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ABSTRACT
Introduction: About one-third of patients with severe ulcerative colitis (UC) do not respond to corticosteroid therapy and
receive rescue therapy with inﬂiximab or cyclosporine. Up to 20%
of such patients fail to respond to rescue therapy and undergo
colectomy.
Objective: We investigated the outcomes of inﬂiximab and a
plant-based diet (PBD) as ﬁrst-line therapy for severe UC.
Methods: Patients with severe UC deﬁned by the Truelove and
Witts criteria were admitted and given standard induction therapy
with inﬂiximab (5.0 mg/kg-7.5 mg/kg) at 0, 2, and 6 weeks. Additionally, they received a PBD. The primary endpoint was remission
or colectomy in the induction phase and 1 year after discharge.
Secondary endpoints were changes in inﬂammatory markers in the
induction phase and the PBD score at baseline and follow-up.
A higher PBD score indicates greater adherence to a PBD.
Results: Inﬂiximab and PBD as ﬁrst-line therapy was administered in 17 cases. The remission rate was 76% (13/17), and the
colectomy rate was 6% (1/17) in the induction phase. C-reactive
protein values and the erythrocyte sedimentation rate signiﬁcantly decreased at week 6 from 9.42 mg/dL to 0.33 mg/dL and
from 59 to 17 mm/h, respectively (p < 0.0001). At 1-year follow-up,
the cumulative relapse rate was 25%, and there were no additional colectomy cases. Mean PBD scores of 27.7 at 1 year and 23.8
at 4 years were signiﬁcantly higher than baseline scores of 8.3 and
9.9, respectively (p < 0.0001 and p = 0.0391).
Conclusion: This new ﬁrst-line therapy for severe UC demonstrated a higher remission rate and lower colectomy rate than
with the current modality.

INTRODUCTION
Newly introduced biologic agents have revolutionized the
medical treatment of various conditions, including inﬂammatory bowel disease (IBD). Antitumor necrosis factor
α antibodies (inﬂiximab, adalimumab, and golimumab) and
anti-α4β7 antibody (vedolizumab) were introduced for
treatment of ulcerative colitis (UC).1-5 ey have been
shown to eﬀectively induce and maintain remission in
outpatients with moderate to severe UC that is unresponsive
to corticosteroids, immunosuppressants, or both. eir
induction rates of remission are from 19% to 49%.1-5
Inﬂiximab is eﬀective in reducing the colectomy rate at 1
year after therapy.6 e long-term colectomy rate was reported to be reduced in the biologics era (2005-2011)
compared with that in the prebiologics era (1998-2004).7
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Severe UC develops in 10% to 25% of patients with
UC.8-10 It is a potentially life-threatening disease, with a 1%
mortality rate.9,11,12 erefore, treatment requires hospitalization. First-line therapy is intensive intravenous administration of corticosteroids.13 In the prebiologics era,
colectomy was indicated if patients were unresponsive to
corticosteroids in 3 days, which was approximately onethird of patients.11 Currently, inﬂiximab or cyclosporine is
used as rescue second-line treatment of patients who are
unresponsive to corticosteroids. is rescue therapy is unsuccessful in approximately 11% to 20% of patients,
resulting in colectomy.14 When remission is successfully
induced with inﬂiximab, scheduled maintenance therapy
with inﬂiximab is recommended.10,14,15 Nevertheless, some
cases require colectomy, and colectomy rates increase to
26% to 37% at 1 year.14
Inﬂiximab is indicated for UC treatment in secondline therapy treatment for outpatients with moderate to
severe UC and in treatment for inpatients with acute severe
UC. In both situations, corticosteroids are used ﬁrst, and
then biologics are indicated when corticosteroids are
ineﬀective.9,10,15 As reported in the literature, 16% to 34% of
patients are nonresponders to corticosteroids.11,16-18 Even
though corticosteroids are eﬀective in the induction phase,
there is a drawback to corticosteroid use in the follow-up
period. At 1 year, corticosteroid dependence or surgical
intervention occurs in nearly 50% of such patients.17 Because of this critical problem of corticosteroids, we replaced
prednisolone (a glucocorticoid) with inﬂiximab in 2010
when inﬂiximab became available to use for UC in Japan. In
Crohn disease (CD), early use of inﬂiximab (top-down
approach) is reported in the literature. e ﬁrst-line use of
inﬂiximab for severe UC, however, has scarcely been
reported.19 Ochsenkühn et al.19 demonstrated that inﬂiximab and corticosteroids were equally eﬀective for patients
with severe UC who were not corticosteroid refractory, and
Author Aﬃliations
1
Gastroenterology Division, Akita City Hospital, Akita, Japan
2
Gastroenterology Division, Nakadori General Hospital, Akita, Japan
Corresponding Author
Mitsuro Chiba, MD, PhD (mchiba@m2.gyao.ne.jp)
Keywords: colectomy, dietary intervention, environmental factors, ﬁrst-line therapy, inﬂiximab, IPF, lifestyle
medicine, plant-based diet, remission, severe ulcerative colitis, vegetarian diet

The Permanente Journal For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.

1

ORIGINAL RESEARCH ARTICLE
High Remission Rate with Inﬂiximab and Plant-Based Diet as First-Line (IPF) Therapy for Severe Ulcerative Colitis: Single-Group Trial

the authors indicated that inﬂiximab could be an alternative
in patients who cannot receive corticosteroids.
IBD is a polygenic disease triggered by environmental
factors.20 Among a variety of environmental factors, a
westernized diet (high in fat, animal protein, and sugar; low
in dietary ﬁber) is thought to be the most ubiquitous. A
westernized diet, which tends to cause gut microbial dysbiosis followed by changes of microbial metabolites, is
proinﬂammatory. On the contrary, a plant-based diet
(PBD), which is low in fat, animal protein, and sugar
and high in dietary ﬁber and which tends to increase
microbial diversity, is antiinﬂammatory.20 PBDs are
listed as variations of US Department of Agriculture
healthy eating patterns.21 Epidemiologic studies have
provided convincing evidence that individuals consuming PBDs experience greater longevity and are less
aﬀected by common chronic diseases compared with
those eating omnivorous diets.22,23
We designed a semivegetarian diet, which is a type of
PBD, as a therapeutic diet for patients with IBD.24 From
2003, we have provided the PBD to all inpatients with IBD
at our center. We achieved far better outcomes both in the
induction and maintenance phases in patients with CD and
for relapse prevention in patients with UC than those
previously reported in the literature. On the basis of our
recent reports on IBD therapy that replaced westernized
diets with a PBD, we recommended PBD for patients with
IBD.25
To our knowledge, no previous study has incorporated a
PBD in the induction phase of treatment of severe UC. We
designed inﬂiximab and PBD as ﬁrst-line (IPF) therapy not
for corticosteroid-refractory patients but for new patients
with severe UC without prior intensive intravenous corticosteroid use.13 After induction of remission, patients were
followed without scheduled inﬂiximab maintenance therapy. We hypothesized that these modalities could enhance
the induction rate in the short term and reduce the relapse
rate in the medium term, as we experienced in patients with
CD.24,26 e aim of this study was to investigate the remission and colectomy rate in the induction phase and in
the medium term with IPF therapy for severe UC.

METHODS
Design and Settings
We designed a prospective single-group, nonrandomized, open-label, uncontrolled trial, which was
conducted at 2 hospitals in Akita, Japan (study ID no.:
University Hospital Medical Information Network [UMIN]
UMIN000019061 and UMIN000020402; registration:
www.umin.ac.jp). Both Nakadori General Hospital and
Akita City Hospital are tertiary care hospitals in Akita
City. e ﬁrst author (MC) worked for Nakadori General

2

·

Hospital between 2003 and 2012 and has been working
for Akita City Hospital since 2013.
is protocol was approved by the Ethical Committee of
Nakadori General Hospital and by the Ethical Committee
of Akita City Hospital (protocol no: 19-2003, 17-2014,
15-2015). Informed consent was obtained from all participants.

Patients
Inﬂiximab, the ﬁrst biologic agent for treatment of UC in
Japan, was approved in 2010. All patients with severe UC
were hospitalized for possible IPF therapy between August
2012 and April 2019. Severity was judged using the
Truelove and Witts criteria.9,27 ere are 6 items in the
Truelove and Witts criteria for severe UC27: diarrhea 6
or more times per day, bloody stool, and 4 systemic toxicity signs (pulse rate ≥ 90/min, temperature ≥ 37.5°C,
hemoglobin < 10.5 g/dL, and erythrocyte sedimentation rate
[ESR] ≥ 30 mm/h). Severe UC was deﬁned as bloody diarrhea
6 or more times per day associated with 1 or more of the
systemic signs.27 Exclusion criteria were moderate severity of
UC and previous treatment with biologics. A referred severe
case already treated by intensive intravenous corticosteroids13
also was excluded. Patients receiving 5-aminosalicylic acid,
prednisolone, and azathioprine were included.
Protocol: Inﬂiximab and PBD as ﬁrst-line (IPF) Therapy
e IPF protocol was the same as that described for
CD.26 In summary, oral metronidazole (750 mg/d) was
given after hospital admission, and any medication administered before admission was maintained. e following
information was ascertained before the start of IPF therapy
or simultaneously depending on the condition of the patients: 1) conﬁrmation of diagnosis by pathologic ﬁndings;
2) an assessment of severity of disease by morphologic
studies (ultrasonography, barium enema study), laboratory
data, and clinical observation; 3) exclusion of other infectious colitis by stool culture or rapid membrane enzyme
immunoassay for Clostridium diﬃcile (C. Diﬀ Quik Chek
Complete, TechLab, Blacksburg, VA); 4) blood test for
cytomegalovirus antigenemia28; 5) examinations for tuberculosis or hepatitis B infection29; and 6) presentation of
application form, which includes diagnosis of UC and its
severity to the city oﬃce for public aid.
Inﬂiximab (Remicade, Janssen Biotech, Horsham, PA)
was infused at weeks 0, 2, and 6.30 e amount of inﬂiximab
was determined by body weight: 200 mg for those with a
weight of 40 kg or less, 300 mg for more than 40 to less than
or equal to 60 kg (≥ 5 mg/kg to < 7.5 mg/kg), and 400 mg
for more than 60 to less than or equal to 80 kg (> 5 mg/kg
to < 6.6 mg/kg).
e PBD was initiated on the same day as the inﬂiximab
infusion and comprised a lacto-ovo-vegetarian diet with ﬁsh
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once a week and meat once every 2 weeks.24 Whether to
give rice gruel or regular rice and the amount of energy
(initially 800 kcal/d or 1100 kcal/d) were decided
according to each patient’s condition. e energy was
gradually increased to a maximum of about 30 kcal/kg of
standard body weight.
After about 1 month, metronidazole was switched
to 5-aminosalicylic acids. If azathioprine and/or prednisolone were administered by referral physicians, azathioprine was continued throughout the study while
prednisolone was adequately tapered oﬀ. After the third
infusion of inﬂiximab, patients were discharged. Patients
were morphologically studied by colonoscopy and/or
contrast-enhanced barium enema before discharge. Patients who achieved clinical remission and could not be
admitted for the entire induction phase were discharged
after the second inﬂiximab infusion and readmitted for the
third infusion.26

Follow-up Studies
All patients excluding those who moved away and who
underwent colectomy were followed. e medication used
was oral 5-aminosalicylic acid. Azathioprine was continued
if it had been administered. Scheduled inﬂiximab maintenance therapy was indicated for some patients who
achieved incomplete remission and who had been faced
with an intractable clinical course. e interval between
outpatient visits was 8 weeks.
Food-Frequency Questionnaire and PBD Score
A questionnaire of dietary habits and lifestyle behaviors
before onset or relapse of the disease was obtained immediately after admission, as described in a previous
report.31 On the basis of the questionnaire, a table was
generated that summarized the patient’s current and future
recommended lifestyle and dietary habits. is table was
given to the patient during hospitalization and was used by
the dietitian when giving dietary guidance. e questionnaire was repeated during short-term (≤ 2-y) or long-term
(> 2-y) follow-up.31
A PBD score (PBDS) was calculated from the questionnaire. e method for how the PBDS was calculated
has been described previously.31 In brief summary, 8 items
considered to be preventive factors for IBD (vegetables,
fruits, pulses [beans, soybeans, peas, etc], potatoes, rice,
miso soup, green tea, and plain yogurt) contributed to a
positive score (PBDS+), whereas 8 items considered to be
IBD risk factors (meat, minced or processed meat, cheese/
butter/margarine, sweets, soft drinks, alcohol, bread, and
ﬁsh) contributed to a negative score (PBDS−). Scores of
5, 3, and 1 were given according to the frequency of
consumption: every day, 3 to 5 times per week, and 1 to 2
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times per week, respectively. e PBDS was calculated as
the sum of the positive and negative scores and ranged
between −40 and +40. A higher PBDS indicated greater
adherence to the PBD. e PBDS of a PBD during
hospitalization was 35.31

Assessment of Eﬃcacy of IPF Therapy
Short-term Period (Induction Phase)

In the induction phase, the remission rate, colectomy rate,
and mortality were assessed. e primary endpoint was
clinical remission, deﬁned as the disappearance of bloody
stool27 at week 6 after commencement of the ﬁrst inﬂiximab
infusion. Response without remission was deﬁned as improvement without disappearance of bloody stool. Indication for colectomy or switching to another medication
because of poor response before completion of the induction
therapy was regarded as therapeutic failure. e secondary
endpoints were change of C-reactive protein (CRP) level
and ESR.

Medium-Term Period (Quiescent Phase)
In the follow-up studies, the remission rate, colectomy
rate, relapse rate, and mortality were assessed at 3 months
and 1 year after induction phase. A relapse was deﬁned
as a ﬂare-up that required more aggressive medical
treatment.32-34 A reappearance of streak blood, a small
volume of blood, or bloody stool was not counted as a
relapse if the blood disappeared or was controlled with
previous medication and/or modiﬁcation of the diet or a
lifestyle behavior. e secondary endpoint was change
over time in PBDS. Short-term (≤ 2 y after discharge) and
long-term (> 2 y) chronological changes in PBDS were
studied.
Safety Evaluations
Safety assessments included vital signs, patient symptoms, ﬁndings during daily practitioner rounds, physical
examination ﬁndings, and periodic laboratory data.
Statistical Analysis
Demographic parameters were expressed as mean
(standard deviation) and/or median (interquartile range
[IQR]), as appropriate. Kaplan-Meier survival analysis was
used to calculate the cumulative proportion of patients who
had a relapse. To evaluate the eﬀect of treatment on CRP
and ESR, diﬀerences were analyzed by analysis of variance.
If the results of the analysis of variance were statistically signiﬁcant, the data were analyzed using the post
hoc Tukey-Kramer honestly signiﬁcant diﬀerence test.
Chronological changes in PBDS+, PBDS−, and scores in
identical patients were compared using the paired t-test or
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Table 1. Demographic characteristics of 17 patients with severe
ulcerative colitis
Characteristic

Total

Male/female sex, no. (%)

11/6 (65/35)

Age, y
Range

18-78

Mean (SD)

43 (20)

Median (IQR)

38 (24-62)

Clinical type, no. (%)

Figure 1. Enrollment of inpatients with severe ulcerative colitis for inﬂiximab and
plant-based diet as ﬁrst-line (IPF) therapy.

Wilcoxon test. A p value of 0.05 or less was considered
to indicate a statistically signiﬁcant diﬀerence. Statistical
analysis was performed using JMP 8 software (SAS Institute Inc, Cary, NC).

11 (65)

Relapsing-remitting

4 (24)

Chronic continuous

2 (12)

Extent of ulcerative colitis, no. (%)
Proctitis

0 (0)

Left-sided colitis

4 (24)

Extensive colitis

13 (76)

Disease duration, mo
Range

1-336

Mean (SD)

79 (103)

Median (IQR)

36 (11-103)

Case referral status, no. (%)

RESULTS
Patient Characteristics
Eighteen patients with severe UC were admitted 20
times; 2 patients were admitted twice and treated with
inﬂiximab and PBD twice (Figure 1). One patient was
excluded from the study because of prior intensive intravenous corticosteroids treatment13 by a referring
physician. erefore, IPF therapy for 17 patients naive to
inﬂiximab was included in this study. e demographics
of the 17 patients are presented in Table 1. Mean
(standard deviation) age was 43 (20) years. ere were 11
initial episode cases, 4 relapsing-remitting cases, and 2
chronic continuous cases. ere were 13 cases with extensive colitis and 4 cases with left-sided colitis. e
median (IQR) disease duration was 36 (11-103) months.
e median (IQR) CRP levels and ESRs were 4.5 (1.511.4) mg/dL and 54 (40-66) mm/h, respectively. No case
had a positive result on the cytomegalovirus antigenemia
test (n = 13) and the immunoassay for C diﬃcile (n = 14;
Table 1). Eight patients were discharged after the second
inﬂiximab infusion, and 7 of the 8 were readmitted for the
third infusion.
Primary Endpoint: Remission and Colectomy Rate
e remission rate in the intention-to-treat analyses,
colectomy rate, response without remission, and therapeutic
failure excluding colectomy was 76% (13/17), 6% (1/17),
12% (2/17), and 6% (1/17), respectively (Table 2 and
Figure 1). One patient receiving total parenteral nutrition
underwent proctocolectomy 12 days after the ﬁrst infusion.

·

Referred

9 (53)

Nonreferred

8 (47)

Previous status or treatment
Steroid dependent, no. (%)

2 (12)

Previous proctocolectomy, no. (%)

0 (0)

Laboratory test results
C-reactive protein, mg/dL (reference ≤ 0.3 mg/dL)
Mean (SD)

7.1 (7.2)

Median (IQR)

4.5 (1.5-11.4)

Erythrocyte sedimentation rate, mm/h (reference ≤10 mm/h in men,
≤15 mm/h in women)
Mean (SD)

54 (23)

Median (IQR)

54 (40-66)

Positive cytomegalovirus antigenemia, no. (%)

0/13 (0)

Positive immunoassay for Clostridium difﬁcile,a no. (%)

0/14 (0)

Medication during hospitalization, no. (%)b
Oral 5-aminosalicylic acids (5-ASA)

11 (65)

Immunomodulator

3 (18)

Prednisolone (PS) alone or combined with 5-ASA

2 (12)

PS, azathioprine, and 5-ASA

1 (6)

Follow-up period after discharge, y (n = 14)

Induction Phase

4

Initial episode

Mean (SD)

3.7 (2.8)

Median (IQR)

3.1 (1.3-6.1)

a

C. Diff Quik Chek Complete, TechLab, Blacksburg, VA.
Percentages do not total to 100 because of rounding.
IQR = interquartile range; SD = standard deviation.
b

In this case, intravenous prednisolone (60 mg/d) was initiated on the fourth day after the infusion because of a
lack of improvement in symptoms. Prednisolone was also
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Table 2. Outcomes of IPF therapy for severe ulcerative colitis, number (percentage)
Induction phase

Medium-term period

Outcome

At 6 weeks (n = 17)

At 3 months (n = 14)

At 1 year ( n = 12)a

Remission

13 (76)

13 (93)b

9 (75)b

Response without remission

2 (12)

NA

NA

Colectomy

1 (6)

0 (0)

0 (0)

Failure

1 (6)

NA

NA

Relapse

NA

0 (0)

3 (25)

Corticosteroid treatment

NA

1 (7)

0 (0)

Corticosteroid dependence

NA

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Death
a

Two follow-up cases are not included because their follow-up periods were less than 1 y.
b
Three cases of scheduled inﬂiximab maintenance therapy in each subgroup are included.
IPF = inﬂiximab and plant-based diet as ﬁrst-line (therapy); NA = not applicable.

ineﬀective, and colectomy was indicated. e resected
specimen was identiﬁed to be infected with cytomegalovirus. Two patients responded without remission. One
patient was therapeutic failure who discharged in remission
after the second infusion but relapsed 1 week later. is
patient was treated with oral prednisolone (40 mg/d),
resulting in remission. Seven patients who were discharged after the second infusion and readmitted during the
third infusion achieved remission.

Secondary Endpoints
e mean concentration of CRP (reference ≤ 0.3 mg/dL)
in 13 cases with clinical remission decreased from 9.42
mg/dL before IPF therapy to 0.61 mg/dL after the ﬁrst
inﬂiximab infusion (p < 0.0001). e CRP concentration
normalized (0.11 mg/dL) at week 2 and reached the lowest
point (0.04 mg/dL) at week 4 but increased to 0.28 and 0.33
mg/dL at weeks 5 and 6, respectively (Figure 2 and
Table 3). e mean ESR (reference ≤ 10 mm/h in men
and ≤ 15 mm/h in women) decreased from 59 mm/h before
IPF therapy to 17 mm/h at week 6 (p < 0.0001; Figure 2 and
Table 3).
One patient among the 13 patients with clinical remission
did not undergo morphologic study. Mucosal healing was
achieved in 7 of 12 cases (58%). In the other 5 cases, there
were still ulcers, although improvement was evident.

Quiescent Phase
Primary Endpoint
Excluding 1 patient who underwent colectomy and 2
patients who moved away immediately after discharge (1
patient with remission and 1 patient with response without
remission), 14 patients were followed (Figure 1). Two
patients were followed for less than 1 year, and the
remaining 12 patients were followed for more than 1 year.
Of these 14 patients, 12 had remission, 1 had a response
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Figure 2. Change in C-reactive protein (CRP) concentration (left) and erythrocyte
sedimentation rate (ESR; right) before and after inﬂiximab and plant-based diet as
ﬁrst-line (IPF) therapy in 13 patients with severe ulcerative colitis who achieved
clinical remission. Solid bar denotes mean, and error bar shows standard deviation.
Arrows with a number in parentheses indicate 3 inﬂiximab infusions at weeks
0, 2, and 6. CRP concentrations and ESRs are presented in Table 3. CRP
concentrations and ESRs after IPF therapy were signiﬁcantly decreased compared
with before therapy (analysis of variance, p < 0.0001).

without remission, and 1 had treatment failure during the
induction phase (Figure 1). e median follow-up was 3.1
years (IQR = 1.3-6.1 y; Table 1). Five patients received
scheduled inﬂiximab maintenance therapy: 1 patient
achieved response without remission, 3 patients achieved
clinical remission without endoscopic remission, and 1
patient had severe systemic complication (Takayasu arteritis). One patient with treatment failure was receiving
prednisolone at month 3 and achieved remission without
prednisolone at 1 year. ere was no additional colectomy
case through 1-year follow-up after discharge (Table 2).
ree patients relapsed at 1 year. All 3 of these patients
had achieved clinical remission in the induction phase.
e cumulative relapse rate at 1 year of follow-up was
25% (Figure 3). ere was no case of corticosteroid
dependence at 1 year. ere were no deaths during the
study (Table 2).
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Reference range ≤ 0.3 mg/dL.
b
Reference range ≤ 10 mm/h for male patients; ≤ 15 mm/h for female patients.
ANOVA = analysis of variance; CRP = C-reactive protein; IPF therapy = inﬂiximab and plant-based diet as the ﬁrst-line therapy; SD = standard deviation.

< 0.0001

Secondary Endpoints
Mean (standard deviation) baseline PBDS+, PBDS−,
and PBDS in 17 patients were 19.9 (7.4), 11.1 (5.3), and
8.8 (7.4), respectively (Table 4). Short-term (≤ 2 y after
discharge) and long-term (> 2 y) chronological changes in
the PBDS were available in 10 and 8 patients, respectively.
For 10 patients, at the median follow-up period of 1 year,
respective scores were 30.2 (4.7), 2.5 (3.8), and 27.7 (7.0).
ese 3 values were signiﬁcantly better than those at
baseline (p < 0.0001, p = 0.0028, and p < 0.0001, respectively; Table 4). In 8 patients, at the median follow-up
period of 4 years, PBDS+ was higher than that at baseline.
e PBDS− and PBDS were signiﬁcantly better than those
at baseline (p = 0.0167 and p = 0.0391, respectively;
Table 4).

a

< 0.0001

17 (14)
18 (14)
17 (14)
59 (20)
Erythrocyte sedimentation rate, mm/h, mean (SD)b

9.42 (8.29)
CRP, mg/dL, mean (SD)a

37 (13)

25 (14)

26 (21)

0.33 (0.65)
0.28 (0.54)
0.09 (0.16)

·

0.61 (0.67)

0.11 (0.17)

0.04 (0.04)

6

13

5

8

4

7

3

10
13
13
13
Number of patients

Weeks after IPF therapy

2
1
0
Parameter

Table 3. Change of C-reactive protein concentration and erythrocyte sedimentation rate during induction phase after IPF therapy

p value (ANOVA)

High Remission Rate with Inﬂiximab and Plant-Based Diet as First-Line (IPF) Therapy for Severe Ulcerative Colitis: Single-Group Trial

Safety
In the induction phase, none of the 17 patients experienced infusion reactions to inﬂiximab. Metronidazole
was withdrawn in 2 cases: 1 case owing to hand paresthesia and 1 case to gastric distress. In an additional case, 5aminosalicylic acid was withdrawn because of gastroenteritis. None of the patients experienced an adverse eﬀect,
such as gaseous distress, abdominal discomfort, or diarrhea,
as a result of the PBD. Scheduled inﬂiximab maintenance
therapy was stopped in 2 cases: 13 months later because of
an infusion reaction (respiratory distress) and 15 months
later because of thrombocytopenia.

DISCUSSION
In this study, IPF therapy for severe UC achieved remission or response without remission in 88% of patients
(n = 15 of 17). e colectomy rate was 6% during the
induction phase. e cumulative relapse rate at 1 year was
25% without an additional case of colectomy. ere were no
deaths. ere was no case of corticosteroid dependence at 1
year. ese outcomes are clearly better than current intensive intravenous corticosteroid therapy or rescue therapy
for patients unresponsive to corticosteroids. PBDSs in the
short-term and long-term were signiﬁcantly higher than the
baseline PBDSs.
Severe UC is treated on an inpatient basis for intensive
care. e ﬁrst choice of treatment in the current guidelines is
intravenous corticosteroids. Eﬃcacy is judged on or around
day 3 of corticosteroid therapy. If it is ineﬀective, either
colectomy or rescue medical therapy is planned. e
second-line rescue therapy in cases unresponsive to corticosteroids is either inﬂiximab or cyclosporine. If rescue
medical therapy is ineﬀective, colectomy is indicated. If
patients respond to inﬂiximab rescue therapy, scheduled
inﬂiximab therapy is recommended for maintenance of
remission.10,14,15
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Figure 3. Cumulative relapse rates during follow-up after discharge for treatment
of severe ulcerative colitis (n = 14).

When we evaluate the eﬃcacy of therapy in severe UC, it
is necessary to pay attention to heterogeneity in the degree
of severity. ere are 6 items in the Truelove and Witts
criteria for severe UC27: diarrhea more than 6 times per day,
bloody stool, and 4 systemic toxicity signs (tachycardia,
fever, anemia, and elevated ESR). e deﬁnition of severe
diﬀers among reporters in the requirement of systemic
signs, from strict requirement of all 4 signs to a liberal
requirement of 1 sign.11 Higher numbers of systemic signs
translate into higher colectomy rates: 8.5% for 1 sign, 31%
for 2 signs, and 48% for 3 or more signs.8 e more
common IBD becomes, the easier it is for patients to access
physicians and receive early diagnosis and treatment.
Physicians will not leave patients untreated. ey will take
adequate steps before patients deteriorate to the point of
fulﬁlling all 4 criteria in current practice. erefore, the
current deﬁnition does not require all 4 systemic signs.8-10
Ungar et al.35 treated moderately severe cases of UC on
an outpatient basis and acute severe cases on an inpatient
basis. Outcomes of inﬂiximab treatment in patients with
UC are related to severity: higher induction rates and lower
colectomy rates are seen in moderately severe UC compared
with acute severe UC.36 Currently, a CRP concentration of
3.0 mg/dL or greater is commonly used as a surrogate for an
ESR at or above 30 mm/h, 1 of the original 4 systemic
toxicity signs.8 In our cases, the median CRP level and ESR
were 4.5 mg/dL and 54 mm/h, respectively (Table 1).
Both inﬂiximab and cyclosporine have been shown to be
eﬀective for rescue treatment in severe patients unresponsive
to corticosteroids.9,10 Nonrandomized studies suggested
that inﬂiximab was associated with better treatment response and lower risk of colectomy at 12 months.12,37-39
Results of a recent review and meta-analysis showed that, in
the case of induction with inﬂiximab, the standard 3 infusions were more eﬀective than a sole infusion.14 ere
were contradictory results on accelerated inﬂiximab induction therapy, and no superiority of the accelerated
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therapy to the standard induction therapy was conﬁrmed.14,40,41
It is noteworthy that chronological change in CRP values
during the induction phase in patients with CD and those
with UC were similar: the lowest value was at 3 to 5 weeks
after therapy in CD26 and at 4 weeks in UC. en, CRP
increased at 6 weeks to within the normal range in CD,26
whereas it was above the normal range in UC (Table 3).
e third inﬂiximab infusion at week 6 seemed to suppress
inﬂammation again. Although the standard induction
schedule for inﬂiximab in UC has been derived from
studies in CD,14 3 infusions at weeks 0, 2, and 6 seem
adequate.
Biologics are used in outpatients with moderate to severe
UC and inpatients with severe UC. In both situations, they
are indicated in patients refractory to corticosteroids.1-5,8-10
In moderate to severe UC, remission rates are available for 4
biologics (inﬂiximab, adalimumab, golimumab, and vedolizumab), whereas in severe UC only outcomes of inﬂiximab
are available. Despite the diﬀerences in study participants
and in designs between these studies and our study,
comparison of the outcomes in our study with those in other
studies is merited. Remission rates in the induction phase in
patients with moderate to severe UC who are naive to
inﬂiximab, adalimumab, vedolizumab, and golimumab are
38.8%, 49%, 19.2%, and 43.9%, respectively, in the
literature.1-4 e remission rates were scarcely described
when inﬂiximab was used as rescue therapy for severe UC
because the main concern was to avoid colectomy.8-10 A
systematic review showed that overall colectomy rates at
1 month, 3 months, and 1 year in severe colitis treated with
standard inﬂiximab rescue therapy were 10.6%, 16.0%, and
26.2%, respectively.14 In this study, the colectomy rate was
6% at 1 month, which is lower than the 10.6% just cited. In
addition, there was no increase in the colectomy rate at 3
and 12 months. is ﬁnding indicates that incorporated
PBD is beneﬁcial in maintaining remission.
Rates of remission, incomplete remission, and colectomy
with an intensive corticosteroid regimen for severe UC
were 40% to 58%, 24% to 26%, and 18% to 34%,
respectively.11,16,18 ose in this study were 76%, 12%, and
6%, respectively, indicating a higher remission rate and
lower colectomy rate (Table 2). At 1-year follow-up, corticosteroid dependence and additional colectomy accounted
for approximately 50% of patients treated with corticosteroids.17
ere was no case of corticosteroid dependence or additional colectomy in our study (Table 2). erefore, outcomes in the short term and medium term in IPF therapy
could be concluded to be more eﬀective for severe UC than
in intensive corticosteroid therapy.
Although the patients with severe UC were diﬀerent, in
most patients without prior corticosteroid treatment in our
study vs patients unresponsive to corticosteroids in the other
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10.5 (3.8-18.0)
9.9 (8.4)

25.5 (22.3-28.8)
23.8 (7.4)

< 0.0001
30.0 (22.3-34.3)
27.7 (7.0)

10.5 (1.5-13.0)

10.0 (4.3)

11.0 (5.0-13.8)

0.0167
2.5 (1.3-5.3)

a

19.9 (8.4)
Baseline, 8

58.4 (31.9)

p value obtained with paired t-test or Wilcoxon test.
IQR = interquartile range; PBD, plant-based diet; SD = standard deviation.

23.5 (10.0-25.0)

0.1484a
28.0 (24.8-31.8)
26.9 (6.2)
48.5 (38.3-64.8)
Long-term, 8

12.5 (9.3-19.5)
14.3 (6.2)
Short-term, 10

Follow-up

Baseline, 17
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3.1 (2.6)

11.5 (4.0-14.3)
10.6 (5.5)
18.9 (7.6)
Baseline, 10

30.5 (25.0-35.0)
30.2 (4.7)

20.0 (15.0-25.0)
19.9 (7.4)

20.5 (12.3-25.0)

< 0.0001

11.1 (5.3)

2.5 (3.8)

0.5 (0-4.8)

11.0 (7.0-13.5)

0.0028

a

8.3 (8.3)

p Value
Median (IQR)

8.0 (5.0-13.0)
8.8 (7.4)

PBD score

Mean (SD)
p value
Median (IQR)

PBD score-

Mean (SD)
p value
Median (IQR)

PBD score+

Mean (SD)
Median (IQR)

Follow-up (months)

Mean (SD)
Timeframe, n

Table 4. Chronological change of plant-based diet score
8

0.0391a
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studies,12,14,37 the induction regimen of inﬂiximab and
treatment on an inpatient basis were the same in both
studies.12,14,37 e diﬀerence was the incorporation of a
PBD in our study. Approximately 10% to 40% of patients
with UC, as well as patients with CD, have been found to be
primary nonresponders to inﬂiximab.1,36,41-43 Rates of remission and primary nonresponse are related to each other
in reverse fashion. By incorporating a PBD and ﬁrst-line use
of inﬂiximab (IPF therapy) in CD, we showed that all
patients achieved remission and that there were no primary
nonresponders.26,44,45 In the present study, a high remission
rate (76%) and a low rate of primary nonresponders (6%)
were observed (Table 2). In our previous studies, relapse
prevention eﬀects of PBD were shown in both CD and
UC.24,34,46 In this current study, no additional colectomy
cases were observed at 1 year after IPF therapy, indicating
favorable outcomes in the medium term (Table 2). Although sustained dietary modiﬁcation is desired, a decrease in PBDS was observed over the long term (median
duration = 4 years). Most patients tended to lose their
determination once they had been in remission for a few
years. However, they still consumed more of the recommended foods and consumed less of the foods that
were discouraged compared with baseline (Table 4).
Consequently, the PBDS was higher compared with
baseline (p = 0.0391). We believe that a PBD and
learning about healthy habits during hospitalization
contributed to enhance self-management skill in maintaining remission.34,46,47
e described IPF therapy for severe UC has several
advantages over an intensive corticosteroid regimen or
inﬂiximab alone. e rapid eﬃcacy of inﬂiximab enabled
patients to ingest supper on the same day of the treatment
in most patients. e standard induction therapy with
inﬂiximab alone without immunosuppressive agents is quite
safe.26 ere is no worry about adverse events associated with the use of corticosteroids.48 Most patients can
maintain remission without scheduled inﬂiximab maintenance therapy, which greatly reduces the cost of medical
care. A PBD is useful to prevent various common
diseases.21-23 When IPF therapy is ineﬀective, corticosteroids can be used next, as in 2 patients in this study.
Inﬂiximab use in patients with UC does not increase the risk
of postoperative complications.49
ere was 1 colectomy case in this study. is patient
was found to be infected with cytomegalovirus in a
resected colonic specimen. Although patients are normally screened for cytomegalovirus infection at admission, screening was erroneously not performed in this
patient. Cytomegalovirus infection within 3 months
before inﬂiximab treatment is shown to be a predictor of
nonresponse to inﬂiximab.50
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e Ministry of Health, Labour and Welfare of Japan
designated UC and CD as intractable diseases. Patients
with intractable diseases are provided with public medical
aid on registration at the public health oﬃce. erefore, in
Japan, physicians can provide therapy with less concern
about medical expenses. In addition, biologics are currently
approved only for patients unresponsive to conventional
medications.1-4,15 us, there might be limitations to
providing the approach proposed herein in other countries
and current practice. Considering various clinical situations,
better short-term and medium-term outcomes than those
reported in patients with severe UC were demonstrated in
the present trial of IPF therapy.
Our study had some limitations. ere was no control group,
and the sample size was small. We hope that other larger,
controlled studies will be conducted to validate our results.

CONCLUSION
Inﬂiximab and a PBD as ﬁrst-line (IPF) therapy induced
remission in 13 (76%) of 17 patients with severe UC at week
6, and colectomy was performed in 1 patient (6%). ere
were no additional colectomy cases at 1 year. IPF therapy
provided better short-term and medium-term outcomes for
patients with severe UC than the outcomes reported in the
literature. v
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19. Ochsenkühn T, Sackmann M, Göke B. Inﬂiximab for acute, not steroid-refractory
ulcerative colitis: a randomized pilot study. Eur J Gastroenterol Hepatol 2004 Nov;16(11):
1167-71. DOI: 10.1097/00042737-200411000-00014 PMID:15489577
20. Chiba M, Nakane K, Komatsu M. Westernized diet is the most ubiquitous environmental
factor in inﬂammatory bowel disease. Perm J 2019;23:18-107. DOI: 10.7812/TPP/18-107
PMID:30624192
21. Dietary Guidelines Advisory Committee. Dietary guidelines for Americans 2015-2020.
8th ed. Washington, DC: US Department of Health and Human Services; 2015. p 35.
22. Melina V, Craig W, Levin S. Position of the Academy of nutrition and dietetics: vegetarian
diets. J Acad Nutr Diet 2016 Dec;116(12):1970-80. DOI: 10.1016/j.jand.2016.09.025
PMID:27886704
23. Orlich MJ, Singh PN, Sabaté J, et al. Vegetarian dietary patterns and mortality in Adventist
Health Study 2. JAMA Intern Med 2013 Jul 8;173(13):1230-8. DOI: 10.1001/
jamainternmed.2013.6473 PMID:23836264
24. Chiba M, Abe T, Tsuda H, et al. Lifestyle-related disease in Crohn’s disease: relapse
prevention by a semi-vegetarian diet. World J Gastroenterol 2010 May 28;16(20):
2484-95. DOI: 10.3748/wjg.v16.i20.2484 PMID:20503448
25. Chiba M, Ishii H, Komatsu M. Recommendation of plant-based diets for inﬂammatory
bowel disease. Transl Pediatr 2019 Jan;8(1):23-7. DOI: 10.21037/tp.2018.12.02 PMID:
30881895
26. Chiba M, Tsuji T, Nakane K, et al. Induction with inﬂiximab and plant-based diet as ﬁrstline (IPF) therapy for Crohn disease: a single-group trial. Perm J 2017;21:17-009. DOI:
https://doi.org/10.7812/TPP/17-009 PMID:29035182
27. Truelove SC, Witts LJ. Cortisone in ulcerative colitis: ﬁnal report on a therapeutic trial.
BMJ 1955 Oct 29;2(4947):1041-8. DOI: 10.1136/bmj.2.4947.1041 PMID:13260656

The Permanente Journal For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.

9

ORIGINAL RESEARCH ARTICLE
High Remission Rate with Inﬂiximab and Plant-Based Diet as First-Line (IPF) Therapy for Severe Ulcerative Colitis: Single-Group Trial

28. Chiba M, Abe T, Tsuda S, Ono I. Cytomegalovirus infection associated with onset of
ulcerative colitis. BMC Res Notes 2013 Feb 2;6(1):40. DOI: 10.1186/1756-0500-6-40
PMID:23375026
29. van der Have M, Oldenburg B, Fidder HH, Belderbos TD, Siersema PD, van Oijen MG.
Optimizing screening for tuberculosis and hepatitis B prior to starting tumor necrosis
factor-α inhibitors in Crohn’s disease. Dig Dis Sci 2014 Mar;59(3):554-63. DOI: 10.1007/
s10620-013-2820-9 PMID:23949640
30. Sandborn WJ, Hanauer SB. Inﬂiximab in the treatment of Crohn’s disease: a user’s guide
for clinicians. Am J Gastroenterol 2002 Dec;97(12):2962-72. DOI: 10.1111/j.1572-0241.
2002.07093.x PMID:12492177
31. Chiba M, Nakane K, Takayama Y, et al. Development and application of a plant-based diet
scoring system for Japanese patients with inﬂammatory bowel disease. Perm J 2016 Fall;
20(4):16-9. DOI: 10.7812/TPP/16-019 PMID:27768566
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