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Abstract

Original Article

IntRoductIon

Urinary	tract	infections	(UTIs)	are	one	of	the	most	prevalent	
infectious diseases, accounting for around 150 million cases, 
worldwide.[1]	They	can	be	classified	into	two	types,	namely,	
uncomplicated	and	complicated.	A	cUTI	is	a	urinary	infection	
occurring in patients with predisposed structural or functional 
abnormality of genitourinary tract including urine retention, 
renal failure or transplant, excessive antibiotic consumption or 
increased introduction of indwelling devices or instruments.[2,3]

The	pathogenic	strains	isolated	from	cUTI	cases	are	reported	
more resistant to antimicrobials than uncomplicated ones. The 
recurrence and acquisition of infections through urological 
interventions are the main factors that contribute to high 
prevalence	of	resistance	in	cUTIs.[3,4]

In	most	cases,	the	empirical	therapy	is	started	for	cUTI	before	
the	 culture	 results	 are	 obtained.	The	first	 line	 of	 treatment	

recommended	 for	UTI	 include	 trimethoprim,	 cephalexin,	
amoxycillin-clavulanate or nitrofurantoin.[5] Moreover, IDSA 
has recommended fluoroquinolones, cephalosporins and 
other β-lactams with or without β-lactamase inhibitors as 
the	second	choice	of	therapy	in	case	first	line	of	treatment	is	
not appropriate.[5] However, antimicrobial resistance (AMR) 
to urinary tract pathogens is reported to increase worldwide, 
especially to commonly used antimicrobials. Other than 
limiting available options, AMR has important clinical 
implications as well, resulting in increased healthcare costs, 
morbidity and mortality rates.

Objective: The	aim	of	this	study	was	to	determine	the	clinical	outcome,	microbiological	outcome	and	safety	profile	of	CSE‑1034,	a	novel	
combination	of	Ceftriaxone,	Sulbactam	and	EDTA	in	patients	with	complicated	urinary	tract	infections	(cUTI).	Materials and Methods: This 
was	a	randomized,	controlled,	open‑labeled	Phase‑3	trial	with	the	primary	objective	of	assessing	the	efficacy	and	safety	of	CSE‑1034	versus	
Ceftriaxone	for	the	empirical	treatment	of	cUTI.	Adult	cUTI	patients	were	randomized	to	receive	either	intravenous	dose	of	CSE‑1034	or	
Ceftriaxone. The primary end point was composite cure rate (clinical response and bacterial eradication) in mMITT population at test of 
cure	(TOC)	visit.	Secondary	measures	included	verification	of	primary	endpoint	across	other	visits	in	different	population	sets,	safety	of	patients	
and treatment duration. Results: Overall, 204 patients were enrolled in the study and received one of the two treatments. At primary endpoint 
(TOC	visit),	the	composite	cure	rate	was	much	higher	in	CSE‑1034	treatment	arm	compared	to	Ceftriaxone	arm	i.e.	97%	(68/70)	vs	83%	(58/71)	
(treatment	difference	12.6%;	95%	CI:	5.9%	to	26.4%). The	adverse	events	(AEs)	rates	reported	in	two	treatment	arms	were	21%	in	CSE‑1034	
and	36%	in	Ceftriaxone	groups.	Additionally,	the	treatment	duration	in	CSE‑1034	arm	was	significantly	less	(P < 0.05). Conclusions: CSE-1034 
3	g	every	24	h	showed	a	high	favorable	clinical	and	bacteriological	response,	and	95%	CI	around	the	treatment	difference	prove	the	superiority	of	
CSE‑1034	vs.	Ceftriaxone	for	the	treatment	of	cUTI.	Therefore,	CSE‑1034	provides	an	effective	alternative	in	the	treatment	of	patients	with	cUTI.
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As a result, the pharmaceutical industry and medical 
researchers	 have	 shifted	 their	 focus	 on	finding	 alternatives	
like bacteriophage, antibacterial herbs, and most importantly 
Antibiotic Resistance Breakers (ARBs). An ARB is typically 
a non-antibiotic moiety that does not have any antibacterial 
activity of its own, but in combination with an antibiotic 
(or a combination), it helps to break resistance mechanisms, 
thereby enhancing the overall anti-microbial activity of the 
combination.[6] The original concept of ARBs dates back to 
early	1970s	when	 the	first	 class	of	beta‑lactamase	 inhibitors	
were discovered, however, it has received much recognition 
only in the recent literature to describe compounds that have 
not	been	previously	used	for	treating	infections.	One	of	the	first	
drug combinations that incorporates an ARB to break resistance 
mechanisms is CSE-1034, approved by the DCGI in 2011. 
CSE-1034 is a novel combination of Ceftriaxone (a beta-lactam 
antibiotic), Sulbactam (a beta-lactamase inhibitor) and Disodium 
EDTA (an Antibiotic Resistance Breaker). Various in‑vitro and 
in‑vivo studies have reported enhanced activity of CSE-1034 
against multi-drug resistant (MDR) pathogens.[7‑9]

The present study was undertaken to evaluate the clinical 
efficacy	and	safety	of	CSE‑1034	in	comparison	to	Ceftriaxone	
for	the	treatment	of	cUTIs.

MateRIals and Methods

Study design
This	 open‑label,	multi‑centered,	 randomized	 study	was	
conducted in nine Indian hospitals between March 2010 and 
August 2010. The protocol was designed in compliance with the 
Declarations of Helsinki and ethics committee approvals were 
obtained from each participating hospital. Informed consent was 
obtained before enrolment of any patient in the trial.

Study population
Patients	 aged	 between	 18‑65	 years	with	 evidence	 of	UTI,	
diagnosed based on signs, symptoms and laboratory 
examinations, requiring intravenous (IV) therapy for more 
than three days were enrolled in the study. For the assessment 
of	cUTI,	patients	were	 required	 to	have	at	 least	 two	of	 the	
following	 signs	 and	 symptoms:	 fever	 (>38°C),	 dysuria,	
costovertebral-angle tenderness or supra-pubic tenderness, 
flank	pain,	increased	urinary	frequency	and	urgency,	pyuria	
and	bacterial	colony	count	of	≥105CFU/ml.

Patients excluded from the study included a) Subjects with a 
history of previous allergy to β-lactam antibiotics b) Subjects 
with clinically significant cardiovascular, renal, hepatic, 
gastrointestinal, neurological, psychiatric, respiratory, other 
severely immune-compromised, hematological or malignant 
disease which may interfere with the assessment c) Subjects 
who had participated in a new drug trial in previous six months 
d) Pregnant or lactating women.

Prior to dosing, urine samples were collected and tested to 
identify the causative pathogen and measure the bacterial 
colony count.

Drug administration
Patients	were	randomized	at	each	site	to	receive	IV	injections	
of either 3.0 g of CSE-1034 or 2.0 g of Ceftriaxone every 24 h 
daily for 3-10 days.

Assessment and monitoring
Demographics, baseline characteristics, drug dosage, treatment 
duration and concomitant medications were recorded for all 
subjects who participated in the study.

Clinical and microbiological outcomes were assessed 
in different population sets across the three study visits 
(End	of	treatment	[EOT],	Test	of	cure	[TOC]	and	Late	follow	
up	[LFU]).

Clinical assessment for improvement in the signs and 
symptoms was performed throughout the treatment regimen. 
Clinical	 responses	were	 categorized	 as	 “cure”,	 “failure”	or	
“improved”.	The	clinical/microbiological	response	was	termed	
as indeterminate when an assessment could not be done due 
to unavailability of study data.

Bacteriological responses were evaluated on the basis of 
persistence or eradication of baseline pathogens in cultures 
of collected specimens from the subjects. The responses 
were	categorized	as	‘eradication’	or	‘failure’.	Microbiological	
eradication was defined as urine cultures demonstrating 
growth <104	CFUs/mL	of	the	baseline	uropathogen/s,	and	the	
patient was not bacteremic (if the patient was bacteremic at 
baseline, the bacteremia has resolved). Composite cure was 
defined	as	both	clinical	cure	and	microbiological	eradication	
of all baseline pathogens.

Routine	hematology,	biochemistry,	urinalysis	profiles	and	urine	
cultures were carried out at the beginning and at different visits 
to evaluate clinical progress.

AEs associated with the treatment were also recorded. AEs 
were	defined	as	any	untoward	medical	occurrence	taking	place	
during or after treatment with the drug. AEs whether treatment 
related or not were decided by the physicians. The seriousness 
of AEs was determined as per the ICH-E2D guidelines and the 
data were compiled according to the ICH Medical Dictionary 
for Regulatory Activities.

Endpoints
The primary endpoint was proportion of patients with both 
clinical cure and microbiological eradication (composite cure) 
at TOC visit in mMITT population.

Secondary	endpoints	included	verification	of	primary	endpoint	
at	EOT	and	LFU	visits,	clinical	cure	in	CE	and	microbiological	
eradication	in	ME	populations	across	EOT,	TOC,	LFU	visits,	
safety of patients and treatment duration.

It also included assessment of duration of therapy and safety 
in terms of adverse events.

Data analysis
Statistical analyses were performed using the SAS software, 
version	9.2	(SAS	Institute,	Cary,	N.C.,	USA).	Fisher’s	exact	
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administered or received therapy < 48h before discontinuing 
treatment due to an adverse event (AE), had no protocol 
deviations	that	would	affect	the	assessment	of	efficacy.	The	
microbiologically evaluable (ME) population also comprised 
of	 141	 (69%)	 in	 total	with	 70	patients	 in	CSE‑1034	group	
and 71 in Ceftriaxone group. The ME population included 
patients in the CE population who had a microbiological 
outcome	response	at	TOC	and	LFU	visits	and	had	no	protocol	
deviations [Figure 1].

No	significant	difference	in	demographics	and	baseline	medical	
characteristics between the two groups were observed with 
males	predominant	in	both	the	arms.	114	(55.9%)	patients	had	a	
monomicrobial infection in urine sample as the most frequently 
isolated	one,	whereas	26	(12.7%)	had	bi‑microbial	infections.	
No	 significant	 difference	 in	 the	 incidence	 and	 distribution	
pattern of pathogens isolated was observed in the two treatment 
arms. E. coli was	the	most	predominant	pathogen	(39	(38.2%)	
vs.	42	(41.1%)	in	CSE‑1034	and	Ceftriaxone	group),	followed	
by K. pneumoniae and A. baumanii. For details, refer to Table 1.

In vitro antimicrobial susceptibility assay has shown that all 
the isolates detected at baseline in two arms were susceptible 
to CSE-1034 and Ceftriaxone respectively.

test	was	used	to	check	the	statistical	significance. P values were 
two-tailed and a value of < 0.05 was considered as statistically 
significant.	95%	confidence	intervals	were	calculated	using	the	
unstratified	method	of	Miettinen	and	Nurminen.

Results

Demographic and baseline characteristics
A	total	of	252	patients	were	screened,	of	which,	204	(81%)	
eligible	 patients	were	 randomized	 to	 one	 of	 the	 two	 study	
groups. MITT population was defined as subjects who 
received atleast one dose of study medication and the 
population	was	used	for	safety	analysis.	Of	the	randomized	
subjects,	102	(50%)	patients	were	randomized	to	CSE‑1034	
and	 102	 (50%)	 to	 Ceftriaxone	 treatment	 arm	 [Figure 1] 
and comprised the MITT population. mMITT population 
(n	=	141;	69%)	included	all	patients	with	a	confirmed	cUTI	
diagnosis and with growth of one or no more than two 
Gram-negative uropathogens of at least 105CFU/mL	in	urine	
culture. The Clinically evaluable (CE) population comprised 
of	70	(69%)	in	CSE‑1034	group	and	71	(70%)	in	Ceftriaxone	
group. The CE population included mMITT patients who 
received	therapy	for	≥48hrs,	with	≥80%	of	the	scheduled	drug	

CSE-1034
(n = 102)

Ceftriaxone
(n = 102)

CE Population
(n = 70)

Drop outs
(n = 32)

Drop outs
(n = 31)

CE population
(n = 71)

MITT Population
(n = 102)

Safety population

ME population
(n = 70)

MITT Population
(n = 102)

Safety population

ME population
(n = 71)

Screened Subjects
(n = 252)

Protocol deviations
(n = 0)

Protocol deviations
(n = 0)

Randomized Subjects
(n = 204)

mMITT Population
(n = 70)

mMITT Population
(n = 71)

Figure 1: A schematic representation of study populations in two treatment arms
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Composite cure rate
Overall comparison of the two treatment arms has shown that 
the	 clinical	 efficacy	was	 significantly	 higher	 in	CSE‑1034	
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Figure 2: Composite cure rate at different visits in CSE‑1034 and 
Ceftriaxone groups (n=141)

group compared to Ceftriaxone group. For the primary 
end-point, the composite cure rate at TOC was much higher 
in CSE-1034 treatment arm compared to Ceftriaxone arm 
i.e.	97%	(68/70)	vs	83%	(58/71)	(treatment	difference	14.0%;	
95%	CI:	5.9%	to	26.4%)	[Table 2 and Figure 2].

These	results	were	consistent	at	both	the	EOT	visit	(94%	and	82%	
for	CSE‑1034	 and	Ceftriaxone	 arm	 respectively:	 treatment	
difference:	 12.6%;	 95%	CI,	 1.97%	 to	 24.0%)	 and	 LFU	
visit	 (97%	and	83%;	 treatment	 difference	14.0%;	 95%	CI,	
4.7%	to	24.8%)	[Table 2].

2 subjects in CSE-1034 arm and none of the subjects in 
Ceftriaxone arm had discordant outcomes in terms of 
microbiological cure and clinical failure at TOC visit. The 
microbiological and clinical outcome were concordant across 
all other visits.

Clinical efficacy assessment
The clinical cure rate observed in CSE-1034 arm was 
100%	(70/70)	compared	to	93%	(66/71)	in	Ceftriaxone	arm	
in	CE	population	at	EOT	visit	(treatment	difference	7.01%;	
95%	CI:	2.99%	to	17.3%)	[Figure 3].

At TOC visit, the clinical failure rate in CE population 
increased	to	9.9%	(7)	in	Ceftriaxone	arm	whereas	no	failure	
was	reported	in	CSE‑1034	group.	At	LFU	visit,	two	clinical	
failures were reported in CSE-1034 treatment arm and the 
clinical	failure	rate	increased	to	17%	(12)	in	other	treatment	
arm [Table	2].	The	two	failures	in	CSE‑1034	at	LFU	visits	were	
clinical relapse in 1 patient and super-infection in other patient.

Microbiological eradication assessment
At EOT visit, the overall eradication rate in ME population was 
94%	(66/70)	in	CSE‑1034	group	which	was	significantly	higher	
compared	to	82%	(58/71)	in	the	Ceftriaxone	group	(treatment	
difference	12.6%;	95%	CI,	1.9%	to	24.0%).	4	subjects	were	
declared as bacteriological failure in CSE-1034 and 12 in 
Ceftriaxone groups, respectively [Table 2 and Figure 4]. As 
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Figure 3: Clinical cure rate for CE populations at different visits in 
CSE‑1034 and Ceftriaxone groups (n=141)

Table 1: Demographic, baseline and microbiological 
characteristics of all study subjects in the two treatment 
arms (n=204)

Characteristics CSE‑1034 
(n=102)

Ceftriaxone 
(n=102)

Gender, n	(%)
Male 60 (58.8) 56	(54.9)
Female 42 (41.2) 46 (45.1)

Age (year), mean±SD 35±13.96 40±14.26
Weight (kg), mean±SD 59.8±12.16 59.4±10.94
Height (cm), mean±SD 157±9.39 157±8.8
BP (mm of Hg), mean±SD

Systolic 121.2±8.6 123.4±11.7
Diastolic 81.2±7.0 81.2±8.0

Pulse	(beats/min),	mean±SD 83.3±24.5 80.4±16.8
Pathogen

A. baumannii 6	(5.9) 3	(2.9)
E. coli 39	(38.2) 42 (41.1)
K. pneumoniae 10	(9.8) 6	(5.9)
P. aeruginosa 1	(0.9) 4	(3.9)
E. coli + A. baumannii 9	(8.8) 4	(3.9)
E. coli + P. mirabilis 1	(0.9) 11 (10.7)
E. cloacae + Pseudomonas 1	(0.9) 0

**Others 3	(2.9) 1	(1.9)
#Sterile	specimens	in	CSE1034	arm=32	and	in	ceftriaxone	arm=31	
respectively, **Others include E. cloacae and P. mirabilis. A. baumannii:	
Acinetobacter baumannii, E. coli:	Escherichia coli, K. pneumonia:	
Klebsiella pneumoniae, P. aeruginosa:	Pseudomonas aeruginosa, 
P. mirabilis:	Proteus mirabilis,	CSE:	Ceftriaxone‑Sulbactam‑EDTA,	
SD:	Standard	deviation,	BP:	Blood	pressure



Chaudhary, et al.: Phase 3 study of CSE‑1034 for treatment of cUTI

Journal of Global Infectious Diseases ¦ Volume 10 ¦ Issue 4 ¦ October-December 2018192

these 4 failure patients in CSE-1034 arm were reported to have 
microbiological persistence but symptomatic resolution, so 
technically	can	be	classified	to	have	asymptomatic	bacteriuria	
after treatment with study drug.

At TOC visit, the microbiological eradication rate increased to 
97%	(68/70)	in	CSE‑1034	arm	and	83%	(59/71)	in	Ceftriaxone	
arm.	At	LFU	visit,	 one	patient	 reported	 as	microbiological	
failure at TOC visit in CSE-1034 was reported cured whereas 
one of the patients contracted superinfection. Thus, the 
microbiological eradication rate remained similar to TOC 
visit in both the treatment arms [Table 2]. One subject in 
CSE-1034 arm who contracted super-infection was reported 
to have E. coli at the baseline and was super-infected with 
A. baumannii at	LFU	visit.

Microbiological outcome as per pathogen
Table 3 presents bacteriological eradication rate in ME analysis 
sets of two treatment arms in detail. The per-pathogen cure 
rates for the most common pathogen E. coli at TOC visit in 
ME	population	were	99%	for	the	CSE‑1034	arm	and	91.5%	
for	 the	Ceftriaxone	 arm	 (treatment	 difference:	 7.5%;	 95%	
CI,	0.7%	to	25.8%).	100%	of	K. pneumoniae infections were 
eradicated at TOC visit in both the treatment arms.

Table 3: Pathogenwise microbiological outcome at 
different visits for microbiological assessment population

Pathogen Visit Success rate=Number of successes/
total number (%)*

CSE 1034 (3.0 g) 
(n=70), n

Ceftriaxone (2.0 g) 
(n=71), n

A. baumannii EOT 6/6	(100) 3/3	(100)
TOC 6/6	(100) 3/3	(100)
LFU 6/6	(100) 3/3	(100)

E. coli EOT 36/39	(92.3) 33/42	(78.5)
TOC 38/39	(97.4) 36/42	(85.7)
LFU 38/39	(97.4) 39/39	(100)

K. pneumoniae EOT 10/10	(100) 6/6	(100)
TOC 10/10	(100) 6/6	(100)
LFU 10/10	(100) 6/6	(100)

P. aeruginosa EOT 1/1	(100) 4/4	(100)
TOC 1/1	(100) 4/4	(100)
LFU 1/1	(100) 4/4	(100)

E. coli + 
A. baumannii

EOT 9/9	(100) 1/4	(25)
TOC 9/9	(100) 3/4	(75)
LFU 9/9	(100) 4/4	(100)

E. coli + 
P. mirabilis

EOT 1/1	(100) 11/11	(100)
TOC 1/1	(100) 11/11	(100)
LFU 1/1	(100) 11/11	(100)

E. cloacacae + 
Pseudomonas

EOT 0/1 0
TOC 0/1 0
LFU 0/1 0

**Others EOT 3/3	(100) 1/1	(100)
TOC 3/3	(100) 1/1	(100)
LFU 3/3	(100) 1/1	(100)

*Success	rate	is	defined	as	eradication	of	baseline	pathogen	at	the	end	of	
treatment. **Others include E. cloacae and P. mirabilis. A. baumannii:	
Acinetobacter baumannii, E. coli:	Escherichia coli, K. pneumonia:	
Klebsiella pneumoniae, P. aeruginosa:	Pseudomonas aeruginosa, 
P. mirabilis:	Proteus mirabilis,	EOT:	End	of	treatment,	LFU:	Late	follow	
up,	TOC:	Test	of	cure,	CSE:	Ceftriaxone‑Sulbactam‑EDTA
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Figure 4: Microbiological eradication rate for ME populations at different 
visits in CSE‑1034 and Ceftriaxone groups (n=141)

Table 2: Clinical cure rates, microbiological cure rates 
and composite clinical cure rates in two treatment arms 
(n=141)

Assessment 
visit

Clinical 
outcome

CSE‑1034 
(n=70), n (%)

Ceftriaxone 
(n=71), n (%)

Composite cure assessment (mMITT)
EOT - 66	(94.2) 58 (81.6)

- 68	(97.1) 59	(83.0)
LFU - 68	(97.1) 59	(83.0)

ME
EOT Eradication 66	(94.2) 58 (81.6)

Failure 4 (5.7) 13 (18.3)
TOC Eradication 68	(97.1) 59	(83.0)

Failure 2 (2.8) 7	(9.9)
Indeterminate 0 5 (7.0)

LFU Eradication 68	(97.1) 59	(83.0)
Failure 1 (1.4) 0
Super-infection 1 (1.4) 0
Indeterminate 0 12	(16.9)

CE
EOT Clinical cure 70 (100) 66	(92.9)

Clinical failure 0 5 (7.0)
TOC Clinical cure 70 (100) 59	(83.0)

Clinical failure 0 7	(9.9)
Clinical 
indeterminate

0 5 (7.0)

LFU Clinical cure 68	(97.1) 59	(83.0)
Clinical failure 2 (2.8) 0
Indeterminate 0 12	(16.9)

mMITT:	Microbiological	modified	intent‑to‑treat,	ME:	Microbiological	
assessment,	CE:	Clinical	assessment,	EOT:	End	of	treatment,	LFU:	Late	
follow	up,	TOC:	Test	of	cure,	CSE:	Ceftriaxone‑Sulbactam‑EDTA
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Safety analysis
Overall,	 a	 total	 of	 51	 (25%)	 subjects	 reported	 58	AEs	 in	
both the groups. The proportion of AEs was significantly 
higher in Ceftriaxone treatment arm compared to CSE-1034 
arm	 (Ceftriaxone	 treatment	 arm:	 37;	CSE‑1034	 treatment	
arm:	 21).	The	 common	AEs	were	 general	 administration	
disorders	(18.6%)	including	pain	at	site,	skin	rash,	phlebitis	and	
fever	 followed	by	gastro‑intestinal	disorders	 (4%)	 including	
nausea and vomiting. All of the reported AEs were mild and 
moderate in intensity [Table 4]. No severe adverse reaction was 
observed during the entire trial course in both the treatment groups.

Treatment duration
Among 141 evaluated subjects, the treatment duration 
was	 ≤5	 days	 for	 51	 (72.9%)	 subjects	 in	 CSE‑1034	 arm	
compared	to	36	(51%)	subjects	in	Ceftriaxone	arm.	Duration	of	
treatment	was	>5	days	for	19	(27%)	subjects	under	CSE‑1034	
treatment	compared	to	35	(49%)	under	Ceftriaxone	treatment.	
The difference in the proportion was found to be statistically 
significant	at	5%	level	of	significance	(P < 0.05).

dIscussIon

Over the past two decades, the sharp rise in AMR among 
urinary tract pathogens especially against commonly used 
antimicrobials including Ceftriaxone is reported worldwide. 
The worldwide AMR pattern assessment by various 
studies in common bacterial uropathogens has shown a 
resistance	 rate	 of	 45‑70%	 to	 various	 antibiotics	 normally	
prescribed	 for	UTI	 including	Cotrimoxazole,	Cefotaxime	
and Ceftriaxone.[10,11] Assessment of AMR pattern of 
E. coli isolates in one of the tertiary care hospitals in India 
reported	 high	 rates	 of	 resistance	 in	Ampicillin	 (88.4%),	
Amoxicillin‑Clavulanic	acid	(74.4%),	Norfloxacin	(74.2%),	
Cefuroxime	 (72 .2%) , 	 Cef t r iaxone 	 (71 .4%) 	 and	
Co‑trimoxazole	(64.2%).[12] This phase III study was carried 
out	to	evaluate	the	clinical	efficacy,	bacterial	efficacy	and	safety	
of	CSE‑1034	in	cUTIpatients	and	market	 it	as	alternate	for	
treating	cUTI	patients.	Ceftriaxone	(2	g/24	h),	the	comparator	
chosen in this study, is a conventional drug which is used to 
treat	various	bacterial	infections	including	cUTI.[13]

Table 4: Detailed description of adverse events in the two treatment arms (n=204)

Safety parameters Grand total number 
(%) (n=204), n (%)

CSE‑1034 total number 
(%) (n=102), n (%)

Ceftriaxone total number 
(%) (n=102), n (%)

P

AE’s 58 (28.4) 21 (20.58) 37 (36.3)
Subject reporting 1 AE 44 (21.6) 17 (16.6) 27 (26.47)
Subject reporting >1 AE 7 (3.4) 2	(1.9) 5	(4.9)
Subject reporting no AE 153 (75) 83 (81.37) 70 (68.6)
Based on system organ class

Gastrointestinal system 10	(4.9) 3	(2.94) 7 (6.86) 0.990	
(P>0.05)Nausea 7 (3.4) 2	(1.96) 5	(4.9)

Vomiting 3 (1.5) 1	(0.98) 2	(1.96)
General administrative disorder 43 (21.1) 16 (15.68) 24 (23.5)
Edema 3 (1.47) 1	(0.98) 2	(1.96)
Erythema at injection site 3 (1.47) 1	(0.98) 2	(1.96)
Itching at injection site 2	(0.98) 0 2	(1.96)
Fever 5 (2.45) 1	(0.98) 4	(3.9)
Pain at injection site 17 (8.3) 8 (7.8) 9	(8.8)
Phlebitis 5 (2.45) 1	(0.98) 4	(3.9)
Skin rash 6	(2.94) 2	(1.96) 4	(3.9)
Nervous system 5 (2.45) 2	(1.96) 3	(3.9)
Dizziness 3 (1.47) 2	(1.96) 1	(0.98)
Headache 2	(0.98) 0 2	(1.96)

Based on severity
Mild 42 (20.58) 16 (15.6) 26 (25.4) 0.575 

(P>0.05)Moderate 16 (7.84) 5	(4.9) 11 (10.78)
Severe 0 0 0

Based on causal relationship
Definite 22 (10.78) 8 (7.8) 14 (11.7) 0.776 

(P>0.05)Possible 11	(5.39) 5	(4.9) 6 (5.88)
Probable 8	(3.9) 3	(2.94) 5	(4.9)
Unlikely 6	(2.94) 1	(0.98) 5	(4.9)
Unrelated 11	(5.39) 4	(3.92) 7 (6.86)

Based on treatment duration (days)
≤5 19 6 13
≥5 32 10 22

All the data were presented as n	(%)	and	the	two	treatment	groups	were	analysed	using	Chi‑square	test.	AE’s:	Adverse	events,	CSE:	Ceftriaxone‑Sulbactam‑EDTA
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This	multi‑centre,	 open‑label,	 randomized	 clinical	 trial	
demonstrated CSE-1034 as an effective treatment for 
patients	with	cUTI.	Moreover,	the	clinical	response	rate	and	
microbiological eradication rate observed with CSE-1034 
clearly indicate that the administered dosing regimen of 
CSE-1034 was therapeutically superior to Ceftriaxone for the 
treatment	of	cUTI	patients.

The drugs studied in this clinical trial were evaluated on 
the basis of clinical and bacteriological response. The study 
population and design and the endpoints of treatment were 
strictly as per recommendations of health authority guidelines. 
The subjects with no pathogen isolation at baseline were not 
included	 in	 the	 efficacy	 analysis.	However,	 these	 subjects	
were evaluated for safety purposes. Both CE and ME 
populations	were	assessed	at	EOT,	TOC	and	LFU	visits	based	
on improvement in clinical symptoms (CE population) and 
pathogen eradication (ME population). Comparably, high rates 
of microbiological and clinical cure rates were observed in 
subjects treated with CSE-1034 compared to Ceftriaxone. At 
the primary endpoint (TOC visit), a large treatment difference 
was	observed	in	favor	of	CSE‑1034	in	both	ME	(14%)	and	
CE	(16.9%)	population.	These	results	were	consistent	at	both	
EOT	and	LFU	visits.

Baseline	pathogens	were	typical	of	cUTI	with E. coli as the 
most common uropathogen detected in both treatment arms 
and	isolated	from	around	60%	of	the	study	population.	Other	
baseline pathogens isolated included K. pneumoniae, followed 
by A.baumannii. Mixed pathogens were isolated at baseline 
from	 around	 18%	of	 the	 subjects.	Overall,	 the	 pathogens	
belonging to Enterobacteriaceae	accounted	for	84.4%	of	total	
cases and non‑Enterobacteriaceae	family	accounted	for	15.6%	
cases. Consistent with our results, various studies in the past 
have documented E. coli as the major uropathogen isolated 
from	UTI	patients.[14-16]

In a comparison of the two treatment arms at pathogen level, 
the cure rate for E. coli was substantially higher with CSE-1034 
than Ceftriaxone. The clinical response rates observed in 
subjects treated with CSE-1034 are consistent with the prior 
studies in which the same molecule has been evaluated against 
various bacterial infections.[17-20] Results of a PMS study 
conducted	after	 this	 trial	 evaluating	 the	efficacy	and	 safety	
of CSE-1034 in patients with different bacterial infections 
reported	complete	cure	in	87%	subjects	with	cUTI	and	clinical	
improvement	in	13%	of	the	subjects	treated	with	CSE‑1034	
in adult age group.[21]

In  compliance wi th  our  s tudies ,  a  prospect ive , 
randomized,	 double‑blind	multi‑center	 study	 comparing	
Ertapenem	 versus	Ceftriaxone	 for	 treatment	 of	 cUTIs	 in	
adults has reported that bacteriological response was achieved 
in	93%	of	the	patients	in	Ceftriaxone	group.	A	similar	kind	
of	 comparison	 in	 a	 combined	 analysis	 of	 two	 randomized,	
double-blind, multi-center trials has also reported favorable 
microbiological	response	in	91%	of	the	subjects	who	received	
Ceftriaxone.	Moreover,	 analyzing	 drug	 susceptibility	 and	

treatment	 response	of	 common	UTI	pathogens	 in	 children,	
Chen PC et al.[22] have reported the sensitivity rates for 
various	antibiotics	as	Cefmetazole	(90%),	Ceftriaxone	(85%),	
Gentamicin	 (77%)	 and	Ampicillin	 (20%),	 and	 the	 overall	
response	rate	of	UTI	caused	by E. coli to	first‑line	antibiotics	
such	as	first‑generation	Cephalosporins	and/or	Gentamicin	as	
78%	which	is	in	accordance	with	our	results.

Safety analysis has shown favorable safety records of study 
drugs in both the treatment arms. The patients receiving 
CSE-1034 reported 21 AEs and the patients in Ceftriaxone 
treatment arm reported 37 AEs in total. The type of AEs 
reported in two treatment groups were also similar and no 
significant	 relation	was	 reported	 between	 the	 kind	 of	AEs	
and any treatment group. Importantly, all AEs reported were 
related to Ceftriaxone drug and none of them was of a new 
kind. Analysing the clinical data, it was observed that AEs 
reported had an association with treatment duration. The 
number of AEs reported in patients with decreased treatment 
duration was less. Thus, it can be suggested that less number 
of AEs reported in CSE-1034 treatment arm could be possibly 
related to a lower treatment duration compared to other 
treatment group. However, before concluding, it becomes 
imperative to mention that there were certain limitations 
associated with this study. One of the main limitations was 
the open-label nature of the trial, although this limitation 
was	 partly	 offset	 by	 the	 randomization	 of	 the	 patient	 by	
investigators through a software to avoid the possible bias. 
Also,	 there	wasn’t	a	pre‑specified	hypothesis	at	 test	 in	this	
trial so it needs to be highlighted that the post-hoc analysis 
done	may	have	led	to	bias	in	statistical	significance.	One	more	
limitations of this trial is the comparator being Ceftriaxone, 
which was supposedly susceptible in most patients, so the 
added advantage of Sulbactam+EDTA in the combination 
becomes less relevant.

In conclusion, all these results support that CSE-1034 is a 
valuable	option	for	 the	 treatment	of	cUTI	cases	because	of	
several associated advantages. First, CSE-1034 was proven to 
have	better	clinical	and	bacteriological	efficacy.	Secondly	no	
serious AE was reported in subjects who received CSE-1034. 
Moreover,	the	statistically	significant	lower	treatment	duration	
of CSE-1034 is clinically relevant and the use of CSE-1034 
in clinical practice will promote better antibiotic stewardship. 
Although	a	critical	step	forward	towards	fighting	cUTI,	further	
well designed studies against standard-of-care drugs need to be 
conducted	to	establish	the	true	efficacy	of	CSE‑1034.
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