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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Clostridium difficile-associated diarrhoea (CDAD), which

affects about 1% of hospitalized patients whose intestinal
flora have been altered by the administration of
antimicrobial agents such as the cephalosporins, accounts
for 10% to 20% of all cases of antibiotic-associated
diarrhoea.

• The incidence and severity of CDAD is rising in a number of
countries, including the United States, United Kingdom, and
Canada, where recent outbreaks of CDAD have been
associated with increased mortality.

• Since both antibiotics that are currently used for treating
CDAD (vancomycin, the only treatment approved by the US
Food and Drug Administration for this indication, and
metronidazole, the most widely recommended first-line
therapy) have serious limitations, including recurrence rates
of about 20%, systemic adverse events, and the emergence
of drug resistance, there is a large unmet need for the
development of novel therapeutic modalities with unique
mechanisms of action for the prevention of the disease
and/or management of patients with CDAD.

WHAT THIS STUDY ADDS
• The results of the phase I study demonstrate that a new

phase III formulation of tolevamer, a novel, high-molecular
weight, anionic polymer with a unique mechanism of
action based on noncovalent binding to C. difficile toxins A
and B, may eliminate the increased risk of hypokalaemia
observed with the phase II formulation and allow further
clinical development of an alternative therapeutic approach
to antibiotics for this antibiotic-induced disease.

• The results demonstrate that a potassium sodium oral
liquid formulation of tolevamer given over a 9 day
treatment period is generally safe and well-tolerated.

• The information contained herein provides a basis for
selection of the appropriate dosing and scheduling of this
formulation of tolevamer in future trials.

AIMS
To evaluate the safety and tolerability of a new oral solution
formulation of tolevamer potassium sodium, a nonantibiotic polymer
that binds Clostridium difficile toxins A and B.

METHODS
This phase 1 randomized, double-blind, placebo-controlled study
evaluated four doses of tolevamer potassium sodium in 40 healthy
volunteers using a sequential dose escalation paradigm and doses of 6,
9, 12 and 15 g day-1 for 9 days. Within each 10 patient cohort, eight
patients received active treatment and two matching placebo. Placebo
subjects were pooled to provide eight per arm. All subjects received
three times daily dosing on days 2–8 as well as a loading dose (a single
dose equal to the total daily dose) either on day 1 or day 9.

RESULTS
All 40 subjects completed the study per protocol. Treatment-emergent
adverse events (TEAEs) were generally mild, transient, and resolved
without sequelae. There were no serious AEs or deaths. There was no
relationship detected between dose and the incidence of TEAEs,
whether drug-related (all gastrointestinal disorders) or not. No clinically
significant changes in laboratory parameters, including serum and
urinary potassium concentrations, vital signs, and results of physical
examination, were observed. A small but statistically significant
reduction in 24 h urine potassium excretion was seen in the 15 g day-1

dose group, and on day 10 in the 6 g day-1 group.

CONCLUSIONS
Tolevamer oral solution administered for 9 days at total daily doses up
to 15 g, with loading doses of up to 15 g, was generally safe and
well-tolerated in healthy volunteers.
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Introduction

Clostridium difficile-associated diarrhoea (CDAD) typically
affects patients whose intestinal flora are altered by the
use of antimicrobial agents such as the cephalosporins [1].
In this microbial disorder, C. difficile is able to grow in an
intestinal environment ablated of normal, competing
intestinal flora.CDAD is associated with a profuse watery or
mucoid diarrhoea, abdominal discomfort, fever, leukocyto-
sis, nausea, anorexia, malaise, and haematochezia [2, 3].

An estimated 1% of hospitalized patients are afflicted
with CDAD, which accounts for 10% to 20% of all cases of
antibiotic-associated diarrhoea [1, 4]. The incidence and
severity of CDAD is rising in a number of countries, includ-
ing the United States, United Kingdom, and Canada [5–7].
In Montreal and other regions of Quebec, recent outbreaks
of CDAD have been associated with increased mortality [5,
8,9].New cases of CDAD in Quebec have been estimated to
be more than five times the national average observed in
1997 [10]. This outbreak is related principally to the emer-
gence of a new hypertoxigenic strain with a possible role
for fluoroquinolone use driving its emergence [11–14].

The symptoms of C. difficile infection are mediated by
two major virulence factors: toxin A, a potent enterotoxin/
cytotoxin, and toxin B, a potent cytotoxin [2, 15]. Upon
release from the vegetative form of pathogenic strains of
C. difficile, these toxins bind to enterocyte cell-surface
receptors, followed by toxin internalization and subse-
quent disruption of the actin cytoskeleton and widening
of tight junctions.This process is accompanied by a robust
inflammatory response and ultimately leads to mucosal
damage and fluid loss into the intestinal lumen [3, 16, 17].

Antibiotic therapy is currently the most common
method of treating patients with CDAD. Vancomycin is the
only treatment approved by the US Food and Drug Admin-
istration (FDA) for this indication, but metronidazole is the
most widely recommended first-line therapy. Both antibi-
otics are associated with CDAD recurrence rates of about
20% due to the disruption of normal intestinal flora that
provide colonization resistance against C. difficile [2,
18–20]. Additionally, metronidazole is associated with sys-
temic adverse effects [2], and vancomycin use is restricted
over concerns about the emergence of vancomycin resis-
tance in other bacteria, such as enterococci [20]. Two
recent observational studies have raised serious questions
about the efficacy of metronidazole for managing CDAD
[21–23]. Development of a novel nonantibiotic agent with
a unique mechanism of action that does not contribute to
adverse microbial ecological selection pressure may repre-
sent a significant advance for prevention of CDAD and/or
treatment of patients with CDAD.

Tolevamer is a novel, orally administered, soluble, high-
molecular weight (> 400 kDa), nonantimicrobial, anionic
polymer. Tolevamer has a unique mechanism of action in
that, rather than acting directly on the bacteria, it binds
noncovalently with high affinity to C. difficile toxins A and

B, thus effectively neutralizing these causative toxins [24].
Thus, unlike traditional antibiotics, tolevamer does not
interact directly with normal gut bacteria and therefore
should not disrupt the protective microflora that pro-
vide colonization resistance [25]. The original tolevamer
compound (tolevamer sodium, GT160-246) dramatically
attenuated CDAD severity and recurrence in preclinical
studies and provided clinical benefit in patients with mild
to moderate CDAD [25–28]. Tolevamer sodium was well-
tolerated and demonstrated similar efficacy for resolution
of C. difficile diarrhoea compared with standard therapy
with vancomycin, but it was associated with an increased
rate of hypokalaemia [27].

To minimize the risk of hypokalaemia, a new mixed
potassium sodium salt of tolevamer was developed as an
oral solution. In this new formulation [poly(potassium/
sodium 4-styrenesulphonate), tolevamer potassium
sodium, GT267-004] partial replacement of sodium with
potassium is expected to reduce the potential of the
polymer, as a result of its ability to bind cations, to contrib-
ute to hypokalaemia in patients at risk of potassium loss
due to secretory diarrhoea. Based on in vitro experiments
with simulated intestinal fluid, it was estimated that
1.8 mEq potassium g-1 of anionic polymer is equivalent to
the amount of potassium potentially bound in the colon.
Thus, a formulation with this concentration of potassium is
expected to be excreted in the faeces carrying approxi-
mately the same amount of potassium with which it was
administered, thereby being ‘potassium neutral’ and effec-
tively minimizing the risk for hypokalaemia. The active
component of tolevamer, the anionic polymer that binds
C. difficile toxins A and B, is identical in the two salt formu-
lations. Thus, tolevamer potassium sodium is expected to
provide equivalent efficacy as that seen with tolevamer
sodium, but without significant hypokalaemia.

We report here the results of a double-blind, random-
ized, placebo-controlled, dose escalation phase I safety and
tolerability study of this new formulation of tolevamer in
healthy male volunteers.

Methods

Objectives
The objectives of this study were (i) to examine the safety
and tolerability of a new potassium sodium salt formula-
tion of tolevamer, (ii) to investigate the effect of this new
tolevamer formulation on urinary potassium excretion and
(iii) to provide data to inform decisions regarding accept-
able doses of tolevamer potassium sodium in further clini-
cal studies.

Study participants and study design
Males 18–75 years of age who were willing to eat three
standardized meals and three snacks per day were eligible.
Subjects were required to have no clinically significant

Safety and tolerability of a new formulation of tolevamer

Br J Clin Pharmacol / 66:1 / 103



abnormal findings on physical examination, medical
history, and laboratory testing at screening, and negative
urine screens for alcohol and drugs of abuse at screening
and on day -1. A level of understanding and a willingness
and ability to co-operate with all study procedures and
restrictions was required. All subjects gave voluntary
written informed consent. The study protocol and
informed consent were approved by an Independent
Ethics Committee (Strichting Boordeling Ethiek Bio-
Medish Onderzoek, Assen, the Netherlands).

Individuals were screened during a 3-week period. Eli-
gible subjects (n = 40, with an additional reserve of nine
subjects) were admitted to the study unit on day -1. Sub-
jects were assigned sequentially to one of four treatment
cohorts (6 g day-1, 9 g day-1, 12 g day-1, 15 g day-1 total
daily dose) starting with the lowest dose (10 subjects per
group). Within each cohort, subjects were randomized to
receive either active treatment (n = 8) or placebo (n = 2).
Subjects were further randomized such that five subjects
(four receiving active medication and one receiving
placebo) were given a loading dose of tolevamer or
placebo on the evening of day 1. The other five subjects
received this loading dose of tolevamer or placebo as their
last dose on the morning of day 9. Subjects who received a
loading dose on the evening of day 1 received a regular
single dose on the morning of day 9, while subjects who
received a loading dose on the morning of day 9 received
a regular single dose on the evening of day 1. The volume
of tolevamer potassium sodium solution varied with dose,
ranging from 87 ml to 216 ml. Doses were administered
with placebo to maintain equivalent volumes.The placebo
preparation was matched to the active preparation in taste
and consistency. Individual subject medication was pre-
pared by the site pharmacist. The study co-ordinator,
investigator, and subjects were blinded to treatment
assignment. Study medication was given three times daily,
at 8 h intervals, 30 min prior to a scheduled meal or snack.

From the time of admission until the time of discharge
the subjects continued on a potassium-controlled diet
designed to provide a mean dietary potassium intake of
6600 mg day-1 (40 mg ª 1 mEq). A fasting period of 4 h was
required before screening and admission procedures were
initiated. Subjects remained in the study unit for the 9 day
treatment period and were discharged the morning of
day 10. A follow-up medical examination was performed
within 4–8 days after discharge from the centre.

Dose selection rationale
This study was designed to examine the safety and toler-
ability of tolevamer potassium sodium dosed at total daily
doses of 6 g (2 g three times daily), 9 g (3 g three times
daily), 12 g (4 g three times daily) and 15 g (5 g three times
daily), as well as to examine the safety and tolerability of a
single loading dose at each of these total daily doses. The
doses examined were chosen based on prior clinical expe-
rience with tolevamer sodium and to provide additional

evidence in support of doses planned for phase III studies.
Phase II data with tolevamer sodium indicate a dose–
response relationship between 3 g day-1 and 6 g day-1,
with 6 g day-1 being a clinically effective dose that was
statistically noninferior to standard vancomycin therapy
(500 mg day-1) [27]. Demonstrating the safety and toler-
ability of higher tolevamer doses (9 g day-1 and 15 g day-1),
with commensurate increases in toxin-binding capacity,
may be of clinical importance given the recent epidemic
emergence of the hypertoxigenic ribotype 027, toxinotype
III C. difficile strain in North America and Europe, which pro-
duces in vitro 16- and 23-fold higher concentrations of
toxins A and B, respectively, than a reference toxinotype 0
strain [11]. Additionally, the 15 g day-1 dose is equivalent to
the total daily dose achieved with a 9 g loading dose plus
two additional 3 g doses in a 9 g day-1, 3 g three times daily
regimen, a likely regimen for phase III pivotal trials of tol-
evamer for treatment of CDAD. Optimal treatment of
CDAD is likely to include a loading dose of tolevamer as the
first dose of treatment to neutralize rapidly and maximally
C. difficile toxin-mediated colon damage. In this phase I
study, the study population was divided to receive the tol-
evamer loading dose at either the start or at the conclusion
of the treatment phase because it was unknown at the
beginning of the study whether high doses of tolevamer
would be tolerated. Administering the loading dose to a
subset of patients at the conclusion of the study was done
to reduce the drop-out rate should high doses be poorly
tolerated, and because it allowed examination of whether
tolerance to high doses would improve after initial expo-
sure to lower tolevamer doses.

Prior and concomitant medications
Subjects were not permitted to take any prescription
or nonprescription medication with the exception of
acetaminophen and some topical medications within
7 days prior to the first dose and for the duration of the
study. The use of methylxanthine-containing beverages or
food, grapefruit juice, and alcohol was not allowed from
48 h (2 days) prior to entrance into the clinical research
centre and during the study.

Study assessments
Subjects were queried with nonleading questions to deter-
mine the occurrence of adverse events (AEs), which, on
dosing days, was done just before each drug administra-
tion (three times per day). In addition, all AEs reported
spontaneously during the course of the study were
recorded. The severity of an AE was rated as mild, moder-
ate, or severe, and it was classified by the investigator as
not related, remotely related, possibly related, or probably
related to tolevamer administration. Physical examina-
tions, including measurement of vital signs, were per-
formed at screening, on days -1 and 10, and upon
follow-up. Fasting serum potassium was measured on
study days 1 through 10 prior to administration of the
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breakfast dose of tolevamer. Twenty-four hour urine
samples were collected from the morning of day 1 until
discharge on day 10 for analysis of urinary potassium, crea-
tinine, calcium, and magnesium. No 24 h urine samples
were collected prior to day 1. Standard quantitative serum
clinical chemistry, quantitative haematology, qualitative
urinalysis, and coagulation (prothrombin time and partial
thromboplastin time) assessments were measured at
screening, on days -1, 5, and 10, and on follow-up. Serology
was done at screening for hepatitis B surface antigen, anti-
hepatitis C, and antihuman immunodeficiency -1 and -2
antibodies. Drug screening was done at screening and on
day -1. No pharmacokinetic assessments were done as
part of this study of healthy volunteers as studies in both
normal and damaged gut animal models indicated that
tolevamer was essentially nonabsorbed.

Statistics
No formal sample size determination was performed for
this study. General study experiences in phase I trials indi-
cate that 40 patients in a blinded randomized trial of this
nature should provide sufficient data to allow initial
assessment of safety and tolerability while minimizing
unnecessary exposure of subjects to tolevamer potas-
sium sodium. Data from placebo-treated subjects were
pooled into one group. Descriptive summary statistics
were provided when appropriate. A Wilcoxon rank sum
test with P values for comparison of each dose group
with placebo for adverse events was performed as well as
an analysis of variance (ANOVA) with P values for clinical
laboratory data. No other formal statistical analyses were
performed.

Results

Baseline demographics
Descriptive demographic statistics by treatment group
and overall in the study are indicated in Table 1. Height,
weight, and body mass index were similar among all treat-

ment groups. The placebo-treated subjects were approxi-
mately 10 years older than the tolevamer-treated subjects,
except for subjects in the 6 g group who, on average, were
approximately 8 years younger than the subjects in the
other treatment groups. All 40 subjects completed the
study per protocol.

Treatment-emergent adverse events
AEs that occurred from the time each subject received
the first dose of study medication until follow-up were
regarded as treatment-emergent AEs (TEAEs). Twenty-
eight subjects reported a total of 68 TEAEs, all of which
were of mild intensity, transient, and resolved without
sequelae. The frequency of occurrence of TEAEs and the
number and percentage of subjects experiencing TEAEs
per treatment group are indicated in Table 2. Fourteen
TEAEs were reported by five subjects receiving placebo, 12
TEAEs by six subjects in the 6 g group, 19 TEAEs by six
subjects in the 9 g group, seven TEAEs by six subjects in the
12 g group, and 16 TEAEs by five subjects in the 15 g group.
There were no statistically significant differences in the
percentage of subjects experiencing TEAEs in any of the
treatment groups vs. placebo.

Table 1
Summary of subject demographic characteristics

Placebo
Tolevamer

Overall6 g 9 g 12 g 15 g

Age (years) Mean (SD) 47 (20) 30 (14) 37 (22) 38 (20) 38 (22) 38 (19)
Range 18–70 20–58 19–67 18–63 20–72 18–72

Height (cm) Mean (SD) 182 (7) 182 (5) 182 (8) 176 (9) 179 (4) 180 (7)
Range 174–192 176–190 171–192 163–191 174–184 163–192

Weight (kg) Mean (SD) 83.4 (7.8) 75.6 (11.0) 79.3 (7.2) 74.1 (7.2) 80.9 (6.8) 78.7 (8.5)
Range 75.1–95.1 59.3–96.6 69.6–90.7 63.6–83.3 69.5–88.2 59.3–96.6

BMI (kg m-2) Mean (SD) 25.2 (2.9) 22.7 (2.9) 23.9 (2.7) 23.9 (2.5) 25.4 (2.0) 24.2 (2.7)
Range 20.8–30.0 19.1–26.8 19.1–27.7 20.5–28.2 23.0–28.7 19.1–30.0

Table 2
Summary of TEAEs per treatment group*

Treatment
Total (n = 40)

PE N (%)

Total AEs (n = 40) 68 28 (70) –
Placebo (n = 8) 14 5 (63) –

6 g (n = 8) 12 6 (75) 0.9545
9 g (n = 8) 19 6 (75) 0.4860

12 g (n = 8) 7 6 (75) 0.5097
15 g (n = 8) 16 5 (63) 1.0000

*All TEAEs were of mild intensity. n, number of subjects per group; E, number of
events; N (%), number and percentage of subjects experiencing AEs. P value
calculated from a (Wilcoxon rank-sum) comparison of the number of TEAEs per
subject for each dose group with the placebo group.
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Drug-related adverse events
TEAEs related to tolevamer are summarized in Table 3A.For
the overall study period from first dose until follow-up
there were 29 TEAEs reported by 20 subjects that were
considered by the investigator to be possibly related (25
TEAEs) or probably related (four TEAEs) to study treatment.
All were gastrointestinal disorders (i.e. flatulence, loose
stools, abdominal distension, abdominal pain, defaecation
urgency). No dose-dependent relationship was observed.
Indeed, the frequency of the most commonly reported
TEAE (flatulence) was inversely related to tolevamer dose.

The frequency of occurrence of drug-related TEAEs and
the number and percentage of subjects experiencing
drug-related TEAEs after the loading dose is summarized in
Table 3B. Within 24 h after administration of the day 1 and
day 9 loading doses, there were seven and two drug-
related TEAEs observed, respectively. TEAEs occurring
within the first day of dosing and associated with the day 1
loading dose were most often episodes of mild flatulence,
with defaecation urgency and loose stools also reported.
The two drug-related TEAEs seen within 24 h after the day
9 loading dose were mild flatulence and loose stools. The
incidence of flatulence declined over the course of the
study, possibly due to habituation to the study medication.

These results suggest that three times daily oral treat-
ment with a total daily dose of up to 15 g of liquid tol-
evamer for 7 days and oral treatment with a loading dose

of up to 15 g of liquid tolevamer was generally safe and
well-tolerated by healthy male volunteers.

Clinical laboratory parameters
No clinically significant changes in laboratory values were
observed with tolevamer administration, including serum
concentrations of potassium, creatinine, calcium, and mag-
nesium, and urinary excretion of potassium. Serum potas-
sium concentrations were not adversely affected in any
group, and no dose–response was observed in urinary
potassium excretion. The 24 h urinalysis demonstrated
that potassium balance was achieved with this potassium
sodium formulation of tolevamer at the 6,9,and 12 g doses
(Table 4, Figure 1). In the 6 g day-1 treatment group, there
was no significant change from baseline until day 10
when the change from baseline was -26.3 mmol 24 h-1

(P < 0.05). In the 9 g group (phase III daily dose) there was
a small increase in the mean 24 h urinary potassium
excretion compared with baseline each day on study days
3 through 9, averaging 14 mmol 24 h-1 overall, and a
decrease on study day 10 of 5.7 mmol 24 h-1, with none of
the changes achieving statistical significance. Similar
results were observed in the 12 g group, with an average
increase in the mean 24 h urinary potassium excretion
across all study days of 5 mmol 24 h-1vs. baseline, and no
significant decrease at any time point studied. In the
15 g day-1 treatment group, the daily mean decrease in

Table 3
Summary of drug-related TEAEs

System organ
class/preferred term

Total daily dose
Total
(n = 40)

Placebo
(n = 8)

6 g
(n = 8)

9 g
(n = 8)

12 g
(n = 8)

15 g
(n = 8)

E N (%) E N (%) E N (%) E N (%) E N (%) E N (%)

A. Entire study period through follow-up
Total 29 20 (50) 2 2 (25) 10 6 (75) 8 6 (75) 2 2 (25) 7 4 (50)

Gastrointestinal disorders 29 20 (50) 2 2 (25) 10 6 (75) 8 6 (75) 2 2 (25) 7 4 (50)
Abdominal distension 3 1 (3) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 3 1 (13)
Abdominal pain 2 2 (5) 0 0 (0) 2 2 (25) 0 0 (0) 0 0 (0) 0 0 (0)
Defaecation urgency 1 1 (3) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 1 1 (13)
Flatulence 18 16 (40) 2 2 (25) 8 6 (75) 5 5 (63) 2 2 (25) 1 1 (13)
Loose stools 5 5 (13) 0 0 (0) 0 0 (0) 3 3 (38) 0 0 (0) 2 2 (25)

System organ
class/preferred term

Loading dose day Within 24 h only
Day 1 LD
(n = 16)

Day 9 LD
(n = 16)

Day 1 LD
(n = 16)

Day 9 LD
(n = 16)

E N (%) E N (%) E N (%) E N (%)

B. By loading dose (LD) day
Total 12 10 (63) 2 2 (13) 7 6 (38) 2 2 (13)

Gastrointestinal disorders 12 10 (63) 2 2 (13) 7 6 (38) 2 2 (13)
Abdominal pain 1 1 (6) 0 0 (0) 0 0 (0) 0 0 (0)
Defaecation urgency 1 1 (6) 0 0 (0) 1 1 (6) 0 0 (0)
Flatulence 8 8 (50) 1 1 (6) 5 5 (31) 1 1 (6)
Loose stools 2 2 (13) 1 1 (6) 1 1 (6) 1 1 (6)

n, number of subjects exposed; E, number of AEs; N (%), number and percentage of subjects with AEs. Note: Each occurrence of each AE was counted, even if the same AE occurred
multiple times in the same patient during one treatment. A relationship to the study medication of ‘definite’, ‘probable’, or ‘possible’ is considered to be ‘related.’

J. Peppe et al.

106 / 66:1 / Br J Clin Pharmacol



24 h urinary potassium excretion was 9.8, 13.1, 4.2 and
21.6 mmol 24 h-1 on study days 4, 6,8, and 10, respectively
(P < 0.05 for each time point), with the mean daily urinary
potassium excretion in this group ranging from 83 to
104 mmol 24 h-1, and with an average decrease across all
study days of 12 mmol 24 h-1vs. baseline.

Other safety evaluations
There were no changes in vital signs or the results of physi-
cal examination.

Discussion

This study evaluated in healthy volunteers the safety and
tolerability of a new oral formulation of tolevamer
designed to minimize the incidence of hypokalaemia
observed in previous clinical studies with tolevamer
sodium. The results indicate that a potassium sodium for-

mulation of tolevamer is generally well-tolerated over a
9 day treatment period at the doses administered, includ-
ing loading doses equivalent to the full daily dose of the
treatment cohort to which the subject was assigned. All
drug-related TEAEs were gastrointestinal in nature, and
without apparent relationship to tolevamer dose. Notably,
TEAEs were generally mild, transient, and resolved without
clinical sequelae.No serious AEs or deaths were reported in
this study.

No clinically or statistically significant change in serum
potassium was observed from baseline to end of treat-
ment in any dose group in this study. No clinically or
statistically significant changes in 24 h mean urinary potas-
sium excretion were observed at any time point in the 9 or
12 g day-1 treatment groups. A modest reduction in 24 h
mean urinary potassium excretion from baseline was
observed in the 15 g group, with the average decrease
across all study days of 12 mmol 24 h-1. However, as a point
of reference, the daily minimum dietary potassium require-

Table 4
24 h urinary potassium excretion (mmol 24 h-1)

Treatment group Baseline (Day 2) Day 4 Day 6 Day 8 Day 10

Placebo 90.4 (21.4) 102.9 (22.7) 105.7 (13.8) 107.6 (11.3) 94.4 (11.1)
6 g day-1 106.3 (28.7) 122.0 (24.3) 107.1 (28.9) 104.8 (16.2) 80.0 (25.2)*
9 g day-1 89.1 (21.5) 95.0 (27.4) 104.6 (11.7) 104.2 (16.3) 83.4 (14.5)
12 g day-1 85.8 (19.3) 93.2 (16.5) 96.0 (12.6) 99.4 (12.0) 81.5 (14.9)
15 g day-1 104.3 (9.8) 94.5 (15.5)* 91.1 (30.9)* 100.1 (11.4)* 82.7 (14.0)*

*P value <0.05 (ANOVA). Urine samples were collected daily over the course of the 9 day treatment interval. For convenience, data from alternating days are presented as mean (SD).
Statistical comparison was made of the mean change from baseline for each time postbaseline with the corresponding mean change from baseline in the placebo group.
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Figure 1
24h urinary potassium excretion (mmol 24 h-1) by treatment group at baseline and on days 4, 6, 8, and 10. A comparison was made of the mean change from
baseline for each time post baseline with the corresponding mean change from baseline in the placebo group. *P value <0.05 (ANOVA). There was a
statistically significant change in urinary potassium excretion on day 10 in subjects who received 6 g day-1 tolevamer potassium and on days 4, 6, 8, and 10
in subjects who received 15 g day-1 tolevamer potassium sodium.There was no significant effect of tolevamer potassium sodium administered at 9 g day-1

or 12 g day-1. Baseline (Day 2), ( ); Day 4, ( ); Day 6, ( ); Day 8, ( ); Day 10, ( )
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ment is approximately 50 mmol, and diets containing large
amounts of fruits and vegetables tend to include 200–
250 mmol day-1 of potassium [29]. Therefore, no serious
adverse clinical impact of tolevamer potassium sodium on
potassium balance was anticipated in phase III studies
designed to examine the effect of 9 g day-1 in patients with
CDAD.

Tolevamer may satisfy an important unmet medical
need as a new, nonantimicrobial treatment for patients
with CDAD. High recurrence rates associated with antibi-
otic therapies represent the greatest weakness of current
standards of care [2, 18–20]. Moreover, the use of both
vancomycin and metronidazole has been associated with
persistent carriage of C. difficile, and selection for resistant
bacteria [19, 20, 30–33]. Although both antibiotics have
approximately equivalent efficacy, metronidazole is more
commonly used for treating patients with CDAD since it is
less costly than vancomycin and since the use of vancomy-
cin is associated with the selection of vancomycin-resistant
gram-positive cocci [34–36].However, recent observational
studies indicate a relatively poor response to metronida-
zole therapy in patients with CDAD [21, 22].Whereas earlier
reports suggested cure rates of 90% and modest rates of
recurrence with metronidazole, a recent study conducted
in Houston,Texas demonstrated complete response (initial
cure with no recurrence of disease) in only 50% of patients
[22]. Lack of response to metronidazole was shown in this
study to be associated with a higher mortality in patients
who did not respond to an initial course of this drug com-
pared with the mortality among responders (33% vs. 21%;
P < 0.05) [22]. Further, symptoms and/or signs of C. difficile
colitis persisted in 22% of patients for �10 days after ini-
tiation of metronidazole therapy, and an additional 28%
responded initially but had recurrence of disease within
the ensuing 90 days [22]. An even higher recurrence rate
was noted in another recent observational study in a
hospital in Quebec, Canada, in which the 60 day CDAD
recurrence rates with metronidazole therapy more than
doubled, from 21% between 1991 and 2002 to 47%
between 2003 and 2004 (P < 0.001) [21].

Suboptimal responses to metronidazole may occur
because it is systemically absorbed and achieves variable
concentrations in the colon. Moreover, metronidazole may
be poorly tolerated, causing abdominal cramps, nausea,
altered taste, and headache. Long-term use is associated
with serious AEs, including peripheral neuritis, pancreatitis,
possible carcinogenicity, and teratogenicity [2, 37].

In conclusion, the tolevamer potassium sodium oral
solution given three times per day up to a total daily dose
of 15 g for 8 days and up to a 15 g loading dose was safe
and well-tolerated in healthy male volunteers. Based on
the encouraging results in a phase II trial with 6 g day-1 in
subjects with mild-to-moderate CDAD [26, 27], and in this
phase I trial, tolevamer potassium sodium underwent
further clinical development as a novel nonantibiotic treat-
ment for patients with CDAD.The recently reported results

of the North American phase III trial validate the success
of the phase III salt change in minimizing the risk of
hypokalaemia [38]. In this randomized, double-blind study
in which 543 patients were included in the full analysis
data set, the adverse event rate of hypokalaemia was
similar in all treatment arms, 15.2% tolevamer, 14% vanco-
mycin and 15.1% metronidazole. Results of a second, con-
firmatory, phase III trial are not yet available. As the
incidence and severity of CDAD increase globally, and poor
outcomes are reported with standard antibiotic therapy,
novel strategies such as toxin neutralization may find a role
in the management of this nosocomial epidemic [5, 13, 22].

This study was sponsored by the Genzyme Corporation,
Cambridge, MA. 02142.
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