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SUMMARY

Antibiotics are very often prescribed for the indication urinary
tract infections (UTIs). Therefore, UTIs are an important field for
the development of antibiotic resistance. A number of new
antibiotics have been tested for the indication complicated UTI /
pyelonephritis. These are cephalosporins and carbapenems, in
combination with new beta-lactamase inhibitors, cefiderocol as a
new type of cephalosporin, plazomicin a new aminoglycoside,
eravacycline a new tetracycline, and intravenous fosfomycin. Not
all antibiotics are approved in Europe. Although the development
of these new substances is promising, these new antibiotics should
be used very carefully to avoid the development of new antibiotic
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Urinary tract infections (UTIs) are among the
most common bacterial infections in outpatient
practice and in hospitals and occur in many
specialist areas, such as internal medicine, gynecology,
urology, intensive care medicine, etc. The clinical
spectrum of urinary tract infections ranges from
benign to life-threatening infections (1). Antibiotics
are very often prescribed for the indication UTI,
therefore UTIs are an important field for the
development of antibiotic resistance. Most of the
new antimicrobials that are effective against gram-
negative bacteria have been studied in complicated
UTT / pyelonephritis. The clinical studies of phases
2 and 3 that have been carried out in the last 5
years for this indication are presented here.

In the ASPECT cUTI phase 3 study from 2015,
ceftolozane / tazobactam 1.5 g / q8h was compared
with a high levofloxacin dose of 750 mg / q24h in

resistance against these new substances.

1083 patients with complicated UTI / pyelonephritis
(2). The duration of treatment was 7 days. Patients
were included if they had symptoms, pyuria, and
significant bacteriuria, defined as e > 10° CFU / ml.
The co-primary endpoint was microbiological
eradication and clinical cure 5-9 days after treatment.
The composite cure rates were 76.9% in the
ceftolozane / tazobactam arm and 68.4% in the
levofloxacin arm, confirming the superiority of
ceftolozane / tazobactam.

In the phase 3 RECAPTURE study, ceftazidime
/ avibactam 2.5 g / q8h was compared with
doripenem 500 mg / g8h in 1033 patients with
complicated UTI / pyelonephritis (3). The duration
of treatment was 10 to 14 days, with the option of
oral down step therapy with ciprofloxacin or
trimethoprim / sulfamethoxazole after 5 days i.v.
therapy. The co-primary endpoints were the
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proportion of patients with symptomatic cure of
UTT-specific symptoms (clinical cure) on day 5
and the proportion of patients with both
microbiological eradication and symptomatic cure
of UTlI-specific symptoms on the Test of Cure
(TOC). The clinical cure rate was 70.2% for
ceftazidime / avibactam and 66.2% for doripenem
on day 5, confirming non-inferiority. The combined
symptomatic cure / microbiological eradication at
TOC was 71.2% for ceftazidime / avibactam and
64.5% for doripenem and showed superiority.

In a pilot study from 2017, therapy in 36 patients
with pyelonephritis by ESBL-producing E. coli was
investigated (4). All patients received an 1i.v.
carbapenem for 3 days and were then randomized
to either oral sitafloxacin 100 mg / ql12h or i.v.
Ertapenem 1 g / q24h. The primary endpoint was
clinical cure on day 10. The clinical cure rates were
100% in the sitafloxacin group and 94.1% in the
ertapenem group, which showed statistically
comparable results in both groups. 94.4% of the
ESBL E. coli isolates were sensitive to sitafloxacin.

A randomized, open study from 2017 examined
piperacillin / tazobactam 4.5 g / q6h versus
cefepime 2 g / q12h or ertapenem 1 g / q24h in
72 patients with nosocomial UTIs due to ESBL-
producing E. coli, including septic shock (5). The
duration of treatment was 10 to 14 days. The clinical
cure rates were 93.9% with piperacillin / tazobactam
and 97% with ertapenem, and the difference was
not statistically significant. After 6 patients had been
recruited into the cefepime group, the assignment
to cefepime was terminated prematurely due to the
high failure rate in 4/6 patients, including 2 deaths.

A phase 2 study from 2017 compared imipenem
/ relebactam 625 mg / q6h with imipenem /
relebactam 750 mg / q6h or imipenem alone 500
mg / q6h in 302 patients with complicated UTI /
pyelonephritis (6). The duration of treatment was
up to 14 days,and oral therapy with ciprofloxacin
was possible after 4 days i.v. treatment. The primary
endpoint was the proportion of patients with a
microbiological response. The microbiological
response rates were 95.5% for imipenem /
relebactam 750 mg, 98.6% for imipenem /
relebactam 625 mg,and 98.7% for imipenem alone,
and demonstrated non-inferiority for both regimens.

The 2018 TANGO 1 phase 3 study compared
meropenem / vaborbactam 4g / q8h with
piperacillin / tazobactam 4.5 / q8h in 585 patients
with complicated UTI / pyelonephritis (7). The
duration of treatment was 10 days. Oral therapy
with levofloxacin 500 mg / q24h was possible after
5 days i.v. treatment. The primary endpoint was
clinical cure and microbiological eradication at the
end of the i.v. treatment. The overall success rate

was 98.4% with meropenem / vaborbactam versus
94.0% with piperacillin / tazobactam, meeting at
least non-inferiority of meropenem / vaborbactam.

In a phase 2 study from 2018, cefiderocol 2g /
q8h was compared with imipenem / cilastatin 1g /
q8h in 495 patients with complicated UTI /
pyelonephritis (8, 9). The duration of treatment was
7 to 14 days. The primary efficacy endpoint was
clinical and microbiological response. Patients were
included if they had symptoms, pyuria, and bacteriuria
with gram-negative uropathogens e” 10° CFU / ml
who were sensitive to the study drugs. The combined
clinical and microbiological response was 73% in
the cefiderocol group and 55% in the imipenem /
cilastatin group. Statistically, this achieved non-
inferiority. Microbiological cure was superior for
cefiderocol.

In the IGNITE3 phase 3 study from 2018,
eravacycline 1.5 mg / body weight / q24h was
compared with ertapenem 1 g / q24h in 1205
patients with complicated UTIs (10). The duration
of treatment was 5 to 10 days. The co-primary
endpoints were a combination of clinical cure and
microbiological success. The combined clinical and
microbiological response rates were 68.5% for
eravacycline and 74.9% for ertapenem. Statistically,
non-inferiority was not achieved.

The ZEUS study was a phase 2/3 study from
2019 in which fosfomycin i.v. 6 g / q8h versus
piperacillin / tazobactam 4.5g / q8h in 465 patients
with complicated UTI / pyelonephritis was
compared (11). The duration of treatment was 7 to
14 days. The primary efficacy endpoint was clinical
and microbiological response. The combined clinical
and microbiological response was 64.7% in the
fosfomycin group and 54.5% in the piperacillin /
tazobactam group, showing statistically non-
inferiority. A post-hoc analysis was carried out to
redefine the microbiological eradication through
molecular genotyping and led to a virtually superior
result in favor of fosfomycin.

The EPIC phase 3 study from 2019 examined
plazomicin 15 mg / body weight q24h versus
meropenem 1g / q8h in 609 patients with
complicated UTI / pyelonephritis (12). The duration
of treatment was 7 to 10 days, with an optional oral
therapy after 4 days i.v. therapy. The primary
endpoint was clinical and microbiological response.
It was required that at least one qualifying pathogen
that was sensitive to both meropenem and plazomicin
was present. On day 5, the response was 88.0% in
the plazomicin arm and 91.4% in the meropenem
arm, confirming non-inferiority. At TOC, the
response was 81.7% in the plazomicin arm and
70.1% in the meropenem arm, which showed
statistical superiority.
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A number of new antibiotics or fixed antibiotic
combinations have been tested in the last 5 years
for the indication of complicated UTI /
pyelonephritis. On the one hand there are
cephalosporins and carbapenems, which have been
combined with new beta-lactamase inhibitors. These
studies have shown that this creates new therapeutic
options for ESBL-producing enterobacteria and, in
some cases, carbapenemase-producing bacteria. A new
cephalosporin, cefiderocol, mediates a new mechanism
in which the antibiotic molecule complexes with
iron ions and is absorbed into the bacterial cell as a
complex via special iron absorption systems, thus
avoiding a resistance mechanism. The broad
antibacterial spectrum of cefiderocol is very
promising. A new tetracycline (eravacycline) has
not been approved for UTIs because it was less
effective than ertapenem. A new aminoglycoside
plazomicin showed very good results even with
multi-resistant pathogens. The company was unable
to develop the drug further due to economic factors,
so it is not approved in Europe. As an already
approved antibiotic, fosfomycin administered as i.v.
therapy could show that it is suitable as a
monotherapeutic agent for the indication of
complicated UTI / pyelonephritis.

Even though the development of these new
antibiotic substances is very promising, these new
antibiotics should be used very carefully to avoid
the development of new antibiotic resistance.
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HoBble aHTHOMOTHKHM B JiedeHHM WHpeKumii
MOYEBBIBOSIINX MyTei

®.M. Barennenep

AHTHOVOTUKY OYEHb YaCTO HA3HAYAIOT TIPU CUMIT-
ToMax MH@eKnii MmoueBbIBoasIuuX myteit (MMIT).
CnenosatenpHo, UMII sBnsgoTcs BaxkHOM obnac-
ThIO Pa3BUTHUS YCTOMYMBOCTH K aHTHOUOTUKAM.
HexoTopsie HOBbIe aHTUOMOTUKM OBLIN ITPOTECTU-
POBaHBI TSI MHAUKAIIUK ocjoxHeHHoro UMII /
nueaoHedpura. 1o 1uedaToCIOPUHEI U Kapoore-
HEeMbI B COUETAHUM C HOBEIMU MHTHOUTOpaMHK OeTa-
JIakTaMa3, HeduaepoKos KaK HOBBINM TUIT Hedalio-
CIIOpHMHA, IJIA30MHUIUH HOBBI aMWHOTJIMKO3UII,
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BeHHUI pochominH. He Bci aHTUOIOTUKM cXBa-
JIeHi B €Bpoiri. Xoya po3pobdKa IMX HOBUX PEUYOBUH
€ 0araToo0IIIgI0vY0I0, IIi HOBI aHTHUOIOTUKM CJIif BU-
KOPHCTOBYBATH OyKe 00epeXXHO, 1100 YHUKHYTHU
PO3BUTKY HOBOI CTIMKOCTI 10 aHTUOIOTUKIB IPOTHU
IIUX HOBUX PEUYOBUH.

KiiouoBi ciioBa: iHdeKIIii ceHOBUBITHUX IIIJISIXiB,
€Bpomna, pe3UCTCHTHICTh, aHTUOIOTUKI.

ApaBallUKIMH HOBBIA TETPAIMKINH U BHYTPUBEH -
HbI pochomunH. He Bce aHTMOMOTHKM ogo0pe-
HbI B EBpormie. XoTs pa3dpaboTKa 3TUX HOBBIX Be-
IIIECTB SIBJISIETCST MHOTOOOEIIIaIOIIeH, 5TH HOBBIC aH-
THOMOTHKM CJIeAyeT UCITOIh30BaTh O9eHb OCTOPOKHO,
YTOOBI M30€KaTh Pa3BUTHUS HOBOM YCTOMINBOCTHU K
AHTUOMOTHKAM TTPOTUB 3TUX HOBHIX BEIIIECTB.
KiioueBbie ciioBa: MHGEKIIMU MOYEBBIBOASIIINX
nyteii, EBpora, pe3anicTeHTHOCTh, aHTHOMOTUKH.



