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Chapter 3

Abstract

Background

In adults with febrile urinary tract infections (fUTIs), data on optimal treat-
ment duration are limited, especially in men, the elderly and patients with
comorbidities.

Methods

A randomized placebo-controlled double-blind multicenter non-inferiority trial
among 35 primary care centers and 7 emergency departments of regional
hospitals in the Netherlands. Consecutive women and men aged =18 years
with a presumptive diagnosis of community-acquired fUTI were randomly
assigned to receive ciprofloxacin 500 mg orally twice daily for 7 days or for
14 days.

The primary endpoint was the clinical cure rate through the 10- to 18-day
post-treatment visit.

Results

Of 357 patients included, 200 were eligible for randomization; 97 patients
were randomly assigned to 7 days of ciprofloxacin and 103 patients to 14
days of ciprofloxacin. Overall, in an intention to treat analysis, clinical cure
occurred in 85 (90%) patients treated for 7 days and in 94 (95%) of those
treated 14 days (difference 4.5%; 90% CI -1.7 to 10.7; p=0.114, non-
inferiority confirmed). In women, clinical cure was 94% and 93% in those
treated for 7 and 14 days, respectively (47 of 50 vs 54 of 58; p=0.426). In
men, however, clinical cure was 86% after 7 days treatment and 98% in
those treated 14 days (38 of 44 vs 40 of 41; p=0.031).

Conclusions
In women including postmenopausal women and those with comorbidities,
fUTI can be treated successfully with oral ciprofloxacin for 7 days. In men,
7 days of antibiotic treatment for fUTI is inferior to a 14-day course of oral
ciprofloxacin.

60



Treatment duration of febrile UTI (FUTIRST-trial)

Introduction

In the last decade, treatment of urinary tract infection (UTI) has become
more complicated by rising antimicrobial resistance of Enterobacteriaceae,
the most common uropathogens.[1] With a scarcity of new antimicrobial
classes in the development pipe-line, it is essential to develop strategies
to maintain effectiveness of available antimicrobials.[2] Therefore, among
strategies to control resistance, the determination of an optimal duration
of treatment is essential in addition to optimization of diagnostics to target
treatment and antibiotic stewardship concerning antibiotic choice and dose.
Shortening of antimicrobial therapy will lead to less selection pressure on the
gut microbiome with benefits to both the individual patient as well as eco-
logical environment including reduction of antibiotic resistance development.
[3] Even in @ common infection like UTI, there is a scarcity of controlled
randomized studies that address minimal yet optimally efficacious duration
of UTI treatment. With respect to febrile UTI (fUTI) or acute pyelonephritis,
trials have usually focused on young women with uncomplicated UTI and
have addressed optimal treatment duration by comparing the same drug
for different durations of therapy, or compared various treatment durations
of different antimicrobial agents. Recently, a randomized placebo-controlled
trial showed that community-acquired acute uncomplicated pyelonephritis
in women of all ages can be safely and efficaciously treated with oral cipro-
floxacin for 7 days.[4] Clearly, such findings need to be extended to men and
patients with significant comorbidities. In the present investigator-initiated
randomized trial of treatment duration, we use fUTI as the clinical syndrome
of interest because this is a broadly recognized specific clinical presentation
of patients. Consecutive patients with fUTI were included, including men and
women with comorbidities, and treated with ciprofloxacin for 7 days or 14
days. The aims of the study were to compare clinical and bacteriological cure
both at short term and long term.

Methods

Study design and patients

We conducted a randomized placebo-controlled double-blind multicenter
non-inferiority trial; the protocol has been published previously.[5]
Consecutive women and men aged 18 years or older with a presumptive
diagnosis of community-acquired fUTI established by primary care physician
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or on presentation at hospital’s emergency department (ED) were recruited.
Eligible patients had all of the following criteria: fever of > 38.2°C and/or
a history of feeling feverish with shivering or rigors in the past 24 hours,
one or more symptoms suggestive of UTI (i.e. dysuria, frequency, urgency,
perineal or suprapubic pain, costovertebral tenderness or flank pain) and
positive urine nitrate test and/or pyuria (positive leucocyte esterase test
or >5 leucocytes per high-power field in a centrifuged sediment). Patients
enrolled were competent to provide written informed consent. Exclusion cri-
teria for study entry were: known allergy to fluoroquinolones, pregnancy or
lactation, polycystic kidney disease, permanent renal replacement therapy,
kidney transplantation, residence outside The Netherlands and inability to
speak or read Dutch.

Contra-indications for randomization were: isolation of ciprofloxacin-resistant
causal uropathogen, presence of renal abscess, metastatic infectious foci
or underlying chronic bacterial prostatitis as defined by recurrent UTI with
the same uropathogen. Patients enrolled with fUTI but not randomized to
trial medication, remained in the observational part of the study to assess
outcome.

The independent medical ethics committees of the participating centers
approved the study protocol. The trial was registered at ClinicalTrials.gov
[NCT00809913] and trialregister.nl [NTR1583].

Randomization and antimicrobial treatment

Patients were randomized in a 1:1 ratio stratified per center and sex, to
receive either a 7-day or a 14-day regimen of antimicrobial treatment. In
the second week, treatment was continued double-blinded, with either cip-
rofloxacin 500 mg or placebo orally twice daily, according to randomization
code. In inpatients, the treating physician could administer discretionary
empirical intravenous antibiotics at the start of treatment according to local
guidelines (in all hospitals participating: a p-lactam antibiotic £ aminogly-
coside). These patients were switched as soon as deemed possible to open
label oral ciprofloxacin (non-blinded) up to the 7" day after inclusion. The
decision whether to treat as outpatient or inpatient, was made by the attend-
ing physician based on clinical judgment.

Further details upon randomization, trial medication, microbiological meth-
ods and study procedures are previously published.!!
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Main outcome measures

The primary endpoint was the clinical cure rate through the 10- to 18-day
post-treatment visit (short-term clinical cure). Clinical cure was defined as
being alive with absence of fever and resolution of UTI symptoms (either
absence of symptoms or at least 2 points improvement on a 0 through 5
points severity score), without additional antimicrobial therapy (for relapse
of UTI). Secondary outcome measures were bacteriological cure through the
10- to 18-day post-treatment visit, clinical cure rate through the 70- tot
84-day post-treatment visit (cumulative clinical cure), all-cause mortality,
adverse event rate determined 10-18 days and 70-84 days post-treatment,
and rate of UTI relapses. In addition, outcome measures were analyzed as
stratified by specific subgroups (i.e., men, patients with complicated UTI,
postmenopausal women, patients with any comorbidity and bacteremic UTI).
Bacteriologic cure was defined as eradication of the study entry uropathogen
with no recurrence of bacteriuria (pathogen growth <10* cfu/mL in women
or <10° cfu/mL in men of a midstream urine culture combined with disap-
pearance of leucocyturia).[6]

Statistical analysis

The primary endpoint was analyzed on the intention-to-treat (ITT) popula-
tion, including all randomized patients who received at least one dose of the
study drug, and on the per-protocol (PP) population, including all randomized
patients who had been given the study drug for a minimum of 24 hours (in
case of treatment failure) or who had been taken at least 80% of the study
drug (in case of clinical cure).

The study sample size was calculated on the basis of a clinical cure rate of
10 percentage points lower at short-term follow-up in the 7-day treatment
arm with the assumption of a 90% clinical cure rate in patients treated for
14 days.[7, 8] We adopted 10% as the margin of non-inferiority as sug-
gested previously.[9] As we are only interested in non-inferiority and not in
equivalence, the sample size calculation was based on a one-tailed alpha of
0.05. Assuming a non-inferiority margin of 0.10, 1-tailed alpha of 0.05 and a
power of 0.90, the required sample size per group was 200. This implies that
the 90% confidence interval of a two-tailed Chi-square test should not cross
the predefined risk difference of 10% lower clinical cure rate, or equivalently,
the one-sided p-value is less than the 0.05 significance level.[10] Interim
analyses were done after randomization of 100 and 200 patients. After the
second interim analysis, the principal investigators, who obviously were still
blinded with respect to treatment allocation, noted that the overall cure rate
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was 92% implying that the trial already had reached sufficient power (e.g.
comparable with the power in a recently published similar trial).[4] Besides
this, the overall cure rate was remarkably different for women and men (94%
versus 91%). For men the principal investigators estimated and concluded
the trial would likely end in futility, since the high overall cure rate in men was
considered to be unlikely unless very large differences in cure rate between

Table 1. Baseline characteristics of 357 patients with febrile urinary tract infection

Randomized (n=200)

Ciprofloxacin for

Ciprofloxacin for

Not randomized

7 days (n=97) 14 days (n=103) (n=157) p-value”

Age (years) 60 (48-72) 61 (40-73) 63 (49-75) 0.277
Male sex 44 (45%) 42 (41%) 58 (37%) 0.247
Urologic history

Indwelling urinary catheter 3 (3%) 2 (2%) 12 (8%) 0.024
Urinary tract disorder* 28 (29%) 28 (27%) 52 (33%) 0.296
Recurrent UTIA 19 (20%) 19/100 (19%) 47/147 (32%) 0.007
Comorbidity

Diabetes 12 (12%) 17 (17%) 25 (16%) 0.709
Malignancy 3(3%) 5 (5%) 17 (11%) 0.012
Heart failure 12 (12%) 6 (6%) 19 (12%) 0.340
Cerebrovascular disease 5 (5%) 5 (5%) 13 (8%) 0.210
Chronic renal insufficiency 3 (3%) 2 (2%) 10 (6%) 0.070
COPD 10 (10%) 11 (11%) 23 (15%) 0.236
Immunocompromised 3 (3%) 8 (8%) 14 (9%) 0.209
Presentation

At emergency department 59 (61%) 68 (66%) 145 (92%) <0.001
Antibiotic pretreatment 23 (24%) 29 (28%) 56 (36%) 0.048
Fever duration, hours 30 (15-48) 36 (20-60) 48 (19-96) 0.081
Dysuria 82/95 (86%) 78/102 (77%) 102/145 (70%) 0.019
Flank pain 57/96 (59%) 67/102 (66%) 91/144 (63%) 0.914
Suprapubic pain 51/96 (53%) 48/100 (48%) 72/145 (50%) 0.876
Perineal pain 4/96 (4%) 7/98 (7%) 8/140 (6%) 0.986
Outpatient treatment 45 (46%) 45 (44%) 23 (15%) <0.001
Positive urine culture 69 (71%) 68 (66%) 107 (68%) 0.944
Positive blood culture 20/88 (23%) 15/98 (15%) 45/153 (29%) 0.012
Positive urine and/or blood culture 75 (77%) 70 (68%) 118 (75%) 0.571
Initial intravenous dose(s) of antibiotics 48 (50%) 55 (53%) 133 (85%) <0.001

Data presented as number (%) or median (IQR)

* any functional or anatomical abnormality of urinary tract except urinary catheter

A >3 UTIs in past 12 months or =2 UTls in past 6 months
“ randomized (both 7 and 14 days ciprofloxacin) vs not-randomized patients
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the treatment arms were assumed. As this was considered either not-realistic
or the justification to halt trial inclusion because then non-inferiority was
evidently rejected, we decided to stop the trial at this point.

Descriptive statistics were used to describe the baseline characteristics in
each arm with Chi-square tests for binomial and categorical data and Mann-
Whitney tests for continuous data. All analyses were performed using SPSS
20.0 (SPSS Inc., Chicago, IL, USA).

Results

Between November 2008 and May 2013, 357 patients with a diagnosis of
fUTI were enrolled into the study. Of these, 200 were randomly assigned
to receive ciprofloxacin for 7 days (n=97) or 14 days (n=103). Reasons for
exclusion from randomization, ITT and PP analyses are listed in Figure 1.

Of the 157 non-randomized patients, 119 (76%) were evaluable for short-
term efficacy and 116 (74%) for cumulative efficacy.

Baseline characteristics of the study population are summarized in Table 1.
Randomized, evaluable subjects in the two treatment arms were well
matched with respect to demographic characteristics and presentation on
study entry. The 157 patients who were not randomized, generally had more
comorbidities and were more ill as more were referred to the ED. Additional
details are listed in the Supplement. Baseline urine cultures were performed
in 341 patients (96%) (Table 2). In 99 (28%) patients, urine culture showed
either no significant bacteriuria or a mixed flora; in over half of these cases
(58%), patients were pre-treated with antibiotics (in the group randomized
to 7 days of ciprofloxacin: 13 (59%), and to 14 days of ciprofloxacin: 20
(63%)); a similar percentage pertained to those not randomized: 23 (51%),
Blood cultures were obtained in 339 patients of which 80 (24%) had bactere-
mia with growth of E. coli in the majority of the cases (n=67, 84%).

Both treatment regimens resulted in a high clinical cure rate at short-term
follow-up in ITT population: 90% vs 95% in patients treated with ciprofloxa-
cin for 7 or 14 days, respectively (Table 3). The difference in short-term
clinical cure rate between both treatment arms was 4.5% (90% CI -1.7
to 10.7, p-value non-inferiority test 0.114), thus the confidence interval
surpassed the predefined non-inferiority margin of 10%. The median time
to defervescence did not differ between the two groups: 2 (IQR 1-2) days
in 7-day ciprofloxacin, 2 (IQR 1-3) days in 14-day ciprofloxacin. Short-term
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clinical cure was 85% in non-randomized patients, whereas median time to
defervescence amounted to 2 (IQR 1-3) days.

Short-term clinical cure rates were analyzed in preset subgroups of patients.
In women, short-term clinical cures for 7- and 14-day arm were 47 of 50
(94%) vs 54 of 58 (93%), respectively. In men, clinical cure rates differed
significantly between those treated for 7 or 14 days (38 of 44 [86%] vs 40 of
41 [98%], p=0.031) (Figure 2A and 2B). Clinical cure rates in patients with
stepdown treatment were 41 of 47 (87%) and 48 of 52 (92%), in 7- and 14-
day arm, respectively. Clinical cure rates were somewhat higher in patients
treated with oral ciprofloxacin right from enrollment (44 of 47 [94%] vs 46 of
47 [98%], respectively for 7- and 14-day arm). Patients with positive blood
cultures had higher clinical cure rates when treated with ciprofloxacin for 14
days compared to 7 days (15 of 15 [100%] vs 18 of 20 [90%]).

No differences were noted in cure rates between women with a complicated
fUTI treated for 7 or for 14 days (33 of 35 [94%] vs 34 of 37 [92%]).
Moreover, clinical cure rates did not differ in postmenopausal women treated
for 7 or 14 days (28 of 30 [93%] vs 31 of 33 [94%]. Detailed information on
subgroup analyses among men and women are listed in Figure 2A and 2B,
respectively. Both treatment regimens post-randomization were well toler-
ated with no differences in side effects.

Post treatment urine cultures (at day 28-32) were obtained in 93 of 94 (99%)
patients assigned to 7 days of ciprofloxacin, in 92 of 99 (93%) patients as-
signed to 14 days of ciprofloxacin, and in 109 of 119 (92%) non-randomized
patients, with the short-term follow-up visit. Bacteriologic cure was 91%
in the 7-day treatment arm, 97% in patients treated with ciprofloxacin for
14 days, and 86% in non-randomized patients (Table 3). More details upon
clinical and microbiological outcomes are listed in the Supplement.

66



Treatment duration of febrile UTI (FUTIRST-trial)

(g=u) uonedipaw

|el} Y3m Juswiealy buunp
peoige ‘(g=u) suoseal
2135160 /(9 =U) SUolIpuUOd
|e21PaW JUSLINDUOD 4
S|youd |ew] ‘| aanbi4

sish|eue |02010.d-1a4 0j papnjaul €6

24n|ie} JUSWI1LI.] JO BSNEII] BSIMIDYI0 Paleat] Sem T
ueldwodur sem T
5199442 apIs ‘dois aunjewsaud g

sisAjeue 1eaJ) 0}-UOIIUAU| 4O} B|qeSSASSe Q0T

©3U11IP JO 9SNEDI UOIIEdIPIW [BLI} 95N J0U PIp T
UOIEdIPAW (LI YIIM 31B| 00) PaYIels T

swoldwAs Jualsisiad Jo asNeIaq 9SIMISYI0 PIIeat) SeM T

pausisse se uoedIPaW [el) PaAISdAI 00T

uppexo|joudid sAep T 10} pausisse €0T

sisAjeue [030104d-134 40} papnjaul Z6

jueldwooul sem T
5192442 9pIs Jo asnedaq paddols T
UOIIEdIPAW |11} PANUIUOISIP 7

sisAjeue 3ea.3 03-uo3URIU| 104 PIPN[IUI Y6 _

dn-moj|04 03350 T _

uoEIIPAW |B14] BYE) 0] PAsNyal 7
pausisse se UOIJUIAIBIUI PAAIDIRI G6

uipexo|joidid sAep £ 1o} pausisse /6

paziwopuel sjuaied 007

*49Y10 ¥T

uoneziwopueu 0} Jolid dn-moj|o} 01 150| TE

paziwopues 10U INg ‘PaMO||0} 3q 01 paaude g7

uoI1edIPaW [BJO 9¥E]} 0] 3|qeun g

€

$s20sqe [eual Jo douasald g

uoljeziwopued jsuieSe pasiape uelisAyd Sunealy gz

111e3504d |el919eq d1U0JYd SulAlsapun €T

uagoyiedoun jueisisal-uipexojjoldd zg
papnjxa /ST

2oueIa|03ul UPEXO[j0Id

|® 10} passasse sjuaned /G¢

67



Chapter 3

0z ST

(12 %06) 8ouBIEYIP sty

ot

S

0

[eAI1UI SDUSPYUOD 3| ‘2IN3ND POOIq :Dg ‘21N Nd dULIN DN
sdnoibgns ajew dy1d>ads pue usw ul || 3|lIga4 JO d1e4 2In)) *eZ 34nbig

(1D %06) @11 81n9

oT S6 06

S8

08

SL

oL

S9

jusuneal) ooiquue skep | sinoaeq

juswieal; opoiqrue sAep / sinoAey

b

6/6
s

47171
oL/gL

eLEL
LLISL

L
SIS

57004
¥v/8E

zelee
Se/6C

SEIVE
seie

oL/oL
€L

Lene
Le/el

0z/6lL
€z/6L

L¥/0Y
¥¥/8E
u

skep y|
shep ,

skep y|
skep 2

skep |
skep 2

skep p|
shep /.

skep p|
shep /.

skep p|
shep /.

skep p|
shep /.

skep p|
shep /.

skep y|
shep 2

shep y1
skep 2

shep |
shep 2

1K 08 < 8by

1A 6.-9 9By

A $9-0G 9By

K B-gL 9By

1LN pajeoydwod

08 Jo/pue O ANISOd

BlWaIa)0Eq ON

elwalsoeg

Ajuo yusuieal [eJO

(|e10<= A1) Juswieal) umopdals

usw ||y

68



Treatment duration of febrile UTI (FUTIRST-trial)

0z ST

(10 %06) @2UBIBYIP YSiY

ot

o1~

001

06

[BAIIUI 2OUSPYUOD 3| ‘DINYND POOI] 1D ‘DINND dULIN DN
sdnoabqns ajeway dy1dads pue USWOM Ul |1 31403 JO d1ei dInD ‘g 24nbig

10 %06

08

SL

oL

S9

juswjeal) opoiqrue skep | sinoaey

juswjeal) opoiqnue skep L sinoaey

-

£l

L 3

Siy
€/

8L/LL
vLeL

oL/oL
€L

se/ee
oz/el

€E/LE
0€/82

LEIVE
Se/ee

L8/5€
8E/SE

vyioy
ov/LE

0L/0L
LL

oe/se
9z/se

z€/62
velee

89/
0S/LY

u

shep 1
shep £

shep p|
shep £

shep |
shep

shep p|
skep

skep v
shep £

skep pi
shep £

shep |
shep

shep yL
shep £

shep |
shep £

shep yL
shep £

shep |
shep

shep y1
shep £

A 08 2 8By

K 62-G9 9By

K $9-0 9By

A 6v-g 9By

(4K 0 2) |esnedousunsod

1LN pajeoydwod

O J0/pue O BANISOd

elweIsloeq ON

elwaisioeg

Auo yuswyeay) 10

(les0<= A1) yuewieal) umopdals

uawiom Iy

69



Chapter 3

Table 2. Urine culture results at entry*

Randomized
Not randomized

Ciprofloxacin for 7 days Ciprofloxacin for 14 days

Escherichia coli 65 (68%) 65 (59%) 85 (51%)
Klebsiella spp. 2 (2%) 4 (4%) 13 (8%)
Proteus spp. 1(1%) 6 (5%) 6 (4%)
Pseudomonas aeruginosa - - 2 (1%)
Enterococcus spp. 1(1%) - 8 (5%)
Staphylococcus spp. - - 1 (1%)
OtherA 3 (3%) 3 (3%) 8 (5%)
None or contaminated culture 22 (23%) 32 (29%) 45 (27%)

Data presented as number (%). Urine culture performed in: 7 days ciprofloxacin: 91 (94%), 14 days ciprofloxacin:
100 (97%), non-randomized: 150 (96%)

* some patients had multiple isolates; ciprofloxacin 7 days: n=6, ciprofloxacin 14 days: n=10, not randomized n=17
A ciprofloxacin 7 days: Proteus mirabilis (1), Citrobacter sedlakii (1), Citrobacter koseri (1), Candida spp. (2)
ciprofloxacin 14 days: Morganella morganii (1), B-hemolytische streptokok group B S. agalactiae (2)

not randomized: Serratia marcescens (1), B-hemolytic streptococci group B (1), Enterobacter cloacae (1), Streptococ-
cus bovis (1), Citrobacter koseri (1), Morganella morganii (1), Proteus mirabilis (1), B-hemolytische streptokok group A
(1)

Table 3. Clinical and bacteriologic outcomes in the intention-to-treat and per-protocol population

Randomized Non- Not
Ciprofloxacin Ciprofloxacin Difference inferiority randomized
for 7 days for 14 days (90% ClI) test p-value population
Intention-to-treat (n=94) (n=100)
population
Short-term efficacy (n=94) (n=99) (n=119)
Clinical cure 85 (90%) 94 (95%) 45%(-1.7t0 10.7) 0.114 101 (85%)
Bacteriologic cure 86/93 (91%) 89/92 (97%) 43%(-1.2t09.8) 0.101 94/109 (86%)
Cumulative efficacy (n=94) (n=94) (n=116)
Clinical cure 87 (93%) 86 (91%) -1.1% (-7.6t0 5.5) 0.394 88 (76%)
Per-protocol population  (n=92) (n=93)
Short-term efficacy (n=92) (n=92) NA
Clinical cure 83 (90%) 87 (95%) 4.3% (-2.1t0 10.8) 0.135
Bacteriologic cure 84/91 (92%) 83/86 (97%) 4.2%(-1.5t0 10.0) 0.114
Cumulative efficacy (n=92) (n=87)
Clinical cure 85 (92%) 79 (91%) -1.6% (-8.5t05.3) 0.352

Data presented as number (%), unless otherwise indicated. NA: not applicable.

Short-term efficacy: endpoints assessed at 10- to 18-days post-treatment visit.

Clinical cure: being alive with absence of fever and resolution of UTI symptoms through post-treatment visit with
no additional antimicrobial therapy for a relapse of UTI prescribed.

Bacteriologic cure: elimination of study entry uropathogen or pathogen growth <1074 colony forming units/mL
(women) or <1043 colony forming units/mL (men) combined with disappearance of leucocyturia.

Cumulative efficacy: endpoint assessed at 70- to 84-days post-treatment visit.
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Discussion

Our findings show that community-acquired febrile urinary tract infection
can be safely and efficaciously treated with oral ciprofloxacin for 7 days in
women, including the elderly with significant comorbidity, and irrespective
of severity of disease at presentation. However in men, the 7-day treatment
was significantly inferior to 14 days of treatment.

The main strength of this trial is its pragmatic nature reflecting daily clini-
cal practice with the inclusion of consecutive patients with fUTI, both men
and women, irrespective of age and underlying medical conditions, with the
notable exception of those with severe kidney disease, antibiotic allergy and
pregnancy. Several hospitals were involved, including a referral university
hospital, and general practitioners who enrolled about one fourth of our
patients. Therefore, patients recruited into the study are considered repre-
sentative of individuals with acute community-acquired fUTI, encompassing
acute pyelonephritis and prostatitis. Of note, the findings hold for both the
intention-to-treat and the per protocol analysis, underlying the high compli-
ance by patients randomized with respect to the treatment protocol and
precluding that poor study procedures may have concealed differences in
patient management.

In contrast, the group of patients who were not randomized (because of
the isolation of ciprofloxacin-resistant causal uropathogen, renal abscess or
underlying chronic bacterial prostatitis) had a significantly higher treatment
failure rate.

Our study lacks statistical power to draw confident conclusions on the vari-
ous subgroups because of the limited number of patients enrolled. However,
further enrollment was precluded by the already significant difference in
outcome between 7 and 14 days of treatment in the male subgroup.

Our findings extend recent findings of a highly similar controlled random-
ized study done in women with acute pyelonephritis in Sweden, showing
non-inferiority of 7 and 14 days of antimicrobial treatment.[4] Although that
study did not exclude the elderly or those severely ill, their patient group
was younger with less comorbidity and complicated UTI than that enrolled
in our study.

In men, our results indicate an increase in rate of clinical and bacteriological
treatment failure after the 7-day treatment as compared to 14 days. Of note,
this lack of efficacy could not be attributed upfront to a propensity of pros-
tatitis in men, as the difference was especially clear in those men presenting
with clinically evident costovertebral tenderness, although the number of
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cases constrained a purposeful exploration of subgroups. Given the identical
efficacy of the 7-day and 14 -day treatment in women, and the absence of
a relation with manifest or possible prostatitis as reason for the inferiority of
7-day treatment in men, our findings cannot reliably explain this outcome.
There is a lack of studies on optimal treatment duration of fUTI in men. One
study directly compared different treatment duration in an open, prospective
and randomized trial in 72 men with community-acquired fUTI showing simi-
lar bacteriological cure rates with ciprofloxacin 500 mg orally twice daily for
either 2 or 4 weeks.[11] Similarly, a randomized, double-blind trial in Swe-
den lent support for the efficacy of 14 day treatment with fluoroquinolones
in men.[12] Taken together, the studies confirm that at present, a 14-day
treatment regimen of fluoroquinolones is the minimum period necessary for
optimal therapy of fUTI in men. Recently however, a retrospective analysis
of a large database of male veterans indicated that more than 7 days of
antibiotic treatment (the vast majority being treated with ciprofloxacin) was
not associated with a reduction of UTI recurrence.[13] In addition, this study
showed that treatment with B-lactams was associated with a higher risk of
recurrence as compared to fluoroquinolone treatment. Furthermore, they
showed that UTI recurrence was independently associated with comorbidities
and age. As in our study about half of the patients were initially treated with
a B-lactam intravenously, implying less penetration into the prostrate,[14]
this may have influenced our results and possibly this may explain the larger
difference in cure rates within the subgroup of men with stepdown treat-
ment. Interestingly, in line with this we found no significant difference in men
who were solely treated with ciprofloxacin whereas in men aged less than
50 years, there was a similar cure rate with antibiotic treatment for 7 or 14
days. Future studies should address whether in men less than 50 years, fUTI
can be efficaciously treated with 7 days of ciprofloxacin.

Given the consistency of our findings and those of the recent study in
Sweden[4], we conclude that women can be treated orally with 7 days of
adequately dosed fluoroquinolones, unless the urinary isolate is proven not
susceptible to this antibiotic. Ciprofloxacin was chosen as treatment because
of its reliable intestinal resorption and bioavailability, and excellent anti-
microbial activity against a broad spectrum of susceptible gram-negative
microorganisms, the most common etiologic microbiological agents in UTI,
making it a drug of choice in both outpatient as well as hospital setting. As
a surplus, activity against perineum and vagina colonizing Enterobacteria-
ceae may help prevent early recurrences.[15] Current results obtained with
ciprofloxacin may likely be extrapolated to the other fluoroquinolones with
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gram-negative activity but not to other antibiotic classes. An important con-
cern has been the rise of ciprofloxacin resistance in the community, i.e., up
to 15% of Enterobacteriaceae currently being resistant in The Netherlands,
that, if it continues at the current rate, may prelude the use of fluoroqui-
nolones as first-choice empiric oral treatment of fUTIL. Of great concern, in
other countries this figure has been reported as high as 40 to 50%.[16,
17] In countries with concurrent high rates of co-trimoxazole resistance in
Enterobacteriaceae, there may be no oral antibiotic option left for general
practitioners to treat fUTI at home, raising health care costs. These findings
underscore the importance of controlling antimicrobial resistance, through
antibiotic stewardship including the administration of antibiotics with optimal
duration.

Acknowledgements

We are grateful to all patients and their relatives for their participation in this
study. We thank the staff at all participating sites for their cooperation. We
thank Margot de Waal as coordinator of the Leiden Primary Care Research
Network.

Funding

Franjel Foundation, Bronovo Research Fund

73




Chapter 3

Reference List

(1)

(2)
(3)
(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

74

Grigoryan L, Trautner BW, Gupta K. Diagnosis and management of urinary tract
infections in the outpatient setting: a review. JAMA 2014;312(16):1677-84.
Morel CM, Mossialos E. Stoking the antibiotic pipeline. BMJ 2010; 340:c2115.
Modi SR, Collins 1J, Relman DA. Antibiotics and the gut microbiota. J Clin Invest
2014;124(10):4212-8.

Sandberg T, Skoog G, Hermansson AB, et al. Ciprofloxacin for 7 days versus 14
days in women with acute pyelonephritis: a randomised, open-label and double-
blind, placebo-controlled, non-inferiority trial. Lancet 2012;380(9840):484-90.
van Nieuwkoop C, Van’t Wout JW, Assendelft W], et al. Treatment duration of
febrile urinary tract infection (FUTIRST trial): a randomized placebo-controlled
multicenter trial comparing short (7 days) antibiotic treatment with conventional
treatment (14 days). BMC Infect Dis 2009;9:131.:131.

Rubin RH, Shapiro ED, Andriole VT, Davis RJ, Stamm WE. Evaluation of new anti-
infective drugs for the treatment of urinary tract infection. Infectious Diseases
Society of America and the Food and Drug Administration. Clin Infect Dis 1992;
15 Suppl 1:5216-5227.

Talan DA, Stamm WE, Hooton TM, et al. Comparison of ciprofloxacin (7 days)
and trimethoprim-sulfamethoxazole (14 days) for acute uncomplicated pyelone-
phritis pyelonephritis in women: a randomized trial. JAMA 2000;283(12):1583-
90.

Klausner HA, Brown P, Peterson J, et al. A trial of levofloxacin 750 mg once daily
for 5 days versus ciprofloxacin 400 mg and/or 500 mg twice daily for 10 days in
the treatment of acute pyelonephritis. Curr Med Res Opin 2007;(11):2637-45.
D’Agostino RB, Sr., Massaro JM, Sullivan LM. Non-inferiority trials: design con-
cepts and issues - the encounters of academic consultants in statistics. Stat Med
2003;22(2):169-86.

Piaggio G, Elbourne DR, Altman DG, Pocock SJ], Evans SJ]. Reporting of non-
inferiority and equivalence randomized trials: an extension of the CONSORT
statement. JAMA 2006;295(10):1152-60.

Ulleryd P, Sandberg T. Ciprofloxacin for 2 or 4 weeks in the treatment of febrile
urinary tract infection in men: a randomized trial with a 1 year follow-up. Scand
J Infect Dis 2003; 35(1):34-9.

Sandberg T, Englund G, Lincoln K, Nilsson LG. Randomised double-blind study
of norfloxacin and cefadroxil in the treatment of acute pyelonephritis. Eur J Clin
Microbiol Infect Dis 1990; 9(5):317-23.

Drekonja DM, Rector TS, Cutting A, Johnson JR. Urinary tract infection in male
veterans: treatment patterns and outcomes. JAMA Intern Med 2013; 173(1):62-
8.

Barza M. Anatomical barriers for antimicrobial agents. Eur J Clin Microbiol Infect
Dis 1993; 12 Suppl 1:531-5.:531-S35.

Hooton TM, Scholes D, Gupta K, Stapleton AE, Roberts PL, Stamm WE. Amoxi-
cillin-clavulanate vs ciprofloxacin for the treatment of uncomplicated cystitis in
women: a randomized trial. JAMA 2005; 293(8):949-55.



Treatment duration of febrile UTI (FUTIRST-trial)

(16) Chaniotaki S, Giakouppi P, Tzouvelekis LS, et al. Quinolone resistance among
Escherichia coli strains from community-acquired urinary tract infections in
Greece. Clin Microbiol Infect 2004; 10(1):75-8.

(17) Arslan H, Azap OK, Ergonul O, Timurkaynak F. Risk factors for ciprofloxacin
resistance among Escherichia coli strains isolated from community-acquired
urinary tract infections in Turkey. J Antimicrob Chemother 2005; 56(5):914-8.

75



Chapter 3

Supplement

Baseline characteristics

In the 7-day treatment arm, 23 (24%) patients had been pretreated for
presumptive UTI with: norfloxacin (n=1, 4%), none with ciprofloxacin,
nitrofurantoin (n=5, 22%), trimethoprim * sulfamethoxazole (n=3, 13%),
amoxicillin £ clavulanic acid (n=12, 52%), phosphomycin (n=1, 4%) and
others (n=1, 4%). Of those randomized to 14 days ciprofloxacin, 29 (28%)
had been pretreated with ciprofloxacin (n=3, 10%), norfloxacin (n=1, 3%),
nitrofurantoin (n=6, 21%), trimethoprim % sulfamethoxazole (n=7, 24%),
amoxicillin £ clavulanic acid (n=8, 28%), others (n=3, 10%) and unknown
(n=1, 3%). In the non-randomized group, 56 (36%) had been pretreated
with ciprofloxacin (n=8, 14%), norfloxacin (n=2, 6%), nitrofurantoin (n=8,
14%), trimethoprim £ sulfamethoxazole (n=7, 13%), amoxicillin £ clavu-
lanic acid (n=21, 38%), phosphomycin (n=1, 2%), others (n=4, 7%) and
unknown (n=5, 9%).

About half of the patients were initially treated with intravenous antibiotics,
and this did not differ between treatment arms: in the 7 days of ciprofloxacin,
48 (50%) patients (cefuroxime n=21, 44%; cefuroxime + gentamicin n=22,
46%; other n=5, 10%) and in the 14 day, 55 (53%) patients (cefuroxime
(n=32, 58%), cefuroxime * gentamicin (n=20, 36%), ciprofloxacin i.v.
(n=1, 2%) and other antibiotics (n=2, 4%)). In the non-randomized group,
133 (85%) patients had initial dose(s) of intravenous antibiotics, i.e., cefu-
roxime (n=61, 46%), cefuroxime £ gentamicin (n=49, 37%), ciprofloxacin
(n=4, 3%) and other (n=18, 14%). Of note, the median time till switch
from intravenous to oral antibiotics was 3 days (IQR 2-4), and did not differ
between the groups.

Clinical outcome

During short-term follow-up, nine patients assigned to ciprofloxacin for 7
days had a clinical recurrence. Three patients had an episode of (afebrile)
acute cystitis at day 17, 18 and 20, whereas six patients had an additional
episode of fUTI at day 9, 14, 15, 17, 20 and 26 after treatment. Among pa-
tients assigned to 14 days of ciprofloxacin, one patient had an acute cystitis
at day 30 and four patients had recurrent fUTI at day 8, 9, 19 and 20.

For cumulative clinical cure rate, 94 patients were evaluable in each treat-
ment arms. Clinical cure rates were high: 93% vs 91% in patients treated
with ciprofloxacin for 7 of 14 days (Table 3). During late follow-up, seven
patients assigned to 7 days had a clinical recurrence. Six patients had an
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episode of (afebrile) acute cystitis at day 38, 40, 56, 63, 64 and 83 and one
patient had an additional episode of fUTI. Among patients assigned to 14
days, seven patients had an (afebrile) acute cystitis at day 40, 44, 71 and 77
(n=3 day unknown) and one patients had recurrent signs of fUTI at day 90.
One patient assigned to ciprofloxacin for 7 days was readmitted at day 9
because of treatment failure, and was treated intravenously with cefuroxime
followed by oral ciprofloxacin for 14 days, now with good clinical response.
None of the patients assigned to the 14-days treatment arm were readmitted
because of treatment failure.

During the study period, no patients given 7 days of ciprofloxacin died. One
patient, an 84-year old man assigned to 14 days of ciprofloxacin, died on day
92 due to pneumonia and sepsis. Five non-randomized patients died during
follow-up due to concurrent medical problems.

With respect to side effects, one patient who received placebo, discontinued
trial drug because of mucosal candida infection (day 2 after start placebo).
Five patients on ciprofloxacin discontinued trial drug because of itching
exanthema (n=2, both on day 3, i.e., day 10 of treatment) or feeling tired
(n=3; day 1,3 and 5). During trial drug period, patients reported the fol-
lowing adverse events in 7- and 14 days treatment arm: nausea (7% vs
4%), vomiting (2% vs 1%), diarrhea (3% vs 2%), headache (16% vs 4%),
dizziness (10% vs 9%), itching exanthema or rash (4% vs 4%) and myalgia
(10% vs 12%).

Microbiological outcome

In the group assigned to 7 days of ciprofloxacin, seven patients had asymp-
tomatic bacteriuria at short-term follow-up (five with E. coli, one with Kleb-
siella oxytoca and one with Enterococcus faecalis). Three patients treated
with ciprofloxacin for 14 days had asymptomatic bacteriuria at short-term
follow-up (one with E. coli, one with E. faecalis and one with coculture of E.
faecalis and S. aureus). Fifteen non-randomized patients had asymptomatic
bacteriuria at short-term visit: seven with E. coli, one with E. coli and E.
faecalis, one with Klebsiella spp and S. saprophyticus, one with Proteus spp,
two with E. faecalis, one with E. faecalis and P. aeruginosa, one with P.
aeruginosa and one with Enterobacter cloacae.
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