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ABSTRACT
Introduction: About one-third of patients with severe ulcer-

ative 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. Ad-
ditionally, 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 admin-
istered 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 signifi-
cantly decreased at week 6 from 9.42 mg/dL to 0.33 mg/dL and
from 59 to 17mm/h, respectively (p < 0.0001). At 1-year follow-up,
the cumulative relapse rate was 25%, and there were no addi-
tional 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 dem-
onstrated 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 in-
flammatory 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 re-
ported to be reduced in the biologics era (2005-2011)
compared with that in the prebiologics era (1998-2004).7

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 hospi-
talization. First-line therapy is intensive intravenous ad-
ministration of corticosteroids.13 In the prebiologics era,
colectomy was indicated if patients were unresponsive to
corticosteroids in 3 days, which was approximately one-
third 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 un-
successful 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 second-
line 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 Be-
cause 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 inflix-
imab and corticosteroids were equally effective for patients
with severe UC who were not corticosteroid refractory, and
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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 dys-
biosis 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 con-
suming 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 corti-
costeroid use.13 After induction of remission, patients were
followed without scheduled infliximab maintenance ther-
apy. 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 re-
mission 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, non-

randomized, 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

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 tox-
icity signs (pulse rate ≥ 90/min, temperature ≥ 37.5°C,
hemoglobin < 10.5 g/dL, and erythrocyte sedimentation rate
[ESR] ≥ 30mm/h). Severe UCwas 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 ad-
ministered before admission was maintained.e following
information was ascertained before the start of IPF therapy
or simultaneously depending on the condition of the pa-
tients: 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 infec-
tious 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 tu-
berculosis 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 6.30e 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 pred-
nisolone were administered by referral physicians, aza-
thioprine 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. Pa-
tients 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 main-
tenance 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 im-
mediately 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 question-
naire was repeated during short-term (≤ 2-y) or long-term
(> 2-y) follow-up.31

A PBD score (PBDS) was calculated from the ques-
tionnaire. 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

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 im-
provement without disappearance of bloody stool. Indica-
tion 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 symp-

toms, 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 statisti-
cally 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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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 In-
stitute Inc, Cary, NC).

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 in-
travenous 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 ex-
tensive 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 (1.5-
11.4) 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.

Induction Phase
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.

In this case, intravenous prednisolone (60 mg/d) was ini-
tiated on the fourth day after the infusion because of a
lack of improvement in symptoms. Prednisolone was also

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

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. (%)

Initial episode 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. (%)

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)

Mean (SD) 3.7 (2.8)

Median (IQR) 3.1 (1.3-6.1)
a C. Diff Quik Chek Complete, TechLab, Blacksburg, VA.
b Percentages do not total to 100 because of rounding.
IQR = interquartile range; SD = standard deviation.
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ineffective, and colectomy was indicated. e resected
specimen was identified to be infected with cytomegalo-
virus. 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 dis-
charged 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

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 ar-
teritis). 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).

Table 2. Outcomes of IPF therapy for severe ulcerative colitis, number (percentage)

Outcome

Induction phase Medium-term period

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)

Death 0 (0) 0 (0) 0 (0)
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.

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).
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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, re-
spectively; 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).

Safety
In the induction phase, none of the 17 patients experi-

enced infusion reactions to infliximab. Metronidazole
was withdrawn in 2 cases: 1 case owing to hand pares-
thesia and 1 case to gastric distress. In an additional case, 5-
aminosalicylic acid was withdrawn because of gastroen-
teritis. 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 re-

mission 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 in-
tensive 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 corti-
costeroids 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.10,14,15Ta
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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 re-
sponse 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 in-
fusions were more effective than a sole infusion.14 ere
were contradictory results on accelerated infliximab in-
duction therapy, and no superiority of the accelerated

therapy to the standard induction therapywas 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 vedo-
lizumab), 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, cor-
ticosteroid dependence and additional colectomy accounted
for approximately 50% of patients treated with corticosteroids.17

ere was no case of corticosteroid dependence or addi-
tional colectomy in our study (Table 2). erefore, out-
comes 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

Figure 3. Cumulative relapse rates during follow-up after discharge for treatment
of severe ulcerative colitis (n = 14).
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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 re-
mission 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). Al-
though sustained dietary modification is desired, a de-
crease 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 rec-
ommended 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 main-
taining 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 associ-
ated with the use of corticosteroids.48 Most patients can
maintain remission without scheduled infliximab mainte-
nance 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, corticoste-
roids 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 nor-
mally screened for cytomegalovirus infection at admis-
sion, 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.50Ta
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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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