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Abstract

Purpose Two randomized controlled trials (RCTs) showed
the non-inferiority of fidaxomicin compared with vancomy-
cin for Clostridium difficile infection (CDI) treatment and its
superiority regarding recurrence rate. The aim of this study
was to evaluate fidaxomicin’s efficacy in clinical practice.
Methods This single-center prospective cohort study
included hospitalized patients treated with fidaxomicin for
CDI. Demographic, clinical and biological data were col-
lected. Primary outcome was efficacy of fidaxomicin (clini-
cal cure, recurrence and global cure) at 10 weeks. Second-
ary outcome was efficacy among different subgroups.
Results Ninety-nine patients were included: 42 severe CDI,
16 complicated CDI and 41 recurrent CDI. Rates of clini-
cal cure, recurrence and global cure were 87, 15 and 59%,
respectively. Subgroup analysis showed a higher recurrence
rate for patients with recurrent CDI compared with first
episode (8 vs. 26%; p = 0.04). Binary toxin was associated
with severe/complicated CDI (80 vs. 50%; p < 0.01) and
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recurrence (32 vs. 7%; p < 0.01). Fidaxomicin was used
as a first line for 83% of the patients with recurrence and
for only 52% of first episodes even though 86% had recur-
rence’s risk factors.

Conclusion Compared with RCTs, fidaxomicin in real
world is used for patients with more severe and recurrent
CDI, but clinical cure and recurrence rates were similar.
Comparative studies are needed in these specific subgroups.
Our data also illustrate clinicians’ difficulty to define a
“patient at risk for recurrence” among the first episodes.
Finally, we showed that binary toxin could be important in
the screening for severity and recurrence risks.

Keywords Fidaxomicin - Clostridium difficile -
Prospective - Clinical practice

Introduction

Clostridium difficile infection (CDI) is a global public health
challenge with increasing incidence and severity leading to
prolonged hospital stay, readmissions and increased costs
[1, 2]. It is now the most common cause of health care-asso-
ciated infections in the United States [3]. In Europe, inci-
dence rose from 4.1 to 7 CDI cases per 10,000 patient-days
from 2008 to 2013 [4]. There is an increasing CDI-asso-
ciated mortality, especially in complicated forms [5] and
CDI was assessed as an independent risk factor for mortal-
ity with a 2.5-fold increase in 30-day mortality [6]. Finally,
another study in Scotland showed that mortality increased
with the number of recurrence [7]. Recurrences are asso-
ciated with diminished quality of life, increased mortality
and costs through additional treatment and hospitalization
[8—10]. It usually occurs within 2 months [11] and the major
identified risk factors are advanced age, severe underlying
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diseases, renal failure, previous CDI, severe CDI, continued
use of antibiotics, anti-acid medication and PCR-ribotype
027 strain [12—14]. Binary toxin, a toxin that impairs actin
cytoskeleton in epithelial cells and enhances adherence of
bacteria, is linked with higher mortality [15] and recurrence
[16]. Overall, 25% of patients experience recurrence after a
first episode, this percentage increase to 45 and 65% after
a second and third episode, respectively [17]. The manage-
ment of these multiple aspects of C. difficile infection con-
stitutes a major therapeutic challenge.

Before 2011, antibiotic treatment for CDI was limited
to metronidazole and vancomycin. However, the increas-
ing number of reported treatment failures, particularly with
metronidazole, showed the need for new therapeutic mol-
ecules [18]. Fidaxomicin, a macrocyclic antibiotic, inhibits
both sporulation and toxin production of C. difficile through
RNA transcription inhibition [19, 20]. Its narrow spectrum
is associated to minimal effects on normal colonic micro-
biota [21]. Two large randomized controlled trials (RCTs),
including more than 1000 patients with a first episode or
a first recurrence of CDI, showed that fidaxomicin was
non-inferior to vancomycin on clinical cure rate but was
associated with a lower recurrence rate at 6 weeks [22,
23]. The recent revision of European Guidelines for CDI
treatment includes fidaxomicin first line for (1) first epi-
sode with recurrence’s risk factor and (2) recurrence. For
severe/complicated CDI, vancomycin should be favored
and no evidence supports the use of fidaxomicin in case of
life-threatening CDI [24]. Nevertheless, the use of fidax-
omicin in clinical practice is difficult because of conflict-
ing indications (European Guidelines or official licensing),
unclear definitions of risk factors for recurrence or severe/
complicated CDI, lack of evidence in multiple recurrences
or complicated CDI and a high economic cost [25, 26].
The aim of this prospective study was to assess efficacy of
fidaxomicin for CDI treatment in clinical practice.

Methods

Fidaxomicin has been available in Lille university hospital
since November 2012 with a nominative prescription. When
infectious disease (ID) stewardship was requested, fidax-
omicin was proposed for non-027 CDI, non-complicated
CDI, recurrent CDI, first episode with concomitant antibiot-
ics or at least 2 recurrence risk factors and as salvage therapy.

Study design and inclusion criteria
We conducted a single-center, prospective, observational,
cohort study in a 2965-bed hospital, from September 1, 2013

to September 2015. All hospitalized patients, older than 18
years, with a confirmed diagnosis of CDI and treated with
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fidaxomicin for more than 2 days were included. Multiple
inclusions for a single patient were allowed. The study pro-
tocol was approved by our Ethical Comity (DC 2014/147)
and performed in accordance with the Declaration of Hel-
sinki. All patients provided informed consent.

Patients were identified through nominative prescription
by the Pharmacy department. A study investigator validated
the inclusion, collected patient’s consent and inclusion
parameters. Patients were followed-up to 10 weeks (W10)
after inclusion with an infectious disease consultation or a
phone interview.

Definitions and microbiology

Clostridium difficile infection was defined as diarrhea
(more than 3 unformed stools for at least 2 consecutive
days) associated with the presence of C. difficile PCR toxin
B assessed by PCR (Xpert C. difficile/Epi; Cepheid, Sun-
nyvale, CA). Ribotype 027 and binary toxin gene were
assessed on stool sample by PCR (Xpert C. difficile/Epi;
Cepheid, Sunnyvale, CA).

CDI episode was considered as (1) severe in presence of
at least one CDI-attributable criteria: temperature >38.5 °C,
rigors, ascites, severe sepsis, white blood cell >15,000/
mm?, serum creatinine level >1.5 baseline value, albumin
<30 mg/L, serum lactate >2 mmol/L, colonic distension
>6 cm and pseudomembranous colitis; (2) complicated
in presence of at least one CDI-attributable criteria: ICU
admission, colic ileus or toxic megacolon, septic shock,
serum lactate >5 mmol/L, death or surgery.

Risk factors for recurrence were age >65 years, severe
underlying disease including renal impairment, concomi-
tant antibiotics and previous CDI history.

Clinical cure was defined by resolution of diarrhea (3 or
less unformed stools for at least 2 consecutive days) with no
need for CDI treatment 2 days after treatment completion.
Recurrence was defined as a new episode of diarrhea (with-
out evidence for another cause), associated with the presence
of toxigenic C. difficile in stool and the need for CDI treat-
ment within 8 weeks after the onset of the previous episode.
Global cure was defined as clinical cure with no recurrence.
Recurrence and global cure were assessed at W6 and W10
for patients with initial clinical cure. Before W10, patients
who died or underwent another CDI treatment in the absence
of recurrence were labeled early withdrawals and excluded
from the analysis for recurrence or global cure.

The constructed cohort included patients with compli-
cated CDI, severe sepsis or with more than one recurrence.

Clinical outcomes

Primary outcome evaluated efficacy of fidaxomicin, includ-
ing clinical cure rate at the end of treatment, recurrence and
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Table 1 Demographic and baseline characteristics of the 99 patients
with fidaxomicin-treated CDI

Characteristic n (%)
Age (years)® 68 (54-79)
>65 54 (55)
Sex
Female 49 (49)
Male 50 (51)
ADL? 4 (1.5-6)
Comorbidity
Charlson index® 5(3.5-7)
Immunodepression 34 (34)
CDI history
First episode 58 (59)
Previous CDI 41 (41)
First recurrence 28 (28)
Second recurrence 6 (6)
Third recurrence 5(5)
>3 recurrences 2(2)
Previous fidaxomicin treatment 12 (12)
Current CDI episode
Prior antibiotic (<3 months) 85 (86)
Nosocomial CDI 83 (84)
Concomitant antibiotic 56 (57)
Concomitant anti-acid medication 63 (64)
Risk factor for recurrence 91 (92)
Clinical form
Mild to moderate 41 (41)
Severe 42 (42)
Complicated 16 (16)
Treatment failure before fidaxomicin prescription 35(35)
PCR-ribotype 027° 9 (10)
Positive binary toxin® 25 (29)
Fidaxomicin treatment duration (days)* 10 (10-11)

ADL activity of daily living, CDI Clostridium difficile infection, ASP
antimicrobial stewardship program

# Median (1st quartile-3rd quartile)

® Assessed on 89 samples

global cure at W10. Secondary outcomes were (1) efficacy
among subgroups (age, severity, prior CDI, concomitant
antibiotic) and in the constructed cohort; (2) impact of
binary toxin on clinical forms and outcomes, and (3) mor-
tality rate.

Data collection

A standardized form was used to collect (1) demographic
characteristics such as age, sex, activity of daily living
(ADL) score, medical history, prior CDI episode, Charlson
comorbidity index and current treatment; (2) characteristics

fidaxomicin-treated CDI

Inclusion

End of 86 clinical cures
treatment (87%)

[ 99 patients with ]

13 treatment failures
(13%)
15 early withdrawals

13 recurrences 58 global cures
‘Week 10

(15%) (59%)

Fig. 1 Follow-up and clinical outcomes at W10 of the 99 patients
with fidaxomicin-treated CDI

of the current CDI episode, including prior and concomi-
tant antibiotics, use of other anti-CDI treatment, PCR
ribotype 027 strain, presence of binary toxin and severity
criteria and risk factor for recurrence.

Statistical analysis

Data are presented as percentage (confidence interval 95%)
or median (interquartile range, Q1-Q3). Categorical varia-
bles were compared using either Chi square test or Fisher’s
exact test when appropriate with EpiData Software. A P
value less than 0.05 was considered statistically significant.

Results

Ninety-nine episodes of fidaxomicin-treated CDI were
included, representing 89 patients. Demographic and clini-
cal characteristics of patients are summarized in Table 1.
Figure 1 shows the follow-up of patients to W10 and out-
comes. Eighty-six patients (87%) presented clinical cure
at the end of treatment. Among the 13 patients with treat-
ment failure, 5 had complicated CDI and 4 severe CDI.
Seven experienced a first episode. Five patients died with
one CDI-attributable death. The other 8 patients underwent
additional anti CDI-treatment (4 fecal microbiota trans-
plantations, 1 pulsed vancomycin regimen, 2 vancomycin/
metronidazole combination therapy and 1 new fidaxomicin
course). Among the 86 patients with clinical cure, 71 were
assessed for recurrence and global cure. Fifteen patients
were excluded from the W10 analysis because of death (13
patients) or fecal microbiota transplantations (2 patients).
None of them presented criteria for recurrence. At W10, 13
patients (13/86; 15%) presented recurrence and 58 patients
(58/99; 59%) achieved global cure. Recurrence occurred
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Table 2 Rates of clinical cure, recurrence, sustained response and
mortality by subgroups among the 80 patients with fidaxomicin-
treated CDI

Subgroup Clinical cure Recurrence Global cure Mortality
n (%)
Age
<65 41 (91%) 8 (21%) 22 (54%) 8 (20%)
>65 45 (83%) 5 (10%) 36 (61%) 14 (25%)
Previous CDI episode
0 51 (88%) 4 (8%) 37 (64%) 15 (26%)
>1 35 (85%) 9 (26%)* 21 (51%) 7 (17%)
Gravity
Mild 37 (90%) 7 (19%) 25 (61%) 7 (17%)
Severe 38 (91%) 3 (8%) 26 (62%) 8 (19%)
Complicated 11 (69%) 3 (27%) 7 (44%) 7 (44%)
Concomitant antibiotics
Yes 48 (86%) 9 (19%) 32 (57%) 14 (25%)
No 38 (88%) 4 (11%) 26 (61%) 8 (19%)
Constructed cohort
Yes 20 (71%) 5 (24%) 12 (41%)* 10 (36%)
No 66 (93%) 8 (12%) 46 (66%) 12 (17%)

* p <0.05 compared with other subgroups

at a median time of 29 days [9-46] and 8 (9%) occurred
before W6. Recurrences were complicated for 6 patients (4
deaths and 2 colectomies), 3 underwent fecal microbiota
transplantation and 4 received a new fidaxomicin course.
Table 2 reports the clinical outcomes regarding patient
subgroups. A higher recurrence rate was found for patients
with at least one prior CDI episode (8 vs. 26%; p = 0.04).
We also showed trends towards a lower rate of clinical cure
and global cure rate for complicated CDI and higher recur-
rence rate for younger patients, complicated CDI and with
concomitant antibiotic. Overall, mortality rate was at 22%
(22 patients) but reached 44% for patients with complicated
CDI. However, CDI-attributable mortality was measured
at 5%. The 28 patients included in the constructed cohort
presented a significantly lower global cure rate (41 vs. 66%;
p = 0.04) and a trend toward a lower clinical cure rate with

Table 3 Outcome of 89 CDI episodes depending on microbiological data

higher recurrence or mortality rates. The analysis of the 13
patients with a history of more than 2 recurrences showed
that they all had severe underlying disease and at least 3 risk
factors for recurrence. In this population, clinical cure rate
was achieved for 9 patients (69%), and 33% had recurrence
at W10. Finally, mortality rate reached 23% (3 patients).

Table 3 shows the outcome of 89 CDI episodes strati-
fied on microbiological data (presence of ribotype 027 and
binary toxin). Ten episodes could not be assessed because
initial microbiological tests were performed in other cent-
ers. The presence of binary toxin was significantly associ-
ated with recurrence (32 vs. 7%; RR = 4.5 [95% CI 1.5
- 13.7]; p < 0.01) and with severe or complicated forms
(80 vs. 50%; RR = 2.5 [95% CI 1.1-5.7]; p < 0.01). PCR-
ribotype 027 positive was associated with severe or compli-
cated CDI (100 vs. 54%; p < 0.01).

Analysis of fidaxomicin prescription showed that
all patients received 200 mg bid for a median length of
10 days. Only 1 patient was given fidaxomicin in combi-
nation with another anti-CDI therapy. Overall, fidaxomicin
prescription followed failure of other anti-CDI therapy for
35 (35%) patients. This rate increased to 75% for patients
with a complicated episode. Fidaxomicin was used as the
initial anti-CDI treatment for 30 patients with a first epi-
sode (52%) and for 34 patients with recurrences (83%).
Eighty-six percent of patients with a first episode had at
least one risk factor for recurrence.

Discussion

To our knowledge, this is the largest prospective cohort
study assessing clinical outcomes of patients treated with
fidaxomicin in real life. Our data showed a clinical cure
at 87%, 15% of recurrence at W10 and a global cure rate
at 59%. A significantly higher rate of recurrence was
showed for patients with a previous CDI or in the presence
of binary toxin. Patients with complicated CDI presented
less clinical cure by the end of treatment and more recur-
rence at W10 but the difference did not reach a statistical
significance.

Clinical form Recurrence Death
Mild Severe/complicated p value Yes No p value Yes No p value
Binary toxin
Positive 5 (20%) 20 (80%) p<0.01 7 (32%) 15 (68%) p<0.01 5 (20%) 20 (80%) NS
Negative 32 (50%) 32 (50%) 4 (7%) 52 (93%) 13 (20%) 51 (80%)
PCR-ribotype 027
Positive 0 9 (100%) p<0.01 2 (29%) 5(71%) NS 2 (22%) 7 (78%) NS
Negative 37 (46%) 43 (54%) 9 (13%) 62 (87%) 16 (20%) 64 (80%)
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This study showed major differences in population char-
acteristics compared with RCTs [22, 23]. The main dif-
ferences concerned recurrence, severity and concomitant
antibiotic use, which are known to increase recurrence risk
[14]. Indeed, 28% of our patients experienced a first recur-
rence and 13% had more than 1 recurrence compared with,
respectively, 15 and 0% in RCTs [22, 23], 42% had severe
CDI and 16% complicated CDI compared with, respec-
tively, 36 and 0%. Finally, 57% of our patients received
concomitant antibiotics compared with 27% in RCTs.
Besides this accumulation of risk factors for recurrence, the
increased follow-up period (10 weeks) could have poten-
tially allowed the observation of more recurrences since
median time for recurrence usually exceeds 4 weeks fol-
lowing the end of therapy [11]. Indeed, we showed a recur-
rence rate at 9% at W6 and 5 recurrences on 13 occurred
after W6. That confirms the possible underestimation of
recurrences in RCTs. Overall, our results confirm the low
recurrence rate of fidaxomicin-treated CDI in clinical prac-
tice that is consistent with RCTs and retrospective cohorts
on fidaxomicin [27-29]. A recent work by Feher et al. also
showed in a real-world Spanish cohort that patients pre-
sented more complicated and recurrent ICD, with more
concomitant antibiotic than in RCTs and found a recurrent
rate at 16.7% [29].

In our study, the subgroup analysis showed a signifi-
cantly higher recurrence rate in patients with previous CDI
episode compared with patients with a first episode (26 vs.
8%; p = 0.04) and the 13 patients with more than 2 recur-
rences had a recurrence rate at 33%. These data strengthen
the potential benefit of early prescription of fidaxomicin.
Indeed, a recent English study found a larger reduction
in recurrence and mortality when fidaxomicin was used
as first-line treatment [30]. Very few data assessing fidax-
omicin in multiple recurrences are available. Some pro-
spective studies, on a small number of patients, reported
successful treatment and a low rate of recurrence after
fidaxomicin in this population [27, 31]. On the other hand,
some authors describe clinical failures in fidaxomicin-
treated patients with multiple recurrences [32, 33]. These
discordant data confirm the need for large and compara-
tive studies in this specific population to assess fidaxomicin
interest.

Our study also showed a trend towards higher recurrent
rate and lower clinical cure rate in patients with compli-
cated CDI. The difference was not statistically significant
probably because of the small number of patients. It is also
possible that this population included more patients with a
first CDI, reducing recurrence risk. This specific popula-
tion had a mortality rate at 44%. Fidaxomicin is not rec-
ommended for the treatment of complicated CDI. Very
few data are available and this population was excluded
from the 2 RCTs [22, 23]. In our cohort, 16 patients had a

complicated CDI and 75% received fidaxomicin after fail-
ure of another molecule. Complicated CDI are associated
with poorer outcomes [14, 34] and the high mortality rate
found in our cohort is consistent with the literature [35].
A recent study, comparing fidaxomicin efficacy between
patients in critical care unit or in medical general floors,
showed in multivariate analysis that severe/complicated
infection was associated with a high probability of fidax-
omicin failure [36]. We, lack large and comparative studies
in this population to assess the benefit of fidaxomicin over
other molecules or combinations. Finally, we constructed a
cohort including patients with complicated or multiple CDI
to observe the outcomes in all patients excluded from the
RCTs [22, 23]. We found a significantly lower global cure
rate at 10 weeks compared with the other group and a high
mortality rate. Although the difference was not statisti-
cally significant, we observed a lower clinical cure rate and
higher recurrence rate in this constructed cohort.

Our study showed a low global cure rate compared
with RCTs (58 vs. 76%) [22, 23]. This is due to numerous
early withdrawals with patients that could not be assessed
at W10, mostly for death (13 patients) or fecal microbiota
transplantation (2 patients) with no criteria for recurrence.
Overall, mortality rate was at 22% with 5% of CDI-attrib-
utable mortality that is consistent with literature [37, 38].
This rate is also consistent with a US-real-world cohort
on fidaxomicin [28] but not with two others that found a
mortality rate below 5% with a similar rate of severe/com-
plicated ICD [27, 29]. It is possible that patients in our
cohort had more comorbidities or presented more infection
with virulent strains such as ribotype-027 or binary toxin
producers.

Indeed, as described in multiple publications, we found
a significant association between PCR-ribotype 027 and
the severity of the disease, even though it concerned only 9
patients [39]. Besides, the presence of binary toxin was also
significantly associated with severe form (but not mortality)
and recurrence rate. This is the first time that these associa-
tions are reported in patients receiving fidaxomicin. In the
literature, the presence of binary toxin was associated with
recurrence in one study from the United States including 69
patients on metronidazole or vancomycin [16]. However,
the prevalence of binary toxin positive strains was consid-
erably higher than in this study (74 vs. 29%, respectively).
An association with mortality has been described in sev-
eral European studies [40—42] but our study is the first to
describe an association with recurrence.

Analysis of fidaxomicin prescription showed that
35% of the prescriptions followed failure of another anti-
CDI treatment, as a salvage therapy. It concerned 75% of
patients with complicated episode, which is concordant
with the guidelines, since fidaxomicin is not recommended
in this indication [24]. Half of patients with a first episode
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received fidaxomicin as salvage therapy, even though 86%
had recurrence risk factors and 86% of patients with recur-
rent CDI received fidaxomicin as a first line therapy. Over-
all, it illustrates the difficulties to place fidaxomicin among
first episode and to define recurrence risk factors. Clini-
cians seemed more confident with fidaxomicin’s benefit
in recurrent CDI. This could be due to unawareness of the
molecule and to cost issues. Nevertheless, several European
or North American studies showed with analytic model the
cost-effectiveness of fidaxomicin in first CDI with risk fac-
tor for recurrence or first recurrence [43-45].

Our study presents several limitations. First of all, this is
a single-center study, therefore, limiting a potential extrap-
olation to other center or country. Although 99 patients
were prospectively included in our cohort, we could not
show significant differences in several subgroups that are
known to be associated with poorer outcomes. This lack
of power limits the interpretation of fidaxomicin’s effec-
tiveness in specific subgroups and is increased by numer-
ous early withdrawals (mostly because of a high mortality
rate in this cohort) with only 71 analyzed episodes at W10.
Inclusion of more patients might also have allowed us to
perform multivariate analyses. Second, we did not include
a comparative group that could have allowed us to suggest
a potential benefit of fidaxomin in subgroups with poor out-
comes. This study also presents microbiological limitation
with detection of toxigenic C. difficile by molecular assay
instead of culture and use of a “one step” diagnostic strat-
egy in our center. Indeed, considering the low sensitivity
of IEA in detecting toxin, the CDI diagnosis was retained
with a strict definition of diarrhea (number and consistency
using the Bristol stool chart) associated with a positive
PCR toxin. We potentially have a risk to include patients
with colonization and diarrhea of other causes and skew the
results [46, 47]. Moreover, the presumptive identification of
PCR-ribotype 027 was conducted using the Xpert C. dif-
ficile Epi assay that had been associated with false-positive
results [48].

In conclusion, our study showed that CDI management
in clinical practice involves many patients with severe and
recurrent disease. Overall, fidaxomicin treatment was asso-
ciated with similar clinical cure and recurrence rates at
W10 than those described in RCTs. However, we showed
a significantly higher recurrence rate for patients with 1 or
more recurrence. This suggests a greater benefit of an early
use of fidaxomicin and comparative studies are needed
for treatment of patients with multiple recurrences. We
also demonstrate the difficulties encountered by clinicians
to prescribe fidaxomicin for a first CDI and the need for
clear definitions of patients with a high risk of recurrence.
Finally, we found an association between binary toxin and
recurrence. This is described for the first time in Europe
and needs to be further confirmed.
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