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Abstract: Background. Two case reports suggest that metronidas@atmentfor C. difficile
infections (CDI) increases tacrolim(8AC) troughlevels. The primary objective of this study
was to determine the clinicasignificanceof this potential interaction in transplant patients
receiving CDI treatmentCurrently, o robust literature exists testimatea magnitude of
pharmacokinetic interaction between metronidazoleTad.

Methods. In, this retrospective studythe effects ofCDI and metronidazole treatmerdn TAC
levels in52adultsolid organ transplamgatientswereinvestigatedThe primary outcome was to
determine™the“difference in deeermalized TAC levels between baseline argsymptom
resolution in patients treated withetronidazole or vancomyciithe secondary outcome was to
determine thesdifference in desermalizedTAC levelsat baseline and CDI diagnosis.

Results. The'averagechange inlog-transformed dose-nmalized TAC levels from baseline to
symptom resolutiorwas 0.99 for metronidazole(n = 35) and 1.04for vancomycin(n = 17)
treatment The _meardifferencebetween the groups was 0.96 (9%#nfidence interval0.74-
1.24). No ‘significant difference was fountdetween dose-normalizedTAC levels at CDI
diagnosisandbaseine (P = 0.37).

Conclusion.*CDI treatment withmetronidazolavas not associated with>e30% increasén TAC
levels compared to vancomyciBoth treatment groups requiredAC dose adjustments to
maintain.goalTAC levels and thosé&reated with metronidazole did not require a significantly
greater dosadjustment.

Key words: tacrolimus; metronidazole&lostridium difficile; diarrhea vancomycin; trough
concentrationCYP3A4

Tacrolimus(TAC) is animmunosuppressive medicatiarsed in patients who have undergone
solid organ_ transplantatio®ecause ofts narrow therapeutic indeX;AC requires routinalrug
monitoring.morder to maintain trough levels withantherapeutic range TAC is metabolized
through thex€YP3A4 isoenzyme and is alssubstrate foP-glycoprotein (Pgpjransporter
which putsit at high risk for drugdrug interactions. In additio,AC troughlevels are known to
increase durig episodes of diarrhea, likely besauofintestinal damage resulting in a decrease
in gutmetabolism and secretiai TAC by epithelial cell{1-3.
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In the general population, etronidazole is thérst-line agentfor treatment ofmild-to-
moderate Clostridium difficile infections (CDI). Because ofthe association between oral
vancomycin exposure angancomycinresistantenterococcicolonization,as well as its high
cost oral vancomycin is typically reserved for more severe or recurrent infectiorthe
transplant patient population, @ase reporthhave documerd increasd TAC levels when
metronidazolevasusedto treatCDI (4, 5. BecauselAC is both a CYP3A4 and Pgp substrate
inhibition of‘either CYP3A4 or Pgpwas proposed as a mechanism for abservedncrease in
trough levels:“Fowever, pharmacokinetic data do not support that metronidazole is a strong
CYP3A4 ‘or Pgp inhibitor(6, 7). Furthermore,the change inTAC levels observed with
concurrentsusef metronidazoles not always predictable and a publication bias magt.ex
Nonethelessa combination of metronidazole am@dC is identifiedas amajor pharmacokinetic
interactionin commonly usedertiary drug informationresourceg8, 9)andoral vancomycin is
oftenselected for this reasonti@at CDI in patients takin§AC, regardless o€DI severity.

Theprimary objective of thisstudywasto determine whether concomitant metronidazole
therapy resulted in at least a 30% increaselAC levels in transplant patients receiving
treatment folCDI. We consideredan increase iTAC levels by 30%or greater to be clinically
significantwas the interactiomould warrant TAC dosing adjustmentst initiation of the
offending«drug or avoidancef concomitant use The results of this gty will aid us in the
decision-makingof whetheror not this interaction warrants a@mpiric dosige adjustmentin
TAC upon.initiation of metronidazole arompleteavoidance of metronidazole. Currently, no
robust literature exists teestimate a magnitude of pharmacokinetic interaction between

metronidazelerandAC.

M ethods

We investigated the effects of CDI analetronidazoletreatmenton TAC levels in this
retrospective analysis of clinical daah the University of Michigan Health System (UMHS)
The protocelwas approved by the institutional review board pribedgnning data collection.

Patient population

The study cohort included solid organ transplant patients who were admitted to UMt¢® et
January 1, 2009 and March 31, 2014. Adult patients, 18 years of age andeskeleligible for
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inclusion T they had a positiv€. difficile assayand were takingrAC as part of maintenance
immunosuppressiorduring the study periodCDI treatment with either vancomycin or
metronidazolejn addition todocumentatiorof TAC levels at UMHS from 4 weeks @CDI
through symptam resolutipnvas also required for inclugioOnly levelsthat resulted from a
stableTAC dese, defined as mibsage change the past 48 h, were includefiny patientwith
record of inappropriately drawhAC levels (<10 h after the previous dose was administered),
who was treated for CDI with both metronidazole and vancomycin, or who had an addition,
discontinuation; or d@ge change in concomitant CYP3A4 or Pgp inducers or inhibitors that
were known to affectiTAC levelsfrom 4 weeks pr@admission until the end of CDI treaent
wasexcludedsifa patienexperienced multiple episodes of CDI, the first eligigiésode of CDI
was included.Ratients werdividedinto 2 groups based on CDI treatment with metronidazole or

vancomycin.

TAC trough. levels

TAC levels=were collected & time pointsg(Fig. 1) and normalized based on the patient’'s daily
TAC dose" (mg) to determine the deasermalized trough level (ng/mL/mg) (1). A level
documentedvithin 4 weeks prior tahe positiveC. difficile assaywas deemed the baseline level
(t1); asecond level wasbtainedprior to the initiation of antibiotic treatmeanhdTAC dosage
adjustmentbutafter CDI documentatiort2); andthethird level wasobtainedafter documented
symptom resolution or hospital dischamgghout ongoing diaitteg while antibiotic therapy was
ongoing(t3)*Ifunultiple levels were drawafter symptom resolution, the last ledehwn during
the coursewefstreatmentvithout record ofTAC dosage change for at least 2 days pmnaas

chosen.

Statistical analysis

The primary hypothesiswas that metronidazolés noninferior to vancomycin with respect to
affecting TA€ levelsin transplant patients being treated @idl. Becausehe observed change
in dosenormalizedTAC levelswere calculatedn ratios,we transformed thelosenormalized
TAC levek to the log scale bgalculatingthe natural log of thelata. The effect of antibiotic
therapy onTAC levels was estimated by calculatitige difference inlog-transformeddose-
normalizedTAC levels after antibiotic treatment from baseline (At3—t1). A difference of 30%
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or greaterin At3-t1 between the metronidazole and vancomycin groups was determined to be

clinically significanta priori by the investigative grouf-he criteria for noninfeority required

that the upper limit of the 95% confidence inter¢@l) was below the prespecified margin for

the difference _inAt3-t1 between the groupg< 1.3). Noninferiority would therefore be

established.if.the change tine logtransformed dosaermalizedTAC level after metronidazole

treatment, from baseline, was more than 30% higher than the change seen with vancomycin.
To "evaluate the impact of diarrhea alone RC trough levels, we also examined

differences inlog-transformed doseermalizedTAC levels from baseline tthe time of CDI

diagnosis,; prior to initiation of antibiotic thera@gnd TAC dosage adjustmerfiA\t2—t1), for

patientswith available levelsby using apairedt-test. Because two logarithmic values were

subtractedor data analysisat3—t1 and At2—t1, we followed the rules of logarithnfig(x)-In(y)

= In(x/y)] and ecalculated the ratio of the values in order to better describe the relationship

between th@ dosenormalized levelsNormal distribution of continuous variables waerified

using the 8apiro-Wilk test. A P-value < 0.05 was considered significant.ll statistical

analysesveresperformed in SPSS version 22 (IBM, New YorkynNYork USA).

Results

A total of«-159adult patients oM AC-basedimmunosuppression at the time of C@iagnosis
werescreened for eligibility. Then 107Avere excludedbecause ofeceiving treatment with both
metronidazole and vancomycin, concomitant elugg interactions, changingAC dosages
prior to drawing trough levels, or inappropriately timed trough lefféts 2). A total of 53were
included forwstudy analysis35 patients were treated with metronidazole and 17 with
vancomycin.Demographic and clinicalharacteristics were similar for tt#groups,including
ageand white blood cell count (WB@t CDI diagnosisandserum creatinineScn at baeline
and at CDI diagnosis (Table 1). Patients in the vancomycin group were treatacaf@rage of

21 days compared to 14 days for those in the metronidazole g?euf.03).Most patients were
treated in the'inpatient setting and did not meet criteria for severe infection $¥B000 oran
increase inScr.by > 50% from baseline(10). The majority of patients included were kidney
transplant recipients, and all heart transplant patients were treated with vancomycitingeflec

the current practice at our center
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The averagehange in dosaormalizedTAC levels from baselinétl) to CDI treatment
with metronidazole or vancomycit3) was similar between the two treatment gro(fsble 2)
Patientsn both groupsequired dosage changes to maintain therap@i trough levels while
receiving antibiotic treatment for CDI. Although not statistically gigant between any time
points, there.was a trend toward an increase in-dosealized level for each group at the time
of CDI diagnosis before treatment compared to basdfirable 2) Patients treated with
vancomycin‘had a wideangeof dosenormalzed TAC levels at t3andon average these levels
remainedcloserttothe t2 levelscompared to patients treated with metronidazole whose levels at
t3 wereclaser tgbaseling(Fig. 3). Despite some variation in desermalized levels throughout
treatmenttheratio of log-transformeddose-normalized AC levels from baselinefor patients
treated witheither metronidazole or vancomycin was approximately 1, indicating the dose
patients required at the time of symptom resolution to achieve a specific treegiwvés very
similar to their requirement at baselifmeetronidazole: 0.99; vancomycin: 1.04). One patient, for
examplewho was treated with metronidazole was receidrtpily dosage of 16 mg at baseline
to achieveraFAC trough level of 12.2 ng/mL (doseormalized level: 0.76 ng/mL/mg), and a
daily dosage of 14 mg at the time of symptom resolution to achieve a trough level of 10.8 ng/mL
(dosenormalized level of 0.77 ng/mL/mgAlthoughthis patient’s daily dose decreased by 2 mg
over the_eourse of treatmt, the patient’'s doseormalized levedid not change significantly.
Similarly, 1 patient who was treated with vancomycin was receiving a daily dosage of 5 mg at
baseline to_achieve BAC trough level of 6.0 ng/mL (dossormalized level: 1.2 ng/mL/mg),
and a daily*desage of 6 mg at the time of symptom resolution to achieve a trough level of 8.1
ng/mL (dosenormalized level of 1.35 ng/mL/mgY.he changen the dosenormalized levels
from baseline tahe time of CDI treatmenh the metronidazole groupasnot > 30% compared
to the changen the vancomycin grouf0.96;95% CI: 074-1.23. Given thatthe upper limit of
the 95%Cl was<1.3, metronidazole demonstrated noninferiority with respect to its impact on
TAC levels.when compared to vancomycin

Regarding the impact of CCdlone onTAC levels, no significantifferencewas found
when comparing doseormalizedTAC levelsfrom baseling(tl) to the time of CDI diagnosis
before initiatingantibiotic therapy(t2) in the entire study groufrable 3) In the 35 patients
with a level drawn at the time of CDI diagngsiBe ratio of logtransformeddosenormalized
TAC levels compared to baseline w&s94 (95% CI. 0.831.07 P = 0.37. Patientswith a
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history ofprior CDI had higher mean dos®rmalizedTAC levels at every time point compared
to thosewith no prior history of CDI (Tabld), although there was no significant difference in
the change in doseormalizedTAC levels from baseline to symptom resolution between the
2groups P.= 0.15).

Discussion

The wide variability of botiTAC bioavailability and impact o€DI that exists between patients
was further"emphasized in this study. The results of this study suppo@bhatan lead to
unpredictableTAC levels, but demonstrate that the use of metronidazole does not further
potentiate these effects.

Disease severity, as classified by our institutional guidelines, was similar in both groups
reflecting the overuse of vancomycin in our transplant pomatiith mildmoderate disease.
Patientsin both the vancomycin and metronidazole treatment groups experienced changes in
dose-normalized AC levels while they received CDI treatmenthe magnitude of change in
dosenormalized leved that was observeith the metronidazole group was not 30§fteater than
that seen‘in“the vancomycin groufhis indicates that the variation IPAC levels that was
observeduin,_each group can most likely be attributed to the CDI itself ratimetotl@aspecific
antibiotic.efect. On average, almost no difference was saghe dosenormalizedTAC level in
patients who were treated witither metronidazoleor vancomycinat the time of symptom
resolution‘compared to baselifatients therefordid not require significantlyolwer TAC doses
to achievestherapeutic trough levels while taking metronidaZdiis. observation is contrary to
what has been reported in prior case repertsch isthat metronidazole leads significantly
elevatedTAC levels (4, 5) However, arr findings dosupport pharmacokinetic studies that
suggesmetronidazole is not potent CYP3A4 or Pgp inhibitor, and therefore should not have a
significant_effect on the pharmacokinetics ®AC (6, 7). Considering tht currently no
mechanisms_oBignificant drug interactionsare knownbetweenvancomycin andTAC, the
change in.desage requiremémtoughout the course of CDI seen in both groups is most l&kely
result ofthewvariableimpact of CDI on enterocyte integritinterestingly the vancoycin group
appearedio demonstratea numerically higher mean dosenormalized trough level thathe
metronidazole groupn treatmentalthoughnot statistically significantSelectionbiasmay have
contributed,if more patients with severe CDI (based on criteria othan our institutional
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guidelines)were treated with vancomycin. We wexisounable to reliably quantify the amount
of diarrhea patients were experiencing the 2 groups which haseen shown to have a
significant impact onTAC levels (3). Patients o had suffered from a pridC. difficile
infection had higher mean desermalizedTAC levels at every time pointompared to those
who were _suffering from their first CDIThis finding may be associated with the effect of
inflammatory_cytokine on downregulation of CYP3A4 hepatocyte activitwhich has been
previously~described11). No included casesmet criteria forrecurrentCDI, as all prior
infections'were"diagnosed >4 weddeforethe investigated CDI. This finding suggests that CDI
may affect TAC bioavailability even after completion of antibiotic treatment @ydptom
resolution,

In contrast to the previous repoffis-3), our study did not show a significant increase in
dose-normalized AC levels at the time of CDI diagnosis compared to baseline. This comparison
was done_in_an effort to show the impact diarrhea haJA@ bioavailability, which has
previously.been described as causing significant increases in trough levaisughl most
paients insthis® studywere considered to havaild-moderate disease, when analyzing only
patients with“severe disease, a significant differexisewas not seenrThis finding may have
beena result ofthe inability to accuratelyquantify patient's diarrhea. Although surrogate
markers such asScr, can be used to help identify the severity of a patient’s dehydratitmut
guantifying the amount of diarrhea a patient is experiengmegwere unable to capture the true
impact of ‘diarrhea o AC levels.In addition, only a small sample size was included in this
analysisowingto a low number of appropriate trough levels drawn prior to initiating antibjiotics
which couldshave contributed to the lack of significance seen.

This study had methodologicainitations, including its retrospective designvhich
prevented, us from being able to assess steadyT&@drough levels. In an effort to minimize
this effect,.dos@ormalized trough levels were reported, and only trough levels that reflected at
least 8 h_of a new dosing regimen were includéd. addition, medicationadherenceas
outpatientseeuld not beconfirmed andt was assumed patients were takiP§C as prescribed
in the medical _record when calculating dosemalizedTAC levels. Also, diarrhea was not
guantified in this studypecause oinconsistent and unreliable reporting of stooturrencesn

the inpatienmedical recordnd inclusion of outpatientBinally, if a patient experienced CDI or
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was treated with an interacting medication while at a facility outside of UMHS, this was
unknown and thus could not be taken into account.

In conclusion, TAC levels varied significantly during treatment of CDWwith ether
metronidazole or vancomycin and most patients required frequeadedadjustments ofFAC to
maintain specific target levels Regardless of the antibiotic usedAC levels should be
monitored closely and the dose should be adjusted accordifigé/results of this study suggest
that concomitant treatment Witmetronidazole doesot result ina > 30%increasein dose-
normalized TAC levels compared to vancomycin treatmeim patients experiencingDI.
Therefore no reasomxiststo avoid the use of metronidazole in this patient populasiolely for
the purpose of,avoiding a potential drug interaction itiC. While TAC concentrations may
increasehroughout CDI, this mape related to the amount of diarrhea a patient is experiencing,
which was notinvestigated directlyin this study. Thevariability seen iInTAC levels while
patients weresuffering from CDIwaslikely caused byhe disease itselfather tharby antibiotic
therapy. Patients with prior episodes of CDI may have greater absorptibhCokven after
antibiotic treatment is complate Therefore close monitoring ofTAC levels in these patients
may be required to avoid supratherapeutic V& our knowledge his is the largest study to
date that*hagvestigatedhe impact of CDI oiTAC levels as well as the proposed interaction
between.metronidazole adthC. A future study investigatinghow often patients are in the
goal therapeutic range when suffering from diarrhea or being treated with antjbmdizde
even more, beneficial in this patient population than determining a specificedfeibetween

groups.
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Fig. 1. Tacrolimustrough ollection. The 3 time points from which tacrolimus trough levels
were utilized in this study, at baseling) (prior to CDlinfection, after the onset of diarrhea and
prior to initiation of antibiotic therapy {}, and after symptom resolution while remaining on

antibiotic therapy @). CDI, Clostridium difficile infection

Fig 2. Study designThe selection for patients into the study based on inclusion and exclusion

criteria."CDI"Clostridium difficile infection

Fig. 3. Dosenormalizedtacrolimustrough evels.The median and interquartile range of dose-
normalizedstaerolimus trough levels (ng/mL/mg) in all patients included in the lsasgyl on
antibiotic therapy with either metronidazole or vancomycin at each oftthree $oints

compared in the studZDI, Clostridium difficile infection
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Patient demographics

Characteristic Metronidazole | Vancomycin
(N =35) (N=17)
Age, years 55+11 56+ 14
Gender, n (%)
Male 16 (46) 11 (65)
Female 19 (54) 6 (35)
Organ type,in (%)
Kidney 23 (65.7) 6 (35.3)
Liver 9(25.7) 6 (35.3)
Heart 0 4 (23.5)
Lung 3(8.6) 0
Heart/Kidney 0 1(5.9)

Time after transplant, days

118 (44-332)

233 (142-374)

Inpatient treatment, n (%) | 26 (74) 14 (82)
Index CDI,'ny(%) 26 (74) 9 (53)
Baseline Scrmg/dL 1.7+1.2 1.6+0.8
Scr at diagnosis, mg/dL 20+1.2 1.8+0.7
WBC at diaghosis, K/mm3 7.6+4.6 8.4+45
Disease sevefity,n, (%)

Mild/moderate 27 (77) 14 (82)

Severe 8(23) 3(18)
Treatment duration, days 14.3 £5.2%* 21.3+17.4%

CDlI, Clostridiumxdifficile infection; Scr, serum creatinine;

WBC, whitesblood cell count.

Table 1
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Dose-normalized tacrolimus trough levels

Metronidazole Vancomycin
(N =35) (N=17)
Dose-normalized tacrolimus trough (ng/mL/mg)
Baseline,(t1) 14+1.1 1.6+0.8
CDl'diagnosis before treatment (t2) 1.7+1.3 1.9+1.1
Symptomiresolution on treatment (t3) 1.4+0.9 1.8+1.1
Difference'from baseline (At3-t1) 0.99 1.04

Baseline (t,) prior to Clostridium difficile infection (CDI); after the onset of diarrhea and prior to initiation
of antibiotic therapy (t,); and after symptom resolution while remaining on antibiotic therapy (ts).

Table 2
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Dose-normalized tacrolimus trough levels at CDI diagnosis

Baseline CDI diagnosis Mean difference
(N =35) before treatment (95 ClI)
(N =35)
Dose-normalized tacrolimus trough (ng/mL/mg) 14+1.7 1.5+1.9 0.94 (0.83-1.07)

CDI, Clostridium difficile infection; Cl, confidence interval.

Table 3
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Dose-normalized tacrolimus trough levels for patients with index and repeat Clostridium difficile

infection (CDI)

Index CDI | Repeat CDI
(N =35) (N=17)
Dose-normalized tacrolimus trough (ng/mL/mg)
Baseline (t,) 1.2+1.8 1.5+1.7
CDI'diagnosis before treatment (t,) 1.3+£2.0 1.8+1.7
Symptomiresolution on treatment (t;) 1.1+1.8% 1.7 +1.9*%
Difference from baseline (At3-t1) 0.95 1.14

* ? {Au: what does * signify)

Baseline (t;) priorito CDI infection; after the onset of diarrhea and prior to initiation of antibiotic therapy

(tp); and aftemsymptom resolution while remaining on antibiotic therapy (ts).

Table 4
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Figure 2: Study Design
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159 adults with CDI on
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52 patients’included
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107 patients excluded

55 treated with
metronidazole
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19 drug-drug
interactions

30 tacrolimus
dosage changes

3 trough levels
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Dose normalized tacrolimus trough (ng/mL/mg)
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Figure 3: Dose-Normalized Tacrolimus Trough Levels
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