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Clostridium difficile infection causes diarrheal disease with potentially fatal complications. Although treatments are available,
including vancomycin, metronidazole, and fidaxomicin, the recurrence of disease after therapy remains a problem. LFF571 is a
novel thiopeptide antibacterial that shows in vitro potency against C. difficile that is comparable to or greater than that of other
clinically used antibiotics. Here, we compare the pharmacokinetics (PK) of LFF571 and vancomycin in patients with C. difficile
infection as part of an early efficacy study. This multicenter, randomized, evaluator-blind, and active-controlled study evaluated
the safety, efficacy, and pharmacokinetics of LFF571 in adults with primary episodes or first relapses of moderate C. difficile in-
fections. Patients were randomized to receive 200 mg of LFF571 or 125 mg of vancomycin four times daily for 10 days. The PK
parameters were calculated from drug concentrations measured in serum and fecal samples. The systemic exposure following
oral administration of 200 mg of LFF571 four times per day for 10 days in patients with C. difficile infection was limited. The
highest LFF571 serum concentration observed was 41.7 ng/ml, whereas the levels in feces at the end of treatment were between
107 and 12,900 �g/g. In comparison, the peak vancomycin level observed in serum was considerably higher, at 2.73 �g/ml; the
levels of vancomycin in feces were not measured. Similar to healthy volunteers, patients with C. difficile infections exhibited
high fecal concentrations and low serum levels of LFF571. These results are consistent with the retention of LFF571 in the lumen
of the gastrointestinal tract. (This study has been registered at ClinicalTrials.gov under registration no. NCT01232595.)

Clostridium difficile infection is a leading cause of hospital-
acquired diarrheal disease. The infection is potentially se-

vere, with complications, including pseudomembranous coli-
tis, toxic megacolon, bowel perforation, renal failure, sepsis,
and death (1). The emergence of a more virulent strain of the
bacterium, C. difficile NAP1/BI/027, has contributed to the in-
creasing prevalence and severity of the disease over the last decade
(2, 3). Several drugs are available to treat the infection, including
fidaxomicin, vancomycin, and metronidazole. However, a hall-
mark of C. difficile infection is the frequent recurrence of symp-
toms after initial successful treatment. Although recurrence after
infection with strains other than NAP1/BI/027 is reduced after
treatment with fidaxomicin compared to that after treatment with
vancomycin, relapse remains a problem with all drug treatments
(4, 5).

LFF571 is a novel semisynthetic thiopeptide antibiotic (6) with
potent in vitro activity against C. difficile (7, 8). The compound has
also shown efficacy in a Golden Syrian hamster model of C. difficile
infection (9). The pharmacokinetics (PK) of single and multiple
doses of LFF571 have been studied in healthy volunteers, in whom
the drug was shown to be safe and well tolerated. In this popula-
tion, doses of LFF571 up to 200 mg every 6 h for 10 days showed
limited systemic exposure and high fecal concentrations of the
drug (10). These results indicated that LFF571 remains primarily
in the gastrointestinal tracts of healthy subjects. In the present
study (registered at ClinicalTrials.gov under registration no.
NCT01232595), we evaluated the pharmacokinetics of LFF571
and vancomycin in patients with moderate C. difficile infection as
part of a proof-of-concept efficacy study (11). In this study,
LFF571 was effective and well tolerated when used for the treat-
ment of C. difficile infections. To our knowledge, this is the only

randomized C. difficile efficacy study to systematically collect se-
rum vancomycin PK data.

MATERIALS AND METHODS

Patients and study design. The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki and current good
clinical practice. The protocol and amendments were approved by all
required institutional review boards, and each patient provided written
informed consent. The eligibility criteria and study design are described
elsewhere (11). Briefly, this was a multicenter, randomized, evaluator-
blind, and active-controlled trial comparing the safety, efficacy, and PK of
LFF571 and vancomycin in adult patients with moderate C. difficile infec-
tions. Eligible patients were males and females between 18 and 90 years of
age diagnosed with a primary episode or first recurrence of a moderately
severe C. difficile infection. Moderately severe infections were defined by
the presence of �3 to �12 liquid or unformed stools in the 24 h prior to
enrollment, positive C. difficile toxin A/B or B assay result, and one or
more of the following in the 24 h prior to enrollment: abdominal pain,
peripheral blood leukocyte count of �10 � 109/liter but �30 � 109/liter,
or fever. Patients were randomized (initially 1:1 and then 5:1) to receive
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200 mg of LFF571 (two 100-mg capsules) or 125 mg of vancomycin (one
125-mg capsule) orally four times daily for 10 days.

Serum collection for PK assessment. Blood samples were taken by
direct venipuncture or an indwelling cannula inserted in a forearm vein.
After clotting for approximately 30 min at room temperature, the samples
were centrifuged, and serum was transferred into polypropylene screw-
cap tubes, which were frozen within 90 min of venipuncture and kept at or
below �20°C until analysis. All samples were given a unique sample and
collection number.

The collection times were as follows: on day 1, before and 2 to 3 h after
the first dose, and if the patient agreed, there was an optional collection at
1 h postdose and immediately prior to the second dose (trough); and on
day 3 or 4, before and 2 to 3 h after the most convenient dose, with
optional collections at 1 h postdose and immediately prior to the subse-
quent dose (trough). Optional samples were collected on day 8 or 9 before
the most convenient dose (trough), as well as on day 10 or 11 before and
1, 2 to 3, and 4 to 6 h (or just prior to the subsequent dose) after the most
convenient dose. The final collection was at the end of therapy, on day 12
or 13, during a 12- to 72-h window after the last dose.

Fecal collection for PK assessment. At the end-of-therapy visit, the
first fecal sample after the last dose administration was collected. The
samples were delivered to the site at the end-of-therapy visit (day 12 or 13)
or when the sample was collected.

Bioanalytical methods. LFF571 in serum was quantified by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) (lower limit
of quantification, 0.5 ng/ml). Vancomycin in serum was quantified using
the Siemens ADVIA Centaur test system and reagents (lower limit of
quantification, 0.91 �g/ml). LFF571 in stool was quantified by LC-
MS/MS (lower limit of quantification, 100 ng/g).

Assessment of PK parameters. Serum concentration-time profiles
were used to measure the area under the serum drug concentration-time
curve from time zero until the last measurable time point (AUClast), as
well as the maximum concentration of drug in serum (Cmax) and the time
to Cmax (Tmax) during the 6-h dosing interval. Up to four PK specimens
were collected on day 1, day 3 or 4, and day 10 or 11. All patients had four
PK samples, except for two who had three samples. For these two patients,
the 4- to 6-h sample on day 10 or 11 was missing.

Statistical methods. Summary statistics are provided for the primary
PK parameters.

RESULTS
Patient demographics. A total of 72 patients were enrolled and
randomized, of whom 46 received LFF571 and 26 received vanco-
mycin. The majority of the patients (89.1% in the LFF571 group
and 88.5% in the vancomycin group) completed the study. The
baseline demographic and disease characteristics were largely
comparable between the LFF571 and vancomycin treatment
groups in terms of mean age (59.8 versus 54.9 years, respectively),
gender (males, 37.0% versus 30.8%, respectively), and race (Cau-
casian, 95.7% versus 88.5%; black, 2.2% versus 11.5%; and Asian,
2.2% versus 0%, respectively) (11). However, more LFF571-
treated than vancomycin-treated patients had an initial relapse
(28.3% versus 16.0%, respectively) or severe clinical symptoms
(23.9% versus 12.0%, respectively), while more vancomycin-
treated than LFF571-treated patients had been given prior C. dif-
ficile therapy (48.0% versus 28.3%, respectively) or were infected
with the NAP1/BI/027 strain (32.0% versus 19.6%, respectively).
The population was overweight, with a mean body mass index
(BMI) of 29.26 kg/m2. The PK analysis set consisted of all patients
who had received at least one dose of the study drug and who had
sufficient specimens for analysis.

PK parameters of LFF571 in serum. The patients with C. dif-
ficile infection had limited systemic exposure to LFF571 after dosing
with 200 mg four times daily for 10 days (Table 1). At 1 h after the first
dose, 62.5% of the patients had LFF571 levels below the lower limit of
quantitation (0.5 ng/ml). This proportion decreased to 31.7% at 2 to
3 h and 15.4% at 4 to 6 h after the first dose. Subsequently, 5 to 15% of
the patients had undetectable levels during therapy with LFF571.
Twelve to 72 h after the last dose, 58.1% of the patients had LFF571
levels below the lower limit of quantification. The LFF571 levels in
serum were consistently low, with the highest observed value of 41.7
ng/ml detected on day 3 of dosing (Table 1), although a second pa-
tient had a value of 41.6 ng/ml, also on day 3.

A sufficient number of patients administered LFF571 had ad-
equate serum concentration data to allow for calculations of the
AUClast, Cmax, and Tmax on day 1, day 3 or 4, and day 10 or 11
(Table 2). The maximum concentrations of the drug in serum
were generally observed 1 to 3 h after administration.

TABLE 1 LFF571 serum concentrations at each time point

Study day Time (h) na

Concn (�g/ml)
(median [range])

No. (%) of concn
below lower limit
of quantification

1 Predose 43 0 (0–0.627) 42 (97.7)
1 after dose 16 0 (0–1.58) 10 (62.5)
2–3 after dose 41 1.13 (0–22.2) 13 (31.7)
4–6 after dose 13 3.69 (0–7.60) 2 (15.4)

3 Predose 43 4.00 (0–41.6) 2 (4.7)
1 after dose 18 3.65 (0–24.1) 2 (11.1)
2–3 after dose 43 2.54 (0–41.7) 2 (4.7)
4–6 after dose 15 3.17 (0–17.1) 1 (6.7)

8 or 9 Predose 24 2.48 (0–30.5) 1 (4.2)

10 or 11 Predose 17 1.97 (0–28.1) 2 (11.8)
1 after dose 12 2.39 (0–26.3) 2 (16.7)
2–3 after dose 13 2.14 (0–19.4) 1 (7.7)
4–6 after dose 10 2.16 (0.566–18.1) 0

12 or 13 12–72 after dose 43 0 (0–11.9) 25 (58.1)
a n, number of subject profiles that had adequate concentration data for evaluation.
One patient had detectable LFF571 at baseline. The value was near the lower limit of
quantification and was confirmed by repeat testing.

TABLE 2 LFF571 serum PK parameters

Study
day Statistica

AUClast

(h · ng/ml)b Cmax (ng/ml)c Tmax (h)

1 n 10 29 29
Median 9.24 2.77 3.00
Mean (SD) 11.6 (9.47) 4.17 (4.64) 3.24 (1.04)
Range 0.313–27.2 0.514–22.2 1.78–5.57

3 n 13 42 42
Median 17.8 4.32 1.00
Mean (SD) 23.5 (20.1) 7.22 (8.34) 1.55 (1.62)
Range 5.48–66.0 0.691–41.7 0–5.00

10 n 11 14 14
Median 9.65 3.21 1.81
Mean (SD) 20.7 (31.0) 5.26 (7.02) 2.26 (1.99)
Range 0.571–107 0.566–28.1 0–5.45

a n, number of subject profiles that had adequate concentration data for evaluation; SD,
standard deviation.
b The day 3 and 10 values represent the AUC at time � (AUC�) at steady state.
c The day 3 and 10 values represent the Cmax at steady state.
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PK parameters of vancomycin in serum. The vancomycin lev-
els in serum were approximately 100 times greater than those of
LFF571. The highest serum vancomycin concentration detected
was 2.73 �g/ml, 6 h after dosing on day 3 of treatment (Table 3).
The maximum concentrations of vancomycin were typically seen
1 to 2 h after dosing. A considerable percentage of the patients
receiving vancomycin, however, had serum drug levels below the
lower limit of quantification (0.91 �g/ml). On day 1, 71.4% of the
patients had undetectable vancomycin levels 1 h after the first
dose; this increased to 85.7% by 4 to 6 h postdose. The total per-
centage of patients with undetectable vancomycin levels in serum
ranged from 57.1 to 90.5% throughout the treatment period.
Twelve to 72 h after the end of treatment, 82.6% of the patients
had serum vancomycin levels below the lower limit of quantita-
tion. An insufficient number of patients administered vancomy-
cin had adequate serum concentration data to allow for an accu-
rate calculation of the AUClast, Cmax and Tmax parameters.

Fecal recovery of LFF571. Fecal samples were collected from
41 patients during a 0- to 24-h window after the administration of
the final dose to determine the LFF571 concentrations in the gas-
trointestinal tract. The levels of vancomycin in feces were not
measured. The mean (standard deviation) level of LFF571 in feces
was 3,950 �g/g (2,810 �g/g), with a median value of 3,240 �g/g
and a range of 107 to 12,900 �g/g. No associations between fecal
LFF571 concentrations and clinical outcome shortly after com-
pleting therapy and during the 30-day follow-up period were
noted. Among the 41 patients with available fecal drug concentra-
tion data, two were classified as treatment failures shortly after
completing a full 10-day course of therapy, and 10 developed re-
current disease during the 30-day follow-up period. The fecal
LFF571 concentrations for the two patients with treatment fail-
ures were 3,150 �g/g and 3,730 �g/g. For the 10 patients with
recurrent disease, the median fecal LFF571 concentration was

4,010 �g/g. Both the lowest (107 �g/g) and highest (12,900 �g/g)
fecal concentrations of LFF571 were seen in patients classified as
clinical relapses.

DISCUSSION

Patients with C. difficile infections had limited systemic exposure
to LFF571 after dosing with 200 mg four times per day for 10 days.
These results are similar to those noted after dosing in healthy
volunteers (10), although slightly higher LFF571 serum concen-
trations were noted in the patients infected with C. difficile in the
current study. These higher concentrations may reflect an en-
hanced absorption of LFF571 due to gastrointestinal tract inflam-
mation and damage associated with the infection. However, the
absolute serum concentrations of LFF571 remained low through-
out the 10-day dosing regimen, with the highest value of 41.7
ng/ml detected on day 3. A limitation of defining the peak expo-
sure was that the collection of PK samples was limited to 1, 2 to 3,
and 24 h postdosing on day 1 and day 3 or 4, with some of the
collection times being optional.

The fecal concentrations of LFF571 ranged from 107 �g/g to
12,900 �g/g of feces. These concentrations are considerably higher
than the MIC90 values (0.25 to 0.5 �g/ml) for LFF571 against C.
difficile (7, 8, 12). These fecal drug concentrations are similar to
those attained after oral dosing of vancomycin and fidaxomicin
(1, 13). It is hypothesized that these high concentrations contrib-
ute to the efficacies of these agents. At doses used to treat patients
with C. difficile infections, 25 to 35% of an oral fidaxomicin dose is
converted to the 8- to 64-fold-less-active major metabolite OP-
1118, although the concentrations of active drug still remain well
above the MIC90 (13–15). Metronidazole is rapidly absorbed, and
fecal concentrations are typically much lower (�10 �g/g of feces);
yet, this antibiotic remains an effective therapy for mild to mod-
erate C. difficile infections (2). Fecal LFF571 concentrations did
not correlate with clinical outcomes when assessed shortly after
completing therapy and during the 30-day follow-up period.

The high fecal concentrations and low serum concentrations of
LFF571 are consistent with most LFF571 remaining in the lumen
of the gastrointestinal tract in patients with C. difficile infections.
In C. difficile-infected hamsters, the absorption of LFF571 was
�0.5% (6). However, the possibility of first-pass biliary-hepatic
elimination in humans cannot be formally ruled out. In rats,
LFF571 was excreted in feces as unchanged drug after intravenous
and oral administration (data not shown). Orally administered
drugs that achieve high concentrations in the gastrointestinal tract
at the site of infection and that are minimally absorbed in the
systemic circulation are potentially ideal candidates for C. difficile
therapy.

Oral vancomycin is poorly absorbed, and serum vancomycin
concentrations are typically �1 �g/ml if vancomycin is dosed at
125 mg every 6 h. Detectable but subtherapeutic serum vancomy-
cin concentrations ranging from 1 �g/ml to 5.1 �g/ml have been
reported in patients with C. difficile infections treated with 500 mg
of oral vancomycin every 6 h (16, 17). A systematic collection of
the serum samples for the PK analyses was not done in these stud-
ies. In a prospective study of 57 patients treated with 125 mg of
oral vancomycin every 6 h, only one patient had a detectable con-
centration of 6.7 �g/ml based on an assay range of 3.4 �g/ml to 90
�g/ml (18). The details on how the serum PK samples were col-
lected were not reported. Therapeutic serum vancomycin concen-
trations are generally not seen unless the patient has underlying

TABLE 3 Vancomycin serum concentrations at each time point

Study day Time (h) na

Concn (�g/ml)
(median [range])

No. (%) of concn
below lower limit
of quantification

1 Predose 21 0 (0–1.96) 19 (90.5)
1 after dose 7 0 (0–1.66) 5 (71.4)
2–3 after dose 21 0 (0–1.85) 19 (90.5)
4–6 after dose 7 0 (0–1.90) 6 (85.7)

3 Predose 22 0 (0–2.37) 17 (77.3)
1 after dose 7 0 (0–2.54) 4 (57.1)
2–3 after dose 22 0 (0–1.93) 16 (72.7)
4–6 after dose 8 0 (0–2.73) 5 (62.5)

8 or 9 Predose 13 0 (0–2.51) 10 (76.9)

10 or 11 Predose 10 0 (0–2.57) 8 (80.0)
1 after dose 7 0 (0–2.38) 5 (71.4)
2–3 after dose 6 0 (0–2.06) 4 (66.7)
4–6 after dose 6 0 (0–2.34) 5 (83.3)

12 or 13 12–72 after dose 23 0 (0–2.46) 19 (82.6)
a n, number of subject profiles that had adequate concentration data for evaluation.
Two patients had detectable vancomycin at baseline. The first, who had a concentration
of 1.73 �g/ml, had recently received intravenous vancomycin. The second, who had a
concentration of 1.96 �g/ml, had received intravenous vancomycin, but the last dose
was �14 days prior to enrollment.
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renal failure, in which case levels of �30 �g/ml have been reported
(19–21). However, even among patients with impaired renal func-
tion, serum vancomycin concentrations typically remain unde-
tectable or reach only subtherapeutic levels. In the current study,
detectable serum vancomycin concentrations were noted in 9.5 to
42.9% of the patients throughout the treatment interval, with the
highest noted value being 2.73 �g/ml. The lower number of
LFF571-treated patients with undetectable serum drug concentra-
tions compared with that of vancomycin-treated patients likely
reflects the relative insensitivity of the vancomycin detection assay
(i.e., the lower limit of detection is almost 20-fold greater than that
for LFF571). All patients received 125 mg of oral vancomycin ev-
ery 6 h, and no patient with a calculated creatinine clearance of
�30 ml/min or in need of dialysis was enrolled in the current
study.

In conclusion, these results confirm that systemic exposure to
LFF571 after oral dosing remains low, even in patients with C.
difficile infections. This suggests the retention of LFF571 in the
lumen of the gastrointestinal tract. The systemic exposure to van-
comycin after oral dosing tended to be higher. However, no pa-
tient had maximum serum drug concentrations in the therapeutic
range for pathogens, such as Staphylococcus aureus or Enterococcus
faecalis.

ACKNOWLEDGMENTS

Financial support was provided by Novartis for conducting this study and
preparing the manuscript.

All authors except K.M. are employees of Novartis.
We thank the patients for their participation in this study. We also

thank Catherine Jones for editorial support.
The study site investigators of this study were Christine Lee, St. Jo-

seph’s Healthcare, Ontario, Canada; Karl Weiss, Maisonneuve-Rosemont
Hospital, Montreal, Quebec, Canada; Doria Grimard, Hopital de Chi-
coutimi, Chicoutimi, Quebec, Canada; Andre Poirier, Centre Hospitalier
Regional de Trois-Rivieres, Quebec, Canada; Venkatesh Nadar, Holy
Spirit Hospital, Camp Hill, PA, USA; Robert S. Jones, The Reading Hos-
pital and Medical Center, West Reading, PA, USA; Thomas O. G. Kovacs,
UCLA Digestive Diseases Clinic, Los Angeles, CA, USA; Michael S.
Somero, Dr. Michael Somero Professional Corporation, Palm Desert, CA,
USA; Herbert DuPont, University of Texas Health Science Center, Hous-
ton, TX, USA; Ian M. Baird, Remington Davis Research, Inc., Columbus,
OH, USA; Ikeadi Maurice Ndukwu, St. Anthony Memorial Health Cen-
ter, Michigan City, IN, USA; Curtis A. Baum, Cotton-O’Neil Clinical
Research Center, Topeka, KS, USA; Alfred E. Bacon, III, Christiana Hos-
pital, Newark, DE, USA; Robert Zajac, Alamo Clinical Research Consul-
tants, San Antonio, TX, USA; Martha Buitrago, Idaho Falls Infectious
Diseases, Idaho Falls, ID, USA; Adam Bressler, Atlanta Institute for Med-
ical Research, Inc., Decatur, GA, USA; Kathleen M. Mullane, University of
Chicago, Chicago, IL, USA; Partha S. Nandi, Center for Digestive Health,
Troy, MI, USA; John Pullman, Mercury Street Medical Group, Butte, MT,
USA; Juanmanuel Gomez, Medical University of South Carolina,
Charleston, SC, USA; Miguel Trevino, Innovative Research of West Flor-
ida, Inc., Clearwater, FL, USA; Salam F. Zakko, Connecticut Gastroenter-
ology, Bristol, CT, USA; John Stratidis, Danbury Hospital, Danbury, CT,
USA; John S. Goff, Rocky Mountain Gastroenterology Associates, Lake-
wood, CO, USA; and Carl P. Griffin, Lynn Health Science Institute, Okla-
homa City, OK, USA.

REFERENCES
1. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC,

Pepin J, Wilcox MH, Society for Healthcare Epidemiology of America,
Infectious Diseases Society of America. 2010. Clinical practice guidelines
for Clostridium difficile infection in adults: 2010 update by the Society for

Healthcare Epidemiology of America (SHEA) and the Infectious Diseases
Society of America (IDSA). Infect Control Hosp Epidemiol 31:431– 455.
http://dx.doi.org/10.1086/651706.

2. Loo VG, Poirier L, Miller MA, Oughton M, Libman MD, Michaud S,
Bourgault AM, Nguyen T, Frenette C, Kelly M, Vibien A, Brassard P,
Fenn S, Dewar K, Hudson TJ, Horn R, Rene P, Monczak Y, Dascal A.
2005. A predominantly clonal multi-institutional outbreak of Clostridium
difficile-associated diarrhea with high morbidity and mortality. N Engl J
Med 353:2442–2449. http://dx.doi.org/10.1056/NEJMoa051639.

3. McDonald LC, Killgore GE, Thompson A, Owens RC, Jr, Kazakova SV,
Sambol SP, Johnson S, Gerding DN. 2005. An epidemic, toxin gene-
variant strain of Clostridium difficile. N Engl J Med 353:2433–2441. http:
//dx.doi.org/10.1056/NEJMoa051590.

4. Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A, Golan Y,
Gorbach S, Sears P, Shue YK, OPT-80-003 Clinical Study Group. 2011.
Fidaxomicin versus vancomycin for Clostridium difficile infection. N Engl
J Med 364:422– 431. http://dx.doi.org/10.1056/NEJMoa0910812.

5. Cornely OA, Crook DW, Esposito R, Poirier A, Somero MS, Weiss K,
Sears P, Gorbach S, OPT-80-004 Clinical Study Group. 2012. Fidax-
omicin versus vancomycin for infection with Clostridium difficile in Eu-
rope, Canada, and the USA: a double-blind, non-inferiority, randomised
controlled trial. Lancet Infect Dis 12:281–289. http://dx.doi.org/10.1016
/S1473-3099(11)70374-7.

6. LaMarche MJ, Leeds JA, Amaral A, Brewer JT, Bushell SM, Deng G,
Dewhurst JM, Ding J, Dzink-Fox J, Gamber G, Jain A, Lee K, Lee L,
Lister T, McKenney D, Mullin S, Osborne C, Palestrant D, Patane MA,
Rann EM, Sachdeva M, Shao J, Tiamfook S, Trzasko A, Whitehead L,
Yifru A, Yu D, Yan W, Zhu Q. 2012. Discovery of LFF571: an investi-
gational agent for Clostridium difficile infection. J Med Chem 55:2376 –
2387. http://dx.doi.org/10.1021/jm201685h.

7. Citron DM, Tyrrell KL, Merriam CV, Goldstein EJ. 2012. Comparative
in vitro activities of LFF571 against Clostridium difficile and 630 other
intestinal strains of aerobic and anaerobic bacteria. Antimicrob Agents
Chemother 56:2493–2503. http://dx.doi.org/10.1128/AAC.06305-11.

8. Debast SB, Bauer MP, Sanders IM, Wilcox MH, Kuijper EJ, ECDIS
Study Group. 2013. Antimicrobial activity of LFF571 and three treatment
agents against Clostridium difficile isolates collected for a pan-European
survey in 2008: clinical and therapeutic implications. J Antimicrob Che-
mother 68:1305–1311. http://dx.doi.org/10.1093/jac/dkt013.

9. Trzasko A, Leeds JA, Praestgaard J, Lamarche MJ, McKenney D. 2012.
Efficacy of LFF571 in a hamster model of Clostridium difficile infection.
Antimicrob Agents Chemother 56:4459 – 4462. http://dx.doi.org/10.1128
/AAC.06355-11.

10. Ting LS, Praestgaard J, Grunenberg N, Yang JC, Leeds JA, Pertel P.
2012. A first-in-human, randomized, double-blind, placebo-controlled,
single- and multiple-ascending oral dose study to assess the safety and
tolerability of LFF571 in healthy volunteers. Antimicrob Agents Che-
mother 56:5946 –5951. http://dx.doi.org/10.1128/AAC.00867-12.

11. Mullane K, Lee C, Bressler A, Buitrago M, Weiss K, Dabovic K,
Praestgaard J, Leeds JA, Blais J, Pertel P. 2015. Multicenter, randomized
clinical trial to compare the safety and efficacy of LFF571 and vancomycin
for Clostridium difficile infections. Antimicrob Agents Chemother 59:
1435–1440. http://dx.doi.org/10.1128/AAC.04251-14.

12. Hecht D, Osmolski JR, Gerding D. 2012. In vitro activity of LFF571
against 103 clinical isolates of Clostridium difficile, abstr P-1440. Abstracts
of the 22nd European Society of Clinical Microbiology and Infectious
Diseases, 31 March to 3 April 2012, London, United Kingdom.

13. Sears P, Crook DW, Louie TJ, Miller MA, Weiss K. 2012. Fidaxomicin
attains high fecal concentrations with minimal plasma concentrations fol-
lowing oral administration in patients with Clostridium difficile infection.
Clin Infect Dis 55(Suppl 2):S116 –S120. http://dx.doi.org/10.1093/cid
/cis337.

14. Shue YK, Sears PS, Shangle S, Walsh RB, Lee C, Gorbach SL, Okumu
F, Preston RA. 2008. Safety, tolerance, and pharmacokinetic studies of
OPT-80 in healthy volunteers following single and multiple oral doses.
Antimicrob Agents Chemother 52:1391–1395. http://dx.doi.org/10.1128
/AAC.01045-07.

15. Babakhani F, Gomez A, Robert N, Sears P. 2011. Killing kinetics of
fidaxomicin and its major metabolite, OP-1118, against Clostridium diffi-
cile. J Med Microbiol 60:1213–1217. http://dx.doi.org/10.1099/jmm.0
.029470-0.

16. Tedesco F, Markham R, Gurwith M, Christie D, Bartlett JG. 1978. Oral

Bhansali et al.

1444 aac.asm.org March 2015 Volume 59 Number 3Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1086/651706
http://dx.doi.org/10.1056/NEJMoa051639
http://dx.doi.org/10.1056/NEJMoa051590
http://dx.doi.org/10.1056/NEJMoa051590
http://dx.doi.org/10.1056/NEJMoa0910812
http://dx.doi.org/10.1016/S1473-3099(11)70374-7
http://dx.doi.org/10.1016/S1473-3099(11)70374-7
http://dx.doi.org/10.1021/jm201685h
http://dx.doi.org/10.1128/AAC.06305-11
http://dx.doi.org/10.1093/jac/dkt013
http://dx.doi.org/10.1128/AAC.06355-11
http://dx.doi.org/10.1128/AAC.06355-11
http://dx.doi.org/10.1128/AAC.00867-12
http://dx.doi.org/10.1128/AAC.04251-14
http://dx.doi.org/10.1093/cid/cis337
http://dx.doi.org/10.1093/cid/cis337
http://dx.doi.org/10.1128/AAC.01045-07
http://dx.doi.org/10.1128/AAC.01045-07
http://dx.doi.org/10.1099/jmm.0.029470-0
http://dx.doi.org/10.1099/jmm.0.029470-0
http://aac.asm.org


vancomycin for antibiotic-associated pseudomembranous colitis. Lancet
ii:226 –228.

17. Dudley MN, Quintiliani R, Nightingale CH, Gontarz N. 1984. Absorp-
tion of vancomycin. Ann Intern Med 101:144. http://dx.doi.org/10.7326
/0003-4819-101-1-144_1.

18. Rao S, Kupfer Y, Pagala M, Chapnick E, Tessler S. 2011. Systemic
absorption of oral vancomycin in patients with Clostridium difficile infec-
tion. Scand J Infect Dis 43:386 –388. http://dx.doi.org/10.3109/00365548
.2010.544671.

19. Thompson CM, Jr, Long SS, Gilligan PH, Prebis JW. 1983. Absorption
of oral vancomycin—possible associated toxicity. Int J Pediatr Nephrol
4:1– 4.

20. Spitzer PG, Eliopoulos GM. 1984. Systemic absorption of enteral vanco-
mycin in a patient with pseudomembranous colitis. Ann Intern Med 100:
533–534. http://dx.doi.org/10.7326/0003-4819-100-4-533.

21. Chihara S, Shimizu R, Furukata S, Hoshino K. 2011. Oral vancomycin may
have significant absorption in patients with Clostridium difficile colitis. Scand J
Infect Dis 43:149 –150. http://dx.doi.org/10.3109/00365548.2010.513066.

LFF571 PK in C. difficile Patients

March 2015 Volume 59 Number 3 aac.asm.org 1445Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.7326/0003-4819-101-1-144_1
http://dx.doi.org/10.7326/0003-4819-101-1-144_1
http://dx.doi.org/10.3109/00365548.2010.544671
http://dx.doi.org/10.3109/00365548.2010.544671
http://dx.doi.org/10.7326/0003-4819-100-4-533
http://dx.doi.org/10.3109/00365548.2010.513066
http://aac.asm.org

	Pharmacokinetics of LFF571 and Vancomycin in Patients with Moderate Clostridium difficile Infections
	MATERIALS AND METHODS
	Patients and study design.
	Serum collection for PK assessment.
	Fecal collection for PK assessment.
	Bioanalytical methods.
	Assessment of PK parameters.
	Statistical methods.

	RESULTS
	Patient demographics.
	PK parameters of LFF571 in serum.
	PK parameters of vancomycin in serum.
	Fecal recovery of LFF571.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


