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ABSTRACT

STUDY QUESTION

Can treatment of the symptoms of uncomplicated
urinary tract infection (UTI) with ibuprofen reduce the
rate of antibiotic prescriptions without a significant
increase in symptoms, recurrences, or complications?

METHODS

Women aged 18-65 with typical symptoms of UTI and
without risk factors or complications were recruited in
42 German general practices and randomly assigned to
treatment with a single dose of fosfomycin 3 g (n=246;
243 analysed) or ibuprofen 3x400 mg (n=248; 241
analysed) for three days (and the respective placebo
dummies in both groups). In both groups additional
antibiotic treatment was subsequently prescribed as
necessary for persistent, worsening, or recurrent
symptoms. The primary endpoints were the number of
all courses of antibiotic treatment on days 0-28 (for UTI
or other conditions) and burden of symptoms on days
0-7. The symptom score included dysuria, frequency/
urgency, and low abdominal pain.

STUDY ANSWER AND LIMITATIONS

The 248 women in the ibuprofen group received
significantly fewer course of antibiotics, had a
significantly higher total burden of symptoms, and
more had pyelonephritis. Four serious adverse events
occurred that lead to hospital referrals; one of these
was potentially related to the trial drug. Results have to
be interpreted carefully as they might apply to women
with mild to moderate symptoms rather than to all
those with an uncomplicated UTI.

WHAT THIS PAPER ADDS

Two thirds of women with uncomplicated UTI treated
symptomatically with ibuprofen recovered without any
antibiotics. Initial symptomatic treatment is a possible

WHAT IS ALREADY KNOWN ON THIS TOPIC

antibiotics

Women with uncomplicated urinary tract infection are usually treated with

Itis unknown if symptomatic treatment is a suitable alternative approach with
regard to symptoms and to what extent such treatment can reduce the overall
antibiotic prescription rate

WHAT THIS STUDY ADDS

of pyelonephritis

Compared with fosfomycin, initial treatment with ibuprofen substantially reduced
antibiotic use in women aged 18-65 with mild to moderate symptoms of urinary
tractinfection but was less effective for symptom relief, and there were more cases

This treatment regimen can be discussed with women who are willing to avoid
antibiotics or to accept a delayed prescription
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approach to be discussed with women willing to avoid
immediate antibiotics and to accept a somewhat
higher burden of symptoms.

FUNDING, COMPETING INTERESTS, DATA SHARING
German Federal Ministry of Education and Research
(BMBF) No 01KG1105. Patient level data are available
from the corresponding author. Patient consent was
not obtained but the data are anonymised and risk of
identification is low.

TRIAL REGISTRATION NO
ClinicalTrialGov Identifier NCTO1488955.

Introduction

Uncomplicated urinary tract infections are common in
many clinical settings but especially in general practice,
where they account for 25% of antibiotic prescriptions.!?
Prescription of antibiotics when many cases are self lim-
iting contributes to increased resistance rates, posing a
serious health threat.3# Disease burden and treatment
costs have to be considered as well.> Escherichia coli, the
main causative agent, is increasingly resistant to current
antibiotics,® and the number of new antibiotics being
developed is declining. Many current primary care
guidelines, however, still recommend antibiotics as a
first line treatment,’® at least when standard measures
do not lead to symptom relief. As urinary tract infection
is often self limiting,>" and less antibiotic prescribing
lowers levels of antibiotic resistance,'2%> efforts should
be made to reduce rates of prescription.

Earlier trials assessed placebo compared with antibi-
otic treatment for urinary tract infection as well as
delayed prescription of antibiotics.?'''¢ These trials
reported a delayed resolution of symptoms and pro-
longed time to bacterial clearance but no serious com-
plications. From qualitative studies and surveys, we
know that many affected women are aware of the
potential disadvantages of antibiotics and might agree
to avoid or postpone such treatment.”-1?

In a pilot study we compared symptomatic (ibupro-
fen) with antibiotic treatment (ciprofloxacin) in 79
women with uncomplicated urinary tract infection.
Although this study was inadequately powered for a
definitive result, it showed that ibuprofen was not infe-
rior for symptom resolution, with 24/36 women recov-
ering without antibiotic treatment.’® In the current
study we assessed whether the number of antibiotic
prescriptions issued for uncomplicated urinary tract
infection can be reduced by symptomatic treatment
with ibuprofen, reserving antibiotics for women who
return with worsening or recurrent symptoms, and
without an increase in symptom burden, recurrences,
or complications.


http://
http://crossmark.crossref.org/dialog/?doi=10.1136/bmj.h6544&domain=pdf&date_stamp=2015-12-23

Methods
Trial design and participants
ICUTI (Immediate versus Conditional treatment of Uri-
nary Tract Infection) was a double blind randomised
multicentre comparative effectiveness trial with two
parallel active treatment arms (ibuprofen and fosfomy-
cin). The study was conducted according to the Good
Clinical Practice Guidelines and the declaration of Hel-
sinki. Safety data were monitored throughout and
assessed every six months by the data and safety moni-
toring board. Serious adverse events were defined as
adverse events leading to admission to hospital, dis-
ability, permanent damage, or risk of dying or death.
The detailed study protocol has been published else-
where.?’ From February 2012 to February 2014 practice
staff and general practitioners in 42 general practices in
northern Germany systematically approached women
aged 18-65 with typical symptoms of urinary tract infection
for consent. The upper age limit was chosen as until 2013
fosfomycin was approved only for patients up to age 65.
The study was designed as a pragmatic trial in a general
practice setting.?! Inclusion criteria were dysuria and/or
frequency/urgency of micturition, with or without lower
abdominal pain. The main exclusion criteria were any
signs of upper urinary tract infection (fever, loin tender-
ness); current conditions that could increase the likeli-
hood of potentially complicated courses (such as
pregnancy or renal diseases); urinary tract infection
within the past two weeks; and urinary catheterisation.
We also excluded patients currently treated with non-ste-
roidal drugs for pain or antibiotics and those with a history
of gastrointestinal ulcers or severe acute or exacerbated
chronic conditions.?® Dipstick tests and urine culture were
performed, but the results did not affect eligibility.
Participating general practitioners were trained in
good clinical practice to ensure patient safety and data
quality. In addition to electronic database monitoring, an
independent monitor (IFS Go6ttingen) made one on-site
monitoring visit per practice and study nurses from the
academic teams made further quality management visits
to ensure correct documentation. No major or safety
problems were detected; some minor corrections, for
example completion of missing data, were instigated and
problems with screening failures were discussed.

Randomisation and masking

We used a computerised random number generator to
carry out randomisation in blocks of six in a 3:3 ratio.
The trial biometrician was not involved in patient
recruitment and data collection. The block-wise rando-
misation implied stratification by site.

An independent pharmacy identically prepared and
packed drug units, which were labelled with a code
number from the random list. Practices were supplied
with packs of six blinded drug units. At inclusion, gen-
eral practitioners assigned the code number from the
drug unit to the patient and all patient related data.
Practice teams as well as academic study teams were
blinded to allocation and had no access to the ran-
dom list. For emergency unblinding, sealed opaque
envelopes for each random number were kept in the
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investigator site files, and a random list was kept in the
trial pharmacy.

Procedures

The practice teams were asked to assess all women pre-
senting with symptoms of acute urinary tract infection
consecutively for inclusion and exclusion criteria. Eligi-
ble women completed a questionnaire to score severity
of symptoms and impairment of activity. They also pro-
vided a urine sample for dipstick, culture, and preg-
nancy tests. To assess bias and external validity of study
findings, symptom questionnaires were also collected
from women who declined to take part in the trial or
had exclusion criteria. Participating women were
handed out the blinded trial drug package containing
either ibuprofen tablets (3x400 mg daily for three days
plus 1x1 sachet placebo granules) or fosfomy-
cin-trometamol (1x3 g sachet plus 3x3 placebo tablets
for three days), according to randomisation. After inclu-
sion, women were asked to start drug treatment them-
selves. Drug packages had to be returned and were
checked for residual drugs.

Women were advised to consult their general practi-
tioners again if symptoms persisted or worsened. In this
case, antibiotic treatment was initiated at the discretion
of the general practitioner on the basis of the results of
urine culture from the baseline visit. Participants
received an emergency card providing the telephone
number of the trial pharmacy in case emergency
unblinding was required. Women scored their daily
symptoms and activity impairment in a diary. Study
nurses collected data on symptoms as well as drug
intake and further antibiotic prescriptions by telephone
calls on day 1, 3, 5, and 7, or until recovery. On day 28,
data on antibiotic prescriptions, adverse events, and
recurrent urinary tract infections were also collected. All
data were recorded into a web based data entry system.

One central laboratory in Gottingen performed all
urine cultures. The cut off for positive culture was bac-
terial count >10? cfu/mL. Susceptibility test were per-
formed by disk diffusion according to DIN 58 940 and
DIN 58 959 with European Committee on Antimicrobial
Susceptibility Testing breakpoints.?

Outcomes
Two co-primary endpoints examined both benefits and
risks: the total number of courses of antibiotics on days
0-28 (for urinary tract infection or other conditions)?2
and burden of symptoms on days 0-7, measured as area
under the curve of the sums of daily symptom scores.
The symptom score included dysuria, frequency/
urgency of micturition, and low abdominal pain, each
on a five point scale from 0 (not at all) to 4 (strong/
frequent).’® The area under the curve of symptom sum
scores has been used before in other trials to measure
overall severity and duration of symptoms.?*?> The trial
was to be considered as having a positive outcome if
superiority in the first and non-inferiority in the second
co-primary endpoint could be proved.

Secondary outcomes were the numbers of severe
adverse events, complications (febrile urinary tract infec-
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tion, pyelonephritis, septic syndrome), all adverse
events, relapses (recurrent urinary tract infection after
initial resolution of symptoms) up to day 28 and within
six and 12 months,” and women without symptoms at
days four and seven (defined as a symptom sum score of
0); symptom load until day four and symptom load with
regard to specific symptoms until day seven (specified in
the trial protocol as symptom burden until day four,
related to each of the three symptoms until day seven7),
assessment of activity impairment on days 17, measured
with a five item score (range 0-4), referring to the time
during which a woman’s work or personal activities had
been impaired because of urinary tract infection?¢; and
the number of daily defined doses of antibiotics per
patient (the latter will be reported in a separate paper).
As the wording in the trial registry was not as specific as
in the protocol, we use in this paper terms and defini-
tions for outcomes as given in the trial protocol. To deter-
mine whether there were differences within the groups
based on the results of the urine cultures, we performed
a post hoc outcome analysis stratified on the basis of pos-
itive or negative results on urine culture. After publica-
tion of the protocol but before unblinding the data we
decided to split the early follow-up period regarding
recurrent urinary tract infections into two periods
according to the German urinary tract infection guide-
line’: early relapse of symptoms (recurrence of symptoms
up to day 14, after initial resolution) and recurrence of
urinary tract infection after initial resolution from day 15
up to day 28. Rates of recurrent urinary tract infection
within the prolonged follow-up at six and 12 months will
be reported separately once the follow-up is finished.

Statistical analysis

The sample size calculated for both co-primary out-
comes was driven by the non-inferiority part of the
trial. If we assume a coefficient of variation of 80%, we
would require a sample size of 2x210=420 evaluable

Patients assessed for eligibility (n=1184)

Excluded (n=690):
Did not meet inclusion criteria (n=405)
Refused to participate (n=281)
Reasons not specified (n=4)

Randomised (n=494)
[

'

Randomised to receive ibuprofen (n=248):
Received ibuprofen as randomised (n=241)
Excluded after randomisation (exclusion

criteria, incorrectly screened) (n=7)

Included in intention to treat analysis (n=241)
Lost to follow-up until day 28 (could not be

contacted) (n=17)

Discontinued intervention (withdrew from

trial) (n=2)

f

Completed study

(included in per protocol analysis) (n=222)

{

Randomised to receive fosfomycin (n=246):
Received fosfomycin as randomised (n=243)
Excluded after randomisation (exclusion

criteria, incorrectly screened) (n=3)

Included in intention to treat analysis (n=243)

Lost to follow-up until day 28 (could not be
contacted) (n=12)

Discontinued intervention (withdrew from

trial) (n=7)

Completed study
(included in per protocol analysis) (n=224)

Fig 1| Flow of participants through trial of ibuprofen versus fosfomycin for women with

urinary tract infection

thelbmj | BMJ2015;351:h6544 | doi: 10.1136/bmj.h6544

patients to reach a power of 90% for the proof of
non-inferiority in case of equivalence of the two study
arms (one sided 0=0.025).77 As we assumed a dropout
rate of 15%, we needed to randomise 494 women to
achieve the sample size of 420 patients in the per
protocol population.?®

The primary analysis consisted of two statistical tests
as described in the study protocol.?° The first co-primary
endpoint—“number of courses of antibiotic treat-
ment”—was tested for superiority of the ibuprofen group
with an exact Mann-Whitney rank sum test with a one
sided test level of 2.5%. The second co-primary endpoint
was tested for non-inferiority of ibuprofen compared
with fosfomycin by calculating a two sided 95% confi-
dence interval for the ratio of the symptom burden of the
ibuprofen and fosfomycin groups based on a covariance
analysis of the log symptom burden with adjustment for
baseline log symptom sum score. Non-inferiority was
assumed if the total confidence interval was below the
non-inferiority margin of 125%. As no standard was
available for this kind of study, we followed the sug-
gested margins for bioequivalence studies, which accept
levels of 80-120% of the reference as bioequivalent. We
analysed the first co-primary endpoint in the intention
to treat population, which consisted of all randomised
patients with at least one report on use or non-use of
antibiotics. The second co-primary endpoint was anal-
ysed in the per protocol population, which consisted of
all intention to treat patients with complete seven day
follow-up symptom score and subsequently in the inten-
tion to treat population. In this population, we had to
impute a small number of missing values to calculate
the area under the curves. For this purpose we applied
an expectation-maximisation algorithm to the available
score data to estimate means and covariances based on
a normality assumption and chose imputations that
maximise the likelihood. As the differences to the analy-
sis of the per protocol population were small, we have
presented both endpoints in the same intention to treat
population for direct comparability.

The secondary endpoints were analysed with exact
Mann-Whitney U rank sum tests and 2 tests at two
sided 0=0.05 without adjustment for multiplicity or
analogous to the second co-primary endpoint.

Patient involvement

No patients were involved in designing the study or
explicitly setting outcome measures; however, outcomes
were chosen to reflect daily practice and patient prefer-
ences described in earlier studies.!#1° Preliminary results
were disseminated to study participants through their
general practitioners. A lay information flyer with final
results will be sent to all participating practices and can
be used to inform patients with urinary tract infections.

Results

Randomisation and baseline characteristics

A total of 1184 women with suspected urinary tract
infection were screened, 779 were considered eligible,
and 494 were randomly assigned to the treatment or
control groups (fig 1). On average, 12 women per
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practice were included in 42 practices.Ten women with
exclusion criteria had been included incorrectly by gen-
eral practitioners and were therefore excluded immedi-
ately after recruitment by a masked researcher. The
intention to treat population comprised 241 women in
the ibuprofen group and 243 in the fosfomycin group.
Three women, in whom exclusion criteria were detected
later after inclusion, remained in this population. Two
women in the ibuprofen group and seven in the fosfo-
mycin group refused further participation and with-
drew from the trial.

There were no major differences in baseline charac-
teristics between both groups (table 1). Minor differ-
ences concerned duration of symptoms (110 (46%)

RESEARCH

women in the fosfomycin group versus 87 (36%) in the
ibuprofen group had symptoms for more than two days)
and recurrent urinary tract infections being reported
more often by women assigned to the fosfomycin group
(54 (23%) versus 42 (17%)).

Primary outcomes

The number of courses of antibiotic treatment within 28
days was significantly lower in the ibuprofen group. The
number of all courses in the fosfomycin group was 283
(243 as part of the study plus 34 courses prescribed addi-
tionally for urinary tract infection and six courses pre-
scribed for other reasons, such as bronchitis and otitis
media) compared with 94 in the ibuprofen group (81 for

Table 1| Baseline characteristics of women with uncomplicated urinary tract infection randomised to ibuprofen or
fosfomycin. Figures are numbers of women (percentage) unless stated otherwise

Mean (SD) age (years)

Ibuprofen (n=241)
37.3 (14.6)

Fosfomycin (n=243)
373 (14.3)

Median (IQR) age (years)

36.0 (24.0-50.0) 34.0 (24.0-49.0)

Duration of symptoms at inclusion (days)*:

<1 50 (21) 49 (21)

1-2 104 (43) 80 (34)

>2-7 66 (27) 82 (34)

>7 21(9) 28 (12)
Symptoms at inclusion*:

Dysuria 224 (93) 218 (91)

Frequency/urgency 231 (96) 232 (97)

Low abdominal pain 172 (77) 169 (71)
Mean (SD) symptom severity sum scoret 6.0(2.2) 6.1(2.5)
Median (IQR) symptom severity sum scoret 6.0 (4.0-8.0) 6.0 (4.0-8.0)
Mean (SD) dysuria score¥ 23010 2300
Median (IQR) dysuria score* 3.0 (2.0-3.0) 2.0 (1.0-3.0)
Mean (SD) frequency/urgency scoret 2.4(17) 2.4(17)
Median (IQR) frequency/urgency scoret 2.0 (2.0-3.0) 2.0 (2.0-3.0)
Mean (SD) low abdominal pain scoret 1.30.0) 1.4(1.0)
Median (IQR) low abdominal pain score# 1.0 (0.0-2.0) 1.0 (0.0-2.0)
Recurrent UTI§ 42 (17) 54 (23)
Mean (SD) activity impairment scoref 9.6 (5) 8.9 (6)
Dipstick results**:

Leukocytes positive 205 (85) 200 (83)

Erythrocytes positive 180 (75) 189 (78)

Nitrite positive 53 (22) 46 (19)
Culture results:

Urine culture positivett 179/237 (76) 181/234 (77)

E coli 143/179 (80) 142/181 (79)

Proteus mirabilis 12/179 (7) 8/181 (4)

Staphylococcus saprophyticus 8/179 (5) 8/181 (4)

Enterococcus faecalis 3/179 () 8/181 (4)

Streptococcus agalactiae 0/179 (0) 2/181 (1)

Klebsiella pneumoniae 3/179 () 1/181 (1)

Other uropathogens 10/179 (6) 9/181 (5)

Not specified 0/179 (0) 3/181 (2)
Susceptibility to fosfomycin (rate):

All uropathogens 168/181 (93) 162/177 (92)

E coli

142/143 (99) 142/142 (100)

SD=standard deviation; IQR=interquartile range; UTl=urinary tract infection.
*n=239 in fosfomycin group.

tRange 0-12. Sum of daily symptom sum scores of dysuria, frequency/urgency of micturition, and low abdominal pain, each on a five point scale from 0

(not at all) to 4 (very strong/frequent).

$Range 0-4

§UTI within past year.

flActivity impairment assessment, sum score range 0-20.
**n=242 in fosfomycin group.

ttBacterial count >102 cfu/mL.

doi: 10.1136/bm;j.h6544 | BMJ 2015;351:h6544 | thebmj
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g 250 ) As shown in figure 3, the symptom burden sum score
g iz ) Resiioniel) decreased in both groups, from six points on day 0O
g 200 down to less than one point on day seven, on average.
150 Figure 4 shows the corresponding distribution of the
symptom burden area under the curve by randomisa-

100 tion group. Table 2 shows the unadjusted mean symp-
tom burden. With an area under the curve ratio of 140%

50 (areay,,/area;,:=140.5%, 95% confidence interval 125.4%
|:| to 157.3%) calculated by the adjusted analysis of log dis-

0 No One Two ease burden, the non-inferiority margin of 125% was
prescription prescription prescriptions significantly exceeded. We can therefore reject the

Fig 2 | Total number of antibiotic prescriptions by hypothesis of non-inferiority. The reported effects were
randomisation group on days 0-28 (range 0-2, intention to essentially the same when we restricted analyses to the
treat population) per protocol population.

Secondary outcomes

urinary tract infection and 13 for other reasons). This  All secondary outcomes related to symptoms favoured
corresponds to an incidence rate reduction of 66.5% the fosfomycin group. On days 0-4, the total symptom
(95% confidence interval 58.8% to 74.4%; P<0.001), burden (area under the curve) in the ibuprofen group was
showing a substantial reduction of antibiotics use. significantly higher than in the fosfomycin group. The
Figure 2 shows the distribution of the individual num- same results were shown when we considered symptoms
ber of courses of antibiotics by randomisation group. individually: for each symptom (dysuria, frequency/
Although significantly more women received prescrip- urgency, abdominal pain) a higher symptom burden on
tions of antibiotics in the follow-up period (21.2%), the  days 0-7 was seen in the ibuprofen group (table 2).

total number receiving antibiotics was lower in the ibu- With a mean duration of 5.6 days, symptoms lasted
profen group by 64.7% (P<0.001, table 2). about a day longer in the ibuprofen group. On day

Table 2 | Summary of primary and key secondary outcomes in women with uncomplicated urinary tract infection randomised to ibuprofen or fosfomycin.
Figures are numbers (percentage) of women unless stated otherwise

Ibuprofen (n=241) Fosfomycin (n=243) % mean difference (95% Cl) Pvalue
Primary endpoints
Women who received antibiotics:
Total 85 (35) 243 (100) —64.7 (-70.7 to =58.7) <0.001
By randomisation 0(0) 243 (100) -100 —
During follow-up (all)* 85 (35) 34 (14) 21.2 (13.8t028.7) <0.001
During follow-up (for UTI) 75 (31 30 (12) 18.8 (11.6 t0 25.9) <0.001
Mean (SD) symptom burden day 0-7t 17.3 (11.0) 121 (8.2) 5.3 (3.5t07.0) <0.001
Secondary endpoints
Adverse events in patients:
Patients reporting serious adverse events# 4 (2) 0(0) 17(0.0t03.3) 0.06
Serious adverse events probably drug related 1(0.4) 0(0) 0.4 (=0.4t01.2) 0.32
Patients reporting adverse eventst 42 (17) 57 24) —6.0 (-13.2to0 1.1) 012
Relapses/complications:
All recurrent UTI until day 28 27 (11) 34 (14) -2.8(-8.7t03.1) 0.41
Early relapse of symptoms (up to day 14)§ 13 (5 73) 2.5(-1.0t0 6.1) 0.18
Recurrence of UTI (day 15-28)§ 14 (6) 27 (11) —5.3(-10.2t0 -0.4) 0.049
Pyelonephritis§ 5(2) 1(0.4) 1.7 (-0.3t0 3.6) 0.12
Febrile UTI/ (day 0-7)§ 3(1) 0 1.2 (-0.2t02.6) 0.12
Worsening symptoms (day 0-7)§ 803 5(2) 13 (-1.6t04.1) 0.42
Patients without symptoms day 48§ 91/234 (39) 129/229 (56) —17.4 (-26.4 to —8.5) <0.001
Patients without symptoms day 71 163/232 (70) 186/227 (82) —11.7 (<19.4 to =4.0) 0.004
Mean (SD) symptom duration after randomisation (days) 5.6 (2.2) 4.6(2.2) 0.98 (0.59t0 1.38) <0.001
Mean (SD) symptom burden day 0-4t 131 (7) 10.1 (5.9) 3.0(1.9t0 4.2) <0.001
Mean (SD) symptom burden with regard to dysuria day 0-7 6.8 (4.6) 4.5 (3.6) 2.3(1.5t03.0) <0.001
Mean (SD) symptom burden with regard to frequency/urgency day 0-7 6.5 (4.1) 4.6 (3.4) 1.8 (11t02.5) <0.001
Mean (SD) symptom burden with regard to low abdominal pain day 0-7 41(4.3) 2931 1.2(0.5t01.8) 0.001
Mean (SD) activity impairment assessment day 0-7 30.3 (24.5) 19.5 (16.7) 10.8 (71 t0 14.6) <0.001

SD=standard deviation; UTI=urinary tract infection.

*Including antibiotic prescriptions for other reasons—for instance, acute bronchitis, otitis.
tDefined as area under curve (AUC) of daily symptom sum scores day 0-7.

$As rated by patients.

§As rated by general practitioners.

fISymptom free is defined as symptom sum score=0.

thelbmj | BMJ2015;351:h6544 | doi: 10.1136/bmj.h6544 5



—— lbuprofen === Fosfomycin
12 - . .

Score

Day

Fig 3 | Symptom sum score for dysuria, frequency/urgency,
and low abdominal pain on days 0-7by randomisation
group (range 0-12, intention to treat population)

four, 129 (56%) women in the fosfomycin group versus
91 (39%) in the ibuprofen group were symptom free
(P<0.001, table 3). Up to day seven these rates
increased to 82% and 70%, respectively (P<0.001,
table 3).

Women in the ibuprofen group showed slightly
higher scores in impairment of activity—that is, more of
their work or regular activities had been impaired by
the urinary tract infection (table 4, fig 5). On day seven,
2% of the women overall still felt impaired most or all
the time.

Subgroup analysis
In women with a positive result on urine culture, an
average of 0.49 antibiotic treatment courses per

Ibuprofen
o 0
)
B
=
ﬂ)
=
g 15
-9
10
5
O . -
Fosfomycin
[
)
s
o
[
=
3
o
- -
0 10 20 30 40 50 60

Symptom sum scores day 0-7 (AUC)

Fig 4 | Distribution of area under curve (AUC) of symptom
sum scores for dysuria, frequency/urgency, and low
abdominal pain on days 0-7 by random group (intention to
treat population)
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patient was prescribed in the ibuprofen group versus
1.18 per patient in the fosfomycin group, correspond-
ing to a reduction by 58.5% (95% confidence interval
49.8% to 67.0%, P<0.001). In women with a negative
result 0.10 antibiotic treatment courses per patient
were prescribed in the ibuprofen group versus 1.11 in
the fosfomycin group—that is, a reduction by 90.7%
(74.3% to 99.9%, P<0.001). Symptom burden in
patients with negative urine culture results did not dif-
fer significantly, whereas in patients with positive
results, the ibuprofen group again showed a higher
burden of symptoms (figs 6 and 7). In contrast with the
ibuprofen group there was no difference in the symp-
tom burden between those with positive and those
with negative results on urine culture in the fosfomy-
cin group (fig 8). Table 5 shows differences between
women with positive and negative results on urine cul-
ture at baseline.

Safety

The number of complications differed between groups:
there were five cases of pyelonephritis in the ibuprofen
group and one in the fosfomycin group (P=0.12). Women
who developed pyelonephritis had a higher initial
symptom score than average (7.5 versus 6). Five women
with pyelonephritis consulted their general practi-
tioners with symptoms of upper urinary tract infection
(fever, loin tenderness) in the first seven days; one at
day 16. Figure 9 shows the courses of symptoms in
women with pyelonephritis. All women were treated as
outpatients and recovered fully.

The rate of recurrent urinary tract infection was com-
parable in both groups. There were, however, signifi-
cantly more recurrences after day 14 in the fosfomycin
group (11% versus 6% in the ibuprofen group, P=0.049,
table 2). Of these, 5/14 (36%) women in the ibuprofen
group had a prior history of recurrent urinary tract
infections compared with 16/27 (60%) in the fosfomycin
group. In contrast, more women in the ibuprofen group
had early relapses of symptoms (up to day 14), but the
difference was not significant. (5% versus 3%; P=0.18,
table 2).

There were no significant differences between groups
in adverse events not related to urinary tract infection.
In the fosfomycin group 57/243 women reported 64
adverse events, whereas in the ibuprofen group 42/241
reported 51 adverse events. Gastrointestinal symptoms
(nausea, diarrhoea) were reported more often in the fos-
fomycin group (15 versus 6). Rashes or vaginal thrush
were rare (table 6).

Four patients in the ibuprofen group reported seri-
ous adverse events that required hospital admission.
One (gastrointestinal haemorrhage) was likely to be
drug related; the other three were considered to be
unrelated to the drugs (table 7). The woman with
gastrointestinal haemorrhage turned out to have an
undetected stomach ulcer and alcohol induced
hepatitis. Because of a misunderstanding and curi-
osity, and without having symptoms, one woman
unblinded herself using the pharmacy emergency
number.

doi: 10.1136/bm;j.h6544 | BMJ 2015;351:h6544 | thebmj
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Table 3 | Patients without symptoms* on day 1-7, intention to treat population of women
with uncomplicated urinary tract infection randomised to ibuprofen or fosfomycin.
Figures are numbers (percentage) of women unless stated otherwise

Day without Ibuprofen Fosfomycin % mean difference

symptoms (n=241) (n=243) (95% CI) Pvalue
1 12/240 (5) 21/231(9) —4.1 (-8.7t0 0.5) 0.10

2 30/237 (13) 45/230 (20) —6.9 (-13.6 t0 0.3) 0.045
3 57/237 (24) 101/230 (44) —-19.9 (-28.3 to —11.5) <0.001
4 91/234 (39) 129/229 (56) —17.4 (-26.4 t0 —8.5) <0.001
5 118/234 (50) 152/229 (66) —15.9 (-24.8to 7.1) 0.001
6 133/233 (57) 178/227 (78) —21.3 (29.6 to —13.0) <0.001
7 163/232 (70) 186/227 (82) —11.7 (<19.4 to —4.0) 0.004

*Defined as symptom sum score=0.

Table 4 | Assessment of impairment of activity on day 0-7, intention to treat population of
women with uncomplicated urinary tract infection randomised to ibuprofen or
fosfomycin. Figures are mean (SD) scores

AlA sum % mean difference

score day* Ibuprofen (n=241) Fosfomycin (n=243) (95% Cl) Pvalue
0 9.6 (5.4) (N=241) 8.9 (5.5) (n=238) 0.6 (-0.3t01.6) 0.20

1 7.4 (5.7) (n=240) 6.8 (5.5) (n=231) 0.6 (0.4 t01.6) 0.24

2 5.6 (5.4) (n=237) 3.5 (4.4) (n=230) 2.1 (1.2t03.0) <0.001
3 3.9 (4.8) (n=237) 1.9 (3.4) (n=230) 20(01.3t02.8) <0.001
4 3.2 (4.8) (n=234) 1.1 (2.9) (n=229) 21 (1.4t02.8) <0.001
5 2.6 (4.7) (n=234) 0.8 (2.4) (n=229) 1.8(1.2t0 2.5) <0.001
6 2.1 (4.4) (n=233) 0.6 (2.4) (n=227) 1.5(0.8t02.1) <0.001
7 1.6 (3.5) (n=232) 0.6 (2.3) (n=227) 1.0 (0.5t0 1.6) <0.001

*Activity impairment assessment (AIA) sum scores for five items day 0-7 (range 0-20).

Non-participants

Non-participants reported higher symptom scores than
participants at baseline (8.9 versus 6.0). They had
symptoms for longer before visiting the practice, had
more recurrent urinary tract infections, and felt more
impaired in their daily activities (table 8).

Discussion

Principal findings

While initial symptomatic treatment with ibuprofen
reduced the overall number of antibiotic treatment
courses in women with uncomplicated urinary tract infec-
tion by 67%, compared with immediate antibiotic treat-
ment with fosfomycin, this strategy resulted in higher
burden of symptoms and more cases of pyelonephritis.

—— |lbuprofen === Fosfomycin

Score

Fig 5| Sum scores for assessment of activity impairment
related to urinary tract infection (5 items, range 0-20,
intention to treat population)
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Fig 6 | Symptom sum score for women with negative results
on urine culture (subgroup analysis, n=111, intention to
treat population) on days 0-7
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Fig 7 | Symptom sum score for women with positive results
on urine culture (subgroup analysis, n=360, intention to
treat population) on days 0-7

Two thirds of the women in the ibuprofen group,
however, recovered without antibiotic treatment.
Within 28 days, 34% of the ibuprofen group received
antibiotic treatment for persistent or worsening symp-
toms compared with 14% of the fosfomycin group.
These findings are similar to data in the pilot study.'® In
our trial, lower antibiotic consumption was “bought” at
the expense of a higher burden of symptoms until day
seven in the ibuprofen group, with an area under the
curve ratio of 140%. Although, to our knowledge, ibu-
profen has not previously been compared with placebo

—— UTl positive === UTl negative
12 .
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Fig 8 | Symptom sum score for women in fosfomycin group
with positive versus negative results on urine culture
(subgroup analysis, n=234, intention to treat population)
on days 0-7
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Table 5 | Baseline data from women with proved urinary tract infection (UTI): positive
versus negative results on urine culture

UTI positive UTI negative
Characteristics (n=360) (n=111) All (n=471)
Mean (SD) age (years) 377 (14.5) 35.8 (14.2) 373 (14.4)
Median (IQR) age (years) 36.0 (24.0-49.0) 33.0 (23.0-45.0)  35.0 (24.0-49.0)
No (%) with recurrent UTI 66/357 (19) 25/110 (23) 91/467 (20)

Urinary tract infection symptoms

Mean (SD) symptom duration score

5.2 (2.2) (h=359)

4.7 (2.3) (n=111)

5.1 (2.2) (n=470)

Mean (SD) symptom severity score

6.2 (2.3) (1=358)

5.5 (2.4) (1=110)

6.0 (2.3) (=468)

Median (IQR) symptom severity score 6.0 (5.0-8.0) 5.5 (4.0-7.0) 6.0 (4.0-8.0)
Mean (SD) dysuria 2.4 (1.0) (n=358) 1.9 (1.2) (110) 2.3 (1.1) (h=468)
Median (IQR) dysuria 3.0 (2.0-3.0) 2.0 (1.0-3.0) 3.0 (2.0-3.0)
Mean (SD) 2.4 (1.1) (n=358) 2.2(1.0) (n=110) 2.4 (1.1) (n=468)
Median (IQR) frequency/urgency score 2.0 (2.0-3.0) 2.0 (1.0-3.0) 2.0 (2.0-3.0)
Mean (SD) lower abdominal pain score 1.4 (1.1) (n=358) 1.3 (1.1) (h=110) 1.4 (1.0) (n=468)
Median (IQR) lower abdominal pain score 1.0 (0-2.0) 1.0 (0-2.0) 1.0 (0-2.0)

No (%) with dysuria

338/358 (94)

92/110 (84)

430/468 (92)

No (%) with frequency/urgency

345/358 (96)

107/110 (97)

452/468 (97)

No (%) with low abdominal pain

251/358 (70)

80/110 (73)

331/468 (71)

Mean (SD) activity impairment score

9.4 (5.4) (n=358)

8.8 (5.7) (n=109)

9.3 (5.5) (n=467)

Median (IQR) activity impairment score

10.0 (5.0-13.0)

9.0 (4.0-12.0)

10.0 (5.0-13.0)

No (%) with dipstick results:

Leukocytes positive

316/360 (88)

82/111 (74)

398/471 (85)

Erythrocytes positive

292/360 (81)

73/111 (66)

365/471 (78)

Nitrite positive

83/360 (23)

12/111 (11)

95/471 (20)

SD=standard deviation; IQR=interquartile range.

in women with urinary tract infection, it is likely to be
effective for symptom relief. While in our trial 67% of
women in the ibuprofen group recovered without anti-
biotics, in a previous randomised controlled trial com-
paring antibiotics with placebo 54% of those in the
placebo group recovered® and in another trial 28%
recovered without any antibiotics within a week.’® A
protocol on a similar urinary tract infection trial has
been published recently, comparing mecillinam with
ibuprofen in a higher dose (3x600 mg).?8

As for safety aspects, there were more cases of pyelone-
phritis in the ibuprofen group, and the same trend was
observed in worsening symptoms, febrile urinary tract
infections, and symptoms of early relapse (up to day 14).
Few data exist on the epidemiology of pyelonephritis.>?
In a meta-analysis of randomised controlled trials com-
paring placebo with antibiotics, the incidence of pyelone-
phritis ranged from 0.4% to 2.6% of all urinary tract

—— lbuprofen === Fosfomycin
12

Score

Fig 9 | Symptom scores of women with pyelonephritis
according to treatment with ibuprofen or fosfomycin on
days 0-7

infections.3® The pyelonephritis rate in the ibuprofen
group in our trial was comparably high (2.1%). As the
study was not powered to detect significant differences
for pyelonephritis, it remains unclear whether this is acci-
dental or due to the lack of antibiotic treatment or possi-
bly due to an effect of ibuprofen on the urogenital system.
Further research on this particular outcome is needed.

In our trial, ibuprofen was used to ease symptoms of
urinary tract infection. An additional antimicrobial effect
against E coli has been postulated by Obad and col-
leagues but could not be confirmed.?' Currently the same
hypothesis is being investigated by Vik and colleagues.?®

Recurrent urinary tract infections (day 14-28) were
more common in the fosfomycin group. This could be
because more women with a history of recurrent uri-
nary tract infection were randomised into the fosfomy-
cin group. Additionally, antimicrobial treatment might
result in recurrent urinary tract infections: in a recent
trial women with asymptomatic bacteriuria treated with
antibiotics had significantly higher rates of subsequent
symptomatic urinary tract infection during 12 months’
follow-up than untreated women.??

For external validity and to comply with routine gen-
eral practice, we chose a symptomatic approach as rec-
ommended in primary care guidelines.”83 Therefore,
we did not wait for culture results before inclusion and
randomisation, and women with negative results on
culture remained in the trial. Symptoms and results of
urine tests, including the number of negative urine cul-
tures at inclusion, were comparable with other trials in
primary care.'63435> A subgroup analysis stratified for
urine culture results in the ibuprofen group showed sig-
nificant differences in both co-primary outcomes:
women with negative results showed significantly lower
symptom burden, and antibiotic use was significantly
more reduced in women with positive culture results.
Although this was a subgroup analysis, and hence
hypothesis generating, these results suggest that urine
culture results largely predict the (individual) benefit of
antibiotics, though a considerable proportion of those
with a positive results did not need antibiotics anyway.
Proof of bacterial growth might usefully be included in
future antibiotic strategies to curtail unnecessary pre-
scriptions. If sufficiently reliable, point of care tests
could reduce the time to targeted treatment compared
with conventional culture results, which are available
only after several days. A European trial is testing the
effectiveness of a point of care test for urinary tract
infection with results available within 24 hours in gen-
eral practices.?® Further studies could also provide
information on which women with positive test results
would require antibiotics and which are likely to
recover with symptomatic treatment.

The overall rates of adverse events were comparably
low in both groups. The only serious adverse event
related to the drug in the ibuprofen group was a gastro-
intestinal haemorrhage in a woman with alcohol dis-
ease, undetected stomach ulcer, and alcohol induced
hepatitis. Although rare in otherwise healthy younger
women, risks for this serious side effect should be
assessed carefully before ibuprofen is prescribed.

doi: 10.1136/bm;j.h6544 | BMJ 2015;351:h6544 | thebmj
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Table 6 | Details on adverse events, intention to treat population of women with uncomplicated urinary tract infection randomised to ibuprofen or

fosfomycin

Classification* Ibuprofen (n=241) Fosfomycin (n=243)
Certain infections and parasitic diseases—such as unspecified viral infection, worms 3 0
Diseases of blood and blood forming organs—such as anaemia — 1
Endocrine, nutritional and metabolic diseases—such as goitre 1 —
Mental and behavioural disorders—such as grief, psychosomatic disorders 2 3
Diseases of the nervous system—such as headache, migraine 3 2
Diseases of the genitourinary system—such as vaginal thrush, local infection 3 1
Diseases of eye and ear—such as unspecific eye lid swelling, otitis, tinnitus 3 5
Diseases of circulatory system—such as hypertonia — 1
Diseases of respiratory system—such as upper/lower respiratory infections, asthma 13 12
Diseases of digestive system—such as, nausea, diarrhoea, abdominal pain, vomiting 6 15
Diseases of skin—such as allergy, rash, naevi, eczema, photodermatosis 3 4
Diseases of musculoskeletal system—such as back pain, shoulder syndrome, cervical syndrome 12 14

Injuries and other external causes—such as fall, insect bites

Symptoms not elsewhere classified—such as abnormal transpiration, non-specific symptoms

-
N

Total No of adverse events

N
o
s

*Classification corresponds to international statistical classification of diseases and related health problems (ICD).

Table 7 | Details of serious adverse events in women with uncomplicated urinary tract
infection randomised to ibuprofen or fosfomycin

Beginning (days from Hospital

Diagnosis Age (years) randomisation) admission Trialdrug
Bleeding gastric ulcer 58 22 Yes Ibuprofen
Cardiac palpitations 37 1 Yes Ibuprofen
Missed miscarriage* 18 63 Yes Ibuprofen
Acute appendicitis 21 18 Yes Ibuprofen

*One woman assigned to ibuprofen group proved to be pregnant despite negative pregnancy test result at
inclusion. Both GP and gynaecologist thought miscarriage was not associated treatment drug.

Strength and limitations
We were able to enrol more than half of all potentially
eligible women, ensuring external validity. While the col-
lection of baseline data from non-participants was a
strength of our study, comparison showed that inclusion
was biased towards patients with less severe symptoms.
This could be caused by self selection, with women with
more severe symptoms expressing a preference for anti-
biotics or general practitioners perceiving sicker patients
as unsuitable for the trial.?” Results therefore have to be
interpreted carefully as they might apply only to patients
with mild to moderate symptoms rather than all women
with an uncomplicated urinary tract infection.

Another limitation was that both symptom score and
the resulting measurement of the area under the curve

Table 8 | Baseline data of participants and non-participants with uncomplicated urinary
tract infection. Figures are number (percentage) of women unless stated otherwise

Characteristics Participants (n=484) Non-participants (n=519) Pvalue
Duration of symptoms (days):
<1 99/480 (20) 108/511 (21) 0.84
1-2 184/480 (38) 147/511 (29) 0.001
>2-7 148/480 (31) 192/511 (38) 0.03
>7 49/480 (10) 64/511 (13) 0.25
Mean (SD) symptom severity at 6(2.3) 8.9(2.7) <0.001
baseline
Mean (SD) activity impairment 9.3 (5.5) 14.4 (5.5) <0.001
assessment at baseline
Recurrent UTI 96/479 (20.0) 127/481 (26.4) 0.02

SD=standard deviation; UTI=urinary tract infection.

thelbmj | BMJ2015;351:h6544 | doi: 10.1136/bmj.h6544

were not validated, and the relevance for affected
patients was not formally proved. In our pilot study the
primary outcome had been symptom resolution at day
4. This did not adequately feature the severity of symp-
toms or their duration beyond day 4. We therefore chose
the area under the curve of symptom sum score up to
day 7 as a pragmatic comprehensive outcome that sum-
marises the aspects of symptom severity and duration
relevant to patients, instead of focusing on a single
aspect at a prespecified point in time. The validated dis-
ease specific activity impairment score showed similar
courses.

To further improve outcome measures in future trials,
patients’ experiences and preferences have to be
assessed carefully. Patients should be involved in the
development of scores and outcomes. As shown in pre-
vious trials, the strategy of delayed prescription could
be a welcome and safe alternative for patients who are
willing to try treatment other than with antibiotics but
want to avoid a reconsultation. This strategy did not
reduce antibiotic consumption as effectively as in our
trial, but the rate of complications was lower.38

The higher rate of pyelonephritis and the fact that
more women experienced worsening symptoms and
febrile urinary tract infection when treated with ibupro-
fen needs to be assessed further in controlled trials with
larger patient samples. Furthermore, factors associated
with successful symptomatic treatment—particularly in
patients with positive results on urine culture—should
be analysed to develop a decision aid as a tool for phy-
sicians and patients to assess whether to treat symp-
tomatically or not.

Conclusions

We have to reject the hypothesis of non-inferiority of ini-
tial symptomatic treatment, and we cannot generally
recommend the ibuprofen first approach. This treatment
option, however, can be discussed with women with
mild to moderate symptoms in a shared decision making
approach or within a strategy of delayed prescription.
Future research is needed to identify patients for whom

9
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symptomatic treatment is sufficient as it has the poten-
tial to considerably reduce the number of antibiotic pre-
scriptions for women with mild to moderate symptoms
of urinary tract infection, in particular those with nega-
tive results on culture.
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