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Clinical Implications of Antifungal Resistance
Key Questions?

A Extent of problem

A Local/geographic variability?

A Clinical outcomes?
A Role for susceptibility

A Recommendations for testing?
Almplications for management?

Management options
A Efficacy of new agents?

A Strategies for optimizing outcomes?

Resistance in Aspergillus i How big of a problem?

A ltraconazole R - first described in 1997
A Specific mutations in CYP51A (azole
target)
Global emergence of point mutations
with TR in promoter region
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Buied A, et al. J Antimicrob Chemother. 2010 Oct;65(10):2116-8; Fraczek MG, et
al. J Antimicrob Chemother. 2013 Jul;68(7):1486-96; Buied A, et al. J Antimicrob
Chemother. 2013 Mar;68(3):512-4; Verweij PE, etal. NEJM 2007;356:1481-3
Slide adapted from GR Thompson. Thanks GR!
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Global Emergence of Azole Resistance in
Aspergillus fumigatus

=

SN T s
A New reports (especially with TR/mutations): Italy, Tanzania, Sweden,
Kuwait, Poland, Japan, France, China, Germany, Australia, Colombia, & US!

Wiederhold NP, etal. J Clin Microbiol 2016;54:168 -71
Sharpe AR, etal. Med Mycol 2018;56:S83 -92

Mechanisms of Azole Resistance in
Aspergillus fumigatus in the United States

AClinical A. fumigatus isolates with elevated azole MICs screened.
Aos non-duplicate A. fumigatus isolates evaluated.

Apoint mutations associated with azole resistance present in 20/26.
ATwo TR34/L98H and two TR46/Y121F/T289A mutations were also
identified, which have not been previously found in U.S. isolates.
ATwo isolates with elevated azole MICs did not contain Cyp51 mutations.
Mutation (State)

TR34/L98H
(Pennsylvania)

TR34/L98H
(Pennsylvania)

TR46/Y121F/T289A
(Arizona)

TR46/Y121F/T289A
(Reference lab)

Wiederhold NP, et al. J Clin Microbiol 2016;54:168 - 71 Thanks, Nathan!




Thomas F Patterson, MD, FACP, FIDSA
Professor of Medicine & Chief, Infectious Diseases

ViceChair for Faculty Development
UT Health San Antonio, TX

Azole Resistance in
Aspergillus fumigatus in the US

APassive screen by CDC of A. fumigatus isolates from US

A2011-2013: 1026 isolates screened for itra resistance: no isolates identified
with TR34 or TR46 mutations

A2015-2017: 1356 isolates screened; 20 (1.4%) with increased MICs, 5 with
TR34/L98H mutations

ADetection of TR34/TR46 from soil
APeanut farm debris screened for resistant A. fumigatus

AExtensive use of tebuconazole and propiconazole (previously suggested to
be associated with development of TR34/TR46)

Ano Aspergillus detected from 26 samples from current crop; all 6 samples
from compost pile positive for Aspergillus

AZOO isolates collected: 38 itra resistant; 20 with TR34/L98H mutations

Awjicrosatellite typing: clonality of 73% of TR34/L98H vs no clonality in
susceptible strains.

Hurst SF, et al. J Antimicro Chemother 2017;72:2443-6
Berkow EL, et al. Antimicro Agents Chemother 2018; Feb 28 ePub

Characteristics of Nine Patients from Whom A.
fumigatus Resistant to Multiple Triazoles Was
Cultured
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Sex
Malef

Male
Male
Female

Male

Female

Female

Table 1. Characteristics of Nine Patients from Whom A. fumigatus Resistant to Multiple Triazoles Was Cultured.

Yr of Underlying Previous Azole
Age Disease Date of Isolation  Site of Isolation Disease Classification* Exposure Treatment Outcome

15 Xlinked chronic granuloma-  April 4,2002  Sputum Breakthrough invasive pulmo- Prophylaxis with itra-  Voriconazole (high-dose) ~ Survived
tous disease nary aspergillosis, proven  conazole (for 6 yr)

None Dec.3,2003  Earswab Invasive aspergillosis of mas-  None Surgery and topical Survived
toid cavity, proven therapy

Hyper-IgE syndrome Nov.19,2004 Bronchoalveolar-  Breakthrough invasive pulmo- Treatment withvori-  Surgery and posacon- Survived
lavage fluid nary aspergillosis, proven conazole (for 2 yr) azole

Pulmonary fibrosis June 26,2005  Sputum Invasive pulmonary aspergil- ~ None Voriconazole Survived
losis, possible

Chronic granulomatous Nov.1,2005  Lung aspirate Breakthrough invasive pulmo- Prophylaxis with itra-  Caspofungin and Survived
disease nary aspergillosis, conazole (for>10yr)  posaconazole
probable
Acute myeloid leukemia Feb.14,2006 Bronchoalveolar-  Disseminated invasive asper- None Voriconazole Died
lavage fluid gillosis, probable
Chronic obstructive pulmo-  April 5,2006  Bronchoalveolar-  Invasive pulmonary aspergil-  None Voriconazole, amphoteri- ~ Survived

nary disease lavage fluid losis, possible cin B, and posacon-
azole

Chronic granulomatous April 15,2006  Bone r phylaxis with itra-  Voriconazole, caspofun-  Survived
disease osteomyelitis, proven conazole (for>2yr)  gin, and posacon-
azole

Acute myeloid leukemiaand ~ May 11,2006  Nose swab phylaxis with itra-  Posaconazole
allogeneic hematopoietic sinusitis, proven conazole (for 4 wk)
stem-cell transplantation

* Diseases were classified according to consensus criteria defined by the European Organisation for Research and Treatment of Cancer and the National Institute of Allergy and
Infectious Diseases Mycoses Study Group.
i Information about this patient is from Warris et al.*

Verweij PE et al. N Engl J Med 2007;356:1481-1483.
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Azole-Resistant
A. fumigatus in
IERNEIQEHERS

2007-2009

A Detection of resistant A.
fumigatus with itra screen

No. isolates

in 82/1792 (4.6%) isolates

A Confirmation of TR34/

L98H clone in 74 (92%)
A overall prevalence of 5.3%

\o. isolates

Mutations in the Cyp514 gene
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]

TMutati
1Series

jons that have pr

|y been shown to be associates
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tance in A. fumigatus (7,20.21).
13581 E427K. and C454C (8).

Van der Linden JWM, et al. Emerg Infect Dis 2011;17:1846-54.

Clinical Characteristics of Patients with
Azole-Resistant A. fumigatus

Patient

Underlying disease

Disease

No
positive  Resistance
culturest mechanism

vcz Prior azole
MIC treatment

mg/L (duration)f

Outcome
Treatment§ at 12 wk

60/M

LUHQ carcinoma

Hematologic
malignancy, allo-SCT
GvHD
Acute myeloid leukemia
relapse, allo-HSCT
Non-Hodgkin lymphoma
allo-SCT, GVHD, lung
cavities
Breast carcinoma with
metastasis
Non-Hodgkin lymphoma

Liver transplantation for
hepatic failure after
methotrexate treatment
for arteritis
Acute myeloid leukemia,
allo-SCT, GvHD

Proven pulmonary
aspergillosis
Proven pulmonary
aspergillosis

Proven pulmonary
aspergillosis
Probable pulmonary
aspergillosis

Probable pulmonary
aspergillosis
Proven pulmonary and
CNS aspergillosis
Proven pulmonary and
CNS aspergillosis

Proven pulmonary and
CNS aspergillosis

1 TR/L98H

4 TR/L98H

TR/L98H

TR/L98H

TR/L98H

TR/IL98H

TR/L98H

3 TR/L98H

4 None

8 VCZ (>1 mo)

ITZ (2-4 wk)

VCZ (>1 mo)

None
None

None

vCz Died

vCzZ Died

vCcz Died

VCZ, CAS
AMB

AMB, VCZ

Died

Died

4 FCZ (1-2wk) VCZ,CAS, Survived

AMB, POS

*VCZ, voriconazole; allo-SCT, allogeneic hematopoietic stem cell transplantation; GvHD, graft-versus-host disease; HSCT, hematopoietic stem cell
transplantation; ITZ, itraconazole; CNS, central nervous system; CAS, caspofungin; AMB, amphotericin B; FCZ, fluconazole; POS, posaconazole

1 All cultures were Aspergillus fumigatus
fAzole treatment <
§Azole treatment afte

k before the first culturing of an azole-resistant isolate.
t culturing of resistant isolate

Van der Linden JWM, et al. Emerg Infect Dis 2011;17:1846-54.
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MIC {mg/L)

Sex/ Month of Isolation/ _— ) .

Age Site City A O:1ratio of TR 5,/TR 44

F/11 Dec 2009/sputum  Utrecht 4 >16 0.25

M/70  Jan 2010/ear Amsterdam =16 =16 2 T46/Y121F/T289A

15 patients

F/51 Jan 2010/ Nijmegen 2 >16 05
abdominal

F/9 F :)b;g?;? Al d 4 16 05 6 =no d|Sease
C sputum msterdam > .

M/B9  Feb2010/sputum  Amsterdam >16 >16 2 1 ABPA

M/54  Mar2010/sputum  Groningen ESCERYS 5/8 |A died and 2/8

F/54  Mar2010/sputum  Groningen 16 =16 05 had perS_IStent

infection

F/65 May 2010/biopsy Amsterdam 4  >16 1

M/76  May 2010/sputum  Amsterdam =16 =16 1 Treatment:

M/70  Jun 2010/sputum Amsterdam 1 >16 0.25 Vori 4/5 died

M/B9  Jul 2010/brain Amsterdam 4 >16 1 LAmMB 0/3 died
biopsy

F/21 Sep 2010/sputum  Nijmegen ARSI \/an der Linden JWM, et al. Clin

F/49  Oct2010/sputum  Groningen >16  >16 2 Infect Dis 2013;57:513

F/64  Nov2010/sputum  Leiden =16 >16 2 e 2 b

F/50  Jan 2011/sputum Utrecht >16 >16 1

Invasive Aspergillosis in Patients
Admitted to ICU with Severe Influenza

A Retrospective cohort study in Belgium/Netherlands
2009-2016

A 1A dx in 83 (19%) of 432 patients with influenza;
median 3 days after admission
A Immunocompromised: 32% (38 of 117)
A Non-immunocompromised: 14% (45 of 315)
A Controls: 5% (16 of 315)

A 1A in 20% with Influenza A (H1N1); 16% Influenza B
A Resistant A. fumigatus 4/17 (23%)
A 90 d mortality: 51% with IA vs 28% no IA

A Risk factors: influenza (OR 5.19), higher APACHE
score, male, corticosteroids
Importance of consideration for IA with severe

influenza and potential for azole resistance_

Schauwvliegh A, Rijnders B, et al Lancet Resp Med 2018;ePub July 31
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IDSA Susceptibility Testing
Recommendations: Challenges of GRADE

IDSA 2016:

24. Routine antifungal susceptibility testing of isolates recovered during
initial infection is not recommended. Antifungal susceptibility testing of
Aspergillus isolates using a reference method is reserved for patients
suspected to have an azole resistant isolate, who are unresponsive to
antifungal agents, or for epidemiological purposes (Strong
Recommendation; Moderate Quality Evidence).

A Lower reported rates of A. fumigatus resistance in US
A Limited availability of testing in many medical centers
A Local testing often not timely in return

A Limited clinical correlation

ALar gely relies on OGexpert

V BUT: Significant potential harms with missed detection of
resistance

Patterson TF, et al. Clin Infect Dis. 2016;64:e1-60. E

International Expert Opinion on the
Management of Infection Caused by
Azole-resistant Aspergillus fumigatus

AExpert panel to provide pract
A Establish microbiological diagnosis
A ldentify to species complex
A In regions / institutions with high (>10%?) rates of
resistance test all isolates for azole susceptibility
- Reliability of azole-based agar screens
A Report results within 72 hrs

A ldeally test 5 isolates for possible different phenotypes

ESCMID-ECMM-ERS 2018:

Antifungal susceptibility testing should be performed in patients with
invasive disease in regions with resistance found in contemporary
surveillance programmes (All), especially in patients unresponsive to
antifungal therapy or suspected of having azole resistant isolates (Alll).

Verweij PE, et al. Drug Resist Updates 2015;21-22:30-40
Ullmann AJ, et al. Clin Microbiol Infect 2018;Mar 12
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PCR-Based Detection of A. fumigatus
Cyp51A Mutations on BAL Fluid: Validation
of the AsperGenius Assay

AAsperGenius multiplex RT-PCR identifies 4
clinical relevant Aspergillus spp. and 4 resistant
associated mutations (RAMSs)

A TR34/L98H/T289A/Y121F
A 201 hematology pts

A BAL GM/culture controls pos 74/88 (80%)
- Pos GM alone in 32/74 PCR+

A BAL neg controls: 23/113 (84%)

A Azole failures: 6/8 (75%) with RAMSs vs 12/45
(26%) without

A6 wk mortality: 50% with RAMs vs 18% without

Chong GM, et al. J Antimicrob Chemother 2016;71:3528-35

ESCMID-ECMM-ERS Guidelines for
Susceptibility Testing and Choice of Therapy

(Azole MIC testing: choice of azole compounds

Population Intention Intervention SoR - Comment

Any To determine susceptibility ~MIC (EUCAST/CLSI) A In general, a sensitive marker for azole resistance in
to itraconazole Aspergillus; test itraconazole and voriconazole as a
minimum
Any To determine susceptibility ~MIC (EUCAST/CLSI) A Resistance(reduced susceptibility to other azole(s) may
to voriconazole accompany that of voriconazole; isolated voriconazole
resistance described related to TRys mutation
Any To determine susceptibility ~MIC (EUCAST/CLSI) B Posaconazole resistance without itraconazole resistance not
to posaconazole reported so far; current EUCAST breakpoint will misclassify
approximately 15% susceptible isolates as I[R
Any To determine susceptibility ~MIC (EUCAST/CLSI) A MIC often similar to voriconazole, but needs testing
to isavuconazole separately, if isavuconazole is to be used; lower MIC of
isavuconazole as compared to itraconazole and
voriconazole for A. lentulus and A. udagawae (A. fumigatus
complex) (CLSI)
Optimal therapy in documented azole-resistance

Population Intention Intervention S QoE Comment

Isolate with voriconazole Tocure IA  Voriconazole + echinocandin The probability of voriconazole
MIC = 2 mg/mL combination therapy or L-AmB treatment failure may be higher than in
monotherapy for 1A (as well as for CPA) voriconazole MIC <2
Isolate with voriconazole MIC TocurelA  L-AmB
>2 mg/mL AmB lipid complex
Voriconazole & anidulafungin
Posaconazole & caspofungin - Posaconazole not licensed for primary
treatment
Caspofungin or micafungin ) Patients with contra-indications to AmB
and other azoles

Ullmann AJ, et al. Clin Microbiol Infect 2018;Mar 12
Pfaller MA, et al. Antimicrob Agents Chemother 2018;0ct:e01230-18
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Study Design for PNO69 Invasive Aspergillosis
(PNO069) Based on 2008 EORTC/MSG Criteria
(Merck)

A Phase 3. randomized. double-blind study of POS versus VOR in subjects
STUDY UPDATE:
Began enrollment in October, 2013 ; As of September 2018 , enrollment of
> 85% of target ~ 600 subjects
Stratification at baseline with ~ 40% classified as high risk
High risk includes: liver transplant recipients, relapsed leukemia
undergoing salvage chemotherapy, and receipt of allogeneic stem cell
transplant
Disease classification at baseline:
~ 10% proven IA
~ 55% probable 1A
~ 35% possible IA

TU CTVOIUOIT UTC OO CAUST TTTOTIAINTy Ot VVCTRO U 0T TZ T SUDJTTTS Vit T o

diagnosis of possible, probable, or proven IA receiving POS vs. VOR
(Intention to Treat [ITT] population/Clinically evaluable dataset)

A To evaluate the safety of POS compared to VOR therapy (ITT)
A Other PK/PD, pharmacogenomic, and susceptibility endpoints.

Slide adapted from Dr. Hetty Waskin. Thanks! Hetty

CD101 (Rezafungin)
A novel echinocandin antifungal (Cidara)

Structural modification yields chemical
stability & enhanced biological properties

HO
Per manent charge & highly stawvi e ri
A Prolongs PK: once weekly dosing
A Eliminates toxic degradation products: improved safety & dose range
A Allows high exposures: treats less susceptible pathogens
A Enables multiple formulations: systemic and topical
In vitro activity: C. auris including some echinocandin resistant strains
Aspergillus including azole resistant strains

Phase 2 trial in candidemia vs casponow complete NCT 02734862
Sofjan AK, et al. J Glob Antimicro b Resist 2018;Feb 24 vy

Berkow EL, et al. Diag Microbiol Antimicrob Resist 2018;90:196-7 .'..o. Cl DARA
Wiederhold NP, et al. J Antimicrob Chemother 2018;d0i:10.1093/ jac/dky280 ®e THERAPEUTICS
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Activity of Rezafungin against Aspergillus fumigatus
including Resistant Isolates & Cryptic Species

Rezafungin

Parameter Caspofungin Micafungin Posaconazole Voriconazole

All Aspergillus isolates (n = 78)

WECIMIC rapn. 00152 —00iot 0n1g 00Rtn 18

01258016

Phase 3, Multicenter, Randomized, DouBlénd StudyReSPEQf the
Efficacy and Safety &fezafungirfor Injection Versus the Standard
Antimicrobial Regimen to Prevent Invasive Fungal Infections in Adults
Undergoing Allogeneic Hematopoietic Stem Cell Transplantation

Rezafungirior Injection will be compared with the current accepted SAR ag
prophylaxis against IFIs (inclusivePoieumocystipneumonia [PCP]) in
patients undergoing allogeneic hematopoietic stem cell transplant (HSCT)
~450 subjects will be randomly assigned (2tlo) to receive eitheRezafungi
for Injection orSAR for prevention of IFl caused by yeastsids
and Pneumocystis

MEC/MICgg 0.015 0.25

Gt AIC 0.084

A. thermomutatus (n = 5)
4 MIC ri <0.015-0.25

0.016

M 0.03-0.25
A. udag e(n
MEC/MIC range

<0.015-0.03 0.03-0.12

Wiederhold NP, et al. J Antimicrob Chemother 2018;doi:10.1093/jac/dky280

A Semi-synthetic derivative of natural
product
A New molecular class
A Potent b 1,3 glucan synthesis inhibitor
(GSl)
A Same target as echinocandin
antifungals Blocks synthesis of

HaN
Z 0
e

essential component of cell wall of
pathogenic fungi
A Unique target not in mammalian cells
Excellent in vitro & in vivo activity against
Candida (including C. auris), Aspergillus,
Pneumocystis
A Active in vitro against azole &
echinocandin resistant strains
Orally bioavailable
Extensive tissue distribution: kidney, lungs

Wiederhold NP, et al. J Antimicrob Chemother 2018;73:448-51

Mhase I/l - generally well
tolerated with good
pharmacokinetics (QD); low
drug-drug interactions

Mhase Il trial C. auris
(CARES) NCT03363841
Aohase Il trial IFI
resistant/unresponsive to
therapy (FURI) NCT03059992

10
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Ibrexafungerp In vitro Activity against
Aspergillus spp.

Other spp. (n=24) <0.06i 0.25 <0.06 <0.06

IAll isolates (n:311) <0.0671 4 <0.06 0.125

A IBX in combination with Vori, Isa and Amph B demonstrated synergistic
activity against the majority of A. fumigatus isolates tested
A Efficacy of combination therapy with IBX + Isa in a rabbit model of 1A

Ghannoum M., et al. AAC 2018 May 25;62(6). pii: €00244-18
Vidmantas P, et. al. Advances Against Aspergillosis 2018

Orotomide glutamine
Olorofim (F901318)

Mechanism of Action, Spectrum

A F901318 is a potent inhibitor &f. fumigatus N-carbamoyl aspartate
DHODH '

carbamoyl phosphate

v
i DHODH (Dihydroorotate dehydrogenase) isa| . dihydroorotate
enzyme involved in pyrimidine biosynthesis a D l DHODH
. . . . . ubiguinol
A Mechanism was identified using genetic T orotate
studies inAspergillusiidulans
T Confirmed by in vitro enzyme assays orotidine 5'-monophosphate

A Humans also have this enzyme
i But, > 200¢fold difference in I, between

uridine 5’-monophosphate

human and fungal enzymes F901318 structure

A Spectrum of activity: highly active against M\/f

moulds/endemics including resistant (\N*\N

LomentosporaScedosporium, Aspergillus, v

Coccidioides HN/@/

Os, )
N

FEG >

Advancing Antifungal R&D

11
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Aspergillusin vitro

A Olorofim MICs are tightly clustered
T MIGys are 0.080.06 mg/L (CLSI and EUCAST)
T MICs are the same for dlspergilluspp. tested
A >1100 isolates from 35 species including
A 615 isolates of 4 most common spedéies
A 220 isolates of 16 cryptic species

A Resistance not seen in surveys to date
A Resistance not induced with serial passage
A Crossresistance is not seen

I Same MICs in azetesistant isolates
I Same MICs in amphoterieigsistant species

1. A fumigatus, flavus, niger, and terreus
2. A alliaceus aureoterreus calidoustus carneus citrinoterreus fumigatiaffinis hiratsukae hortai, insuetus keveij
lentulus ochraceuspseudofischerisclerotiorum tubingensisandudagawae

Beckmann et al. ICAAC 2015; Fothergill et al. ICAAC 2015; Buil et al.JAC 2017; Rivero
Menéndez et al ECCMID 2017; Oliver et al PNAS 2016; Jorgensen et al. TIMM 2017

Other fungi fall intd3 buckets

A MICs similar tAspergillus
T Scedosporiurspp., including.. prolificans
i A long list of other moulds*
i All the endemics

A Mixed and methoedependent results
T Fusariunspp.

A Little or no activity
i Mucorales
I Candidaspp., Cryptococcus neoformans

*Tested to date: Acremonium persicinum, Acrophialophora fusispora, Rasamsonia spp., Phaeoacremonium spp.,
Sarocladium kilienses, Scopulariopsis brevicaulis, Microascus spp., Sporothrix schenkii, Trichoderma spp., Ramichloridium
(Myrmecridium) schulzeri, Paecilomyces spp., Pleurostomophora richardsiae, Verruconis gallopava, Chaetomium spp., and
Penicillium spp. (including P. marneffiii).

Wiederholdt et al. JAC 2107, Biswas et al. manuscript in preparation;
Alastruey et al. TIMM 2017; Oliver et al. PNAS 2016; F2G Ltd, data on file

12



Thomas F Patterson, MD, FACP, FIDSA

Professor of Medicine & Chief, Infectious Diseases
ViceChair for Faculty Development

UT Health San Antonio, TX

Clinical Relevance of Antifungal Resistan
Aspergillus/Other Moulds and Clinical Tri:
September 27, 201

A In vivo activity (mostly murine, some rabbit) shown for
T A. fumigatus, flavus, terreus, nidulans, tanneri
I Scedosporium apiospermum
i Lomentospora prolificans
T Pseudallescheria boydii
i C. immitis (sterilizing activity in the brain!)
A In vivo activity has been shown PO & IV Azole-R A. fumigatus
i Endpoints: Survival, tissue burden, and GM “T_j Olorofim
A Equal efficacy on azole- and
amphotericin B-resistant isolates

i Azole-resistant (A. fumigatus, A. tanneri, L. prolificans)
i Amphotericin B-resistant (A. terreus, A. tanneri)

Posa

% survival

Veh.
Study day

Negri et al. JID 2018 Mar 13;217(7):1118-1127; Wiederhold NP, et al.
Antimicrob Agents Chemother 2018; ePub; F2G Ltd., data on file

Slide adapted from John Rex, F2G; Thanks, John!

GPI Biosynthesis Inhibition (Amplyx)
APX001[E1210] In vitro Activity S

Organism Range MIC50 MIC90
C. albicans (52) <0.00871 0.016 <0.008 <0.008
C. glabrata (44) <0.0087 0.06 0.06 0.06
C. tropicalis (23) <0.0087 0.03 0.016 0.03
C. parapsilosis (26) <0.00871 0.016 <0.008 0.016
A. fumigatus (20) 0.037 0.13 0.06 0.13
A. terreus (23) 0.0157 0.06 0.03 0.06
F. solani (23) 0.0371 0.12 0.12 0.12
F. oxysporum (15) 0.037 0.25 0.06 0.12
S. prolificans (28) 0.037 0.25 0.06 0.12
S. apiospermum (28) 0.037 0.12 0.06 0.12

*50% inhibition of growth for Candida; MEC endpoint for moulds (static activity)
**Inactive against C. krusei and members of the Order Mucorales

Active against fluconazolesistantCandidaMIC90-n ®no > 3K Y

Miyazaki et al. Antimicrob Agents Chemother 2011; 55: 4652 i 58. f";
Castanhelra et al. Antimicrob Agents Chemother 2012; 56: 352 i 57.

Pfaller et al. Antimicrob Agents Chemother 2011; 55: 51557 58.

Wiederhold NP, et al. Antimicrob Agents Chemother 2015;59:690-2.
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GPI Biosynthesis Inhibition (Amplyx)
APX001[E1210] T In vivo Efficacy

In vivo efficacy demonstrated in murine models of
invasive fungal infections

Invasive Candidiasis Invasive Pulmonary Disseminated
(C. albicans) Aspergillosis (A. flavus) Fusariosis (F. solani)
1004 100 100
§ 80 § 80 ‘_z‘ 80
2 I 2
2 60] 3 60 2 o]
2 2 2
g 4o S 0 S 4o
G S 5
[ o o
204 20 201 4
0 T T T T T 1 0 T T 0.4 T T T 1 o T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days Post Challenge Days Post Challenge Days Post Challenge
<@ Control =& 5 mglkg -8 Control =& 10 mg/kg @ Control =& 10 mg/kg
4 2mgkg @ 12.5 mglkg 4 4mg/kg ¥ 25 mglkg 4 5mg/kg <@ 20 mglkg
PK parameter Tmax Bioavailability Half-life
1 mg/kg PO X1 0.5 hours 57.5% 2.2 hours

Efficacy in vitro and in vivo against resist@ntalbicang C.auris
Phase 2 trials fofandida& moulds in development

Se A e C+ M+ M
Hata et al. Antimicrob Agents Chemother 2011; 55: 4543 i 51; —

Wiederhold NP, et al. Antimicrob Agents Chemother 2015;59:690-2.

CH,
o o

LR 20 el
VL:2397¢ Activity againstAspergillus o st

Individual reference strains tested using standard CLSI methodology

0.5 0.5 0.5 0.12
>16 1 1 0.12

4 1 2 0.06
>16 2 0.25 0.06

Panels of reference strains tested using standard CLSI methodology

0.5 0.06-0.5
0.06-1
2->16
0.25-8 100 .
1-16
3 80
A VL2397 activity againsA. fumigatussimilar to £ o
voriconazole, amphotericin B w
A Active against azoleesistantA. fumigatus v
A Also active againgt. glabrata, Fsolani EREERREERRE

A Phase 2 Clinical Trial: Open label multicenter randomized trial for -
Invasive Aspergillosis
A V1-2397 vs Standard Therapy

Vical
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Novel Cyp51 Inhibitors VT-1598
(Viamet Pharmaceuticals, Inc.)
A Investigational fungal Cyp51
inhibitors (VF1129, 1161, 1598)
A MOA similar to azoles
A Highly selective for fungal Cyp51

enzyme vs human Cyp450 enzym VT-1598 /\©\CN
(more so than the azoles)

i KF3FAY&d TFTdzy3alrt /@&llpm Xod Ya
i Failed to inhibit human CYP450 at 50

> a A. fumigatus A.non-fumigatus
A VT1598 Activity against yeasts & I __ .. .. | .
moulds ;3 o |a i
i Candida, Cryptococcuandemics, & - . & == 2| &2 == ==
Aspergillusncluding norfumigatus  &:f — eec e | ol >
spp. but less activity against azole o=

resistant strains .

Hoekstra WJ et al. Bioorg Med Chem Lett 2014;24:3455-8.
Warrilow AG et al. Antimicrob Agents Chemother 2014:58:7121-7.

T-2307

(Toyama)

A Chemical screen conducted by Toyama Chemical Co.
A Member of a class of aromatiiamidines
T Similar topentamidine

T Mechanism of action not fully understood: appears to target fungal
mitochondria

i Invitro & in vivo activity against broad spectrum yeasts anodilds
& activityvsPneumocystis

T-2307 }—O : @—{

2!

L WA "
Pentamidine HZNY©/ \©\’(NH2

NH NH

Lionakis et al. Antimicrob Agents Chemother 2006; 50: 294-7. —
Mitsuyama et al. Antimicrob Agents Chemother 2008; 52: 1318-24. '
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Aspergillus sp.

In vitro activity : Antifungal activity against Candida, Cryptococcus and

|:| Drug-resistant strain

MIC range (¢ dmL)

No. of strain

T-2307 CAS/VRC FLC/ITR
Azole-resistant C. albicans (8) 4 0.0005-0.001 0.062571 0.125* 16->64
Candin-resistant C. albicans (18) O0. 008 1i >8 NT
Candin-resistant C. glabrata (17) © O0 . DO0’S 0.514 NT
C. auris (10% OO0 . DO00&s 0.125i 0.5 0.5->64
Crypt. neoformans (20) 4 0.0078i 0.0625 >64* 0.25i 4
Crypt. gatii (16) 7 0.0078i 0.0625 >128* 17 16**
A. fumigatus (20) 4 0.125i 4 0.0313* 0.251 1**
A. terreus (27) ® 0.01561 0.125 0.03131 0.0625* 17 2%**

CAS: caspofungin, FLC: fluconazole, * MICs of micafungin, ** MIC of voriconazole, **MIC of itraconazole
#:.This work wutilized NI AI Db6s sinittoasses$meptr ec| i ni c al
(Contract No. HHSN2722011000181 HHSN27200012 )

T-2307 showed broad and potent antifungal activity of against major
pathogenic fungi including C. auris and drug-resistant strains.
Mitsuyama et al. Antimicrob Agents Chemother 2008; 52: 1318-1324, Toyama, Data on file

T-2307 In vivo Efficacy

In vivo efficacy demonstrated in murine models of invasive
fungal infections

Invasive Candidiasis Systemic Cryptococcosis Systemic Aspergillosis
(C. albicans) (C. neoformans) (A. fumigatus)
100 100 100
- - — L
g S g0 S sof
s s s
3 60 3 6od 3 604
£ H H
] g 5]
S 40 S 404 S 40 )
5 5 5
a 8 o
20 20 201
o ———————————— o —————————— o —————————
0 2 4 6 8 10 12 14 3 6 9 12 15 18 21 2 4 6 8 10 12 14
Days Post Challenge Days Post Challenge Days Post Challenge
<@ Control -& 0.01 mg/kg <@ Control -& 0.3 mg/kg <@ Control -& 1 mg/kg
& 0.005 mg/kg @ 0.02 mg/kg @ 01 mgkg @ 1mghkg @ 03mgky @ 3mgkg

Invasive Fungal Invasive Systemic Systemic

Infection Candidiasis Cryptococcosis Aspergillosis
ED50 (mg/kg) 0.00755 0.117 0.391

A In vivo efficacy againsichinocandirresistantC. albicansnd C.aurisin a murine model

S+ A+ C+ M+ M

Mitsuyama et al. Antimicrob Agents Chemother 2008; 52: 1318-1324;
Wiederhold NP, et al. Antimicrob Agents Chemother 2015;59:1341-3.
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Management of IA in Dutch Hematology Units with
Increasing Azole Resistance (AzorMan)

Schauwvlieghe AFA, et al. mycoses 2018;61:656-64 Clinicaltrials.gov NCT03121235

Clinical Implications of Antifungal Resistance
Summary

A Extent of problem

A Widespread detection of resistance in A. fumigatus

and other moulds

A Regional/location variation in prevalence

A High mortality with resistant strains
A Role for susceptibility

A Need for testing in high prevalence settings

A Importance of timely availability

A Local laboratory screening methods

A Potential role for molecular testing
A Implications for management
A Management options

A New compounds with activity against resistant
~ Aspergillus and other moulds beginning clinical trials!
A Strategies needed for optimizing outcomes for

resistant isolates
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