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Introduction

for treatment of complicated urinary tract infections (cUTIs)

— The broad spectrum of activity of fosfomycin and ability of the IV form to achieve
significant plasma, urine, and tissue concentrations render it well-suited for treating
multidrug-resistant (MDR) gram-negative bacterial infections

A Phase 2/3 trial (ZEUS) was recently completed that compared the efficacy and safety
of fosfomycin (ZT1-01) to piperacillin-tazobactam (TZP) for treating cUTI, including acute
pyelonephritis

- ZTI1-01 was found to be noninferior to TZP for overall success at the test-of-cure
(TOC) visit in the m-MITT population with an overall success of 64.7% in the ZTI-01
group compared to 54.5% in the TZP group

— The treatment difference favored ZTI1-01 (10.2%; 95% CI [-0.4, 20.8])

Resistance mechanism characterization by next-generation sequencing

Total genomic DNA was extracted using the Thermo Scientific™ KingFisher™ Flex

fosA5, fosB, fosB1, fosB2, fosC, fosD, fosk, fosF, fosG, fosK, and fosX

Alterations in intrinsic genes associated with the fosfomycin binding site (MurA) and
transport system regulators (glp T, uhpT, uhpABC, cyaA, crp, and ptsl) were investigated

Epidemiology typing

PFGE was performed on genomic DNA prepared in agarose blocks and digested with
appropriate restriction endonuclease (New England Biolabs, Ipswich, Massachusetts,
USA) for the bacterial species being treated

Restriction fragments were resolved on the CHEF-DR Il apparatus (BioRad, Richmond,
California, USA) using standard conditions previously determined

— When a coefficient of similarity of 100% was obtained, a follow-up isolate was

Table 1 Fosfomycin resistance mechanisms detected among baseline and FU
isolates that were genetically unrelated

@ Time point when isolate culture was performed: D1, day 1 visit; EOT, end-of-treatment visit; TOC, test-of-cure visit; LFU, last follow-up visit.
b PFGE, pulsed-field gel electrophoresis. NT, not tested; MNA, MLST method not available for P. mirabilis.
° NF, no gene or alteration found; NA, not applicable, baseline isolate used as control.
4 Amino acid alterations caused a frame-shift mutation.

Table 2 Fosfomycin resistance mechanisms detected among baseline and FU
isolates that were genetically related

« Table 2 presents genetically related baseline and FU isolates
— E. coli recovered from patient 4 at LFU tested with a fosfomycin MIC value

Magnetic Particle Processor (Cleveland, Ohio, USA) JMilsolats | Fosfomycin Epidemiology typing® (64 ug/mL) 128-fold higher than the baseline isolate (0.5 ug/mL) (Table 2); none of

« Gram-negative organisms producing extended spectrum B-lactamases (ESBLSs) that « DNA samples were quantified using the Qubit™ High Sensitivity DS-DNA assay Subject | Time point*|  Date | Organism no. MIC (ng/mL) | PFGE | MLST | Resistance mechanisms® the resistance mechanisms investigated was detected in this isolate  This data showed that increases in the fosfomycin MIC results could be attributed
show resistance to many antibiotics have been steadily increasing in the hospital and (Invitrogen, ThermoFisher Inc.) and normalized to 0.2 ng/uL 1 D' 12/7/2016 |  E. coli 945 0.5 A 1193 NA — Kilebsiella pneumoniae isolates recovered at baseline and D5 visits from patient 5 to mutations in the drug target binding site (MurA) and/or proteins associated with
community settings to alarming levels - Atotal of 1 ng high-quality genomic DNA was used as input material for library 1 U B — - . . . NE tested with fosfomycin MIC results of 4 and 32 ug/mL, respectively (Table 2); the FU decreased drug permeability (ie, GlpT, UhpC, UhpT, CyaA, or Ptsl)

« The spread of ESBL-producing organisms has led to increased use of carbapenem construction 2 D1 9/20/2016 | E. coli 324 1 A 648 NA isolate recovered at DS carried the fosA gene * The lack of fosfomycin resistance mechanisms in 2 E. coli (JMI| #1167 and 188), 4 E.
agents, which has promoted the selection of carbapenem-resistant Enterobacteriaceae . DNA libraries were prepared using the Nextera XT™ library construction protocol ) o | amemore e -, . . Cyah (L1-V204) = PatlentQ in whom K.. pneumoniae isolates were recovered at D1, EOT, apd TOC .cloacae (#418, 508, 894, and 893), an_d 1 P. aeruginosa (#11 44) |n_d|cate .that.these
(CRE) (Illumina, San Diego, California, USA) following the manufacturer’s instructions and GIpT (W161R, T383M) tested with fosfomycin MIC values of 16, >512, and >512 pg/mL, respectively (Table 2) isolates may have resistance mechanisms other than those investigated in this study
— CRE isolates are categorized as an urgent threat by the US Centers for Disease sequenced on a MiSeq Sequencer (lllumina) at JMI Laboratories CyaA (L1-V20A); m All 3 isolates harbored fosA and warrant further investigation

. . | | 2 TOC | 10/10/2016 587 512 B 162 GlpT (W161R, T383M); _ _ | | | . L £ EOSA d the fosfomvein MIC results
Control and Prevention and the World Health Organization . Each raw sequencing data set was quality assured, error corrected, and assembled de UhpT (C143R) m Alterations in GlpT and in GlpT, UhpT, and UhpC were observed in both isolates Results indicate that the presence ot fosA increased the fosfomycin M u
» Fosfomycin has been clinically available in many European countries, Japan, South novo using the SPAdes genome assembler Mur (V70I); tested with fosfomycin MIC values of >512 pg/mL Q-foldt.(K.tpgeumonl.ae; patlecrl]tc r?),I\\;Ivlrgreaslflt%atlcon684”; tlr;e binding site and/or other
- o -  mirabili - , , , , investigated genes increased the results 16- to 64-fo
Africa, and Brazil in both oral and parenteral formulations for up to 4 decades . Assembled genomes were subjected to a proprietary software (JMI Laboratories) to ° o 227/2010 | F mirabilis | - 989 > A VINA Uhﬁ@%'&'ﬂfi%}éﬁi@%’.\ﬂ) — Patient 7 had 5 isolates of Enterobacter cloacae belonging to ST93; these isolates 5 'tg " 3 ffiad mutat ority (90%) of patient ored
- Intravenous fosfomycin (known as ZTI-01) is under development in the United States screen for fosfomycin resistance genes including fomA, fomB, fosA, fosA2, fosA4, § . . ) displayed fosfomycin MIC results of 64 —>512 ug/mL and all carried fosA * bespite tne laentiied mutations, a majority o) OT patients were considere
yein | ) P 4 ° ; ° OT | 10//2016 >%0 >12 ° MNA | SleT", UhpCfand Cyah clinically cured and warranted no further antibiotic treatment

m Additional determinants or mutations in the investigated intrinsic genes were not
detected in any isolates (Table 2)

— Three patients (8, 9, and 10) had 2 to 3 Pseudomonas aeruginosa pathogens
recovered during baseline and FU visits (Table 2)

m All tested baseline and FU P. aeruginosa isolates carried fosA

— The isolate from patient 8 recovered at LFU visit had alterations at MurA (M102V) and
Ptsl (P407A), whereas FU isolates from patient 9 had a 4 amino acid deletion at GlpT
that caused a frame-shift alteration (Table 2)

— The P. aeruginosa isolate recovered from patient 10 at TOC visit did not show any
alterations of the genes investigated in this study

— Table 3 presents clinical and microbiologic response at TOC and LFU visits from the
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Conclusions

— LFU visits of these patients continued to show a low rate of clinical relapse, with 8/9
patients continuing without other antibiotics and were considered sustained clinical
cures

* The presence of resistance mechanisms altering the drug’s MIC results may not
always be immediately reflective of patients’ clinical outcome, as shown within
this data set; however, these data provide a potentially important context when
interpreting molecular characterization of isolates with elevated MIC results to that of
available clinical outcome data

b PFGE, pulsed-field gel electrophoresis. NT, not tested.

— The primary endpoint was re-analyzed using results from a post-hoc blinded pulsed- considered identical to baseline (each baseline and follow-up isolate was designated Epidemiology typing® Phase 2/3 Zeus trial ACkn owled eme nts
field gel electrophoresis classification (PFGE) and resulted in higher overall success as PFGE type A) JMlisolate | Fosfomycin Rosistants Most of the patients who were infected by a bathogen with decreased suscentibilit g
, : : e : : ¢ L]
rates for both treatment groups, further favoring ZT1-01 ~ When a coefficient of similarity of 285%-<100.0% was obtained, a follow-up isolate oublect [Tme Pty Date | Oreanem o (Moo | e | M mechanisme had a comb!gnation of clinical cure and m?:;rolgiolog?c persistence at the TOC ?/isit ’ . . . .
— Overall success occurred in 69.0% of ZT1-01 patients and 57.3% TZP patients, with a was considered related to baseline (PFGE profile of follow-up isolate designated as 4 D' 8/4/2016 E. coli 105 0.5 A 405 NA | | | | This study was supported by Zavante Therapeutics Inc., San Diego, California. JMI
treatment difference of 11.7% (95% CI [1.3, 22.1]) type A, followed by a number [A1, A2, A3, etc.] to indicate a subtype) . ru | 8300016 188 o R 405 NF m One patient failed therapy at TOC while 90% (9/10) of these patients were deemed Laboratories received compensation for services related to preparing this poster.
| o | . o . _ _ . clinical cures based upon resolved/improved signs/symptoms that warranted no
 The number of patients who developed decreased susceptibility to either study drug — When a coefficient of similarity of <85% was obtained, a follow-up isolate was 5 D1 9/5/2016 | K. pneumoniae 193 4 A 101 NA further antibiotic treatment
received was defined by a >4-fold increase in ZT1-01 or TZP MIC relative to that of consiQereq Unrelated to baseline (designated as PFGE type other than that of ° 20 O/9/2015 253 > Ml i 054 — At LFU visit, most patients had a combination of sustained clinical cure and continued
Elt]ZePbSZteig:tes)Stram; this number was low in both treatment groups (10 ZT1-01 patients, 9 :’izeggrecgi;azecc;fljs,i r:;[lca.g'i)ty was determined based on band position tolerance anc 5 TOC | 9/27/2016 255 4 A1 NT NT persistence; 1 patient clinically relapsed and 8/9 (89%) were deemed sustained Refe re n ces
- 2 P _ _ _ 6 D1 10/4/2016 | K. pneumoniae 370 16 A 340 fosA clinical cures
— This study evaluated the potential mechanisms of reduced susceptibility observed in optimization. Th.e par_a.mete.rs were _set t.o ha\{e the |r_1terpretat|ons obtained from 5 D - o - > PpR—— Ballestero-Téllez M, Docobo-Pérez F, Portillo-Calderon |, Rodriguez-Martinez JM, Racero
isolates obtained in the Phase 2/3 study from the fosfomycin treatment arm percentagg Of S|m|Iar|’F|es aligned with visual inspections (number of band differences) _’ _ L, Ramos-Guelfo MS, Blazquez J, Rodriguez-Bano J, Pascual A (2017). Molecular insights
ar.ld the criteria establl|shed by Tenover et al. (1995) | | | A oc | 102512016 - o X i foséiqs_:_p('l';\ ElvgqiiR), into fosfomycin resistance in Escherichia coli. J Antimicrob Chemother 72: 1303-1309.
* Multilocus sequence typing (MLST) was performed by extracting previously defined sets Jnpe (E2956) Castanheira M, Deshpande LM, Costello A, Davies TA and Jones RN (2014). Epidemiology
Materials an d MethOdS of 7 housekeeping gene fragments (~500 bp) for each species included in the study 7 D1 10/21/2016 |  E. cloacae 417 64 A 93 fosA and carbapenem resistance mechanisms of carbapenem-non-susceptible Pseudomonas
— Each fragment was compared to known allele variants for each locus (housekeeping 7 D5 10/25/2016 418 512 NT 93 fosA Table 3 Clinical and microbiologic response of patients at TOC and LFU with aeruginosa collected during 2009-11 in 14 European and Mediterranean countries. J.
gene) on the MLST website (http://www.mlst.net) . EOT | 10/97/2016 508 2519 NT 03 A pathogens exhibiting decreased susceptibility to fosfomycin Antimicrob. Chemother. 69: 1804-1814.
Bacterial isolates g Toc | 115812016 894 2512 A 93 fosA b Clinical response Microbiologic response  Clinical response Microbiologic response CDC (2014). Antibiotic resistance threats in the United States, 2013. https://www.cdc.gov/
* Isolates selected for this analysis were recovered during a Phase 2/3 trial (ZEUS) to . FU | 11152016 803 - NT 03 A drugresistance/threat-report-2013/index.html Accessed 21-Jul-2017
- 1 C Indeterminat Sustained clinical Indeterminat
evaluate the efficacy and safety of ZTI-01 to treat cUTIs . o T rvem0r6 | 7 oowaroa | 758 -~ " . — i Bt Sl Diep JK, Sharma R, Ellis-Grosse EJ, Abboud CS, Rao GG (2018). Evaluation of activity
. The bacterial identification of all isolates collected from the clinical trial was X I DY - v . - - 2 |Gure Persistence relapse Continued persistence and emergence of resistance of polymyxin B and ZTI-01 (Fosfomycin for injection) against
confirmed by JMI Laboratories (North Liberty, lowa, USA) using matrix-assisted laser 3 Failure Persistence Clinical tailure? Indeterminate KPC-producing Klebsiella pneumoniae. Antimicrob Agents Chemother. 62: e01815-17.
SR ST : - - fosA; MurA (M102V); . . N . . _ _ _
desorption ionization-time of flight mass spectrometry (Bruker Daltonics, Bremen, . Table 1 presents genetically unrelated baseline and follow-up isolates, as determined by 8 LFU 12/2/2016 834 >512 NT 621 0 Ptslu(rP4(O7A) ) 4 Cure Persistence Sustained clinical cure Continued persistence Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, et al (2017). Discovery,
Germany) PFGE and MLST typing . 01 | 81712016 | P aeruginosa | 101 o A . oA 5 | Cure Persistence Sustained clinical cure Continued persistence research, and development of new antibiotics: the WHO priority list of antibiotic-resistant
- JMI was blinded to randomization and treatment codes — Three patients (1, 2, and 3) had isolates in which fosfomycin MIC results obtained ; ot 732010 o oo - 234 |fosh GIoT (1278.2818) 5 Cure Persistence Sustained clinical cure Sonfue perEnes bacteria and tuberculosis. The Lancet Infectious Diseases. 18: 318-327.
 Isolates for this study were selected when pathogen(s) recovered during any of the from FU isolates were at least 16-fold higher than the respective baseline strain | 7 Cure Persistence Sustained clinical cure Continued persistence Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing DH, Swaminathan
_ e e _ : 9 TOC 9/4/2016 216 >512 A 234 |fosA; GlIpT (P277-278A) _ o _
follow up (FU) patient visits exhibited fosfomycin MIC value(s) >4-fold higher than that — Gram-negative isolates that were unrelated to the respective baseline strain consisted - = DPYPIYRS Ee— o ” " - — o Cure Sersistonce Sustained clincal cure Continued persistence B (1995). Interpreting chromosomal DNA restriction patterns produced by pulsed-field gel
i ine | hi : - - - ' lectroph IS: criteria for bacterial strain typing. J. Clin. Microbiol 33: 2233-2239.
observed for the respective baseline isolate (day 1 [D1]) of 1 FU Escherichia coli isolate that did not have any of the genes associated with - —— — - - — — ; - e ctonc Setarod ol oal cure Continued persistence electrophoresis: criteria for bacterial strain typing I I | I |
« Atotal of 10 patients had pathogens recovered during FU visits (day 5 [D5], TOC, end fosfomycin resistance mechanisms that were investigated, whereas 2 E. coli isolates 0 | — S etamed clricat Cortimiod oarei White BP, Stover KR, Barber KE, Galloway RC, Sullivan DC, King ST (2017). Mechanisms
of treatment [EOT], and late follow-up [LFU]) that met the study inclusion criterion and from patient 2 and 1 Proteus mirabilis isolate from patient 3 showed alterations in L PRGE. pulsosTold gol clocophoresis, NT nof tastag |- L (e 3 Vsl EOT, end-akireaiment vist; TOU, fest-ofiaure vists LFL last Tallowp vist - SR T P DITTEEE PEREE of Fosfomycin Resistance in Carbapenem-Resistant Enterobacter spp. Int J Antimicrob

¢ NT, not tested; NF, no gene or alteration found; NA, not applicable, baseline isolate used as control.
4 Amino acid alterations caused a frame-shift mutation.

a At TOC visit, patient received additional antibiotics and was failing those medications at LFU visit.
TOC, test-of-cure visit; LFU, last follow-up visit.

various proteins (Table 1)

previously reported study classifications for microbiologic evaluation and clinical outcome
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