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What is new and why they work!

Robert A. Bonomo, MD
Cleveland VAMC
Case VA CARES
Case Western Reserve University School of Medicine



o T  To T I  T»

T T T o P>

l,l l,l ~ A\ V4 - p
La al 1 Sa | @,
VA Merit Review (DrJane Battlg , NIH (DrsJ. Gi, Dixon, Ernst, Knisely and EQKKRLG
Harrington Foundation. Dr. Neal Peachey and Holly Henry. Dr. WH Boom
Professor Keith Kaye

Drs. Karen Bush, Louis B. Rice, and David M. Shlaes

My LAB Ms. Kris Hujer and Andrea Hujer; Mr. Chris Bethel, Steve Marshal, Nick
Domitrovic, Sue Rudin; Dr. Maria Fernanda Mojica, Magda Taracila, Dr. Laura Rojas |

Drs. Kris PappVallace and Melissa Shelton Barnes

0The KPC ClébY PBetkhcd PerezM. Wright, Mark Adams, David van Duin, Keith
Kaye, Cesar Arias, Michael Jacobs, Julia Segre, Scott Evans, Barry Kreiswirth, Liang
Marcelo Tolmasky, Maria Soledad Ramirez, Latania Logan, Pranita Tamma, and Sant
Richter

G ¢ PSla/ f damdrew Mack, Drs. Shozeb Haider, John Dekker, George Drusano

Drs. Vance FowleEoccovan den Akker, Fabio Prati, Emilia Caselli, Marisa Winkler,
Roberto Viau, Paul Carey, John Buynak, Brad Spellberg

G ¢ KS b5 ®rs./Alejaizdraé Vila, Jim Spencer , Walter Fast, Mike Crowder, Rick P
Seth Cohen, Rick Page

ad ¢ KS b ¢ KhaltlDouka, Sebastian Kurz, Barry Kreiswirth
AstraZeneca, Allergan, Merckyockhardt GSK, Rochéchaogen Shionogi,




Outline

ACKS a{daFradS 2F ! TFIF ANRE
A Working with Pharma in preclinical and clinical

studies: |

I Avibactam My goalis to

i Relebactam provide the basic

I Vaborbactam knog\{le.dge _rer(]quwzd

I WCK5153 andidebactam FO |st|r_1gws an

. differentiate each of

| ETX2514

. the novel BLIs that

" Nacubactam are commerciall
A AAIL01 Y

avallable and In

A New compounds! development



a [ JsaviBg
¢ KSNJ LI ¢

. OH
TN 2.0, ,—OH o _ZaS
JnP< N N
o) / 0” / o
D/“D O/"‘{:} ol
Penam Clavam Penem
o
%{3
NH;* ';l"c'
H
%N? s miii
. |
0 fyeei H,N HNGE Y.CHs
o” Cl
}~N_0
O O o) K;S\
o O
Cephem Monobactam

Carbapenem

Impact on
society.
Why are these
drugs losing
their efficacy?

Moijica, Bonomo and Fast
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Class A SHV-1 B-lactamase Class B IMP-1 B-lactamase

Class C E.coli AmpC B-lactamase Class D OXA-1 B-lactamase

Clin. Microbiol. Re2010, 23(1):16
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The Journal of Infectious Diseases

SUPPLEMENT ARTICLE

The Epidemiology of Carbapenem-Resistant
Enterobacteriaceae: The Impact and Evolution

of a Global Menace

Latania K. Logan"® and Robert A. Weinstein™?
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To overcomeb-lactamases, we must
understand the mechanism

H}rdrul}rsis by a serine p-lactamase
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Interplay between p-lactamases and
new B-lactamase inhibitors

Karen Bush@»'* and Patricia A. Bradford?*
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Inhibit b-lactamases: a majoclinical
achievement!
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Vor. 11, 1977 CLAVULANIC ACID 857

TABLE 3. Activity of p-lactamase-labile antibiotics in the presence of sodium clavulanate

Minimum inhibitory conen (ug/ml)®

B-Lactam antibiotic plus so-

3 Pseudomo-
dium clavulanate Staphylococ-  Klebsiella

cus aureus aerogenes Proteus mi-  Escherichia Escherichia nas aerugi-
Russell NGTEC 418 rabilis C889  coli JT39 coli JT410 nosa Dal-

gleish
Sodium clavulanate alone 15 31 62-125 31 31 250
Ampicillin alone 500 250 =>2,000 >2,000 250 >2,000%
Ampicillin + 1 ug/ml 0.8 0.4 62 31 250 2,000°
Ampicillin + 5 pg/ml 0.02 0.1 8 4 250 500°
Ampicillin + 20 pg/ml 125 125°
Cephaloridine alone 0.6 62 62 62
Cephaloridine + 1 pg/ml 0.15 8 4 62
Cephaloridine + 5 pg/ml 0.06 4 2 62

® Microtiter technique using serial dilutions in tryptone soy broth with a 1/500 dilution of overnight broth
culture as inoculum. End points read after 18 h at 37°C.
® Carbenicillin in place of ampicillin.

Augmentin
s Timentin
P rEa Unasyn
Z0syn
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Ceftazidime Avibactam
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New [3-Lactamase Inhibitors: a Therapeutic Renaissance in an MDR

World AgainstKp KPCthe addition of AVI improves
the activity oftaz (~4x MIC reduction).

Sarah M. Drawz,? Krisztina M. Papp-Wallace,” Robert A. Bonomo™™
Department of Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, Minnesota, USA®; Research Service, Louis Stokes Cleveland Department of
Veterans Affairs, Cleveland, Ohio, USA™ Departments of Medicine” Pharmacology,? and Maolecular Biolegy and Microbiclogy,® Case Western Resenve University,
Cleveland, Ohio, USA

TABLE 1 MICs of B-lactam and B-lactam-avibactam combinations against select pathogens®

MIC (pg/ml)®

Pathogen CAZ CAZ-AV] CFT CPT-AVI ATM ATM-ANV]
K. pneumoniae with OXA-48 2564512 0.25/0.5
K. preumoniae with CTX-M-15 B4 0.06/0.25
K. prmeumoniae with KPC-2 =512f=512 0.25/1 =512/=512 =0.06/ =006
E. coli with ESBL 16/64 0.12/0.25
E. coli with AmpC 16/64 0.12/0.5
E. coli with OXA-48 4 < (. 008
E. coli with IMP-1 256 64
Enterobacteriaceae with multiple B-lactamases, hdf =64 0.5/2

including KPC-2
Enterobacteriacene with multiple B-lactamases, 256/==256 0.5/2

including AmpC
Enterobacteriacene with VIM Gd-512 G512 0.25-256 0.12-40.5
F. aeruginosa B6d 418 =6d =64 16/=32 16/32 Bf32
P. aeruginosa with ESBL PER-1 128/128 416
A. baumannii 6464 32/>32
A. baumarmnii with PER-1, OXA-51, and OXA-58 128/=512 321256
. aurens 1/2 1/2

“ ata were adapted from references 15, 16, 19, 20, 21, and 24. Avibactam was added at 4 pg/ml. Abbreviations: CAZ, ceftazidime; AV, avibactam; CFT, ceftaroline; ATM,
artreonam.
* pumbers separated by a forward slash indicate MICen/MICar values. Emptv cells indicate that values were not reported.
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CeftazidimeAvibactam

Antibiotic MICg, / MIC,y, (US Hospitals; 2011-4)

Enterobacteriaceae 0.12/0.25 0.12/8 <0.06 /<0.06 2/16

CTXM-15like 0.12/0.5 16 / >32 <0.06 /<0.06 8/>64

KPCProducing 0.25/1 >32/ >32 >8/>8 >64 /> 64

Enterobacteriaceae

P. aeruginosa 2/8 2/ 32 0.5/8 4/64
CAZ MIG 8 4 /16 >8/>8 4 />32 64 | > 64
MER MICG 4 4/16 16 / >32 >4 />4 32/>64

A Inhibited by class B and some class D B-lactamases or other mechanisms of
bacterial protection (e.g. efflux pumps, porin size, cell wall alteration)

A Gaps in coverage: K. pneumoniae producing MBLs (VIM, MDM),
ESBL-Acinetobacter, Burkholderia, Stenotrophomonas (NDM),

Pseudomonas spp. with ceftaz-efflux pumps, anaerobes, MRSA
Hubband et. al. AAC 2016;60:2537. Livermore, JAC 2010;65:2376-81. Castanheira et. al. AAC 2015;59:35009.



Ceftazidime/avibactam versus standard-of-care agents against
carbapenem-resistant Enterobacteriaceae harbouring blagpc in @
one-compartment pharmacokinetic/pharmacodynamic model

Katie E. Barber*, Jason M. Puguez, Henderson D. Warnock®, Robert A. Bonomo>~® and Keith S. Kuyeﬁ
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Figure 1. PK/PD graphs for four study pathogens in in vitre models. Open circles, amikacin; filled triangles, ceftazidimefavibactam; filled circles, mero-
penerm; open triangles, polymyxin B; filled squares, tigecycling; open squares, drug-free growth control.

JAC, 2018



RESEARCH ARTICLE

Inhibition of Klebsiella B-Lactamases (SHV-1
and KPC-2) by Avibactam: A Structural Study Active site

Nikhil P. Krishnan'*, Nhu Q. Nguyen'*, Krisztina M. Papp-Wallace®, Robert Of KPC
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= Nl Fig5. Avibactam in the active site of SHV-1. Interactions of avibactam (shown with green carbon atoms) in
Fig4. Interactions of avibactam in the active site of KPC-2. Avibactam is shown with green carbon atoms. the active site of SHV-1. Hydrogen bonds are depicted as dashed lines. The deacylation water is present
Hydrogen bonds are depicted as dashedlines (cut-off distance is 3.2A). The deacylation water is present (labeled Wi#1). Additional waters are labeled W#2—4.

(labeled Wi#1). Additional waters are labeled W#2-3.

PLOS One, 20



Colistin vs. ceftazidime davibactam in the
treatment of Infections due to
Carbapenem -resistant Enterobacteriacea

David van Duin, et al
Clin Infect Dis. 2018 Jan 6;66(2):163 -171



CRACKLEE

A 137 patients met criteria; 38 patients were
treated first with ceftazidimeavibactam and 99
with colistin.

A BSI (n=63, 46%) > PNA(n=30, 22%).

A No isolates hadlayg,, blay, blaye or blagy
48"

A ST258A (18/54, 33%) and ST258B (23/54, 43

were the most commonly encountered clades
of CRKP

Consortium on Resistance Against Carbapenems in Klebsiella and other

Enterobacteriaceae (CRACKLE), a prospective, multicenter, observational study.



Conclusions

A In patients treated with TAZ AVI vs. colistin
all-cause hospital mortality at 3@lays after
starting treatment was 9% vs 32%

At KdzA XPDLY UGKA& LINE & L
multi-center cohort, allcause propensity
adjusted mortality was decreased In patients
with CRE infections started on
ceftazidime/avibactam vs. colistin (absolute
risk reduction 23% [95% CI| 9856%],
p=0.0012).
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Probing the Mechanism of Inactivation of the FOX-4
Cephamycinase by Avibactam

Michiyoshi Nukaga * Krisztina M. Papp-Wallace ®~# Tyuji Hoshino,® Scott T. Lefurgy,’ Christopher R. Bethel b
Melissa D. Barnes ®~ Elise T. Zeiser,® ). Kristie Johnson 2 Robert A. Bonomob-<hi

More than just
Pseudomonas

Flexible, highly
mobile Wloop

AAC, 2018



Overcoming an Extremely Drug Resistant (XDR) Pathogen:
Avibactam Restores Susceptibility to Ceftazidime for
Burkholderia cepacia Complex Isolates from Cystic Fibrosis
Patients

Krisztina M. Papp-Wallace™+1."T Scott A. Beckal, Elise T. Zeiser?, Nozomi Ohuchi¥, Maria
F. Mojica® ™ Julian A. Gatta™ Monica Falleni®, Delfina Tosi®, Elisa Borghi®, Marisa L.

Winkler™#, Brigid M. Wilson®_ John J. LiPuma®, Michiyoshi Nukaga®, and Robert A.
Bonomot+#LI5E

Formed the
basis of a
novel
therapy for

terminal
Infections in CF

ACS ID 2017



Avibactam Restores the Susceptibility of
Clinical Isolates of Stenotrophomonas
maltophilia to Aztreonam

Maria F. Mojica, ¥ Krisztina M. Papp-Wallace *b~ Magdalena A. Taracila b~
Melissa . Barnes ™ Joseph D. Rutter,® Michael R Jacobs = John J. LiPumaf
Thomas ). Walsh,9 Alejandro ). Vila ®' Robert A. Bonomo=<4kl

TABLE 1 Steady-state kinetic parameters of L2 with NCF and AVI=

Faramster Walue

NCF K, [uM) 62+ 4

NCF k_JK_ (M~ - 5-7) 914 + 0.01
AVIK, o (lM] 0.56 = 0.07
AV kK (M1 - 5-1) 47,000 = 131
AVI Ky (5] 0.0015 + 0.0001
AVI K gy 1,7 (IR} 40 + 02

=N, nitrocafine Valses reported are awerages + standard deviations from triplicats experimants.

A B
100 o
L2 L2 +AVI
29,282 29,549
» . (&= +267 Da)

o 4 mass
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S130
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E > 5237

AAC 2018



RECAPTURE

CeftazavivsDoripenemcUTIAP

Caz-avi  Doripenem TxDiff
N = 393 N =417 (95% Cl)
n (%)
Day 5 sx resolution 276 (70.2) 276 (66.2) 4.0 (2.39, 10.42)
TOC clin/micro 280 (71.2) 269 (64.5) 6.7 (0.30, 13.12)
TOC micro (EMA) 304 (77.4) 296 (71.0) 6.4 (0.33, 12.36)

Ceftaz NS, n/n (%)

48/75 (64.0)

51/85 (60.0) 4.0 (11.11, 18.81)

ACaz-avi 2000/500mg q 8 hrs vs doripenem 500mg g 8h; po switch p 5 d
ACaz-avi superior in micro response at TOC (EMA)

Addverse events similar

Wagenlehner et al. Clin Infect Dis 2016, 63: 754
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SOCIETY FOR
— mcrosoiosy AN Chemotherapy CHALLENGING CLINICAL CASES IN ANTIMICROBIAL RESISTANCE

Successful Treatment of Bloodstream Infection Due to Metallo-[3-
Lactamase-Producing Stenotrophomonas maltophilia in a Renal
Transplant Patient

ab,d

Maria F. Mojica,®P¢ Christopher P. Ouellette,® Amy Leber,f M. Brian Becknell,® Monica I. Ardura,® Federico Perez,
a,b,c,d

Masako Shimamura,®" Robert A. Bonomo

PC

D1
Da3 0
D45 ' ‘ ‘

D50 CAZ (30 pg) ATM (30 pg) CZA (50 ug)

CTRL1
CTRL2

1M1 {10 pg)

CZA (50 pg) ATM (30 pg)

vVv W vVw Vv w
FEP |AG| colistimethate | | colistimethate ceftazidime-avibactam + aztreonam |
== . : = | _mino = ; . |
AMA A ' ‘AA A | A A A ' A |
D1 D15 D30 D45 D60 D75 D90 D105 D120

Mojica et al AAC 2016



Can Ceftazidime-Avibactam and
Aztreonam Overcome f3-Lactam

Resistance Conferred by Meta"O'B' Marshall et al. N D M d Antimicrobial Agents and Chemotherapy
Lactamases in Enterobacteriaceae? p rO u Ce rS

Steven Marshall,> Andrea M. Hujer,*® Laura J. Rojas,>®.c X
Krisztina M. Papp-Wallace,® Romney M. Humphries, Brad Spellberg,®

114
Kristine M. Hujer,®® Emma K. Marshall,® Susan D. Rudin,»® Federico Perez,»®
Brigid M. Wilson,® Ronald B. Wasserman,f Linda Chikowski,® David L. Paterson," 104 .
Alejandro J. Vila,' David van Duin,/ Barry N. Kreiswirth,¥ Henry F. Chambers,! ]

Vance G. Fowler, Jr,m Michael R. Jacobs,™ Mark E. Pulse,® William J. Weiss, O - - v * +

Robert A. Bonomo®b<r %g - B} %‘ ; T x|= % %
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Identifying Spectra of Activity and
Therapeutic Niches for Ceftazidime-
Avibactam and Imipenem-Relebactam
against Carbapenem-Resistant

Major OmpK36 mutations

stepwise emergence ami-rel R

it P02 P03 Pe0003 Enterobacteriaceae
w z: . _E_ ] E 5 Ghady Haidar,® Comelius J. Clancy,”*? Liang Chen® Palash Samanta,
-: - e . B ¥ :: — Ryan K. Shields, < Barry M. Kreiswirth,” M. Hong Nguyer®®<
E‘ = "= i1 =-.: _ 1. Major OmpK36 porin mutations
= - éw; + ZT=.7T wereindependently associated with
S EAEEEEE T E £/l Ae  higherimilrel MICs P 0.0001) and
A . & & * .

& “ﬁ“w@fﬁ”ﬁ’ff : nq..-.?f;«@ Uﬁf‘}@f showed a trend toward independent

w® & T8 *:Rq‘m "lisl;‘.‘h* .. . . .
& association with highetaz aviMICs P
I'-“:r.’! 3 , I'-‘*:j 4 P=004 P=00F O i 07) .

uma % w0z _ ]

la "~ .22Z22 § T 2.The presence of variant KFC

iy E 0. il was associated withaz aviresistance
L 2 -_— .

o CE %“:':: = (P 0.0001). In conclusion,

#:u &q. &P T T T -q;'- LI T "J . ._ _ . .
ﬁqfi#gﬁgg & fﬁﬁgﬁﬁvf imi-rel andtaz_a_vl had overlapping
ey e spectra of activity
& and niches. andaz-avi resistance.

AG 1 Distributions of imipenam, Imipenam-relebactam, ceftazidime, and ceflazidime-avibacam MICs,
stratified by type of carbapensmase and porin status. The horzontal red lines represent median MICs.

Septernber 2017 Wolume 61  lsswe= 5 e006L2-17



Inactivation of the Pseudomonas-Derived Cephalosporinase-3
(PDC-3) by Relebactam

Melissa D. Barnes ** Christopher R. Bethel® Jlim Alsop,® Scott A. Becka * Joseph D. Rutter ® Krisztina M. Papp-Wallace =b=f
Robert A. Bonomo~b.~d.=fgl

TABLE 2 Steady-state kinetic parameters of PDC-3 with relebactam, compared to

avibactam
Kinetlc parameter Ralebactam Avlbactam® M ICS are
K (M) 34+ 0.4 15 +103
R
kKM 577) 41 = 10" =05 = 10* 39 x 10* £ 29 = 10° |Ower
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Pivotal Phase 3 Study of Merck’s Investigational Beta-
Lactamase Inhibitor Relebactam in Combination with
Imipenem/Cilastatin Demonstrated Favorable Overall
Response Against Certain Imipenem-Non-Susceptible
Bacterial Infections

A RESTORHKII 1 study @ 28th ECCMID 2018 (Madrid) 421

A Multicenter, randomized, DB, comparatoontrolled trial : IMI/REL vs COL+IMI ir
pts withimi-non-susceptible bacteriahfxs

A Patients with HABP/VAB&A| orcUTIcaused by one or morieni-non-susceptible
(but Colistinand IMI/REL susceptible) pathogens, were randomized 2:1 to rec
IMI/REL or COL+IMI in a doulblend fashion.

A Study duration was-21 days focUTlandclAl 7-21 days for HABP/VABP.

A Favorable overall response was comparable for the IMI/REL (71.4%; n=15) ar
COL+IMI (70.0%; n=7) treatment arrfravorable clinical response at Day 28 was
higher in the IMI/REL arm (71.4%; n=15) compared to the COL+IMI (40.0%; n
arm, and 28day allcause mortality was lower in the IMI/REArm (9.5%; n=2) vs.
COL + IMI (30.0%; n=3), respectively.

A adverse events occurred 16.1% of patients (n=31) in the IMI/REL arm vs. 31.
of patients (n=16) in the COL+IMI arm. Treatmeaarhergent nephrotoxicity was
lower with IMI-REL (10%; 3/29)



VABORBACTAM


https://www.google.com/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/d/d4/Vaborbactam.svg/250px-Vaborbactam.svg.png&imgrefurl=https://en.wikipedia.org/wiki/Vaborbactam&docid=KBRCat7DEd6kYM&tbnid=KNPIF_QrtgKj7M:&vet=10ahUKEwjAx5zKi6PhAhUhwYMKHTJFDxsQMwg_KAEwAQ..i&w=250&h=96&bih=600&biw=1366&q=vaborbactam%20structure&ved=0ahUKEwjAx5zKi6PhAhUhwYMKHTJFDxsQMwg_KAEwAQ&iact=mrc&uact=8

Journal of
e @
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Chemistry

Discovery of a Cyclic Boronic Acid f-Lactamase Inhibitor (RPX7009)
with Utility vs Class A Serine Carbapenemases

Scott J. Hecker,*" K. Raja Ruidy Maxim Totrov,” Gavin C. lest " Olga Lomov sl\dyl

David C. Griffith,” I’ aula I<.m«,, Rusl an Tsivkovski,’ Dongxu Sun,’ Mo]gm Sabet,’ Lnd Tarazi,”
Matthew C. C hft(}n, Kateri Atl\ms, Amy Riymond Krlsty T. I’otts, Jan Abuldroth, Serge H. B(}yt.r,
Jeflrey S. Loutit,” Elizabeth E. Morgz mn,’ Stephanie Durso,” and Michael N. Dudlcy

Rempex Pharmaceuticals, Inc., A Subsidiary of The Medicines Company, 3033 Science Park Rd., Suite 200, San Diego, California

92121, United States
Molsoft LL.C, 11199 Sorrento Valley Road, San Diego, California 92121, United States

SBeryllium, 3 Preston Court, Bedford, Massachusetts 01730, United States

I NB GdkuSgaE XX d dWdzY LI T2 NB
boranatesin development

enzyme
KPC-2
CTX-M-15
SHV-12
TEM-10
P99
CMY-2

0O0 e e e

9f

0.069
0.044
0.029
0.110
0.053
0.099

dlavulanic acid

41.2
0.027
=0.039
0.020
1106
B45

Table 2. Inhibition of Nitrocefin Degradation (K, uM) by
Compound 9f

tazobactam

L6
0.001
0.0004
0.005
L10
0.71

] ore Ki= 0.07 vs KPC;-Ki0.03 vs SHY?2




Ceftazidime/avibactam, Meropenem/vaborbactam or both?

Clinical and formulary considerations

Authors and affiliations CID

Jason M. Pogue, PharmD®2, Robert A. Bonomo, MD345, Keith S. Kaye, MD, MPH®

JAMA | Original Investigation

Effect of Meropenem-Vaborbactam vs Piperacillin-Tazobactam
on Clinical Cure or Improvement and Microbial Eradicationin
Complicated Urinary Tract Infection

The TANGO | Randomized Clinical Trial

Keith 5. Kaye, MD, MPH; Tanaya Bhowmick, MD; Symeon Metallidis, MD; Susan C. Bleasdale, MD; Olexiy 5. Sagan, MD; Viktor Stus, MD, PhD;

Jose Vazquez, MD; Valerii Zaitsev, PhD; Mohamed Bidair, MD; Erik Chorvat, MD; Petru Octavian Dragoescu, MD; Elena Fedosiuk, MD;

Juan P. Horcajada, MD, PhD; Claudia Murta, MD; Yaroslav Sarychev, MD; Ventsislav Stoev, MD; Elizabeth Morgan, BS; Karen Fusaro, BS; David Griffith, BS;
Olga Lomovskaya, PhD; Elizabeth L. Alexander, MD; Jeffery Loutit, MBChB; Michael N. Dudley, PharmD; Evangelos J. Giamarellos-Bourboulis, MD, PhD

A Phase 3, MC, MN, RCT (TANGO I) conducted
11/ 2014 to 4/ 2016

APatients (018 years) wi
Infection type and geographic region .



TANGO |

A Eligible patients were randomized 1:1 to
receive meropenemvaborbactam(2g/2g over
0o K2dzZNET y T +nmzobadtan? NJ
onIkndp3a 2OSNI on YAV
hours.

A After 15 or more doses, patients could be
switched to oral levofloxacin if they met
prespecified criteria for improvement, to
complete 10 days of total treatment.



TANGO |

A For the FDA primary end point, overall success
occurred in 189 of 192 (98.4%) with
meropenemvaborbactam vs 171 of 182
(94.0%) with piperacillifazobactam
(difference, 4.5% [95% CI, 0.7% to 9.1%;

Pf odnnanm F2NI V2YVAYTFSNI

How do you translate these

studies to CREs? MDROs?




Table 1: In vitro activity of ceftazidime/avibactam and meropenem/vaborbactam against problematic

Gram-negative pathogens TAZ AV [ Mer o Vabor
Organism Resistance present Ceftazidime/avibactam | Meropenem/vaborbactam
Enterobacteriaceae

ESBL +++ +++

AmpC +++ +++

KPC +++ +++

MBL - *

OXA-48 like +++ *

A. baumannii

Carbapenem-resistant - -

P. aeruginosa

Carbapenem-resistant ++ _
Pan beta-lactam + -
resistant

S. maltophilia

Ceftazidime-resistant - -

ESBL = extended spectrum beta lactamase, KPC = Klebsiella pneumonia carbapenemase, MBL = metallo-
beta-lactamase, Pan beta-lactam resistant = resistant to traditional anti-pseudomonal beta lactams

(cefepime, ceftazidime, meropenem, imipenem, and piperacillin/tazobactam)

+++ = activity >90%, would expect in vitro activity; ++ = activity 60-90%, high likelihood of in vitro
activity, but ensure susceptibility prior to using; + = activity 30-60%, lower likelihood of susceptibility; -
minimal to no activity, should not be considered an option; * might have activity, but driven by

meropenem, vaborbactam does not add anything in this setting. Pogue & Kay e
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VNRX 5133
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Novel DBOs: forging new paths

///I"r, O
q o) "N N"‘NJ'I' e
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)— *o—5<° o N

WCK 5153
1. BLEs represent a new antimicrobial class and work by providin
O2YLIX AYSYUlFINE t .t XgcROAIAZ2Y
2. By targeting two different PBPs, BLESs act synergistically (
Aeruginosaand A. baumannii
3. Operate independently of BLIs.

az2el > -WallhcelLBonomo AAC 2017; Papp- £ £  OS X. 2y 2Y



FEP 50

FEF-ZID
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Dosas in mefke. aZh

MRS L2349

A murine
neutropenic lung
iInfection model

usingA. baumannii
SLOG6 carrying
blaOXA23 and
blaOXA51. The
graphs represent
the change in
CFU/lung after
different antibiotic
treatments
administered as
gz2h.).



EXT2514+ Sulbactam

Form the basis
of a phase Il trial

MUITIDRUG-RES!
ACIN

E‘h' [}_5! i ﬁ'é (o

| 31,300

ETX2514 overcomes resistance of the WRAMC isolates to
sulbactam

Suscepdibility of T2 WRAMC 4. boumonnil moltes

Table 3: MIC (mg/L) Sulbactam Sulbactam-

012,000

s 3y ® Sulbactam 14
T R ® Sulbactam + ETHIS14 ETX2
W3 LOWELN CuRt £ = =
A FESSTANT ACINETUBACTER ISFECTEINS T m I I Sie s s - Ll
I 15
E w .
ju A. baumannii MICx; 8 1
CDC Threat Report, 2013 - JLLN L s '
e B35 05 4 02 4 B 16 32 =k _"q- baumarnnil MICsy 32 2

MIC gL

Figure 4: MICs of the WRAMC A. baumanni isolates Medical Center lsolates were performed
on agar broth dilution according to the Clinical and Laboratory Standards Institute”.

Structure of ETX2514

ETX2514 effectively inhibits ADC-7 and OXA-58 B-lactamases
ADC-7 OXA-58

Hydrophobic interactions

—0pM  —0.05uM  —0.075 M —O0.1pM 0 0102 M 03
- . —0.125pM —0.15uM  --025uM 0.4 pM 189 —0EuM_tuM —2 uht
| Increases ring strain E 18- E16 Y et
T . i = 16 - _(_,-#"‘"“*‘I#H-w FFFFF 314 1 e i
: 7 g 14 - F12 - _ ammi—
& reactivity 3 121 3 =
s 14 = R
§ 08B L e g0 47
Blocks £ os| e fL— —
2 0.4 F 202 -
; . . 02 ; ; ; ; . 0 ; ; ; ; .
deacylation water T s 10 1o a0 mo 0 3 1w 1m0 20
Time [seconds)

Time [secomds)

n Figure 5: B-lactamases were mixed with increasing concentrations of ETX2514 using 100 pM NCF
as a reporer subsirate.

'0SO,H



Desulfatedfragment of ETX2514 bound to AEXC
R346' Q.

Y R3d§p

i Ibh N152

> N343

l

Y150 |
119

V292

ETX2514 fragment makes a covalent bond with S70, a hydrogen bond with T313, ant
has its carbonyl oxygen located outside the oxyanion hole. 2.2 Angstroms




Nacubactam

A Nacubactam formerly RG608Gnd OP0595is a
member of the growing class of bridged
diazabicyclooctandDBO )b-lactamase inhibitors
that differs from avibactam with theaddition of an
aminoethoxy group to thecarbomylside chain
present on avibactam

0 C o

O 0 0
N N .
O N TR
H,;N \< N,H > N \< H |
N—O\ H N—O\ Nm_,x
SOz;H SO;H )_N

Avibactam Nacubactam Nacubacta




NacubactanMOA

Thisaminoethoxy group to thecarbomylside chainis likely
responsible for the significant intrinsic antibiotic activity of
nacubactamalone.

Analogous to ETX2514, and the WCK 5153 addbactamDBOs,
nacubactaminhibits Escherichia copenicillin binding protein 2
(PBP2.

Moreover,nacubactamg @ NB L2 NI SR (2 I Of
lactamenhancer like mecillinamand the WCK 5153 and
zidebactamDBOs, when combined with othdr-lactams.

¢ Kedhange¢ STFSOU Aa GKS NBadz d
possessing the ability to target multiple PBPs.



K. pneumoniae clinical strains harboring KPC-2
or KPC-3

m MERO:Nacu (1:1) mMERO

OLJI|L|n. I 111
A\
>

# of Strains
- N N
o Ol o

&)
l

SETVHL N VYOO YFHE
QO QS Y%
MICs (mg/L) 1

MICs of 44&K. pneumoniaelinical isolates containing KPZor KP& - |
lactamases tested against meropenem (MERO) and MERO combined with
nacubactam(Nacy at a 1:1 ratio.



SAR based MICs

A We hypothesized that the structure and catalytic
determinants (i.e., amino acids 73, 104, 105, 130, 164, 166,
170, 179, 220, 234 235, 237, 240, and 276) that mediate
inactivation of class &-t I Ol I Y I -lackagnase & |
Inhibitors, such a®xapenems sulfones, and DBOs would
also play a role in the inactivation mechanism of
nacubactam

A 1sogenic panel oE. coliproducing KP& variants with single
amino acid substitutions at critical active site residues (73,
104, 105, 130, 164, 166, 170, 179, 220, 234, 235, 237, 240,
and 276)

A KPG2 K234Rvariant was found to demonstrate increased
meropenemnacubactamminimum inhibitory concentration
(MIC) compared to KRE, yet did not possess an increase In
meropenem MIC.



KPG2 Substitution

Nacubactam
Meropenem
Ceftazidime
Avibactam (4 mg/L)
Cefepime
Piperacillin
Colistin
Amikacin
Tigecycline
Levofloxacin
Fosfomycin

Nacubactam (1:1)
Meropenem
Ertapenem
Aztreonam
Aztreonam

Avibactam (4 mg/L)
Tazobactam (4 mg/L)

Z
Z
+
<

pBC SK vector

1 012 1 1 >32 012 025 2 128 K nomu 1 012 0015 2
2 006 05 0.5 32 006 025 2 64 X nodmu 1 012 0015 2

V240G (KP@ 2 0.12 0.25 os >32 012 2 4 64 X nomu 2 0.12 0.015 2
2 006 0.12 o1 >32 012 025 1 32 X nomH 2 012 0015 2
2 0.06 0.25 o1 >32 012 05 2 64 X nomMH 2 0.12 0.015 2

M49I
H274Y (KPC 2 0.06 0.25 25 32 0.06 0.25 2 64 X nomMH 2 0.12 0.015 2
V240G

H274Y (KPS 2 0.12 0.5 05 >32 012 1 4 128 X nomu 1 0.12 0.015 2
2 0.015 0.01 o0.008 0.25 0.12 0.5 0.06 2 0.025 2 0.12 0.03 2
2 0.03 0.01 o.008 0.12 0.12 0.25 0.15 4 X nodmH 2 0.12 0.015 2
2 0.06 0.5 0.5 >32 0.06 0.25 2 64 0.25 2 0.5 0.015 4
2 0.25 1 1 >32 0.12 0.5 4 128 0.5 2 0.5 0.015 4
1 0.06 0.06 o012 32 006 012 025 32 0.25 1 012 0015 2
1 003 0.01 o008 025 006 012 006 >128 0.25 2 012 0015 2
2 0.06 0.03 o006 012 006 025 012 4 X nomu 1 012 0015 2
2 0.03 0.06 0015 025 006 025 012 2 0.25 2 012 0015 2
2 0.03 0.03 o008 2 006 05 1 1 X nomn 2 006 0015 2
4 0.06 0.03 oo0s 1 0.12 2 2 64 X nomu 2 0.12 0.015 2
2 0.06 0.03 0.25 4 0.12 4 4 4 0.25 2 0.12 0.015 2
1 0.06 0.06 0.12 2 0.06 0.12 0.12 2 0.25 2 0.12 0.015 2



Tazavi

N N+M M |
~ Rropov | 1 | 003 [ 003 | 015 | 025 | 006 | 012 ] 012 ] 3 | o025 | 1 [ 006 | 0015] 2 |
2 0.03 0.03 0015 1 006 012 006 32 0.25 2 012 0015 2
2 0.03 0.12 o.016 0.5 006 012 0.06 4 0.25 4 0.5 0.015 2
1 0.03 0.06 025 16 006 012 006 32 0.25 2 012 0015 2
1 0.06 05 1 >32 006 025 1 64 0.25 1 012 0015 2
2 025 4 8 >32 025 2 16 >128 025 2 012 0015 2
2 025 2 4 >32 012 05 4 >128 025 2 006 0015 2
1 012 05 1 32 006 025 1 64 0.25 2 012 0015 2
2 0.06 0.25 o5 16 012 012 05 64 0.25 2 012  0.015 2
2 025 8 32 >32 025 1 16  >128 025 05 012  0.03 2
2 025 05 2 >32 012 4 8  >128 025 0.5 0.06 0015 2
2 025 2 4 >32 012 1 >32  >128 025 X noH®06 0015 2
2 0.06 0.03 o012 025  0.12 8 0.5 2 X 1 OMHOS 0.06  0.015 2
2 012 1 2 >32 006 2 8 >128 025 K n®H@06 0015 2
2 0.06 003 o012 1 012 8 2 0.25 05 006  0.015 2
1 006 0.06 05 8 012 8 2 X ndmMHs 012  0.015 2
1 0.03 0.01 003 1 012 2 012 2 K ndmu g 012 0015 4
2 006 0.06 o012 4 012 8 2 K NOMK nonp06 0015 2
4 012 0.12 o2 8 012 8 8 K ndmH g 006 0015 2
2 006 0.03 o012 025 012 8 1 K ndmMHos 006 0015 2
1 0015 001 015 o025 o012 8 0.5 2 0.25 2 012 0015 2
2 003 003 003 012 012 4 025 4 K nOMMW nouP06 0015 2
2 006 003 003 2 012 8 2 2 X nOMMNK nouP06 0015 2
2 006 006 o012 1 012 8 4 2 X nomHgs 006 0015 2
2 0.25 2 4 > 32 0.12 2 8 >128 X n®MHQ5 0.06 0.015 2
1 0.03 0.03 o006 1 0.12 8 1 1 X NOMK now@l2 0015 2



Tazavi

| oizeo | 2 [ 0.06[0.03] 012 | 025 | 012 | 4 [ o025 ] 1 | XK n9MHo5 | 006 | 0015 | 2 |
D179R 1 0.06 0.03 o0.06 0.12 0.12 4 0.12 1 XX 1 dwmHO.5 0.06 0.015 2
1708 1 0.03 O'é)l 0.03 1 0.06 1 0.5 2 0.25 1 0.12  0.015 2
D179T 1 0.06 0.03 o012 1 0.12 8 1 2 K NO®MK nowpo6 0015 2
D179V 1 0.06 0.03 o012 1 0.12 8 2 1 K ndmHys 0.12  0.015 2
D179W 2 0.06 0.06 0.3 4 0.12 8 4 2 K nd®mHys 0.12  0.015 2
D179Y 2 0.06 0.06 o025 1 0.12 8 2 2 K ndmHys 0.12  0.015 2
R220A 2 0.12 0.12 o025 1 0.06 0.25 0.5 > 128 0.25 XX n dH P.06 0.015 2
K234A 1 0.015 0.01 o008 012 006 012 0.03 1 0.25 0.5 0.12  0.015 2
K234R 2 0.5 2 4 32 0.12 0.25 8 > 128 0.25 0.5 0.06 0.015 2




AAI101

Tazobactam

P N
\y\N/N\\N

COOH

AAI101 possesses a strategically placed
methyl group that gives the inhibitor a net neutral charge
enhancing bacterial cell penetration

AAI101 possessed a unique mechanism dactamase
Inhibition compared to tazobactam



Apo-enzyme Apo-enzyme Apo-enzyme
apo apo apo apo apo apo
y.ul |\ KA KA KA N
+AAI101 + Tazobactam + AAIM01 + Tazobactam + AAI101 + Tazobactam
3 3 2 2 3 3
21 21 1
1 min g 2
i I , ,,Sf. 1 w
A A X  J— n A‘A X Jl-m‘_,\n MﬁﬂA’J\J
+AAI101 + Tazobactam + AAI101 + Tazobactam + AAI101 + Tazobactam
3 3 2 2 3 apo
21 21 inactive 3
15 min k 1 1
1 . . 1
inactive 3 ]\ |nact|ve3
O 3 5 mﬁ el dorss oo |
+AAI101 + Tazobactam + AAI01 + Tazobactam + AAIM01 + Tazobactam
inactive apo inactive inactive apo apo
24 hr
inactive
a LA ezl LA x youd I al
B. - 1 1
0.8 0.8 0.8
; : :
& 06 S 06 S 06
2 b 2
B o —SHV-1 % 04 —CTXM-15 ® 04 —KPC-2
é ’ —SHV-1 + AAI101 é ’ —CTXM-15 + AAI101 § —KPC-2 + AAI01
0.2 ——SHV-1+ Tazo 0.2 —CTXM-15 + Tazo 0.2 —KPC-2 + Tazo
0 0 0
0 100 200 0 100 200 0 100 200
Time (sec) Time (sec)

Time (sec)
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Tazobactam
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In a mouse septicemia model AAIL01 improves the

therapeutic efficacy of cefepiman vivo.
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Closing Reflections
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Click Chemistry in Lead Optimization of Boronic Acids as

p-Lactamase Inhibitors
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Figure S3. The time incubation effect of BATSI on
the PDC-3 enzyme activity.




Can one InhibitAcinetobacter(ADC)?
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Specific modifications (sulfonyl, benzytiazole moieties) to
optimize structure activity relationships (SAR)
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Does S02030 work against other
b-lactamases?

SHV?
TEM?
CTXM?
KPC?




Also works vsKlebsiellaKPC

R1
Qg B,
HO OH

$02030

m(/ /X
S130
A

\ R220

70
N132 | t237"

Ki = 80nM W105 KPG2 and S02030
Agar dilution MICs
S02030 S02030 S02030

Strain b-lactamase FEP FEP ERT ERT CAZ CAZ
DH10B none 0.06 0.06 0.06 0.06 1 0.25
E.coli DH10B PBR322 KPC-2 16 0.25 8 0.06 64 4
K. pneumoniae (Kp) KPC-2 16 0.125 16 0.5 64 2
Kp VA375 KPC 16 0.5 8 0.06 64 8
Kp VA388 KPC 8 0.125 4 0.06 64 2
Kp ST258 KPC-2 64 >8 >16 >1 >64 >8
Kp ST258 KPC-3 32 0.5 16 1 64 2
Kp ST17 KPC 64 0.125 8 0.06 32 2
E. coli PR247 (Ec) KPC 16 0.25 16 0.25 64 2
E. coli pLTCF 1 KPC 8 0.125 0.125 0.06 8 0.5




Kinetics show 5 2 S é- 7\ U Y | U U f

that S02030 is

slow to associate Animal modet S02036Cefepime combination
and to In collaboration with Dr. Brad Spellbergeck School of Medicin
disassociate at University of Southern California, Los Angeles, Californiz
Behave as slow
binding
inhibitors
-IControl
. E 60% 1 -%-Cefepime Only
Ki = 0.08:0.002uM é ~-1:1 (S02030:Cefepime)
for KPG2 and 0.13t « "% -O-1:4 (S02030:Cefepime) Inoculum
0.002uM for SHV 20 - A|m=_ 1.9E+8:»CFUS
Actual = 2.1E+8CFUs
Actual/Aim = 111%
0% (XF— . . . . . .
0 1 2 3 4 5 6 7 8
KP GZ Days Post Infection

“ SHV1
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From this series we further identified 6 candidates similar

- with S02030 to inhibit class A (KRCand G -lactamases
Srs (ADGC7) . The best one seems to be NB6

HO OH \\<coo|.|
S02030
IC;=50nM
Series |
N-N COOH
;\‘\N H HQN/< J\ H m“ﬁ/\N/\»,_@’S
HN— L N COOH sTsTY ﬁ/\"\‘/\§~coo \¢ 0 B K= N
TS 7/\©/ 0 ,B_ N=y HO oM N
OHO,B\OH HO" OH
MBO054 MBO76 S15084
IC;=100nM _
IG=70nM IC;=500nM
o] H H N
H N _N S NN
Oy Oy Y
\s o B \Q;\ HO' OH HO OH *|Cyp are determined for ADE
HO OH =
OH \  /—COOH 7 enzyme.
N
HOOC _
S18 132 Hooc cooH The compounds did not work
- S18 133 S18 134 for metallo lactamases at
IGo=1oM IG=25>M - 20>M

IG=2>M



COMP FEP + BATSI| IMI+ BATSI CAZ+ BATSI ADC-7
KPC-2 NDM -1 ADC-7 ICso[eM]
Abt. Partner [mm] 10 8 12
1 s17067 17 10 18 420
2 s17068 14 8 12 420
3 s17069 15 10 17 420
4 s17070 21 12 20 a5
5 s17071 16 10 20 a5
6 s17075 15 7 12 >20
7 s17076 16 8 12 a5
8 s17077 14 10 22 a5
9 s17078 10 7 20 a5
10 s17079 20 11 20 a5
11 s17080 18 10 12 >20
12 s17081 15 8 12 >20
13 s17082 12 9 12 >20
14 s17083 20 12 22 a1
15 ME 088 18 8 20 a5
16 ME 089 16 7 12 >20
17 ME 090 21 8 12 >20
18 ME 091 19 10 12 >20
19 ME 092 18 12 17 >20
20 ME 093 20 10 12 >20
21 ME 094 15 10 15 >20
22 ME 096 25 8 20 a1
23 ME 097 16 8 16 >20
24 MB054 28 8 27 0.07
25 MBO76 25 8 27 0.1
26 S15084 23 8 16 0.5
27 S02030 28 8 26 0.05

Disk assays against class A, class |
and metallol -lactamases were
performed.
Disks with 1&g of BAI and 169 of
partner antibiotic were added and
E.colj DH10B -lactamases strains
in pPBCSK) vector.

The partner antibiotic wasefepime
(FEP) for KRE, ceftazidime (CAZ)
for ADG7 and imipenem (IMI) for

NDM-1.

OBS:
ICQa 6 SNB LISNF 2N
without 5 min time incubation of
BAI and enzyme,



and selected BATSlseries |

MI Cés wer e pweH dgar plates,dvithakrg/ml BATSI and increasing concentration ofcefepime(FEP).
Strains FEP S02030+FEP MBO54+FEP MBO76+FEP
E-coli DH10B 0.25 00. 25 0.25 00. 25
E-coli SHV-1_ATCC BAA-202 8 0.5 1 00.25
E.coliDH10B SHV-1_pBC SK ) 2 00. 25 0.5 00. 25
SHV-2 pBCSK 00. 25 2 00. 25
E-coli PBR322 KPG2 16 00. 25 0.5 1
K. pneumoniaés) KPG2 16 00. 25 2 0.5
K. pneumoniasST258 128 8 32 16*
Kp animal model 32 0.5 4 0.5
Per 21 16 2 4 2
*WGS

Microbiological data for different strains of classiAlactamases

When the antibiotic partner i<efepime(FEP) both MB_056 and MB_076 are decreasing
GKS | 3FNJaL/ Qa G2 @I ftdsSa Ot2asS G2

MBO76 seems to work better than MB056 for most of the strains.

C9t FyR {nH

Confidential



Part 4. New Directions

AMBLs

A Bisthiazolidine(BTZs), Fragment libraries
(DPAS)

A New Approaches
A Back to Basics



Courage to forge new paths
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Figure 1: Active Sites of MBL Subclasses. B1 (Left); B2 (Center); B3 (Right).
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Dipicolinic Acid Derivatives as Inhibitors of New Delhi Metallo-f-

lactamase-1
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Table 4. 1C;; Values of Selected Compounds with B1 MBL:
Using Fluorocillin as a Substrate
IC,, (uM)
compd NDM-1 VIM-2 IMP-1
DPA 0.41 + 0.02 1.66 + 0.03 303 + 0
ICso = 80 nM 36 0.080 + 0.002 0.21 + 0.01 0.24 + 001
Formation of Ternary Complex
Reduced MICs Against E. coli and K.
pneumoniae
Non-Cytotoxic
MIC (mg/L)

E. coli isolate imipenem imipenem + 36 L {H‘Eﬂ-’} ,
Ch&.68 16 1 K preumoniae isolate imipenem imipenem + 36
Chs.69 4 0.5 Pdl.48 ] 0.5
Ch&.70 16 0.5 Pdil.49 4 1
Ahg.71 16 ! Pd1.50 8 0.5
Chs.72 16 0.5 X _
Ahss e 0s Pdl.:_:} 8 n.:_,
AhS.74 8 05 Pdl.54 8 0.5

Cml.62 16 1

“All strains possess blacpy s and blagyg , except for E. coli Ah8.74
which possesses only blay ;- Cm1.63 8 1
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(A) DPA ’ l (B) 36
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While DPA displayed a propensity to
chelate metal ions from NDM., 36
formed a stable NDML:Zn(ll):inhibitor
ternary complex, as
demonstrated by 1H NMR, electron
paramagnetic resonance (EPR)
spectroscopy, equilibrium dialysis,
intrinsic tryptophan
Tt dz2NB5aOSyOS SYAaairzyz:
spectroscopy.
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