
STUDY PROTOCOL

Design of Two Phase III, Randomized, Multicenter
Studies Comparing Gepotidacin with Nitrofurantoin
for the Treatment of Uncomplicated Urinary Tract
Infection in Female Participants

Caroline Perry . Mohammad Hossain . Marcy Powell .

Aparna Raychaudhuri . Nicole Scangarella-Oman . Courtney Tiffany .

Sherry Xu . Etienne Dumont . Salim Janmohamed

Received: June 15, 2022 /Accepted: September 27, 2022
� The Author(s) 2022

ABSTRACT

Background: Uncomplicated urinary tract
infections (uUTIs) are among the most common
community-acquired infections for women
worldwide. Treatment options are increasingly
limited by antibiotic resistance; novel oral
antibiotics are urgently needed. Gepotidacin is
a novel, bactericidal, first-in-class triazaace-
naphthylene antibiotic that inhibits bacterial
deoxyribonucleic acid (DNA) replication by a
distinct mechanism of action, which confers
activity against most strains of target patho-
gens, such as Escherichia coli and Staphylococ-
cus saprophyticus, including those resistant to

current antibiotics. Here, we describe the
designs of two near-identical phase III clinical
trials (EAGLE-2 and EAGLE-3) evaluating
gepotidacin for the treatment of uUTI.
Methods: These are phase III, randomized,
multicenter, parallel-group, double-blind, dou-
ble-dummy, comparator-controlled, noninferi-
ority studies, comparing the efficacy and safety
of gepotidacin to nitrofurantoin in the treat-
ment of uUTI. Eligible participants are women
aged C 12 years with C 2 uUTI symptoms, ran-
domized (1:1) to receive oral gepotidacin
(1500 mg) plus placebo or nitrofurantoin
(100 mg) plus placebo, twice daily for 5 days.
The primary therapeutic endpoint is composite
clinical and microbiological efficacy, with
noninferiority comparisons made in individuals
with a qualifying (C 105 colony-forming units/
mL urine) nitrofurantoin-susceptible
uropathogen.
Results: These trials were designed in accor-
dance with US Food and Drug Administration
(2019) and European Medicines Agency (2018)
guidance, particularly the composite endpoint
and microbiological evaluability requirements.
Across the trials * 5000 participants are plan-
ned to be enrolled from[200 centers globally.
Conclusions: Gepotidacin represents an
important potential treatment option being
evaluated to address the need for novel oral
antibiotics to treat uUTI.These trials are regis-
tered at ClinicalTrials.gov (https://clinicaltrials.
gov/) where the full protocols can be accessed
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under trial IDs: NCT04020341 (EAGLE-2) and
NCT04187144 (EAGLE-3).
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Key Summary Points

This article describes rationale and design
of two phase III clinical trials of novel oral
antibiotic gepotidacin versus
nitrofurantoin for treatment of
uncomplicated urinary tract infection.

The trials were designed in accordance
with latest FDA (2019) and EMA (2018)
guidance.

The primary endpoint is therapeutic
response, which is combined
microbiological and clinical response.

Approximately 5000 participants are
planned to be enrolled from[200 centers
globally.

Collectively, these are some of the largest
trials of an antibiotic for the treatment of
uUTI ever performed.

INTRODUCTION

Uncomplicated urinary tract infections (uUTIs)
are among the most common infections in
female patients, affecting approximately
50–60% of adult women in their lifetime [1].
The primary uropathogen in uUTI is
Escherichia coli, and uUTIs are often treated
empirically with oral antibiotics and without
urine culture or antimicrobial susceptibility
testing [1, 2].

To inform empiric treatment strategies, pri-
mary care physicians may rely on local and
national guidelines. Some of the current first-
line therapies recommended by the Infectious
Diseases Society of America and European

Association of Urology include nitrofurantoin,
trimethoprim-sulfamethoxazole (SXT), fos-
fomycin, and pivmecillinam [3, 4]. Effective
treatments (especially oral agents) for uUTI are,
however, increasingly limited by antibiotic
resistance. Multidrug resistance (MDR) has
emerged at the community level, including
extended-spectrum b-lactamase-producing
(ESBL) Enterobacterales and fluoroquinolone-
resistant pathogens [5].

The World Health Organization has high-
lighted the increasing prevalence of antibiotic
resistance as one of the biggest threats currently
facing global health [6]. The US Centers for
Disease Control and Prevention has also raised
concerns about increasing community-acquired
infections, and the emergence and spread of
new forms of antibiotic resistance [7]. ESBL-
producing Enterobacterales are recognized as a
serious threat as these may not be treat-
able without hospital admission for parenteral
therapy. Antibiotic-resistant Enterobac-
terales have been classed by the World Health
Organization as critical priority pathogens [8].
MDR E. coli has emerged as a prominent cause
of uUTIs and bacteremia globally [5, 9].

Of the recommended first-line therapies for
uUTI, nitrofurantoin, SXT, and fosfomycin were
first approved for uUTI by the US Food and Drug
Administration (FDA) in 1953, 1973, and 1996,
respectively [10]. Pivmecillinam is approved for
the treatment of adults with uUTI only in
Canada and some European countries, and is
pending review and approval from the FDA
[11, 12]. Furthermore, where treatment fails
owing to antibiotic resistance or drug allergy/
intolerance, the limited oral options can result
in patients requiring hospitalization to receive
intravenous antibiotics.

There is, therefore, a substantial unmet need
for novel oral antibiotics in the treatment of
uUTI. Despite this, relatively few novel-class
antibiotics are in development, and\5% of
those are being studied by large pharmaceutical
firms [13]. Furthermore, historical clinical trials
of antibiotics for uUTI were conducted with
protocols employing inclusion criteria and
endpoints that were arguably less stringent
than, and unaligned with, current regulatory
guidance [14]. The European Medicines Agency
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(EMA) and FDA uUTI guidance were updated in
2018 and 2019, respectively, with requirements
for inclusion of patients and the use of a com-
posite primary endpoint including both micro-
biological eradication and complete clinical
symptom resolution [15, 16]. Previous guidance
did not advise the use of a composite endpoint,
recommending microbiological eradication as
the primary endpoint. Furthermore, while
C 105 colony-forming units (CFU)/mL is the
criterion for microbiological evaluation, the
cutoff for microbiological eradication was pre-
viously suggested as\ 104 CFU/mL and the
cutoff for microbiological eradication is
now\103 CFU/mL. A category of ‘‘improve-
ment’’ was also previously allowed for clinical
response; however, complete resolution of
symptoms is now necessary.

Gepotidacin is a novel, bactericidal, first-in-
class triazaacenaphthylene antibiotic that inhi-
bits bacterial deoxyribonucleic acid (DNA)
replication by a distinct mechanism of action
[17, 18], which confers activity against most
strains of target pathogens, such as E. coli, Sta-
phylococcus saprophyticus, and Neisseria gonor-
rhoeae, including those resistant to current
antibiotics [19–21]. In this article, we describe
the rationale and design behind two ongoing
phase III randomized comparator-controlled
clinical trials [the Efficacy of Antibacterial
Gepotidacin Evaluated (EAGLE)-2
(NCT04020341) and EAGLE-3 (NCT04187144)
trials] of gepotidacin for the treatment of uUTI
among adult and adolescent female partici-
pants, following the most recent EMA and FDA
uUTI guidance documents for industry [15, 16].
Collectively, these trials are some of the largest
ever conducted for an antibiotic targeting uUTI.
Furthermore, these global trials are being con-
ducted in the context of an unprecedented
pandemic. During the unique circumstances
created by the SARS-CoV-2 (COVID-19) pan-
demic, every effort was made to adhere to pro-
tocol-specified assessments for participants on
study treatment, including follow-up assess-
ments. Where this was not possible, measures
were implemented to minimize the amount of
time that participants spent at the clinic. Elec-
tronic consent and remote collection of study-

related data were utilized where local regula-
tions permitted.

GEPOTIDACIN

Gepotidacin selectively inhibits bacterial DNA
gyrase and topoisomerase IV by a unique
mechanism, which is not utilized by any cur-
rently approved human therapeutic agents
[13, 17, 18].

Nonclinical Activity and Efficacy Data

Gepotidacin has demonstrated in vitro activity
against fastidious, nonfastidious, aerobic, and
anaerobic Gram-positive and Gram-negative
pathogens, including E. coli, and maintains
activity against most isolates resistant to estab-
lished antibacterial classes [19].

Dose Justification

The gepotidacin dose and duration for these
studies was selected based on in vitro pharma-
cokinetic (PK)/pharmacodynamic (PD) and
in vivo studies, including a rat pyelonephritis
model simulating human PK exposures of
gepotidacin to determine efficacy against iso-
lates of E. coli, including MDR strains
[19, 22–24].

A 5-day dosing duration aligns with current
treatment guidelines for efficacious antibacte-
rial treatment of uUTI, which typically ranges
from 3 to 7 days [3, 4]. The safety and tolera-
bility at this oral dose and duration have been
evaluated in phase I and phase II studies [25].
Furthermore, high urine concentrations of
gepotidacin are expected based on a healthy
volunteer phase I study (NCT02853435) [26],
and a phase II study (NCT03568942) in patients
with uUTI [25] where gepotidacin urine expo-
sures were found to exceed plasma levels by[
600-fold.

Safety

To date, oral and/or intravenous gepotidacin
has been investigated in 15 completed clinical
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Table 1 Schedule of study activities for EAGLE-2 and EAGLE-3

Visita Baseline On-
therapyb

TOCb Follow-
up

Early
withdrawal

Study day 1 2–4 10–13 28 – 3 NA

Procedure Predose Postdose

Written informed consent/assent X – – – – –

Inclusion and exclusion criteria X – – – – –

Participant demography X – – – – –

Physical examination (including height and weight at

Baseline only)

X – – Xc – –

Record uUTI signs and symptomsd X – X X X X

Investigator assessment of clinical responsee – – X X X

Medical/surgical history X – – – – –

Diagnosis of presumptive uUTIf X – – – – –

Bacteriology samplesg X – Xh X X X

Randomization X – – – – –

12-lead electrocardiogram X – Xi – – –

Vital sign measurementsj X – X X – –

Hematology, chemistry, and urinalysis X – X X – –

Serology (hepatitis B and C and HIV)k X – – – – –

Urine pregnancy testl Xm – Xm X – X

Drug and alcohol screen X – – – – –

UTI activity impairment assessmentl X – X X X X

Administer oral dose of study treatmentn X Xo – – –

Serious adverse eventsp X X X X X X

Adverse eventsq X X X X X

Concomitant medication review X X X X X X

Interactive response technology X – – – – –

PK blood sampler – – Xs – – –

PK urine sampler – – Xs – – –

Study treatment compliancet – – X X – –

Schedule next visit Xu – Xv Xv Xv –
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Table 1 continued

Visita Baseline On-therapyb TOCb Follow-up Early withdrawal

Study day 1 2–4 10–13 28 – 3 NA

Procedure Predose Postdose

Genetic samplew X – – – – –

HIV human immunodeficiency virus, HPF high-power field, NA not applicable, PK pharmacokinetic, TOC test-of-cure, uUTI
uncomplicated urinary tract infection, WBC white blood cell
aFor all study visits, to minimize the amount of time that participants spend at the clinic, eConsent may be utilized and remote collection
of study-related data may take place. Thus, in some cases, visit data may be collected through a combination of telemedicine and the
scheduled on-site study visit (note that telemedicine will not be used as a substitute for a scheduled on-site visit). Collection of information
via telemedicine will be performed only where local regulations permit. Prescreening activities may also be conducted, including a
prescreening informed consent and urine testing
bFor the on-therapy (days 2–4) visit: participants will be instructed to return to the study site within 1–3 days postrandomization. Each
treatment day will be assessed over 24 h starting with the first dose of study treatment. For the TOC (days 10–13) visit: participants will
be instructed to return to the study site 5–8 days after completion of study treatment
cAt the TOC visit, the physical examination may be symptom directed and is only required if indicated for a specific participant
dIndividual clinical signs and symptoms scores of uUTI will be recorded by a study physician or otherwise appropriately medically trained
staff based on participant interview and using the scoring system (Table 2). The same scorer will be used at all assessment time points for
each participant, on all occasions, whenever possible
eThe investigator will provide an assessment of clinical response (clinical success, clinical failure, or indeterminate) for each participant at
the TOC and follow-up visits, and at early withdrawal (if applicable). This assessment should be completed after the clinical signs and
symptoms score is determined by the same study physician or otherwise appropriately medically trained staff who performed the clinical
scoring assessment
fBased on confirmation of nitrite or pyuria ([ 15 WBC/HPF or the presence of 3?/large leukocyte esterase) from a pretreatment clean-
catch midstream urine sample per local laboratory procedures
gParticipants will provide a clean-catch midstream urine sample at each scheduled on-site visit for Gram stain, quantitative bacteriology
culture, and in vitro antimicrobial susceptibility testing by a designated laboratory(ies)
hA bacteriology urine sample will be collected at the on-therapy visit
iEAGLE-3 only
jTake measurement of temperature, blood pressure, and pulse rate
kIf serology testing was performed within 3 months prior to the first dose of study treatment and the results were positive, testing at
baseline is not required. If testing was performed within 3 months and any result was negative, testing at baseline is required
lThe UTI activity impairment assessment will be administered to participants by study site staff at the baseline, on-therapy, TOC, and
follow-up visits, and at early withdrawal (if applicable). This assessment should be done by a different study staff member than the person
who determines the clinical signs and symptoms score, and should be performed at the end of the study visit
mFor women of childbearing potential, a negative high-sensitivity urine pregnancy test is sufficient for eligibility. Pregnancy testing should
also be performed after dose 4 and before dose 8
nParticipants will receive oral study treatment twice daily for 5 days under double-blind, double-dummy conditions. The first oral dose will
be administered at the study site during the baseline visit; participants will self-administer as outpatients thereafter. Each dose should be
taken after food consumption and with water
oParticipants should continue taking study treatment per their planned dosing schedule. If at all possible, the appointment time of the on-
therapy visit should be approximately 1–2 h after the participant’s most recent dose is expected to be taken
pRecord serious adverse events from the time of consent/assent to fulfill international regulatory requirements
qRecord adverse events from the time of the first dose of study treatment
rEAGLE-2 only
sAt the On-therapy visit, PK samples will be collected
tDetermine study treatment compliance by performing pill count
uConfirm return day/time for the on-therapy, TOC, and follow-up visits. Refer to footnote o for scheduling the on-therapy visit
vPrevisit reminder: study site staff will contact the participant 24 ± 4 h before the scheduled on-therapy, TOC, and follow-up visits
wCollect sample only if the participant has a signed consent/assent specific for this purpose. The baseline visit is the recommended time to
collect the sample, but it can be collected at any time during the study
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studies, in total, oral and intravenous gepoti-
dacin has been administered to approximately
totaling *1200 study participants [25–33].

From these studies, reports of adverse events
(AEs) were generally nonserious, and mild-to-
moderate in intensity. In phase I and phase II
studies, two and three serious AEs (SAEs) were
reported, respectively, with none considered
related to the study drug [25, 27, 29]. Across the
previous clinical studies of gepotidacin, very
common (C 10%) AEs were diarrhea and nau-
sea, and common (C 1% and\ 10%) AEs were
vomiting and headache. Gastrointestinal (GI)
tolerability has been seen to improve when
gepotidacin is taken with food [34].

Concentration-dependent QT (QTc) prolon-
gation has been observed during clinical trials
with gepotidacin [31]; however, to date this
mild QTc prolongation has not translated into
clinically concerning QTc changes or cardio-
vascular AEs [30]. Predicted QTc interval pro-
longation from the thorough QT/QTc study
approaches 20 ms with concentration C 14 lg/

mL; furthermore, mild and transient non-GI
AEs and AEs potentially related to acetyl-
cholinesterase inhibition have also been asso-
ciated with maximum concentration
(Cmax) C 14 lg/mL [31]. Therefore, dosing to
keep the geometric mean Cmax\14 lg/mL is
expected to minimize adverse effects of QT
prolongation [31]. The oral, 1500 mg twice-
daily (BID) dosing regimen has associated Cmax

levels well under this threshold.

Efficacy

In a phase II single-center clinical study
(NCT03568942), 22 adult female patients with
uUTI were treated with oral gepotidacin
1500 mg BID for 5 days [25] and evaluated for
PK and efficacy as inpatients. Of these patients,
eight had qualifying baseline uropathogens
(C 105 CFU/mL) for inclusion in the microbio-
logical intent-to-treat population. At test-of-
cure (TOC) on days 10–13, 86% (n = 19/22) had
complete symptom resolution and 88% (n = 7/

Fig. 1 EAGLE-2 and EAGLE-3 study design. aThere will
be central randomization with stratification by age
category (\ 18 years, C 18 to 50 years, or[ 50 years)
and uUTI recurrence [nonrecurrent infection or recurrent
infection, defined as a confirmed infection (not including
the current infection in the calculation) with at least one
prior episode within the past 3 months, at least two prior
episodes within the past 6 months, or at least three prior

episodes within the past 12 months before study entry].
bStudy treatment will be administered under double-blind,
double-dummy conditions. Each dose should be taken
after food consumption and with water. BID twice daily,
HPF high-power field, TOC test-of-cure, uUTI uncom-
plicated urinary tract infection, WBC white blood cell
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8) were considered a microbiological success
(eradication). At follow-up, 82% (n = 18/22) had
sustained complete symptom resolution and
75% (n = 6/8) were a microbiological success.
Therapeutic success (combined microbiological
and clinical success) was achieved in 75%
(n = 6/8) at TOC and 63% (n = 5/8) at follow-up.

TRIAL DESIGN

EAGLE-2 and EAGLE-3 are near-identical phase
III, randomized, multicenter, parallel-group,
double-blind, double-dummy, comparator-con-
trolled, noninferiority studies in adolescent and
adult female participants comparing the effi-
cacy and safety of gepotidacin with nitrofuran-
toin in the treatment of uUTI. The comparator
antibiotic in EAGLE-2 and EAGLE-3 is nitrofu-
rantoin, which is recommended in both USA
and European guidelines as a first-line empiric
therapy for uUTI [3, 4]. EAGLE-2 examines the
PK/PD properties of gepotidacin. EAGLE-2 is
being conducted across approximately 95 sites
in the USA, UK, Mexico, Spain, Germany,
Greece, Hungary, Poland, Bulgaria, Romania,
Slovakia, Czech Republic, and India; while

EAGLE-3 is being conducted across approxi-
mately 110 sites in the USA, Australia, Bulgaria,
India, South Korea, and Poland. Participating
sites in both studies were community-based
outpatient clinics.

The pragmatic study design, with ability to
enroll at screening based on symptoms and
urine dipstick or microscopy, of EAGLE-2 and
EAGLE-3 is based on recent FDA guidance for
industry for developing antibiotic treatments
for uUTIs [15], the EMA addendum to the
guideline on the evaluation of medicinal prod-
ucts indicated for treatment of bacterial infec-
tions [16], and feedback from the FDA and EMA.

Study Populations

Adults (C 18 years of age) providing written
informed consent (and/or eConsent, if applica-
ble) and adolescents (C 12 to\ 18 years of age)
providing written informed assent (or eCon-
sent, if applicable) are eligible for the study if
they are women with a body weight C 40 kg
and with at least two of the following symptoms
of uUTI with onset\96 h prior to study entry:
dysuria, frequency, urgency, or lower

Table 2 Clinical scoring tool for assessing clinical signs and symptoms of uUTI

Clinical signs
and
symptoms

None Mild
Symptom is easily tolerated, causing
minimal discomfort, and not
interfering with everyday activities

Moderate
Symptom is sufficiently
discomforting to interfere
with normal everyday
activities

Severe
Symptom
prevents
normal
everyday
activities

SCORE
0

SCORE 1 SCORE 2 SCORE 3

Dysuria

Frequency

Urgency

Lower

abdominal

or

suprapubic

pain

uUTI uncomplicated urinary tract infection
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abdominal pain, and dipstick evidence of nitrite
or pyuria (3?/large leukocyte esterase); or
pyuria by microscopy ([ 15 white blood cell/
high-power field) from a pretreatment clean-
catch midstream urine sample.

While no upper age limit is placed on par-
ticipants, residence in a nursing home or
dependent-care-type facility is part of the
exclusion criteria. Participants as young as
12 years of age are eligible, enabling adolescents
to be included so as to better reflect the wide
spectrum of female patients who may experi-
ence uUTIs and who may benefit from novel
treatments such as gepotidacin.

Participants are excluded if they have specific
urinary tract, renal, urogenital, cardiac, or hep-
atic medical conditions; are immunocompro-
mised; require medication that may be
impacted by inhibition of acetylcholinesterase;
have acute porphyria; have any condition that
may interfere with drug absorption, distribu-
tion, metabolism, or excretion of gepotidacin;
have known glucose-6-phosphate dehydroge-
nase deficiency; have received treatment with
other systemic antibiotics or antifungals within
1 week before study entry; were previously
enrolled in a gepotidacin study; or are pregnant
(Table 1 and Supplementary Material).

Study Procedures

For the purposes of randomization, participants
are stratified by age category (\ 18 years, C 18
to 50 years, or[ 50 years) and history of uUTI
recurrence (recurrent infection defined as a
confirmed infection with C 1 prior episode
within the past 3 months, C 2 prior episodes
within the past 6 months, or C 3 prior episodes
within the past 12 months before study entry).

Participants are centrally randomized, in a
1:1 ratio to receive gepotidacin 1500 mg orally
BID for 5 days or nitrofurantoin 100 mg orally
BID for 5 days (Fig. 1). To maintain the double-
blind nature of the study, participants receive a
placebo in the form of the active treatment to
which they have not been assigned. The first
oral dose will be administered at the study site
during the baseline visit (day 1) and subsequent

doses will be self-administered by participants
as outpatients.

Safety, clinical, and microbiological assess-
ments are conducted at the baseline visit (day 1)
and repeated at on-therapy (days 2–4), TOC
(days 10–13), and follow-up (day 28 ± 3) visits
(Table 1). Clinical signs and symptoms of uUTI
will be recorded by appropriately trained med-
ical staff based on participant interview per the
schedule of activities (Table 1) using the scoring
system in Table 2. At baseline, the participant
must present with C 2 signs and symptoms and
have a total cumulative symptom score C 2.
The TOC assessment will be performed by the
same investigator who conducted the baseline
signs and symptoms assessment where possible
and before any other questionnaire-based eval-
uations required by the protocol.

To help minimize the amount of time that
participants spend at the study site when
attending the four scheduled study visits, some
study-related data may be collected remotely
using telemedicine (i.e., telemedicine used in
parallel with, not in place of, on-site study vis-
its). The collection of information via tele-
medicine will be performed only where local
regulations permit.

In each of the studies, the planned enroll-
ment of *2500 participants aims to fulfill the
target evaluable sample size of 884 participants
in the analysis of the primary efficacy endpoint
performed using the microbiological intent-to-
treat nitrofurantoin-susceptible (micro-ITT
NTF-S) population. The final number of ran-
domized participants may vary based on the
evaluability rate and qualifying bacterial uro-
pathogens defined at C 105 CFU/mL.

Objective and Endpoints

The primary objective of both trials is to assess
the combined clinical and microbiological effi-
cacy of gepotidacin versus nitrofurantoin at
TOC, in female participants with uUTI and
qualifying bacterial uropathogen(s) at baseline
that are susceptible to nitrofurantoin.

Per FDA guidance, the primary endpoint is
therapeutic response (combined per participant
microbiological and clinical response) at TOC.

Infect Dis Ther



Therapeutic success refers to patients who have
been deemed both a microbiological success
[reduction of all qualifying bacterial uropatho-
gens (C 105 CFU/mL) recovered at baseline
to\103 CFU/mL at TOC as observed on quan-
titative urine culture without the patient
receiving other systemic antibiotics] and a
clinical success (normal presentation with res-
olution of baseline signs and symptoms with
cumulative symptom score of 0 and no new
signs and symptoms of uUTI and without the
patient receiving other systemic antibiotics) at
or prior to the TOC Visit in the micro-ITT NTF-S
population, irrespective of pre-morbid sympto-
mology and regardless of treatment
discontinuation.

Secondary endpoints include components of
the primary endpoint at TOC and follow-up,
i.e., clinical outcome and response at TOC and
follow-up visits, microbiological outcome and
response at TOC and follow-up visits, thera-
peutic response at follow-up visit, gepotidacin
plasma and urine concentrations (EAGLE-2
only), treatment-emergent AEs, SAEs, and
change from baseline results for clinical labo-
ratory tests, electrocardiograms (EAGLE-3 only),
and vital sign measurements.

Details of PK/PD analyses and exploratory
endpoints can be found in the Supplementary
Material.

Safety

The severity of AEs and SAEs is determined by
the investigator according to the US National
Institute of Allergy and Infectious Diseases
Division of Microbiology and Infectious Dis-
eases criteria for adult toxicity assessment [35],
with the exception of serum creatinine adoles-
cent laboratory data, which will be assessed
using pediatric toxicity criteria [36]. Predefined
AEs of special interest for these studies are car-
diovascular events, GI events, Clostridium diffi-
cile infection, and AEs potentially related to
acetylcholinesterase inhibition. All reported AEs
are coded using Medical Dictionary for Regula-
tory Activities and summarized by system organ
class and preferred terms.

Ethical Considerations

These studies are conducted in accordance with
the protocols and consensus ethical principles
derived from international guidelines including
the Declaration of Helsinki and Council for
International Organizations of Medical Sciences
International Ethical Guidelines, International
Council on Harmonization Good Clinical Prac-
tice Guidelines, and applicable laws and regu-
lations. Protocol and amendments, informed
consent form/adolescent assent form/eConsent
(if applicable), investigator’s brochure, and
other relevant documents (e.g., advertisements)
were submitted to an institutional review
board/independent ethics committee (IRB/IEC)
by the investigator and reviewed and approved
by the IRB/IEC before the study was initiated.
The master IRB was Advarra Institutional
Review Board (Columbia, MD, USA), other IRBs/
IECs are listed in Supplementary Table 1. Ado-
lescent participants will only be enrolled at
study sites where investigators have experience
in this population and if allowed per the study
site’s institutional ethics committees and local
country/national regulatory guidelines; enroll-
ment will be contingent upon such approvals.

Statistical Considerations

These studies are designed to demonstrate
noninferiority of gepotidacin to nitrofurantoin
for the primary efficacy endpoint. A noninferi-
ority margin of –10% is used in accordance with
current FDA guidance [37]. If noninferiority is
declared, superiority will be assessed. Assuming
a 76% therapeutic success rate for both nitro-
furantoin and gepotidacin, a sample size of 884
participants (allowing for an interim analysis)
in the micro-ITT NTF-S population is required
to provide approximately 90% power to
demonstrate noninferiority in the therapeutic
response rate of gepotidacin compared with
nitrofurantoin with a 0.025 one-sided alpha
level and a -10.0% noninferiority margin.
Qualifying uropathogen susceptibilities for the
micro-ITT NTF-S population will be monitored
in stream to help ensure sufficient and balanced
enrollment of participants into the studies.
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DISCUSSION

The development of gepotidacin is important in
the fight against antibiotic resistance, providing
a unique mechanism of action that is effective
against most target pathogens resistant to many
currently available antibiotics. The phase III
uUTI trials of gepotidacin, among the largest
planned trials for the antibiotic treatment of
uUTI ever performed, have been designed in
accordance with FDA and EMA uUTI guidance
and in consultation with these organizations.
These trials are taking place during the COVID-
19 pandemic, which places additional chal-
lenges on data collection and study processes
(e.g., the switch from face-to-face consultation
to telemedicine for the management of com-
munity-based infections); the challenges have
been mitigated by protocol amendments
allowing for remote collection of data and
reduced time required for site visits.

Notably, the primary endpoint of therapeu-
tic response combines clinical and microbio-
logical assessment, providing a composite
endpoint which avoids potential limitations of
each individual assessment [15, 16]. Clinical
success relies on investigator assessment and
patient-reported symptoms that are somewhat
subjective, employing an instrument that is not
fully validated (in terms of internal consistency,
symptoms assessed, and relationship to other
measures of treatment success). This method of
measuring clinical response is, however, similar
to previous studies with clinical success as an
endpoint [38]. Microbiological success is objec-
tive but relies on culture of the causative
pathogen at baseline and reproducible culture
at later visits, and it does not necessarily corre-
late with clinical success, which is the ultimate
aim of therapy, nor is it representative of clini-
cal management in the real world, where
symptom resolution is a key marker of treat-
ment success. A urine culture defined
by C 105 CFU/mL of a uropathogen and more
stringent assessment of microbiological success
than used in historical studies of reduction
to\103 CFU/mL is being used for primary
population definition and endpoint analysis
[15, 16]. Additionally, earlier trials included an

‘‘improvement’’ category in assessing clinical
response, while new guidance requires complete
resolution of symptoms to achieve clinical suc-
cess; this does not consider the presence of
baseline symptoms in patients who may not be
fully asymptomatic between uUTI episodes. The
greater rigor required of new agents by regula-
tory bodies may reflect that uUTIs often self-
resolve, or require over-the-counter treatment
only. Ibuprofen, for example, can be used to
manage the symptoms of uUTI until resolution;
however, the time to resolution is longer, the
symptom burden is larger, and the likelihood of
patients developing pyelonephritis is greater
than with antibiotics [39, 40]. Treating to
manage the symptoms of uUTI is, therefore,
often inadequate for reducing the burden of
disease, and in clinical trials many patients still
required antibiotics as secondary therapy
[39, 40]. Importantly, some data suggest that
the more stringent clinical trial guidelines for
uUTIs could yield less robust findings versus
historical studies, and between-study compar-
isons should be made with caution [14].

Among bacterial topoisomerase inhibitors,
gepotidacin is structurally and mechanistically
unique, inhibiting gyrase-catalyzed DNA
supercoiling and relaxation of positive super-
coiled substrates via single-stranded DNA breaks
mediated by gyrase [17–19]. The comparator
antibiotic in EAGLE-2 and EAGLE-3 is nitrofu-
rantoin, which is recommended in both USA
and European guidelines as a first-line empiric
therapy for uUTI [3, 4]. FDA guidelines advise
that for noninferiority trials, isolates susceptible
to the investigational drug and comparator are
studied [15]. Nitrofurantoin has relatively low
rates of resistance in the community setting,
meaning that a greater number of patients have
susceptible isolates compared with other
antibiotics such as SXT where rates of resistance
are very high in some areas [5, 41]. Rates of
resistance are also high for fluoroquinolones
[5, 41], and the use of these antibiotics is no
longer recommended for the treatment of uUTI
following safety concerns [42]. Nitrofurantoin
was, therefore, considered the most clinically
feasible and appropriate comparator for
gepotidacin.
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Gepotidacin has the potential to become an
important oral antibiotic in the treatment of
uUTI, and its evaluation in phase III trials is an
important step in addressing the critical need
for novel oral antibiotics that are effective
against uropathogens resistant to current
treatments.
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