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Abstract: Clostridioides difficile infection (CDI) is the leading cause of nosocomial diarrhea in the
United States. Tigecycline has been proposed as a potential treatment for CDI, though limited clinical
data exist to support this practice. The objective of this study was to determine if the provision
of tigecycline provides a clinically meaningful benefit to inpatients with CDI. This study was a
retrospective chart review enrolling inpatients receiving treatment for CDL Patients were divided
into cohorts depending on whether they received a standard antibiotic therapy regimen for CDI or an
antibiotic treatment regimen that included tigecycline. The primary outcome was clinical recovery at
the time of hospital discharge. A total of 39 and 22 patients were included in the standard antibiotic
therapy and tigecycline groups, respectively. ATLAS (Age, Treatment, Leukocyte, Albumin, Serum
creatinine) scores at the time of CDI diagnosis were similar between the two groups, though patients
in the tigecycline groups were more likely to represent a recurrent episode of CDI. There was no
difference in the rate of clinical recovery at the time of hospital discharge between the standard
antibiotic therapy and tigecycline groups (38.5% vs. 36.4%, p = 0.8710). These data do not support the
routine use of tigecycline for the treatment of CDI, though interpretation is limited due to baseline
differences between groups and the retrospective, observational nature of this study.

Keywords: Clostridioides difficile; diarrhea; tigecycline

1. Background

Clostridioides difficile infection (CDI) is the most common cause of nosocomial diarrhea
in the United States of America (USA) and represents a major burden to the healthcare
system [1]. The hallmark symptom of CDl is diarrhea, with secondary disease complications
including volume depletion, sepsis, toxic megacolon, and death. CDI has been estimated
to cost the healthcare system approximately USD 5.4 billion in healthcare-related costs [2].
While it has been estimated that the overall incidence of CDI has declined over the last
10 years, this observation has been found alongside a relative increase in the incidence of
community-acquired CDI [3,4].

Treatment guidelines for CDI have been issued by the American College of Gastroen-
terology (ACG) and the Infectious Diseases Society of America (IDSA) [1,5]. Treatment
recommendations for CDI include the provision of antibiotics pursuant to a patient’s degree
of symptomatology. Patients may be classified as having non-severe CDI in the presence of
clinical stability, severe CDI if either a white blood cell count greater than 15,000 cells/mm?
or a serum creatinine value of greater than 1.5 mg/dL is observed, or fulminant CDI in
the presence of hypotension, shock, ileus, or toxic megacolon. For patients with an initial
episode of either non-severe or severe CDI, either vancomycin 125 mg orally administered
four times a day or fidaxomicin 200 mg orally twice daily for 10 days is recommended. Be-
tween the two, fidaxomicin is preferred due to lower rates of CDI recurrence, though access
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may be limited due to medication cost [6]. In cases of fulminant CD], treatment with van-
comycin 500 mg orally four times a day with intravenous administration of metronidazole
500 mg every eight hours is recommended [6]. For patients with recurrences of CDI, pulsed
and tapered doses of fidaxomicin with adjunctive bezlotoxumab may be considered [6].

Tigecycline is a tetracycline derivative, broad-spectrum antibiotic with activity against
aerobic, anaerobic, Gram-positive, and Gram-negative microbes [7]. Tigecycline is currently
approved by the United States Food and Drug Administration for the treatment of pneu-
monia, infections of the skin and subcutaneous tissues, and intra-abdominal infections.
Preclinical studies indicate tigecycline exerts antimicrobial activity against Clostridioides
difficile, reduces Clostridioides sporulation, and reduces Clostridioides toxin activity [8-10].

A series of non-comparative case reports and case series have detailed both clinical
successes and failures with the use of tigecycline in the management of CDI [11-13]. Com-
parative effectiveness data assessing the clinical utility of tigecycline in the treatment of CDI
is limited to a small number of case—control and retrospective cohort studies [14-18]. As of
the writing of this manuscript, one retrospective comparative study conducted in Hungary
reported that tigecycline monotherapy resulted in greater clinical recovery compared to
standard antibiotic therapy [14]. However, this clinical benefit has not been identified
universally [15-18]. The remaining studies with standard-of-care active comparators have
not identified a clinical benefit of the provision of tigecycline in the treatment of CDI on the
basis of mortality or CDI recurrence. Accordingly, both the IDSA and ACG guidelines list
the antibiotic tigecycline as a potential agent for the treatment of CDI though refrain from
issuing formal recommendations regarding its use [1,5]. The European Society of Clinical
Microbiology and Infectious Diseases guidance document on the treatment of CDI suggests
that the provision of intravenous tigecycline may be considered in the event of progressive
clinical deterioration, fulminant disease, or when oral medication delivery is not possible,
though the guidelines offer that this should be considered on a case-by-case basis due to
absence of high-quality evidence to support this therapeutic maneuver [19]. The repro-
ducibility of a positive result in a cohort of patients in the USA using a patient-centered
outcome, like clinical recovery, could further define tigecycline’s role in the treatment
of CDIL

The primary purpose of this study is to identify if the provision of tigecycline is
associated with improved clinical outcomes in patients admitted for the treatment of CDL

2. Results

Initial querying of the electronic health record yielded 77 medical records with di-
agnostically positive CDI labs. After surveillance for exclusion criteria, 61 records were
included in the primary outcome analysis. A total of 60 patients were included in our
analyses for mortality. Reasons for exclusion are listed in Figure 1.

A total of 39 patient records were included in the standard antibiotic therapy (SAT)
group and 22 patient records were included in the tigecycline group. While similar in terms
of illness severity at the point of CDI diagnosis, patients in the tigecycline group were
more likely to experience complicated treatment courses as assessed by IDSA definitions
of severity and were more likely for their episode of CDI to be a recurrent episode. The
two groups were similar in terms of acute illness severity as assessed by the ATLAS
(Age, Treatment, Leukocyte, Albumin, Serum creatinine) score and baseline comorbidity.
Metronidazole was used significantly more frequently in the tigecycline group. Additional
baseline demographic details may be found in Table 1.

In the tigecycline group, there were two instances in which tigecycline was initiated
prior to collecting Clostridioides difficile diagnostic laboratory tests. In the remaining 20 cases,
tigecycline was ordered with a median of 16.7 h (IQR 6.1-27.8 h) after the point in time in
which Clostridioides difficile diagnostic laboratory tests were collected. Tigecycline therapy
was continued for at least four doses in twelve (54.5%) cases.

In regard to the primary outcome, no difference in clinical cure attainment at the
time of hospital discharge was identified between the SAT and tigecycline groups (38.5%
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vs. 36.4%, p = 0.8710, Figure 2). In-hospital mortality was observed to be higher in the
tigecycline group than in the SAT group (14.3% vs. 0%, p = 0.0154). No difference in hospital
length of stay was observed between the SAT and tigecycline groups (4.1 days [2.4-6.4]
vs. 4.6 days [2.8-6.6], p = 0.5946). No differences in the rates of 90-day readmission for
gastrointestinal complaints were observed between the SAT and tigecycline groups (28.2%
vs. 16.7%, p = 0.3469).

N = 77 instances of positive CDI
polymerase chain reaction and
toxigenic assay

Exclusion criteria:

* Length of stay < 18 hours = 11
« Age<18yearold=4
* Duplicate laboratory entry = 1

h

N =61 included in clinical
recovery analysis

Mortality exclusion criteria:

* Transferred out of
hospital for a higher level

of care =1
4
N = 60 included in mortality
analysis
LOS exclusion criteria:
+
» Expired during hospital admission = 3
v

N =57 included in length of
stay analysis

Figure 1. Participant inclusion. Abbreviation: CDI, Clostridioides difficile infection.
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Table 1. Patient Characteristics.

Standard Antibiotic Therapy

Patient Characteristics (1 = 39) Tigecycline (n = 22) p-Value
Demographics
Age (years) @ 75 (61-82) 71 (58-79.25) 0.4084 d
Male sex P 17 (43.6) 11 (50.0) 0.6295 €
Race? 0.0513
White 31 (79.5) 18 (81.8)
Asian 0(0) 2(9)
Other 8 (20.5) 1(4.5)
Not stated 0(0) 1(4.5)
Comorbid Conditions
Charlson Comorbidity Index @ 4 (2-5) 4.5 (2.25-5.75) 0.4813d
MIb 0 1(4.5)
CHFP® 3(7.7) 2(9.1)
PVDP 0 2(9.1)
CVAorTIA P 3(7.7) 3 (13.6)
Dementia ° 4(10.3) 6 (27.3)
COPDP 1(2.6) 2(9.1)
Connective tissue disease P 0 0
PUDP 0 0
Liver disease 2(5.1) 1(4.5)
DMPb 3(7.7) 3 (13.6)
Hemiplegia ° 0 0
CKDP 0 0
Solid cancer P 1(2.6) 5(22.7)
Leukemia P 0 2(9.1)
Lymphoma b 1(2.6) 0
AIDSP 0 0
Admission Information
White blood cell count.(cells X ;}03 /microliter) at CDI 11.4 (8.2-15.2) 13.3 (7.4-30.6) 0.6795 4
diagnosis
Serum creatinine (mg/dL) at CDI diagnosis ® 0.83 (0.6-1.04) 0.94 (0.55-1.47) 0.9641 4
CDI Severity at Diagnosis 0.6540 4
Non-Severe 24 (61.5) 13 (59.1)
Severe 15 (38.5) 7 (31.8)
Fulminant 0(0) 2(9.1)
CDI Severity Throughout Treatment 0.0433 d
Non-Severe 21 (53.8) 8 (36.4)
Severe 17 (41.0) 8 (36.4)
Fulminant P 1(2.6) 6 (27.3)
ATLAS Score 4 (2-5) 4 (3-4.75) 0.9269 4
Presence of any immunocompromising condition be 5(12.8) 8 (36.4) 0.0138 €
CDI episode specified as recurrent b 4(10.3) 7 (31.8) 0.0731 ¢
Antibiotic Treatment
Metronidazole 19 (48.7) 17 (77.2) 0.0294 €
Vancomycin 37 (94.9) 22 (100) 0.2801 ©
Fidaxomicin 9(23.1) 8 (36.4) 0.2664 €
Tigecycline 0 22 (100) -

Abbreviations: AIDS, acquired immunodeficiency syndrome; ATLAS (Age, Treatment, Leukocyte, Albumin,
Serum creatinine), CDI, Clostridioides difficile infection; CHF, congestive heart failure; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; IQR,
interquartile range; MI, myocardial infarction; PUD, peptic ulcer disease; PVD, peripheral vascular disease; TIA,
transient ischemic attack. ® Median (interquartile range). ® n (%). ¢ Any immunocompromising condition defined
by the presence of the following: the presence of human immunodeficiency virus with CD4 < 200 cells/mm?,
active malignancy, treatment with chemotherapeutic agents, status post solid organ transplant, status post bone
marrow transplant, receiving chronic corticosteroids. 4 Mann-Whitney U test used to determine differences
between groups. ¢ Chi-squared test used to determine differences between groups.
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Figure 2. Clinical outcomes of patients with CDI treatment with standard antibiotic therapy versus
adjunctive tigecycline. Clinical recovery comparison: 38.5% (n = 15, standard antibiotic therapy)
vs. 36.4% (n = 8, tigecycline), p = 0.8710. Mortality comparison: 0% (1 = 0, standard antibiotic therapy)
vs. 14.2% (n = 3, tigecycline), p = 0.0154.

3. Discussion

In our study, we did not observe a clinically meaningful benefit in the treatment of CDI
when adding adjunctive tigecycline to a standard antibiotic therapy regimen. No difference
was observed in rates of clinical cure or hospital length of stay, and mortality was increased
in the group of patients receiving tigecycline. There are multiple explanations that may
underlie this observation.

One likely reason for this result is the logical probability that patients developing clinical
extremis were treated with more advanced therapeutic maneuvers in the context of their
care, which may include the provision of tigecycline in the treatment of CDIL Despite the
development of antibiotics and treatments that may reduce CDI recurrence, there has been a
relative dearth of new treatments that impact acute mortality over the last 15 years [20,21].
Fulminant CDI portends a risk of mortality as high as 30-50% [22-24]. The use of an off-label
medication that has previously demonstrated in vitro activity against Clostridioides difficile
may be an attractive option for managing clinicians when clinical alternatives have been
exhausted. This intuitive clinical response is aligned with what we observed within our
data set. While similar in terms of clinical acuity at the point of CDI diagnosis, patients in
the tigecycline group were more likely to progress to severe or fulminant illness. These data
cannot definitively determine whether tigecycline confers no benefit in CDI or whether
the declining clinical status led to both the use of tigecycline and the observed increased
mortality in our tigecycline comparator group. This progression to fulminant disease may
also underlie the observation that patients within the tigecycline group received metronida-
zole more frequently than those in the standard antibiotic therapy group, as intravenous
metronidazole is a first-line therapy in the treatment of fulminant CDI. This practice of
reserving tigecycline for patients with declining status would additionally be aligned
with the previous literature. A characterization of tigecycline used for CDI in oncology
patients demonstrated that in the majority of instances in which tigecycline was used for
CD], treated patients had either severe or severe-complicated disease [25]. Refractory CD],
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defined as CDI not responding after three days of vancomycin or metronidazole, was also
a common finding in tigecycline-treated patients with CDI. Practice patterns such as this
could further explain the higher mortality in the tigecycline cohort of the present study.

A second possible reason for our observation is that when used in acutely ill patients,
tigecycline may not exert an impact on clinical outcomes in CDI. The earliest reported
clinical uses of tigecycline for CDI were single-patient case reports or non-comparative case
series including a small number of patients [26-28]. In the time since these reports have been
published, a series of observational comparative effectiveness studies have been conducted.
The first of these was a multicenter, retrospective, observational study enrolling patients
with severe CDI [29]. Comparator groups were defined based on whether patients received
either standard antibiotic therapy (n = 46) or adjunctive tigecycline (n = 31) during the
course of their CDI treatment. While CDI severity was greater in the adjunctive tigecycline
group, 30-day mortality was greater in the tigecycline group (odds ratio [OR] = 2.898, 95%
Confidence Interval [CI]= 1.062-7.910). Following this, a series of propensity-matched
comparative studies were conducted, providing greater clarity of tigecycline’s effect when
confounding variables are minimized [30]. The most recent of these was an observational,
retrospective study that enrolled 168 patients hospitalized with CDI in propensity-matched
analyses [17]. Divisions between comparator groups were made on the basis of whether
patients received a standard antibiotic course for CDI treatment or whether they received
two or more doses of tigecycline as a component of CDI treatment. Propensity-matched
comparator groups were made on the basis of patient age, gender, markers of clinical acuity,
and baseline comorbidities. The use of tigecycline was not associated with an improvement
in 30-day mortality (OR = 0.89, 95% CI 0.25-3.12, p = 0.853) and was associated with a
longer hospital length of stay. The remaining analyses in this space have included between
44 and 266 patients per study, with enrollment in the tigecycline-using comparator groups
ranging from 18 to 66 patients. The majority of these have demonstrated that in acutely ill
patients with CDI, tigecycline did not improve in-hospital mortality, CDI recurrence, or the
need for colectomy across a range of illness severities [15-18].

The one positive comparative effectiveness study that assessed tigecycline’s utility in
CDI reported that tigecycline monotherapy improved clinical recovery in patients with
severe CDI when compared to a standard-of-care antibiotic regimen [14]. In this study,
90 patients hospitalized with severe CDI who received antibiotic therapy for at least 48 h
were included. Comparisons between groups were made on the basis of whether patients
received either tigecycline or metronidazole and vancomycin for their CDI treatment.
Clinical recovery was defined as the resolution of diarrhea, abdominal pain, fever, and
leukocytosis. In the final analyses, 45 patients were enrolled in each comparator group.
Clinical cure occurred more frequently in the tigecycline group than in the usual care group
(n =34, 75.6% vs. n = 24, 53.3%, p = 0.02). These findings contrast with what we observed
in our study. Reasons for these divergent observations could be due to differences in local
populations and practice patterns. Our study was a single-center study conducted in the
USA, while the study noting a positive finding was a single-center study conducted in
Hungary. The interventions in our studies were additionally fundamentally different as
the Hungarian study utilized tigecycline monotherapy, whereas tigecycline was used as
an adjunctive therapy within our study. The use of tigecycline monotherapy for CDI may
be met with resistance in the USA as IDSA guidelines routinely recommend vancomycin,
fidaxomicin, or metronidazole in the treatment of CDI. Lastly, differences in the way the
outcome of clinical recovery was determined may have been different between our studies.
In our study, the subjective symptom of “abdominal pain”, which is a component of the
clinical recovery outcome, was assessed using a specific series of physician documentation
and nurse-driven charting. This may, in part, explain the difference between the two studies
and the relatively low rate of clinical recovery in our study. Strategies to retrospectively
collect these data that were different from our own may have yielded different results.

The primary limitations to our study were its retrospective design wherein patients
were necessarily studied in the context of their clinical care and a sample size precluding



Pharmacoepidemiology 2024, 3

237

propensity score matching. As noted above, it is possible that higher clinical acuity in the
tigecycline group could have pre-selected for higher mortality and worse outcomes in that
group. These data cannot conclusively determine whether tigecycline use, patient acuity,
or another unidentified confounding factor was the cause for the observed difference in
mortality. While ATLAS scores at the point of diagnosis were similar between the two
groups, propensity matching may be useful in future studies to account for additional
baseline differences. As this study was retrospective, there was no pre-specified protocol
with regard to timing or initiation of tigecycline relative to obtaining positive CDI laboratory
results. Additionally, there were a variety of antibiotic combinations used within each
comparator group. That is to say, a patient may have been treated with vancomycin,
fidaxomicin, metronidazole, or all three of the aforementioned antibiotics and still grouped
within the SAT comparator group. These differences within and between groups should be
considered when interpreting these data.

4. Materials and Methods
4.1. Study Design and Enrollment

This study was a single-center, comparative effectiveness retrospective chart review
of inpatients with CDI conducted at a tertiary medical facility in the USA. The study
protocol was submitted to the institutional review board and determined to be exempt
from review. A Health Insurance Portability and Accountability Act waiver was obtained
for this research. Thus, subject consent was not obtained during the data collection process
for this research.

Screening for eligible patients was conducted by reviewing records of patient encoun-
ters between 1 June 2021 and 31 May 2022 with positive values for both the Clostridioides
difficile polymerase chain reaction test and a positive toxigenic assay. Additional inclusion
criteria included age of 18 years or older and inpatient antimicrobial treatment for CDI
with either metronidazole, vancomycin, fidaxomicin, tigecycline, or a combination thereof.
Due to the similarity in clinical management strategies, patients with either nosocomial
or community-acquired CDI were included in this study. Exclusion criteria included a
hospital length of stay of less than 18 h, as investigators postulated this may have repre-
sented an emergency department visit without actual inpatient admission. Patients who
were pregnhant, prisoners, and patients who transferred in from outside hospitals were
also excluded.

This study was a comparative effectiveness study. Patients were divided into a
“tigecycline” group or a “standard antibiotic therapy” group on the basis of whether
they did or did not receive tigecycline for the treatment of CDIL

4.2. Outcomes and Data Collection

The primary objective of this study was to determine if the provision of tigecycline
during the inpatient treatment of CDI was associated with improved rates of clinical
recovery. Clinical recovery was defined as a patient meeting all of the following criteria prior
to hospital discharge: (1) resolution of fever, (2) resolution of leukocytosis, (3) resolution
of abdominal pain, and (4) resolution of diarrhea. Instances of mortality or transfers to
a different hospital were deemed clinical failures; that is to say, such a patient encounter
could not result in an outcome of clinical recovery. Resolution of fever and leukocytosis
were confirmed by a review of the temperature and cell values within institutional reference
ranges on the day of discharge. Resolution of abdominal pain was confirmed by reviewing
physician discharge notes commenting that abdominal pain had improved or nurse charting
omitting complaints of abdominal pain during pain assessments on the day of discharge.
Resolution of diarrhea was confirmed by reviewing nursing output charting showing
no stool on the day of discharge along with physician discharge notes commenting that
diarrhea had improved or nurse output charting showing Bristol type 5 or lower stool on
the day of discharge.
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The secondary objectives of this study were to determine if the provision of tigecycline
during the inpatient treatment of CDI improved in-hospital mortality, hospital length
of stay, or hospital readmission for gastrointestinal complaints. Patients were eligible
for mortality analyses if they were either discharged as medically stable or expired in
the hospital; transfers for higher levels of care were excluded. Patients were eligible for
length-of-stay analyses if they were discharged as medically stable. For the length of stay
calculations, the time from CDI laboratory positivity to discharge was measured. This
was performed instead of using admission time to discharge to more faithfully account for
occurrences in which patients developed CDI in the middle of a hospitalization for another
reason.

Patient baseline comorbidity was assessed through the calculation of a Charlson
Comorbidity Index. Hospital admission and discharge clinical notes were reviewed to
gauge the presence or absence of historical diseases for the Charlson Comorbidity Index
calculation. Pertinent points of patient assessment in CDI may fluctuate significantly near
the point of initial diagnosis [31]. Accordingly, patient acuity was assessed using IDSA
definitions of non-severe, severe, and fulminant CDI using both information that was
available at the point of initial CDI diagnosis and considering the totality of the individual
patient’s clinical course [1,31]. That is to say, if a patient was diagnosed with CDI and, two
days into their treatment they developed a laboratory profile consistent with severe CDI,
the patient was coded as experiencing severe CDI. ATLAS scores were calculated using
clinical information most proximal to the point in time when CDI diagnostic labs were
assessed [32].

Data were collected by manual data extraction from individual patient charts within
the electronic medical record. Data collection was completed by HJ and LB.

4.3. Data Analysis

Data were analyzed using the Excel statistical package Analyse-it version 5.90 (Leeds,
UK). The primary outcome of clinical recovery was assessed using the chi-squared test. Dif-
ferences between the tigecycline and standard antibiotic therapy cohorts were determined
to be statistically significant if the alpha was <0.05.

Secondary outcomes of in-hospital mortality and hospital readmission within 90 days
for gastrointestinal complaints were assessed using the chi-squared test. A Shapiro-Wilk
test was conducted to assess the normality of hospital length of stay. The Mann—-Whitney
U test was used to determine if significant differences in hospital lengths of stay existed.
Differences in baseline clinical features between the tigecycline and standard antibiotic
therapy cohorts were assessed using the chi-squared and the Mann-Whitney U test for
nominal and continuous variables as appropriate. Comparisons between groups on the
basis of CDI severity were conducted using the Mann-Whitney U test using values of one,
two, and three for non-severe, severe, and fulminant CDI, respectively. The Mann-Whitney
U test was performed preferentially to the chi-squared test as progression in disease severity
represents an increase in clinical acuity in a manner that is not absolute, thus lending itself
to a ranked analysis. Data distributions are presented as occurrences with percentages and
medians with interquartile ranges (IQRs).

5. Conclusions

Adjunctive tigecycline was not associated with improved rates of clinical recovery in
the treatment of CDI, though the potential for a confounding relationship between tige-
cycline use and clinical acuity cannot be excluded due to the retrospective, observational
nature of the data presented. Clinicians should consider the relative scarcity of clinical
effectiveness data and the risk of adverse reactions and implement collaborative decision
making with patients or their families if considering utilizing tigecycline for CDI. Multicen-
ter studies incorporating propensity matching may further guide the medical community
in determining if specific phenotypes of CDI patients may benefit from tigecycline.
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