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ABSTRACT

Antibiotic resistance among gram-negative bacteria continues to rise globally at an alarming rate. New
vaccines that prevent bacterial infections and reduce antibiotic use could provide a potential solution to
these problems. This study focused on development of an investigational vaccine to prevent recurrent
urinary traction infections (UTI) caused by gram-negative bacteria that use type 1 pili to adhere to, invade,
and colonize human bladders. The vaccine antigen is FimH, an adhesin protein on the tip of type 1 pili
with a lectin binding domain that enables attachment to glycoproteins on mammalian bladders. This was
a phase 1, open-label, dose escalation study evaluating the vaccine in 67 healthy women with and without
histories of recurrent UTI. The objectives of the study were to evaluate the safety, tolerability, and
immunogenicity of different dosages of the antigen and adjuvant of the vaccine. All dosages were well-
tolerated and a low incidence of systemic reactions occurred. No serious adverse events related to the
vaccine were reported. The vaccine induced both binding and functional antibodies. The women with
histories of recurrent UTI demonstrated greater than 150-fold increases in antibodies against the
N-terminal region of FimH. Based on the results of this phase 1 study, this vaccine is proceeding to
a double-blind, randomized, placebo-controlled phase 2 study. If this vaccine is successful in future
studies, it could potentially prevent millions of recurrent UTI globally and reduce the development of
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antibiotic resistance.

Introduction

About 3 million people experience recurrent urinary tract infec-
tions (UTI) each year in the United States." Recurrent UTI,
usually defined as 3 or 4 UTI during a 12-month period, has
a substantial impact on day-to-day functioning due to moderate
or severe symptoms and persistent recurrence at episodic
intervals.”™* Severe symptoms include pain and/or burning dur-
ing urination, frequent urination, suprapubic pressure, fever,
and nausea. More serious long-term outcomes include treatment
failures, hospitalizations including prolonged stays and readmis-
sions, bacteremia, severe sepsis, septic shock, in-hospital mor-
tality, and the spread of antibiotic resistance.’” > For more than
20 years, healthcare providers have prescribed antibiotics with
refills for patients with recurrent UTIs so that these individuals
can self-treat as symptoms occur, without needing to confirm
that bacteria are present in urine.'® This treatment strategy
empowers an individual to begin treatment earlier, so symptoms
resolve faster. While such a treatment strategy that expeditiously
resolves UTI is appropriate for reducing suffering and prevent-
ing sepsis, a preventive strategy would be preferable.

When cultures are obtained from midstream urine collec-
tions from symptomatic patients, Escherichia coli is the

predominant species of bacteria identified, and these cultures
are predictive of E. coli in the bladder.'”'® Therefore, physi-
cians empirically treat UTI with antibiotics that target E. coli or
another gram-negative species of bacteria.'” In contrast, iden-
tifying gram-positive bacteria from midstream urine collec-
tions during UTI symptoms is not predictive of their
presence in the bladder.'® These gram-positive bacteria may
be from periurethral contamination and not be the cause of
UTL and so it has been recommended to cautiously use this
evidence to treat UTL'®"

Since E. coli is the predominant uropathogen identified
from midstream urine collections during UTI symptoms, and
its detection correlates to its presence in the bladder, a vaccine
for recurrent UTI must have a highly conserved antigen essen-
tial for E. coli virulence. FimH is an adhesin protein on type 1
pili of E. coli. Type 1 pili are bacterial appendages that promote
attachment via branched oligomannose-containing glycopro-
teins on mammalian bladders. Type 1 pili and FimH are con-
served among all Enterobacteriaceae including Klebsiella
pneumoniae®® There is extensive evidence indicating that
FimH is essential for E. coli to colonize bladders in mice and
that it enables the formation of intracellular biofilms in
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bladders.*' > Preclinical studies have demonstrated that active
immunization against FimH reduces bladder colonization in
mice and monkeys.za_27 Therefore, FimH was selected as
a vaccine antigen candidate with a proposed indication to
reduce recurrent UTI in humans. The limited stability of full-
length FimH requires it to be in a non-covalent complex with
its natural chaperone protein FimC. This complex forms spon-
taneously during recombinant expression of FimC and FimH.
Therefore, the antigen of the vaccine is FimCH.

Based on preclinical evidence, the treatment hypothesis of
the vaccine is that anti-FimH IgG will reduce bacterial coloni-
zation of bladder surfaces in rUTI patients, thereby reducing
the frequency of recurrent UTL This requires that serum anti-
FimH IgG transude to the bladder surface in humans. Anti-
FimH IgG has been detected in vaginal washes of immunized
monkeys, suggesting that it does transude to mucosal surfaces
in mammals.** Such transudation also has precedent in the
human papillomavirus (HPV) vaccines. Human studies inves-
tigating the HPV vaccines demonstrate strong correlations
between HPV-specific IgG levels in serum and in cervicovagi-
nal secretions.”® This suggests that high serum IgG titers are
indicative of the presence of IgG localized to mucosal surfaces.

The current study was conducted to evaluate the safety and
immunogenicity of FimCH adjuvanted with a TLR4 agonist in
healthy adults with and without a history of recurrent UTI. The
primary objectives were to determine the safety and tolerability
of different dosages of vaccines in the two separate populations
of subjects, and the immunogenicity of different vaccine dosages.
The secondary objective was to determine the duration and
sustainability of the antibody responses in the two separate
populations of subjects. The current indication of the FimCH
vaccine is for the prevention of recurrent UTI caused by E. coli.

Materials and methods
Vaccines

The vaccine used in this study consisted of FimCH (antigen)
and Phosphorylated HexaAcyl Disaccharide (PHAD®; adju-
vant). Two dosages of FimCH (50 pg or 107 pug) and four
dosages of PHAD® (10 pg, 20 pg, 40 pg, or 43 ug) were
evaluated. Prior to administration, the vaccine was prepared
on-site by adding PHAD® buffered suspension and/or sterile
water to a vial of FimCH in 20 mM trisodium citrate and
mixing. Intramuscular injections of 0.3 mL or 0.5 mL were
administered on days 1, 30, 90, and 180 into the deltoid muscle
of the non-dominant arm (Table 1).

FimCH drug substance was manufactured at the Center for
Biocatalysis and Bioprocessing (Coralville, IA). FimCH drug
product was manufactured at Ajinomoto Bio-Pharma Services
(San Diego, CA). FimCH drug product consisted of FimCH in
20 mM trisodium citrate, pH 5.4. The adjuvant suspension
drug product was manufactured at AMRI, Inc. (Burlington,
MA). The adjuvant suspension drug product consisted of
PHAD?, dipalmitoylphosphatidylcholine, 10 mM trisodium
citrate, pH 6.0, and 0.02% of polysorbate 80. PHAD® was
purchased from Avanti Polar Lipids (Alabaster, AL). All drug
product was stored at Sherpa Clinical Packaging (San Diego,
CA; now PCI Pharma Services).
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Table 1. Study cohorts and vaccination schedule.

History Number of Vaccinations at Days 1,  Volume of

of UTI Cohort  Subjects Enrolled 30, 90, and 180 Injection®

No® 1 5 107 pg FimCH 0.5 mL

No® 2 8 50 ug FimCH 0.3 mL
10 pg adjuvant

No® 3&4 16 50 ug FimCH 0.3 mL
20 pg adjuvant

No® 5 8 107 ug FimCH 0.3 mL
40 pg adjuvant

Yes© 6 16 50 ug FimCH 0.3 mL
40 pg adjuvant

Yes® 7 14 107 pg FimCH 0.5 mL

43 pg adjuvant

*Two different injection volumes were required to administer the appropriate
dosages for each cohort because the vaccines were prepared from single con-
centrations of adjuvant drug product and FimCH drug product

PNo history of UTI for the previous 24 months prior to study enrolment.

“History of =5 UTlIs in the last 24 months with at least one of these occur-
rences being documented as positive urine culture for E. coli at 210 CFU/
mL prior to study enrolment.

Study design and subjects

This phase 1, open-label, antigen-controlled, dose escalation
study was conducted at six clinical sites enrolling subjects from
December 2013 to November 2015. The clinical sites were
located in Maryland, Michigan, North Carolina, South
Carolina, and Utah. Per protocol, the length of study was up
to 19 months, which included 30 days before the first vaccina-
tion and 18 months after the first vaccination. Because several
of the formulations included an adjuvant, the FDA requested
that the subjects be followed for twelve months after the final
vaccination at day 180.

Per protocol, the study included 67 females, ages 21-64, in 7
cohorts. The FDA requested a dose-escalation study because
the vaccine formulations contained an adjuvant. Based on
preclinical evidence, about 40 pg of adjuvant was selected as
the highest adjuvant dose for this first human study. To comply
with the FDA’s request, 10 pug of adjuvant was selected as the
starting dose for the first cohort of subjects receiving adjuvant
(cohort 2). The sample sizes of each cohort were not based on
hypotheses. Each of cohorts 1 to 3 and 5 to 7 first vaccinated
three dose leader subjects to evaluate the severity of local and
systemic reactions prior to fully enrolling each cohort. A safety
review committee allowed enrollment of subsequent cohorts
after review of safety assessments. This study was not rando-
mized. Subjects in cohorts 1 to 5 did not have a history of UTI
in the previous 24 months prior to enrollment into the study.
Subjects in cohorts 6 and 7 had > 5 documented UTI in the last
24 months, including at least 1 UTI with a urine culture
identifying E. coli. Subjects in cohorts 3 and 4 received the
same dosages and schedule to increase the number of subjects
in a cohort preceding the highest adjuvant dose.

Subjects were eligible if in generally good health with no
clinically significant abnormal findings at screening from med-
ical history, physical exam, 12-lead ECG, vital signs, oral tem-
perature, and clinical laboratory evaluations. Subjects were
seronegative to the N-terminus of FimH defined as less than
10 ug/mL according to a validated ELISA. Subjects had to test
negative for drugs, alcohol, hepatitis, and HIV. Subjects of
child-bearing potential had to practice defined contraception
methods. Exclusion criteria included clinically significant
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disease in the opinion of the investigator or systemic bacterial
infection within 2 months preceding the first vaccination,
known history of neurogenic bladder, interstitial cystitis, urin-
ary diversion, congenital urinary tract abnormality, presence of
indwelling catheter, or history of kidney stones, pyelonephritis,
or sepsis within the last 2 years. Exclusion criteria also included
the use of an experimental agent within the past month, an
experimental vaccine or antibody within the previous
12 months or plans to receive another experimental agent
during this study, or administration of any licensed vaccine
30 days prior to the first dose of the study vaccine through
30 days after the last study vaccine (with the exception of a flu
vaccine), or being treated with gammaglobulin or rituximab.
Subjects with a history of immunosuppression, alcoholism
and/or drug abuse within the last 3 years, anti-psychotic
drugs for management of psychosis, hospitalization within
the past 5 years prior to enrollment for psychiatric illness,
history of suicide attempt, or confinement for danger to self
or others, seizure disorder or taking anti-seizure medication,
active malignancy or a history of any hematological malig-
nancy, bleeding or coagulation disorder were excluded.

The study protocol, amendments to the protocol, and
informed consent forms were approved by a central
Institutional Review Board. The study was conducted in accor-
dance with the Guideline for Good Clinical Practice,
International Conference on Harmonization Tripartite
Guideline, International Ethical Guidelines for Biomedical
Research Involving Human Subjects, and the Declaration of
Helsinki. All subjects provided written consent before inclu-
sion. The study protocol is shown in the Supplemental
Material.

Safety assessments

Assessments of oral temperature; local injection site symptoms
including pain, tenderness, erythema, and induration; systemic
abnormalities including nausea/vomiting, diarrhea, headache,
fatigue, and myalgia; and other adverse events were solicited
from subjects during each vaccination visit, clinical visits 2 or
3 days post-vaccination, and 7 days post-vaccination via diary
cards and contact by telephone. Unsolicited assessments
including any adverse events were requested from each subject
via separate diary cards 8 days to 28 days post-vaccination and
90-day diary cards were collected until the end of the study.
Additional unsolicited assessments including any adverse
events were conducted on days 150, 270, 450, and 540 by
contact via telephone. Assessments of clinical abnormalities
in laboratory evaluations including serum chemistries and
complete blood counts were conducted on days 1, 3, 31, 33,
60, 90, 92, 180, 182, 210, and 360. Urine analyses and cultures
were conducted on days 1, 31, 60, 90, 120, 180, 210, and 360.
Vital signs were assessed on days 1, 3, 31, 33, 60, 90, 92, 120,
180, 182, 210, and 360.

Immunogenicity assessments

Antibody responses specific to the N-terminal region of FimH
were assessed in all subjects from sera obtained prior to first
vaccination, and on days 30, 60, 90, 120, 180, 210, and 360. The

ELISA was validated and performed at AI Biotech (Richmond,
VA). Blinded sera samples were sent to the testing site. For the
ELISA, the N-terminal domain of FimH was coated onto
microtiter plates. After incubation, the plates were washed
and test sera were added. After binding, the plates were washed
and then a protein-L horseradish peroxidase (HRP) conjugate
was added. After binding and washing, HRP substrate
(3,3',5,5'-tetramethylbenzidine) was added, and after 15 min-
utes the reaction was quenched. Optical densities were mea-
sured at 450/550. Seropositive is ELISA-dependent and defined
per protocol as equivalent to 4 times greater than the limit of
detection and about 1.5 times greater than the lower limit of
quantitation. Each plate included a positive control of rabbit
anti-FimH IgG raised against the N-terminal portion of FimH.
A separate ELISA was validated using a human anti-FimH IgG
standard that was produced from sera from four immunized
subjects in this study (data not shown).

Definition and treatment of UTI

Recurrent UTI were characterized by one or more of the
following UTI symptoms: frequency, urgency, and dysuria on
urination, gross hematuria, or elicited suprapubic tenderness
upon examination. When available, bacterial culture results
from clean-catch midstream urine collections were reported
along with UTI symptoms. Subjects who experienced UTI
during the study were encouraged per protocol to seek diag-
nosis and treatment from a study investigator. The protocol
definition of recurrent UTI was based on previously published
physician treatment practices (2001) and a survey of 102 urol-
ogists in 2010.%'® Of the 102 urologists who responded, 96
prescribe antibiotic refills to recurrent UTI patients so patients
can self-treat based on symptoms without urine cultures. In
addition, Lilian M. Abbo and Thomas M. Hooton state that
“cultures are not recommended for most women with acute
uncomplicated cystitis ... ”'* Therefore, for this first phase 1
study, all data to determine how recurrent UTI are reported by
patients and diagnosed by physicians were collected.

In contrast, published definitions of UTI for the last thirty
years typically identify =10 or >10° CFU/mL of a species of
bacteria from midstream urine collections at the time of UTI
symptoms to diagnose an uncomplicated UTL.>*~** To be con-
sistent with UTI criteria established by previous publications,
the recurrent UTI disclosed in this report required all of the
following 1) one or more of frequency, urgency, and dysuria on
urination, gross hematuria, or elicited suprapubic tenderness
upon examination, 2) diagnosis of a UTI by a physician, 3)
prescribed antibiotics, and 4) a positive bacterial culture of
>10° CFU/mL from a clean-catch midstream urine collection.
These diagnosed UTI are listed in Table 2. Since evidence exists
that enterococci or group B streptococci identified in mid-
stream urine collections may not be the cause of UTI, identify-
ing these bacteria from a clean-catch midstream urine
collection during UTI symptoms does not necessarily conclude
they are the cause of the recurrent UTL'® This same report
found that K. pneumoniae identified from midstream urine
collections were predictive of its presence in the bladders of
women.'®
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Table 2. UTI diagnosed by physicians with bacteria detected in midstream urine collections during the 19-month study.

Study Day of Onset If listed, bacteria identified from
of UTI Recorded UTI >10° CFU/mL identified from  urine culture was resistant to either TMP-SMX,  Physician Prescribed
Subject No. Symptoms Symptoms Urine Culture FQ, NF, or CFTRX Antibiotic(s)
COHORT 6
101-06-004 2 DFU Enterococci None Macrobid®
107 DFU E. coli TMP-SMX, FQ Bactrim™ DS, Ceftin®
284 U E. coli None Ceftin®, Cipro®
530 DU E. coli FQ, TMP-SMX Bactrim™, Cipro® XR
101-06-005 158 DFU E. coli TMP-SMX Macrobid®
101-06-007 Screen Visit F K. pneumoniae NF Cipro®
101-06-008 47 DFSU Coag-neg staphylococci FQ Augmentin®
162 F Coag-neg staphylococci FQ Bactrim™ DS
276 DH Group B streptococci None Cipro®
335 DF Coag-neg staphylococci FQ Cipro®, Macrobid®
102-06-004 105 DS E. coli None Macrobid®,
sulfamethoxazole
102-06-005 6 DS E. coli FQ Macrobid®
27 D Enterococci None Cipro®
38 FU E. coli None Sulfamethoxazole
103-06-001 196 DF K. pneumoniae TMP-SMX, NF, CFTRX Macrobid®
105-06-002 34 DFU K. pneumoniae NF Bactrim™
436 FSU Enterococci None Cipro®
106—06-001 251 DFSU E. coli None Cipro®
106-06-002 38 U E. coli None Cipro®
112 DFU E. coli None Cipro®
143 FU K. pneumoniae NF Cipro®
208 DFU K. pneumoniae NF Cipro®
373 FU E. coli None Cipro®
106-06-003 9 DU E. coli FQ Azo Gantrisin®,
Macrobid®
52 DFU E. coli FQ, TMP-SMX Cipro®
70 DF E. coli FQ Macrobid®
97 FU E. coli FQ Macrodantin®
109 FU E. coli FQ Macrobid®
141 U Enterococci FQ Macrobid®
226 DFSU E. coli FQ, TMP-SMX Macrobid®
243 DFSU E. coli None Cipro®
293 DFU E. coli FQ, TMP-SMX Bactrim™
327 DFU E. coli FQ, TMP-SMX Macrobid®
COHORT 7
101-07-004 Screen DS E. coli FQ Macrobid®
14 DU S. saprophyticus None Macrobid®
102-07-001 101 S E. coli TMP-SMX Cipro®
181 DH E. coli TMP-SMX Cipro®
105-07-003 232 DFU E. coli None Levaquin®
105-07-005 3 DFU E. coli None Cipro®
155 DFSU E. coli None Cipro®
106-07-001 3 DFS E. coli None Cipro®
98 U Coag-neg staphylococci FQ Cipro®
215 FU MUF None Cipro®
106-07-003 120 FU E. coli None Macrobid®
106-07-007 23 DFU E. coli None Cipro®
57 DFU E. coli None Cipro®
110 DFSU E. coli None Bactrim™
118 DFSU Citrobacter freundii TMP/SMX Cipro®
156 FSU K. pneumoniae None Cipro®
325 DFSU Enterococci None Cipro®
415 DFS Citrobacter group None Cipro®
107-07-003 Screen FU E. coli FQ, TMP/SMX Cipro®
29 DFU E. coli FQ, TMP/SMX Cipro®
60 DU E. coli FQ, TMP/SMX Augmentin®
86 U E. coli FQ, TMP/SMX Keflex®
122 DH E. coli FQ, TMP/SMX Cipro®
177 FU Enterococci None Cipro®
213 FU E. coli FQ, TMP/SMX Rocephin® IM
235 DFU K. pneumoniae None Zyvox®
288 DFU K. pneumoniae None Augmentin®
428 FS E. coli None Augmentin®
486 DU E. coli FQ, TMP/SMX Cipro®

D is dysuria; F is frequency; U is urgency; H is hematuria; S is suprapubic tenderness upon examination; coag-neg is coagulase-negative; group B streptococci is
Streptococcus agalactiae; MUF is mixed urogenital flora; CFTRX is ceftriaxone; FQ are fluoroquinolones; NF is nitrofurantoin; TMP-SMX is trimethoprim sulfamethox-
azole; Augmentin is amoxicillin/clavulanate potassium; azo gantrisin is phenazopyridine hydrochloride and sulfamethoxazole; Bactrim DS is TMP-SMX; Cipro is

ciprofloxacin; Macrobid is NF; Macrodantin is NF; Rocephin IM is ceftriaxone intramuscular injection; Zyvox is linezolid; Keflex is cephalexin.
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Statistical analyses

The sample sizes of each cohort were not based on hypotheses,
and all analyses were descriptive. No hypotheses were tested. No
inferential statistical analyses were conducted. Adverse events
are reported for all subjects who received the first vaccination.
Immunogenicity analyses are reported for those subjects who
received vaccinations within the study windows, whose day 210
samples were obtained within the study windows, and who had
no major protocol violations. Geometric mean antibody titers
with 95% confidence intervals were calculated.

Results
Subjects

Sixty-seven female subjects 18 to 64 years of age were enrolled
into the study and received at least the first vaccination. Forty-
two subjects were white, and 25 subjects were black (Table 3).
Of these subjects, 57 received all four vaccinations (Figure 1).
Prior to the fourth vaccination, one subject was lost to follow-
up, eight subjects were terminated early because of inclusion or
exclusion criteria of the protocol, and one subject was no
longer willing to participate because of local moderate
erythema and induration. After receiving the fourth and final
vaccination, two subjects were lost to follow-up and three
subjects withdrew consent after the day 450 phone call, one
subject relocated out-of-state and withdrew consent, and one
subject was terminated because of an exclusion criterion of the
protocol.

Criteria for cohorts 6 and 7 required that subjects have
a documented history of UTI; in these two cohorts, 30
subjects were enrolled, 26 received all four vaccinations,
and 25 completed the 19-month study. These women
were 25 to 64 years of age with body mass indices from
20 to 33 kg/m’ The 30 women who were enrolled pre-
sented medical documentation for 191 UTI in the previous
24 months. This documentation included 84 antibiotic sus-
ceptibility reports of E. coli identified from clean-catch
midstream urine collections. These susceptibility data
demonstrated that 15 women each had at least one UTI
with E. coli resistant to trimethoprim-sulfamethoxazole, and
14 women each had at least one UTI with E. coli resistant
to ciprofloxacin. Despite antibiotic refills being listed in
these records, the use of these refills was not investigated
or tabulated, so it is reasonable to assume these 30 women
had additional undocumented UTI in the previous
24 months. Fourteen of the subjects had been prescribed
antibiotic prophylaxis at least once in the previous

Anti-FimH antibody responses

Table 4 lists FimH antibody responses by cohort. All 57 sub-
jects who received 4 vaccinations were seropositive thirty days
after the fourth vaccination (day 210). Subjects in cohorts 1, 2,
3/4, 5, 6, and 7 demonstrated fold increases in anti-FimH
antibody responses at day 210 of 78, 72, 142, 341, 158, and
235, respectively. Of 56 subjects at day 360, 52 (93%) were
seropositive. Subjects in cohorts 3/4, 5, 6, and 7 demonstrated
fold increases in anti-FimH antibody responses at day 360 of
16, 51, 19, and 20, respectively.

For the 26 subjects in cohorts 6 and 7 that received the
fourth and final vaccination, functional antibody responses
evaluated at 30 days after the fourth vaccination were pre-
viously reported.”® In summary, 24 of 26 subjects demon-
strated an increase in functional antibody responses.

Safety and tolerability

As shown in Table 5, the majority of local reactions reported by
subjects within seven days after vaccination were mild and
moderate pain and burning, tenderness and induration. The
majority of severe local reactions reported by subjects within
seven days after vaccination were pain and burning and ten-
derness. These local reactions all resolved within seven days.

Across all of the 249 vaccinations, very few systemic reac-
tions were reported by subjects within seven days after vacci-
nation. These reported systemic reactions included 8 mild and
2 moderate headaches, 2 reports of mild nausea, and 4 reports
of mild and moderate fatigue. No subject reported severe
systemic reactions. These systemic reactions all resolved.

Unsolicited adverse events (AEs) were reported by 72% of
subjects. The most frequent unsolicited AEs were UTI, naso-
pharyngitis, arthralgia, back pain, fatigue, and headache. No
clinically significant hematological, biochemical, or urine
values were reported.

Three serious adverse events were reported during the
study. All were determined to be not related to the vaccine.
No deaths or life-threatening AEs occurred during the study.
No AE:s of special interest were reported. A review of the type
and frequency of reported adverse events across cohorts did
not indicate any trends within or across cohorts.

Physician diagnosed UTI in the women of cohorts 6 and 7
who completed the 19-month study

Per protocol, the number of UTIs was recorded for each
subject in cohorts 6 and 7 (those with a documented his-

24 months. tory of recurrent UTI prior to the study). Using
Table 3. Subject demographics.
Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 Cohort 7
Characteristics N=5 N=28 N=28 N=28 N=28 N=16 N=14
Age at vaccination, years
Mean 34 34 36 35 42 50 48
Min, max 27,40 23,56 24, 47 18, 48 22,62 25, 64 23,63
BMI, (kg/m?)
Mean 28 26 26 33 26 26 26
Min, max 23,35 19, 36 23,44 17, 38 19, 39 24,33 20, 30

Source: Sequoia Sciences; Data listing 16.2.4.1; Baseline Demographics Safety Population; BMI — body mass index.
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Screened for inclusion

Excluded as
screening failures

Enrolled
N=67

Cohort 1
N=5

Cohort 2
N=8

Cohort 3
N=8

Cohort 4
N=8

Cohort 5
N=8

Cohort 6
N=16

Cohort 7
N=14

T terminated for
inclusion
criterion; 1

2 terminated

for inclusion

and exclusion
criteria

1 terminated
for inclusion

criterion
of AE

withdrew because

1 terminated
for exclusion
criterion

3 terminated
for exclusion
criteria

1 lost to
follow-up

Received 4t
vaccination

=

1 withdrew
consent; 1 lost
to follow-up

2 withdrew
consent

1 lost to
follow-up

1 terminated
for exclusion
criterion

1 withdrew
consent

Completed
study N=3 N=5 N=7 N=4 N=6 N=12 N=13
Figure 1. Subject disposition.
Table 4. Anti-FimH antibody responses for subjects in cohorts 1 to 7.
Cohort 1 Cohort 2 Cohorts 3 and 4 Cohort 5 Cohort 6 Cohort 7
50 pg FimCH 50 pg FimCH 50 pg FimCH 50 pg FimCH 107 pg FimCH
Day 107 pg FimCH 10 pg adjuvant 20 pg adjuvant 40 pg adjuvant 40 pg adjuvant 43 pg adjuvant
N GMT 95%CI N GMT 95%CI N GMT 95% Cl N  GMT 95% Cl N GMT  95%Cl N  GMT 95% Cl
1 5 - - 8 - - 16 - - 8 - - 16 - - 14 4 3-6
30 5 10 1,76 8 14 4,47 16 8 4,19 7 20 4,93 15 20 6,65 14 15 7,33
60 4 65 6,764 8 63 16,240 13 124 47,329 7 456 139,1498 15 125 48,323 14 155 53,453
90 4 32 3,400 8 40 13,124 14 61 27,137 7 223 62,804 14 82 34,197 13 89 29,278
120 4 149 2,9253 7 125 26,607 14 435 180,1051 7 426 121,1505 14 389 228,662 13 322 153,678
180 3 22 5,97 7 51 13,202 14 95 46,197 7 188 36,991 13 141 72,275 13 105 39,280
210 3 235 9,5872 7 215 71,651 14 427 175,1043 7 1024  263,3993 13 473 247904 13 706 294,1691
360 3 22 6,82 7 23 6,84 14 49 24,102 6 154 47,507 13 57 28,116 13 61 24,154
GMT - geometric mean titer; fold increase calculated using % the limit of quantitation of 3 pug/ml.
Table 5. Summary of local injection site symptom assessments reported in all subjects within 7 days of vaccination.
Cohort 1 Cohort 2 Cohorts 3 & 4 Cohort 5 Cohort 6 Cohort 7
Local Injection 5 subjects 8 subjects 16 subjects 8 subjects 16 subjects 14 subjects
Site Reactions (n=17) (n =30) (n=61) (n=29) (n =58) (n =54)
Pain/Burning Mild and moderate 6 (35%) 11 (37%) 21 (34%) 15 (52%) 26 (45%) 36 (67%)
Severe 0 0 0 0 2 (3%) 2 (4%)
Tenderness Mild and moderate 7 (41%) 14 (47%) 23 (38%) 8 (28%) 44 (76%) 41 (76%)
Severe 0 0 1 (2%) 0 1 (2%) 5 (9%)
Erythema/Redness Mild and moderate 1 (6%) 3 (10%) 3 (5%) 6 (21%) 6 (10%) 13 (24%)
Severe 0 0 0 1 (3%) 1 (2%) 1 (2%)
Induration/ Mild and moderate 0 1 (3%) 2 (3%) 7 (24%) 9 (16%) 20 (37%)
Swelling
Severe 0 0 0 0 1 (2%) 1 (2%)

Data (n) are from 249 vaccinations among 67 subjects. A continuum of events re
occurrence.

a conservative definition of UTI that requires >10° CFU/mL
detected in a midstream urine collection during symptoms
(see Materials and Methods), 19 (76%) of the subjects who
completed the 19-month study had a combined total of 62
episodes of UTI during the study (Table 2). Of these 62

lated to a single injection is defined as a single event, graded as the most severe

UTI, cultures showed that 39 (63%) had E. coli present in
the urine at the time of symptoms, 8 (13%) had
K. pneumoniae, 6 (10%) had enterococci, 4 (6%) had coa-
gulase-negative staphylococci, 2 (3%) had Citrobacter spp., 1
(1.6%) had Staphylococcus saprophyticus, 1 (1.6%) had
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group B streptococci, and 1 (1.6%) had mixed urogenital
flora. Since this was not a placebo-controlled trial, the
objectives of the study did not include endpoints evaluating
recurrent UTI. As an exploratory analysis, we compared the
UTI that occurred in the first half of the study with those
in the second half of study. In the first 9 months of the
study, 30 UTI had E. coli present in the urine at the time of
symptoms, 7 had K. pneumoniae, and 10 had other bacteria.
In the next 10 months of the study, 9 UTI had E. coli
present in the urine at the time of symptoms, 1 had
K. pneumoniae, and 5 had other bacteria.

Discussion

This phase 1 study demonstrated the safety and immunogeni-
city of the adjuvanted FimCH vaccine in women ages 21 to 64.
All dosages were well-tolerated and no severe systemic reac-
tions occurred. In all cohorts, a low incidence of systemic
reactions occurred. No serious adverse events related to the
vaccine were reported. No trends of reported adverse events
across cohorts were identified.

All 57 subjects who received four vaccinations were seropo-
sitive thirty days after the fourth vaccination. Fifty-two of 56
(93%) subjects were seropositive at day 360. The GMT
increased based on the adjuvant dosage. No apparent differ-
ences in immunogenicity were observed between subjects in
cohort 5 without histories of recurrent UTI and in cohorts 6
and 7 with histories of recurrent UTI. Therefore, about 100 pg
of FimCH and 40 pg of adjuvant are the dosages selected for
the next human studies.

The exploratory analysis suggests that the subjects had
notably fewer recurrent UTI in the second half of the study
after achieving peak antibody responses compared to the first
half of the study. Since plasma and B cells produce antibodies
at the surfaces of bladders in women with recurrent UTI, and
the antibodies induced by the vaccine in cohorts 6 and 7
reduced the binding of E. coli to bladder cells in vitro, we are
optimistic that administering the vaccine in future studies will
reduce recurrent UTL>*7** However, at this stage of develop-
ment no inferences can be made of the vaccine’s efficacy at
reducing recurrent UTI.

To the best of our knowledge, no vaccine or other thera-
peutic indicated for a reduction in recurrent UTI is currently
being evaluated in human studies. A vaccine against
O-antigens of E. coli is currently under development for extra-
intestinal pathogenic E. coli infections.”® However, it is
unknown if this vaccine will seek an indication for reducing
recurrent UTL. It is currently enrolling subjects 60 years of age
and older, and it does not have endpoints evaluating
a reduction in UTL

Several limitations exist when investigating a preventive
vaccine in patients with histories of recurrent UTI. First,
since no vaccine to prevent UTI has been approved for use,
no correlate of protection has been experimentally determined.
Therefore, the relative quantities of functional antibodies
required to sufficiently reduce the bacterial colonization of
human bladders are unknown.

Second, it is unknown why some healthy women get recur-
rent UTT and others do not. Most females have their intestinal

tracts colonized by uropathogens. Although it has been known
for years that intestinal colonization leads to asymptomatic
bacteriuria, this does not necessarily lead to UTIs.” Thus,
there may be unknown immune variations in certain indivi-
duals which contribute to recurrences.

Third, the virulence mechanisms of gram-negative bacteria
are extensive, and many have not yet been adequately
studied.’® E. coli’s and K. pneumoniae’s persistence on human
skin is significant, and research suggests E. coli may be able to
utilize dozens of adhesins.’>*"**"*! The impact of these viru-
lence mechanisms and adhesins on persistence is not under-
stood and may also contribute to potentially reducing the
effectiveness of the vaccine in certain patients.

Since E. coli and other uropathogens causing recurrent UTI
originate and recur from the patient’s own intestinal tract, our
treatment hypothesis assumes that the infectious challenge is
more frequent and of a higher burden than other viral and
bacterial diseases. E. coli is routinely found via periurethral and
vaginal swabs and is common in the urine.>®*"37 Furthermore,
the relative abundances of different species of bacteria includ-
ing E. coli in human intestinal tracts vary widely.* In fact, the
relative abundance of E. coli has been shown to vary by more
than 10,000-fold among individuals.*> Therefore, certain
recurrent UTI patients may require more time after achieving
peak antibody titers to reduce recurrences than others simply
because their microbial burden is greater. The impacts of these
variables are difficult to quantify, and they warrant thoroughly
investigating the efficacy of the functional antibodies induced
by the vaccine.

Conclusion

Based on the favorable safety and immunogenicity results pre-
sented herein, the adjuvanted FimCH vaccine is proceeding to
a double-blind, randomized, placebo-controlled phase 2 study.
The highest adjuvant dose of 40 g has been selected for the next
study. The outcomes will evaluate the reduction in UTI symp-
toms and UTI in recurrent patients after achieving peak antibody
responses. If this vaccine proves effective at preventing recurrent
UTI in the next study, it would offer great hope to reduce the
morbidities and mortality among this patient population.
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