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Abstract

A number of patients with ulcerative colitis (UC) fail to achieve clinical remission with standard
treatments, and may become less responsive to these treatments over time. Butyrate, a short-
chain fatty acid, plays a major role in the immune homeostasis of the colonic mucosa, and oral
butyrate has shown some promise as an adjuvant therapy in a small number of clinical studies,
including for treatment-resistant patients. This case report describes an individual with a diagnosis
of UC resistant to pharmacological and nutritional interventions who responded well to a trial

of oral butyrate. Butyrate appears to be a promising therapy for UC, but questions around its
efficacy, personalisation and safety require further investigation.
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Introduction

Inflammatory bowel diseases (IBDs), including
ulcerative colitis (UC), have a high prevalence
in developed countries! In the UK, the
prevalence of UC is approximately 243 per
100 000, equivalent to 146 000 people living
with UC.2 The treatment of IBDs is primarily
based on pharmacological interventions, in
particular aminosalicylates, corticosteroids,
immunomodulators, immunosuppressants
and biologics; however, a significant number
of patients fail to achieve clinical remission
and may become less responsive to

these treatments over time.3 For example,
sulfasalazine and 5-aminosalicylates have an
expected remission rate of about 50%.4 And,
independent of treatment response, 90% of
people with UC will experience a relapsing
course of their iliness.®* More effective and
safer management approaches are needed
and may be aided by improved understanding
of the disease pathophysiology.® One
possible approach is the personalisation of a
wider range of candidate therapies, not only
pharmacological interventions, based on an
individual’s unique environmental exposures
and phenotypic expression.’

Ulcerative colitis is a chronic inflammatory
disease characterised by mucosal
inflammation that is thought to be the result
of several contributing factors, including
genetic susceptibility, a dysregulated immune
response, altered gut microbiota and various
environmental factors.® Although UC is a
heterogenous disease, one possible disease
pathway that transverses environmental,
genetic, microbial and immunological
influences is altered butyrate utilisation.®
Butyrate is a short-chain fatty acid (SCFA),
mainly produced by the fermentation of
dietary fibres by butyrate-producing bacteria,
and plays a major role in the physiology and
immune homeostasis of the colonic mucosa.”

Butyrate production and metabolism may be
impaired in patients with UC. Production of
butyrate may be reduced due to a low-fibre
diet" although it has been observed that there

Case Report Butyrate Therapy for Treatment-Resistant
Ulcerative Colitis: A Case Study

are large individual differences in butyrate
synthesis in response to fibre, likely due to
the intrinsic butyrate-producing capacity

of a person’s resident bacteria.” Indeed,
patients with UC have generally been found
to have low levels of butyrate-synthesising
bacterial species such as Roseburia and
Faecalibacterium prausnitzii® Also, stool
samples of patients with IBDs have generally
found low levels of butyrate when compared
with healthy controls 4151617

Metabolism of butyrate may be impaired in
the colonocytes of patients with IBD, with
reduced butyrate transport limiting uptake and
resulting in cellular butyrate deficiency® This
metabolic issue suggests that dietary fibre and
butyrate-synthesising bacteria may not always
be related to low butyrate levels. In support of
this, a study in patients with active IBD found
that decreased butyrate concentrations were
not related to lower stool content of butyrate-
producing bacteria.”

Butyrate supplementation has been explored
as a management approach in IBDs, and
would be of particular interest if it can
overcome poor response to increased
dietary fibre intake, low stool content of
butyrate-producing bacteria, and/or impaired
butyrate transport and metabolism, discussed
above. Treatment with oral butyrate salts in
combination with mesalazine has yielded
promising results. Patients (n =12) with UC who
received butyrate (4 g/day) plus mesalazine
for 6 weeks reduced disease histology and
symptoms scores better than mesalazine
alone.?° In another report, patients with UC

(n = 216) with a poor response to mesalazine
had a marked improvement of symptoms and
in the endoscopic appearance of mucosa
with the addition of 921 mg butyrate and 750
mg inulin.?' Also, butyrate with inulin plus
mesalazine in active UC (n = 37) resulted in an
85% response rate compared with 55% with
mesalazine alone.?? The butyrate and inulin
group also had improved capacity for butyrate
synthesis by the gut microbiota, and lowered
serum inflammatory biomarkers.?°
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A potential mechanism of action of butyrate
was explored in a clinical trial of patients
with IBD. In this study, oral butyrate (1800
mg/day) or placebo was administered with
conventional therapy for 2 months, and
clinical disease activity, quality of life and
faecal microbiota from stool samples were
assessed by 16S sequencing. Oral butyrate
increased SCFA-producing bacteria in
patients with UC (Lachnospiraceae spp.) and
the butyrate-producing bacteria in patients
with Crohn’s disease (Butyricicoccus).?
However, no change in disease activity was
observed in this study.

The evidence suggests that some patients
with IBD could have a significant clinical
response to oral butyrate therapy. The
following case report describes an

individual with a diagnosis of UC resistant to
pharmacological and nutritional interventions
who responded well to a trial of oral butyrate
under the care of a Nutritional Therapist. In the
UK, Nutritional Therapy is an evidence-based
practice that utilises dietary therapies, nutrient-
based supplements and lifestyle medicine

to improve underlying pathophysiology in an
integrative, personalised and patient-centred
model of care.?*

Case presentation

Presenting concerns

The case was a 62-year-old male,
non-smoker, with a 25-year history of UC.
His primary complaint was frequent, loose
bowel movements, with urgency and
incomplete evacuation.

Case history

For a number of years following diagnosis,
remission had been obtained through
aminosalicylate treatment (Mezavant) with
flare-ups occurring approximately annually,
treated with corticosteroids at doses of up
to 50 mg/day. The case was seen regularly
at an IBD clinic, under the care of a
consultant gastroenterologist.

In recent years, flare-ups had increased in
frequency to approximately every 6 months,
and then more recently (since 2019) to

every 3 months. Each time, oral steroids

were prescribed to reduce symptoms, with
aminosalicylate treatment for maintenance and
prednisolone steroid enemas at the first sign
of a recurrence (with the aim of minimising
systemic steroids).

In 2012, immunomodulator therapy was trialled
(azathioprine and mercaptopurine), but this
was poorly tolerated, with the case reporting
severe nausea, lethargy and low white cell
count. In the same year, the case suffered a
herpes zoster (shingles) infection, resulting in 6
weeks absence from work. UC treatment then
reverted to maximum doses of Mezavant and
oral steroids as required.

Various dietary interventions were tried in
this period, including gluten-free (dietary
gluten avoidance), dairy-free (dietary dairy
avoidance), specific carbohydrate diet (a
restrictive, grain-free diet plan developed for
the management of IBD) and low-FODMAP diet
(an elimination diet used to help manage the
symptoms of irritable bowel syndrome). Small
amounts of benefit were obtained with each
(e.g. more energy, slightly reduced frequency
and urgency), but none gave sustained relief
of symptoms. Supplementation with various
probiotics over this period (e.g. VSL#3) and
prebiotics also appeared to give no relief.

The case undertook regular monitoring by
an NHS IBD clinic, and was assessed by
endoscopy and biopsy at intervals.

Side-effects suffered from
corticosteroids

In the meantime, the case was diagnosed
with corticosteroid-induced osteoporosis

in the spine and was prescribed AdCal
(combination calcium and vitamin D). Weekly
bisphosphonates (alendronic acid) were also
commenced at 70 mg.

In July 2015 the case was hospitalised for
an unresponsive disease flare-up that had
resulted in a 10 kg weight loss. The case
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was treated with very-high-dose steroids
intravenously for 24 hours, being discharged to
continue oral treatment the next day. Following
this experience, the case decided to limit
working hours to part-time because of reduced
quality of life.

The option of surgery was discussed in 2018, but
the decision was made to defer this as the last
possible resort.

In March 2019, the case suffered a 5-mm calcium
oxalate kidney stone, which was passed naturally
(but with severe pain) in July 2019 without further
treatment. He was then advised to stop taking
AdCal by his physician as this could have been
the cause.

In May 2020, the case experienced the start
of the latest flare-up, following a short period
of remission of 3 months. Sleep was disturbed
in this period also. His physician decided to
manage this conservatively with additional
steroid enemas daily due to the osteoporotic
side-effects of oral treatment, but only partial
relief was obtained.

Unresponsive to treatment

In June 2020, the case, still on Mezavant, was
prescribed oral corticosteroids once more, but
this did not resolve symptoms.

In August 2020, funding was obtained by the

IBD clinic for treatment with the biologic tumour
necrosis factor (TNF)-alpha inhibitor Imraldi (40
mg once every 2 weeks), administered by self-
injection. After some promising indications of
possible relief, the case became unresponsive
within weeks, and a sigmoidoscopy in November
2020 confirmed the following symptoms:

. redness in the distal colon;
. loss of vascular pattern;
patchy erosions.

Faecal calprotectin at this time was 322
1g/g (ideal level <100 ug/qg) despite steroid
treatment (Table 1). A more frequent dose of
Imraldi (40 mg once a week) was tried at this
point, but without success.
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In December 2020, the IBD clinic advised the
next stage of treatment would be vedolizumab,
a ‘gut-selective integrin blocker' that targets
white blood cells, delivered by intravenous
infusion, for which funding approval would be
sought. The suggested response rate of this
medication was 40-45%.

Intervention

Before this latest treatment commenced, the
case’s Nutritional Therapist became aware of
the potential use of butyrate supplementation
for symptomatic relief of UC.

The case commenced oral calcium
magnesium butyrate at a dose of 1.2 g per
day, whilst continuing Mezavant treatment
at 4.8 g/day.

Within 2 days, the case felt a positive
response to butyrate, and within 4 days the
frequency of bowel movements had reduced
from eight-11 per day to four—six per day,
with less urgency.

Eleven days later, the butyrate dose
was increased to 2.4 g per day (in two
divided doses) and there was further
improvement to two—four bowel
movements per day, with normal stool
and feeling of complete evacuation.

From January 2021 to the present day, stool
frequency has stabilised at two—three per day
(Figure 1) with no feelings of urgency (Figure
2). The case reports that bowel function

feels much better, even compared with the
effects of previous symptom alleviation from
corticosteroids. Faecal calprotectin is reported
to have reduced to 242 pg/g.
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Figure 1: Number of bowel movements per day (1-12).
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Figure 2: Improvement in symptom scores.
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Self-reported MYCAW scores prior to treatment (13/12/3020) to post-treatment (29/12/20) and
present day (27/04/21). MYCAW is an individualised questionnaire designed for evaluating holistic
and personalised approaches to supporting people.?®
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Progress to date

The case reports continued relief of symptoms
from combined Mezavant and butyrate. The
butyrate supplement is well tolerated and no
side-effects have been reported, the pungent
smell from butyric acid is not a deterrent to this
case and does not linger on the breath.

The case has been able to exercise at
moderate—high intensity for 1-2 hours at a time
on a regular basis, whereas previously the
urgency for a bowel movement would have
hampered this. Quality of life has returned,
and the case is able to tolerate a wider variety
of foods, maintaining a largely pescatarian,
wholefoods diet.

An appointment with the consultant
gastroenterologist in July 2021 to discuss the
case’s condition resulted in an agreement to
continue oral butyrate as maintenance therapy.
Body weight is stable at 73 kg (body mass
index 23 kg/m?).

Table 1: Faecal calprotectin test results

Range (NHS):
Date Value

Ideal: <100 pg/g
19/04/202] 242 Y Borderline/intermediate:

100-250 ug/g
13/11/2020 322 ug/g Urgent referral:

> 250 ug/g
Discussion

Butyrate represents an emerging novel therapy
for UC that could be used in a personalised
way for cases who have a poor response to
standard management approaches, including
pharmacotherapy, probiotics, prebiotics and
dietary therapy, as supported by a small
number of exploratory studies,®'%2° and the
case described here. Important but unanswered
questions remain that could help clarify the role
and use of butyrate. Firstly, could biomarkers
be used to predict candidates for therapy?
Butyrate-synthesising bacterial species and
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butyrate can be assessed clinically with stool
analysis, but it is currently unknown if they can
be used to predict treatment response. The
high level of individual variability in microbial
markers and metabolism could mean that such
biomarkers may not be reliable. Microbiome
testing is fraught with important limitations

that impair translation to clinical practice,
including the high variability and instability

of an individual’s microbiome, unpredictable
response to nutritional interventions, and
important variations in laboratory methods

and results, all of which impact reliability and
usefulness of test data.2® Similarly, assessment
of butyrate in stool samples is limited by
significant individual variability, variation from
day to day, and the time of day of the sample.?’

Secondly, what is the optimal dose of butyrate?
Currently there are few clinical studies and no
dose-response studies to inform dose regimes.
It is plausible that doses higher than those used
to date (up to 4 g/day in UC) would be more
effective and have relevance for active UC. One
analysis suggests that, based on daily butyrate
production and requirements, higher doses

(up to 10 g/day) may be optimal.?® Dosage
regimes need further exploration, including the
assessment of higher doses for active disease,
and the optimal dose regimes for supporting
maintenance of remission.

Thirdly, it would be interesting to understand
the potential for butyrate as a monotherapy.
Clinical research to date suggests it may

be better suited to use as an adjuvant to
pharmacotherapy, and possibly prebiotics,
probiotics and nutritional interventions, but
its use as a monotherapy has not yet been
explored in UC, and given butyrate’s potential
safety it may be an interesting candidate for
maintaining IBD remission.? This case report
suggests it may be useful for maintaining UC
in remission, but this requires validation with
further study.

Finally, although butyrate is generally
considered very safe and well tolerated,
rigorous safety assessment is warranted if
butyrate is to have more widespread use.*®
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Evidence to date does suggest a high
degree of safety with no toxicity, side-effects,
nutrient-drug interactions or safety concerns
from human clinical trials in patients with IBD
and other gastrointestinal disorders, but this
requires more rigorous assessment.?®

Conclusion

This case report suggests a novel role for oral
butyrate therapy. In a case of UC that was
resistant to conventional therapy and nutritional
interventions, butyrate administration appeared
to result in significant control of symptoms and
maintenance of remission. It is hypothesised
that this may be due to exogenous butyrate
supporting an individual’s higher metabolic
demand for endogenous butyrate that could
not be met due to impaired butyrate synthesis
and/or increased metabolic requirement,
although this theory requires validation with
more research. Evidence to date suggests that
butyrate may be a useful, safe therapy that
could complement the usual care of IBD.
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