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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
resistance against these new substances.

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
UTI / 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

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 ≥ 105 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
dori penem 500 mg / q8h 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  ci profloxacin 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
UTI-specific symptoms (clinical cure) on day 5
and the proportion of patients with both
microbiological eradication and symptomatic cure
of UTI-specific symptoms on the Test of Cure
(TOC). The clinical cure rate was 70.2% for
ceftazidime / avibactam and 66.2% for  dori penem
on day 5, confirming non-inferiority. The combined
symptomatic cure / microbiological eradication at
TOC was 71.2% for ceftazidime / avibactam and
64.5% for  dori penem 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 i.v.
carbapenem for 3 days and were then randomized
to either oral sitafloxacin 100 mg / q12h 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
pi peracillin / 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  imi penem /
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  ci profloxacin
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  imi penem /
relebactam 750 mg, 98.6% for  imi penem /
relebactam 625 mg, and 98.7% for  imipenem alone,
and demonstrated non-inferiority for both regimens.

The 2018 TANGO I 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” 105 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 4.5 g / 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 pi peracillin /
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 indicat ion 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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ÐÅÔÅÐÀÒ

Íîâ³ àíòèá³îòèêè â ë³êóâàíí³ ³íôåêö³é
ñå÷îâèâ³äíèõ øëÿõ³â

Ô.Ì. Âàãåíëåíåð

Àíòèá³îòèêè äóæå ÷àñòî ïðèçíà÷àþòü ïðè
ñèìïòîìàõ ³íôåêö³é ñå÷îâèâ³äíèõ øëÿõ³â (²ÑØ).
Îòæå, ²ÑØ º âàæëèâîþ îáëàñòþ ðîçâèòêó
ñò³éêîñò³ äî àíòèá³îòèê³â. Äåÿê³â íîâ³ àíòèá³î-
òèêè áóëè ïðîòåñòîâàí³ äëÿ ³íäèêàö³¿ óñêëàä-
íåíîãî ²ÑØ / ï³ºëîíåôðèòó. Öå öåôàëîñïîðè-
íè ³ êàðáîïåíåìè â ïîºäíàíí³ ç íîâèìè ³íã³á³òî-
ðàìè áåòà-ëàêòàìàç, öåô³äåðîêîë ÿê íîâèé òèï
öåôàëîñïîðèíó, ïëàçîì³ö³í íîâèé àì³íîãë³êîçèä,
åðàâàöèêë³í íîâèé òåòðàöèêë³í ³ âíóòð³øíüî-

ÐÅÔÅÐÀÒ

Íîâûå àíòèáèîòèêè â ëå÷åíèè èíôåêöèé
ìî÷åâûâîäÿùèõ ïóòåé

Ô.Ì. Âàãåíëåíåð

Àíòèáèîòèêè î÷åíü ÷àñòî íàçíà÷àþò ïðè ñèìï-
òîìàõ èíôåêöèé ìî÷åâûâîäÿùèõ ïóòåé (ÈÌÏ).
Ñëåäîâàòåëüíî, ÈÌÏ ÿâëÿþòñÿ âàæíîé îáëàñ-
òüþ ðàçâèòèÿ óñòîé÷èâîñòè ê àíòèáèîòèêàì.
Íåêîòîðûå íîâûå àíòèáèîòèêè áûëè ïðîòåñòè-
ðîâàíû äëÿ èíäèêàöèè îñëîæíåííîãî ÈÌÏ /
ïèåëîíåôðèòà. Ýòî öåôàëîñïîðèíû è êàðáîïå-
íåìû â ñî÷åòàíèè ñ íîâûìè èíãèáèòîðàìè áåòà-
ëàêòàìàç, öåôèäåðîêîë êàê íîâûé òèï öåôàëî-
ñïîðèíà, ïëàçîìèöèí íîâûé àìèíîãëèêîçèä,
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âåííèé ôîñôîì³öèí. Íå âñ³ àíòèá³îòèêè ñõâà-
ëåí³ â ªâðîï³. Õî÷à ðîçðîáêà öèõ íîâèõ ðå÷îâèí
º áàãàòîîá³öÿþ÷îþ, ö³ íîâ³ àíòèá³îòèêè ñë³ä âè-
êîðèñòîâóâàòè äóæå îáåðåæíî, ùîá óíèêíóòè
ðîçâèòêó íîâî¿ ñò³éêîñò³ äî àíòèá³îòèê³â ïðîòè
öèõ íîâèõ ðå÷îâèí.

Êëþ÷îâ³ ñëîâà: ³íôåêö³¿ ñå÷îâèâ³äíèõ øëÿõ³â,
ªâðîïà, ðåçèñòåíòí³ñòü, àíòèá³îòèêè.

ýðàâàöèêëèí íîâûé òåòðàöèêëèí è âíóòðèâåí-
íûé ôîñôîìèöèí. Íå âñå àíòèáèîòèêè îäîáðå-
íû â Åâðîïå. Õîòÿ ðàçðàáîòêà ýòèõ íîâûõ âå-
ùåñòâ ÿâëÿåòñÿ ìíîãîîáåùàþùåé, ýòè íîâûå àí-
òèáèîòèêè ñëåäóåò èñïîëüçîâàòü î÷åíü îñòîðîæíî,
÷òîáû èçáåæàòü ðàçâèòèÿ íîâîé óñòîé÷èâîñòè ê
àíòèáèîòèêàì ïðîòèâ ýòèõ íîâûõ âåùåñòâ.

Êëþ÷åâûå ñëîâà: èíôåêöèè ìî÷åâûâîäÿùèõ
ïóòåé, Åâðîïà, ðåçèñòåíòíîñòü, àíòèáèîòèêè.


