Session 062 The Novel B-lactamase Inhibitor ETX1317 Effectively Restores the Activity of Cefpodoxime Against Extended Spectrum
Friday-603 - g_|actamase (ESBL)- and Carbapenemase-Expressing Enterobacteriaceae Isolated From Recent Urinary Tract Infections

Entasis Therapeutics

Powe,edbyCARB_X S. McLeod?, N. Carterl, M. Hackel?, R. Badal?, J. Mueller!, R. Tommasi!, and A. Miller 1.781-810-0120

lEntasis Therapeutics, Waltham, MA and 2IHMA, International Health Management Associates, Schaumburg, IL USA WWW.entasistx.com

Abstract A Broad-spectrum Oral B-lactam/B-lactamase Inhibitor Combination

Enterobacteriaceae Susceptibility: Study Design Activity of Cefpodoxime-ETX1317 by Bacterial Species
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Enterobacteriaceae (including Escherichia coli, Klebsiella, Citrobacter, Proteus
and Enterobacter spp.) collected between 2013-2015 from geographically \ Cefpodoxime (CPD) \ ETX1317 /
diverse medical centers around the world. Susceptibility testing was performed

m= TZP

Background ETX0282-Cefpodoxime Proxetil is an oral prodrug combination Organisms: Number
The treatment of urinary tract infections (UTIs) has been complicated by the / / \ / o \ All IHMA cUTI isolates were collected from geographically diverse medical centers located in North America, Bacterial Species (%) of

emergence of multi-drug resistant, B-lactamase (BLA)-expressing pathogens. N- i Latin America, South America, Europe, Middle East, Africa and the Asia-Pacific region during 2013, 2014 and MBL*

ETX0282 is an oral prodrug which is hydrolyzed in vivo to release ETX1317, a s%ﬁ H o HoNT X 2015. Isolates were enriched for ESBL* genotypes and consisted of approximately one-third E. coli, one-third E. coli 301 <0.015 - 4 0.12 0.12 0 (0)

novel diazabicyclooctenone [-lactamase inhibitor (BLI) active against serine )=N d j;( N Klebsiella spp., 10% each Enterobacter, Citrobacter and Proteus spp. _

BLAs. ETX1317 has intrinsic antibacterial activity against some iz 5 vao\ %N\ F Klebsiella spp. 306 0.06 - 16 0.12 1 4(1.3)
Enterobacteriaceae but this in vitro activity does not translate to preclinical in “ o o O O/YO _ _ _ Citrobacter spp. 120 0.03 - 16 0.12 05 7 (5.8)

vivo efficacy when dosed alone. ETX0282 is currently under investigation in PP j\ 3 7/ Breakdown by Region Breakdown by bacterial species

combination with cefpodoxime proxetil (CPDP), a clinically approved antibiotic °© 0 Enterobacter spp. 90 0.06 - 4 0.25 1 12 (12.2)

which is hydrolyzed in vivo to release cefpodoxime (CPD). We sought to Q!fpodoxime Proxetil (CPDW \ ETX0282 / Proteus spp. 93 <0.015 - 32 0.12 1 5 (5.3)

determine the optimal susceptibility testing paradigm for CPD-ETX1317, then  rneum anee _

tested the combination against a collection of geographically diverse BLA- The oral combination is hydrolyzed in vivo to release the active moieties Cefpodoxime-ETX1317 A All isolates 910 <0.015 - 32 0.12 0.5 28 (3.0)

32?;2I32UT| ISOIateS. / \ / Cl) \ . bb o w All Strains (N=910) m E.coli (N=301) m Klebsiella spp. (N=306)

In vitro bacterial susceptibility to CPD -/+ ETX1317 at several fixed ) HZNJ/"' AN ’ 2 w00 2 200 2 100 _
concentrations, or CPD- ETX1317 in different ratios was determined against 59 W ,\Q/ 2 S 2 ol _
Enterobacteriaceae clinical isolates selected based on their BLA gene content )‘ :l;ff\/ | N S S = o
and their range of susceptibilities to CPD and ETX1317 alone. CPD-ETX1317 o \O/w]/OH Breakdown by B-lactamase content s £ " s _ creETEsH
was then tested in a fixed 1:2 ratio against 910 BLA-enriched - Z o 2 e Z o _ OS

o
o
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0.0625 0.25 1 4 16 64 256 0.0625 0.25 1 4 16 64 256 0.0625 0.25 1 4 16 64 256

according to CLSI guidelines. ETX1317 is a B-lactamase inhibitor that inhibits class A, C and selected class D B-lactamases. o MIC (m g /L) MIC (m /L) MIC (m /L)
ETX1317 also has intrinsic antibacterial activity against select species. | - :

Results Ceenen Activity of Cefpodoxime-ETX1317 by B-lactamase Class

Against some isolates, titrations of CPD with fixed concentrations of ETX1317 Development of the Cefpodoxime-ETX1317 Testing Paradigm e e

resulted in MIC values below the limit of detection, presumably due to the . . : . : : : v i 19 na.

intrinsic antibacterial activity of ETX1317. Based on scatter plots, MIC., and Totdetermmccle the conce?tre.mon.tor rI\EjILtII((:) (t)f ETXBN dgomblrtl)edtw!tr} CPD th?tt)llr.tesutlts (':rllgppmfhm Methods: B Iagltjsrr;ase All | known or| ESBL | KPC OXA 185 | |BEASIEERED

MIC,, values, maximal potency of the CPD-ETX1317 combination was potency anf f.andon-sca et 'r;. vITro ¢ ETXf??lI;g p?:rSD'%T’ : 3c.er|af.su3ce|c;.| “>t/h (I)ETX131I7n € Broth microdilution susceptibility testing was conducted according to CLSI guidelines® using cation-adjusted None

observed at a 1:2 ratio. The MICy, of CPD against 910 BLA-enriched presencedo Elxeh conc;en ratons Ot red .ort 59 Eltra eb 'rl a e ral.lo. W: solat Thwas Mueller-Hinton broth. Where indicated, CPD-ETX1317 = MIC of cefpodoxime titrated with ETX1317 in a 1:2 N 910 183 608 18 30 45 26

Enterobacteriaceae improved from >32 mg/L to 0.5 mg/L in the presence of melasure ' ach com |Eat|03 was els cd agains " er;) ?C enjlceae ¢ |n|1cE:a S0la f’%’l't' es:[e ratio; CAZ-AVI = MIC of ceftazidime in the presence of 4 mg/L avibactam; PIP-TAZ = MIC of piperacillin in the

ETX1317 at a 1:2 ratio. Effective restoration of CPD activity was observed Isolates were chosen based on p-lactamase gene content and range of susceptiblliies to presence of 4 mg/L tazobactam. Glucose-6-phosphate was added at 25 mg/L for fosfomycin (FOS) MICg, (mg/L) 0125  0.125  0.125 0.25 0.5 0.25 0.5

cefpodoxime alone and ETX1317 alone.

across all bacterial species and serine BLA classes tested, including isolates susceptibility testing.
. : Number (cumulative %) of isolates inhibited at MIC (mg/L P y J MICq, (Mg/L) 0.5 0.25 0.25 2 2 1 8

expressing ESBL, AmpC-overexpressing, KPC and OXA-48-like enzymes. m---n----

Conclusions
CPD-ETX1317 in a 1:2 fixed ratio is the testing paradigm most likely to reflect

Cumulative Activity vs. 910 ESBL-enriched Enterobacteriaceae

Isolates with Lower Susceptibility to Cefpodoxime-ETX1317

Cefpodoxime

: . : : . alone
the contribution of both partners in a B-lactam-BLI combination, and therefore o T NITDEL {EUTIIEITIS 56) O |solates InBEeadLlle m/L * 12 isolates with MIC values of 4 mg/L or greater were subjected to whole genome sequencing.
restores the activity of CPD against ESBL-producing and/or carbapenem-  ETX1317(1:2) 0% 24%  59% 85% 86% | 95% | 98% 98% 100% 100% 100% 100% 100%
resistant Enterobacteriaceae using this testing paradigm. - 4 14 20 1 3 (4 ) 2 1 S 1 05% 0.12% 2.7%  4.8%  8.6% 10.8% 13.7% 15.6% 17.6% 19.5%  100% * 8 of the 12 isolates were found to encode for a metallo-B-lactamase (NDM-1 or VIM). These isolates were

Cefpodoxime-

Frrae e ETX1317 (1:1) 0% 7%  31% 64% 83% 88% | 95% | 98% 100% 100% 100% 100% 100% 0 5 e - - = - o e e - - confirmed to be carbapenem-resistant, suggesting robust expression of the MBL.
9 10 13 17 (1) 3 > 0 ETX1317 NA * Result is predictable because ETX1317 does not inhibit Class B metallo-B-lactamases.

. . . SR @G- I T e e O O T O O I * Investigation of the mechanism of resistance in the other 4 isolates is in progress.
95% of UTIs are caused by Enterobacteriaceae'. Emergence of multi-drug ETX1317 (2:1) 0% 0% 15% 32% 54% 83% | 90% | 95% 98% 100% 100% 100% 100% CPD-ETX1317 6 117 499 164 = 30 18 13 3 5 1
. . . . . ) . ) — . 08 .
resistant (MDR) bacteria, including fluoroquinolone-resistant, AmpC Cefpodoxime- 4 6 9 20 13 [ 3 1 2 1 (1:2) 0.7% 135% 68.4% 86.4% |92.6%) 95.9% 97.9% 99.3% 99.7% 99.9%  100% Conclusions
lactamase-, ESBL- and  carbapenemase-producing  strains  of ETX1317 (4:1) 0% 0% 0% 7%  17% 32% 66% 88% | 939% | 95% 98% 100% 100% c — e - - - - - P | - o | |
Enterobacteriaceae’ has Compnca’[ed treatment of patients with these A N 50 5 1 1 5 1 3 FOS 88 1% 6% 4% — 47% £ 19 - E— p— ° ETX0282 Is ar.l oral prodrug Wthh- IS hyc_ir_olyzed_ln Vivo to release ETX1317, a novel dlazablcydOOCtenone
infections. Resistance to existing oral theranies for UTI is forcing ohvsicians eTpodoxime inhibitor of serine B-lactamases with activity against Ambler classes A and C enzymes and select class D
- g P g pny 1mg/L ETX1317  g50o  88%  88% 88% (90% ) 92% 93% 93% 93% 93% 95% 100% 100% 140 35 29 46 77 39 40 48 163 207 36 enzymes
' ' ' ini ' )\ LVX 40 - : : L : : : S .
FO unnece_ssanly admit patients and administer I_er?gthy_lv tr_eatment resulting Cefpodoxime + o4 1 1 3 15%  19% 22% 27%  36%  40% = 45% 50% 68% 91% ) 100% « ETXO0282 is being developed in combination with cefpodoxime proxetil, which is hydrolyzed in vivo to
iIn excessive healthcare expenses. Many physicians identify the lack of a 2mg/L ETX1317 | 9206 | o03% | 95% 9506 o959 | 95% | 95% | 95%  95% | 950 | 95% | 100%  100% o78 19 19 16 585 (2 8) release cefpodoxime.
potent, oral Gram-negative agent as one of the field's biggest unmet needs?. cetodoni — " TMX 34 2100 2500 " .y 005 «  The MICy, of cefpodoxime against 910 recent, globally diverse ESBL-enriched Enterobacteriaceae from
. . . . . efpodoxime + (] 0 (o} 0 0 . . . . .
In response to this Cha”enge’ Entasis Therapeu“cs 1S deve]opmg an oral 4 mZ/L ETX1317 , , ; ; , . . . . ; ; . ; 2013-2015 was reduced from >32 to 0.5 mg/L when titrated in a 1:2 ratio with ETX1317.
- - - o - - B I I I e T O e I B I e 8 26 30 95 161 99 92 101 295 This potency was maintained across bacterial species and all B-lactamase classes associated with

Gram-negative drug targeting complicated UTI (cUTI) infections, including TZP 56 .
those caused by carbapenem-resistant Enterobacteriaceae (CRE). The ETX1317 alone o o ‘ 2 o 8 5 1% 4% 7% 18%  35%  46%  56% 67%  100% Enterobacteriaceae except for Class B MBLs.

_ _y _ P _ _ _ _ ' 0% 0% 0% 22% 54% 61% 61% 69% 78% | 92% | 100% 100% 100% CPD = cefpodoxime; FOS = fosfomycin; LVX = levofloxacin; TZP = piperacillin-tazobactam; NA = applicable; MIC,s are highlighted with blue squares. - CPDP-ETX0282, represents the first, new oral B-lactam/B-lactamase inhibitor combination as a therapeutic
agent is a combination of cefpodoxime-proxetil plus the diazabicyclooctenone *based on 2018 CLS| breakpoint criteria. CPD-ETX1317 breakpoint is based on the CLS| 2016 CPD breakpoint of <2 mg/L. option for the treatment of resistant Gram-negative uropathogens in decades.

prodrug, ETX0282 which is metabolized in vivo to cefpodoxime (CPD) and * Due to the Intrinsic activity of ETX1317, titrations of CPD with fixed concentrations of ETX1317

: : : o resulted in MIC values below the limit of detection. * CPD has a MICy, of >32 mg/L, which is improved by >64-fold to to 0.5 mg/L in the presence of ETX1317. _
ETX1317. The intended use for this product s as first line treatment for ,  cpp FTyx1317 titrated in a 1:2 ratio is the optimal testing paradigm to demonstrate contribution of References

cystitis and pyelonephritis in outpatient settings or as oral step-down therapy both partners, which translates to potent activity against a wide range of B-lactamase-expressing « CPD-ETX1317 was the most potent oral agent tested against this set of 910 clinical isolates of 1. Foxman, B. 2014. Infect. Dis. Clin. North Amer. 28: 1-13. 2. Zowawi, H.M. et al. Nat. Rev. Urol. 2015. 12:570-84 3. CLSI
in hospital settings, resulting in significant reduction of healthcare costs. isolates. Enterobacteriaceae. MO07-A10. 2015. 4. CLSI M100, 28t ed. 2018.
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