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Running Title:  RBX2660 microbiota-based therapy for CDI 

Summary: In this randomized, double-blinded, placebo-controlled Phase 2B trial, two doses of RBX2660 

did not meet the primary endpoint of superiority to placebo for preventing recurrent Clostridium difficile 

infection. However, RBX2660 was safe, and a single dose was superior to placebo.  
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Abstract 

Background: Despite advancements, recurrent Clostridium difficile infections (CDI) remain an urgent 

public health threat with insufficient response rates to currently-approved antibiotic therapies. 

Microbiota-based treatments appear effective, but rigorous clinical trials are required to optimize dosing 

strategies and substantiate long-term safety. 

Methods: This randomized, double-blind, placebo-controlled Phase 2B trial (NCT02299570) enrolled 

adult patients with two or more CDI recurrences to receive: two doses of RBX2660, a standardized 

microbiota-based drug (Group A); two doses of placebo (Group B); or one dose of RBX2660 followed by 

one dose of placebo (Group C). Efficacy was defined as prevention of rCDI for 8 weeks following 

treatment. Participants who recurred within 8 weeks were eligible to receive up to two open-label 

RBX2660 doses. The primary endpoint was efficacy for Group A compared to Group B. Secondary 

endpoints included the efficacy of Group C compared to Group B, combined efficacy in the blinded and 

open-label phases, and safety for 24 months. 

Results: The efficacy for Groups A, B, and C were 61%, 45%, and 67%, respectively. The primary 

endpoint was not met (P=.152). One RBX2660 dose (Group C) was superior to placebo (Group B; 

P=.048), and the overall efficacy (including open-label response) for RBX2660-treated participants was 

88.8%. Importantly, the proportion of adverse or serious adverse events did not differ significantly 

among treatment groups. 

Conclusions: One but not two doses of RBX2660 was superior to placebo in this randomized, placebo-

controlled trial. These data provide important insights for a larger Phase 3 trial and continued clinical 

development of RBX2660.  

Keywords:  Clostridium difficile infection, recurrence, microbiota-based therapy, placebo, clinical trial  
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Introduction 

Clostridium difficile infection (CDI) is the most common health-care associated infection in the US, an 

urgent public health threat [1-4], and causes significant morbidity, mortality, and healthcare costs [4, 5]. 

The incidence of recurrent CDI (rCDI) is increasing disproportionately to the incidence of primary CDI [6], 

with significantly worse outcomes in patients who develop rCDI [7-10]. In general, antibiotics (including 

CDI antibiotics) disrupt and decrease the diversity of the intestinal microbiota, creating a dysbiotic 

environment in which C. difficile can colonize, proliferate, and produce toxins responsible for 

symptomatic rCDI [11-13]. Accordingly, restoring the composition and diversity of the intestinal 

microbiota protects against recurrence [11,14,15]. 

Recognition of the role of the intestinal microbiota in health and disease has prompted interest in 

microbiota-based approaches for treating rCDI. Several studies have indicated that fecal microbiota 

transplantation (FMT) can help prevent rCDI, with relatively few adverse events (AEs) [16-19], but these 

treatments lack standardization of process and composition. Moreover, definitions and procedures for 

AE reporting, follow-up, and optimal dosing are not clearly established. Several standardized microbiota-

based rCDI therapeutics are in clinical development [20, 21], but to date there are no published 

randomized, blinded, placebo-controlled FDA-registration trials of standardized microbiota therapeutics 

for preventing rCDI. The trial described herein evaluated the efficacy and safety of the microbiota-based 

drug candidate RBX2660 compared to placebo to prevent future rCDI among patients with a history of 

rCDI.  
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Methods 

Study Design and Treatment 

This international multicenter, randomized, doubled-blind, placebo-controlled Phase 2B study 

(NCT02299570) aimed to demonstrate the efficacy and safety of one or two doses of RBX2660 to 

prevent rCDI among patients with a history of multiple rCDI. Participants were randomly assigned to 

receive two blinded treatments by enema as follows: Group A-two doses of RBX2660, Group B-two 

doses of placebo, Group C-one dose of RBX2660 followed by one dose of placebo. Administration of the 

first dose commenced 24-48 hours following completion of CDI treatment antibiotics, with the second 

dose administered 7±2 days thereafter, although the second enema treatment could be administered 

earlier than the 7-day interval if necessary to control suspected CDI recurrence. Participants who failed 

both blinded treatments were eligible to receive up to two open-label doses of RBX2660 7±2 days apart, 

which could be administered after CDI antibiotics at the discretion of the investigator. Additional details 

are included in the online Supplementary Material. 

Study Population 

The study population included participants at least 18 years old with a diagnosis of rCDI and either a) 

two or more documented recurrences of CDI after a primary episode, or b) two or more documented 

episodes of severe CDI resulting in hospitalization. CDI was defined as the presence of diarrhea (three or 

more unformed stools in 24 hours for at least two consecutive days) and a positive stool test for C. 

difficile or its toxins, performed according to the enrolling physician’s standard procedure. Recurrent CDI 

was defined as a diagnosis of CDI that began less than 8 weeks after completion of treatment for a 

previous episode. Participants were required to have a positive stool test within 60 days prior to 

enrolment for the qualifying rCDI episode; to have completed at least two courses of standard-of-care 
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oral antibiotics; and to have rCDI symptoms controlled before treatment. Major exclusion criteria 

included: ongoing or anticipated antibiotic therapy for a condition other than CDI, known or suspected 

causes of diarrhea other than CDI, a compromised immune system, a history of inflammatory bowel 

disease, or pregnancy. A detailed list of inclusion and exclusion criteria is provided in the Supplementary 

Material. 

Study participants were enrolled at 21 centers in the United States and Canada from December 10, 2014 

through November 13, 2015. The study protocol received Institutional Review Board approval at each 

center. All participants provided written informed consent. A medical monitor examined the trial on an 

ongoing case-by-case basis along with a Data Safety Monitoring Board (DSMB) as needed. 

Randomization and Blinding 

Participants were randomized using permuted blocks within three strata based on the antibiotic 

regimen for the enrolling episode (vancomycin, fidaxomicin, or metronidazole) and assigned one of 

three treatments (Group A, B or C) at a 1:1:1 ratio. There was no stratification by site; each drew from 

the same set of blocks. The randomization code, date, and time were captured in the clinical database. 

Study participants, investigators, and site personnel who performed follow-up procedures were blinded 

to the assignment and study drug administration, and the enema administrator was not involved in 

study follow-up. RBX2660 and placebo were shipped in a ready-to-use enema bag shrouded in an 

opaque brown sleeve, and the tubing set was shrouded by the enema administrator during the 

procedure and disposed in an opaque biohazard container after administration.  
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RBX2660 Preparation 

RBX2660 is a microbiota suspension prepared from human stool. Donor selection and screening, and 

RBX2660 preparation were as previously described [20,22] and included a total of 75 doses from 17 

donors. Each dose consisted of a 150 mL suspension containing ≥107 live organisms/mL in a single-dose 

ready-to-use enema bag. The placebo consisted of normal saline and formulation solution in the same 

proportions found in RBX2660. Each unit of RBX2660 and placebo was identified by a unique batch 

number and was traceable to a specific donor and recipient. Drug and placebo were stored frozen at 

−80°C in a secure location at the manufacturer and shipped frozen to the site in a temperature-

controlled container. Products were thawed in a refrigerator for 24 hours and administered within 48 

hours after thawing.  

Study End Points 

The primary endpoint was prevention of recurrence (treatment success) after two doses of RBX2660 

compared with two doses of placebo. Success was defined as the absence of diarrhea and no 

retreatment for CDI, any time after the first dose until 8 weeks after the second dose of assigned study 

treatment. Treatment failure was defined as meeting all four of the following criteria at <8 weeks after 

completion of both assigned blinded study treatments: diarrhea, a positive laboratory diagnosis for C. 

difficile or its toxins as conducted and reported by the study investigator, a need for retreatment for CDI, 

and no other cause for CDI symptoms. An independent DSMB reviewed each participant for final 

determination of treatment success or failure while blinded to the randomization. Some participants 

were declared treatment failures by the study investigator due to suspected CDI recurrence, even 

though all four criteria were not met. These were categorized by the DSMB as having an indeterminate 

response and considered treatment failures for efficacy analyses. In addition, some participants were 
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declared failures and offered open-label treatment after only one blinded study treatment. These were 

recorded as protocol deviations but were classified as failures for efficacy analysis.  

Secondary end points included safety and the following efficacy assessments: one dose of RBX2660 and 

one dose of placebo (Group C) compared to either two doses of placebo (Group B) or two doses of 

RBX2660 (Group A); and the efficacy of up to two open-label RBX2660 doses administered to 

participants who failed blinded treatment. Participants recorded solicited AEs and their symptom 

severity daily through 7 days after the final blinded dose. AEs were assessed at in-office visits at 1, 4, and 

8 weeks after completing the assigned study treatment. Telephone assessments occurred weekly during 

weeks 2, 3 and 5-7 and will continue through 3, 6, 12 and 24 months.  

Statistical Analysis 

To achieve a power of 90% with a two-sided level of significance of 0.05 for an estimated 80% success in 

Group A vs. 40% success in Group B, 105 participants were required for a 1:1:1 randomization ratio. An 

additional 12 enrollments were included to account for 10% attrition, for a total of approximately 39 

participants per group. After the first five participants were enrolled, a protocol modification was made 

to stratify participants according to the antibiotic they received for CDI treatment prior to study 

enrollment. Accordingly, the randomization schedule was recreated and the sample size was increased 

to 44 participants per group. Enrolled participants who withdrew prior to randomization were replaced 

without counting toward the size cap. All analyses were performed on participants in the intent-to-treat 

(ITT) population who received at least one assigned blinded treatment. Participants who were classified 

by the DSMB as having an indeterminate response to blinded treatment were analyzed as failures. 
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The primary efficacy endpoint was analyzed with the Pearson’s chi-square test. Descriptive statistics 

were used for safety assessments. All analyses were performed using Version 9.3 or later of SAS, Cary, 

NC.  

 

Results 

Participants 

A total of 150 participants at 21 centers in the U.S. and Canada were enrolled. Seventeen were screen 

failures and exited prior to randomization, and 133 were randomly assigned to receive either two doses 

of RBX2660 (Group A, n=45); two doses of placebo (Group B, n=44); or one dose of RBX2660 followed by 

one dose of placebo (Group C, n=44). Three withdrew prior to treatment, one was withdrawn by the 

investigator prior to treatment, and one died before receiving treatment, leaving 128 participants in the 

safety population. One participant withdrew after experiencing anxiety during the first attempted 

enema which was not completed, leaving 127 participants for the ITT efficacy analysis (Figure 1, Table 

1). Positive C. difficile laboratory diagnosis prior to enrolment was established as follows: Nucleic acid 

amplification tests (NAAT) including PCR or loop-mediated amplification (n=103), enzyme immunoassay 

(EIA, n=23), and not specified (n=1). The three treatment groups included similar proportions of 

participants diagnosed by each method.  
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Primary Outcome 

The efficacy for each blinded treatment group in the ITT analysis was as follows: Group A=61% (25/41), 

Group B=45% (20/44), and Group C=67% (28/42) (Figure 2, Table 2). There was no significant difference 

between Group A and Group B (P>.05), thus the primary study endpoint was not met. There was no 

association between outcome and which antibiotic was being administered at screening (P=.15, 

Cochran-Mantel-Haenszel). Laboratory C. difficile diagnosis for failure determination was by NAAT 

(n=33) or EIA (n=7), with the remaining 14 participants classified as treatment failures by the site 

investigator despite not having a positive C. difficile laboratory diagnosis (n=3, 6, and 5 in Groups A, B, 

and C, respectively). Eleven of these were never tested and three tested negative (EIA). These 14 

participants were adjudicated by the DSMB as having an indeterminate response but were included in 

the ITT analyses as failures. 

Secondary Outcomes 

Participants that received one RBX2660 dose followed by one placebo dose (Group C) showed superior 

response relative to participants that received two placebo doses (Group B, P=.049). Likewise, the 

response among participants that received at least one blinded dose of RBX2660 (Groups A and C 

combined, 64%, 53/83) was significantly higher than Group B participants that received placebo 

(P=.047). 

All participants that were classified as treatment failures during the blinded phase of the study (n=54) 

opted to receive one (n=5) or two (n=49) open-label RBX2660 treatments, with a median time of 8 days 

(range 0 to 50 days) between failure determination and open-label RBX2660 treatment. Thirteen of 

these were offered open-label treatment after only a single blinded treatment (n=5, 3, and 5 in Groups 

A, B, and C, respectively). 
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Treatment success rates were 80% (4/5) and 78% (38/49) for participants who received one or two 

open-label RBX2660 treatments, respectively, with a combined success rate of 78% (42/54). Open-label 

treatment success rates according to blinded-phase study groups were: 69% (11/16), 88% (21/24), and 

71% (10/14), for Groups A, B, and C, respectively. The overall success rate for participants who received 

at least one dose of RBX2660 in the blinded and/or open-label phases was 89% (95/107; median number 

of doses per participant=2). 

 

Safety 

In total, 379 AEs were reported in 82 (64.1%) participants during the blinded treatment phase (Table 3). 

There were no differences in the number or rate of AEs among blinded treatment groups. The most 

common AEs were gastrointestinal disorders, followed by general disorders, infections, and nervous 

system disorders. Safety follow up beyond the blinded treatment phase is ongoing (mean of 8.3 months 

post-treatment, range 0.1 to 15.9 months) and will continue to 24 months. As of this interim analysis, 

580 AEs have been reported, with a similar distribution and type as observed in the blinded treatment 

phase (Supplementary Table S1). 

Including the follow up period, 45 serious adverse events (SAEs) have been reported (Table 4). As 

determined by the site investigator and DSMB, none were related to the enema procedure, 31.1% were 

related to CDI, and 77.8% were related to a pre-existing condition. Three of the SAEs were adjudged 

possibly related to the blinded study drug: one participant developed recurrent acute myeloid leukemia, 

another reported abdominal cramping and pain, and a third experienced constipation requiring 

hospitalization. Among the SAEs were six participant deaths, all of which were determined by the site 

investigator and medical monitor to be unrelated to RBX2660 or study procedures. The median time to 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

12 

 

death from the last enema administration was 67 days (range 28-156 days). The reported causes of 

death included general decline of health (n=2), renal failure (n=2), respiratory failure, and MRSA 

bacteremia. Four of the six deaths were adjudged to be possibly, probably, or definitely related to a pre-

existing condition. 

Discussion  

To address the need for rigorous safety and efficacy data for microbiota-based therapeutics, we report a 

randomized, double-blind, placebo-controlled evaluation of the safety and efficacy of RBX2660 for 

preventing rCDI. To our knowledge, this is the first trial of its type for a microbiota-based therapeutic.  

We examined several possible reasons why the primary objective was not met (P>.05). The 61% 

response rate observed for Group A is consistent with the previously reported activity of RBX2660 in a 

Phase 2 trial: 51% of participants responded to a single RBX2660 dose [20]. The present results are also 

consistent with reported responses to single colonoscopic administration of FMT [10, 23-27]. Thus, the 

activity of RBX2660 was not unexpectedly low. 

Next, we assessed the trial design. Based on our previous data for RBX2660, this trial was designed to 

test a regimen of two RBX2660 doses spaced one week apart (Group A). Even though the protocol 

allowed for administration of the second enema after less than seven days, thirteen participants were 

declared failures by the site investigator and offered open-label RBX2660 after only a single blinded 

treatment (Group A=5, Group B=3, Group C=5). This may have affected the power of the trial to 

demonstrate the primary objective, because some might have responded had they received the full per-

protocol treatment. This compliance finding and its potential impact on the outcome suggest a single-

dose study design could provide a clearer analysis of efficacy. Moreover, the efficacy of Group C was 

significantly better than placebo (P=.049), which suggests a single-dose RBX2669 regimen is sufficient. 
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The higher than expected response rate among placebo-treated participants also contributed to lack of 

significance. This trial was powered with a conservative expectation of 40% placebo response based on a 

30% placebo response observed in the only randomized FMT trial available at the time [23]. 

Consequently, the 46% response rate for Group B did diminish the power of the trial. Since 2016, three 

additional trials have reported 43% to 58% response rates among placebo-treated cohorts [28-30], 

which is in line with our results and likely reflects a basal recurrence-free rate after standard-of-care 

antibiotics [31, 32]. Thus, our results, and now the literature, teach that rCDI trials should be powered to 

account for higher response rates in placebo-treated cohorts. 

The heterogeneity of CDI laboratory diagnostic practices, which is a known challenge for the field [33], 

also may have contributed to the statistical outcome. Despite the protocol definition of treatment 

failure, positive laboratory diagnosis was established in only 40 of 54 investigator-designated failures. 

These 14 participants were included in the ITT analysis as failures because an alternative diagnosis could 

not be established post hoc—that is, CDI recurrence could not be ruled out. This could have biased the 

study toward the null if some were not bona fide recurrences. Although the “optimal” method to 

diagnose CDI remains elusive, some analyses suggest that detection of C. difficile toxin in stool is more 

specific for CDI [34, 35], whereas NAAT testing alone leads to over-diagnosis [36]. As such, the fact that 

the majority of enrolled subjects were diagnosed by NAAT may have also biased the study toward the 

null.  

This study will add significant long-term safety data for microbiota-based rCDI therapies. The overall 

safety profile was favorable through a mean follow-up of 8.3 months, with 90.8% of reported AEs being 

mild to moderate, consistent with the open-label Phase 2 trial of RBX2660 [20]. Safety follow-up is 

ongoing and will continue until 24-months post-treatment. This study also underscores the safety of 
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enema administration, which is important given some reports associating morbidity and mortality with 

duodenal or colonoscopic FMT [37, 38].  

This study demonstrated that one dose of RBX2660 (Group C) was more effective than placebo (P<.05). 

The observation that a second dose within seven days did not provide additional benefit (P>.59, Group C 

compared to Group A) was somewhat surprising, based on prior open-label results for RBX2660 [20]. 

However, the second dose in that trial was only administered to participants who recurred—a distinctly 

different population. The present data suggest that a single RBX2660 dose is sufficient to elicit maximal 

benefit after each episode of rCDI. Consistent among both trials is the conclusion that patients who 

recur after a single dose can benefit from a subsequent dose if needed. Indeed, the overall response 

rate of 88.8% among participants who received at least one RBX2660 dose highlights the potential 

clinical benefit of repeated doses of RBX2660. 

Conclusions 

In this double-blinded, randomized, placebo-controlled trial, two RBX2660 doses spaced one week apart 

were not superior to placebo, but a single dose of RBX2660 was significantly better than placebo. 

Participants who recurred after blinded study treatment benefitted from open-label RBX2660. RBX2660 

was safe and well tolerated. Future clinical evaluation is warranted to confirm long-term RBX2660 

benefit and safety. 

 

Acknowledgements 

The Data Safety Monitoring Board (DSMB) for this study comprised of: Teena Chopra, MD, MPH 

(Chairperson, Wayne State University), Monika Fischer, MD, MSCR (Indiana University), and Adam 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

15 

 

Hamm, PhD (Chiltern International Limited).  The first draft of the manuscript was written with the 

assistance of Harriet Guthertz, an independent medical writer funded by Rebiotix Inc.  

 

Funding 

The work was supported by Rebiotix Inc., Roseville, MN, USA. 

 

Potential Conflicts of Interest 

E.D., D.G., G.H., C.L., and R.O. serve on the Rebiotix Physician Advisory Board. S.K. has received research 

support and consulting fees from Rebiotix. 

  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

16 

 

References 

1. Lessa FC, Mu Y, Bamberg WM, et al. Burden of Clostridium difficile infection in the United 

States. N Engl J Med, 2015;372:825-834. 

2. Centers for Disease Control and Prevention. Antibiotic resistance threats in the United States. 

Available at: http://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf. Accessed 21 

December 2017. 

3. Kuijper EJ, Coignard B, Tüll P, ESCMID Study Group for Clostridium difficile, EU Member 

States, European Centre for Disease Prevention and Control. Emergence of Clostridium 

difficile-associated disease in North America and Europe. Clin Microbiol Infect, 2006;12 

Suppl 6:2-18. 

4. Magill SS, Edwards JR, Bamberg W, et al. for the Emerging Infections Program Healthcare-

Associated Infections and Antimicrobial Use Prevalence Survey Team. Multistate point-

prevalence survey of health care-associated infections. N Engl J Med, 2014;370:1198-1208. 

5. Kwon JH, Olsen MA, Dubberke ER. The morbidity, mortality, and costs associated with 

Clostridium difficile infection. Infect Dis Clin North Am, 2015;29:123-34. 

6. Ma GK, Brensinger CM, Wu Q, Lewis JD. Increasing incidence of multiply recurrent 

Clostridium difficile infection in the United States: A cohort study. Ann Intern Med, 2017; 

167:152-158. 

7. Olsen MA, Yan Y, Reske KA, Zilberberg M, Dubberke ER. Impact of Clostridium difficile 

recurrence on hospital readmissions. Am J Infect Control, 2015; 43: 318-322. 

8. Olsen MA, Yan Y, Reske KA, Zilberberg MD, Dubberke ER. Recurrent Clostridium difficile 

infection is associated with increased mortality. Clin Microbiol Infect, 2015; 21:164-170. 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018

http://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf


 

17 

 

9. Dubberke ER, Schaefer E, Reske KA, Zilberberg M, Hollenbeak CS, Olsen MA. Attributable 

inpatient costs of recurrent Clostridium difficile infections. Infect Control Hosp Epidemiol, 

2014; 35:1400-1407. 

10. Kelly CP, LaMont JT. Clostridium difficile- more difficult than ever. N Engl J Med, 2008; 

359:1932-1940. 

11. Britton RA, Young VB. Role of the intestinal microbiota in resistance to colonization by 

Clostridium difficile. Gastroenterology, 2014;146:1547-1553. 

12. Seekatz AM, Young VB. Clostridium difficile and the microbiota. J Clin Invest, 2014; 

124:4182-4189. 

13. Chang JY, Antonopoulos DA, Kalra A, et al. Decreased diversity of the fecal Microbiome in 

recurrent Clostridium difficile-associated diarrhea. J Infect Dis, 2008; 197:435-438. 

14. Vollaard EJ, Clasener HA. Colonization resistance. Antimicrob Agents Chemother, 1994; 

38:409–14. 

15. Buffie CG, Pamer EG. Microbiota-mediated colonization resistance against intestinal 

pathogens. Nat Rev Immunol, 2013;13:790-801. 

16. Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota transplantation 

(fecal bacteriotherapy) for recurrent Clostridium difficile infection. Clin Infect Dis, 2011; 

53:994-1002. 

17. Kassam Z, Lee CH, Yuan Y, Hunt RH. Fecal microbiota transplantation for Clostridium 

difficile infection: systematic review and meta-analysis. Am J Gastroenterol, 2013;108:500-

508. 

18. Drekonja D, Reich J, Gezahegn S, et al. Fecal microbiota transplantation for Clostridium 

difficile infection: a systematic review. Ann Intern Med, 2015; 162:630-638.  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

18 

 

19. Cammarota G, Ianiro G, Gasbarrini A. Fecal microbiota transplantation for the treatment of 

Clostridium difficile infection: a systematic review. J Clin Gastroenterol, 2014; 48:693-702. 

20. Orenstein R, Dubberke E, Hardi R, et al. Safety and durability of RBX2660 (microbiota 

suspension) for recurrent Clostridium difficile infection: results of the PUNCH CD study. 

Clin Infect Dis, 2016; 62:596-602. 

21. Khanna S, Pardi DS, Kelly CR, et al. A novel microbiome therapeutic increases gut 

microbial diversity and prevents recurrent Clostridium difficile Infection. J Infect Dis, 2016; 

214:173-181. 

22. Ray, A and Jones, C. Does the donor matter? Donor vs patient effects in the outcome of a 

next-generation microbiota-based drug trial for recurrent Clostridium difficile infection. 

Future Microbiol, 2016; 11:611-616. 

23. van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal infusion of donor feces for recurrent 

Clostridium difficile. N Engl J Med, 2013; 368:407-415. 

24. Youngster I, Russell GH, Pindar C, et al. Oral, capsulized, frozen fecal microbiota 

transplantation for relapsing Clostridium difficile infection. JAMA, 2014; 312:1772–1778. 

25. Hirsch BE, Saraiya N, Poeth K, Schwartz RM, Epstein ME, Honig G. Effectiveness of fecal-

derived microbiota transfer using orally administered capsules for recurrent Clostridium 

difficile infection. BMC Infect Dis, 2015; 15:191. 

26. Cammarota G, Masucci L, Ianiro G, et al. Randomised clinical trial: faecal microbiota 

transplantation by colonoscopy vs. vancomycin for the treatment of recurrent Clostridium 

difficile infection. Aliment Pharmacol Ther, 2015; 41:835-843. 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

19 

 

27. Lee CH, Steiner T, Petrof EO, et al. Frozen vs. fresh fecal microbiota transplantation and 

clinical resolution of diarrhea in patients with recurrent Clostridium difficile infection: a 

randomized clinical trial. JAMA, 2016; 315:142-149. 

28. Kelly CR, Khoruts A, Staley C et al. Effect of fecal microbiota transplantation on recurrence 

in multiply recurrent Clostridium difficile infection: a randomized trial. Ann Intern Med, 

2016;165(9):609-616. 

29. Seres Therapeutics, Inc.  Seres Therapeutics Announces Key Findings from SER-109 Phase 

2 Study Analyses. Available at: 

http://ir.serestherapeutics.com/phoenix.zhtml?c=254006&p=irol-newsArticle&ID=2240833 

Accessed 21 December 2017. 

30. Wilcox MH, Gerding D, Poxton I, et al. Bezlotoxumab for Prevention of Recurrent 

Clostridium difficile Infection. N Engl J Med, 2017; 376:305-317. 

31. Sheitoyan-Pesant C, Abou Chakra CN, Pépin J, Marcil-Héguy A, Nault V, Valiquette L. 

Clinical and Healthcare Burden of Multiple Recurrences of Clostridium difficile Infection. 

Clin Infect Dis, 2016; 62:574-580. 

32. Kelly CP. Can we identify patients at high risk of recurrent Clostridium difficile infection? 

Clin Infect Dis, 2012; 18 (Suppl. 6):21-27. 

33. Burnham CA, Carroll KC. Diagnosis of Clostridium difficile infection: an ongoing 

conundrum for clinicians and for clinical laboratories. Clin Microbiol Rev, 2013; 26:604-

630. 

34. Crobach MJ, Planche T, Eckert C et al. European Society of Clinical Microbiology and 

Infectious Diseases: update of the diagnostic guidance document for Clostridium difficile 

infection. Clin Microbiol Infect, 2016; 22 Suppl 4:S63-81. 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018

http://ir.serestherapeutics.com/phoenix.zhtml?c=254006&p=irol-newsArticle&ID=2240833


 

20 

 

35. McDonald LC, Gerding DN, Johnson S, Bakken JS, Carroll KC, Coffin SE, Dubberke ER, 

Garey KW, Gould CV, Kelley C, Loo V, Sammons JS, Sandora TJ, Wilcox MH. Clinical 

Practice Guidelines for Clostridium difficile Infection in Adults and Children: Update by the 

Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of 

America (SHEA). Clin Infect Dis, 2018 [in press]. 

36. Polage CR, Gyorke CE, Kennedy MA et al. Overdiagnosis of Clostridium difficile Infection 

in the Molecular Test Era. JAMA Intern Med, 2015; 175:1792-1801. 

37. Baxter M, Ahmad T, Colville A, Sheridan R. Fatal aspiration pneumonia as a complication of 

faecal microbiota transplant. Clin Infect Dis, 2015; 61:136-137. 

38. Baxter M, Colville A. Adverse events in faecal microbiota transplant: a review of the 

literature. J Hosp Infect, 2016; 92:117-127. 

  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy259/4956164
by guest
on 29 March 2018



 

21 

 

Table 1. Baseline Demographics and Clinical Characteristics of Participants in the Intent-to-Treat 

Population. 

 

CHARACTERISTIC 

GROUP A 

2 Doses of RBX2660 

GROUP B 

2 Doses of Placebo 

GROUP C 

1 Dose of RBX2660 & 1 

Dose of Placebo 

n 41 44 42 

Median age – years (range) 66 (24-89) 62 (19-92) 63 (18-88) 

Female sex- no. (%) 25 (61) 30 (68) 24 (57) 

Race-White – no. (%)   39 (95) 42 (96) 40 (95) 

Antibiotic used at screening – 

no. (%) 

  Vancomycin 

  Fidaxomicin 

  Metronidazole 

  None 

 

 

38 (93) 

1 (2) 

2 (5) 

 

 

 

40 (91) 

2 (5) 

2 (5) 

 

 

 

37 (88) 

2 (5) 

2 (5) 

1 (2) 

Median number of CDI 

episodes (range) 
4 (3-11) 3 (2-11) 4 (2-14) 

Median duration of CDI 

episode, days (range)1 15 (1-74) 15 (1-98) 14 (1-71) 

 

1As reported by enrolling physician.
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Table 2: RBX2660 Efficacy in Blinded and Open-Label Arms of PUNCH CD 2 Study 

 

 

 Group A Group B Group C Total 

 BLINDED ARM 

Treatment 2 doses RBX2660 2 doses placebo 
1 dose RBX2660, 

1 dose placebo 
 

n 41 44 42 127 

Success n (%) 25 (61) 20 (45) 28 (67)  

 OPEN-LABEL ARM 

n   16 24 14 54 

Success n (%) 11 (69) 21 (88) 10 (71) 42 (78) 

 OVERALL RBX2660 EFFICACY 

n 41 24 42 107 

Success n (%) 36 (82) 21 (88)1 38 (90) 95 (89)1 

 

 

1Overall RBX2660 efficacy analysis does not include participants who responded in Group B of the 

blinded phase analysis. 
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Table 3: Overall adverse events and by-organ-class adverse events reported in at least 5% of the Safety 

population during the blinded treatment phase. 

 

 Events/participants (% of participants) 

 

  

Group A 

(n=41) 

Group B 

(n=44) 

Group C1 

(n=43) 

Total 

(N=128) 

Overall 169/25 (61.0) 105/26 (59.1) 105/31 (72.1) 379/82 (64.1) 

Gastrointestinal 

disorders 
78/21 (51.2) 56/16 (36.4) 49/20 (46.5) 183/57 (44.5) 

General disorders 12/8 (19.5) 15/7 (15.9) 14/9 (20.9) 41/24 (18.8) 

Infections 8/6 (14.6) 8/6 (13.6) 5/5 (11.6) 21/17 (13.3) 

Nervous system 

disorders 
5/3 (7.3) 8/6 (13.6) 1/1 (2.3) 14/10 (7.8) 

Renal and urinary 

disorders 
6/5 (12.2) 2/2 (4.5) 2/2 (4.7) 10/9 (7.0) 

Skin and 

subcutaneous tissue 

disorders 

5/4 (9.8) 3/2 (4.5) 3/3 (7.0) 11/9 (7.0) 

Musculoskeletal and 

connective tissue 

disorders 

5/4 (9.8) 2/2 (4.5) 2/2 (4.7) 9/8 (6.3) 

Injury, poisoning, 

procedural 
3/2 (2.4) 0 10/5 (11.6) 13/7 (5.5) 
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complications 

Metabolism and 

nutrition disorders 
7/4 (9.8) 1/1 (2.3) 2/2 (4.7) 10/7 (5.5) 

Respiratory, thoracic, 

and mediastinal 

disorders 

11/4 (9.8) 1/1 (2.3) 2/2 (4.7) 14/7 (5.5) 

 

1The safety population included one participant in Group C that was not in the ITT population due to 

withdrawal before completing a blinded study treatment.  
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Table 4. Serious adverse events and relatedness reported during blinded and open-label arms to a mean 

follow up of 8.3 months, range 0.1 to 15.9 months. 

 

 Events/participants (% of participants) 

 

  

Group A 

(n=41) 

Group B 

(n=44) 

Group C1 

 (n=43) 

Total 

(N=128) 

Overall SAE 19/13 (31.7) 8/6 (13.6) 18/7 (16.3) 45/26 (20.3) 

Related to RBX26602 3/3 (7.3) 0 0 3/3 (2.3) 

Related to 

procedure 
0 0 0 0 

Related to C. difficile 

disease 
8/5 (12.2) 1/1 (2.3) 5/3 (7.0) 14/9 (7.0) 

Related to a pre-

existing condition 
16/10 (24.4) 6/4 (9.1) 13/7 (16.3) 35/21 (16.4) 

Deaths3 3 (7.3)3 0 3 (7.0) 6 (4.6) 

Related to RBX2660 0 0 0 0 

Related to 

procedure 
0 0 0 0 

Related to C. difficile 

disease 
1 (2.4) 0 0 1 (0.8) 

Related to a pre- 1 (2.4) 0 3 (7.0) 4 (3.1) 
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existing condition 

  

1The safety population included one participant in Group C that was not in the ITT population due to 

withdrawal before completing a blinded study treatment.  

 

2Three SAEs were adjudged possibly related to the blinded study drug: one participant developed 

recurrent acute myeloid leukemia, another reported abdominal cramping and pain, and a third 

experienced constipation requiring hospitalization. 

 

3One participant death was due to MRSA bacteremia and was adjudged to be unrelated to the 

treatment, procedure, or pre-existing condition.  
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Figure Legends 

 

Figure 1. Flow of Participants in Multi-Center, Double-Blind, Placebo-Controlled Randomized Trial of 

Microbiota-Based Drug RBX2660 for Prevention of Recurrent C. difficile Infection 

 

Figure 2.  Efficacy of Microbiota-Based Drug RBX2660 or Placebo Following Blinded Treatment. The 

proportions of participants in the blinded phase who responded to treatment with two doses of 

RBX2660 (Group A); two doses of placebo (Group B); and one dose of RBX2660 followed by one dose of 

placebo (Group C).  
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Figure 1 
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Figure 2 
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