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Aim: To evaluate the impact of the donor material versus the patient in outcomes achieved 
with RBX2660, a microbiota-based drug under study for recurrent Clostridium difficile 
infection (CDI). Methods: RBX2660 was administered to patients enrolled in the previously 
reported Phase II PUNCH CD study under Rebiotix’s Investigational New Drug submission to 
the US FDA. Four donors were used to prepare the RBX2660 drug product used in the study. 
The product was manufactured in individual, donor-specific batches that could be tracked 
to individual patients and their outcomes. Donor products were randomized to patients 
for both first and second doses. Results: The individual donor or donor dose order did not 
significantly affect the outcome of RBX2660 treatment in 34 patients (mean age 68.8 years). 
Conclusion: The specific donor did not affect the outcomes achieved with administration of 
RBX2660 for recurrent CDI.
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Fecal microbiota transplant (FMT) has become an increasingly accepted treatment for recurrent 
Clostridium difficile infection (CDI). Nonstandardized FMT products (i.e., products that have vari-
able manufacturing methods) have demonstrated up to 90% success in treating CDI and low adverse 
event rates have been reported in the literature [1–3]. Initial opinion held that a donor impacted 
therapy outcomes more than patient factors though no significant investigation into this claim has 
been reported. In some cases, multiple doses have been administered to achieve the high success 
rates referenced in the literature [4,5]. Despite reported success, many unknowns remain about the 
therapy. Studies have been conducted with small patient cohorts, and donor versus patient factors 
in therapy success have yet to be evaluated [6].

Among the current limitations of FMT is determining where the donor stool will come from. 
Patients may be asked to identify a donor to supply material for their procedure. Typically, a family 
member or close friend is selected by the patient. This may pose difficulties for patients, as the screen-
ing advised by the US FDA, US Centers for Disease Control (CDC) and in professional guidelines 
may reveal highly personal information that the donor may not want to disclose, particularly if the 
donor is a family member or intimate partner of the patient, as this could disclose a history of drug 
use, multiple sexual partners or other activities not previously known by the recipient. Additionally, 
donor screening to identify blood- and stool-borne pathogens is currently only recommended, not 
mandated, by FDA guidelines for an FMT procedure. These screening steps may be skipped by 
patients or physicians in the interest of expediting treatment or because the costs involved in donor 
screening are too high [6–8]. This practice may place patients at risk, especially since outwardly 
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healthy donors may be asymptomatic carriers of 
a host of infectious diseases. Preparation of the 
transplant material itself can be burdensome for 
clinicians, as time, materials and handling of the 
product can be laborious and unpleasant.

All of the aforementioned challenges faced by 
patients and physicians could be mediated by a 
readily available, standardized microbiota-based 
drug formulated from screened universal donors. 
RBX2660, a proprietary microbiota-based drug 
prepared from live human-derived intestinal 
microbes, has the potential to overcome the limi-
tations of FMT. A clinical study, PUNCH CD, 
was conducted to determine the safety and effi-
cacy of RBX2660 as a readily prepared product 
for the treatment of recurrent CDI. The prod-
uct was generated using screened stool donors 
unrelated to the recipients. Per study design, 
patients were guaranteed one dose of RBX2660; 
if symptoms of CDI returned before the 8-week 
end point, they were permitted a second dose 
of RBX2660. Each dose of product was rand-
omized to the patient in order to understand the 
relative importance of the donor in the context 
of the PUNCH CD trial.

Methods
●● Study population

Enrollment criteria for the PUNCH CD study 
were: nonpregnant adults, aged 18 years or older 
who had greater than 2 recurrences of CDI after 
a primary episode with completion of at least 
two rounds of standard-of-care oral antibiotic 
therapy, or greater than two episodes of severe 
CDI resulting in hospitalization. For the pur-
poses of this study, CDI was defined sympto-
matically by the presence of diarrhea, (passage 
of three or more unformed stools in 24 or fewer 
consecutive hours for at least two consecutive 
days) and at least one positive stool test for the 
presence of C. difficile or its toxins, or colono-
scopic or histopathologic findings demonstrating 
pseudomembranous colitis. In addition, patients 
were currently taking or planning to start a 
course of oral antibiotics for CDI symptoms for 
10–14 days and greater than 7 days of oral van-
comycin (125 mg 4×/day [500 mg]) for the last 
7 days of the regimen. Patients would then have 
a 24- to 48-h vancomycin wash-out period prior 
to receiving the RBX2660 treatment.

All eligible participants completed required 
stool and serum testing; agreed to abstain from 
nondietary probiotics, vancomycin, metronida-
zole, fidaxomicin, rifaximin, nitazoxinide and 

intravenous immunoglobulin for the duration of 
the study unless prescribed for a recurrence; and 
were able to complete the required subject diary. 
Patients were excluded from the study if they 
presented with uncontrolled diarrhea through-
out or upon completing the 10- to 14-day anti-
biotic regimen; were receiving an antibiotic ther-
apy for a condition outside of CDI; sensitivity to 
oral vancomycin; had received a previous FMT; 
a history of intestinal disease (such as ulcerative 
colitis, irritable bowel syndrome, inflammatory 
bowel disease, confirmed intestinal pathogens 
other than C. difficile); intra-abdominal surgery 
≤60 days prior to consent; or were planning to 
participate in a therapy within 3 months of treat-
ment that may cause diarrhea [9]. The study pro-
tocol was approved by the institutional review 
board at each participating center; all patients 
provided written informed consent, with over-
sight provided by an independent medical 
monitor. A total of 40 patients were enrolled in 
the study and 34 received at least one dose of 
RBX2660.

Donors
●● recruitment & initial screening

Potential donors for the PUNCH CD study were 
recruited by word of mouth. Nearby universi-
ties were targeted as a source of young, healthy 
donors who could provide regular donations for 
manufacture. Potential donors underwent an 
initial interview to determine eligibility, were 
provided with an informed consent form regard-
ing their rights as a donor, and received initial 
donor training. If donors were accepted and 
consented to the program, they were then tested 
for an extensive list of blood and stool pathogens 
(included HIV, hepatitis A/B/C, ova and para-
sites, norovirus, rotavirus, etc.) prior to enrollment 
into the donor program. Guidance from the US 
CDC and Minnesota Department of Health 
pathogen notices and extensive input from the 
Rebiotix Physician Advisory panel were used to 
develop the donor screen. Failure to comply or 
to meet testing acceptance criteria at any stage 
of the enrollment process resulted in permanent 
exclusion from the Rebiotix donor program. For 
the PUNCH CD study, a total of four donors 
(donors 1, 3, 4 and 5) met the acceptance criteria 
for all stages of the enrollment process.

●● ongoing donations
If accepted into the program, donors were per-
mitted to begin donating stool. Each individual 
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donation received was inspected per Rebiotix 
quality standards and either accepted or rejected 
for manufacture. If a donation passed inspec-
tion criteria, the donation was then tested for 
stool pathogens. Daily questionnaires were com-
pleted with each donation to ensure there were 
no major changes in travel, medication, diet and 
health status. All donations were made on site 
and stored under controlled conditions. Each 
donation was traceable back to a specific donor, 
date and health status at the time of donation. 
Donations were not pooled.

Donors provided stool throughout a ‘donor 
cycle’. The donor cycle was defined by a start-
ing serum screen, a series of donations screened 
for pathogens throughout the donor cycle and 
a closing serum screen. The final serum screen 
occurred a minimum of 14 days after the final 
stool test. This testing regimen is part of the 
standardized manufacturing process established 
by Rebiotix under the auspices of the FDA. 
Upon completion of a donor cycle, donors were 
compensated with a nominal fee for the dona-
tions provided; if the donors did not complete 
their voluntary obligation to closing the donor 
cycle, they did not receive compensation and 
all product was discarded. Much like plasma 
donation, because of the nature of the rigorous 
continual pathogen testing and the tight control 
of the donation and resulting product quality 
testing, quarantine and release, no ethical con-
cerns were identified with compensating donors 
for provided stool.

All product manufactured was quarantined 
pending completion of the cycle and quality 
control tests. Upon completion of the donor 
cycle, all manufacturing quality specifications 
and donor testing parameters were reviewed for 
compliance with acceptance criteria. A positive 
result on any of the screens triggered destruction 
of all drug product associated with the donor 
during a cycle. If all donor tests returned nega-
tive and the product met quality specifications, 
the product generated from that specific donor 
was released for clinical use. All products used in 
the PUNCH CD study demonstrated conform-
ance to the product specification, limiting the 
interbatch variability as well as meeting required 
donor testing acceptance criteria.

●● rBX2660 administration & efficacy 
assessment
Upon completion of consent and enrollment of 
a patient in the PUNCH CD study, the first 

dose of RBX2660 was administered via rectal 
enema within 24–48 h of completion of a 7-day 
course of standardized oral vancomycin. No 
bowel preparation was used, although patients 
were asked to have a bowel movement prior to 
receiving the RBX2660 treatment. The justifica-
tion for the use of rectal administration and no 
bowel prep was twofold; the method of deliv-
ery and preparation limited the impact on the 
patient (no anesthesia required and only 5 min 
for administration of the dose). RBX2660 
could be administered by a nurse; no special 
procedure room or extra personnel were neces-
sary (other than contact isolation). Currently, 
there are no data conclusively demonstrating the 
superiority of one FMT delivery method over 
another [2,10,11].

Following RBX2660 treatment, patient CDI 
symptoms and adverse events were assessed at 
clinical visits 7, 30 and 60 days after patient 
treatment, and via self-reporting in patient dia-
ries [9]. A second dose of RBX2660 was permit-
ted if CDI symptoms recurred within 8 weeks 
of the first dose and was administered without 
antibiotic pre-treatment. RBX2660 doses pro-
duced using different donors were randomized 
to patients for the first and second dose if a sec-
ond dose was required. Per the randomization, 
patients who required two doses could receive 
RBX2660 manufactured from the same or dif-
ferent donors. RBX2660 treatment success was 
defined as the absence of CDI-associated diar-
rhea (passage of three or more unformed stools 
in 24 or fewer consecutive hours for at least two 
consecutive days) at 8 weeks following the last 
RBX2660 treatment.

●● Statistical analysis
Data from this study were approached from two 
perspectives. The first review examined the data 
using a mixed logistical regression model to pre-
dict treatment success by taking into account 
donors and the randomized doses provided to 
the patients, as well as accounting for repeated 
measures on the subjects who received a second 
randomized dose. In this model, the ‘subject’ 
(patient) was treated as the random effect so as 
to only focus on the donors and doses received. 
Donor 1 was used as the reference (intercept) 
for all other donors. The second review focused 
on only the subjects that received two doses. 
The same constraints as the first analysis were 
applied. All analysis was conducted using R 
statistical package with significance defined as 
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p > 0.05. Intradonor batch effect was not cal-
culated for this study due to mathematical and 
c omputational limitations.

results
●● Donors

A total of four donors (Donors 1, 3, 4 and 5) were 
qualified to participate in the Rebiotix donor 
program and were used to prepare the RBX2660 
product distributed throughout the duration of 
the study. Two males and two females were part 
of the donor cohort. The mean age of the partici-
pating donors was 47.5 years (range 27–58 years); 
all of the donors were Caucasian. Per the Rebiotix 
product quality release parameters, each donor 
successfully completed continuous rescreening in 
order for product to be released for clinical use.

●● Effect of donor on patient outcome
A total of 40 patients (mean age 68.8 years, 67.6% 
female) with recurrent CDI enrolled at 11 sites in 
the USA; 34 received at least one dose of RBX2660 
between August 2013 and January 2014 as part 
of the PUNCH CD Phase II study [9]. Nineteen 
patients received one dose and 15 patients quali-
fied to received two doses per the study protocol 
definition. Out of these 15 patients, 14 received 
a second dose with 11 successful treatments and 
three failures as assessed 8 weeks later. One patient 
discontinued participation in the PUNCH CD 
study due to nonproduct-related health issues and 
did not receive a second dose.

The overall efficacy rate was 87.1%. A mixed 
logistic regression model with repeated meas-
ures, accounting for recipients who received one 
or two doses of RBX2660, revealed that there 
is no significant difference between donors on 
RBX2660 success rates (Table 1). Similarly, the 
measure was repeated for the cohort of patients 
who received two doses, and a similar result was 
found (Table 2). No comparison of donor/prod-
uct/patient outcome indicated a statistically 
s ignificant result of p < 0.05.

Of note, although donors were randomized to 
patients for both doses, one patient received two 
doses of RBX2660 derived from the same donor-
specific batch. This patient demonstrated CDI 
symptom recurrence within 8 weeks of Dose 1, 
yet experienced CDI resolution that was main-
tained at 6 months after receiving Dose 2 from 
exactly the same batch of product that failed the 
first time. The ultimate success of this patient 
reflects the same predictions reported by the 
mathematical model.

●● Discussion
Results from this small sample study demon-
strate that the outcome of treatment of recur-
rent CDI with RBX2660 is not influenced by 
the specific donor. In one case, a patient failed 
after the first dose of RBX2660 only to experi-
ence successful resolution of CDI following a 
second dose of RBX2660 from exactly the same 
batch using the same donor, suggesting that 

Table 1. Mixed logistic regression modeling with repeated measures for all patients and all 
doses.

Factor in reference to Donor 1 Estimate Standard error z-value p r(>│z│)

Intercept 1.554 0.711 2.186 0.029
As factor – Donor 3 -0.115 0.934 -0.123 0.902
As factor – Donor 4 1.060 1.236 0.858 0.391
As factor – Donor 5†  16.221 2267.846 0.007 0.994
As factor – Dose 2 -0.559 0.872 -0.641 0.552
†Donor 5 contributed a comparatively small number of doses and was not significant compared with donor 1. These was a large 
standard deviation resulting form the small sample size.

Table 2. Mixed logistic regression modeling for patients receiving two doses of rBX2660.

Factor in reference to Donor 1 Estimate Standard error z value p r(>│z│)

Intercept 1.174 0.730 1.609 0.108
As factor – Donor 3 -0.564 1.226 -0.460 0.645
As factor – Donor 4 1.723 1.271 0.569 0.569
As factor – Donor 5†  15.292 2399.545 0.006 0.995
As factor – Dose 2 0.101 1.061 0.095 0.924
†Donor 5 contributed a comparatively small number of doses and was not significant compared with donor 1. These was a large 
standard deviation resulting from the small sample size.
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switching donors may not be necessary when 
multiple doses are required. This finding is 
reflected in the mathematical model predicting 
donor impact on patient outcome, and although 
the sample size is small, suggests, that there is 
potential for using a universal product derived 
from any qualified donor to treat CDI.

The results presented here contribute to the 
growing clinical evidence about microbiota-
based therapies for recurrent CDI and support 
the possibility of developing a ready-to-use ‘off-
the-shelf ’ microbiota-based drug for recurrent 
CDI treatment [9,10,12–14]. In this Phase II study, 
donations from four donors were used to manu-
facture RBX2660 to treat 34 patients with an 
overall efficacy rate of 87.1%. Satokari et al. [14] 
used samples from two healthy donors in 34 
patients with CDI resolution observed in 
22/23 patients receiving frozen feces and 
11/11 patients receiving fresh feces from uni-
versal donors. Kassam and colleagues treated 
27 patients with FMT via retention enema, 
using two prescreened donors for all patients, 
and reported resolution of symptoms in 93% 
(25/27) following one or two FMT administra-
tions [10]. The results achieved with RBX2660 
in this Phase II study are consistent with previ-
ous reports of FMT therapy using frozen mate-
rial from standardized unrelated donors, and 
presents positive potential for a standardized 
manufactured live microbial p roduct to treat 
such a complex disease.

Increased attention has been directed toward 
the influence of donor gut microbiota composi-
tion on the recipient and requires much more 
study. Additional data to further define the 
donor impact for CDI as well as other complex 
intestinal diseases is needed. Other factors, such 
as patient/physician training (what is the true 
definition of recurrence as opposed to a reac-
tion to foods that a patient could not previously 
eat), the impact of antibiotics on patient and 
transplanted microbes, and underlying, undi-
agnosed comorbidities may impact single and 
double dose success rates.

Conclusion
Based on this analysis of the PUNCH CD study, 
the specific donor does not affect the outcomes 
achieved with administration of RBX2660 for 
recurrent CDI. The results suggest that out-
comes are patient specific and it is not necessary 
to switch donors in order to achieve a cure if the 
first dose fails, although in some cases, a second 
dose may be necessary. To solidify these find-
ings, a larger study with an expanded cohort of 
donors whose product is again randomized to 
the patient is currently underway.

Additional research is also needed to provide 
more details on patient-specific factors that 
could potentially impact success or failure with 
this therapy. Such variables could include the 
retention of specific antibiotics in the intestinal 
tract before treatment, type of antibiotic regi-
men used prior to treatment, additional patient 
comorbidities not taken into account in this 
study and dosage timing.
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exeCuTive suMMARy
 ●  RBX2660 (microbiota suspension processed from unrelated donors) is an effective treatment for recurring CDI.

 ●  Success of RBX2660 treatment was not significantly impacted by donor or dose order.

 ●  Results suggest that outcomes are patient specific and it is not necessary to switch donors in order to achieve a cure if 
the first dose fails.
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