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ABSTRACT
Background: Approximately 30% of patients with Crohn disease (CD) are unrespon-

sive to biologics. No previous study has focused on a plant-based diet in an induction 
phase of CD treatment. 

Objective: To investigate the remission rate of infliximab combined with a plant-based 
diet as first-line (IPF) therapy for CD.

Methods: This was a prospective single-group trial conducted at tertiary hospitals. 
Subjects included consecutive adults with a new diagnosis (n = 26), children with a new 
diagnosis (n = 11), and relapsing adults (n = 9) with CD who were naïve to treatment 
with biologics. Patients were admitted and administered a standard induction therapy 
with infliximab (5 mg/kg; 3 infusions at 0, 2, and 6 weeks). Additionally, they received a 
lacto-ovo-semivegetarian diet. The primary end point was remission, defined as the disap-
pearance of active CD symptoms at week 6. Secondary end points were Crohn Disease 
Activity Index (CDAI) score, C-reactive protein (CRP) concentration, and mucosal healing.

Results: Two adults with a new diagnosis were withdrawn from the treatment proto-
col because of intestinal obstruction. The remission rates by the intention-to-treat and 
per-protocol analyses were 96% (44/46) and 100% (44/44), respectively. Mean CDAI 
score (314) on admission decreased to 63 at week 6 (p < 0.0001). Mean CRP level on 
admission (5.3 mg/dL) decreased to 0.2 (p < 0.0001). Mucosal healing was achieved 
in 46% (19/41) of cases.

Conclusion: IPF therapy can induce remission in most patients with CD who are 
naïve to biologics regardless of age or whether they have a new diagnosis or relapse.

(The study ID number is UMIN000019061, UMIN000020335: Registration at www.
umin.ac.jp). 

INTRODUCTION
The incidence and prevalence of in-

flammatory bowel disease (IBD) are 
increasing as the condition expands into 
new regions; consequently, IBD is now a 
global disease.1

Newly introduced biologics have revo-
lutionized the treatment of various con-
ditions, including malignant neoplasms, 
autoimmune diseases, and others.2-4 Inf-
liximab and adalimumab are monoclonal 
antitumor necrosis factor α antibodies that 
were introduced for IBD treatment and 

have effectively induced and maintained 
remission in Crohn disease (CD).5-11  
Therapy with biologics has popularized 
the concept of mucosal healing for IBD 
treatment.12,13

IBD is a polygenic disease triggered 
by environmental factors.14 Despite the 
recognition that Westernization of life-
style is a major IBD driver,15,16 no coun-
termeasures have been recommended 
against such lifestyle changes with the 
exception of nonsmoking for patients 
with CD.17 Gut microflora may be the 

main environmental factor responsible 
for IBD18; further, diet influences gut 
microflora.19,20

IBD is prevalent in wealthy nations 
in which dietary Westernization has 
occurred.21 Dietary Westernization is 
characterized by increased consumption 
of animal protein, animal fat, and sugar, 
with decreased consumption of grains. 
A consistent risk factor for IBD is the 
consumption of meat22-26 and sweets,24-26 
whereas a preventive factor is the con-
sumption of vegetables and fruits.22,27 
Consequently, we recognize from our 
clinical experience that IBD is highly 
associated with lifestyle and that it is 
mainly mediated by a Westernized diet. 
Additionally, diet-associated dysbiosis of 
the gut microflora seems to be the most 
relevant environmental factor in IBD.18 
Therefore, restoring and maintaining gut 
symbiosis with an adequate diet is funda-
mental for IBD treatment. We designed 
a semivegetarian diet (SVD), a type of 
plant-based diet (PBD), as therapy for 
IBD.28 Since 2003, we have served the 
PBD to all inpatients with IBD at our 
center and found that PBD prevented CD 
relapse28 and induced remission without 
medication in a subset of patients with 
mild ulcerative colitis.29,30

The Dietary Guidelines for Americans 
(US Department of Agriculture [USDA] 
Food Pattern) and dietary guidelines for 
chronic common diseases consistently 
recommend increased consumption 
of vegetables and fruits and decreased 
consumption of meats, processed meats 
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and added sugars.31,32 PBDs are listed as 
variations of USDA healthy eating pat-
terns.31 Epidemiologic studies provide 
convincing evidence that individuals 
who consume PBDs experience im-
proved longevity and are less affected 
by common chronic diseases than those 
who eat omnivorous diets.33,34

Ideal treatment involves early com-
mencement of therapy before irrevers-
ible damage occurs, namely during the 
window of opportunity.35 This concept 
has been validated in rheumatoid arthritis 
treatment.36-38 Current guidelines for CD 
limit the use of infliximab or adalimumab 
for patients who are unresponsive to con-
ventional therapy.17

The natural history of CD usually is 
characterized by a disabling course; 10% 
to 15% of patients are relapse-free for 
the rest of their lives, however.39-41 The 
current remission rate in CD with early 
use of infliximab is 64%.8 This indicates 
that 30% to 40% of patients, even those 
treated early with infliximab, are likely to 
experience a disabling disease course after 
their first treatment. Reliable induction of 
remission is the first step toward improv-
ing the natural history of CD.

Our goal is a drastic enhancement of 
the relapse-free rate in CD—namely, 
induction of remission by incorporat-
ing three recently developed concepts in 
medicine (biologics, PBD, and window 
of opportunity), followed by maintenance 
of remission with a PBD rather than 
further use of biologics with or without 
immunosuppressants. We hypothesized 
that these modalities could enhance the 
relapse-free rate.

We designed the present trial to deter-
mine whether infliximab combined with 
a PBD as first-line (IPF) therapy could 
enhance the remission rate for patients 
with CD. 

METHODS
Design and Settings

We designed a single-group, nonran-
domized, open noncontrolled trial that 
was conducted at Nakadori General Hos-
pital and Akita City Hospital, tertiary care 
facilities in northern Japan. The first au-
thor, MC, worked for the former facility 
between 2003 and 2012 and Akita City 
Hospital since 2013.

Patients
All patients with active symptom(s) 

regardless of their Crohn Disease Activ-
ity Index (CDAI) score42 were advised to 
undergo hospitalization for potential IPF 
therapy. Between August 2003 and De-
cember 2015, 60 patients with active CD 
were admitted to the hospital (Figure 1). 
Subjects were tested for tuberculosis or 
hepatitis B infection43; no patient had a 
positive result. Patients previously treated 
with biologics or those taking predniso-
lone or azathioprine, which influence 
IPF efficacy, were excluded. Patients pre-
scribed a partial elemental diet or 5-ami-
nosalicylic acid were included.

Protocol: IPF Therapy
The protocol involved standard induc-

tion therapy with infliximab combined 
with an SVD.28 Briefly, metronidazole 
750 mg/d was administered after admis-
sion. Patients received a liquid infusion 
without meals during morphologic stud-
ies to assess clinical types and intestinal 
stenosis. Liquid infusion duration varied 
from 3 to 7 days depending on the extent 
of previous outpatient morphologic stud-
ies before admission. Infliximab (5 mg/kg) 
was infused at weeks 0, 2, and 6.11 The 
PBD, which was initiated on the same day 

of the infusion, was a lacto-ovo-semivege-
tarian diet that included fish once a week 
and meat once every 2 weeks. Calories 
were gradually increased to a maximum 
of about 30 kcal per kg standard body 
weight. After about 1 month, metroni-
dazole was switched to 5-aminosalicylic 
acids. After the third infusion of inflix-
imab, patients were discharged. Patients 
who could not be admitted for the entire 
induction phase were discharged after the 
second infliximab infusion and readmit-
ted for the third infusion.

IPF Therapy Efficacy
The primary end point was clinical 

remission at week 6 after the first inflix-
imab infusion. Clinical remission was 
defined as the absence of active symp-
toms. Remission was assessed by the at-
tending physician (MC). Secondary end 
points were normalization of C-reactive 
protein (CRP) concentration at week 
6 and mucosal healing. CDAI also was 
evaluated. Patients were morphologically 
studied with colonoscopy and/or contrast 
barium enema before discharge. In this 
study, mucosal healing was defined as the 
absence of active findings of CD such as 
ulcer, aphthoid lesions, edema, redness, 
and bleeding. Symptoms and CDAI were 

Figure 1. Enrollment of inpatients with active Crohn disease for IPF therapy.
IPF therapy = infliximab and plant-based diet as first-line therapy; ITT = intention to treat; PP = per protocol.
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evaluated before and after infliximab 
therapy up to week 6.

Safety Evaluations
Vital signs, patient reports, findings 

during daily practitioner rounds, physical 
examinations, and weekly laboratory test 
findings were assessed to ensure safety.

Statistical Analysis
To evaluate differences of therapeutic 

effects among adults with a new diagno-
sis, children with a new diagnosis, and 
relapsed adults, the rates of remission, 
normalization of CRP concentration, 
and mucosal healing were assessed with 
a χ2 test. CDAI score and CRP concen-
tration were expressed as the mean plus 
or minus the standard deviation and 
median (interquartile range). To evaluate 
effects of treatment on CDAI and CRP, 
differences were first analyzed by re-
peated analysis of variance (ANOVA). If 
ANOVA results were statistically signifi-
cant, data were analyzed using the post 
hoc Tukey-Kramer honestly significant 
difference test. A p value of 0.05 or lower 
indicated a statistically significant differ-
ence. Statistical analysis was performed 
using JMP 8 software (SAS Institute Inc, 
Cary, NC).

Ethical Considerations
For patients with strictures,44 inflix-

imab therapy poses risk for intestinal 
obstruction,45-47 and the need for poten-
tial surgery was discussed. This proto-
col and the template informed consent 
forms were reviewed and approved by 
the Ethical Committee of Nakadori 
General Hospital and the Ethical Com-
mittee of Akita City Hospital (Protocol 
number 19-2003, 12-2013, 15-2015). 
The primary author/investigator (MC) 
obtained informed consent from all 
patients.

RESULTS
Patient Characteristics

Among 60 patients with active CD, 
7 were indicated for intestinal surgery 
(Figure 1). Infliximab was used as a step-
up approach for 1 patient. One patient 
cancelled medical treatment, and another 
patient on hemodialysis underwent stan-
dard first-line infliximab therapy; in that 

scenario, the patient required a diet for 
hemodialysis instead of a PBD. IPF ther-
apy was administered to the remaining 50 
patients. Two patients previously treated 
with infliximab and 2 patients receiving 
azathioprine were excluded. Forty-six 
patients who were naïve to biologics 
comprised the intention-to-treat subset 
and underwent IPF therapy. However, 

2 patients with a new diagnosis (both 
men aged 21 years with stricture-type 
disease) developed intestinal obstruc-
tion after the first infusion of infliximab 
and underwent surgery. The 44 patients 
who completed the protocol (Figure 1) 
included 24 adults with a new diagnosis, 
11 children ages 18 years and younger 
with a new diagnosis, and 9 relapsing 

Table 1. Patient demographics and clinical characteristics 

Characteristic Total
New diagnosis Relapsed

Adults Childrena Adults
Number of patients 44 24 11 9
Male/female 29/15 15/9 9/2 5/4
Age (y)
Range 13-77 19-61 13-18 21-77
Mean ± SD 27.2 ± 13.7 30.0 ± 11.9 15.9 ± 1.8 33.6 ± 18.8
Median (IQR) 22.0  

(18.3-30.8)
27.5  

(21.0-35.0)
16.0  

(15.0-17.0)
24.0  

(21.5-43.5)
Disease duration (mo)
Range 1-240 1-39 1-60 22-240
Mean ± SD 26.9 ± 45.1 8.8 ± 10.6 12.7 ± 17.2 92.8 ± 64.1
Median (IQR) 8.0  

(3.0-33.3)
4.5  

(2.0-11.5)
6.0  

(3.0-18.0)
72.0  

(57.0-122.5)
Location of lesion
L1 Ileal 1 1 0 0
L2 Colonic 13 8 2 3
L3 Ileocolonic 30 15 9 6
L4 Isolated upper lesions 0 0 0 0
Behavior
B1 Nonstricturing, nonpenetrating 33 18 10 5
B2 Stricturing 11 6 1 4
B3 Penetrating 0 0 0 0
Perianal disease modifier 31 16 10 5

Anal fistula 24 11 9 4
Anal skin tag 13 8 3 2

Current smoker 5 4 0 1
Previous segmental resection 3 0 0 3
CDAI score
Range 52-834 52-834 144-472 88-679
Mean ± SD 314 ± 188 348 ± 214 270 ± 97 279 ± 200
Median (IQR) 270  

(177-357)
296  

(195-547)
278  

(157-322)
225  

(130-404)
< 150 8 4 1 3
150-220 mild-moderate 7 4 2 1
220-450 moderate-severe 19 9 7 3
> 450 severe/fulminant 10 7 1 2

C-reactive protein concentration (mg/dL)
Mean ± SD 5.4 ± 4.9 5.4 ± 5.9 5.2 ± 3.5 5.6 ± 3.9
Median (IQR) 4.0  

(1.6-7.5)
2.8  

(1.2-7.1)
4.4  

(2.4-8.6)
5.9  

(2.8-7.4)
a Children = 18 years of age or younger.
CDAI = Crohn Disease Activity Index; IQR = interquartile range; SD = standard deviation.
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adults. The demographic characteristics of 
our 44 patients are presented in Table 1. 
The mean disease duration for relapsing 
adults (92.8 months) was longer than the 
mean for adults with a new diagnosis (8.8 
months) or the mean for children (12.7 
months). More than 50% of patients in 
all groups had 1 or more perianal fistula(s) 
that were draining pus and/or anal tag(s). 
Five of 33 (15%) adults were smokers 
who stopped smoking after their admis-
sion. Eight patients had a CDAI score 
lower than 150 (quiescent stage); 7 had 
a score of 150 to 220 (mild-moderate); 
19 scored 220 to 450 (moderate-severe); 
and 10 patients had a score higher than 
450 (severe/fulminant).44 Three relaps-
ing adults were on partial elemental diet: 
600, 900, and 1200 kcal/d, respectively. 
The same elemental diet was maintained 
during the first half of hospitalizations 
and was decreased by 300 kcal during 
the latter half of hospitalizations, while 
the amount of PBD was increased. Five 
patients were discharged after the second 

infliximab infusion and were readmitted 
for the third infusion. Sixteen of 44 pa-
tients in the present protocol also were 
described in a 2010 paper.28

Efficacy
The primary end point was remission. 

Two patients were withdrawn from the 
protocol because of intestinal obstruc-
tion. All remaining patients reported 
considerable improvement 1 week af-
ter the first infliximab infusion. Most 
patients had no symptoms between 
weeks 1 and 3. A CDAI score lower 
than 150 indicates remission in many 
studies.42 The rate of CDAI scores lower 
than 150 among patients with baseline 
CDAI scores higher than 150 was 50% 
(18/36), 69% (25/36), 86% (30/35), 
94% (31/33), 94% (31/33), and 100% 
(36/36) at weeks 1, 2, 3, 4, 5, and 6, re-
spectively. Among patients with draining 
perianal fistulas, 24 experienced fistula 
closure within weeks 1 and 3. All 44 
patients who completed the protocol 

achieved remission at week 6. Remis-
sion rates by intention-to-treat and per-
protocol analysis were 96% and 100%, 
respectively (Table 2).

Secondary End Points
The mean CDAI score was significantly 

decreased from 314 before IPF therapy 
to 163 after the first infliximab infusion 
(p < 0.0001). The scores were further de-
creased chronologically: 115, 98, 82, 74, 
and 63 at weeks 2, 3, 4, 5, and 6, respec-
tively (Table 3, Figure 2). Chronologic 
CDAI score changes were similar among 
the 3 groups (Table 3). 

The mean CRP concentration decreased 
from 5.3 mg/dL before IPF therapy to 
0.9 mg/dL after the first infliximab infu-
sion (p < 0.0001). The CRP concentration 
(reference range, ≤ 0.3 mg/dL) was within 
defined limits (0.2 mg/dL) at week 2 and 
thereafter (Table 3, Figure 2). The chrono-
logic CRP concentration changes were 
similar among the 3 groups (Table  3). 
Among adults with a new diagnosis, 

Table 2. Rates of remission and normalization of C-reactive protein concentration and mucosal healing at week 6 after infliximab  
and a plant-based diet as first-line therapy
Subjects N Remission CRP concentration Mucosal healing
Total 46 96% (44/46) ITT, 100% (44/44) PP 84% (37/44) 46% (19/41)
Adults, new diagnosis 24 92% (24/26)a ITT, 100% (24/24) PP 92% (22/24)b 38% (9/24)c

Children, new diagnosis 11 100% (11/11)a ITT 82% (9/11)b 60% (6/10)c

Relapsed adults 9 100% (9/9)a ITT 67% (6/9)b 57% (4/7)c

a p value for comparison among the three groups (χ2 test) = 0.3085.
b p value for comparison among the three groups (χ2 test) = 0.2344.
c p value for comparison among the three groups (χ2 test) = 0.3980.
CRP = C-reactive protein; ITT = intention to treat; PP = per protocol.

Table 3. CDAI score and CRP concentration changes during induction phase after IPF therapy

Subjects
Number of 

patients
Weeks after IPF therapy (mean ± SD) p value 

(ANOVA)0 1 2 3 4 5 6
CDAI score
Total 44 314 ±189 163 ± 116 115 ± 89 98 ± 70 82 ± 45 74 ± 45 63 ± 32 < 0.0001
Adults, new diagnosisa 24 348 ± 214 171 ± 141 121 ± 104 93 ± 73 76 ± 50 65 ± 44 57 ± 30 < 0.0001
Children, new diagnosisa 11 270 ± 97 145 ± 76 108 ± 78 112 ± 86 84 ± 37 89 ± 52 71 ± 35 < 0.0001
Relapsed adultsa 9 279 ± 200 162 ± 87 109 ± 58 99 ± 40 93 ± 38 78 ± 38 69 ± 35 < 0.0001
CRP concentration (mg/dL) (normal ≤ 0.3)
Total 44 5.3 ± 5.0 0.9 ± 1.7 0.2 ± 0.2 0.1 ± 0.1 0.1 ± 0.2 0.1 ± 0.2 0.2 ± 0.2 < 0.0001
Adults, new diagnosisb 24 5.7 ± 5.9 0.8 ± 1.4 0.1 ± 0.2 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.2 < 0.0001
Children, new diagnosisb 11 5.2 ± 3.5 1.1 ± 2.8 0.1 ± 0.3 0.1 ± 0.1 0 ± 0.1 0.2 ± 0.3 0.2 ± 0.2 < 0.0001
Relapsed adultsb 9 5.6 ± 3.9 0.8 ± 0.7 0.3 ± 0.3 0.1 ± 0.2 0.2 ± 0.3 0.2 ± 0.2 0.2 ± 0.3 < 0.0001
a p value for comparison among three groups (ANOVA) = 0.7949.
b p value for comparison among three groups (ANOVA) = 0.9263.
ANOVA = analysis of variance; CDAI = Crohn Disease Activity Index; CRP = C-reactive protein; IPF therapy = infliximab and a plant-based diet as first-line therapy;  
SD = standard deviation.
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CRP concentrations from weeks 2 to 6 
remained stable (0.1 mg/dL). However, 
CRP concentration fluctuated within the 
reference range for the other 2 groups. 
The lowest concentration was 0 mg/dL at 
week 4 and 0.2 mg/dL at week 5 among 
children with a new diagnosis, and 
0.1 mg/dL at week 3 and 0.2 mg/dL at 
week 4 among relapsing adults (Table 3). 
The rates of CRP normalization at week 
6 were highest (92% [22/24]) among 
adults with a new diagnosis; intermediate 
(82% [9/11]) among children with a new 
diagnosis; and lowest (67% [6/9]) among 
relapsing adults, although the difference 
was nonsignificant (p = 0.2344) (Table 2). 
Normal CRP concentration was achieved 
by week 5 for 6 of 7 patients with abnor-
mal CRP concentrations at week 6.

Three patients did not undergo mor-
phologic assessment before discharge. 
Mucosal healing was achieved for 19 of 
41 patients (46%) (Table 2).

Safety
Two patients were withdrawn from the 

protocol because of intestinal obstruc-
tion. Infusion reactions to infliximab 
were observed in two patients (eruptions 
with itching and vomiting). One child 
with a new diagnosis developed herpes 
zoster three weeks after completing IPF 
therapy. Metronidazole was withdrawn 
because of paresthesia (three patients) and 
leukocytopenia (one patient). 5-amino-
salicylic acid was withdrawn because of 
mild pancreatitis (two patients), alanine 
aminotransferase elevation (one patient), 
and epigastralgia (one patient). All pa-
tients ate the PBD, and none experienced 
an adverse effect such as gaseous distress, 
abdominal discomfort, or diarrhea.

DISCUSSION
On the basis of the etiopathogenesis of 

IBD, we designed a PBD as a therapeutic 
diet for IBD.28 To drastically improve the 
relapse-free rate associated with CD, the 
first step involves safe and reliable remis-
sion induction with initial treatment. 
Our study showed that IPF therapy can 
induce remission for most patients with 
CD regardless of age or new diagnosis or 
relapse status.

The CD population (Table 1) in this 
study reflects Japan’s epidemiology. Male 
predominance is an Asian (including 
Japanese) characteristic related to CD.48,49

Clinical remission is far more impor-
tant than clinical response in practice 
(the remission rate is lower than the 
response rate). In this study, the primary 
end point was induction of remission at 
week 6. Remission rates reported with 
infliximab or adalimumab are presented 
in Table 4.5-10,50-52 In most of the stud-
ies reported, subjects had moderate to 
severe CD (CDAI 220-450),42 but these 
studies did not include less severe (CDAI 
score < 220) or more severe (CDAI > 450) 
cases.5-10,50,51 Our study, however, included 
cases involving all severity levels. Most pa-
tients with CD will experience a disabling 
course,39-41 and even patients with mild 
CD experience relapse rates of 60% to 

70% in a year.53 Additionally, there is no 
way to predict which patients will have a 
disabling or relapse-free course.39-41 If we 
attempt to improve the natural course 
of all patients with CD, we must study 
all patients with active CD regardless of 
severity. In this study, even if mild cases 
(CDAI score lower than 220 [n = 15]) 
were excluded, all 29 patients with CDAI 
scores higher than 220, including the 10 
patients with severe/fulminant disease, 
achieved remission.

Patients who are naïve to biologics and 
those receiving infliximab combined with 
azathioprine achieved a higher remission 
rate with early use of biologics and had 
a better prognosis than those who began 
treatment at a later phase or those previ-
ously exposed to a biologic or infliximab 
alone.8,50-52,54 One group of investigators 
evaluated remission rates under these 
conditions (early use of infliximab com-
bined with azathioprine in biologics-naïve 
patients) by using a top-down approach; 
their patients achieved a remission rate 
of 64% at week 14.8 So far, that is the 
highest remission rate reported for a large 
series (Table 4), demonstrating that 30% 
to 40% of patients with CD are nonre-
sponders (primary nonresponders) to 
infliximab. As a result, many studies have 
been conducted to evaluate response pre-
dictors and primary nonresponders.55-58 In 
our study, even though we included re-
lapsed patients with a median disease du-
ration of 6 years, all our patients achieved 
remission with IPF therapy. Therefore, 
disease duration of several years does not 
seem to be a critical factor for the induc-
tion of remission with IPF therapy. Our 
data show that most patients with CD 
who are naïve to biologics achieve remis-
sion with IPF therapy. Consequently, 
nonresponse to biologics seems to reflect 
the therapeutic modality chosen. Several 
factors may be involved in the successful 
induction of remission in our studies.

First, all patients in this study were 
admitted during IPF therapy. Although 
clinical remission could be obtained in 
a subset of patients after the first infu-
sion of infliximab,5 we considered that a 
certain period is needed for the recovery 
of morphologic changes in the intestine. 
Consequently, 3 inductive infusions of 
infliximab were given in 6 weeks11 while 

Figure 2. Change of CDAI score (upper panel) 
and CRP concentration (lower panel) before and 
after IPF therapy in 44 patients with CD. The solid 
bar denotes the mean and the thin line shows 
the standard deviation. Arrows with numbers in 
brackets indicate 3 infliximab infusions at weeks 
0, 2, and 6. CDAI score and CRP concentration 
(mg/dL) (reference range ≤ 0.3) are presented in 
Table 3. All CDAI scores and CRP concentrations 
significantly decreased after IPF (analysis of vari-
ance p < 0.0001, Tukey-Kramer honestly significant 
difference test p < 0.0001). 
CD = Crohn disease; CDAI = Crohn Disease Activity Index; 
CRP = C-reactive protein; IPF therapy = infliximab and a 
plant-based diet as first-line therapy.
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patients were hospitalized. However, mu-
cosal healing was achieved only for 46% 
of patients (Table 2).

Patients’ experience with a PBD, phy-
sician knowledge about IBD etiopatho-
genesis, and dietary guidance regarding 
PBD from a registered dietitian during 
hospitalization helped to ensure smooth 
PBD transitions from hospitals to homes 

after patient discharge. We confirmed a sig-
nificantly higher PBD score (mean 25.0), 
indicating a higher adherence to a PBD59 
when compared with the mean base score 
of 6.4 in 24 patients with CD at approxi-
mately 6 years after discharge (p = 0.0131) 
(unpublished observation).

Hospitalization promotes smoking ces-
sation, and smoking is prohibited in most 

hospitals in Japan. In our sample, 11% of 
patients (5/44) were smokers until admis-
sion, at which time they quit smoking; 
thus, all patients were considered nonsmok-
ers. Smoking is a deteriorating factor in 
CD.60,61 In other studies, the current smok-
ing rate was as high as 43% (Table 4).8-10 
Hospitalization duration in our study was 
shorter than duration for a conventional 

Table 4. Literature review: Induction of remission in Crohn disease

 
 
 
Author

Subjects  
 

Regimen

Outcomes
 

Inclusion 
criteria/ 
scores

 
Number 

of 
patients

 
 

CDAI  
score

 
CRP 

concentration 
(mg/dL)

 
 

Duration of 
disease

 
Current 
smoker, 
% (no.) 

 
 

Time of 
assessment

Remission rate 
(CDAI score < 150 
unless otherwise 
specified), % (no.) 

Targan et al, 
19975

CDAI 220-400 27 Mean 312 Mean 2.2 Mean 12.5 y nd IFX 5 mg/kg, 
single infusion

Wk 4 48.1 (13/27)

Mayer et al, 
20016

CDAI 220-400 385 Median 297 Median 0.8 Median 7.9 y nd IFX standard Wk 6 38.4

Hyams et al, 
20077

Moderate to 
severea

Children, 
PCDAI > 30

112 Mean 
PCDAI 41

nd Median 1.6 y Unlikely IFX standard 
and immuno-
suppressant 

Wk 10 58.9 (66/112)

D’Haens et al, 
20088

CDAI > 200, 
age ≥ 16
New diagnosis

67 Mean 330 Median 1.9 Median 2.0 wk 
from diagnosis

43
(28/65)

IFX standard 
and AZA

Wk 14 64 (42/65)

Colombel et al, 
201050

Moderate to 
severea

(Naïve to anti-
TNF, AZA)

169 Mean 290 Median 1.0 Median 2.2 y nd IFX standard Wk 6 30 (50/169)

169 Median 2.2 y IFX standard 
and AZA

33 (55/169)

Hanauer et al, 
20069

Moderate to 
severea

Naïve to anti-
TNF

76 Mean 295 Mean 1.4
Median 0.9

nd 42
(32/76)

Adalimumab 
standard

Wk 4 36 (27/76)

Sandborn et al, 
200710

Moderate to 
severea

Previous IFX

159 Mean 313 Mean 1.9
Median 0.9

nd 35
(55/159)

Adalimumab 
standard

Wk 4 21 (34/159)

Watanabe  
et al, 201251

Moderate 
to severe,a 
Japanese

33 Mean 301 Mean 2.2 Mean 11.0 y nd Adalimumab 
standard

Wk 4 33 (11/33)

Naïve to anti-
TNF

14 43 (6/14)

Previous anti-
TNF

19 26 (5/19)

Miyoshi et al, 
201452

Active, 
Japanese

45 Median
HBI 6.5

Median 1.3 Median 8.0 y nd Adalimumab 
standard

Wk 4 62 (28/45)b

12 ≤ 3 y 92 (11/12)
33 > 3 y 52 (17/33)

Present study Active, 
Japanese
(Naïve to anti-
TNF)

44 Mean 314
Median 270

Mean 5.4
Median 4.0

Mean 26.9 mo
Median 8.0 mo

11
(5/44)

IPF therapy Wk 6 Clinical remission
96 (44/46) ITT
100 (44/44) PP

a Moderate to severe, CDAI 220-450.
b Harvey-Bradshaw index ≤ 4.
Adalimumab standard = adalimumab 160/80 mg at weeks 0 and 2; AZA = azathioprine; CDAI = Crohn Disease Activity Index; CRP = C-reactive protein; HBI = Harvey-Bradshaw index;  
IFX = infliximab; IFX standard = infliximab 5 mg/kg at weeks 0/2/6; IPF therapy = infliximab and a plant-based diet as first-line therapy; ITT = intention to treat; nd = not described;  
PCDAI = pediatric Crohn Disease Activity Index; PP = per protocol; TNF = tumor nectrotizing factor.
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elemental diet therapy in Japan, for which 
more than 6 weeks is required.62

PBD was initiated on the same day as 
the infliximab infusion and was provided 
throughout hospitalization. We previously 
reported the efficacy of PBD in prevent-
ing relapse in CD.28 In the current study, 
all patients who completed the protocol 
achieved remission. Altogether, these find-
ings indicate that PBD is effective during 
the active and quiescent CD stages.

Preventive factors for IBD (eating 
vegetables and fruits)22,27 are recom-
mended, and risk factors (eating meat 
and sweets)22-26 are moderated; indeed, 
a PBD includes these preventive recom-
mendations and risk moderating factors. 
Considering that the most important envi-
ronmental factor in IBD is diet-associated 
gut microflora,18 we hypothesized that an 
adequate diet is the basis for IBD treat-
ment during both active and quiescent 
stages. On the basis of our results, a PBD 
is recommended for patients with IBD. To 
date, most studies evaluating induction of 
remission or prognosis have not devoted 
resources to diet during treatment. Om-
nivorous and conventional low-residue di-
ets might reduce the efficacy of biologics.

Metronidazole was used during the first 
half of hospitalization and is effective in 
CD with or without perianal fistulas.63,64 
An antibiotic is used during the active 
stage to eliminate potentially pathogenic 
bacteria in the intestine.65

Clinicians strive to provide the best 
therapy on the basis of their experience; as 
a result of our 30-plus years’ experience in 
treating CD, IPF became routine therapy 
for CD in 2003 when infliximab was 
introduced in Japan. The therapeutic ap-
proach we propose is comprehensive, and 
we consider that all factors are necessary 
for induction of remission, although the 
contribution of each factor varies. This is 
the first study in which close attention was 
paid to diet during induction treatment of 
CD. In the absence of a control diet, the 
efficacy of PBD for induction of remission 
could not be demonstrated. It appears, 
however, that a PBD plus infliximab was 
a major contributor to our study’s success.

The Ministry of Health, Labour, and 
Welfare of Japan designated ulcerative 
colitis and CD as intractable diseases. 
Patients with intractable diseases are 

provided with public medical aid on 
registration at the Public Health Office, 
so physicians in Japan are able to provide 
the best treatments for patients with IBD 
with less concern about medical expenses. 
Therefore, its immediate applicability in 
other countries may be limited.

IPF therapy, which can induce remis-
sion for most patients with CD, offers sev-
eral advantages over the current induction 
therapy. No serious adverse events occurred 
with IPF therapy. The rapid efficacy of in-
fliximab enabled patients to eat dinner on 
the same day of infliximab treatment. Mean 
CDAI scores at baseline and weeks 1, 2, and 
4 in patients treated with adalimumab were 
313, 264, 232, and 226, respectively.9 In 
contrast, patients treated with IPF therapy 
had mean CDAI scores of 314, 163, 115, 
and 82, respectively (Table 3, Figure 2). 
With IPF therapy, the mean CDAI score 
was 115 as early as week 2, which is lower 
than the cutoff score of 150 that is recog-
nized as denoting remission.42 

The main disadvantage associated with 
IPF therapy is that hospitalization is re-
quired. However, most of our patients 
who were dealing with chronic symptoms 
recognized that they needed treatment 
and accepted hospitalization. There is risk 
for intestinal obstruction after infliximab 
treatment.45-47 Infliximab is thought to be 
effective for inflammatory stenosis and 
ineffective for fibrotic stricture,66 but it is 
difficult to distinguish between inflamma-
tory and fibrotic stricture.67 In the absence 
of signs of obstruction, stricture per se is 
no longer regarded as a contraindication 
for infliximab therapy; patients still are 
regarded as reasonable candidates.66,68 
In this study, intestinal obstruction de-
veloped within two weeks after the first 
infliximab infusion for two patients. There 
is scant literature about early obstruction 
after infliximab treatment.45-47 We specu-
late that infliximab is so swiftly effective 
in ulcer healing69 that the healing process 
further narrows the stenotic site, result-
ing in intestinal obstruction. If obstruc-
tion is a result of infliximab efficacy, an 
obstruction could also occur in CD with 
stricture. When obstruction occurs, it can 
be immediately diagnosed and surgically 
treated because patients are in a hospital. 
We fully inform patients with stricture 
about intestinal obstruction risk. Apart 

from two IPF study withdrawals attribut-
able to intestinal obstruction, there were 
no other withdrawals.

Our study had limitations. There was 
no control group, and the sample size was 
small. Nevertheless, we expect that large, 
controlled studies will be conducted to 
validate these results.

IPF therapy can induce remission for 
most patients with CD. Further study is 
required to determine how remission can 
be maintained in the long term. Normal 
CRP concentration is a good indicator 
of lasting remission, but CRP concentra-
tion outside of defined limits is a sign of 
forthcoming relapse.59,70 Most adults in 
our study with a new diagnosis (92%) 
had a normal CRP concentration at 
week 6, as did children with a new diag-
nosis (82%) and relapsing adults (67%) 
(Table 2). About 50% of patients with 
newly diagnosed adult CD maintained 
long-term remission with a PBD without 
periodic maintenance infliximab therapy 
(the remission rate at 3 to 7 years was 
58%, according to Kaplan-Meier analysis 
[unpublished observation]). Conversely, 
children and relapsing adults treated with 
PBD alone tended to relapse within 2 
years. Out of 11 children and 9 relapsed 
adults, 9 and 4 patients experienced re-
lapse, respectively (unpublished observa-
tion). IPF therapy should be provided to 
adults with a new CD diagnosis to help 
decrease relapse incidence.

CONCLUSION
IPF therapy can induce remission for 

most patients with CD regardless of age or 
new diagnosis or relapse status. v
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Everything in food works together to create health or disease.

— T Colin Campbell, MD, b 1934, American biochemist, author of The China Study


