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Background: How to handle patients with anti-tumor necrosis factor (anti-TNF) failure
was a common challenge to clinicians in Crohn’s disease (CD). The present study is
dedicated to clarifying whether fecal microbiota transplantation (FMT) could be a switch
therapy for patients with prior failure of infiiximab (IFX) in CD in a long-term observation.

Methods: Thirty-six patients with CD who had prior failure of IFX were recruited from
January 2013 to December 2019. The “one-hour FMT protocol” was followed in all
patients. All patients received the first course of FMT through gastroscopy or mid-gut
transendoscopic enteral tubing. After April 2014, the methodology of FMT was coined as
washed microbiota transplantation (WMT), substituting for the manual methods, which is
dependent on the automatic microbiota purification system and the washing process. The
primary endpoint of this study was the clinical remission at one month and one year after
FMT. The secondary endpoint was the safety of FMT in the short and long term, and clinical
factors as predictors for long-term efficacy of FMT. Clinical factors as independent
predictors of efficacy from FMT were isolated using univariable and multivariable
logistic regression analysis.

Results: There was no significant difference in the rates of clinical response and remission
between IFX treatment stage and FMT treatment stage (at one month, three months and
six months after administration) (p > 0.05). Compared with those of 19 patients who
achieved clinical remission at one month after FMT, the rates of clinical relapse were
significantly higher in 18 patients who achieved clinical remission at one month after IFX
[log-rank test p � 0.0009 HR � 3.081 (95% CI 1.43–6.639)]. Multivariate analysis revealed
that the gender of donor (95%CI: 0.001–0.72; p � 0.031) was an independent predictor of
efficacy at one year after FMT. No serious adverse events (AEs) associated with FMT were
observed during and after FMT. The rate of AEs was significantly lower in group FMT than
that in group IFX (p � 0.002).
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Conclusion: The present findings first time provided the evidence for clinicians to consider
FMT into practice as an alternative switch therapy for patients with prior loss of response or
intolerance to IFX in CD.

Clinical Trial Registration: https://clinicaltrials.gov, identifier NCT01793831

Keywords: fecal microbiota transplant, anti-tumor necrosis factor, infliximab, washed microbiota transplantation,
crohn’s disease

INTRODUCTION

Crohn’s disease (CD) is a chronic relapsing-remitting
inflammatory condition that can affect the entire
gastrointestinal tract, leading to a disease course of irreversible
bowel damage complicated by strictures and fistulas. The
characteristic symptoms of CD include diarrhea, abdominal
pain, weight loss and fatigue, which lead to a persistently
negative impact on patients’ well-being and quality of life
(Baumgart and Sandborn, 2007; Thia et al., 2010; Becker et al.,
2015).

Over the past two decades, infliximab (IFX), a monoclonal
IgG1 anti-tumor necrosis factor (TNF) antibodies has proven to
be effective in patients with moderate-to-severe CD refractory to
conventional therapies (Hanauer et al., 2002; Colombel et al.,
2007; Terdiman et al., 2013; Gagniere et al., 2015; Gionchetti et al.,
2017). However, approximately 30% of patients with
inflammatory bowel disease (IBD) fail to respond to anti-TNF,
this condition is often known as primary non-response (PNR)
(when a patient does not respond to an induction regimen of the
biological agent). In addition, the development of infusion
reactions manifested as intolerance, including acute or delayed
reactions, and secondary loss of response (SLOR) (when a patient
has initially responded to a biological agent but loses response
over time) in almost 50% of patients (Gisbert and Panes, 2009;
Billioud et al., 2011; Fine et al., 2019; Papamichael et al., 2020) are
both the limitations of anti-TNF when it serves as maintenance
therapy. Importantly, patients with primary failure of IFX often
had no response to the second-line biologic drugs, thus leading to
prolonged disease activity (Roblin et al., 2018; Roblin et al., 2020).
So far, there is no international consensus on how to handle IBD
patients with failure of anti-TNF (Allez et al., 2010; Papamichael
et al., 2015; Buhl et al., 2017). Appropriately choosing other
therapies after anti-TNF failure was a common challenge to
clinicians, yet little is known about the prognosis after the
failure in the long term (Hanauer et al., 2002; Allez et al., 2010).

Increasing evidence suggests that fecal microbiota
transplantation (FMT) is a promising approach for CD by
remodeling the construction of gut microbiota in a short-term
observation and with a low incidence of serious AEs (Cui et al.,
2015b; Kong et al., 2020; Sokol et al., 2020). Our previous study by
He et al. revealed that patients with CD could achieve significant
long-term relief in abdominal pain followed by FMT. We also
ascertained that three months after the initial course of FMT was
recommended as the optimal timing for the second course of
FMT in patients with CD (Cui et al., 2015b; Li et al., 2019).
Additionally, we first analyzed the long-term outcomes in the

largest cohort (174 patients with CD who underwent FMT). The
findings encouraged the clinicians to re-evaluate the therapeutic
value of FMT in CD by the targets, including abdominal pain,
hematochezia, fever and diarrhea, beyond the traditional
evaluations that use Harvey-Bradshaw index (HBI) or Crohn’s
disease Activity Index (Xiang et al., 2020). However, none of the
studies evaluated the efficacy and safety of FMT for CD patients
with prior loss of response or intolerance to IFX in a long-term
observation.

This study aimed to compare the efficacy and safety between
IFX treatment stage and FMT treatment stage in the patients with
CD from the time of longitudinal perspective; and explore clinical
factors as the predictors of the short-term and long-term efficacy
of these patients followed by FMT. Importantly, we were
dedicated to identifying whether FMT could be a promising
switch therapy for patients with CD who with prior loss of
response or intolerance to IFX in a long-term observation.

MATERIALS AND METHODS

Study Design
This is a prospectively and retrospectively observational study
evaluating patients with CD from January 2013 to December
2019, which is a part of the clinical trial (NCT01793831). All
eligible subjects provided written informed consents before
participation. Inclusion criteria were: patients who were
diagnosed as CD by a combination of typical clinical
symptoms, endoscopic, and histological criteria for at least 6
months; patients with active CD (HBI ≥ 5); patients who failed to
achieve satisfactory efficacy from the previous therapies and had
prior loss of response or intolerance to IFX. Patients were
excluded if aged < 14 years, accompanied by other severe
diseases, including other intestinal diseases, e.g., Clostridioides
difficile infection, malignant neoplasm, cardiopulmonary failure,
and serious liver and kidney disease, and follow-up less than 3
months.

The follow-up was performed at one month, three months, six
months and every three months after the first FMT and terminal
follow-up was completed on April 1, 2020. The primary endpoint
was the clinical remission at one month and one year after FMT.
The secondary endpoint was the safety of FMT in the short and
long term and clinical factors as predictors for long-term efficacy
of FMT. The failure of IFX included that patients had PNR, SLOR
or intolerance to IFX. Before FMT, the baseline patient
characteristics were recorded, which included age, gender, age
of diagnosis, age of onset, disease duration, current smoker,
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TABLE 1 | The details of infliximab before fecal microbiota transplantation.

Pt Outcomes
of IFX

HBI pre-IFX Age at
IFX (yr)

Duration
of disease
pre-IFX

(yr)

Frequency
of IFX
infusion

Dose
of IFX

(≥5 mg/kg)

Perianal
disease
pre-IFX

Concomitant
medications*

after
initial
IFX

Efficacy
(1 month)

Maintaining
time
(mo)

AEs Time
between

final
IFX and
FMT (mo)

1 PNR 9 30 6 6 Yes Anal fistula Corticosteroid No response 0 No 42
2 Intolerance 15 22 6 2 Yes None EEN Response 2 Yes 1
3 SLOR 7 24 6 9 Yes Anal fistula AZA Remission 13 No 36
4 Intolerance 5 23 1 6 Yes None AZA Remission 9 Yes 12
5 Intolerance 25 24 1 2 Yes None Corticosteroid/

EEN
No response 0 Yes 12

6 SLOR 7 18 8 6 No None Corticosteroid/
EEN

No response 0 Yes 90

7 Intolerance 5 34 1 3 Yes Abscess Corticosteroid Remission 1 Yes 1
8 SLOR 11 22 6 6 Yes None Corticosteroid No response 0 No 12
9 Intolerance 9 28 1 3 Yes None None No response 0 Yes 1
10 PNR 6 46 11 6 Yes Anal fistula None No response 0 No 18
11 SLOR 19 28 1 6 Yes None AZA Remission 13 Yes 90
12 SLOR 15 33 1 4 Yes None None Remission 4 No 12
13 SLOR 15 30 7 15 Yes Anal fistula AZA Remission 24 No 24
14 SLOR 11 34 18 9 No Anal fistula None Remission 13 Yes 18
15 PNR 9 24 7 9 No None AZA No response 0 No 12
16 SLOR 5 43 8 14 No None None Remission 22 Yes 24
17 Intolerance 13 14 2 6 Yes None None No response 0 Yes 1
18 PNR 8 15 1 15 Yes None None No response 0 No 2
19 Intolerance 12 19 1 2 Yes Anal fistula None Remission 7 Yes 7
20 PNR 6 12 1 4 No None None No response 0 No 6
21 SLOR 6 37 4 5 Yes None None Remission 25 No 24
22 SLOR 11 32 8 10 Yes Anal fistula AZA Response 15 No 18
23 SLOR 13 20 1 8 Yes None None Remission 11 No 48
24 Intolerance 5 23 1 6 Yes None None Remission 7 Yes 6
25 SLOR 9 28 2 9 Yes None None Remission 13 No 12
26 SLOR 12 39 9 8 Yes None None Response 11 No 12
27 SLOR 6 26 1 6 Yes Anal fistula None Remission 7 Yes 6
28 SLOR 9 28 6 6 Yes Anal fistula AZA Remission 10 No 12
29 Intolerance 5 39 7 15 Yes None None Remission 24 Yes 24
30 SLOR 15 25 1 19 Yes None AZA Remission 31 No 6
31 Intolerance 13 34 6 6 No None None No response 0 Yes 36
32 SLOR 15 31 8 10 No None None Remission 39 No 48
# NA 9.0 (6.0–13.0) 28.0 (22.3–33.8) 6.0 (1.0–8.0) 6.0 (5.3–9.0) NA NA NA NA 7.0 (0–13) NA 12.0 (6.0–24.0)

Pt, patients; IFX, infliximab; HBI, Harvey-Bradshaw index; *5-ASA was the concomitant medications after initial IFX in 75% (24/32) of patients; mo, month; AEs, adverse events; FMT, fecal microbiota transplantation; PNR, primary non-
response; SLOR, secondary lose of response; EEN, exclusive enteral nutrition; AZA, azathioprine; Line #, median (IQR); NA, not applicable.
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previous treatment and history of previous surgery related to CD.
Baseline HBI, disease activity, disease location and disease
phenotype of patients were assessed. The concomitant
medications after FMT and detailed process of FMT were
noted, including delivering route, form of bacterial suspension,
preparation of fecal microbiota, frequency of FMT (single or
multiple FMTs) and age and gender of donor. In addition, details
of IFX treatment stage were also recorded, including
characteristics of patients at baseline of IFX, history of surgery
and previous medication before IFX, frequency and dose of IFX
(Table 1). Moreover, the short and long-term efficacy, and safety
of IFX were also evaluated (Table 1).

5-Aminosalicylic acid was a sustained treatment before and
after FMT if patients had no allergic response. Azathioprine or
thalidomide were possibly administered during the tapering off
steroids or as maintenance therapies after FMT. Patients were
supported by exclusive enteral nutrition (EEN) for at least one
month if they had malnutrition, severe stricture or intestinal
fistula. Usage of probiotics was prohibited after FMT. Antibiotics
were not recommended to be used at random before conducting
and communicating with the clinicians.

Donor Screening and FMT Procedure
Patients could self-identify their relatives or friends as donors
at the early stage of the study. The unrelated universal donors
aged from 6 to 24 years old were from Chinese fecal
microbiota bank (fmtBank) and they were selected by
strict screening criteria according to our previous reports
(Cui et al., 2015b; Ding et al., 2019; Li et al., 2020b). After
April 2014, the methodology of FMT was coined as washed
microbiota transplantation (WMT), substituting for the
manual methods, which is dependent on the automatic
washing process and related delivering consideration.
Additionally, WMT is demonstrated to be safer, more
precise and more quality-controllable than the crude FMT
by manual (Zhang et al., 2020). The methodology of WMT
was released by a consensus panel of the FMT-
standardization Study group in 2019 (Fecal Microbiota
Transplantation-standardization Study, 2020). From the
process of feces defecation until the fresh bacteria infused
into the intestinal tract of patients should be done within one
hour, which was regarded as a “one-hour FMT protocol”
(Zhang et al., 2018).

Single FMT through gastroscopy to transfer microbiota
suspension into the distal duodenum under anesthesia was
performed from 2013 to 2019 in most patients with CD in
this study. In order to prevent the refluxing of microbiota
liquid and inhibit gastric acid secretion, patients were given
metoclopramide 10 mg by intramuscular injection and proton
pump inhibitor intravenously at least one hour before FMT.With
the increasing needs for frequent FMTs (multiple FMTs), two
types of transendoscopic enteral tubing (TET) (FMT Medical,
Nanjing, China), including colonic TET and mid-gut TET, were
used for delivering washed microbiota suspension in practice
since 2014 (Peng et al., 2016; Long et al., 2018). In the present
study, mid-gut TET also was applied for EEN.

Efficacy and Safety Assessment
The clinical efficacy of all patients was assessed at one month,
three months, six months and every three months after the initial
IFX and FMT. HBI was used to evaluate the clinical efficacy of
IFX and FMT. Clinical response was defined as HBI ≤ 4 or
decreased HBI score > 3 from baseline, and clinical remission was
defined as HBI ≤ 4 (Xiang et al., 2020). Relapse was defined as
HBI ≥ 5 after achieving clinical remission and increased HBI ≥ 2
after achieving clinical response. Common Terminology Criteria
for Adverse Events (version 5.0) was applied to describe the
intensity and relativity of AE with IFX and FMT. Only IFX and
FMT-attributed AEs were reported in the study, including
definitely, probably, and possibly related AEs. Acute infusion
reaction (AIR) was defined by the occurrence of any AE during or
within the first 24 h after IFX infusion. Delayed hypersensitivity
reactions (DHR) was considered as AEs occurring 24 h later after
IFX administration (Zabana et al., 2010).

Statistical Analysis
The data were assessed by SPSS Statistics (SPSS Inc. Chicago, IL,
United States) or GraphPad (version 5; GraphPad Software, San
Diego, CA, United States). Normally distributed continuous data
were expressed with mean ± standard deviation (SD) and
abnormally distributed continuous data were expressed with
median with interquartile ranges (IQR). The clinical efficacy
and safety between IFX treatment stage and FMT treatment
stage were compared by Fisher’s exact test. Rates of relapse
were compared using Kaplan-Meier curves and log-rank
statistics. Clinical factors as independent predictors of efficacy
from FMT were isolated using multivariable logistic regression
analysis, and receiver operating characteristic curve (ROC)
analysis was used to examine the predictor model. p < 0.05
was considered statistically significant.

RESULTS

Study Population
This single-center study included 36 eligible patients with prior
IFX failure who underwent the first course of FMT from January
2013 to December 2019 (Figure 1). Four patients were excluded
from being analyzed for withdrawing from the study (n � 1), loss
of follow-up (n � 1) and HBI ≤ 4 (n � 2). Clinical data on IFX and
FMT of 32 patients were collected at baseline during the
procedure of FMT and long-term follow-up.

Among the 32 patients included in the analysis, 15.6% (5/32)
of patients had PNR, 53.1% (17/32) had SLOR and 31.3% (10/32)
were intolerant to IFX. Meanwhile, 75% (24/32) of patients
achieved clinical response at one month after FMT, in which
20 patients underwent more than one course of FMT, including
10 patients with disease relapse before the second course of FMT
and 10 patients with the second course of FMT before disease
relapse for consolidation. In a total of 32 patients, 31.3% (10/32)
had sustained remission until April 1, 2020 (the terminal point of
follow-up), including 7 patients undergoing more than one
course of FMT.

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 6580874

Li et al. FMT for Crohn’s Disease

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Patient Characteristics
The characteristics of all 32 patients who had a history of IFX
failure were shown in Table 2. The mean follow-up was 50.9 ±
24.4 months. The mean age of these patients was 29.8 ±
8.4 years old and the mean disease duration was 6.5
(3.0–10.0) years. 68.8% (22/32) of patients were male.
59.4% (19/32) of patients were with moderate and severe
CD. Before the initial course of FMT, those patients had
various medication regimens: 96.9% (31/32) were on 5-ASA,
59.4% (19/32) were on corticosteroids, 65.6% (21/32) were on
azathioprine, 31.2% (10/32) were on enteral nutrition and
100% (32/32) were on IFX. After the initial course of FMT,
75% (24/32) had 5-ASA, only 9.4% (3/32) patients had
corticosteroids and 15.6% (5/32) patients had azathioprine.
In addition, 25% (8/32) patients had thalidomide and 40.6%
(13/32) patients had EEN. 65.6% (21/32) of patients

underwent FMT through gastroscopy. 84.4% (27/32)
patients underwent single FMT in the first course of FMT.
Most of the microbiota suspension which was transferred into
the gut of patients was fresh (87.5%, 28/32), and 68.7% (22/
32) of those were prepared by the method of WMT (Zhang
et al., 2020).

Maintaining Time of the Efficacy
Among the 32 patients, at one month, three months, and six
months after FMT, the rates of clinical response were 75.0%
(24/32), 78.1% (25/32) and 71.9% (23/32), respectively; and
the clinical remission rates were 59.4% (19/32), 62.5% (20/32)
and 62.5% (20/32), respectively (Figure 2). In the past
treatment history, at one month, three months, and six
months after IFX, the rates of clinical response were 65.6%

FIGURE 1 | Flow chart of the study. CD, Crohn’s disease; IFX, infliximab; HBI, Harvey-Bradshaw index; PNR, primary non-response; SLOR, secondary loss of
response; FMT, fecal microbiota transplantation; mo, month; AEs, adverse events.
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(21/32), 62.5% (20/32) and 62.5% (20/32), respectively; and
the clinical remission rates were 56.3% (18/32), 50.0% (16/32)
and 46.9% (15/32), respectively. There was no apparent
difference in efficacy at the three follow-up time points
between IFX and FMT by Fisher’s exact test (FMT vs IFX,
response: 1 month p � 0.585, 3 months p � 0.274, 6 months p �
0.595; remission: 1 month p � 1.000, 3 months p � 0.450,
6 months p � 0.315) (Figure 2).

As shown in Figure 3A, 21 patients achieved clinical
response at one month after IFX, and 24 patients had
clinical response at one month after FMT. Later, rates of
clinical relapse were significantly higher in IFX treatment
stage {log-rank test p � 0.004 (HR � 2.783 (95% confidence
interval (CI) 1.446 to 5.355)). Similarly, in Figure 3B, rates of
clinical relapse were significantly higher in IFX treatment
stage (log-rank test p � 0.0009 [HR � 3.081 (95% CI
1.43–6.639)] in patients who reached clinical remission at
one month after IFX (n � 18) and FMT (n � 19). The median
maintaining time of the clinical remission from IFX was
13 months (IQR, 7–24), and from FMT was 17 months
(IQR, 9–40). As shown in Figure 1, 10 patients achieving
sustained clinical remission from FMT and without relapse at
the final follow-up point, and their median maintaining time
of clinical remission was 28 months (IQR, 7.75–42.5).
However, all patients undergoing IFX treatment had
disease relapse before being recruited into the current study.

Clinical Factors Affecting Maintaining Time
of Efficacy from FMT
To identify which clinical factors were correlated to the short-
term and long-term efficacy of FMT, univariable and
multivariable logistic regression analysis were used to evaluate
independent predictors of efficacy at one month and one year
after FMT.

In univariate analysis, the baseline HBI, disease activity, and
with or without the second course of FMT before relapse
significantly affected the short-term (one month) efficacy of
FMT (p � 0.002, p � 0.003, p � 0.024). Patients with lower
baseline HBI, mild disease activity or second course of FMT
before relapse achieved remarkably better efficacy at one month
after FMT. Additionally, the baseline HBI, disease activity and
gender of donor were significantly associated with the long-term
(one year) efficacy of FMT (p � 0.008, p � 0.005, p � 0.003)
(Table 3). Lower baseline HBI, mild disease activity or microbiota
suspension from female donors contributed to better clinical
outcomes at one year after FMT.

Further multivariate analysis revealed that the gender of
the donor (95% CI: 0.001–0.72; p � 0.031) was an independent
predictor of efficacy at one year after FMT (Table 3). Patients
undergoing FMT with microbiota suspension from female
donors tended to have a higher possibility of achieving
clinical remission at one year after FMT. As shown in
Supplementary Figure S1, the area under the receiver
operating characteristic curve of gender was 0.775 (95%
CI: 0.603–0.946, p � 0.008), the sensitivity was 66.7%, the
specificity was 88.2%.

TABLE 2 | Characteristics of included patients.

Characteristic N = 32

Age at FMT, (years, mean ± SD) 29.8 ± 8.4
Gender, male, n (%) 22 (68.8)
Age of diagnosis, (years, mean ± SD) 24.4 ± 6.6
Time from diagnosis to first FMT, (years, median (IQR)) 5.5 (2.0–9.8)
Age of onset, (years, mean ± SD) 22.7 ± 7.2
Duration of disease, (years, median (IQR)) 6.5 (3.0–10.0)
Follow-up, (months, mean ± SD) 50.9 ± 24.4
Time between final IFX and FMT, (months, median (IQR)) 12.0 (6.0–24.0)
Current smoker, n (%) 5 (15.6)
Corticosteroid-dependent, n (%) 2 (6.3)
Baseline HBI, median (IQR) 9.0 (6.0–13.0)
Baseline disease activity, n (%)
Mild (5–7) 13 (40.6)
Moderate (8–16) 17 (53.1)
Severe (≥17) 2 (6.3)

Age at diagnosis, year, n (%)
A1 (<17) 5 (15.6)
A2 (17–40) 27 (84.4)
A3 (>40) 0 (0)

Disease location, n (%)
Ileum (L1) 5 (15.6)
Colon (L2) 6 (18.7)
Ileocolic (L3) 18 (56.3)
Upper tract (L4) + (L1/L2/L3) 3 (9.4)

Phenotype, n (%)
Inflammatory (B1) 11 (34.4)
Stricturing (B2) 14 (43.7)
Penetrating (B3) 7 (21.9)
Perianal disease (p), n (%) 5 (15.6)

Previous therapy, n (%)
5-ASA 31 (96.9)
Corticosteroid 19 (59.4)
Azathioprine 21 (65.6)
Enteral nutrition 10 (31.3)
infliximab 32 (100)

Concomitant medications, n (%)
5-ASA 24 (75)
Corticosteroid 3 (9.4)
Azathioprine 5 (15.6)
Thalidomide 8 (25)
EEN 13 (40.6)

Previous surgery related to CD, n (%)
Perianal 9 (28.1)
Resection 5 (15.6)
Colectomy 2 (6.3)
Ostomy 2 (6.3)

Delivering route, n (%)
Gastroscopy 21 (65.6)
Mid-gut TET 7 (21.9)

Frequency of the 1st FMT, n (%)
Single 27 (84.4)
Multiple (≥2) 5 (15.6)

Form of bacterial suspension, n (%)
Fresh 28 (87.5)
Frozen 4 (12.5)

Preparation of fecal microbiota
Manual 10 (31.3)
Automatic 22 (68.7)
Age of donor, (years, median (IQR)) 17.5 (13–23)

Gender of donor, n (%)
Male 12 (37.5)
Female 20 (62.5)

IQR, interquartile range; IFX, infliximab; HBI, Harvey–Bradshaw Index; FMT, fecal
microbiota transplantation; CRP, C-reactive protein; TET, transendoscopic enteral
tubing; EEN, exclusive enteral nutrition; CRP, C-reactive protein.
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Safety
No serious AEs associated with FMT were observed during and after
FMT. During the follow-up period, three episodes of AEs were
observed in two patients, with the rate of AEs was 6.3% (2/32). All
AEs occurred within 24 h after FMT, including fever and diarrhea, and
were self-recovered without medication in the short term (Table 4).

During the follow-up of IFX treatment, 21.9% (7/32) of
patients with serious AEs associated with IFX were observed,
and 24 episodes of AEs were observed in 15 (15/32, 46.9%)
patients. As listed in Table 4, AEs are mainly related to
immunosuppression (infections) or drug-related
immunogenicity (AIR and DHR). Two severe tuberculosis
infections in two patients were recorded. Eleven patients had
14 episodes of AIR, including fever, rash, dyspnea, palpitation,
laryngeal edema, pruritus, abdominal pain, intestinal bleeding
and chest distress. In total, the occurrence of AIR led to IFX
discontinuation in 4 patients. None of the AIR episodes was life-
threatening. Eight patients had 10 episodes of DHR, including
lymphatic tuberculosis, loss of weight, intestinal bleeding, fatigue,
abnormal liver function, tuberculosis, drowsiness and flatulence,
which lead to IFX discontinuation in 6 patients.

Comparing the incidences of AEs between FMT and IFX
treatment by Fisher’s exact test, the rate of AEs from FMT was
significantly lower than that from IFX (p � 0.002).

DISCUSSION

Loss of response to anti-TNF is frequent, estimated at 13%
per year for IFX (Gisbert and Panes, 2009). In view of the
present study, CD patients with prior loss of response or
intolerance to IFX, switching to FMT that is effective and safe,
seems to be a promising approach. Increasing studies have
demonstrated that FMT could effectively induce clinical
remission and improve clinical symptoms in patients with
active CD in a short-term observation with a low incidence of
AEs (Colman and Rubin, 2014; Cui et al., 2015a; Suskind
et al., 2015; Sokol et al., 2020). The current real-world study
evaluated the efficacy and safety of FMT for CD patients who
had prior IFX failure and determined those clinical factors
with the predictive role for the short-term and long-term
therapeutic success or failure. Furthermore, our study first

FIGURE 2 | The efficacy of fecal microbiota transplantation (FMT) and infliximab (IFX).

FIGURE 3 | Evolution without clinical relapse (A) Time to lose response in patients who had achieved clinical response. At 1, 15, 30, 45, 60, and 75 months after
FMT, 24, 12, 10, 6, 2 and 0 patients maintaining clinical response were followed, respectively. At 1, 15, 30, 45, 60, and 75 months after IFX, 21, 7, 3, 0, 0 and 0 patients
maintaining clinical response were followed, respectively. Rates of clinical relapse were significantly higher in IFX treatment stage than those in FMT treatment stage (log-
rank test p � 0.004) (B) Time to lose response in patients who had achieved clinical response. At 1, 20, 40, 60 and 80months after FMT, 19, 10, 7, 2 and 0 patients
maintaining clinical remission were followed, respectively. At 1, 20, 40, 60 and 80 months after IFX, 18, 10, 0, 0 and 0 patients maintaining clinical remission were
followed, respectively. Rates of clinical relapse were significantly higher in IFX treatment stage than those in FMT treatment stage (log-rank test p � 0.0009). FMT, fecal
microbiota transplantation; IFX, infliximab; N, number of patients.
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compared the efficacy and safety between FMT and IFX in
the world.

Our remission rates at one month, three months and six
months after FMT were higher than those of IFX without
significant difference. The rates of clinical remission from
FMT were about 60% within half a year after administration,
which was consistent with those reported in the previous
cohort and randomized controlled studies (Wang et al., 2018;
Allegretti et al., 2020; Sokol et al., 2020; Xiang et al., 2020). In
addition, our findings revealed that patients with prior loss of
response or intolerance to IFX in CD could achieve a longer
maintaining time of efficacy from FMT than that from the
IFX treatment stage. Furthermore, similar to several previous
reports, the results of the present study in Table 3 also
demonstrated that patients undergoing multiple courses of
FMT before relapse to consolidate efficacy could achieve
longer maintaining time (Li et al., 2019; Sood et al., 2019;
Li et al., 2020; Xiang et al., 2020).

In the multivariate analysis, the gender of the donor
(female) was an independent factor for the efficacy of
FMT, which indicated that patients undergoing FMT with
microbiota suspension from female donors tended to have a
higher possibility of achieving clinical remission at one year
after FMT. Currently, the possible factors to affect the efficacy
of FMT are focused on FMT methodology, including donor
screening, laboratory preparation, and delivery ways (Lai
et al., 2019). A meta-analysis review by Ianiro et al.
reported that the colonoscopy was associated with higher
efficacy rates of FMT for recurrent Clostridium difficile
infection (rCDI) (Ianiro et al., 2018). Additionally, Sokol
et al. first conducted a pilot randomized controlled study

indicated that higher colonization by donor microbiota in
patients with CD was associated with maintenance of
remission in small sample sizes (Sokol et al., 2020). In our
other studies with larger sample sizes (Li et al., 2019; Xiang
et al., 2020), we did not find the independent factors for the
efficacy of FMT in CD. The audience should be cautious with
the present result on the gender of donors influencing the
efficacy of FMT. More studies with larger sample sizes are
necessary to confirm the factors that influence the efficacy
of FMT.

The safety of FMT in CD has been reported by our recent
work (Wang et al., 2018). Here, no long-term (>1 month)
(Ding et al., 2019) FMT-related AEs and SAEs were observed
during the follow-up. However, the rates of AEs and SAEs of
IFX during the follow-up were significantly higher than those
of FMT. Many AEs of IFX in our study led to IFX
discontinuation, which is similar to the findings reported
by Zabana et al. (Zabana et al., 2010). 34.4% (11/32) of
patients had AIR during IFX treatment, but only 12.5% (4/
32) had DHR in the study. The incidence of an AIR is about
6.5%, with mild, moderate, or severe reactions occurring in
3.1, 1.2, and 1% of IFX infusions, respectively (Cheifetz et al.,
2003; Ma et al., 2019).

A study with a large sample size of Spanish demonstrated that
the cumulative incidence of loss of response at 5 years was 45%
after a second anti-TNF line and 38% after a third anti-TNF line
(Casanova et al., 2020). Additionally, patients with immunogenic
failure of a first anti-TNF easily developed failure of the second
anti-TNF prescribed as monotherapy in 85% of patients within
2 years of follow-up (Roblin et al., 2018). Notably, according to
the reports by Christian, biologicals are the main contributor to

TABLE 3 | Clinical factors for efficacy of fecal microbiota transplantation.

N = 32 Remission (n = 19) (1 mo post-FMT) Remission (n = 17) (1 yr post-FMT)

Variables Univariate Multivariate Univariate Multivariate

p Or (95%CI) p p OR (95%CI) p

Age at FMT 0.457 — – 0.975 – –

Gender 0.467 — – 0.128 – –

Age of diagnosis 0.975 — – 0.338 – –

Time from diagnosis to first FMT 0.312 — – 0.574 – –

Age of onset 0.365 — – 0.626 – –

Duration of disease 0.623 — – 0.39 – –

Time between final IFX and FMT 0.127 — – 0.135 – –

Reasons for the failure of IFX 0.961 — – 0.712 – –

Baseline HBI 0.002 0.888 (0.623–1.266) 0.512 0.008 0.850 (0.613–1.177) 0.328
Baseline disease activity 0.003 8.966 (0.414–194.39) 0.162 0.005 3.218 (0.162–63.79) 0.443
Disease location 0.735 — — 0.178 — —

Perianal disease 0.625 — — 1.000 — —

Delivering route 0.450 — — 0.529 — —

With EEN during FMT 0.598 — — 0.430 — —

With 2nd FMT before relapse 0.024 11.211 (0.794–158.21) 0.074 0.060 7.628 (0.303–191.89) 0.217
Form of bacterial suspension 1.000 — — 1.000 — —

Preparation of fecal microbiota 0.467 — — 0.712 — —

Age of donor 0.068 0.884 (0.733–1.066) 0.197 0.059 0.745 (0.533–1.042) 0.086
Gender of donor 0.473 — — 0.003 0.027 (0.001–0.720) 0.031

Mo, month; yr, year; FMT, fecal microbiota transplantation; IFX, infliximab; HBI, Harvey-Bradshaw Index; EEN, exclusive enteral nutrition; p < 0.05 was considered statistically significant.
Clinical factors with p < 0.1 by univariate analysis were included into multivariable logistic regression analysis.
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TABLE 4 | The adverse events of infliximab and fecal microbiota transplantation.

The AEs of IFX

Pt Related AEs Time from the initial infusion Time from the recent infusion Causality Discontinuation of IFX SAEs Cured

1 Fever 2 h 2 h Probable × × √
Lymphatic tuberculosis 0.5 mo 0.5 mo Probable √ √ √

2 Rash 6.5 mo 2 h Probable × × √
Dyspnea 7.5 mo 2 h Probable √ √ √
Palpitation 7.5 mo 2 h Probable √ √ √

3 Laryngeal edema 0.5 mo 2 h Probable √ √ √
4 Pruritus 6.5 mo 2 h Probable × × √
5 Abdominal pain 2 h 2 h Possible × × √

Loss of weight 1 mo 1 mo Possible √ √ √
6 Rash 2 h 2 h Probable × × √

Intestinal bleeding 1 mo 1 mo Possible √ √ √
Fatigue 1 mo 1 mo Possible × × √

7 Intestinal bleeding 24 h 24 h Possible × × √
8 Abnormal liver function 3 mo 0.5 mo Probable × × √
9 Chest distress 2 h 2 h Probable × × √
10 Laryngeal edema 7.5 mo 2 h Probable √ √ √

Dyspnea 7.5 mo 2 h Probable √ √ √
11 Rash 2 h 2 h Probable × × √

Tuberculosis 6 mo 1 mo Probable √ √ √
12 Fatigue 7.5 mo 1 mo Possible √ × √

Drowsiness 7.5 mo 1 mo Possible √ × √
13 Flatulence 1 mo 1 mo Possible × × √
14 Fatigue 26 mo 2 mo Possible √ × √
15 Rash 7.5 mo 2 h Probable √ × √

The AEs of FMT

Pt AEs Time from FMT Causality SAEs Cured

1 Fever 6 h Probable × √
2 Diarrhea 2 h Probable × √

Fever 12 h Probable × √

AEs, adverse events; IFX, infliximab; SAEs, serious adverse events; FMT, fecal microbiota transplantation; hr, hour; mo, month.

Frontiers
in

P
harm

acology
|w

w
w
.frontiersin.org

M
ay

2021
|V

olum
e
12

|A
rticle

658087
9

Liet
al.

FM
T
for

C
rohn

’s
D
isease

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


the cost of care for IBD from a European perspective, and
clinicians need to be responsible for choosing therapies that
are clinically safe and effective as well as affordable to society
(Selinger, 2020).

The present study has several strengths: 1) With regard to
FMT, all recipients had prior IFX failure; 2) Comparisons of
efficacy and safety between FMT and IFX were performed in the
longitudinal study, which is the first report so far in the world; 3)
Our findings highlighted that FMT should be a new option for
patients with prior IFX failure.

There were also some limitations in the present study. The
clinical details of IFX were retrospective data from patients, which
presented subjectivity. A scientific clinical predictive model
should be established in further study on a larger sample size.
A randomized and controlled study comparing the efficacy and
safety between FMT and second or third line anti-TNF currently
used by the patients with prior IFX failure should be conducted to
draw a more definite conclusion.

In conclusion, compared with IFX, FMT had a similar effect of
induction, longer maintaining time and a lower incidence of AEs
in the present population. These results will encourage clinicians
to consider FMT into practice as a new therapy option for
patients with prior failure of IFX in CD.
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