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Abstract

Aims: An antibiotic combination of amoxicillin, tetracycline and metronidazole (ATM] is
effective for ulcerative colitis (UC), but this regimen is discontinued in some cases due to
adverse events. This study aimed to assess a revised combination, namely, amoxicillin,
fosfomycin and metronidazole (AFM], in UC patients with the goal of reducing side effects
while maintaining therapeutic efficacy.

Methods: A prospective open-label trial was undertaken in 104 adult UC patients. A
combination of oral amoxicillin (1500 mg]), fosfomycin (3000 mg) and metronidazole (750 mg)
was administered to patients daily for 2-4weeks in addition to their conventional medication.
Clinical assessment was performed using the Lichtiger index before treatment and at 0, 3, 6, 9
and 12months and 2 and 3years. Endoscopic evaluation was performed using the Mayo score

before treatment and at 3 and 12 months.

Results: The compliance rate was 99.2%. Response and remission rates were 80.8%

and 63.5% at completion, 73.1% and 64.4% at 3months, and 39.4% for both at 12months,
respectively. Of the 41 patients who were in remission at 12months, 63.4% maintained that
status until the 2-year follow-up. Similarly, 69.2% of those in remission at 2years remained
relapse free at the 3-year follow-up. Side effects were observed in 44.2% of the participants.
Fever occurred in one patient (1.0%), which was lower than the rate observed with ATM

therapy.

Conclusion: These results indicate that AFM therapy induces remission and is appropriate
for long-term maintenance of UC while producing fewer and milder adverse events than ATM

therapy.

Clinical trials: This study was registered in the University Hospital Medical Information

Network (No. R000046546).
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Introduction

Gut microbiota dysbiosis has recently become a
major topic of discussion in the effort to better
understand and control ulcerative colitis (UC).1-3 It
is thought that in addition to psychological, genetic
and environmental factors and immunopathological
mechanisms, the gut microbiota is related to inflam-
matory bowel disease (IBD).*> In general, the ideal
balance of the gut microbiota is lost in the intestine
of UC patients, and harmful bacteria are enriched.
This dysbiosis results in an increase in inflammatory

cytokine levels and mucosal permeability, leading to
further dysfunction and damage of the intestinal
wall.® Aiming to suppress this intestinal inflamma-
tion, the therapeutic of choice for UC has evolved in
recent years. Along with conventional treatment
options, including 5-aminosalicylate, corticoster-
oids, sulphasalazine, immunosuppressive drugs and
anti-tumour necrosis factor (TNF) therapy, antibi-
otics have been gradually recognized for their effi-
cacy in UC suppressing the excessive proliferation
of harmful bacteria.”™®
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Prior studies show variable outcomes on the
effectiveness of administering a single or a combi-
nation of antibiotic(s) to UC patients. For
instance, a randomised controlled trial (RCT) in
acute UC reported that oral tobramycin for 7 days
as an adjunct to steroid therapy achieved higher
rates of symptomatic remission than placebo.!? In
another randomised study, 10days of oral rifaxi-
min administration was observed to be effective
for steroid refractory patients with moderate to
severe symptoms.!! A double-blind study reported
that the need for colectomy in adult UC patients
with disease exacerbation decreased after the use
of vancomycin.!? A long-term, 6-month adminis-
tration of ciprofloxacin added to conventional
treatment of mesalazine and predonisone also
demonstrated benefits on induction and main-
tainance of remission in UC.13 Their results at
6 months showed a lower treatment-failure rate in
the ciprofloxacin-treated group than in the pla-
cebo group. A systematic review suggested that
antibiotics were significantly effective in inducing
remission in chronic pouchitis.!* Conversely,
mild to severe acute UC patients who received
either oral or intravenous ciprofloxacin for 2 weeks
as an adjunct to corticoid therapy did not show
significant improvement in remission compared
with the placebo group.!>16 Similarly, no signifi-
cant difference was observed in an RCT between
severe patients who were treated for 5days with
500 mg intravenous metronidazole every 8 h and
those treated with placebo.!?

Regarding the use of multiple antibiotics, we dem-
onstrated that the antibiotic cocktail ATM (amoxi-
cillin, tetracycline and metronidazole), which
targets Fusobacterium wvarium in the intestinal
mucosa of UC patients, significantly improved
symptoms and inflammatory markers in adult UC
patients.!®19 For younger individuals aged between
8 and 20years, a combination of amoxicillin, met-
ronidazole, doxycycline and vancomycin was also
effective.2 However, in another randomised trial
with severe acute UC patients, no difference in
treatment outcome was observed between the
treatment group given intravenous ceftriaxone and
metronidazole on top of the standard care and the
placebo group.?! Collectively, meta-analyses have
concluded that the effectiveness of antibiotics for
active UC is statistically significant, with an odds
ratio of 2.17 for UC improvement.2223 Accordingly,
certain choices of antibiotics might contribute to
suppressing increased UC disease activity, yet due

to the heterogeneity of previous studies, it remains
unclear which agents are effective for UC patients.

In this study, we explored the long-term effective-
ness of the combination of amoxicillin, fosfomy-
cin and metronidazole (AFM). This is an
improved regimen based on ATM therapy with
demonstrated long-term effectiveness up to 1year
in a prior RCT of adult UC patients, with a side
effect rate of 52.4%.!8 In particular, fever was the
major side effect that led patients to discontinue
treatment. To minimize adverse events, which are
considered to occur mainly because of tetracy-
cline, we designed this regimen to replace tetracy-
cline with fosfomycin while maintaining F. varium
sensitivity. Additionally, our ATM study results
revealed the future necessity of and interest in
observing long-term outcomes of antibiotics ther-
apy, which has rarely been investigated. Therefore,
with this AFM regimen, to further investigate the
long-term outcomes of post-antibiotic therapy,
we additionally aimed to have a longer follow-up
period than employed in prior related studies.

Methods

Patients

A prospective, open-label study was conducted at
the Jikei University Kashiwa Hospital in Japan
from October 2008 to March 2017. All patients
provided written informed consent. The eligibil-
ity criteria were an age of at least 18years and
active UC. Exclusion criteria included penicillin
allergy, pregnancy, comorbid serious diseases,
medication history of antibiotics within 2weeks
and ongoing use of biologic therapy. Patients who
were positive for pathogens in stool culture or for
Clostridium difficile toxin at baseline were also
excluded.

Study design

All patients were administered a combination
of oral amoxicillin (1500mg/day), fosfomycin
(3000mg/day) and metronidazole (750mg/day)
for 2weeks in addition to their regular medica-
tion in the hospital or at home. No changes in
concomitant medications were made during the
AFM treatment period. The duration of AFM
therapy was extended for up to 4 weeks when the
participant had severe disease activity based on
Truelove and Witts criteria and when remarkably
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deep ulcers were observed via endoscopy at base-
line. The Lichtiger index score (ranging from 0
to 21 based on frequency of stool, nocturnal diar-
rhoea, proportion of bloody stool, incontinence
of faeces, severity of stomach ache, performance
status, abdominal tenderness and use of antidiar-
rheal drugs; a more serious status indicates a
higher score) was recorded at baseline, 2 weeks,
3 months, 6 months, 9months, and 12months.
An endoscopic Mayo score (score ranging from 0
to 3, indicating normal or inactive, mild, moder-
ate and severe mucosal appearance, respec-
tively?4) was evaluated at baseline, 3 months and
12 months.

Patients were classified as steroid-refractory if
their condition had not improved after at least
2weeks of intravenous or oral administration of
more than 30 mg/day of prednisolone, and patients
were labelled as steroid-dependent if they had
experienced a relapse while tapering prednisolone
to at least 10mg/day and were unable to discon-
tinue steroids without relapse.

The primary endpoint was the change in the
Lichtiger index at 12months after AFM therapy.
The secondary endpoint was the Lichtiger index
at completion and 3 months. Based on prior stud-
ies that were comparable to the present study, we
defined clinical response as a decrease in the
Lichtiger index by more than three points from
baseline and clinical remission as a Lichtiger index
score of less than or equal to 3.25:26 Relapse was
defined as a Lichtiger index higher than baseline
and requiring intensification of treatment, includ-
ing a dosage increase and a switch to a new medi-
cation. In the absence of relapse, medication was
not changed during the study period. Mucosal
healing was defined as an endoscopic Mayo score
of 0 or 1. Patients who had been under oral steroid
therapy at baseline were followed to determine
whether the use of steroids could be successfully
withdrawn within 12months after completion.
Adverse events were recorded either in the hospi-
tal during the course or at an outpatient clinic at
the completion of AFM therapy. Liver dysfunc-
tion was recorded when patients showed elevated
aspartate aminotransferase (AST) or alanine ami-
notransferase (ALT) above the upper limit of nor-
mal in their blood test at any follow-up point.

Additionally, patients who were in remission at
12 months were followed up to 3years for further

evaluation of the long-term response and remis-
sion rate.

Statistical analysis

We used Fisher’s exact test to analyse clinical
scores, response rates, remission rates and com-
parisons of side effects between ATM and AFM.
We applied Friedman’s test for analysis of the
change in endoscopic Mayo score. All calcula-
tions were performed using STAT VIEW soft-
ware, version J 5.1 (SAS Institute, Inc., Cary,
NC, USA). A p value <0.05 was considered sta-
tistically significant.

Ethical considerations

This study was reviewed and approved by the eth-
ics committee of the Jikei Institutional Review
Board, the Jikei University School of Medicine
(Tokyo, Japan) and the clinical study committee
of the Jikei University Kashiwa Hospital [No.
20-088 (5378)]. This study was also registered in
the University Hospital Medical Information
Network (No. R000046546). All procedures
were performed in accordance with the Helsinki
Declaration.

Results

Patient characteristics

A total of 104 patients with active UC symptoms
were enrolled in this study (Table 1). Of them,
93.2% displayed severe to moderate symptoms of
UC, 82.7% had repeated exacerbation and remis-
sion, 10.6% were in a chronic state and 6.7%
were diagnosed with UC for the first time. In
total, 46.1% were either steroid dependent or
resistant. The median Lichtiger index was 9 at
baseline.

All 104 participants were administered AFM
therapy. Disease severity was classified based on
the Truelove and Witts severity index. Probiotics
included Bifidobacterium longum, Bifidobacterium
wnfanus, Clostridium buryricum, Streptococcus faeca-
lis, Bacillus subtilis or Bacillus mesentericus. Of the
participants, 88 received the 2-week regimen,
nine took the antibiotics for 3weeks and seven
took the antibiotics for 4 weeks. The total compli-
ance rate was 99.2% (50-100%). Three patients
(2.9%) could not complete the whole course due
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Table 1. Patient characteristics.

Variables

Numbers

Median age - years (range])
Male/female - number of patients (%)
Median disease duration - years (range)
Extent of disease - number of patients (%)
Extensive colitis
Left-sided colitis
Proctitis
Clinical severity of disease - number of patients (%)
Severe
Moderate
Mild
Clinical course of disease - number of patients (%)
Exacerbation and remission
Chronic
New onset
Concomitant medication - number of patients (%)
Corticosteroid
Sulphasalazine
5-Aminosalicylic acid
Azathioprine
Probiotics
Steroid use - number of patients (%)
None
Steroid dependent

Steroid resistant

Total steroid (predonisolone) amount - mg, mean (SE)

36 (18-79)
66/38 (63.5/36.5)
7.4 (0.1-28)

64 (61.5)
29 (27.9)
11(10.6)

33 (31.7)
64 (61.5)
71(6.7)

86 (82.7)
11(10.6)
71(6.7)

27 (26.0)
27 (26.0)
71 (68.3)
10(9.6)

83(79.8)

56 (53.8)
38 (36.5)

10 (9.6)
15,745.4 (17,323.5)

to adverse events caused by the antibiotics, such
as nausea, stomatitis, fever and drug-related rash.

Clinical outcomes
The average Lichtiger index showed a significant
decrease after AFM therapy [Figure 1(a)]. The

score declined from 9.39+4.37 at baseline to
3.71+3.76 (p<0.0001) at the completion of
AFM, sustaining a lower state at 2.48 =2.92
(p<0.0001), 1.90 =2.44 (»p<<0.0001), 1.50 = 2.64
(p<0.0001) and 1.63*=3.09 (p<<0.0001) at
3months, 6months, 9months and 12months,
respectively.
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Figure 1. Changes in (a) the Lichtiger index and (b) the endoscopic Mayo score from baseline to 12months.
(a) The Lichtiger index decreased significantly after AFM therapy and was maintained at a lower value at up
to 12months of follow-up (****p < 0.0001). (b) The endoscopic Mayo score decreased significantly from 2.27
at baseline to 1.26 at 3months post treatment (****p < 0.0001). Those who were followed by endoscopy at
12months maintained an even lower score of 0.98 (****p < 0.0001).

AFM, amoxicillin, fosfomycin and metronidazole.

Significant improvement was confirmed by endos-
copy [Figure 1(b)]. The average endoscopic Mayo
score before AFM was 2.27, and it decreased to
1.26 at the 3-month follow-up (»<<0.0001).
Among 46 participants who underwent endoscopy
at the 12-month follow-up, an average low score of
0.98 was recorded (»p<0.0001).

Clinical response and remission

The overall flow of patients up to 1 year is displayed
in Figure 2(a). When the regimen was completed,
AFM induced a clinical response in 80.8% of the
participants and remission in 63.5%; however,
13.5% did not experience a radical change, and
5.8% had markedly increased scores (Figure 3). At
3months, 73.1% were in clinical response and
65.4% remained in remission. A total of 1.9% of
the patients maintained a score similar to that at
baseline, 20.2% relapsed, and five patients did not
show up for the follow-up outpatient clinic visit. At
the 12-month follow-up, 39.4% still showed a
response and remained in remission, whereas
24.0% relapsed during this follow-up period. Oral
steroids were successfully withdrawn in 21 of 27
patients (77.8%) who had been under treatment at
baseline. Twelve participants dropped out and
could not be followed. For endoscopic evaluation,
74 patients underwent endoscopy at 3months.
56.8% of the patients scored 0 or 1 on endoscopic
Mayo score. Similarly, 46 patients took endoscopic
investigation at the 12-month follow-up, with
71.7% of the patients scoring 0 or 1.

Based on the response to corticosteroid treat-
ment, the immediate response to AFM was weak

among steroid-dependent patients, and the long-
term outcome was better in non-steroid users
(Figure 4). After completing AFM, 65.8% of the
steroid-dependent patients experienced a clinical
response. This rate was statistically lower than
that of the other two groups of non-steroid
(87.5%) and steroid-resistant (100%) patients
(p=0.0086). At 12 months, significantly elevated
remission and response rates were maintained in
non-steroid users (»p=0.0193). Both rates were
exactly the same because all the patients showing
a clinical response were in remission at that time.

Focusing on the extent of the disease, the effective-
ness of AFM in reaching a clinical response or
remission was not significantly different among
those with extensive colitis, left-sided colitis or
proctitis at completion, at 3 months or at 12 months
(Table 2).

We also analysed disease severity based on
Truelove and Witts criteria. As there were only a
small number of participants involved whose
symptoms were mild, we calculated this parame-
ter exclusively for moderate and severe cases. The
response rate in patients with severe disease at the
completion of AFM was significantly higher than
that in patients with moderate disease (p=0.0109)
(Table 3). There was no other significant differ-
ence among the groups in either response or
remission rate at any time point.

Long-term progress of 2 years or more
Of41 patients who were in remission at 12 months,
63.4% maintained their condition until the 2-year
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(a)
AFM initial enroliment
(n=104)
At the end of AFM

Response 84/104 (80.8%)

Remission 66/104 (63.5%) Withdrawal during follow-up (n = 26)
+ Exacerbation (n = 13)
+ Needed additional/change in

treatment (n = 8)
3 months after AFM \ * No hospital visit (n = 5) )

Response 76/104 (73.1%)

Remission 68/104 (65.4%) Withdrawal during follow-up (n = 37)
* Exacerbation (n = 18)
+ Needed additional/change in

treatment (n =7)
1 year after AFM § * No hospital visit (n = 12) )
Response 41/104 (39.4%)
Remission 41/104 (39.4%)
(b)
1 year after AFM
Response 41
Remission 41

Withdrawal during follow-up (n = 15)
+ Exacerbation (n = 6)

l( { * Needed additional/change

in treatment (n = 2)
* No hospital visit (n = 7)

2 years after AFM
Response 26/41 (63.4%)
Remission 26/41 (63.4%)

l< (Withdrawal during follow-up (n = 8)

* Exacerbation (n = 2)
* No hospital visit (n = 6)

3 years after AFM
Response 18/26 (69.2%)
Remission 18/26 (69.2%)

Figure 2. The patient flow (a) from enrolment to the 12-month follow-up and (b) after the 12-month follow-up
visit to the 3-year follow-up visit. The response rate includes patients in remission. (a) After completing the
AFM regimen, 26 patients dropped out due to relapse, increase/change in medication or missed follow-up visit.
Thirty-seven participants withdrew between 3months and 12 months. Forty-one patients stayed in remission
12months after AFM therapy. (b] In total, 63.4% of participants who were in remission at 12months maintained
that status for another year, while 15 patients withdrew during that period. Of those who were in remission

at 2years, 69.2% remained in remission, two patients relapsed, and six were lost to follow-up at the 3-year
follow-up visit.

AFM, amoxicillin, fosfomycin and metronidazole.
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3 months
(Dropout n = 5)

" Nochange M Relapse

39.4 39.4
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Figure 3. Overall response rate from baseline to 12months. The numbers of participants who missed follow-
up visit are shown in brackets under each axis title. The clinical response was 80.8% at completion and 73.1%
at the 3-month follow-up, with the majority of patients in remission, 63.5% and 65.4% of the total participants,
respectively. Clinical remission was also maintained in almost half of those patients at 12 months. A total of
13.5% did not show substantial changes, nor did 1.9% at 3months. Relapse was seen in 5.8% at completion,

20.2% at 3months and 24.0% at 12months of follow-up.

W Non-steroid users (n=56)

(a)

p =0.0086 p=0.0193
100.0
€ 51.8
g
&
30.0
23.7
Completion 3 months 12 months

1 Steroid-resistant (n=10)

[ Steroid-dependent (n=38)

(b)

p=0.0193

100
90
80
70
60
50
40
30
20

714 70.0

Percent

23.7

3 months 12 months

Completion

Figure 4. (a) Response rate and (b] remission rate segregated by steroid response; among non-steroid-using,
steroid-resistant and steroid-dependent patients, the response rate at completion was lower in steroid-
dependent patients than in non-steroid users and steroid-resistant patients (p=0.0086). Both the response
and remission rates at 12months were highest in non-steroid-using patients among the three patient groups
(p=0.0193). Neither rate showed a significant difference among the groups at the 3-month follow-up.

follow-up. Furthermore, 69.2% of those in remis-
sion at 2years did not experience relapse and
were followed for 3 years [Figure 2(b)].

Adverse events

Side effects were observed in 46 patients (44.2%)
(Table 4). The most common symptom was diar-
rhoea (17.3%), followed by hypogeusia (8.7%),
nausea (7.7%) and liver dysfunction (5.8%).
There were no serious adverse events throughout
the study period. Three participants discontinued

the therapy because of drug-related rash, nausea
or oral ulcers. All other symptoms were manage-
able while completing the whole course and were
resolved immediately after the completion or dis-
continuation of the regimen.

Discussion

Establishing an effective regimen to suppress the
disease activity of UC and to induce long-term
remission is one of the major goals of UC treat-
ment. Given the chronicity of the disease, it is also
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Table 2. Numbers and proportions of patients showing a clinical response and in remission according to
disease extent; there was no significant difference in the effectiveness of AFM depending on the extent of
disease at completion, 3months or 12months. Patients with mild symptoms were excluded due to small
numbers. At completion, AFM achieved a higher response rate in patients with severe disease than in those
with moderate disease. There was no other significant difference in response or remission rate between

moderate and severe cases.

Disease extent Completion 3 months 12months
Response Remission Response Remission Response Remission

Extensive colitis -n=64 53 (82.8) 41 (64.1) 50 (78.1) 44 (68.8) 25(39.1) 25(39.1)
(%)

Left-sided colitis -n=29 23 (79.3) 17 (58.6) 20 (69.0) 20 (69.0) 11 (37.9) 11 (37.9)
(%)

Proctitis = n=11 (%) 8(72.7) 8(72.7) 6 (54.5) 4 (36.4) 5 (45.5) 5 (45.5)

p value p=0.7154  p=0.0711 p=0.9057 p=0.1014 p=0.2233  p=0.9057

AFM, amoxicillin, fosfomycin and metronidazole.

Table 3. Numbers and proportions of patients showing a response/in remission stratified by disease severity.
Patients with mild symptoms were excluded due to the small sample size. At completion, AFM yielded a
higher response rate in patients with severe disease than in those with moderate disease. There was no other
significant difference in response or remission rate between patients with moderate and severe disease.

Disease severity Completion 3 months 12months

Response  Remission Response Remission Response Remission
Moderate -n=64 (%) 46 (71.8) 41 (64.1) 48 (75.0) 42 (65.6) 23 (35.9) 23 (35.9)
Severe -n=33 (%) 31(93.9) 18 (54.5) 22 (66.7) 20 (60.6) 12 (36.4) 12 (36.4)
p value p=0.0109 p=0.3630 p=0.3856 p=0.6258 p=0.9670 p=0.9670

AFM, amoxicillin, fosfomycin and metronidazole.

important to explore therapeutic options with
reduced adverse events. This AFM therapy showed
a certain potential to effectively suppress exacerba-
tions in patients whose disease activity could not
be fully controlled with conventional medication.

The combination of the AFM antibiotics in the
present study was clinically effective in patients
with active UC. Regarding short-term effective-
ness, 80.8% and 73.1% of the participants in this
study successfully achieved a clinical response at
completion and at 3-month follow-up, respec-
tively. The same regimen was administered in the
study by Ishikawa et al.?% to adult UC patients as
a pretreatment for faecal microbiota transplanta-
tion (FMT). They observed a clinical response in
68.4% of the AFM monotherapy patient group at
the 4-week follow-up. Another set of ATM treat-
ment in an RCT demonstrated a 44.8% clinical

response rate at the 3-month follow-up.!® As the
response rate of the present result was not inferior
to that for ATM, the revised AFM regimen would
reasonably be considered a treatment option for
inducing clinical remission.

Several factors, such as the spectrum of antibiotics
and duration of the intervention, appear to influ-
ence the effectiveness of antibiotics therapy. For
instance, Mishra ez al.?! administered a combina-
tion of ceftriaxone and metronidazole to acute
severe patients, and the outcomes did not show a
significant difference between the antibiotics and
placebo groups.?! Their primary outcome was on
day 3, and their focus was exclusively on severe
patients. Similarly, Chapman ez al.l” treated severe
patients with either metronidazole alone or pla-
cebo for 5days, and the results indicated no sig-
nificant difference in clinical improvement. A
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Table 4. In total, 46 patients experienced some
degree of side effects. There was one case of fever
and three cases of discontinuation due to adverse
events, but no life-threatening episodes were
observed during the study period.

Side effect n=46
Diarrhoea 18
Hypogeusia 9
Nausea 8
Liver dysfunction 6
Loss of appetite 3
Drug-related rash 2
Headache 2
Oral ulcer 2
Coated tongue 1
Eyestrain 1
Fatigue 1
Fever 1
Numbness 1
Redness of distal portion of extremities 1

similar period of 14 days of antibiotics administra-
tion was utilized in a study by Mantzaris ez al.,!>:16
who used ciprofloxacin to treat mild to severe
patients, but again, no significant difference was
observed between the treatment and placebo
groups. Interestingly, Turunen er al.!> adminis-
tered ciprofloxacin for 6 months to UC patients
and showed a lower treatment-failure rate in the
antibiotics group than in the placebo group. Based
on these studies, the spectrum and combination of
antibiotics and the duration of the therapy appear
to influence the treatment effectiveness. In addi-
tion, the influence of the gut microbiota and pro-
biotics intake will be discussed later in this
section.

The long-term effect of AFM therapy should also
be noted. Although little has been demonstrated
about the duration of clinical remission after antibi-
otics therapy, this is of great importance in treat-
ment of UC. In the present study, 39.4% of the
participants maintained clinical remission for
12months after the completion of therapy. A total

0of 63.4% of those remained in remission for 2 years,
and 69.2% of the patients in remission at 2years
stayed in remission until the 3-year follow-up.
When considering all participants, 26 of 104
patients (25.0%) appeared for the 2-year follow-up
in remission, as did 18 of 104 (17.3%) at 3years. In
a part of another study to investigate long-term
FMT with or without AFM therapy, the respective
response rates in the AFM monotherapy group at 1
and 2years were 16.2% and 12.8%.%27 We suspect
that the lower response rate than that in the present
study was due to the smaller group size and differ-
ences in patient recruitment criteria, as participants
in that study were limited to those with severe
symptoms with either a Lichtiger index=5 or an
endoscopic Mayo score= 1. Regarding the relapse
rate, a longitudinal prospective study reported that
36% of patients receiving maintenance medications
relapsed during the follow-up period of 1year and
that the mean duration to relapse was 14.4 months.28
Another prospective study observed that 57.7% of
inactive UC cases relapsed during their 1-year fol-
low-up period, whereas the relapse rate at 12 months
was 24.0% in the present study.?® Indeed, there are
several risk factors for relapse, including young age,
extensive colitis, and mucosal inflammation in clin-
ical remission.28:30:31 Ag the present regimen exerted
considerably good short-term effectiveness in ster-
oid-resistant and severe patients and induced a
long-term clinical response and mucosal healing
regardless of the extent of disease, AFM is a possi-
ble choice, especially for intractable cases with
those risk factors.

AFM therapy caused fewer severe side effects than
ATM therapy. In this study, adverse events
occurred in 44.2% of patients, all of which were
manageable after the treatment and not life threat-
ening. Ishikawa ez al.?° noted that less than 20% of
patients experienced adverse events during the
same regimen. In addition, Ohkusa ez al.18 reported
that the side effect rate of ATM therapy was
52.4% in an antibiotic group and 19.4% in a pla-
cebo group. Compared with the ATM regimen,
the present AFM regimen resulted in significantly
fewer cases of fever (p=0.0013) and more diar-
rhoea (p=0.0377). Considering that diarrhoea is
seen as both a symptom of UC and a side effect of
antibiotics, we might have included some patients
with UC diarrhoea as a side effect. Thus, the
actual number of adverse events of diarrhoea in
the AFM group might be smaller. Accordingly, we
consider that the high compliance rate in the AFM
group was due to its low occurrence of severe side
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effects, including fever, which was the main rea-
son for discontinuation of ATM therapy.
Therefore, AFM therapy effectively suppresses
disease activity while reducing the major adverse
events that occur with ATM therapy.

From the long-term results of the present study,
AFM may not be inferior to other treatments
regarding effectiveness, and AFM shows superior
safety. Indeed, none of our previous studies of
ATM and AFM regimens revealed life-threaten-
ing episodes or long-term side effects, whereas
serious side effects have been increasingly
reported with other treatments, including biologi-
cal products.!826:32 For example, regarding anti-
TNF agents, recent studies in UC patients show
response rates of 35-69% at week 8 and 30-45%
at week 52, with severe adverse events, including
deaths, malignancies, lymphoma, neurologic dis-
eases and serious infections.33-3 Considering that
an onset of anxiety and mood disorders in IBD
patients at 2years before the start of anti-TNF
therapy is suggested to increase the risk of discon-
tinuing the therapy, careful management is espe-
cially needed with those agents.?0 Apart from
anti-TNF agents, other biologic therapies, such
as ustekinumab and vedolizumab, have also dem-
onstrated effectiveness, although some crucial
adverse events, including deaths, malignancies
and infections, should be carefully observed and
managed.*»¥2 In addition, methotrexate, which
has been used frequently in recent years, is sus-
pected to have side effects of sperm DNA frag-
mentation and teratogenicity.*> Overall, these
agents are recognized as effective treatments that
improve health-related quality of life; however,
considering that we achieved similar outcomes,
no serious adverse events and lower costs, AFM
therapy may be a practical option due to its effec-
tiveness, safety and cost.%

We consider that AFM therapy suppresses UC
exacerbation by modifying dysbiosis of the gut
microbiota. The composition of the gut micro-
biota among UC patients shows some alterations
compared with that among healthy humans,
though it is not yet thoroughly understood.*> As
previous studies indicate, there is reduced diver-
sity of bacteria and increased abundance of
Fusobacterium in the gut of UC patients.40:47
Additionally, there is a decrease in the abun-
dances of Bacteroidetes and Lactobacillus spe-
cies, though effects on the Firmicutes group
remain controversial.*%:4° Initially, ATM therapy

was designed with a focus on F. varium, which is
present in the intestinal mucosa of UC
patients.32:50:51 Regarding Fusobacterium, a study
of FMT in UC patients showed that those who
did not achieve remission had an increased level
of Fusobacterium in their gut microbiota.>?2
Although we did not conduct microbiota analy-
sis in this study, it can be hypothesized that the
combination of antibiotics in this study had a
sufficiently broad spectrum to rebalance the gut
microbiota to a more preferable composition,
suppressing symptoms in UC patients. This
hypothesis is additionally supported by the
results of the present study showing that 79.8%
of participants had taken probiotics from the
baseline until either relapse or the 3-year follow-
up. Probiotics supposedly contribute to a better
gut microbiota balance and might have enhanced
the outcome of this study.

Similarly, antibiotic agents have been used as pre-
treatment for FMT in UC patients in several previ-
ous studies, showing better outcomes when a
combination of antibiotics was employed instead
of a single agent.26535¢ Furthermore, preferable
recovery of Bacteroidetes species was observed in
the AFM pretreatment group, which was not
observed in either the AFM or the FMT mono-
therapy group.3> A combination of antibiotics may
effectively initialise microbiotal balance, enabling
transplanted biomes to engraft to the intestine suc-
cessfully. Further investigation including analyses
of the gut microbiota profile will provide a better
understanding of the characteristics of responders
and non-responders to this AFM therapy.

Our study has limitations. First, this is an open-
label study at a single site. Randomized studies at
multiple hospitals with a larger number of partici-
pants will be required for future studies. An
arrangement of placebo or another comparator
will also be necessary to more precisely assess the
effectiveness of AFM therapy. Second, we did not
measure calprotectin in this study, which may
have limited our ability to thoroughly observe the
disease condition. Patient smoking status could
also have been collected for detailed analyses,
considering its influence on UC condition. In
addition, the mechanism of how antibiotics mod-
ify UC disease activity needs to be explored fur-
ther to specify effective agents and establish an
evidence-based regimen. Nonetheless, this study
will serve as a milestone for future attempts to
increase treatment options for UC exacerbation.

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Y Nishikawa, N Sato et al.

Author contributions

Toshifumi Ohkusa contributed to the design of
the study and collected the data. Toshifumi
Ohkusa and Yuriko Nishikawa analysed the data.
Yuriko Nishikawa drafted the manuscript. All
authors have approved the final version of this
manuscript.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Ethical approval

This study was reviewed and approved by the eth-
ics committee of the Jikei Institutional Review
Board, the Jikei University School of Medicine
(Tokyo, Japan), and the clinical study committee
of the Jikei University Kashiwa Hospital [No.
20-088 (5378)]. All procedures were performed
in accordance with the Declaration of Helsinki.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: Morinaga Milk
Industry Co., Ltd funded the study.

Informed consent
All patients in this study signed written informed
consent and agreed to participate.

ORCIDIiD
YurikoNishikawa
4103-4579

https://orcid.org/0000-0002-

References
1. Torres J, Billioud V, Sachar DB, ez al. Ulcerative
colitis as a progressive disease: the forgotten
evidence. Inflamm Bowel Dis 20125 18: 1356—
1363.

2. Mishima Y and Sartor RB. Manipulating resident
microbiota to enhance regulatory immune
function to treat inflammatory bowel diseases. ¥
Gastroenterol 2020; 55: 4-14.

3. Rodriguez LAG, Ruigdmez A and Panés J. Acute
gastroenteritis is followed by an increased risk
of inflammatory bowel disease. Gastroenterology
2006; 130: 1588-1594.

4. Ungaro R, Mehandru S, Allen PB, ez al.
Ulcerative colitis. Lancer 2017; 389: 1756-1770.

5. Ordas I, Eckmann L, Talamini M, ez al.
Ulcerative colitis. Lancer 2012; 380: 1606-1619.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Shen ZH, Zhu CX, Quan YS, er al. Relationship
between intestinal microbiota and ulcerative
colitis: mechanisms and clinical application of
probiotics and fecal microbiota transplantation.
World ¥ Gastroenterol 2018; 24: 5-14.

. Wilhelm SM, McKenney KA, Rivait KN, ez al. A

review of infliximab use in ulcerative colitis. Clin
Ther 2008; 30: 223-230.

. Videla S, Vilaseca J, Guarner F, er al. Role of

intestinal microflora in chronic inflammation
and ulceration of the rat colon. Gur 1994; 35:
1090-1097.

Lange K, Buerger M, Stallmach A, er al. Effects
of antibiotics on gut microbiota. Dig Dis 2016;
34: 260-268.

Burke DA, Axon AT, Clayden SA, et al. The
efficacy of tobramycin in the treatment of ulcerative
colitis. Aliment Pharmacol Ther 1990; 4: 123—129.

Gionchetti P, Rizzello F, Ferrieri A, et al.
Rifaximin in patients with moderate or severe
ulcerative colitis refractory to steroid-treatment: a
double-blind, placebo-controlled trial. Dig Dis Sci
1999; 44: 1220-1221.

Dickinson R], O’Connor HJ, Pinder I, ez al.
Double blind controlled trial of oral vancomycin
as adjunctive treatment in acute exacerbations of
idiopathic colitis. Guzr 1985; 26: 1380-1384.

Turunen UM, Farkkilda MA, Hakala K, ez al.
Long-term treatment of ulcerative colitis with
ciprofloxacin: a prospective, double-blind,
placebo-controlled study. Gastroenterology 1998;
115: 1072-1078.

Segal JP, Ding NS, Worley G, ez al. Systematic
review with meta-analysis: the management of
chronic refractory pouchitis with an evidence-
based treatment algorithm. Aliment Pharmacol
Ther 2017; 45: 581-592.

Mantzaris GJ, Petraki K, Archavlis E, er al.

A prospective randomized controlled trial of
intravenous ciprofloxacin as an adjunct to
corticosteroids in acute, severe ulcerative colitis.
Scand ¥ Gastroenterol 2001; 36: 971-974.

Mantzaris GJ, Archavlis E, Christoforidis P, ez al.
A prospective randomized controlled trial of oral
ciprofloxacin in acute ulcerative colitis. Am ¥
Gastroenterol 1997; 92: 454-456.

Chapman RW, Selby WS and Jewell DP.
Controlled trial of intravenous metronidazole as
an adjunct to corticosteroids in severe ulcerative
colitis. Gur 1986; 27: 1210-1212.

Ohkusa T, Kato K, Terao S, er al. Newly
developed antibiotic combination therapy

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj
https://orcid.org/0000-0002-4103-4579
https://orcid.org/0000-0002-4103-4579

Therapeutic Advances in Chronic Disease 12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

for ulcerative colitis: a double-blind placebo-
controlled multicenter trial. Am F Gastroenterol
2010; 105: 1820-1829.

Koido S, Ohkusa T, Kajiura T, et al. Long-term
alteration of intestinal microbiota in patients
with ulcerative colitis by antibiotic combination
therapy. PLoS One 20145 9: ¢86702.

Kordy K, Romeo AC, Lee D], er al. Combination
antibiotics improves disease activity and alters
microbial communities in children with ulcerative
colitis. F Pediatr Gastroenterol Nutr 2018; 67:
e60—e63.

Mishra S, Mandavdhare HS, Singh H, ez al.
Adjuvant use of combination of antibiotics

in acute severe ulcerative colitis: a placebo
controlled randomized trial. Expert Rev Anti Infect
Ther. Epub ahead of print 14 December 2020.
DOI: 10.1080/14787210.2021.1856656.

Khan KJ, Ullman TA, Ford AC, ez al. Antibiotic
therapy in inflammatory bowel disease: a
systematic review and meta-analysis. Am ¥
Gastroenterol 20115 106: 661-673.

Wang SL, Wang ZR and Yang CQ. Meta-
analysis of broad-spectrum antibiotic therapy in
patients with active inflammatory bowel disease.
Exp Ther Med 20125 4: 1051-1056.

Schroeder KW, Tremaine W] and Ilstrup DM.
Coated oral 5-aminosalicylic acid therapy for mildly
to moderately active ulcerative colitis. A randomized
study. N Engl ¥ Med 1987; 317: 1625-1629.

Uehara T, Kato K, Ohkusa T, er al. Efficacy of
antibiotic combination therapy in patients with
active ulcerative colitis, including refractory or
steroid-dependent cases. ¥ Gastroenterol Hepatol
2010; 25(Suppl. 1): S62-S66.

Ishikawa D, Sasaki T, Osada T, er al. Changes
in intestinal microbiota following combination
therapy with fecal microbial transplantation and
antibiotics for ulcerative colitis. Inflamm Bowel
Dis 2017; 23: 116-125.

Okahara K, Ishikawa D, Nomura K, ez al.
Matching between donors and ulcerative colitis
patients is important for long-term maintenance
after fecal microbiota transplantation. ¥ Clin Med
20205 9: 1650.

Bitton A, Peppercorn MA, Antonioli DA, ez al.
Clinical, biological, and histologic parameters
as predictors of relapse in ulcerative colitis.
Gastroenterology 2001; 120: 13-20.

Azad S, Sood N and Sood A. Biological and
histological parameters as predictors of relapse
in ulcerative colitis: a prospective study. Saud: ¥
Gastroenterol 20115 17: 194-198.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chang JY, Cheon JH, Park Y, et al. Does medical
acceleration improve outcomes in ulcerative
colitis patients who are in clinical remission but
have endoscopic inflammation? Dig Dis Sci 2018;
63: 3041-3048.

Solberg IC, Lygren I, Jahnsen J, ez al. Clinical
course during the first 10 years of ulcerative
colitis: results from a population-based inception
cohort IBSEN Study). Scand ¥ Gastroenterol
2009; 44: 431-440.

Ohkusa T, Nomura T, Terai T, ez al. Effectiveness
of antibiotic combination therapy in patients with
active ulcerative colitis: a randomized, controlled
pilot trial with long-term follow-up. Scand ¥
Gastroenterol 2005; 40: 1334-1342.

Shah ED, Coburn ES, Nayyar A, er al. Systematic
review: hepatosplenic T-cell lymphoma on
biologic therapy for inflammatory bowel

disease, including data from the food and drug
administration adverse event reporting system.
Aliment Pharmacol Ther 2020; 51: 527-533.

Kirchgesner J, Lemaitre M, Carrat F, ez al. Risk
of serious and opportunistic infections associated
with treatment of inflammatory bowel diseases.
Gastroenterology 2018; 155: 337-346.e10.

Chupin A, Perduca V, Meyer A, et al. Systematic
review with meta-analysis: comparative risk of
lymphoma with anti-tumour necrosis factor
agents and/or thiopurines in patients with
inflammatory bowel disease. Aliment Pharmacol
Ther 20205 52: 1289-1297.

Lynn AM and Loftus EV. Illuminating the
black box: the real risk of serious infection
with inflammatory bowel disease therapies.
Gastroenterology 2018; 155: 262-265.

Rutgeerts P, Sandborn WJ, Feagan BG, er al.
Infliximab for induction and maintenance therapy
for ulcerative colitis. N Engl ¥ Med 2005; 353:
2462-2476.

Sandborn W], van Assche G, Reinisch W, ez al.
Adalimumab induces and maintains clinical
remission in patients with moderate-to-severe
ulcerative colitis. Gastroenterology 2012; 142:
257-265.el1—e3.

Sandborn WJ, Feagan BG, Marano C, et al.
Subcutaneous golimumab maintains clinical
response in patients with moderate-to-severe
ulcerative colitis. Gastroenterology 2014; 146:
96-109.el.

Dolovich C, Bernstein CN, Singh H, ez al.
Anxiety and depression leads to anti-tumor
necrosis factor discontinuation in inflammatory
bowel disease. Clin Gastroenterol Hepatol. Epub

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Y Nishikawa, N Sato et al.

41.

42.

43.

44.

45.

46.

47.

48.

ahead of print 12 July 2020. DOI: 10.1016/j.
cgh.2020.07.013.

Sands BE, Sandborn W], Panaccione R, ez al.
Ustekinumab as induction and maintenance
therapy for ulcerative colitis. N Engl ¥ Med 2019;
381:1201-1214.

Chaparro M, Garre A, Ricart E, ez al. Short and
long-term effectiveness and safety of vedolizumab
in inflammatory bowel disease: results from the
ENEIDA registry. Aliment Pharmacol Ther 2018;
48: 839-851.

Ley D, Jones ], Parrish ], ez al. Methotrexate
reduces DNA integrity in sperm from men with
inflammatory bowel disease. Gastroenterology
2018; 154: 2064-2067.e3.

Paschos P, Katsoula A, Salanti G, ez al.
Systematic review with network meta-analysis:
the impact of medical interventions for moderate-
to-severe ulcerative colitis on health-related
quality of life. Aliment Pharmacol Ther 2018; 48:
1174-1185.

Zhang SL, Wang SN and Miao CY. Influence
of microbiota on intestinal immune system

in ulcerative colitis and its intervention. Front
Immunol 2017; 8: 1674.

Reshef L, Kovacs A, Ofer A, et al. Pouch
inflammation is associated with a decrease in
specific bacterial taxa. Gastroenterology 2015; 149:
718-7217.

Kostic AD, Xavier R] and Gevers D.

The microbiome in inflammatory bowel
disease: current status and the future ahead.
Gastroenterology 2014; 146: 1489-1499.

Ott SJ, Musfeldt M, Wenderoth DF, er al.
Reduction in diversity of the colonic mucosa

49.

50.

51.

52.

53.

54.

55.

associated bacterial microflora in patients with
active inflammatory bowel disease. Guz 2004; 53:
685-693.

Lepage P, Hésler R, Spehlmann ME, ez al.
Twin study indicates loss of interaction between
microbiota and mucosa of patients with
ulcerative colitis. Gastroenterology 2011; 141:
227-236.

Allen-Vercoe E. Fusobacterium varium in
ulcerative colitis: is it population-based? Dig Dis
Sci 20155 60: 7-8.

Ohkusa T, Okayasu I, Ogihara T, ez al.
Induction of experimental ulcerative colitis by
Fusobacterium varium isolated from colonic
mucosa of patients with ulcerative colitis. Gur
2003; 52: 79-83.

Paramsothy S, Nielsen S, Kamm MA, er al.
Specific bacteria and metabolites associated with
response to fecal microbiota transplantation in
patients with ulcerative colitis. Gastroenterology
2019; 156: 1440-1454.e2.

Borody TJ, Warren EF, Leis S, et al. Treatment
of ulcerative colitis using fecal bacteriotherapy. ¥
Chin Gastroenterol 2003; 37: 42-47.

Angelberger S, Reinisch W, Makristathis A,

et al. Temporal bacterial community dynamics
vary among ulcerative colitis patients after fecal
microbiota transplantation. Am ¥ Gastroenterol
2013; 108: 1620-1630.

Ishikawa D, Sasaki T, Takahashi M, ez al. The
microbial composition of bacteroidetes species
in ulcerative colitis is effectively improved by
combination therapy with fecal microbiota

transplantation and antibiotics. Inflamm Bowel
Dis 2018; 24: 2590-2598.

Visit SAGE journals online
journals.sagepub.com/
home/taj

®SAGE journals

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj



