treat-
ment groups were compared across groups using the
Wilcoxon rank-sum test and Fischer’s exact test.
Changes in liver biochemistry values, Mayo PSC risk
score, FFIS scores and VAS pruritus scores from study
entry to study end were compared within groups using
the Wilcoxon signed-rank test. All tests were two tailed,
and an a level of 0.05 was used for significance.

RESULTS
The median patient age in the sample was 40 years
(range: 20–70), 60% of patients were men, 71% had IBD
and median baseline ALK value was 383 U/mL. All
patients had a stably elevated ALK (at least two separate
measurements) for � 6 months (median 19 months)

prior to enrolment. Five patients were previously treated
with UDCA but had been off of this drug for at least
3 months prior to enrolment and throughout the study.

There were no statistically significant differences
across treatment groups at baseline except for fatigue
and gender (both P < 0.05), with FFIS scores being high-
est (worst) in patients in the high-dose metronidazole
group and the proportion of male patients being greatest
in the high-dose vancomycin group. These and other
baseline characteristics of each treatment group are
shown in Table 2.

Serum biochemical tests
The changes in biochemical end points from baseline to
study end are summarised in Table 3. As shown in Fig-
ure 1, a significant decrease in ALK, the primary end
point, was only observed in the high-dose vancomycin
group (�40%, P = 0.02). The low-dose vancomycin
group, however, had a larger decrease in ALK, and after
excluding an outlier (corresponding to a patient who did
not take the study medication for 1 month), the change
in ALK became statistically significant (�43%, P = 0.03).
Furthermore, two patients in the low-dose vancomycin
group experienced normalisation of ALK as compared
with none in the other three groups.

With respect to secondary end points, total bilirubin
decreased significantly in the low-dose metronidazole
group (�20%, P = 0.03), and there was a trend towards a
significant decrease in the low-dose vancomycin group
(�33%, P = 0.06) (Figure S1). Mayo PSC risk score
decreased significantly in the low-dose vancomycin group
(�0.55, P = 0.02) and low-dose metronidazole group
(�0.16, P = 0.03) (Figure S2). CRP decreased significantly
in the low-dose metronidazole group (�49%, P = 0.03),
and there was a trend towards a decrease in CRP in the
low-dose vancomycin group (�69%, P = 0.06). AST did
not change significantly (data not shown).

Fatigue
Among the patients reporting fatigue at baseline (i.e. eight
in the low-dose vancomycin group, seven in the high-dose
vancomycin group, eight in the low-dose metronidazole
group and six in the high-dose metronidazole group), the
median change in FFIS score in each group was �1, 0,
�15 and �16 units respectively. None of these changes
were statistically significant (data not shown).

Pruritus
The number of patients reporting pruritus at baseline is
shown in Table 2. The median baseline VAS pruritus
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score among these patients was 1 in the low-dose vanco-
mycin group, 0.25 in the high-dose vancomycin group,
2 in the low-dose metronidazole group and 4 in the high-
dose metronidazole group. Individual changes in VAS

score are shown in Figure S3. Overall, the median change
in VAS scores from baseline to study end was �0.8 points
in the low-dose vancomycin group, �0.1 point in the
high-dose vancomycin group, �1.0 point in the low-dose

Table 3 | Serum biochemical tests before and after 12 weeks of vancomycin or metronidazole treatment

Study entry Study end Change P-value

Alkaline phosphatase, U/L
Vancomycin low-dose 406 (210–545) 218 (163–710) �46% 0.03*
Vancomycin high-dose 345 (187–788) 209 (169–766) �40% 0.02
Metronidazole low-dose 354 (137–1007) 400 (53–669) +13% 0.47
Metronidazole high-dose 424 (186–721) 286 (84–763) �33% 0.22

Total bilirubin, mg/dL
Vancomycin low-dose 0.8 (0.3–1.8) 0.5 (0.2–1.0) �33% 0.06
Vancomycin high-dose 1.0 (0.3–5.4) 1.0 (0.2–15.1) 0% 0.48
Metronidazole low-dose 1.0 (0.3–1.7) 0.8 (0.2–1.4) �20% 0.03
Metronidazole high-dose 0.8 (0.4–2.4) 0.9 (0.3–2.8) +6% 0.78

Mayo PSC risk score
Vancomycin low-dose �0.10 (�1.09–0.71) �0.65 (�1.13–0.21) �0.55 0.02
Vancomycin high-dose 0.30 (�0.43–2.76) 0.27 (�0.41–3.91) �0.03 0.98
Metronidazole low-dose �0.49 (�1.66–0.89) �0.64 (�1.22–0.48) �0.16 0.03
Metronidazole high-dose 0.34 (�0.73–0.90) 0.06 (�0.82–0.68) �0.28 0.16

C-reactive protein
Vancomycin low-dose 3.2 (1.0–48.3) 1.0 (1.0–1.0) �69% 0.06
Vancomycin high-dose 4.3 (1.0–48.0) 5.4 (1.0–76.6) 26% 0.78
Metronidazole low-dose 9.7 (1.0–29.6) 4.9 (1.0–23.9) �49% 0.03
Metronidazole high-dose 1.0 (1.0–14.2) 3.5 (1.0–14.6) 250% 1.00

Bold values indicate statistical significance.

Values reported as median (range).

* As described in the results section, when an outlier value was omitted from this group for this variable, the difference became
statistically significant (�43%, P = 0.03) as shown.

Table 2 | Characteristics of the four treatment groups at study entry

Vancomycin groups Metronidazole groups

Low-dose (n = 8) High-dose (n = 9) Low-dose (n = 9) High-dose (n = 9)

Age, year 35 (23–57) 42 (27–70) 35 (21–64) 40 (20–60)
Male gender, n (%)* 4 (50%) 9 (100%) 4 (44%) 4 (44%)
IBD, n (%) 6 (75%) 5 (56%) 8 (89%) 6 (67%)
ALK, U/L 406 (210–545) 345 (187–788) 354 (137–1007) 424 (186–721)
AST, IU/L 102 (48–154) 107 (73–234) 65 (34–333) 115 (36–245)
Total bilirubin, mg/dL 0.8 (0.3–1.8) 1.0 (0.3–5.4) 1.0 (0.3–1.7) 0.8 (0.4–2.4)
Direct bilirubin, mg/dL 0.3 (0.1–1.1) 0.4 (0.1–3.4) 0.5 (0.1–1.2) 0.3 (0.2–0.7)
CRP, mg/L 3.2 (1.0–48.3) 4.3 (1.0–48.0) 9.7 (1.0–29.6) 1 (1.0–14.2)
Albumin, g/dL 4.3 (3.9–4.5) 3.9 (2.8–4.5) 4.2 (4.0–4.9) 4.1 (3.8–4.5)
Mayo PSC risk score �0.10 (�1.09–0.71) 0.30 (�0.43–2.76) �0.49 (�1.66–0.89) 0.34 (�0.73–0.90)
Fatigue score (FFIS)* 7 (2–35) 6 (0–38) 37 (0–107) 53 (0–102)
Pruritus, n (%) 5 (63%) 5 (56%) 8 (89%) 7 (78%)

ALK, alkaline phosphatase; AST, aspartate aminotransferase; CRP, C-reactive protein; FFIS, Fisk Fatigue Impact Scale; IBD, inflam-
matory bowel disease.

Values reported as median (range).

* Statistically significant differences between groups at study entry.
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metronidazole group and �3.4 points in the high-dose
metronidazole group. Change in VAS score was only sig-
nificant in the high-dose metronidazole group (P = 0.03).
No patients developed pruritus de-novo.

Adverse effects
A list of AEs experienced in this study is provided in
Table S1. Importantly, several patients stopped treatment
indefinitely due to AEs or were severed by the investiga-
tors: in the low-dose vancomycin group, one patient
stopped treatment indefinitely due to migraine headaches
and increased diarrhoea. In the high-dose vancomycin
group, one patient stopped treatment indefinitely due to
diarrhoea and increased fatigue. In the low-dose metro-
nidazole group, one patient stopped treatment indefi-
nitely due to persistent dyspepsia and one patient was

severed because of noncompliance. In the high-dose met-
ronidazole group, three patients stopped treatment indef-
initely; one due to nausea and developed flu, the second
due to dyspepsia and burning in the eyes and the third
due to dyspepsia, diarrhoea and anorexia. The remainder
of the patients completed the study.

DISCUSSION
Despite numerous prior studies evaluating an array of
pharmacological treatments for PSC, including immuno-
suppressants and anti-inflammatories, there remains to be
an effective medical treatment for this disease.2 Several
recent studies, mostly small case series, have suggested a
therapeutic effect with antibacterial agents while having
only mild side-effect profiles. Here, we performed the first
randomised, double-blinded trial of the two most promis-
ing antibacterial agents based on prior experience, vanco-
mycin and metronidazole, and tested their efficacy and
safety at two different doses for each drug. Although indi-
vidual responses were variable, overall, both drugs
appeared to have some favourable effects at both doses;
however, only the vancomycin groups reached the primary
end point—significant decrease in ALK at 12 weeks. Fur-
thermore, two patients in the low-dose vancomycin group
experienced normalisation of ALK; although spontaneous
normalisation of ALK is seen in a subset of patients with
PSC,31 it would be unlikely after a median of 19 months
of persistently elevated ALK and should occur with equal
probability (i.e. not only in the low-dose vancomycin
group) given the randomised nature of this study.

In addition to reaching the primary end point, both
vancomycin groups also reached some of the secondary
end points. The low-dose vancomycin group experienced
a significant decrease in Mayo PSC risk score and a
trend towards a significant decrease in total bilirubin
and CRP. The high-dose vancomycin group experienced
significant improvement in pruritus. Importantly, AEs in
both vancomycin groups were generally mild and rela-
tively infrequent, and unlike the majority of pharmaco-
therapies previously tested in patients with PSC, there
are few known long-term safety concerns with oral
vancomycin (although societal effects of chronic use of
this and other antibiotics should be considered, e.g.
vancomycin-resistant enterococci). Although not reach-
ing the primary end point, the metronidazole groups also
experienced some therapeutic effects, namely a decrease
in total bilirubin, Mayo PSC risk score and CRP in the
low-dose metronidazole group and a decrease in pruritus
in the high-dose metronidazole group. The decrease in
pruritus in the high-dose metronidazole group may,
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Figure 1 | Change in alkaline phosphatase in low- and
high-dose vancomycin and metronidazole groups:
(a) low-dose vancomycin, (b) high-dose vancomycin,
(c) low-dose metronidazole, (d) high-dose
metronidazole. Decrease in alkaline phosphatase was
significant in the low- and high-dose vancomycin
groups (P = 0.03 and P = 0.02 respectively). Note:
Bold, dashed lines represent the group medians. Outlier
present (top curve) in low-dose vancomycin group.
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however, have been related to the high baseline preva-
lence and greater severity of pruritus in this group as
compared with the other groups, thus resulting in a rela-
tively larger opportunity to demonstrate improvement
(potentially as a result of regression toward the mean).
Regardless, this improvement came at the expense of
more AEs, as all but one patient in the high-dose metro-
nidazole group experienced AEs, and some patients
experienced multiple. It is possible, although, that some
of the AEs (e.g. increased fatigue, burning sensation in
the eyes) in the vancomycin and/or metronidazole
groups may not have been related to the study medica-
tion and instead may have been coincidental.

As shown in Table 1, there have been several reports of
antibiotic use in treating PSC. The earliest of these dates
back to 1959, when Rankin et al. used tetracycline in five
patients with ulcerative colitis and “chronic pericholangi-
tis” (later recognised as PSC) for 1–10 months; a dramatic
improvement was noted in liver tests in all five patients
and in clinical symptoms in three patients.32 More recently,
Farkkila et al. randomised 39 patients to UDCA combined
with metronidazole and 41 patients to UDCA alone and
noted a significant improvement in serum liver tests and a
trend towards less cholangiographic progression in the
combination group.38 Boner et al. found a decrease in cho-
lestasis-related signs and symptoms over 5 months of azi-
thromycin treatment in a patient previously diagnosed
with PSC; the azithromycin was originally prescribed to
treat severe reactive airways disease, and the patient contin-
ued to take it after experiencing improvement in several
clinical symptoms.33 Cox et al. reported three children
with PSC and IBD who experienced normalisation of liver
tests and resolution of symptoms with oral vancomycin
treatment.28 A recent pilot study from the same group eval-
uated 14 children diagnosed with PSC and IBD who were
treated with oral vancomycin for 54 � 43 months27; the
authors noted normalisation or significant improvement in
liver tests, erythrocyte sedimentation rate and clinical
symptoms in nearly all patients. In addition, when vanco-
mycin treatment was discontinued, there was recurrence of
clinical symptoms and an increase in liver enzymes in sev-
eral patients and re-treatment again resulted in normalisa-
tion of liver enzymes.27 Most recently, in a pilot study by
Silveira et al., 16 patients with PSC were treated with
minocycline for one year; although a substantial proportion
of patients withdrew from the study due to AEs, those who
continued treatment were found to experience a significant
reduction in ALK.39

Although the use of antibiotics in PSC seems logical
and promising based on the clinical experience described

above, there is very little data on humans supporting their
role in the pathophysiology of this disease. One line of evi-
dence that supports the PSC microbiota hypothesis is that
bacterially derived molecules such as lipopolysaccharide
(LPS), lipoteichoic acid and bacterial DNA fragments have
been detected in bile, cholangiocytes and/or portal tracts
of patients with chronic cholestatic liver disease.40–43 It is
believed that these molecules enter the enterohepatic cir-
culation via a leaky gut, although this has been questioned
based on a study that failed to show increased intestinal
permeability in adults with PSC44; it should be noted
though, that none of the patients in the study had active
IBD, thus this remains a subject of uncertainty. With
respect to animal models, it has been shown that rodents
with bacterial and/or chemically induced enterocolitis
develop hepatobiliary inflammation and histological injury
(e.g. fibrosis).43, 45–48 Interestingly, these findings can be
mitigated by antibiotic administration and by selective
degradation of enteric bacterial components.25, 26

We believe that antibiotics such as metronidazole (effec-
tive against anaerobic bacteria) and vancomycin (effective
against Gram-positive bacteria) may decrease the biosyn-
thesis of bacterially derived immunoactive molecules and
thus mitigate the aberrant (pro-inflammatory, pro-fibro-
tic) hepatobiliary immune responses and signalling cas-
cades that they may trigger in immunogenetically
susceptible individuals. To that effect, it has been specu-
lated, for example, that the convergence of both agents’
antibacterial activity on clostridial organisms, the bacteria
primarily responsible for bile acid metabolism, may point
towards a mode of action for the therapeutic effects seen
with these agents in PSC. This is an area that merits fur-
ther investigation.

This study has several limitations. As commonly seen
with pilot studies, group sizes were small, and there was no
control arm. The study was not powered to detect small
changes or perform subgroup analyses, and at least one
patient stopped treatment indefinitely in each group, thus
further limiting overall power. We cannot fully exclude the
effect of regression towards the mean, although it is miti-
gated by several features of our study, including: (i) random
allocation of patients to treatment groups, (ii) similar base-
line values across treatment groups, (iii) selection of
patients based on multiple abnormal ALK values over a
minimum of 6 months (median 19 months) and (iv) the
observation that treatment groups and/or individuals with
the highest baseline values did not necessarily demonstrate
the largest decreases (e.g. in ALK) while on therapy. Other
limitations of this study include the relatively short-treat-
ment duration and follow-up. Also, all patients in the
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high-dose vancomycin group were men, thus generalisation
to female patients should be avoided until more data are
available. Lastly, the FFIS was used to measure fatigue but
has not been validated in patients with PSC.49 Considering
the limitations herein, we believe a larger-scale randomised
trial is warranted before the results of this study can be
applied broadly in the clinic. This shows that, there is grow-
ing interest in conducting such a trial in the near future,
ideally as a multi-centre collaboration.

Based on this randomised, double-blind pilot study,
vancomycin appears to be the better-tolerated drug and
may have greater promise as a potential emerging
therapy for patients with PSC. Although both low and
high-dose vancomycin groups achieved the primary out-
come of significant decrease in ALK after 12 weeks of
treatment, only patients in the low-dose group experi-
enced normalisation of ALK. In addition, patients in the
low-dose group also experienced other biochemical
improvements, including a decrease in Mayo PSC risk
score, total bilirubin and CRP. Collectively, these find-
ings encourage larger, randomised controlled trials of
antibiotics in PSC (particularly low-dose vancomycin).
These trials should have longer treatment and follow-up
periods to demonstrate improvements in more definitive
end points, such as liver histology and/or cholangio-
graphic findings, and identify subgroups of PSC patients
who may benefit most from antibiotic therapy. In addi-
tion, alternative regimens, such as other non-absorbable
antibiotics (e.g. rifaximin) and/or intermittent (e.g.
2 weeks on, 1 week off) antibiotic dosing, also merit
investigation, as these could be more efficacious, better
tolerated, less costly and associated with less bacterial
resistance. In conclusion, by focusing on the enteric mic-
robiota as a novel therapeutic target in PSC, the experi-
ence thus far appears promising, and we may be one

step closer to finding a safe and effective pharmacother-
apy for patients with this illness.
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