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ABSTRACT

Background

Bearberry (Arctostaphylos uva-ursi) leaf is available as a treatment of uncomplicated cystitis in several
European countries. The antimicrobial activity of its extracts and some of its individual constituents
has been observed in vitro; however, the efficacy of bearberry compared to standard antimicrobial
therapy has not been assessed yet.

Objective

The objective of the study is to assess the efficacy of bearberry as an alternative therapy in the
treatment of acute uncomplicated cystitis in comparison with standard antibiotic therapy (fosfomycin).
Methods and analysis

This is a randomized controlled double-blinded multicentre trial. Patients with acute uncomplicated
cystitis will be randomly assigned to group A (3 g single dose of fosfomycin powder and 2 placebo
tablets t.i.d. for 7 days) or B (single dose of placebo powder and 2 tablets containing a dry extract of
Uvae ursi folium. At least 504 patients (allocated as 1:1) will need to be enrolled to confirm or reject
the hypothesis for the primary endpoint.

Improvement of symptoms of uncomplicated cystitis (based on the ACSS score) at day 7 is defined as
the primary endpoint, whereas several secondary endpoints such as the number and ratio of patients
with bacteriuria at day 7, frequency and severity of side effects; recurrence of urinary tract infection,
concurrent use of other OTC (over the counter) medications and food supplements will be determined
to elucidate more detailed differences between the groups. The number of recurrences and

medications taken for treatment will be monitored for a follow-up period of 90 days (80-100 days).

Keywords:

bearberry; Arctostaphylos uva-ursi; fosfomycin; uncomplicated cystitis, urinary tract infection

STRENGTHS AND LIMITATIONS OF THIS STUDY
e This is the first randomised controlled trial to examine the efficacy of bearberry compared to
fosfomycin in the treatment of uncomplicated cystitis
e This is a multicentre, prospective, randomised, non-inferiority study
e Avalidated score will be used to assess efficacy
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INTRODUCTION

Urinary tract infections (UTIs) are the most frequent occurring infections in women, and one of the
major reasons for antibiotic prescriptions [1]. UTls are classified as uncomplicated if anatomical or
functional abnormalities are not observed in the urinary system. Regarding UTIs, Escherichia coli is the
most frequent pathogen, followed by Staphylococcus saprophyticus and Enterococcus faecalis [2,3]. In
clinical practice acute uncomplicated cystitis is diagnosed and treated based on the clinical signs and
symptoms, microbiologic investigations are not performed routinely. According to the available
guidelines, first-line drugs include fosfomycin trometamol, trimethoprim-sulfamethoxazole,
nitrofurantoin, nitroxolin and pivmecillinam [4-7].

Fosfomycin possesses a wide spectrum of antibacterial activity against both Gram-negative
and Gram-positive pathogens, including E. coli [8,9]. Based on a large scale surveillance study, E. coli,
the most frequently isolated pathogen from UTI samples, is highly susceptibility to fosfomycin with a
susceptibility rate of 98.5% [6]. In the majority of the published trials, the achieved short-term (7-9
days) microbial cure rate was more than 80% [10-12].In a more recent study, bacteriologic success
through day 14 after treatment with fosfomycin was 73%, whereas clinical success was 66% [13]. Based
on the published evidence, a single 3 g dose of fosfomycin trometamol is considered to be sufficient
for the treatment of uncomplicated lower UTls.

Bacterial resistance is one of the major limiting factors of antibiotic use. Despite fosfomycin’s
activity against resistant strains (e.g. multi-drug resistant E. coli), fosfomycin-resistance is an increasing
problem [14]. In Spain, the frequency of fosfomycin-resistance increased from 4% to 11% between
1997 and 2009 [15].

Bearberry leaves have been used in traditional medicine for the treatment of acute cystitis.
The European Medicines Agency acknowledged the traditional medicinal use of the herbal tea, the
powdered plant material as well as defined extracts for treatment of symptoms of mild recurrent lower
urinary tract infections such as burning sensation during urination and/or frequent urination in women
[16]. The antimicrobial effect of bearberry leaf extracts and hydroquinone derivatives present in the
plant have been confirmed in several in vitro studies, including several uropathogens. A bearberry leaf
extract (extraction solvent ethanol 70%) exhibited antimicrobial activity towards a variety of
organisms, including E. coli [17]. The pharmacokinetics of hydroquinones have also been studied,
confirming the secretion of these compounds into the urine [18]. Unfortunately, no pharmacokinetic
data are available on hydroquinone derivatives in patients with acute uncomplicated cystitis and also

no data are available on the antimicrobial activities of secondary metabolites of bearberry leaves other
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than hydroquinone derivatives. Overall, although there are data suggesting the antimicrobial activity
of bearberry components against E. coli, there is no direct evidence for their clinical efficacy in humans.

Herbal preparations of bearberry leaf have been accepted as a traditional medicine, however
their efficacy has not been confirmed in clinical trials in comparison with antibiotic treatment. In one
study, the efficacy was compared to ibuprofen in terms of symptom improvement [19], and in one
ongoing trial fosfomycin is used as comparator [20]. The aim of our study is to assess the non-inferiority
of a dry extract of bearberry leaves in terms of clinical efficacy and safety in comparison with standard

antibiotics used in acute uUTI.
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METHODS

Trial design

The study protocol is structured following the SPIRIT statement 2013 [21]. This study is a prospective,
multicentre, randomized, controlled, double-blind trial assessing non-inferiority. The allocation ratio is
1:1. Eligible patients will be randomly assigned to groups A (single dose of fosfomycin powder and 2

placebo tablets t.i.d.) or B (single dose of placebo powder and 2 bearberry tablets t.i.d.).

The trial organization, committees, and boards
The corresponding centre and designer of the BRUMI trial is the Centre for Translational Medicine at

the Medical School, University of Pécs (coordinating institution and sponsor, www.tm-centre.org) and

the Hungarian Phytotherapy Study Group.

The Steering Committee (SC) will be led by Péter Hegyi (University of Pécs, Hungary). The members
will be Dezs6 Csupor and Andrds Javorhazy (University of Pécs, Hungary). SC will make decisions
concerning all relevant questions including the dropouts during the study. There will be independent
members as well, and the SC will include a patient representative. The SC will supervise the trial
primarily and will make decisions regarding all critical questions (protocol deviations, dropouts, etc.)
The International Translational Advisory Board (ITAB) will include urologists, microbiologists, and
experts in phytotherapy. ITAB will continuously monitor the progress of the study and will give advice
to the SC. The study was designed by the SC and ITAB. The study is financially sponsored by the
University of Pécs, the Hungarian Academy of Sciences and the National Research, Development and
Innovation Office. Neither sponsors were involved in the design of the study, and they will have no

access to the database management or to the randomization code.

Sponsor

The sponsor of the BRUMI study is the University of Pécs, Medical School. The sponsor was not involved
in the design of the study and will have no access to the database.

Patient and public involvement

Patients or the public were not involved in the design, conduct, reporting or dissemination plans of our

research.

Participating centres
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Study participants are recruited from 2 centres in Hungary: Urology Clinic, University of Pécs, Pécs and
Department of Urology, Semmelweis University, Budapest. Participants will be recruited from patients

visiting the study centres with the symptoms of acute uncomplicated cystitis.

Study population

All premenopausal female patients diagnosed with uncomplicated urinary tract infection presenting
to the participating centres will be informed of the possibility of taking part in the BRUMI study. After
the consent form is signed, a computer using a block randomization protocol will randomize the

patients (Figure 1).

Inclusion and exclusion criteria

Non-pregnant premenopausal adult women having acute uncomplicated cystitis will be included to
the study. Acute uncomplicated (simple) cystitis is defined as acute urinary tract infection with the
symptoms of dysuria, increased frequency and urgency of urination and lower abdominal pain
(suprapubic pain), that is presumed to be confined to the bladder; with no signs or symptoms that
suggest an upper tract or systemic infection. Acute uncomplicated (simple) cystitis lack signs or
symptoms that suggest an infection extending beyond the bladder, which include: (1) elevated body
temperature (>37.7°C) or fever; (2) other signs or symptoms of systemic illness (including chills or
rigors, significant fatigue or malaise beyond baseline); (3) flank pain; (4) costovertebral angle
tenderness [22]. Eligible patients will be premenopausal women with a sum-score of 26 for the typical
uUTI symptoms (frequency, urgency, painful urination, incomplete emptying, suprapubic pain, and
visible haematuria) reported on the Acute Cystitis Symptom Score (ACSS) typical domain and pyuria
(10 white blood cells/mm?3 in a mid-stream specimen) at day 0 [23-25]

The exclusion criteria are: (1) any renal disease; (2) upper urinary tract infection; (3)
malformations of the urinary tract; (4) congenital disorders of the urinary tract; (5) catheter use; (6)
pregnancy; (7) breastfeeding; (8) self-medication with bearberry or antibiotic use in the last 3 months;
(9) 5 or more bearberry treatments in the previous year; (10) concomitant use of other antibiotics and
NSAIDs; (11) contraindication for study drugs; (12) active malignancy and (13) immunodeficiency,

including immunosuppressive treatment.

Interventions
All eligible patients will be randomized to receive either a single dose of fosfomycin (3 g) powder
dissolved in 75 ml water and 2 placebo tablets t.i.d. for 7 days (group A), or single dose of placebo
powder dissolved in 75 ml water and 2 bearberry tablets t.i.d. for 7 days (group B).

The study drugs are the following: (1) Fosfomycin trometamol as Monural, containing 3 g

fosfomycin [in the form of fosfomycin trometamol (5.631 g)]/sachet); (2) Bearberry tablet as Urzinol

6
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containing dry extract of Arctostaphylos uva-ursi (L.) Spreng leaf extract (DER 3.5-5.5:1, extracting
solvent 60% v/v ethanol), 238.7-297.5 mg extract/tablet, corresponding to 70 mg hydroquinone
derivatives, expressed as anhydrous arbutin. Both bearberry leaf extract and the fosfomycin
trometamol would be used according to the recommendations of the SPCs. Placebo products will be
identical in appearance (and in case of the placebo of the antibiotic powder also in color and taste)
with the active treatments.

The doses of the study drugs (fosfomycin trometamol and bearberry leaf extract) were chosen
based on either the international guidelines on the treatment of uncomplicated UTIs and on the
European Union herbal monograph on Arctostaphylos uva-ursi (L.) Spreng., folium [4,5,16].

Patients will be scheduled for follow-up visits at day 7. At the beginning of the study (day 0)
and on day 7, patients will be asked to fill in a self-reported questionnaire [Acute Cystitis Symptom
Score (ACSS)] [23]. At the beginning of the study and at the visit at day 7, midstream urine specimens
will be collected to evaluate bacteriuria (presence and CFU number of pathogens) and the pH of urine.

Urine samples collected at day 0 will also be used to rule out pregnancy.

Outcomes

The primary endpoint of our trial is the improvement of symptoms of uncomplicated cystitis after 7
days of treatment. The improvement of symptoms will be determined by using the validated Hungarian
version of the Acute Cystitis Symptom Score on day 0 and day 7 according to predefined thresholds
[26,27]. Secondary endpoints include the (1) number of patients with urine with <103 CFU/ml on day
7 in patients with significant bacteriuria (CFU > 10°/ml) at DO; (2) average number of CFU of pathogens
(7 days after the start of the therapy) in urine; (3) frequency and severity of side effects; (4) recurrence
of UTI (follow-up after better during 90 days; severity and diagnostics of recurrences to be assessed by
using the ACSS) and (5) concurrent use of other OTC medications and food supplements that are

started taking during the 7 day treatment trial.

Randomization and blinding

Participants will be divided into two groups receiving one of the two study treatments in each centre.
The allocation of participants to the different groups will be carried out based on predefined
randomization lists created separately for each recruiting centre. The randomization lists will be
prepared with a block size of 4 and with an allocation ratio of 1:1. Sequentially numbered, sealed
envelopes will contain the assigned treatment group for the next participant provided by the
biostatistician group of the Centre for Translational Medicine. The medical staff (e.g., those who will

take the patients’ history, examine the patients, collect the specimen of urine, distributing the study
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drugs, diaries, and questionnaires), statisticians performing data analyses and the patients receiving

the study drugs will be blinded regarding treatment assignment.

Statistical analysis and sample size calculation

Sample size estimation

Sample size calculation suggests that 504 patients (1:1) will need to be enrolled to confirm or reject
the hypothesis for the primary endpoint (80% vs. 77%; non-inferiority margin: 14%) with a 15%
dropout, and power 80%.

Statistical analysis

Descriptive statistics — mean, median, standard deviation, quartiles, and relative frequency — relative
risk (dichotomous variables) for the primary endpoint. Affiliated statistical analyses will be performed
with an error probability of 0.0294 (type-| error probability). A safety analysis will be performed after

reaching 10% of the planned sample size.

Interim analysis

We will calculate statistical power for the primary endpoints which will decide whether additional
subjects should be enrolled or not. If no more subjects are needed, early stopping will be applied. We
will test our hypotheses first in an interim analysis, and at the end of the study, in the final analysis.
For this reason, the p-value should be adjusted to diminish the probability of type | error; therefore,
the corrected level of significance (p-value) will be 0.0294. A pre-defined interim analysis will be

performed after reaching 50% of the planned sample size.

Study duration
The planned starting date of the study is 1 October 2021, and the planned finishing date of the study
is 1 September 2023.

Flow and timing

Enrolment

Patients presenting with symptoms referring to uncomplicated urinary tract infection will be examined
by a study physician and assessed for eligibility to participate in the trial in the participating clinical
centres. Eligible patients will be asked to give an informed consent to the study. Patients will be asked

to complete ACSS symptom questionnaire, and along with detailed medical history, duration and
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severity of symptoms and activity impairment will be documented. Symptom evaluation will cover the
typical symptoms according to the ACSS questionnaire, such as dysuria, urgency, frequency, and lower
abdominal pain, each scored from 0 (none) to 3 (strong). UTl-related activity impairment covers
impairment by the symptom (see above), scored as well from 0 (none) to 3 (strong). Data will be
transferred to electronic CRF (eCRF) by practice staff. On enrolment, midstream urine specimens will
be collected (one sample per participant) to perform microbial analysis of the urine and to rule out
pregnancy. After performing the above-mentioned tasks, participants will be divided into two groups

receiving one of the two study treatments in each centre (Figure 1).

Course of the study and follow-up

After randomization, study drugs, questionnaires for recording adverse events and concurrent use of
other medications (pain killers, antibiotics, or other OTC drugs) and food supplements that were
started during the 7-day treatment trial will be distributed by a study nurse (Table 1).

Patients will be asked to take the study drugs as follows: 1 sachet at the first evening after the
last urination before going to sleep, and 2 tablets t.i.d. for 7 consecutive days. Patients will also be
asked to record adverse events and concurrent use of other medications (pain medications, antibiotics,
or other OTC drugs) and food supplements for 7 consecutive days in diaries. The diaries will be
collected on day 7 by the assigned study nurses.

Patients will be asked to return the centre for a follow-up at day 7 to complete an ACSS
guestionnaire and to return the diaries. Clinical efficacy will be defined as a summary score of the 6
typical symptoms of the ACSS no more than 5, with no item >1 and visible haematuria absent.
Moreover, to evaluate the efficacy of the treatment arms midstream urine specimens will also be
collected on day 7(one sample per patient). Microbiological efficacy will be determined in the subgroup
of patients with significant bacteriuria (CFU >10°/ml) at day O and elimination of bacteriuria (CFU
<103/ml) at day 7 according to EMA and FDA guidelines [24,25]. ACSS questionnaires (10
questionnaire/patient) will be distributed to patients with the request to fill in a questionnaire each
time when there is a recurrence of UTI.

There will be a long-term follow-up documentation on day 90, when patients will be contacted
to collect ACSS questionnaires and will be and interviewed for numbers of UTI recurrences, UTl-related
consultations, days of sick leave, and medications and food supplements taken for UTI. The

aforementioned data will be transferred to the eCRF by study nurses.
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STUDY PERIOD
Enrolment | Allocation Post-allocation C::):te- Follow-up
TIMEPOINT| DayO Day 0 Day 1 | Day2 | Day3 | Day4 | Day5 | Day 7 Day 90
ENROLMENT:
Eligibility screen X
Informed consent X
Assessment of
inclusion/exclusion X
criteria
Allocation,
- X
randomization
INTERVENTIONS:
Pharmacotherapy < >
ASSESSMENTS:
ACSS score X X
Patient diaries X
Urine culture X X
Follow-up X
interview
Table 1. SPIRIT flowchart: schedule of enrolment, interventions, and assessments
10
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Data management

Data handling

Data handling will be performed confidentially and anonymously and by the Data Monitoring
Committee (DMC). Electronic CRFs (eCRFs) will be used. Principal investigator will have full access for
the database. Accuracy, completeness and legibility of the data in the eCRF will be ensured by the
Investigator. Detailed data flow will be described in a Data Management Plan (DMP). Data from
completed eCRFs will be validated at DMC according to a Data Cleaning Plan (DCP) under the direction

of the Data Manager. All changes to eCRFs will be documented.

Ethical principles and patient safety
This clinical study will be conducted following the Declaration of Helsinki. It will be conducted in
compliance with the protocol, good clinical practice (GCP) (2001/20/EEC, CPMP/ICH/135/95),
designated standard operating procedures, and local laws and regulations relevant to the country of
conduct. The study has been approved by the Scientific and Research Ethics Committee of the
Hungarian Medical Research Council (1V/4225-1/2021/EKU). All patients voluntarily sign the informed
consent form, indicating that they agree to participate.

During the study, all investigators will report adverse or serious adverse events on a separate
form which must be sent to both SC and DMC. If any adverse or serious adverse effects emerge, SC will
discuss and, if the adverse effect is confirmed, it will be reported to the relevant institutional and

national ethical committee (http://www.ett.hu/tukeb.htm).

11
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DISCUSSION

Although herbal preparations of bearberry leaves are available as a medicine, their clinical efficacy and
safety has not been confirmed in acute uncomplicated cystitis. The assessment of their efficacy is of
primary importance: if it does not have a sufficient clinical efficacy, it should not be considered as an
alternative to antibiotic treatment; however, if it is non-inferior to fosfomycin, it could be used as an
alternative to fosfomycin, a traditional antibiotic. The aim of our study is to provide information
regarding the clinical efficacy of bearberry leaf extract in the treatment of acute uncomplicated cystitis
compared to standard antibiotic therapy. The study was designed to assess non-inferiority of bearberry
leaf compared to fosfomycin for patients with acute uncomplicated cystitis.

The use of bearberry has only been supported by its long-standing usage; therefore, in the
European Union traditional herbal medicinal products can be prepared from the plant. However,
properly designed and well executed clinical trials may enable the European Medicines Agency’s
Committee on Herbal Medicinal Products (HMPC) to assess whether a well-established use monograph
might be granted for this plant. Results of this clinical trial will help to revise the recommendations on
the treatment of uncomplicated cystitis. If bearberry leaf proves to be non-inferior to fosfomycin, the
therapeutic approach of uncomplicated cystitis may be changed in a long-term, which might lead to

fewer antibiotic prescriptions and subsequent lower antibiotic resistance rates.

12
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Figure legend

Figure 1: Flow chart of participants (SPIRIT 2013 statement)
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g uncomplicated cystitis

10

11 .

12 Exclusion:

13 Not meeting the inclusion criteria:

14 o  patients above 18y
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17 emptying, suprapubic pain, and visible haematuria)
18 reported on the Acute Cystitis Symptom Score
19 (ACSS)

20 Meeting the exclusion criteria:

21 o deny to sign the written inform consent
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23 o upper urinary tract infection

24 o malformations of the urinary tract

25 o congenital disorders of the urinary tract

;? EE— o  severe chronic diseases

28 o  catheter use

29 o  pregnancy

30 o  breastfeeding

31 o 3 or more uncomplicated UTIs in 12 months

32 o self-medication with bearberry or antibiotic use in
33 the last 14 days

34 o  5or more bearberry treatments in the previous year
35 o concomitant use of other antibiotics and NSAIDs
36 o contraindication for study drugs

;73 o active malignancy and

39 v

40 . .

a1 504 patients to be randomized

42

43

44

45

46

47 Group A - 252 patients Group B - 252 patients

48 a single dose of fosfomycin (3 single dose of placebo powder

49 g) powder dissolved in 75 ml dissolved in 75 ml water and 3 x 2

50 water and 3 x 2 placebo tablets bearberry tablets for 7 days

51 for 7 days

52

53
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrébjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and

Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:e7586

Page
Reporting Item Number
Administrative
information
Title #1 Descriptive title identifying the study design, population, 1

interventions, and, if applicable, trial acronym
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Trial registration

Trial registration:

data set

Protocol version

Funding

Roles and
responsibilities:

contributorship

Roles and
responsibilities:
sponsor contact

information

Roles and
responsibilities:

sponsor and funder

Roles and
responsibilities:

committees

#2a

#2b

#5a

#5b

#5¢

#5d
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Trial identifier and registry name. If not yet registered,

name of intended registry

All items from the World Health Organization Trial

Registration Data Set

Date and version identifier

Sources and types of financial, material, and other

support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication, including
whether they will have ultimate authority over any of

these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint

adjudication committee, data management team, and
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Introduction

Background and

rationale

Background and
rationale: choice of

comparators

Objectives

Trial design

Methods:
Participants,
interventions, and

outcomes

Study setting

#6a

#6b

BMJ Open

other individuals or groups overseeing the trial, if

applicable (see Item 21a for data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits

and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,

equivalence, non-inferiority, exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained
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; Eligibility criteria #10 Inclusion and exclusion criteria for participants. If 6
3

4 applicable, eligibility criteria for study centres and

5

6 individuals who will perform the interventions (eg,

7

g surgeons, psychotherapists)

10

:; Interventions: #11a Interventions for each group with sufficient detail to allow 6
13

14 description replication, including how and when they will be

15

16 administered

17

18

19 Interventions: #11b Criteria for discontinuing or modifying allocated n/a
20

;; modifications interventions for a given trial participant (eg, drug dose

;i change in response to harms, participant request, or

25

26 improving / worsening disease)

27

28

29 Interventions: #11c Strategies to improve adherence to intervention protocols, n/a
30

:; adherance and any procedures for monitoring adherence (eg, drug

2431 tablet return; laboratory tests)

35

g? Interventions: #11d Relevant concomitant care and interventions that are n/a
38

39 concomitant care permitted or prohibited during the trial

40

41

42 Outcomes #12 Primary, secondary, and other outcomes, including the 7
43

2;‘ specific measurement variable (eg, systolic blood

j? pressure), analysis metric (eg, change from baseline, final

48

49 value, time to event), method of aggregation (eg, median,

50

51 proportion), and time point for each outcome. Explanation

52

2431 of the clinical relevance of chosen efficacy and harm

22 outcomes is strongly recommended

57

58

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/spirit/info/#10
https://www.goodreports.org/reporting-checklists/spirit/info/#11a
https://www.goodreports.org/reporting-checklists/spirit/info/#11b
https://www.goodreports.org/reporting-checklists/spirit/info/#11c
https://www.goodreports.org/reporting-checklists/spirit/info/#11d
https://www.goodreports.org/reporting-checklists/spirit/info/#12

oNOYTULT D WN =

BMJ Open Page 24 of 29

Participant timeline #13 Time schedule of enrolment, interventions (including any 7
run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended
(see Figure)
Sample size #14  Estimated number of participants needed to achieve 8
study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample
size calculations
Recruitment #15  Strategies for achieving adequate participant enrolment to 7
reach target sample size
Methods:
Assignment of
interventions (for
controlled trials)
Allocation: sequence #16a Method of generating the allocation sequence (eg, 7
generation computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a
random sequence, details of any planned restriction (eg,
blocking) should be provided in a separate document that
is unavailable to those who enrol participants or assign
interventions
Allocation #16b Mechanism of implementing the allocation sequence (eg, 7
concealment central telephone; sequentially numbered, opaque,
mechanism
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sealed envelopes), describing any steps to conceal the

sequence until interventions are assigned

B~ S
kN
(@]
(@]

Allocation: Who will generate the allocation sequence, who will enrol 7
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implementation participants, and who will assign participants to

interventions

14 Blinding (masking) 17

Q

Who will be blinded after assignment to interventions (eg, 7
16 trial participants, care providers, outcome assessors, data

18 analysts), and how

(o

Blinding (masking): 17b If blinded, circumstances under which unblinding is n/a
emergency permissible, and procedure for revealing a participant’s

26 unblinding allocated intervention during the trial

29 Methods: Data
31 collection,
management, and

36 analysis

39 Data collection plan #18a Plans for assessment and collection of outcome, 11
41 baseline, and other trial data, including any related

processes to promote data quality (eg, duplicate

46 measurements, training of assessors) and a description

48 of study instruments (eg, questionnaires, laboratory tests)

50 along with their reliability and validity, if known. Reference

to where data collection forms can be found, if not in the

55 protocol
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Data collection plan: 18b Plans to promote participant retention and complete 11
retention follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from

intervention protocols

Data management #19 Plans for data entry, coding, security, and storage, 11
including any related processes to promote data quality
(eg, double data entry; range checks for data values).
Reference to where details of data management
procedures can be found, if not in the protocol
Statistics: outcomes  #20a Statistical methods for analysing primary and secondary 8
outcomes. Reference to where other details of the
statistical analysis plan can be found, if not in the protocol
Statistics: additional ~ #20b Methods for any additional analyses (eg, subgroup and 8
analyses adjusted analyses)
Statistics: analysis #20c Definition of analysis population relating to protocol non- n/a
population and adherence (eg, as randomised analysis), and any
missing data statistical methods to handle missing data (eg, multiple
imputation)
Methods: Monitoring
Data monitoring: #21a Composition of data monitoring committee (DMC); 11
formal committee summary of its role and reporting structure; statement of

whether it is independent from the sponsor and

competing interests; and reference to where further
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Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol

amendments

#24

O

BMJ Open

details about its charter can be found, if not in the
protocol. Alternatively, an explanation of why a DMC is

not needed

Description of any interim analyses and stopping
guidelines, including who will have access to these
interim results and make the final decision to terminate

the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial

conduct

Frequency and procedures for auditing trial conduct, if
any, and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional

review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)
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Consent or assent

Consent or assent:

ancillary studies

Confidentiality

Declaration of

interests

Data access

Ancillary and post

trial care

#26a

#27

#30

Dissemination policy: #31a

trial results

BMJ Open

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see

ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary

studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after

the trial

Financial and other competing interests for principal

investigators for the overall trial and each study site

Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements that

limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial

participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the
public, and other relevant groups (eg, via publication,
reporting in results databases, or other data sharing

arrangements), including any publication restrictions
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Dissemination policy: #31b Authorship eligibility guidelines and any intended use of n/a

authorship professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full n/a
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9 reproducible protocol, participant-level dataset, and statistical code

research
Appendices

18 Informed consent #32 Model consent form and other related documentation n/a

20 materials given to participants and authorised surrogates

23 Biological specimens #33  Plans for collection, laboratory evaluation, and storage of N/a
25 biological specimens for genetic or molecular analysis in
the current trial and for future use in ancillary studies, if

30 applicable

33 The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative
35  Commons Attribution License CC-BY-NC. This checklist was completed on 02. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

40 Penelope.ai
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ABSTRACT

Background

Bearberry (Arctostaphylos uva-ursi) leaf is available as a treatment of uncomplicated cystitis in several
European countries. The antimicrobial activity of its extracts and some of its individual constituents
has been observed in vitro; however, the efficacy of bearberry compared to standard antimicrobial
therapy has not been assessed yet.

Objective

The objective of the study is to assess the safety and non-inferiority of bearberry as an alternative
therapy in the treatment of acute uncomplicated cystitis in comparison with standard antibiotic
therapy (fosfomycin).

Methods and analysis

This is a randomized controlled double-blinded multicentre trial. Eligible patients will be
premenopausal women with a sum-score of 26 for the typical acute uncomplicated cystitis symptoms
(frequency, urgency, painful urination, incomplete emptying, suprapubic pain, and visible haematuria)
reported on the Acute Cystitis Symptom Score (ACSS) typical domain and pyuria. Patients will be
randomly assigned to receive 3 g single dose of fosfomycin powder and 2 placebo tablets t.i.d. for 7
days or B a single dose of placebo powder and 2 tablets containing a dry extract of Uvae ursi folium.
At least 504 patients (allocated as 1:1) will need to be enrolled to access non-inferiority with a non-
inferiority limit of 14% for the primary endpoint.

Improvement of symptoms of uncomplicated cystitis (based on the ACSS score) at day 7 is defined as
the primary endpoint, whereas several secondary endpoints such as the number and ratio of patients
with bacteriuria at day 7, frequency and severity of side effects; recurrence of urinary tract infection,
concurrent use of other OTC (over the counter) medications and food supplements will be determined
to elucidate more detailed differences between the groups. The number of recurrences and

medications taken for treatment will be monitored for a follow-up period of 90 days (80-100 days).

Keywords:

bearberry; Arctostaphylos uva-ursi; fosfomycin; uncomplicated cystitis, urinary tract infection

STRENGTHS AND LIMITATIONS OF THIS STUDY
e This is the first randomised controlled trial to examine the efficacy of bearberry compared to
fosfomycin in the treatment of uncomplicated cystitis
e Thisis a multicentre, prospective, randomised, non-inferiority study
e Avalidated score will be used to assess efficacy
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INTRODUCTION

Urinary tract infections (UTIs) are the most frequent occurring infections in women, and one of the
major reasons for antibiotic prescriptions [1]. UTls are classified as uncomplicated if anatomical or
functional abnormalities are not observed in the urinary system. Regarding UTIs, Escherichia coli is the
most frequent pathogen, followed by Staphylococcus saprophyticus and Enterococcus faecalis [2,3]. In
clinical practice acute uncomplicated cystitis is diagnosed and treated based on the clinical signs and
symptoms, microbiologic investigations are not performed routinely. According to the available
guidelines, first-line drugs include fosfomycin trometamol, trimethoprim-sulfamethoxazole,
nitrofurantoin, nitroxolin and pivmecillinam [4-7].

Fosfomycin, a first-line medication of acute uncomplicated cystitis possesses a wide spectrum
of antibacterial activity against both Gram-negative and Gram-positive pathogens, including E. coli
[8,9]. Based on a large scale surveillance study, E. coli, the most frequently isolated pathogen from UTI
samples, is highly susceptibility to fosfomycin with a susceptibility rate of 98.5% [6]. In the majority of
the published trials, the achieved short-term (7-9 days) microbial cure rate was more than 80% [10-
12].In a more recent study, bacteriologic success through day 14 after treatment with fosfomycin was
73%, whereas clinical success was 66% [13]. Based on the published evidence, a single 3 g dose of
fosfomycin trometamol is considered to be sufficient for the treatment of uncomplicated lower UTls.

Bacterial resistance is one of the major limiting factors of antibiotic use. Despite fosfomycin’s
activity against resistant strains (e.g. multi-drug resistant E. coli), fosfomycin-resistance is an increasing
problem [14]. In Spain, the frequency of fosfomycin-resistance increased from 4% to 11% between
1997 and 2009 [15].

Bearberry leaves have been used in traditional medicine for the treatment of acute cystitis.
The European Medicines Agency acknowledged the traditional medicinal use of the herbal tea, the
powdered plant material as well as defined extracts for treatment of symptoms of mild recurrent lower
urinary tract infections such as burning sensation during urination and/or frequent urination in women
[16]. The antimicrobial effect of bearberry leaf extracts and hydroquinone derivatives present in the
plant have been confirmed in several in vitro studies, including several uropathogens. A bearberry leaf
extract (extraction solvent ethanol 70%) exhibited antimicrobial activity towards a variety of
organisms, including E. coli [17]. The pharmacokinetics of hydroquinones have also been studied,
confirming the secretion of these compounds into the urine [18]. Unfortunately, no pharmacokinetic
data are available on hydroquinone derivatives in patients with acute uncomplicated cystitis and also

no data are available on the antimicrobial activities of secondary metabolites of bearberry leaves other
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than hydroquinone derivatives. Overall, although there are data suggesting the antimicrobial activity
of bearberry components against E. coli, there is no direct evidence for their clinical efficacy in humans.

Herbal preparations of bearberry leaf have been accepted as a traditional medicine, however
their efficacy has not been confirmed in clinical trials in comparison with antibiotic treatment. So far,
no resistance has been reported for bearberry. The lack of resistance, together with the cost-
effectiveness of the treatment might be the major advantages of the use of this plant as a medicine in
the treatment of acute uncomplicated cystitis. In one study, the efficacy was compared to ibuprofen
in terms of symptom improvement [19], and in one ongoing trial fosfomycin is used as comparator
[20]. The aim of our study is to assess the non-inferiority of a dry extract of bearberry leaves in terms

of clinical efficacy and safety in comparison with standard antibiotics used in acute uUTI.
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METHODS

Trial design

The study protocol is structured following the SPIRIT statement 2013 [21]. This study is a multicentre,
randomized, controlled, double-blind trial assessing non-inferiority. The allocation ratio is 1:1. Eligible
patients will be randomly assigned to groups A (single dose of fosfomycin powder and 2 placebo tablets
t.i.d.) or B (single dose of placebo powder and 2 bearberry tablets t.i.d.). The trial will be carried out in

2022-2023.

The trial organization, committees, and boards
The corresponding centre and designer of the BRUMI trial is the Centre for Translational Medicine at

the Medical School, University of Pécs (coordinating institution and sponsor, www.tm-centre.org) and

the Hungarian Phytotherapy Study Group.

The Steering Committee (SC) will be led by Péter Hegyi (University of Pécs, Hungary). The members
will be Dezs6 Csupor and Andrds Javorhazy (University of Pécs, Hungary). SC will make decisions
concerning all relevant questions including the dropouts during the study. There will be independent
members as well, and the SC will include a patient representative. The SC will supervise the trial
primarily and will make decisions regarding all critical questions (protocol deviations, dropouts, etc.)
The International Translational Advisory Board (ITAB) will include urologists, microbiologists, and
experts in phytotherapy. ITAB will continuously monitor the progress of the study and will give advice
to the SC. The study was designed by the SC and ITAB. The study is financially sponsored by the
University of Pécs, the Hungarian Academy of Sciences and the National Research, Development and
Innovation Office. Neither sponsors were involved in the design of the study, and they will have no

access to the database management or to the randomization code.

Sponsor

The sponsor of the BRUMI study is the University of Pécs, Medical School. The sponsor was not involved
in the design of the study and will have no access to the database.

Patient and public involvement

Patients or the public were not involved in the design, conduct, reporting or dissemination plans of our

research.

Participating centres
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Study participants are recruited from 2 centres in Hungary: Urology Clinic, University of Pécs, Pécs and
Department of Urology, Semmelweis University, Budapest. Participants will be recruited from patients

visiting the study centres with the symptoms of acute uncomplicated cystitis.

Study population

All premenopausal female patients diagnosed with uncomplicated urinary tract infection presenting
to the participating centres will be informed of the possibility of taking part in the BRUMI study. After
the consent form is signed, a computer using a block randomization protocol will randomize the

patients (Figure 1).

Inclusion and exclusion criteria

Non-pregnant adult women before menopause (absence of menses for 1 year) having acute
uncomplicated cystitis will be included to the study. Acute uncomplicated (simple) cystitis is defined
as acute urinary tract infection with the symptoms of dysuria, increased frequency and urgency of
urination and lower abdominal pain (suprapubic pain), that is presumed to be confined to the bladder;
with no signs or symptoms that suggest an upper tract or systemic infection. Acute uncomplicated
(simple) cystitis lack signs or symptoms that suggest an infection extending beyond the bladder, which
include: (1) elevated body temperature (>37.7°C) or fever; (2) other signs or symptoms of systemic
illness (including chills or rigors, significant fatigue or malaise beyond baseline); (3) flank pain; (4)
costovertebral angle tenderness [22]. Eligible patients will be premenopausal women with a sum-score
of 26 for the typical uUTI symptoms (frequency, urgency, painful urination, incomplete emptying,
suprapubic pain, and visible haematuria) reported on the Acute Cystitis Symptom Score (ACSS) typical
domain and pyuria (10 white blood cells/mm3 in a mid-stream specimen) at day 0 [23—-25]

The exclusion criteria are: (1) any renal disease; (2) upper urinary tract infection; (3)
malformations of the urinary tract; (4) congenital disorders of the urinary tract; (5) catheter use; (6)
pregnancy; (7) breastfeeding; (8) self-medication with bearberry in the last 14 days; (9) 5 or more
bearberry treatments in the previous year; (10) any antibiotic therapy or hospitalisation within the last
4 weeks (11) concomitant use of other antibiotics and NSAIDs; (12) contraindication for study drugs;

(13) active malignancy and (14) immunodeficiency, including immunosuppressive treatment.

Randomization and blinding

Participants will be divided into two groups (1:1) receiving one of the two study treatments in each
centre. Randomization will be performed by using a predefined list with balanced blocked allocation
size of four, stratified by recruiting centres, using a computer-generated random sequence. The

medical staff (e.g., those who will take the patients’ history, examine the patients, collect the specimen
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of urine, distributing the study drugs, diaries, and questionnaires), statisticians performing data
analyses and the patients receiving the study drugs will be blinded regarding treatment assignment. P.
B. (who will be not involved in the clinical study) will coordinate the preparation of medication
packages. The packages will be prepared for each patients separately and will be labelled with

individual codes only.

Interventions

All eligible patients will be randomized to receive either a single dose of fosfomycin (3 g) powder
dissolved in 75 ml water and 2 placebo tablets t.i.d. for 7 days, or single dose of placebo powder
dissolved in 75 ml water and 2 bearberry tablets t.i.d. for 7 days.

The study drugs are the following: (1) Fosfomycin trometamol as Monural, containing 3 g
fosfomycin [in the form of fosfomycin trometamol (5.631 g)]/sachet); (2) Bearberry tablet as Urzinol
containing dry extract of Arctostaphylos uva-ursi (L.) Spreng leaf extract (DER 3.5-5.5:1, extracting
solvent 60% v/v ethanol), 238.7-297.5 mg extract/tablet, corresponding to 70 mg hydroquinone
derivatives, expressed as anhydrous arbutin. Both bearberry leaf extract and the fosfomycin
trometamol would be used according to the recommendations of the SPCs. Placebo products will be
identical in appearance (and in case of the placebo of the antibiotic powder also in color and taste)
with the active treatments.

The doses of the study drugs (fosfomycin trometamol and bearberry leaf extract) were chosen
based on either the international guidelines on the treatment of uncomplicated UTIs and on the
European Union herbal monograph on Arctostaphylos uva-ursi (L.) Spreng., folium [4,5,16].

Patients will be scheduled for follow-up visits at day 7. At the beginning of the study (day 0)
and on day 7, patients will be asked to fill in a self-reported questionnaire [Acute Cystitis Symptom
Score (ACSS)] [23]. At the beginning of the study and at the visit at day 7, midstream urine specimens
will be collected to evaluate bacteriuria (presence and CFU number of pathogens) and the pH of urine.

Urine samples collected at day O will also be used to rule out pregnancy.

Outcomes

The primary endpoint of our trial is the improvement of symptoms of uncomplicated cystitis after 7
days of treatment. The improvement of symptoms will be determined by using the validated Hungarian
version of the Acute Cystitis Symptom Score on day 0 and day 7 according to the following predefined
thresholds: summary score of the typical symptoms < 5 scores, no item >1 (mild), and “visible blood in
urine” negative [26,27].

Secondary endpoints include the (1) number of patients with urine with <10* CFU/ml on day 7 in

patients with significant bacteriuria (CFU > 10°/ml) at DO; (2) average number of CFU of pathogens (7
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days after the start of the therapy) in urine; (3) frequency and severity of side effects; (4) recurrence
of UTI (follow-up after better during 90 days; severity and diagnostics of recurrences to be assessed by
using the ACSS) and (5) concurrent use of other OTC medications and food supplements that are

started taking during the 7 day treatment trial.

Statistical analysis and sample size calculation

Sample size estimation

Sample size calculation suggests that 504 patients (1:1) will need to be enrolled to confirm or reject
the hypothesis for the primary endpoint, i.e. improvement of symptoms of uncomplicated cystitis
based on the ACSS score at day 7 (80% vs. 77%; non-inferiority margin: 14%) with a 15% dropout, and
power 80%. For this calculation we considered the clinical cure rates of different antibiotic treatments
in UTI (79-92%) [28]. Sample size calculation was performed for the dichotomous primary endpoint by

using Stata 16 (Stata Corp).

Statistical analysis

Descriptive statistics — mean, median, standard deviation, quartiles, and relative frequency — relative
risk (dichotomous variables) for the primary endpoint. Statistical analyses will be performed with an
error probability of 0.0294 (type-I error probability). A safety analysis will be performed after reaching
10% of the planned sample size. Odds ratio will be calculated for the primary endpoint.Statistical
analysis will be performed by using R Core Team (2022; R Foundation for Statistical Computing, Vienna,

Austria).

Interim analysis

A pre-defined interim analysis will be performed after reaching 50% of the planned sample size. We
will calculate statistical power for the primary endpoint which will decide whether additional subjects
should be enrolled or not. If 80% statistical power is reached, no more subjects will be needed, and
early stopping will be applied. We will test our hypotheses first in an interim analysis, and at the end
of the study, in the final analysis. For this reason, the p-value should be adjusted to diminish the

probability of type | error; therefore, the corrected level of significance (p-value) will be 0.0294.

Study duration

The planned starting date of the study is 1 October 2021, and the planned finishing date of the study
is 1 September 2023.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 30



Page 9 of 30

oNOYTULT D WN =

BMJ Open

Flow and timing

Enrolment

Patients presenting with symptoms referring to uncomplicated urinary tract infection will be examined
by a study physician and assessed for eligibility to participate in the trial in the participating clinical
centres. Eligible patients will be asked to give an informed consent to the study. Patients will be asked
to complete ACSS symptom questionnaire, and along with detailed medical history, duration and
severity of symptoms and activity impairment will be documented. Symptom evaluation will cover the
typical symptoms according to the ACSS questionnaire, such as dysuria, urgency, frequency, and lower
abdominal pain, each scored from 0 (none) to 3 (strong). UTl-related activity impairment covers
impairment by the symptom (see above), scored as well from 0 (none) to 3 (strong). Data will be
transferred to electronic CRF (eCRF) by practice staff. On enrolment, midstream urine specimens will
be collected (one sample per participant) to detect pyuria, to perform microbial analysis of the urine
and to rule out pregnancy. After performing the above-mentioned tasks, participants will be divided

into two groups receiving one of the two study treatments in each centre (Figure 1).

Course of the study and follow-up

After randomization, study drugs, questionnaires for recording adverse events and concurrent use of
other medications (pain killers, antibiotics, or other OTC drugs) and food supplements that were
started during the 7-day treatment trial will be distributed by a study nurse (Table 1).

Patients will be asked to take the study drugs as follows: 1 sachet at the first evening after the
last urination before going to sleep, and 2 tablets t.i.d. for 7 consecutive days. Patients will also be
asked to record adverse events and concurrent use of other medications (pain medications, antibiotics,
or other OTC drugs) and food supplements for 7 consecutive days in diaries. The diaries will be
collected on day 7 by the assigned study nurses.

Patients will be asked to return the centre for a follow-up at day 7 to complete an ACSS
guestionnaire and to return the diaries. Clinical efficacy will be defined as a summary score of the 6
typical symptoms of the ACSS no more than 5, with no item >1 and visible haematuria absent.
Moreover, to evaluate the efficacy of the treatment arms midstream urine specimens will also be
collected on day 7(one sample per patient). Microbiological efficacy will be determined in the
subgroups of patients with significant bacteriuria (CFU >10°/ml) vs. those with CFU values of 103-10%/ml
vs. <103/ml at day 0 and elimination of bacteriuria (CFU <103/ml) at day 7 according to EMA and FDA
guidelines [24,25]. ACSS questionnaires (10 questionnaire/patient) will be distributed to patients with

the request to fill in a questionnaire each time when there is a recurrence of UTI.
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There will be a long-term follow-up documentation on day 90, when patients will be contacted
to collect ACSS questionnaires and will be and interviewed for numbers of UTI recurrences, UTl-related
consultations, days of sick leave, and medications and food supplements taken for UTI. The

aforementioned data will be transferred to the eCRF by study nurses.

10
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STUDY PERIOD

Enrolment | Allocation Post-allocation C::):te- Follow-up
TIMEPOINT| DayO Day 0 Day 1 | Day2 | Day3 | Day4 | Day5 | Day 7 Day 90
ENROLMENT:
Eligibility screen X
Informed consent X
Assessment of
inclusion/exclusion X
criteria
Allocation,
- X
randomization
INTERVENTIONS:
Pharmacotherapy < >
ASSESSMENTS:
ACSS score X X
Patient diaries X
Urine culture X X
Follow-up X
interview
Table 1. SPIRIT flowchart: schedule of enrolment, interventions, and assessments
11
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Data management

Data handling

Data handling will be performed confidentially and anonymously and by the Data Monitoring
Committee (DMC). Electronic CRFs (eCRFs) will be used. Principal investigator will have full access for
the database. Accuracy, completeness and legibility of the data in the eCRF will be ensured by the
Investigator. Detailed data flow will be described in a Data Management Plan (DMP). Data from
completed eCRFs will be validated at DMC according to a Data Cleaning Plan (DCP) under the direction

of the Data Manager. All changes to eCRFs will be documented.

Ethical principles and patient safety
This clinical study will be conducted following the Declaration of Helsinki. It will be conducted in
compliance with the protocol, good clinical practice (GCP) (2001/20/EEC, CPMP/ICH/135/95),
designated standard operating procedures, and local laws and regulations relevant to the country of
conduct. The study has been approved by the Scientific and Research Ethics Committee of the
Hungarian Medical Research Council (1V/4225-1/2021/EKU). All patients voluntarily sign the informed
consent form, indicating that they agree to participate.

During the study, all investigators will report adverse or serious adverse events on a separate
form which must be sent to both SC and DMC. If any adverse or serious adverse effects emerge, SC will
discuss and, if the adverse effect is confirmed, it will be reported to the relevant institutional and

national ethical committee (http://www.ett.hu/tukeb.htm).

12
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DISCUSSION
Although herbal preparations of bearberry leaves are available as a medicine, their clinical efficacy and

safety has not been confirmed in acute uncomplicated cystitis. The assessment of their efficacy is of

oNOYTULT D WN =

primary importance: if it does not have a sufficient clinical efficacy, it should not be considered as an
10 alternative to antibiotic treatment; however, if it is non-inferior to fosfomycin, it could be used as an
12 alternative to fosfomycin, a traditional antibiotic. The study was designed to assess non-inferiority of
13 bearberry leaf compared to fosfomycin for patients with acute uncomplicated cystitis.

15 Results of this clinical trial will help to revise the recommendations on the treatment of
17 uncomplicated cystitis. If bearberry leaf proves to be non-inferior to fosfomycin, the therapeutic
approach of uncomplicated cystitis may be changed in a long-term, which might lead to fewer

20 antibiotic prescriptions and subsequent lower antibiotic resistance rates.

13
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Figure legend
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Figure 1: Flow chart of participants (SPIRIT 2013 statement)
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Adult patients with acute
uncomplicated cystitis

v

Exclusion:
Not meeting the inclusion criteria:
o  patients above 18y
o sum-score of >6 for the 3 typical uUTI symptoms
(frequency, urgency, painful urination, incomplete
emptying, suprapubic pain, and visible haematuria)
reported on the Acute Cystitis Symptom Score
(ACSS) and pyuria in a mid-stream specimen
Meeting the exclusion criteria:
o deny to sign the written inform consent
any renal disease
upper urinary tract infection
malformations of the urinary tract
congenital disorders of the urinary tract
severe chronic diseases
catheter use
pregnancy
breastfeeding
3 or more uncomplicated UTIs in 12 months
self-medication with bearberry in the last 14 days
5 or more bearberry treatments in the previous year
any antibiotic therapy or hospitalisation within the
last 4 weeks
concomitant use of other antibiotics and NSAIDs
contraindication for study drugs
active malignancy and
immunodeficiency, including immunosuppressive
treatment

O 0O O 00 O o0 O O O o o

504 patients to be randomized

252 patients 252 patients
a single dose of fosfomycin (3 single dose of placebo powder
g) powder dissolved in 75 ml dissolved in 75 ml water and 3 x 2
water and 3 x 2 placebo tablets bearberry tablets for 7 days
for 7 days
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrébjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and

Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:e7586

Page
Reporting Item Number
Administrative
information
Title #1 Descriptive title identifying the study design, population, 1

interventions, and, if applicable, trial acronym
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Trial registration

Trial registration:

data set

Protocol version

Funding

Roles and
responsibilities:

contributorship

Roles and
responsibilities:
sponsor contact

information

Roles and
responsibilities:

sponsor and funder

Roles and
responsibilities:

committees

#2a

#2b

#5a

#5b

#5¢

#5d

BMJ Open

Trial identifier and registry name. If not yet registered,

name of intended registry

All items from the World Health Organization Trial

Registration Data Set

Date and version identifier

Sources and types of financial, material, and other

support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication, including
whether they will have ultimate authority over any of

these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint

adjudication committee, data management team, and
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n/a
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13

n/a

13

13


https://www.goodreports.org/reporting-checklists/spirit/info/#2a
https://www.goodreports.org/reporting-checklists/spirit/info/#2b
https://www.goodreports.org/reporting-checklists/spirit/info/#3
https://www.goodreports.org/reporting-checklists/spirit/info/#4
https://www.goodreports.org/reporting-checklists/spirit/info/#5a
https://www.goodreports.org/reporting-checklists/spirit/info/#5b
https://www.goodreports.org/reporting-checklists/spirit/info/#5c
https://www.goodreports.org/reporting-checklists/spirit/info/#5d

Page 23 of 30

oNOYTULT D WN =

Introduction

Background and

rationale

Background and
rationale: choice of

comparators

Objectives

Trial design

Methods:
Participants,
interventions, and

outcomes

Study setting

#6a

#6b

BMJ Open

other individuals or groups overseeing the trial, if

applicable (see Item 21a for data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits

and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,

equivalence, non-inferiority, exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained
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Eligibility criteria #10 Inclusion and exclusion criteria for participants. If 6
applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg,
surgeons, psychotherapists)
Interventions: #11a Interventions for each group with sufficient detail to allow 6
description replication, including how and when they will be
administered
Interventions: #11b Criteria for discontinuing or modifying allocated n/a
modifications interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving / worsening disease)
Interventions: #11c Strategies to improve adherence to intervention protocols, n/a
adherance and any procedures for monitoring adherence (eg, drug
tablet return; laboratory tests)
Interventions: #11d Relevant concomitant care and interventions that are n/a
concomitant care permitted or prohibited during the trial
Outcomes #12 Primary, secondary, and other outcomes, including the 7

specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final
value, time to event), method of aggregation (eg, median,
proportion), and time point for each outcome. Explanation
of the clinical relevance of chosen efficacy and harm

outcomes is strongly recommended
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H*
N
w

Participant timeline Time schedule of enrolment, interventions (including any

run-ins and washouts), assessments, and visits for

participants. A schematic diagram is highly recommended
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(see Figure)

=
N
AN

Sample size Estimated number of participants needed to achieve

14 study objectives and how it was determined, including
16 clinical and statistical assumptions supporting any sample

18 size calculations

H*
N
(@)]

Recruitment Strategies for achieving adequate participant enrolment to

N
N

reach target sample size

57 Methods:
29 Assignment of
31 interventions (for

controlled trials)

Allocation: sequence #16a Method of generating the allocation sequence (eg,

39 generation computer-generated random numbers), and list of any

41 factors for stratification. To reduce predictability of a
random sequence, details of any planned restriction (eg,
46 blocking) should be provided in a separate document that
48 is unavailable to those who enrol participants or assign

50 interventions

I+
N
(@]
(o

Allocation Mechanism of implementing the allocation sequence (eg,

concealment central telephone; sequentially numbered, opaque,

58 mechanism
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Allocation:

implementation

Blinding (masking)

Blinding (masking):
emergency

unblinding

Methods: Data
collection,
management, and

analysis

Data collection plan

BMJ Open

sealed envelopes), describing any steps to conceal the

sequence until interventions are assigned

B~ S
kN
(@]
(@]

Who will generate the allocation sequence, who will enrol

participants, and who will assign participants to

interventions

N
~
Q

Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data

analysts), and how

N
~
(o

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a participant’s

allocated intervention during the trial

#18a Plans for assessment and collection of outcome,
baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate
measurements, training of assessors) and a description
of study instruments (eg, questionnaires, laboratory tests)
along with their reliability and validity, if known. Reference

to where data collection forms can be found, if not in the

protocol
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; Data collection plan: 18b Plans to promote participant retention and complete 11
3

4 retention follow-up, including list of any outcome data to be

5

6 collected for participants who discontinue or deviate from

7

g intervention protocols

10

:; Data management #19 Plans for data entry, coding, security, and storage, 11
13

14 including any related processes to promote data quality

15

16 (eg, double data entry; range checks for data values).

17

12 Reference to where details of data management

;? procedures can be found, if not in the protocol

22

;i Statistics: outcomes  #20a Statistical methods for analysing primary and secondary 8
25

26 outcomes. Reference to where other details of the

27

28 statistical analysis plan can be found, if not in the protocol

29

30

:; Statistics: additional ~ #20b Methods for any additional analyses (eg, subgroup and 8
2431 analyses adjusted analyses)

35

g? Statistics: analysis #20c Definition of analysis population relating to protocol non- n/a
38

39 population and adherence (eg, as randomised analysis), and any

40

41 missing data statistical methods to handle missing data (eg, multiple

42

43 : :

4 imputation)

45

2? Methods: Monitoring

48

gg Data monitoring: #21a Composition of data monitoring committee (DMC); 11
51

52 formal committee summary of its role and reporting structure; statement of

53

54 whether it is independent from the sponsor and

55

g? competing interests; and reference to where further

58

59

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

[e))
o


https://www.goodreports.org/reporting-checklists/spirit/info/#18b
https://www.goodreports.org/reporting-checklists/spirit/info/#19
https://www.goodreports.org/reporting-checklists/spirit/info/#20a
https://www.goodreports.org/reporting-checklists/spirit/info/#20b
https://www.goodreports.org/reporting-checklists/spirit/info/#20c
https://www.goodreports.org/reporting-checklists/spirit/info/#21a

oNOYTULT D WN =

Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol

amendments

#24

O

BMJ Open

details about its charter can be found, if not in the
protocol. Alternatively, an explanation of why a DMC is

not needed

Description of any interim analyses and stopping
guidelines, including who will have access to these
interim results and make the final decision to terminate

the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial

conduct

Frequency and procedures for auditing trial conduct, if
any, and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional

review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)
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Consent or assent

Consent or assent:

ancillary studies

Confidentiality

Declaration of

interests

Data access

Ancillary and post

trial care

#26a

#27

#30

Dissemination policy: #31a

trial results

BMJ Open

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see

ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary

studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after

the trial

Financial and other competing interests for principal

investigators for the overall trial and each study site

Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements that

limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial

participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the
public, and other relevant groups (eg, via publication,
reporting in results databases, or other data sharing

arrangements), including any publication restrictions
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Dissemination policy: #31b Authorship eligibility guidelines and any intended use of n/a
authorship professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full n/a
reproducible protocol, participant-level dataset, and statistical code

research

Appendices

Informed consent #32 Model consent form and other related documentation n/a
materials given to participants and authorised surrogates

Biological specimens #33  Plans for collection, laboratory evaluation, and storage of N/a

biological specimens for genetic or molecular analysis in
the current trial and for future use in ancillary studies, if

applicable

The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative
Commons Attribution License CC-BY-NC. This checklist was completed on 02. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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ABSTRACT

Background

Bearberry (Arctostaphylos uva-ursi) leaf is available as a treatment of uncomplicated cystitis in several
European countries. The antimicrobial activity of its extracts and some of its individual constituents
has been observed in vitro; however, the efficacy of bearberry compared to standard antimicrobial
therapy has not been assessed yet.

Objective

The objective of the study is to assess the safety and non-inferiority of bearberry as an alternative
therapy in the treatment of acute uncomplicated cystitis in comparison with standard antibiotic
therapy (fosfomycin).

Methods and analysis

This is a randomized controlled double-blinded multicentre trial. Eligible patients will be
premenopausal women with a sum-score of 26 for the typical acute uncomplicated cystitis symptoms
(frequency, urgency, painful urination, incomplete emptying, suprapubic pain, and visible haematuria)
reported on the Acute Cystitis Symptom Score (ACSS) typical domain and pyuria. Patients will be
randomly assigned to receive 3 g single dose of fosfomycin powder and 2 placebo tablets t.i.d. for 7
days or B a single dose of placebo powder and 2 tablets containing a dry extract of Uvae ursi folium.
At least 504 patients (allocated as 1:1) will need to be enrolled to access non-inferiority with a non-
inferiority limit of 14% for the primary endpoint.

Improvement of symptoms of uncomplicated cystitis (based on the ACSS score) at day 7 is defined as
the primary endpoint, whereas several secondary endpoints such as the number and ratio of patients
with bacteriuria at day 7, frequency and severity of side effects; recurrence of urinary tract infection,
concurrent use of other OTC (over the counter) medications and food supplements will be determined
to elucidate more detailed differences between the groups. The number of recurrences and
medications taken for treatment will be monitored for a follow-up period of 90 days (80-100 days).
Ethics and dissemination This study has been approved by the Scientific and Research Ethics
Committee of the Hungarian Medical Research Council (IV/4225-1/2021/EKU) and has been registered
at clinicaltrials.gov (NCT05055544). The results will be disseminated by publication of peer-reviewed

manuscripts.

Keywords:

bearberry; Arctostaphylos uva-ursi; fosfomycin; uncomplicated cystitis, urinary tract infection
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e This is the first randomised controlled trial to examine the efficacy of bearberry in the

treatment of uncomplicated cystitis

e The efficacy will be compared to fosfomycin, a first-line drug

e This is a multicentre, prospective, randomised, non-inferiority study

e Avalidated score will be used to assess efficacy
11 e One limitation of this study is that the study population is limited to non-pregnant adult
12 women before menopause

oNOYTULT D WN =
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INTRODUCTION

Urinary tract infections (UTIs) are the most frequent occurring infections in women, and one of the
major reasons for antibiotic prescriptions [1]. UTls are classified as uncomplicated if anatomical or
functional abnormalities are not observed in the urinary system. Regarding UTIs, Escherichia coli is the
most frequent pathogen, followed by Staphylococcus saprophyticus and Enterococcus faecalis [2,3]. In
clinical practice acute uncomplicated cystitis is diagnosed and treated based on the clinical signs and
symptoms, microbiologic investigations are not performed routinely. According to the available
guidelines, first-line drugs include fosfomycin trometamol, trimethoprim-sulfamethoxazole,
nitrofurantoin, nitroxolin and pivmecillinam [4-7].

Fosfomycin, a first-line medication of acute uncomplicated cystitis possesses a wide spectrum
of antibacterial activity against both Gram-negative and Gram-positive pathogens, including E. coli
[8,9]. Based on a large scale surveillance study, E. coli, the most frequently isolated pathogen from UTI
samples, is highly susceptibility to fosfomycin with a susceptibility rate of 98.5% [6]. In the majority of
the published trials, the achieved short-term (7-9 days) microbial cure rate was more than 80% [10-
12].In a more recent study, bacteriologic success through day 14 after treatment with fosfomycin was
73%, whereas clinical success was 66% [13]. Based on the published evidence, a single 3 g dose of
fosfomycin trometamol is considered to be sufficient for the treatment of uncomplicated lower UTls.

Bacterial resistance is one of the major limiting factors of antibiotic use. Despite fosfomycin’s
activity against resistant strains (e.g. multi-drug resistant E. coli), fosfomycin-resistance is an increasing
problem [14]. In Spain, the frequency of fosfomycin-resistance increased from 4% to 11% between
1997 and 2009 [15].

Bearberry leaves have been used in traditional medicine for the treatment of acute cystitis.
The European Medicines Agency acknowledged the traditional medicinal use of the herbal tea, the
powdered plant material as well as defined extracts for treatment of symptoms of mild recurrent lower
urinary tract infections such as burning sensation during urination and/or frequent urination in women
[16]. The antimicrobial effect of bearberry leaf extracts and hydroquinone derivatives present in the
plant have been confirmed in several in vitro studies, including several uropathogens. A bearberry leaf
extract (extraction solvent ethanol 70%) exhibited antimicrobial activity towards a variety of
organisms, including E. coli [17]. The pharmacokinetics of hydroquinones have also been studied,
confirming the secretion of these compounds into the urine [18]. Unfortunately, no pharmacokinetic
data are available on hydroquinone derivatives in patients with acute uncomplicated cystitis and also

no data are available on the antimicrobial activities of secondary metabolites of bearberry leaves other
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than hydroquinone derivatives. Overall, although there are data suggesting the antimicrobial activity
of bearberry components against E. coli, there is no direct evidence for their clinical efficacy in humans.

Herbal preparations of bearberry leaf have been accepted as a traditional medicine, however

oNOYTULT D WN =

their efficacy has not been confirmed in clinical trials in comparison with antibiotic treatment. So far,
10 no resistance has been reported for bearberry. The lack of resistance, together with the cost-
12 effectiveness of the treatment might be the major advantages of the use of this plant as a medicine in
13 the treatment of acute uncomplicated cystitis. In one study, the efficacy was compared to ibuprofen
15 in terms of symptom improvement [19], and in one ongoing trial fosfomycin is used as comparator
17 [20]. The aim of our study is to assess the non-inferiority of a dry extract of bearberry leaves in terms

of clinical efficacy and safety in comparison with standard antibiotics used in acute uUTI.
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METHODS AND ANALYSIS

Trial design

The study protocol is structured following the SPIRIT statement 2013 [21]. This study is a multicentre,
randomized, controlled, double-blind trial assessing non-inferiority. The allocation ratio is 1:1. Eligible
patients will be randomly assigned to groups A (single dose of fosfomycin powder and 2 placebo tablets
t.i.d.) or B (single dose of placebo powder and 2 bearberry tablets t.i.d.). The trial will be carried out in

2022-2023.

The trial organization, committees, and boards
The corresponding centre and designer of the BRUMI trial is the Centre for Translational Medicine at

the Medical School, University of Pécs (coordinating institution and sponsor, www.tm-centre.org) and

the Hungarian Phytotherapy Study Group.

The Steering Committee (SC) will be led by Péter Hegyi (University of Pécs, Hungary). The members
will be Dezs6 Csupor and Andrds Javorhazy (University of Pécs, Hungary). SC will make decisions
concerning all relevant questions including the dropouts during the study. There will be independent
members as well, and the SC will include a patient representative. The SC will supervise the trial
primarily and will make decisions regarding all critical questions (protocol deviations, dropouts, etc.)
The International Translational Advisory Board (ITAB) will include urologists, microbiologists, and
experts in phytotherapy. ITAB will continuously monitor the progress of the study and will give advice
to the SC. The study was designed by the SC and ITAB. The study is financially sponsored by the
University of Pécs, the Hungarian Academy of Sciences and the National Research, Development and
Innovation Office. Neither sponsors were involved in the design of the study, and they will have no

access to the database management or to the randomization code.

Sponsor

The sponsor of the BRUMI study is the University of Pécs, Medical School. The sponsor was not involved
in the design of the study and will have no access to the database.

Patient and public involvement

Patients or the public were not involved in the design, conduct, reporting or dissemination plans of our

research.

Participating centres
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Study participants are recruited from 2 centres in Hungary: Urology Clinic, University of Pécs, Pécs and
Department of Urology, Semmelweis University, Budapest. Participants will be recruited from patients

visiting the study centres with the symptoms of acute uncomplicated cystitis.

Study population

All premenopausal female patients diagnosed with uncomplicated urinary tract infection presenting
to the participating centres will be informed of the possibility of taking part in the BRUMI study. After
the consent form (Supplementary file) is signed, a computer using a block randomization protocol will

randomize the patients (Figure 1).

Inclusion and exclusion criteria

Non-pregnant adult women before menopause (absence of menses for 1 year) having acute
uncomplicated cystitis will be included to the study. Acute uncomplicated (simple) cystitis is defined
as acute urinary tract infection with the symptoms of dysuria, increased frequency and urgency of
urination and lower abdominal pain (suprapubic pain), that is presumed to be confined to the bladder;
with no signs or symptoms that suggest an upper tract or systemic infection. Acute uncomplicated
(simple) cystitis lack signs or symptoms that suggest an infection extending beyond the bladder, which
include: (1) elevated body temperature (>37.7°C) or fever; (2) other signs or symptoms of systemic
illness (including chills or rigors, significant fatigue or malaise beyond baseline); (3) flank pain; (4)
costovertebral angle tenderness [22]. Eligible patients will be premenopausal women with a sum-score
of 26 for the typical uUTI symptoms (frequency, urgency, painful urination, incomplete emptying,
suprapubic pain, and visible haematuria) reported on the Acute Cystitis Symptom Score (ACSS) typical
domain and pyuria (10 white blood cells/mm3 in a mid-stream specimen) at day 0 [23—-25]

The exclusion criteria are: (1) any renal disease; (2) upper urinary tract infection; (3)
malformations of the urinary tract; (4) congenital disorders of the urinary tract; (5) catheter use; (6)
pregnancy; (7) breastfeeding; (8) self-medication with bearberry in the last 14 days; (9) 5 or more
bearberry treatments in the previous year; (10) any antibiotic therapy or hospitalisation within the last
4 weeks (11) concomitant use of other antibiotics and NSAIDs; (12) contraindication for study drugs;

(13) active malignancy and (14) immunodeficiency, including immunosuppressive treatment.

Randomization and blinding

Participants will be divided into two groups (1:1) receiving one of the two study treatments in each
centre. Randomization will be performed by using a predefined list with balanced blocked allocation
size of four, stratified by recruiting centres, using a computer-generated random sequence. The

medical staff (e.g., those who will take the patients’ history, examine the patients, collect the specimen
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of urine, distributing the study drugs, diaries, and questionnaires), statisticians performing data
analyses and the patients receiving the study drugs will be blinded regarding treatment assignment. P.
B. (who will be not involved in the clinical study) will coordinate the preparation of medication
packages. The packages will be prepared for each patients separately and will be labelled with

individual codes only.

Interventions

All eligible patients will be randomized to receive either a single dose of fosfomycin (3 g) powder
dissolved in 75 ml water and 2 placebo tablets t.i.d. for 7 days, or single dose of placebo powder
dissolved in 75 ml water and 2 bearberry tablets t.i.d. for 7 days.

The study drugs are the following: (1) Fosfomycin trometamol as Monural, containing 3 g
fosfomycin [in the form of fosfomycin trometamol (5.631 g)]/sachet); (2) Bearberry tablet as Urzinol
containing dry extract of Arctostaphylos uva-ursi (L.) Spreng leaf extract (DER 3.5-5.5:1, extracting
solvent 60% v/v ethanol), 238.7-297.5 mg extract/tablet, corresponding to 70 mg hydroquinone
derivatives, expressed as anhydrous arbutin. Both bearberry leaf extract and the fosfomycin
trometamol would be used according to the recommendations of the SPCs. Placebo products will be
identical in appearance (and in case of the placebo of the antibiotic powder also in color and taste)
with the active treatments.

The doses of the study drugs (fosfomycin trometamol and bearberry leaf extract) were chosen
based on either the international guidelines on the treatment of uncomplicated UTIs and on the
European Union herbal monograph on Arctostaphylos uva-ursi (L.) Spreng., folium [4,5,16].

Patients will be scheduled for follow-up visits at day 7. At the beginning of the study (day 0)
and on day 7, patients will be asked to fill in a self-reported questionnaire [Acute Cystitis Symptom
Score (ACSS)] [23]. At the beginning of the study and at the visit at day 7, midstream urine specimens
will be collected to evaluate bacteriuria (presence and CFU number of pathogens) and the pH of urine.

Urine samples collected at day O will also be used to rule out pregnancy.

Outcomes

The primary endpoint of our trial is the improvement of symptoms of uncomplicated cystitis after 7
days of treatment. The improvement of symptoms will be determined by using the validated Hungarian
version of the Acute Cystitis Symptom Score on day 0 and day 7 according to the following predefined
thresholds: summary score of the typical symptoms < 5 scores, no item >1 (mild), and “visible blood in
urine” negative [26,27].

Secondary endpoints include the (1) number of patients with urine with <10* CFU/ml on day 7 in

patients with significant bacteriuria (CFU > 10°/ml) at DO; (2) average number of CFU of pathogens (7
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days after the start of the therapy) in urine; (3) frequency and severity of side effects; (4) recurrence
of UTI (follow-up after better during 90 days; severity and diagnostics of recurrences to be assessed by
using the ACSS) and (5) concurrent use of other OTC medications and food supplements that are

started taking during the 7 day treatment trial.

Statistical analysis and sample size calculation

Sample size estimation

Sample size calculation suggests that 504 patients (1:1) will need to be enrolled to confirm or reject
the hypothesis for the primary endpoint, i.e. improvement of symptoms of uncomplicated cystitis
based on the ACSS score at day 7 (80% vs. 77%; non-inferiority margin: 14%) with a 15% dropout, and
power 80%. For this calculation we considered the clinical cure rates of different antibiotic treatments
in UTI (79-92%) [28]. Sample size calculation was performed for the dichotomous primary endpoint by

using Stata 16 (Stata Corp).

Statistical analysis

Descriptive statistics — mean, median, standard deviation, quartiles, and relative frequency — relative
risk (dichotomous variables) for the primary endpoint. Statistical analyses will be performed with an
error probability of 0.0294 (type-I error probability). A safety analysis will be performed after reaching
10% of the planned sample size. Odds ratio will be calculated for the primary endpoint.Statistical
analysis will be performed by using R Core Team (2022; R Foundation for Statistical Computing, Vienna,

Austria).

Interim analysis

A pre-defined interim analysis will be performed after reaching 50% of the planned sample size. We
will calculate statistical power for the primary endpoint which will decide whether additional subjects
should be enrolled or not. If 80% statistical power is reached, no more subjects will be needed, and
early stopping will be applied. We will test our hypotheses first in an interim analysis, and at the end
of the study, in the final analysis. For this reason, the p-value should be adjusted to diminish the

probability of type | error; therefore, the corrected level of significance (p-value) will be 0.0294.

Study duration

The planned starting date of the study is 1 October 2021, and the planned finishing date of the study
is 1 September 2023.
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Flow and timing

Enrolment

Patients presenting with symptoms referring to uncomplicated urinary tract infection will be examined
by a study physician and assessed for eligibility to participate in the trial in the participating clinical
centres. Eligible patients will be asked to give an informed consent to the study. Patients will be asked
to complete ACSS symptom questionnaire, and along with detailed medical history, duration and
severity of symptoms and activity impairment will be documented. Symptom evaluation will cover the
typical symptoms according to the ACSS questionnaire, such as dysuria, urgency, frequency, and lower
abdominal pain, each scored from 0 (none) to 3 (strong). UTl-related activity impairment covers
impairment by the symptom (see above), scored as well from 0 (none) to 3 (strong). Data will be
transferred to electronic CRF (eCRF) by practice staff. On enrolment, midstream urine specimens will
be collected (one sample per participant) to detect pyuria, to perform microbial analysis of the urine
and to rule out pregnancy. After performing the above-mentioned tasks, participants will be divided

into two groups receiving one of the two study treatments in each centre (Figure 1).

Course of the study and follow-up

After randomization, study drugs, questionnaires for recording adverse events and concurrent use of
other medications (pain killers, antibiotics, or other OTC drugs) and food supplements that were
started during the 7-day treatment trial will be distributed by a study nurse (Table 1).

Patients will be asked to take the study drugs as follows: 1 sachet at the first evening after the
last urination before going to sleep, and 2 tablets t.i.d. for 7 consecutive days. Patients will also be
asked to record adverse events and concurrent use of other medications (pain medications, antibiotics,
or other OTC drugs) and food supplements for 7 consecutive days in diaries. The diaries will be
collected on day 7 by the assigned study nurses.

Patients will be asked to return the centre for a follow-up at day 7 to complete an ACSS
guestionnaire and to return the diaries. Clinical efficacy will be defined as a summary score of the 6
typical symptoms of the ACSS no more than 5, with no item >1 and visible haematuria absent.
Moreover, to evaluate the efficacy of the treatment arms midstream urine specimens will also be
collected on day 7(one sample per patient). Microbiological efficacy will be determined in the
subgroups of patients with significant bacteriuria (CFU >10°/ml) vs. those with CFU values of 103-10%/ml
vs. <103/ml at day 0 and elimination of bacteriuria (CFU <103/ml) at day 7 according to EMA and FDA
guidelines [24,25]. ACSS questionnaires (10 questionnaire/patient) will be distributed to patients with

the request to fill in a questionnaire each time when there is a recurrence of UTI.

10
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There will be a long-term follow-up documentation on day 90, when patients will be contacted
to collect ACSS questionnaires and will be and interviewed for numbers of UTI recurrences, UTl-related

consultations, days of sick leave, and medications and food supplements taken for UTI. The

oNOYTULT D WN =

aforementioned data will be transferred to the eCRF by study nurses.

11
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STUDY PERIOD
Enrolment | Allocation Post-allocation C::):te- Follow-up
TIMEPOINT| DayO Day 0 Day 1 | Day2 | Day3 | Day4 | Day5 | Day 7 Day 90
ENROLMENT:
Eligibility screen X
Informed consent X
Assessment of
inclusion/exclusion X
criteria
Allocation,
- X
randomization
INTERVENTIONS:
Pharmacotherapy < >
ASSESSMENTS:
ACSS score X X
Patient diaries X
Urine culture X X
Follow-up X
interview
Table 1. SPIRIT flowchart: schedule of enrolment, interventions, and assessments
12
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Data management
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Data handling

9 Data handling will be performed confidentially and anonymously and by the Data Monitoring
11 Committee (DMC). Electronic CRFs (eCRFs) will be used. Principal investigator will have full access for
13 the database. Accuracy, completeness and legibility of the data in the eCRF will be ensured by the
Investigator. Detailed data flow will be described in a Data Management Plan (DMP). Data from
16 completed eCRFs will be validated at DMC according to a Data Cleaning Plan (DCP) under the direction
18 of the Data Manager. All changes to eCRFs will be documented.

13
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DISCUSSION
Although herbal preparations of bearberry leaves are available as a medicine, their clinical efficacy and
safety has not been confirmed in acute uncomplicated cystitis. The assessment of their efficacy is of
primary importance: if it does not have a sufficient clinical efficacy, it should not be considered as an
alternative to antibiotic treatment; however, if it is non-inferior to fosfomycin, it could be used as an
alternative to fosfomycin, a traditional antibiotic. The study was designed to assess non-inferiority of
bearberry leaf compared to fosfomycin for patients with acute uncomplicated cystitis.

Results of this clinical trial will help to revise the recommendations on the treatment of
uncomplicated cystitis. If bearberry leaf proves to be non-inferior to fosfomycin, the therapeutic
approach of uncomplicated cystitis may be changed in a long-term, which might lead to fewer

antibiotic prescriptions and subsequent lower antibiotic resistance rates.

ETHICS AND DISSEMINATION

The study has been approved by the Scientific and Research Ethics Committee of the Hungarian
Medical Research Council (IV/4225-1/2021/EKU) and has been registered at clinicaltrials.gov
(NCT05055544).

This clinical study will be conducted following the Declaration of Helsinki. It will be conducted in
compliance with the protocol, good clinical practice (GCP) (2001/20/EEC, CPMP/ICH/135/95),
designated standard operating procedures, and local laws and regulations relevant to the country of
conduct. The study has been approved by the Scientific and Research Ethics Committee of the
Hungarian Medical Research Council (IV/4225-1/2021/EKU). All patients voluntarily sign the informed
consent form, indicating that they agree to participate.

During the study, all investigators will report adverse or serious adverse events on a separate
form which must be sent to both SC and DMC. If any adverse or serious adverse effects emerge, SC will
discuss and, if the adverse effect is confirmed, it will be reported to the relevant institutional and
national ethical committee (http://www.ett.hu/tukeb.htm).

The results of this study will be disseminated by publication of peer-reviewed manuscripts

and presentation at national and international scientific meetings.

14
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Figure legend

Figure 1: Flow chart of participants (SPIRIT 2013 statement)
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Adult patients with acute
uncomplicated cystitis

v

Exclusion:
Not meeting the inclusion criteria:
o  patients above 18y
o sum-score of >6 for the 3 typical uUTI symptoms
(frequency, urgency, painful urination, incomplete
emptying, suprapubic pain, and visible haematuria)
reported on the Acute Cystitis Symptom Score
(ACSS) and pyuria in a mid-stream specimen
Meeting the exclusion criteria:
o deny to sign the written inform consent
any renal disease
upper urinary tract infection
malformations of the urinary tract
congenital disorders of the urinary tract
severe chronic diseases
catheter use
pregnancy
breastfeeding
3 or more uncomplicated UTIs in 12 months
self-medication with bearberry in the last 14 days
5 or more bearberry treatments in the previous year
any antibiotic therapy or hospitalisation within the
last 4 weeks
concomitant use of other antibiotics and NSAIDs
contraindication for study drugs
active malignancy and
immunodeficiency, including immunosuppressive
treatment

O 0O O 00 O o0 O O O o o

504 patients to be randomized

252 patients 252 patients
a single dose of fosfomycin (3 single dose of placebo powder
g) powder dissolved in 75 ml dissolved in 75 ml water and 3 x 2
water and 3 x 2 placebo tablets bearberry tablets for 7 days
for 7 days
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrébjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and

Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:e7586

Page
Reporting Item Number
Administrative
information
Title #1 Descriptive title identifying the study design, population, 1

interventions, and, if applicable, trial acronym
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Trial registration

Trial registration:

data set

Protocol version

Funding

Roles and
responsibilities:

contributorship

Roles and
responsibilities:
sponsor contact

information

Roles and
responsibilities:

sponsor and funder

Roles and
responsibilities:

committees

#2a

#2b

#5a

#5b

#5¢

#5d

BMJ Open

Trial identifier and registry name. If not yet registered,

name of intended registry

All items from the World Health Organization Trial

Registration Data Set

Date and version identifier

Sources and types of financial, material, and other

support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication, including
whether they will have ultimate authority over any of

these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint

adjudication committee, data management team, and
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13
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Introduction

Background and

rationale

Background and
rationale: choice of

comparators

Objectives

Trial design

Methods:
Participants,
interventions, and

outcomes

Study setting

#6a

#6b

BMJ Open

other individuals or groups overseeing the trial, if

applicable (see Item 21a for data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits

and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,

equivalence, non-inferiority, exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained
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Eligibility criteria #10 Inclusion and exclusion criteria for participants. If 6
applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg,
surgeons, psychotherapists)
Interventions: #11a Interventions for each group with sufficient detail to allow 6
description replication, including how and when they will be
administered
Interventions: #11b Criteria for discontinuing or modifying allocated n/a
modifications interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving / worsening disease)
Interventions: #11c Strategies to improve adherence to intervention protocols, n/a
adherance and any procedures for monitoring adherence (eg, drug
tablet return; laboratory tests)
Interventions: #11d Relevant concomitant care and interventions that are n/a
concomitant care permitted or prohibited during the trial
Outcomes #12 Primary, secondary, and other outcomes, including the 7

specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final
value, time to event), method of aggregation (eg, median,
proportion), and time point for each outcome. Explanation
of the clinical relevance of chosen efficacy and harm

outcomes is strongly recommended
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H*
N
w

Participant timeline Time schedule of enrolment, interventions (including any

run-ins and washouts), assessments, and visits for

participants. A schematic diagram is highly recommended

oNOYTULT D WN =

(see Figure)

=
N
AN

Sample size Estimated number of participants needed to achieve

14 study objectives and how it was determined, including
16 clinical and statistical assumptions supporting any sample

18 size calculations

H*
N
(@)]

Recruitment Strategies for achieving adequate participant enrolment to

N
N

reach target sample size

57 Methods:
29 Assignment of
31 interventions (for

controlled trials)

Allocation: sequence #16a Method of generating the allocation sequence (eg,

39 generation computer-generated random numbers), and list of any

41 factors for stratification. To reduce predictability of a
random sequence, details of any planned restriction (eg,
46 blocking) should be provided in a separate document that
48 is unavailable to those who enrol participants or assign

50 interventions

I+
N
(@]
(o

Allocation Mechanism of implementing the allocation sequence (eg,

concealment central telephone; sequentially numbered, opaque,

58 mechanism
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Allocation:

implementation

Blinding (masking)

Blinding (masking):
emergency

unblinding

Methods: Data
collection,
management, and

analysis

Data collection plan

BMJ Open

sealed envelopes), describing any steps to conceal the

sequence until interventions are assigned

B~ S
kN
(@]
(@]

Who will generate the allocation sequence, who will enrol

participants, and who will assign participants to

interventions

N
~
Q

Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data

analysts), and how

N
~
(o

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a participant’s

allocated intervention during the trial

#18a Plans for assessment and collection of outcome,
baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate
measurements, training of assessors) and a description
of study instruments (eg, questionnaires, laboratory tests)
along with their reliability and validity, if known. Reference

to where data collection forms can be found, if not in the

protocol
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; Data collection plan: 18b Plans to promote participant retention and complete 11
3

4 retention follow-up, including list of any outcome data to be

5

6 collected for participants who discontinue or deviate from

7

g intervention protocols

10

:; Data management #19 Plans for data entry, coding, security, and storage, 11
13

14 including any related processes to promote data quality

15

16 (eg, double data entry; range checks for data values).

17

12 Reference to where details of data management

;? procedures can be found, if not in the protocol

22

;i Statistics: outcomes  #20a Statistical methods for analysing primary and secondary 8
25

26 outcomes. Reference to where other details of the

27

28 statistical analysis plan can be found, if not in the protocol

29

30

:; Statistics: additional ~ #20b Methods for any additional analyses (eg, subgroup and 8
2431 analyses adjusted analyses)

35

g? Statistics: analysis #20c Definition of analysis population relating to protocol non- n/a
38

39 population and adherence (eg, as randomised analysis), and any

40

41 missing data statistical methods to handle missing data (eg, multiple

42

43 : :

4 imputation)

45

2? Methods: Monitoring

48

gg Data monitoring: #21a Composition of data monitoring committee (DMC); 11
51

52 formal committee summary of its role and reporting structure; statement of

53

54 whether it is independent from the sponsor and

55

g? competing interests; and reference to where further

58

59
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Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol

amendments

#24

O

BMJ Open

details about its charter can be found, if not in the
protocol. Alternatively, an explanation of why a DMC is

not needed

Description of any interim analyses and stopping
guidelines, including who will have access to these
interim results and make the final decision to terminate

the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial

conduct

Frequency and procedures for auditing trial conduct, if
any, and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional

review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)
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Consent or assent

Consent or assent:

ancillary studies

Confidentiality

Declaration of

interests

Data access

Ancillary and post

trial care

#26a

#27

#30

Dissemination policy: #31a

trial results

BMJ Open

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see

ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary

studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after

the trial

Financial and other competing interests for principal

investigators for the overall trial and each study site

Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements that

limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial

participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the
public, and other relevant groups (eg, via publication,
reporting in results databases, or other data sharing

arrangements), including any publication restrictions

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

n/a

n/a

11

11

n/a

n/a


https://www.goodreports.org/reporting-checklists/spirit/info/#26a
https://www.goodreports.org/reporting-checklists/spirit/info/#26b
https://www.goodreports.org/reporting-checklists/spirit/info/#27
https://www.goodreports.org/reporting-checklists/spirit/info/#28
https://www.goodreports.org/reporting-checklists/spirit/info/#29
https://www.goodreports.org/reporting-checklists/spirit/info/#30
https://www.goodreports.org/reporting-checklists/spirit/info/#31a

oNOYTULT D WN =

BMJ Open Page 32 of 32

Dissemination policy: #31b Authorship eligibility guidelines and any intended use of n/a
authorship professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full n/a
reproducible protocol, participant-level dataset, and statistical code

research

Appendices

Informed consent #32 Model consent form and other related documentation n/a
materials given to participants and authorised surrogates

Biological specimens #33  Plans for collection, laboratory evaluation, and storage of N/a

biological specimens for genetic or molecular analysis in
the current trial and for future use in ancillary studies, if

applicable

The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative
Commons Attribution License CC-BY-NC. This checklist was completed on 02. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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