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Abstract

Despite successful therapy f@ostridium Difficile Infection (CDI), a significant number of
patients will experience a recurrent®e aimed to develop a predictive model for requr@DI

and to compare the efficacy of fidaxomicin and \amygcin in different risk groups. We included
patients enrolled in two phase 3 clinical trialsmparing the efficacy and safety of fidaxomicin vs
vancomycin in the treatment of CDI. Using logistegression, we developed a predictive model
for CDI recurrence, including significant predicoas well as established risk factors for
recurrence. Patients were divided into tertilesetdasn their predicted probability of CDI
recurrence. We compared the efficacy of fidaxomi@nsus vancomycin within each risk tertile.
The total number of patients was 794 patients. ddients (19%) experienced CDI recurrence by
day 28. The following variables were included ia thodel for CDI recurrence: age>40 years (OR
1.27; p= 0.47), low creatinine clearance (OR 0189;0.06), low serum albumin (OR 0.89; p=
0.46), urinary tract infection (UTI) within one mibnprior to CDI (OR 1.61; p= 0.05), CDI in the
past 3 months (OR 1.73; p= 0.02) and history aflioascular disease (OR 1.68; p= 0.02). Use of
acid lowering agents was protective for CDI recocee (OR 0.60; p= 0.01). Calibration and
discrimination of the model were good (c-statishié6 and a non-significant p-value for the
Hosmer-Lemeshow test). While there was no riskrbgitinent interaction on the odds ratio scale,
there was substantial variation in the absolutk régluction across risk groups (absolute risk
reduction was 17.1%, 14.6% and 2.1% in the higleyinediate and low risk groups respectively).
CDI recurrence can be predicted on the basis dlyeatstainable clinical factors at the time of
initial presentation. Targeting fidaxomicin therdpypatients at higher risk of recurrence may be a

worthwhile clinical strategy.
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List of tables

Table 1: Demographics and baseline characteristics stratified by CDI recurrence

Patient characteristic CDI  Recurrence | No Recurrence
(N=150) (%) (N=644) (%)
Age > 40 136 (90.7) 534 (82.9)
Gender (Male) 62 (41) 256 (40)
Race (Caucasian) 139 (93) 574 (89)
Hospitalized (vs. Outpatient) 88 (59) 356 (55)
Severe CDI* 59 (39) 232(36)
Number of bowel movements at time 49 (33) 179 (28)
diagnosis >= 10
History of CDI within the past 3 months 35 (23) 93 (14)
History of UTI within the past month 33 (22) 86 (13.4)
History of lower respiratory tract infectig 27 (18) 80 (12.4)
within the past month
Use of acid lowering agents at time of diagno 69 (46) 325 (50.5)
Comorbid condition
Cardiovascular disease* 74 (49) 203 (32)
Diabetes mellitus 37 (25) 135 (21)
Liver disease* 20 (13) 58 (9)
Baselinelaboratory values
Creatinine Clearance Rate ml/min (mean) (sd 78.40 (43.04) 92.71(45.61)
Serum albumin g/l ( mean) (SD) 3.02 (0.72) 3.15 (0.69)
WBC (mean) (sd) 10.57 (5.79) 9.90 (5.57)
Treatment arm
Fidaxomicin 51 (34) 340 (52)
Vancomycin 99 (66) 304 (47)

*Cardiovascular disease: History of coronary artdigease, valvular disease or he
failure
*Liver disease: Active hepatitis B or C, cirrhodiser transplant

*Severe CDI: WBC >150000 /mhand Creatinine > 1.5 mg/d|
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Table 2: Univariate analysis

Variable OR |[95% CI P value
Age > 40 1.02 | (1.01,1.03) 0.003
Male gender 0.93 [(0.65,1.34) |0.71
NAP 1 strain 1.83 | (1.14, 2.92) 0.01
Number of bowel movements at time of diagnd 1.26 | (0.86, 1.84) | 0.24
>=1C

BMI 0.99 [(0.97,1.02) |0.68
Severe CDI 1.15 [ (0.79, 1.65) 0.46
Hospitalized (vs. Outpatient) 0.87 | (0.61, 1.25) 0.46
History of CDI in past 3 months 1.80 | (1.15,2.77) |0.01
History of UTI within the past month 1.83 | (1.16, 2.84) | 0.008
Lower respiratory tract infection in the past monthl 1.55 | (0.95, 2.47) | 0.07
Use of acid lowering agents at time of diagnosis | 0.84 | (0.59, 1.19) |0.32
Creatinine Clearance Rate ml/min 0.99 |(0.99,1) 0.0003
Serum Albumin g/l 0.76 | (1.01,1.69) |0.04
WBC 1.02 | (0.99,1.05) [0.22
History of cardiovascular disease 2.11 | (1.47,3.03) |<0.0001
History of liver disease 155 [(0.88,2.63) |[0.11
Diabetes mellitus 1.23 [ (0.81, 1.86) 0.32




Table 3: Model 1 (Without Clostridium difficile strain). Total sample size used to develop the
model = 794

Variable OR 95% CI P value
Age >40 1.27 | (0.68,2.48) |0.47
Creatinine Clearance Rate ml/min 0.99 (0.99, 1) 0.06
Serum Albumin g/l 0.89 (0.66,1.21) |0.46
History of CDI within the past 3 months 1.73 (1.08, 2.67) |0.02
History of UTI within the past month 1.61 (1.01,2.58) |0.05
Use of acid lowering agents at time | 0.60 (0.42,0.93) |0.01
diagnosis

Cardiovascular disease 1.68 (.11, 2.57) |0.02




Table 4. Modd 2 (With Clostridium difficile strain). Total sample size used to develop the
model =794

Variable OR | 95% CI P value
Age >40 1.27 | (0.67, 2.48) 0.47
Creatinine Clearance Rate ml/min 0.99 | (0.99, 1) 0.06
Serum Albumin g/l 0.95 | (0.69, 1.30) 0.73
History of CDI within the past 3 months 1.68 | (1.05, 2.60) 0.03
History of UTI within the past month 1.60 | (0.99, 2.57) 0.05
Use of acid lowering agents at time of diagnosis | 0.59 | (0.41, 0.92) 0.01
Cardiovascular disease 1.57 | (1.03, 2.43) 0.04
NAP1 strain 1.51 | (0.90, 2.59) 0.13




Table 5: Comparison between vancomycin and fidaxomicin in different risk groups

Risk Recurrence P value
category Fidaxomicin Vancomycin

Low 8.8% 10.9% 0.60
Intermediate 12% 26.6% 0.003

High 18.5% 35.6% 0.002




Table6: Net reclassification improvement

Without strain With strain

Risk Category | Low Intermediate high

low 245 (25 recurrence) | 24 (4 recurrence) 0

intermediate | 30 (6 recurrence) 201 (35 recurrence) 36 (8 recurrence)

high

0

27(4 recurrence)

231 (68 recurrence




Table7: Key characteristic in patients without strain data compared to patients with

available data

Some of the key characteristic in patients without strain data compared to patients

with available data

Patient Characteristic Strain data | Strain data not | P value
available available
n=583 (%) | n=211 (%)
Age (mean) (SD) 60.37 (18) 62.06 (16.75) 0.23
History of CDI within the past 396 (16.5) 32 (15.2) 0.66
months
History of UTI within the past month| 91 (15.6) 28(3) 0.41
History of lower respiratory tract79 (13.6) 28 (13.3) 0.92
infection within the past month
Use of acid lowering agents at time|dt70 (46.3) 124 (58.8) 0.002
diagnosis
Cardiovascular disease 191 (32.8 86 (40.8) 0.04
Diabetes mellitus 117 (20.07) 55 (26.1) 0.07
Liver disease 54 (9.3) 24 (11.4) 0.38
Creatinine Clearance Rate ml/miB8.5 (44.77)| 94.60 (47.23) 0.12
(mean) (SD)
Serum albumin g/l ( mean) (SD) 3.1(0.7) 3.1(0.7) 0.12
Fidaxomicin arm 293 (50.3) 98 (46.4) 0.34
CDI Recurrence 117 (20.1) 33 (15.6) 0.16




Table8: Freguency of missing variables

Number of subjects Per centage
WBC 87 11%
CDI strain 211 27%
Albumin 48 6%
Creatinine clearance 32 4%
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Figurel: Consort diagram of the flow from two RCTs
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Figure2: Smoothed plot for age, albumin and creatinine clearance.
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Figure3: DFFIT Plot
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CDI: Clostridium difficile infection

List of abbreviations

16



I ntroduction

Clostridium difficile infection (CDI) is a major cause of nosocomial ardibiotic associated
diarrhea. The incidence of this infection is insiag in hospitals secondary to widespread use of
broad spectrum antibiotics [1]. The annual estichatest for CDI treatment in the United States is
$3.2 billion dollars [2]. Despite successful theragbout 15%—-25% of patients will experience a
recurrence of diarrhea in association with a pasisitool test foC difficile [3-7]. Recurrent CDI
has been associated with significant morbidity, tality and economic health care burden [8-10].
Several therapeutic strategies have been propasechdnagement of recurrent CDI including
prolonged use of antibiotics, probiotics and imnthecapy [5]. Despite this, management of

recurrent CDI remains a substantial therapeutiterige.

Several risk factors associated with CDI recurremaee been identified. These include age>65
years, low serum antibody concentration againantéx concomitant use of antibiotics, use of
proton pump inhibitors, use of fluroquinolones,useralbumin <2.5 and renal failure [11-14]. A
prediction rule for CDI recurrence has been publishsing 3 clinical risk factors, age>65 years,
severe disease and additional antibiotic use @ffdrtherapy [15]. This model has not been widely
used given the requirement of a subjective assedggiidern’s index) for disease severity, as well
as the need to use post-treatment decision infeymat the prediction (i.e. future antibiotic use).
It is also unclear how this risk score interactthhe various treatment options.

The current treatment regimens for CDI include orettazole and vancomycin [16]. Fidaxomicin
was recently approved for treatment of CDI. Imickl trials, fidaxomicin was non-inferior to
vancomycin for treatment of CDI and was associatgd fewer recurrences than vancomycin,

13% vs. 26% [17]. There is a significantly highesstt in using fidaxomicin compared to
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vancomycin. Given the possible superiority of fidaicin compared to vancomycin in preventing
recurrence, establishing specific clinical markergredict recurrence of CDI may help clinicians
justify use of fidaxomicin in patients with espdlgidnigh risk of recurrence, while avoiding its use
in those unlikely to recur.

Our aim is to develop a predictive model for CDéueence. We will use this model to stratify
patients in the same cohort into different riskugp® for recurrence and compare the efficacy of

fidaxomicin versus vancomycin among different igg&ups.

Materials and M ethods

2.1 [Patient population]

Patients included in this study were enrolledvo phase 3 clinical trials, comparing
the efficacy and safety of fidaxomicin vs. vancomyia the treatment of CDI. These were
prospective, multicenter, double-blind, randomizeatallel-group, noninferiority trials, which
were conducted between May 2006 and December 2B88ents were enrolled at sites in the
United States, Canada, and Europe. Eligible patiete 16 years of age or older with a
diagnosis of CDI, defined as presence of diarrisbar(ge in bowel habits witk8 unformed
bowel movements in the 24 hours prior to randonomdtand either C. difficile toxin A, B, or
both in the stool within 48 hours of randomizati®atients could have received up to 4 doses
but no more than 24 hours of vancomycin or metramide prior to randomization, and no doses
of other potentially effective treatments for C[Ratients with life-threatening or fulminant
CDI, toxic megacolon, previous exposure to fidaxtmia history of ulcerative colitis or

Crohn's disease, and >1 occurrence of CDI withimoBiths of study start were excluded.
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2.2 [Treatment allocation]

Patients received the study medication orally fOr days using an every 6 hour regimen:
fidaxomicin 200 mg every 12 hours with interveningtching placebo doses or vancomycin
125 mg every 6 hours. Patients were evaluated gltms 10-day course of therapy for clinical cure
or failure. If cured, patients were followed for @8ys after the last dose of study medication for

recurrence.

2.3 [CDI Recurrence]

Patients who were cured of the initial CDI episa@eained in the study, and had end-of-study
follow-up between days 36 and 40, were evaluatedefturrence. Clinical recurrence was
defined as the reappearance of >3 diarrheal sigblsjurs within 4 weeks after stopping

therapy, C. difficile toxin A and/or B in stool, @@ need for retreatment for CDI.

2.4 [Variable selection and risk model development]
Data were checked for missing values. All pred&twith missing values were
identified. We performed multiple imputations akais been shown to minimize bias in effect

estimates compared to complete case analysis [18].

Since a specificClostridium difficile strain (NAP1/BI/027) has shown to be associatgd w
recurrence risk in prior studies, but is infreqiyatailable for decision making clinically (and
was not universally collected in our dataset), westructed models with (Model 1) and without

(Model 2) this variable, and assessed the increshenprovement in model performance [19].
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For model development, we used easily obtainaldellvee clinical characteristics we thought
might be associated with CDI recurrence. The maaal developed on both study arms to
optimize power and to avoid bias in assessing bgereity of treatment effect across risk
groups. We performed univariate analysis for sé\maseline characteristics including
demographics, comorbidities, hospitalization staalsoratory values and concomitant use of
antibiotics. Continuous predictors were checkedhfmlinear associations. Covariates with a
univariate p value less than 0.2 were includedaasliclate for the building of the multivariable
predictive model, as were established risk fadmr€DI recurrence, including age, serum
albumin, creatinine clearance, NAP1 strain andafiseid lowering agents. A backward
elimination was then performed until only variablggh a p-value<0.05 were left in the model.

All established risk factors were forced into theaf model, regardless of statistical significance.

Model discrimination ability was evaluated using toncordance statistic. The Hosmer-
Lemeshow test was used to evaluate goodness dfidit.reclassification improvement (NRI)
was used to compare the models with and witklmstridium difficile strain. This method has
been recommended to assess the incremental vatuspafcific marker on a prediction model

[20].

Based on the predicted probabilities in Model ligo#és were ranked according to their recurrence
risk and divided into 3 equally-sized strata. Witheach risk stratum, we compared the
effectiveness, measured as CDI recurrence withivedks, of fidaxomicin vs vancomycin. We

used R software for all statistical analysis.

20



Results

3.1[Cohort description]

A total of 794 patients treated per protocol whoevaured and followed for 28 days were
included in our analysis. 150 patients (19%) had @burrence by day 28 (Figurel).
Demographics, clinical characteristics and labagat@alues at baseline are illustrated in Table 1.
CDI strain type was missing in 211 subjects (T&@)lePatients with missing strain data had
similar baseline characteristics except historgasfliovascular disease and use of acid lowering

agents were both higher in patients who did notehhe strain typed (Table 7)

3.2[CDI recurrence prediction model]

In the univariate analysis (Table 2), 9 varialtiad a p value <0.2 and were included in
the multivariable analysis. There was a non liresmociation between age as a continuous
predictor and CDI recurrence. Smoothed plots indité was well modeled as a binary variable
where age greater than 40 increases the risk ofrezece (Figure 2). Model 1 (without the CDI
strain variable) included 7 variables (Table 3) had a C statistic of 0.65. Hosmer-Lemeshow p
value was 0.77 which indicated a good model fite Tdllowing variables were found to be
predictive of CDI recurrence, age>40, low creagnctearance, low serum albumin, history of
CDI in the past three months, history of UTI il fast month and past medical history of
cardiovascular disease. Use of acid lowering agaritse time of diagnosis was found to be
protective for recurrence. Model 2 with the CDbstrvariable included 8 variables (Table 4)

and had a C statistic of 0.66. The effects of stihlelished predictors of recurrence (including
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creatinine clearance, age, serum albumin and NA@ih}all went in the anticipated direction

and were retained in the model even when notssitzlly significant.

3.3[Checking for interactions]

Based on prior studies on CDI recurrence risk fa¢too significant interactions were suspected
among the predictors in the final model. Howeveg, checked for interaction between treatment

and risk of CDI recurrence (tertiles). We perforntgek three test as follow:

GM1 <- gl mMOUTC RECURR ~ TRTN Code +vari abl e+TRTN Code *vari abl e,
fam | y=bi nom al (I ogit), data=CDl)

sunmar y( G.M 1)

Anova( @M 1, t est ="Wal d", t ype=3)

Resul t:

> Anova(G.M 1, t est ="\Wal d", t ype=3)

Anal ysi s of Deviance Table (Type Il tests)

Response: QUTC_RECURR

Df Chi sq Pr(>Chisq)

(I'ntercept) 1 55.3515 1.008e-13 ***
TRTN_Code 1 0.3072 0.5794
vari abl e 2 20.3124 3.884e-05 ***
TRTN_Code: vari abl e 2 2.2632 0. 3225

P value is 0.32 which means that there is no sggmf interaction between treatment and risk

categories on odds ratio scale which implies sulisfavariation on the absolute risk scale.
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3.4 [Checking for influence pointsg]

To detect influence points we estimated changemsiadel fit or coefficients by removing an
observation using DFFIT (change in global fit) &EBETAS (change in individual coefficients).
DFFIT plot shows two points that could be influah(>0.3) (Figure 3). We removed those points
and re- ran the model but no change in estimateolbasrved. Thus we concluded there are no
major influential points in our data. DFBETA pla@tiso showing that there are no major influential

points in each of the individual variables (Figdje

3.5 [Checking for Multicollinearity]

All the predictors in the final multivariable modekere checked for multicollinearity. We used

Variance Inflation Factor (VIF) to check if thesea high correlation between predictors.

> vif (gl m)
Denpg_AGE2 MH_LI VER DI S2
1. 174977 1. 034256
Aci dLower i ngAny?2 CDl _Prior_trial2
1.114194 1. 025386
MH_CARDI OVASCULAR_DI S2 Pre_ECCL
1.237917 1.220528

UrinaryTract | nfectionPreEnrol | ment 2

1. 052104
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Variance Inflation Factor for all the variablestire model are around 1 which indicates that there

is no major correlation between predictors.

3.6 [Dealing with the missing data]

Data were checked for missing values. All predetaith missing values were identified. There
were no missing values in outcome. We studied #teem of missing values. Figure 5 illustrates
the missing pattern. Subset of patients with mgssstrain variable also missing creatinine
clearance and subset of those patients are misgngn albumin and WBC. We performed
multiple imputations method as it has been shownitomize bias in effect estimates compared to
complete case analysis. We used 5 imputationsriammalysis. Table 1 result was based on original

dataset. Univariate analysis, model 1 and 2 wene do the imputed dataset.

3.7 [Incremental value of CDI strain]

Adding the CDI strain variable to the model hadreal effect on the discrimination ability of
the model (c statistic increased by 0.01). To fer#xplore the usefulness of this predictor, we
calculated the NRI in the extended model after agithe strain variable to the 7 predictors in
model 1. Based on the predicted risk from modekluged 14% and 21% as cut offs (which
defined risk tertiles) to calculate NRI (table Blhe improvement in reclassification for those
with CDI recurrence was 0.01 ((12-11)/150), andsthavithout recurrence 0.02 ((47-34)/644).

Thus, the NRI was 0.03.

3.8 [Risk-based Heterogeneity of Treatment Effect]
Based on model 1 (without strain), the mean predigirobability for recurrence was 19% (SD

9.9%). Tertiles were created from the predictedahbilities and were labeled as low,
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intermediate and high risk groups. Risk of CDI meeace in the low risk group ranged from 5 to

14%, intermediate risk from 14 to 21% and high gséup from 21 to 55%.

While the interaction between treatment and risklés was non-significant (p=0.32), indicating
no significant diffrences. Given the substantigk ineterogeneity across these groups, there was
substantial heterogeneity in the absolute bengfidaxomicin therapy. Absolute risk reduction
was 17.1%, 14.6% and 2.1% in the high, intermediatelow risk groups respectively.

Corresponding to a number needed to treat of 6d758 respectively.

Discussion
We developed a prediction model for CDI recurremsiag simple baseline clinical
characteristics and laboratory values. The vargabie used to construct this model are easily
obtainable on routine medical practice. Using thalel, we showed substantial benefit in using
fidaxomicin in the high risk group. The benefitfmfaxomicin in the low risk group appears to
be minimal since these patients are unlikely toeh@currence even when treated with
vancomycin. The number needed to treat to preveimge recurrence was almost 10-fold

higher in the low risk tertile compared to the hrggk tertile.

The risk factors that we included in the model@®I recurrence are age > 40 years, renal
impairment (measured as creatinine clearance)strwm albumin and history of CDI in the

past three months. These risk factors were comsigtigh previously published studies [11-14].
We additionally identified UTI within one month prito CDI to be predictive of recurrence.
This could be a surrogate for a combination of Bjewost risk factors and exposure to specific
types of antibiotics. Similarly, a past medicaltbig of cardiovascular disease was also found to
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be predictive for CDI recurrence, consistent witlopstudies showing that comorbidities are
associated with CDI recurrence. The only class edlisations we found to be predictive for CDI
recurrence was the use of any form of acid loweaiggnts. We found a protective association of

using these medications at time of diagnosis.

NAP1 strain was associated with CDI epidemic inl&és¢ decade and has been shown to be
associated with CDI recurrence in several studi#hough there are emerging technologies to
detect the NAP1 strain, most laboratories do neehiae capacity to do so. In our model,
addition of the NAPL1 strain did not improve thegiotion (C statistic increase only by 0.01).
Furthermore, adding the NAP1 strain to the moddldainimal net reclassification
improvement. Therefore, the need for routine mesasant of NAP1 is difficult to justify on the

basis of recurrence prediction.

Our study has several strengths, including highityudemographic and baseline clinical
characteristics and laboratory values collecte@dmeotively from two RCTs. Furthermore, the
sample size was large and appropriate to devemprediction model. Additionally, the study
populations were multicenter and multinationaly#fere, the model is likely to be quite
generalizable. Finally, embedding the predictivedeialirectly in a clinical trial allowed us to
estimate the relative effectiveness of fidaxomignsus vancomycin across risk strata in an

unbiased way, providing evidence of the potents&fulness of the model.

Limitations to our study include a short follow dpration (28 days). However, CDI recurrence
usually occurs within the first 4 weeks after thmraAdditionally, independent validation of the
model will provide a better assessment of the gdizability of the model, a pre-condition for

its widespread use for decision making.

26



In conclusion, CDI recurrence can be predictedgusimple clinical characteristics and laboratory
values. Our model may aid in identifying patientsovwwvould have a substantial benefit from using
fidaxomicin to prevent CDI recurrence. Conversédyy risk patients are highly unlikely to get

incremental benefit from fidaxomicin compared toc@amycin.
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