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                                                                                                                    OBJECTIVES:     Fecal microbiota transplant (FMT) is a highly effi cacious treatment for recurrent or refractory 

 Clostridium diffi cile  infection (CDI); however, 10–20% of patients fail to achieve cure after a single 

FMT. The aim of this study was to identify risk factors associated with FMT failure and to develop 

and validate a prediction model for FMT failure.

    METHODS:     Patient characteristics, CDI history, FMT characteristics, and outcomes data for patients treated 

between 2011 and 2015 at three academic tertiary referral centers were prospectively collected. 

Early FMT failure was defi ned as non-response or recurrence of diarrhea associated with positive 

stool  C. diffi cile  toxin or PCR within 1 month of FMT. Late FMT failure was defi ned as recurrence 

of diarrhea associated with positive stool  C. diffi cile  toxin or PCR between 1 and 3 months of 

the FMT. Patient data from two centers were used to determine independent predictors of 

FMT failure and to build a prediction model. A risk index was constructed based on coeffi cients 

of fi nal predictors. The patient cohort from the third center was used to validate the prediction 

model.

    RESULTS:     Of 328 patients in the developmental cohort, 73.5% ( N =241) were females with a mean age of 

61.4±19.3 years; 19.2% ( N =63) had infl ammatory bowel disease (IBD), and 23.5% ( N =77) were 

immunocompromised. The indication for FMT was recurrent CDI in 87.2% ( N =286) and severe or 

severe-complicated in 12.8% ( N =42). FMT was performed as an inpatient in 16.7% ( N =54). The 

stool source was patient-directed donors in 40% ( N =130) of cases. The early FMT failure rate was 

18.6%, and the late failure rate was 2.7%. In the multivariable analysis, predictors of early FMT 

failure included severe or severe-complicated CDI (odds ratio (OR) 5.95, 95% confi dence interval 

(CI): 2.26–15.62), inpatient status during FMT (OR 3.78, 95% CI: 1.55–9.24), and previous 

CDI-related hospitalization (OR 1.43, 95% CI: 1.18–1.75); with each additional hospitalization, 

the odds of failure increased by 43%. Risk scores ranged from 0 to 13, with 0 indicating low risk, 

1–2 indicating moderate risk, and ≥3 indicating high risk. In the developmental cohort, early FMT 

failure rates were 5.6% for low risk, 12.7% for moderate risk, and 41% for high-risk patients. Of 

134 patients in the validation cohort, 57% ( N =77) were females with a mean age of 66±18.1 years; 

9.7% ( N =13) had IBD, and 17.9% ( N =24) were immunocompromised. The early FMT failure rate 

at 1 month was 19.4%, with an additional 3% failing by 3 months. In the validation cohort, FMT 

failure rates were 2.1% for low risk, 16.1% for moderate risk, and 35.7% for high risk patients. 

The area under the receiver operating characteristic curve (AUROC) for FMT failure was 0.81 in the 

developmental cohort and 0.84 in the validation cohort.
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Predictors of Early Failure After FMT for Therapy of CDI

    CONCLUSIONS:     Severe and severe-complicated indication, inpatient status during FMT, and the number of previous 

CDI-related hospitalizations are strongly associated with early failure of a single FMT for CDI. The 

novel prediction model has good discriminative power at identifying individuals who are at high risk 

of failure after FMT therapy and may assist the treating physician in subsequent management plans.

   Am J Gastroenterol  2016; 111:1024–1031; doi: 10.1038/ajg.2016.180; published online 17 May 2016 

        INTRODUCTION

   Clostridium diffi  cile  infection (CDI) is one of the most common 

hospital-acquired infections in developed countries, with increas-

ing incidence, severity, and mortality over the last decade. Follow-

ing a course of standard antibiotic therapy for CDI, approximately 

20–30% of patients will experience a recurrence. Th e risk of recur-

rence continues to rise with each subsequent episode, approach-

ing 50–60% aft er the third episode ( 1 ). Managing patients with 

recurrent CDI is a major clinical challenge, as standard antibiotic 

therapy oft en proves largely ineff ective.

  Fecal microbiota transplantation (FMT), which aims to restore 

intestinal microbiota and colonization resistance, has emerged 

as the most eff ective alternative in the management of recurrent 

CDI, although the precise mechanism of cure remains unknown 

( 2–4 ). Th ree randomized controlled trials and four systematic 

reviews demonstrated a cure rate of at least 80% ( 5–10 ). Th e effi  -

cacy appears to be higher when FMT is infused by the lower route 

and with larger stool inoculums compared with the upper route 

of delivery or with a lower volume of fecal slurry ( 11 ). Fresh or 

frozen and thawed FMT ( 12,13 ) and volunteer or universal stool 

donors ( 11 ) appear to off er similar effi  cacy rates, and stool banks 

have been developed to provide material for FMT more effi  ciently.

  Although highly effi  cacious for recurrent CDI, approximately 

10–20% of patients will fail the fi rst FMT, and a smaller proportion 

may not respond to FMT at all despite multiple treatments ( 11 ). 

Th e cause of FMT failure in the treatment of CDI is not known. A 

few small studies have suggested potential patient characteristics 

contributing to FMT failure, such as advanced age ( 14 ), severity of 

CDI ( 15 ), and immunocompromised state ( 16 ).

  In this multicenter study, we aimed to identify risk factors asso-

ciated with FMT failure. We developed a predictive model and 

built a risk index for FMT failure based on the model. We then 

validated the index in an independent cohort of patients. Our 

goal was to accurately stratify patients into low-, moderate-, and 

high-risk groups for FMT failure based on patient and procedure 

characteristics before or at the time of FMT.

    METHODS

   Study cohort

  Th is retrospective study included adults (≥18 years) who received 

FMT for recurrent, severe, or severe-complicated CDI between 

January of 2011 and March of 2015 at University Hospital, 

Indiana University, Indianapolis, IN, Women’s Medicine Collabo-

rative, Th e Miriam Hospital, Brown University, Providence, RI, 

and University of Alberta Hospital, Edmonton, AB, Canada. Each 

center is known for high volume FMT, treating at least 80 cases 

of CDI per year, and maintains a prospective program database.

  Recurrent CDI was defi ned as at least three episodes of CDI 

and failure of a 6- to 8-week vancomycin taper or pulse-dosed 

therapy or at least two episodes of CDI requiring hospitalization. 

Severe CDI was defi ned as serum albumin concentration <3 g/dl 

and the presence of either of the following: abdominal tender-

ness or white blood cell count (WBC) >15,000 cells/mm 3 . Severe-

complicated CDI was defi ned as any of the following: admission 

to an intensive care unit for CDI, hypotension with or without 

the required use of vasopressors, fever ≥38.5 °C, ileus or signifi -

cant abdominal distension, mental status changes, WBC >35,000 

or <2000 cells/mm 3 , serum lactate >2.2 mmol/l, and end-organ 

dysfunction ( 17 ).

  Early FMT failure was defi ned as non-response or recurrence 

of diarrhea associated with positive stool  C. diffi  cile  toxin or PCR 

within 1 month of FMT. Late FMT failure was defi ned as recur-

rence of diarrhea associated with positive stool  C. diffi  cile  toxin or 

PCR between 1 and 3 months post FMT. FMT was delivered pre-

dominately by colonoscopy. Both patient-directed and universal 

stool donors as well as fresh or frozen and thawed stools were used, 

depending on availability. Sporicidal disinfection was performed 

in patient rooms as per institutional protocols; specifi c instruc-

tions with handouts regarding sporicidal home cleaning were 

provided to patients to prevent reinfection. Post-FMT follow-up 

included either clinic visits or phone calls at intervals that varied 

by site to assess for short- and long-term success. Patients who did 

not complete at least 3 months of follow-up post FMT at the time 

of the data extraction were excluded.

  Immunocompromised state was defi ned as any of the follow-

ing: HIV infection (any CD4 count), AIDS-defi ning diagnosis or 

CD4 <200/mm 3 , inherited or primary immune disorders, ongo-

ing treatment with anti-neoplastic agents or immunosuppressant 

medications (including but not limited to monoclonal antibodies 

to B and T cells, anti-tumor necrosis factor agents, systemic 

steroids (≥20 mg prednisone/day), antimetabolites (azathioprine, 

6-mercaptopurine, methotrexate), calcineurin inhibitors (tacro-

limus, cyclosporine), and mycophenolate mofetil). Data were 

abstracted from electronic medical records, telephone inter-

views, and FMT program databases. To develop and test the per-

formance of the prediction model for FMT failure, we separated 

these individuals into developmental and validation cohorts. Th e 

developmental cohort included patients from Indiana and Brown 

Universities, and the validation cohort included patients from 

University of Alberta. Th e Institutional Review Boards of all three 

participating centers approved the study.

    Risk factors for FMT failure

  Potential risk factors associated with FMT failure were divided 

into three categories: patient characteristics, CDI history and 
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management, and FMT variables. Th ese risk factors were chosen 

based on clinical relevance and previous reports.

   1  .    Patient characteristics included patient age at the time of 

FMT, gender, underlying infl ammatory bowel disease (IBD), 

immunocompromised state, the use of antisecretory therapy 

such as proton-pump inhibitor or H2-blocker, diverticulosis, 

prior history of colectomy or presence of ileal-pouch anal 

anastomosis, and the use of non-CDI antibiotic within 8 

weeks of FMT. 

  2  .    CDI history and management included a number of prior 

CDI episodes, history and a number of CDI-related hospi-

talizations, CDI treatment, and the use of CDI antibiotic or 

probiotic within 8 weeks of FMT, inpatient vs. outpatient 

status, relevant laboratory data such as WBC and serum 

albumin concentration, as well as the presence or absence of 

pseudomembranes at the time of FMT. 

  3  .    FMT variables included indication for FMT (recurrent, 

severe, or severe-complicated CDI), donor type (patient 

directed vs. volunteer), stool type (fresh or frozen), and 

method or location of delivery (NG tube, sigmoidoscopy vs. 

colonoscopy; beyond or below splenic fl exure). 

     Prediction model development, validation, and statistical 

analysis

  Th e fi rst step in the development of the prediction model involved 

evaluating the bivariable association between each risk factor and 

FMT failure. Summary statistics were calculated for patients with 

FMT failure and those with success. Comparison was performed 

using the non-parametric Wilcoxon rank-sum test for continuous 

variables and Fisher’s exact test for categorical variables. A multi-

variable logistic regression analysis was performed to determine 

the fi nal predictors for FMT failure. All potential risk factors were 

included into the model with a forward stepwise variable selec-

tion method. Th e cutoff   P  value of 0.01 was used in the stepwise 

variable selection procedure to determine when to stop selecting 

more factors into the model. To examine the appropriate func-

tional form of the eff ect that continuous variables had on FMT 

failure, we divided each continuous variable into intervals with 

equal length. We calculated the failure rate for each interval and 

plotted the log-odds of FMT failure against the intervals.

  Finally, a risk scoring system was constructed to assign points to 

each risk factor in the fi nal multivariate logistic regression model. 

We calculated the risk points associated with each risk factor by 

dividing the logarithm of the corresponding odds ratio by the low-

est logarithms of odds ratios in the model and rounding to the 

nearest integer. We computed the risk score for each patient by add-

ing the points for each risk factor. Risk groups were created based 

on the distribution of risk points in the developmental cohort and 

patients were divided into low-, moderate-, and high-risk groups 

of approximately equal size according to their risk scores.

  To validate the prediction model and the risk scoring system cre-

ated based on developmental cohort, we applied the point scoring 

system to the validation cohort by determining the risk points for 

each patient. Th e performance of the risk scoring system was eval-

uated by calculating the area under the receiver operating charac-

teristic curve (AUROC) and comparing the failure rates for risk 

groups in the developmental and validation cohorts. All statis tical 

analyses were performed using SAS version 9.4 (SAS, Cary, NC).

     RESULTS

  Th e developmental cohort included a total of 328 patients, with 

179 patients from IU and 149 patients from Brown. Th e early 

FMT failure rate was 18.6% ( N =61). An additional 2.7% ( N =9) 

of patients had CDI-related symptoms again (late FMT failure) 

between 1 and 3 months post FMT. Th e majority of FMT failure 

cases (87% (61/70)) were in the early failure group. Patients with 

severe (72%,  N =19) or severe-complicated (52.9%,  N =9) CDI 

were more likely to have early failure than those with recurrent 

CDI (11.9%,  N =34). All failures but one in severe and severe-

complicated CDI occurred within 1 month and during the hos-

pitalization when FMT was given; some had temporary clinical 

improvement within 24–48 h, but all needed additional anti-CDI 

antibiotics ± repeat FMT(s) to achieve complete symptom resolu-

tion. As the large majority of failures occurred within 1 month 

of FMT, further analysis was based on the early failure outcome.

  Patient baseline characteristics of the developmental cohort are 

shown in  Table 1 . Th e average age was 61.4 years with a female 

predominance. A total of 87.2% of the patients received FMT 

for recurrent CDI, whereas 12.8% of patients met the criteria 

for severe or severe-complicated disease. Of the latter group, 25 

patients had severe and 17 had severe-complicated CDI indication. 

A total of 16% ( N =54) were inpatients with 85% ( N =46) receiv-

ing fresh stool, of which 83% ( N =38) was obtained from on-site 

healthy volunteers. Seventy-seven (23.5%) patients were consid-

ered immunocompromised. Of these, 3 patients had common 

variable immunodefi ciency syndrome, 3 selective IgA defi ciency, 

and 71 received immunosuppressive therapy for the following con-

ditions: 20 patients for solid organ transplant, 29 for IBD, 6 for 

rheumatoid arthritis, 2 for lupus, 1 for bullous pemphigoid, 1 for 

severe chronic obstructive pulmonary disease, 1 for psoriasis, and 

11 patients received chemotherapy for malignancy.

  Several variables were found to be associated with early FMT 

failure in the univariate analysis. Th ese included the use of non-

CDI antibiotics within 8 weeks of FMT, a history of CDI-related 

hospitalization, a number of CDI-related hospitalizations, severe 

or severe-complicated CDI, pseudomembranous colitis, serum 

albumin concentration, and inpatient FMT. Patients with probi-

otic use before FMT, stool delivery beyond the splenic fl exure via 

colonoscopy, and patient-directed stool donor were more likely to 

have success at 1 month.

  On the basis of a multivariable logistic regression model, we 

identifi ed three fi nal predictors of early FMT failure: severe or 

severe-complicated CDI, inpatient status at FMT, and a number 

of prior CDI-related hospitalizations ( Table 2 ). Patients with 

severe or severe-complicated CDI were six times as likely to fail as 

patients with recurrent disease. Patients with FMT performed in 

the in patient setting were nearly four times as likely to fail as those 

with FMT performed in the outpatient setting. In addition, patients 
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with a greater number of CDI-related hospitalizations before 

FMT were more likely to have a failure outcome. Th e number of 

CDI-related hospitalizations was found to have a linear relation 

with the risk of FMT failure, with each additional hospitalization 

increasing the odds of failure by 43%.

  On the basis of the odds ratio of failure associated with a risk 

factor, we assigned fi ve risk points to severe or severe-complicated 

CDI, four risk points to inpatient setting, and one point to each 

CDI-related hospitalization before FMT ( Table 2 ). Th e risk score 

for a patient is calculated by adding the points for each risk fac-

tor. For example, a patient with severe CDI and two CDI-related 

hospitalizations before FMT would have a risk score of 7 points 

if the FMT is performed in an outpatient setting. Th e risk scores 

ranged from 0 to 13 points in the developmental cohort, with a 

mean of 2.5 and a standard deviation of 3.3. Tertiles of the risk 

scores were used to divide patients equally into low-, moderate-, 

and high-risk groups. In the developmental cohort, patients in the 

low-risk category (0 points) had a 5.6% failure rate; patients in the 

moderate-risk group (1–2 points) had a 12.7.% failure rate; and 

patients in the high-risk category (3 points or higher) had a 41% 

failure rate ( Table 3 ).

  Th e validation cohort included a total of 134 patients ( Table 4 ). 

Th e overall failure rate was 22.4% (19.4% for early failure and 3% 

for late failure). Similar to the developmental cohort, the risk scor-

ing system discriminated well among the three risk categories at 

predicting early FMT failure, with failure rates for low-, moderate-, 

 Table 1  .     Baseline characteristics of the developmental cohort at the time of FMT 

    Total (   N   =328)    Success at 1 month 

(   N   =267)  

  Failure at 1 month 

(   N   =61)  

  Odds ratio (95% 

confi dence interval)  

  Patient characteristics  

  Age, mean (s.d.)  61.45 (19.30)  60.76 (19.56)  64.51 (17.94)  1.01 (0.99–1.03) 

  Female gender,  n  (%)  241 (73.5%)  196 (73.4%)  45 (73.8%)  1.02 (0.54–1.92) 

  IBD,  n  (%)  63 (19.2%)  a    50 (18.7%)  13 (21.3%)  1.18 (0.59–2.33) 

  Crohn’s disease,  n  (%)  33 (10.1%)  26 (9.7%)  7 (11.5%)  1.2 (0.5–2.19) 

  Ulcerative colitis,  n  (%)  25 (7.6%)  22 (8.2%)  3 (4.9%)  0.58 (0.17–1.99) 

  Immunocompromised state,  n  (%)  77 (23.5%)  60 (22.5%)  17 (27.9%)  1.33 (0.71–2.5) 

  Diverticulosis,  n  (%)  118 (36.0%)  95 (35.6%)  23 (37.7%)  1.1 (0.62–1.95) 

  Colectomy,  n  (%)  25 (7.6%)  21 (7.9%)  4 (6.6%)  0.82 (0.27–2.49) 

  Use of non-anti-CDI antibiotics within 8 weeks of FMT,  n  (%)  36 (11.0%)  24 (9.0%)  12 (19.7%)  2.48 (1.16–5.29) 

  Anti-secretory therapy before FMT,  n  (%)  117 (35.7%)  93 (34.8%)  24 (39.3%)  1.21 (0.69–2.15) 

  CDI history and management  

  Presence of CDI-related hospitalization before FMT,  n  (%)  180 (54.9%)  137 (51.3%)  43 (70.5%)  2.27 (1.24–4.13) 

  Number of CDI-related hospitalization before FMT, mean (s.d.)  1.16 (1.45)  1.03 (1.38)  1.75 (1.57)  1.36 (1.14–1.62) 

  Number of CDI episodes before FMT, mean (s.d.)  3.93 (2.23)  3.97 (2.13)  3.75 (2.64)  0.97 (0.84–1.09) 

  Use of probiotic before FMT,  n  (%)  189 (57.6%)  162 (60.7%)  27 (44.3%)  0.52 (0.29–0.9) 

  Use of CDI antibiotics within 8 weeks of FMT,  n  (%)  317 (96.6%)  257 (96.3%)  60 (98.4%)  2.33 (0.29–18.59) 

  Presence of pseudomembranes at FMT,  n  (%)  21 (6.4%)  5 (1.9%)  16 (26.2%)  18.63 (6.5–53.39) 

  Inpatient FMT,  n  (%)  54 (16.7%)  24 (9.1%)  30 (50.0%)  10 (5.18–19.3) 

  WBC at FMT, mean (s.d.)  11.37 (10.54)  10.31 (9.72)  14.21 (12.17)  1.03 (1–1.07) 

  Albumin at FMT, mean (s.d.)  3.44 (0.83)  3.64 (0.77)  2.87 (0.73)  0.27 (0.16–0.48) 

  FMT  

  FMT indication,  n  (%) 

   Recurrent  286 (87.2%)  252 (94.4%)  34 (55.7%)  1.00 (Reference) 

   Severe  25 (7.6%)  7 (2.6%)  18 (29.5%)  13.34 (6.46–49) 

   Severe/Complicated  17 (5.2%)  8 (3%)  9 (14.8%)   

  Stool delivery: beyond splenic fl exure,  n  (%)  249 (76.9%)  210 (79.8%)  39 (63.9%)  0.45 (0.25–0.82) 

  Stool donor type: patient directed,  n  (%)  130 (39.8%)  114 (42.7%)  16 (26.7%)  0.49 (0.26–0.91) 

 CDI,  Clostridium diffi cile  infection; FMT, fecal microbiota transplantation; IBD, infl ammatory bowel disease; WBC, white blood cell count. 

   a   Among the IBD patients, fi ve were classifi ed as indeterminate colitis.  
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regression model, we found a single predictor of early FMT failure: 

each CDI-related hospitalization before FMT increased the risk 

by 1.4 fold (95% CI: 1.16–1.69,  P <0.001, risk point=1). Failure 

rates according to risk scores ranging from 0 to 8 are depicted in 

 Table 6 .

  Only 2.8% ( N =13) of patients in the developmental and valida-

tion cohort combined ( N =462) had late failure between 1 and 3 

months. Of these, 53.8% ( N =7) were females, 46.2% ( N =6) had 

IBD on immunosuppressive therapy, and 92.3% ( N =12) had recur-

rent CDI indication for FMT.

and high-risk groups at 2.1, 16.1, and 35.7%, respectively. ( Table 3 ) 

Th e point scoring system had slightly better discrimination in 

the validation cohort than in the developmental cohort, with an 

AUROC for FMT failure of 0.81 in the developmental cohort and 

0.84 in the validation cohort ( Figure 1 ).

  As inpatient status is likely surrogate for patients’ overall dis-

ease severity and health status, we developed a second risk scoring 

model without the inpatient variable. Excluding inpatient status 

did not identify factors predictive of early FMT failure in addi-

tion to severe or severe-complicated CDI and a number of CDI-

related hospitalizations before FMT. On the basis of the odds ratios 

estimated in this model, we assigned eight risk points to severe or 

severe-complicated CDI (OR 14.48, 95% CI 6.82–30.7,  P <0.001) 

and one risk point to the each CDI-related prior hospitalization 

(OR 1.41, 95% CI 1.16–1.72,  P <0.001). Early failure rates for each 

risk tertile in the developmental and validation cohorts are shown 

in  Table 5  and receiver operating characteristic curves in  Figure 2 . 

Prediction models without the inpatient status yielded slightly 

worse discrimination in the developmental (1% lower AUROC) 

and validation cohorts (3% lower AUROC).

  As the majority of patients who underwent FMT were outpa-

tients, we performed a subgroup analysis to identify risk factors of 

FMT failure among outpatient FMTs. Data from all three sites were 

combined for this analysis because of the small number of early 

failures ( N =37 failures). On the basis of the multivariable logistic 

 Table 2  .     Risk factors associated with FMT failure at 1 month after 

treatment in multivariable analysis in the developmental cohort 

and associated risk points 

  Risk factor    Odds ratio (95% 

confi dence interval)  

   P    value    Estimated 

risk points  

 Severe or severe/compli-

cated indication 

 5.95 (2.26–15.62)  <0.001  5 

 Number of CDI-related 

hospitalization before 

FMT 

 1.43 (1.18–1.75)  <0.001  1 

 Inpatient FMT  3.78 (1.55–9.24)  0.004  4 

 CDI,  Clostridium diffi cile  infection; FMT, fecal microbiota transplantation. 

 Table 3  .     Rates of early FMT failure according to risk scores in the 

developmental and validation cohorts 

  Risk score    Developmental cohort    Validation cohort  

     N     FMT failure     N     FMT failure  

 0  126  7 (5.6%)  47  1 (2.1%) 

 1–2  102  13 (12.7%)  31  5 (16.1%) 

 3+  100  41 (41%)  56  20 (35.7%) 

 Area under the 

ROC curve 

 0.81  0.84 

 FMT, fecal microbiota transplantation; ROC, receiver operating characteristic. 

 Table 4  .     Baseline characteristics of the validation cohort at the 

time of FMT 

    Total 

(   N   =134)  

  Success at 

1 month 

(   N   =108)  

  Failure at 

1 month 

(   N   =26)  

  Patient characteristics  

  Age, mean (s.d.)  65.89 (18.07)  64.74 (18.74)  70.68 (14.27) 

  Female gender,  n  (%)  77 (57.5%)  64 (59.3%)  13 (50.0%) 

  IBD,  n  (%)  13 (9.7%)  12 (11.1%)  1 (3.8%) 

  Crohn’s disease,  n  (%)  6 (4.5%)  5 (4.6%)  1 (3.8%) 

   Ulcerative colitis, 

 n  (%) 

 7 (5.2%)  7 (6.5%)  0 (0%) 

   Immunocompromised 

state,  n  (%) 

 24 (17.9%)  15 (13.9%)  9 (34.6%) 

   Anti-secretory therapy 

before FMT,  n  (%) 

 70 (52.2%)  53 (49.1%)  17 (65.4%) 

  CDI history and management  

   Presence of CDI-

related hospitalization 

before FMT,  n  (%) 

 87 (64.9%)  62 (57.4%)  25 (96.2%) 

   Number of CDI-related 

hospitalization before 

FMT, mean (s.d.) 

 1.49 (1.58)  1.39 (1.65)  1.88 (1.21) 

   Use of CDI antibiotics 

within 8 weeks of FMT, 

 n  (%) 

 134 (100%)  108 (100%)  26 (100%) 

   Presence of pseudo-

membranes at FMT, 

 n  (%) 

 8 (6.0%)  0 (0%)  8 (30.8%) 

  Inpatient FMT,  n  (%)  40 (29.9%)  21 (19.4%)  19 (73.1%) 

   WBC at FMT, mean 

(s.d.) 

 8.03 (3.89)  7.61 (3.52)  9.69 (4.83) 

  FMT  

  FMT indication,  n  (%) 

   Recurrent  117 (87.3%)  105 (97.2%)  12 (46.2%) 

   Severe  15 (11.2%)  3 (2.78%)  12 (46.2%) 

   Severe/Complicated  2 (1.5%)  0 (0%)  2 (7.6) 

   Donor type: patient 

directed,  n  (%) 

 13 (9.7%)  12 (11.1%)  1 (3.8%) 

 CDI,  Clostridium diffi cile  infection; FMT, fecal microbiota transplantation; IBD, 

infl ammatory bowel disease; WBC, white blood cell count. 
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of inpatient FMT (OR=3.78), and a number of CDI-associated 

hospital admissions (OR=1.43). As inpatient FMT is likely a sur-

rogate for patients’ overall disease severity and health status, we 

have built a risk prediction model using either all three variables, 

each assigned a diff erent weight based on OR, or excluding inpa-

tient FMT as a factor. Th e prediction model with inpatient factor 

included performed slightly better in discriminating between low-

risk and high-risk FMT failure in both developmental and valida-

tion cohorts.

  Intuitively, it makes sense that severe CDI and the need to per-

form FMT as an inpatient could predict FMT outcomes. Previ-

ous studies have found that a single FMT was not enough to cure 

severe CDI. For example, Weingarden  et al.  ( 18 ) reported that 

    DISCUSSION

  FMT is the most effi  cacious treatment for recurrent or therapy-

refractory CDI; however, in 10–20% of cases, a single FMT fails to 

provide cure. Th e reason for this is unclear, although it has been 

speculated that patient and CDI disease characteristics or proce-

dural methods may all be factors. To our knowledge, this large 

multicenter, retrospective study is the fi rst to describe clinical 

variables associated with failed FMT and to develop and validate 

a risk model to predict FMT failure.

  We found that the majority of FMT failure following a single 

treatment occurred within the fi rst month (early failure). Only a 

small percentage of FMT failure occurred between 1 and 3 months 

post FMT (late failure). We have identifi ed several independent 

predictors of early failure: severity of CDI (OR=5.95), the need 
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 Figure 1 .     Receiver operating characteristic (ROC) curves for the predic-

tion of fecal microbiota transplantation (FMT) failure at 1 month using risk 

scores.

        

 Table 5  .     Rates of early FMT failure according to risk scores in the 

developmental and validation cohorts based on the model without 

inpatient variable 

  Risk score    Developmental cohort    Validation cohort  

     N     FMT failure     N     FMT failure  

 0  133  8 (6%)  47  1 (2.1%) 

 1–2  109  14 (12.8%)  44  9 (20.5%) 

 3+  86  39 (45.4%)  43  16 (37.2%) 

 Area under the 

ROC curve 

 0.80  0.81 

 FMT, fecal microbiota transplantation; ROC, receiver operating characteristic. 

 Table 6  .     Rates of early FMT failure according to risk score 

(the number of CDI-related hospitalizations before FMT) in the 

combined developmental and validation cohort in the outpatient 

setting 

  Risk score     N     FMT failure  

 0  173  9 (5.2%) 

 1–2  136  18 (13.2%) 

 3+  55  10 (18.2%) 

 Area under the ROC 

curve 

 0.68 

 CDI,  Clostridium diffi cile  infection; FMT, fecal microbiota transplantation; 

ROC, receiver operating characteristic. 

 Figure 2 .     Receiver operating characteristic (ROC) curves for the predic-

tion of fecal microbiota transplantation (FMT) failure at 1 month using risk 

scores with inpatient FMT excluded from the model.
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development and validation of a prediction model. Th e variables 

incorporated in this model made clinical sense and were shown 

to diff er signifi cantly between those who succeeded or failed the 

fi rst FMT. Th is simple and yet novel prediction model appeared to 

have good discriminative power at identifying individuals who are 

at high risk of failure aft er FMT therapy and may assist the treating 

physician in subsequent management plans.

  Th e weaknesses here include inherent limitations of retrospec-

tive studies, such as selection bias and documentation errors. Not 

all variables collected in the developmental cohort were collected 

in the validation cohort. Some of the data such as antibiotic expo-

sure post FMT were recorded retrospectively and were incomplete 

as patients may have received subsequent care outside the study 

centers. Th erefore, the eff ect of post-FMT antibiotic exposure on 

the failure rate could not be examined. As FMT was administered 

predominantly by lower endoscopy in all three centers, it was not 

possible to determine whether the route of delivery has an eff ect on 

failure rates. Furthermore, the weight of donor stool was not exam-

ined as a contributor to failure, which had been shown in a system-

atic review to be a potential factor ( 11 ). In addition, ribotyping of 

 Clostridium diffi  cile  was not performed on these patients, as this is 

not standard practice, nor widely available, and therefore whether 

the hypervirulent strains such as 027/B1/NAP1 may be another 

potential variable cannot be determined. Lack of typing also pre-

vented our ability to distinguish between relapse with the original 

strain vs. reinfection with a diff erent strain.

  Studying the fecal microbiome in patients who have failed 

multiple FMTs may reveal persistent dysbiosis or signature com-

munities predisposing to ongoing CDI. Understanding keystone 

species associated with successful FMT may help optimize donor 

selection and guide the development of next-generation microbial 

therapeutics. A national registry of FMT patients, with clinical 

data and outcomes, would access real-world eff ectiveness and 

safety of the intervention and promote scientifi c investigation 

around manipulation of gut microbiota in humans. Finally, a 

prospective clinical trial off ering sequential FMTs at baseline for 

patients at high risk for failure would help determine the effi  cacy 

of the intervention.

  In conclusion, this is the fi rst study to describe risk factors 

associated with FMT failure and to develop a risk score to pre-

dict patients at high risk of failing a fi rst FMT. Th is simple scoring 

system may be a valuable tool for clinicians as they make decisions 

and counsel patients around the utility of FMT in various clinical 

situations.
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sequential FMT was needed for the resolution of severe CDI in 

two of four patients. In a randomized trial by Cammarota  et al.  ( 6 ) 

comparing FMT with vancomycin for CDI, the fi rst two patients 

with pseudomembranous colitis, a marker of disease severity, died 

aft er receiving only a single FMT. Th erefore, the authors changed 

their protocol, off ering multiple FMTs to those with severe disease, 

curing all fi ve subsequent patients with pseudomembranous coli-

tis. More recently, Fischer  et al.  ( 15 ) published a sequential FMT 

protocol, using FMT in conjunction with vancomycin for severe 

and severe-complicated CDI based on the presence or absence of 

pseudomembranes. In this study, 13 of 29 patients with severe and/

or complicated CDI required 2 sequential FMTs within 10 days, 

with an additional 2 patients requiring a third FMT in the course 

of their management.

  Regardless of CDI severity, patients who undergo FMT 

while hospitalized are at a greater risk for ongoing exposure to 

the organism in the health-care environment and treatment with 

antibiotics for other infections, factors that may contribute to FMT 

failure. Indeed, we found that patients with a greater number of 

CDI-related hospitalizations before FMT are more likely to have a 

failure outcome. With every additional hospitalization, the odds of 

failure increase by 43%. Th ese fi ndings are in keeping with those 

of Baggs  et al.,  ( 19 ) who found that the number of hospitalizations 

in the prior 90 days was predictive of CDI recurrence. It is possible 

that increased exposure to the health-care environment itself has 

a deleterious eff ect on the distal gut microbiota, putting patients at 

greater risk of recurrence. Alternatively, hospitalization may just 

represent a risk for antibiotic exposure.

  Interestingly, the presence of immunosuppression and IBD 

were not found to be predictors of early FMT failure in this 

study, although both of these factors are known to be risk factors 

of CDI ( 20–22 ). We previously reported that the success rate 

aft er a single FMT was 78% in a multicenter study involving 

80 immuno compromised patients, a rate similar to that seen 

in immunocompetent patients ( 16 ). In the subset of 36 IBD 

patients, 86% achieved CDI resolution. Because of the small 

number of patients it was not possible to determine whether IBD 

was a factor aff ecting FMT outcome. More recently, Khoruts  et al.  

( 23 ) found that IBD had a negative impact on FMT outcome, in 

that patients with concurrent IBD and CDI ( N =43) had only 74% 

chance of clearing CDI with a single colonoscopic FMT com-

pared with 92% in those without IBD ( N =229,  P =0.0018). How-

ever, it was not known whether these IBD patients had active 

disease at the time of FMT. In their study, immunosuppressive 

therapy did not impact the FMT outcome. Both of these prior 

studies defi ned FMT failure at 2–3 months rather than 1 month 

as was done in our study. Immunosuppression and IBD might 

have a diff erent impact on early vs. late failure. Given the small 

numbers of patients in these retrospective studies, no defi nitive 

conclusions can yet be drawn.

  Th e strengths of this study relate to its large sample size and mul-

ticenter nature. Each of the study centers has extensive clinical and 

research interest in FMT, following treated patients closely with 

telephone calls and clinic visits and maintaining a database of out-

comes. Th e multicenter nature of our study allowed for both the 
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Fecal microbiota transplant (FMT) is a highly effi cacious 
treatment for recurrent or therapy refractory  Clostridium 
diffi cile  infection (CDI). 

   ✓     A total of 10–20% of patients fail to achieve cure after a 
single FMT. 

    WHAT IS NEW HERE 

    ✓     The majority of failures occur early, within 1 month of FMT. 

   ✓     Inpatient status during FMT, severe or severe-complicated 
CDI, and previous CDI-related hospitalizations are strongly 
associated with early FMT failure. 

   ✓     In the outpatient setting, previous CDI-related hospitaliza-
tions increase the risk of FMT failure. 

   ✓     The proposed simple risk index has good discriminative 
power at identifying individuals at high risk of failure after 
FMT therapy and may assist the clinicians in subsequent 
management plans. 
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