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Outline @) JOHNS HOPKINS

* Focus on pulmonary mold infections
* Infections: heterogeneity

* Risks and manifestations in specific patient
populations

— Hematologic malignancies

— |CU (post-viral lung disease)

* Roles of inhaled antifungals
— Prophylaxis, early prevention
— Adjunctive therapy




Overview

Disease is dependent on immunity with
common early pathogenesis — poor
clearance of inhaled conidia

Goal of airway drug delivery dependent
on host and stage: prevention and
therapy

Caveats

— Use of different formulations,
devices and treatment algorithms
Impairs conclusions from data
presented to date

— Overview of disease and clinical
use: not drug specific
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Mixed, multiple manifestations
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Hematology / Oncology @ #®7

* High risks for IMI with unique needs

— Inhaled conidia 'escape’ 15t and
2"d line defenses to invade into
lung, +/- angioinvasion

— Poor outcomes in treating
advanced disease and difficult to
diagnose

— Azole-based prevention is a
mainstay during periods of
prolonged risks

* Fluconazole, posaconazole

* New therapies have presented
unique unmet needs

Samanta and Nguyen. Fungal Gen & Patho 2017
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Inhaled AmB: 1990’s

I\Y

Table 1. Inhaled Amphotericin B for Prophylaxis of Invasive Aspergillosis in Hematology Patients
Reference Design Organism/Population Prophylaxis Antifungal Outcomes
Schwartz P, R, MC Aspergillus IH AmBd started before IH AmBd 10 mg bid 4% of treatment group
(1999)7 neutropenic leukemia, onset of neutropenia and vs 7% of control group
BMT, solid tumor MDS continued until 1 of 4 developed A (p = 0.37);
treatment (n = 227), endpoints achieved 5% overall incidence
control {n = 155)
Conneally cohort Aspergillus IH AmBd until ANC IH AmBd 5 mg bid 0 of treatment group vs
(1990)® neutropenic oncology, >1/nL 14 of control group
BMT, hematology developed IA
treatment (n = 34),
control (n =123)
Beyer P, case based  Aspergillus oral AmBd plus IH oral AmBd 2400 mg qd incidence of IPA
(1993)* germ cell tumors, BMT AmBd, mean length of plus IH AmBd 10 mg bid decreased with IH
treatment (n = 40) inhaled therapy 17 days AmBd; 1 pt. had
positive Aspergillus
antigen on day 47, 1 pt.
with documented IPA
died from CNS toxicity
and multi-organ failure,
1 pt. with pneumonia
died 10 days post-BMT
Hertenstein observational  Aspergillus oral AmBd or oral AmBd 500 mg qid overall incidence of
(1994)10 neutropenia, BMT fluconazole plus 1H (n = 293) or fluconazole fungal infections 3.6%
treatment (n = 303) AmBd initiated 1-6 days 100 mg qd (n = 10) plus (n = 11), 6 infections
before graft and IH AmBd 10 mg bid due to Aspergitius, 8
continued until ANC pts. died despite IH
>1/nL AmBd and iv therapy, 4
infections occurred
during neutropenia and
IH AmBd

Mohammad and Klein. Ann Pharmcother 2006
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Inhaled AmB prophylaxis @ s HoPKs

Table 1. Clinkal Triak for Pophylactc Nebulzed Amphotericin B,

REFERENCE PATIENT 5 DEMOGRAFPHICS STUDY FOPULATION DOSAGE DISCONTINLIAT ION QUTCOME SIDE EFFECTS COMMENT S

CRITERI & DURATI O

Inhaled amphotericln B decxycholate (inAmB D)

Conneally et al"  InAmB D MA BMT reciplents and  20mg'd mL Granulooytes = 1.0 |PA In 0434 InAmB O Mild nausea Mo systamic antifungal
Fetrospadive  n = 34 acute leukemia over 10min bid . 3 vs 14/123 confrol 0 discontinued prophyl axis
cohort higtorical control va no Inhalation statistica MC
n=123 ARRA = 11.4%; FRRA =
100%
Schwartz et al®  InAmB D mean age (vl AML, MDS, CML, 10 mg's mL Meutrophils = 1.0 = AN 107277 InAmB D Cough, bad taste, Oral AmE or
RCT urblnded  n o= 227 48 hAmB D ALL, NHL, and solid over 1520 min - 404/l or stable we 11455 control and naussa flucorazaole prophylaxs
contral 48 control wmors undergoing  bid ve no neutrophlils = 0.5 »  NSF = .37 39 discontinued for  allowed
n =155 Sex MR BMT Inhalation 10%pL or =day 50 ARR = 3.5% RAR = ADAs
Median 27 days 49.2%
Mhtinanat al®  InAmB D median age (y}:  Allogensic SCTwith 25 mg's mL 2-amonths IPA In 8354 InAmB D Spedfic ADR= Mo systamic antifungal
Compamathe n =354 A7 InAmB D GwHD recelving over {015 min Mean 84 days we 1257 contol (P =  exparenced NAbut  prophylaxis
higtarical contral 44 contral high-dosa MP dally we no .0aT) well tolerata d Only 111 patients
n = 257 53, 8% mean Inhalation ARR = 41%; RRA = 0 discontinued recaived InAmE D
E21% prophylaxis

Albuterol pretraatme nt

inhaled Nposomal amph ofe rcin B (inLipAmB)

Rijndems etal™  |pLipAmBn =  meanags () Hemaiologic 125mg25mL  Neutrophlls = 0.3 = IPANTAZ Cough Oml fluzorazoke
RACT double- 148 49 InLipAmB cancers undergoing  ve placebo 2.6 qpajl InLipAmB ws 23/132 Discontinued for =1 prophylaxis given
blinde d contral 50 control chemo, allogeneic  mbL ovar 30 min placabo (P = 005) whe 56 patiants
n=132 E8.3% men oraviblogous SCT  twie perwk ARRA = 9.5% AAR =  45% InLpAmB diecontinuad far
54, 6% Ve 30% placebo delivery systam limits
(technical Issuss or
being too weal)
Hullard- InLipAmB mean age (¥ AML and ather 12.5 myg over Meutrophils = 1.0 x  1Ain 2/98 InLipAmE Bad tasta, cough, Majority recebved
Pulstinger et al'® n = 83 49 InLipAmB acute laukamias 10-20 mindally 10%pL we 4118 control and nausaa fluconazola prophyl axis
Prospactive with  higtorcal controd 49 control and/or allogenalc = ddaysthan ME Pvalua MR A discontinued 694 of patients
hitmrieal n =105 B5.2% men SCT twice par whkvs ARRA =14%; ARA = recahed additonal
controls noinhalation 41, 2% systemic antifungals
Chaong et al® InLip AmB mean age [y} AML, MDS, and 125 mg'3mk  pautro phils = 0.2 x IPA In 121128 ADRs and Oral fluconazole
Cohort n=128 E5.6 InLipAmB  CML twice par whvs ool « 2 or=0,5 »  INLpAMB va 25107 diecontinuatibnmies prophylaxis ghen
higtorical contral 52,2 confrol noinhalation 10%pL once control (P = . 0064) MA All analysis done on
n =107 54,8% man ARR = 13,09 RAR = Reported as well day 28
50.4% o lemted

Abbreviations: ADA, adwerse drug mactior; ALL, acube lymphocytic leukemisg AML, acubs myslcid leukemin; ARR, absolute risk reduction; BMT, bone marow ransplant CML, chronic ryeloid leukemieg |4, irvasioe
aspergilbsis; IPA, imvaske pulronary aspergilbsis (proven of pobable); MDS, myelod ysplastio syndrome; MP, methylpred nisclone; NG, nol conducted ; NHL, non Had gkin lymphoma; NR, not reporbed; NS, nal sign Rcant;
RCT, randornized confolled fial; RARA, relaive risk reducion; SCT, stem oall ransplant; wk, waek, y, yaars,

Duckwall et al. Microbiol Insights 2019



Inhaled AmB @ 1S HOPKINS
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e 40 allo BMT, non-comparative ABLC
1x/day x 5 days then 1x/week x 13
week (458), + fluconazole

— 25 withdrawal (empirical therapy), 1 IFI o 2 s s
— AE’s common -cough and 16/40 (40%) pts °® .«

G0

—s— Liposomal AmB
50 ——Placebo

40

Percentage of patients without IPA
[ L

developed >20% decrease FEV1 atleast .| * =
once after administration of drug i — R
e 271 neutropenic heme malignancy o o
patients (407 episodes) randomized ¢ "
— 2x/week L-AmB vs. placebo L

— Decreased incidence of IF Rjinders et al. Clin Infect Dis 2008
— Cough more common L-AmB Alexander et al. Transpl Infect Dis 2006

9



“Real life” outcomes @) JOHNS HOPKINS
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e 127 AML patients L-AmB during 1st, 2nd cycle (2008) vs.
108 historic controls (2005-'08)

— L-AmB prophylaxis associated with decreased IPA,
systemic antifungal therapies (53 vs 30%), cost savings

— Timing of administration important (trial design)

Incidence of proven/probable invasive pulmonary aspergillosis (IPA) according to treatment=.

Treatment Control group (n=108) L-AmB inhalation group (n=127) P-value
Overall 28108 15127 0.0066
First chemotherapy® 16/108 10{127 0.0994
Second chemotherapy® 11/92 3/o9 0.0246
Third chemotherapy 034 038 NiA

Allogeneic HSCT 1/28 2/46 1.0000

L-AmE, liposomal amphotericin B; HSCT, haematopaietic stem cell transplantation; NfA. not applicable.
3 All 235 patients were used for this analysis, including patients who underwent HSCT.

b patients who had their first or second chemotherapy cycle combined with another chemotherapy cycle or HSCT and developed proven/probable IPA were counted in the
initial chemotherapy group.

Chong et al. Int J Antimicrob Agents 46 (2015) 10



e Retrospective 611 alloBMT o Sl S
(‘96-'05) — Inh AmB + A
fluconazole e
— Drugs started with steroids 0 ’"‘““‘:
— Lower incidence IF] UINER i
— Many clinical changes during °‘“ 55 7 il

this period L EEETE e JE
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e Conditioning, diagnosis (GM EIA)

Nihtinen et al. Transpl Infect Dis (2011)
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Unmet Needs: Expanding list of agents (@) JOHNS HOPKINS
that azoles complicate

* People with acute lymphocytic leukemia (ALL) receiving:
— Vincristine-based remission-induction chemotherapy
* People with acute myelogenous leukemia (AML) receiving:
— FLT-3 inhibitors (midostaurin)
— BCL-2 inhibitors (venetoclax)
— IDH1 or IDHZ2 inhibitors (ivosidenib or enasidenib)

* People with chronic lymphocytic leukemia (CLL), receiving targeted B
cell therapies: ibrutinib, idelalisib, venetoclax

 People receiving any of these drugs for multiple types of disorders:

— lIbrutinib (with other drugs) for CLL, Waldenstroms
macroglobulinemia, lymphoma, or severe chronic graft vs. host
disease, or relapsed/refractory lymphoma




Reports of successful
therapy in concurrent
tracheobronchial disease,
structural lung disease.

Multiple therapies (nAmB,
voriconazole)

Example case of fistula,
empyema after tumor
resection

Complicated courses of
concurrent therapies with
severe influenza

Hanada etal. AJRCCM (2014)
Boots et al. Thorax 1999

Figure 1. (4, B) Chest computed tomagraphic (CT) scan {4) and fiber-optic bronchoscopy (B) showed a large opening of the right inferior lobar bronchus
indicating a bronchopleural fistula. (C, D) Two months later, the patient developed Aspergiius empyema. (£, A} After treatment with intravenous
voriconazole for 6 weeks, a chest CT scan showed improvement of the ground-glass opacities around the cavity (E), but the bronchoscopic view

was unchanged (F). (G, H) Both CT and bronchescopic findings markedly improved after substituting nebuiized liposamal amphotericin B and oral

vorconazole for only 2 weeks (G, H).
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Influenza — Associated &) IS HOPKS

A . I I . Reference Venue Patients  Aspergillosis
()
S p e r g I O S I S Martin-Loeches 148 Spanish ICU 2009 - 2901 IAAin 35 (1.2%
et al 2015 of cohort and I
7.2% of co-
infections)
Rodriguez- Single UK tertiary center 134 IPA in 10 (7%),
Goncer et al 2012 - 2016 IAA in 5 (3.5%)
Cavayas et al ECMO international 19,697 Aspergillus
registry (>300 centers), colonization
2006 - 2016 and/or infection
o in 272 (1.4%)
* Increased recognition
Yu et al Single center Chinese 19 IFl in 11(57.9%);
e ICU with HIN1 IPA in 5 (26.3%)
influenza,
* |APA case definition
. . Van de Influenza patients in 144 IAA in 23 (16%)
d IStI n Ct fro m Veerdonk et al ICUs in 8 centers in
Netherlands,
. 2015-2016
traC h eo b ro n C h Itl S Beumer et al Influenza patients 200 IFI in 15/199
admitted to 2 hospitals in (7.5%)*
Netherlands,
2015-2016

e Geo grap hic and seasonal Kuetal ez paiers 124 aninasizd

admitted to one hospital
in Taiwan, 2015 — 2016

Vari atl O n (Strai n) Schauwvlieghe Influenza patients 432 IAA in 83 (19%)
admitted to ICUs from 7

et al
centers in Belguim and
Netherlands,
2009 - 2016
Huang et al Influenza patients 64 IAA in 18 (28%)
admitted to ICU in one
center in China,

2017 - 2018
Schwartz et al  Influenza patients in one 650 IAAin8/111
Canadian center, 2014 — (7.2%) ICU
2019 patients
Zou et al Influenza (H7N9) 335 I1AA in 18 (5.4%)

patients admitted to 17
hospitals in China, 2013

—2018 16



Influenza — Associlated () JOHNS HOPEINS
Aspergillosis

A
* French retrospective
study 2010-19 |
— 45/213 (21%) with IPA B,
— 10 (29%) with
tracheobronchitis (ITBA) gl
— Sporulating in airway, .
iInvasive disease ) B ) C )
— Higher fungal markers - - = | - -

— Worse survival

BDG se level
g g

o
g h

GM serum (0.D.)
o

GM BALF (0.D.)
o M & O ©
g
3 -
>
5
g

Nyga et al. AJRCCM 2020
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COVID-Associated Pulmonary @omstoxs
Aspergillosis

France | First EU case series: Belgium | Case series of Italy | Prospective, Netherlands |
China | Anecdotall 1 of 5 COVID-19 patients died with 7/20 (34%) ventilated study reports CAPA in Pathology review
autopsy reports with secondary pneumonia with patients at two hospitals, 30/108 (27.7%) in 6 CAPA patients’
early concerns fo.r Aspergillus flavus and some pathology-proven! ventilated patients”
Aspergillus infection® Acinetobacter baumanni® ° ° ) ,
! v China | CAPAin 7%, :?;;5:2'1"7;‘?” " Spain| Series of
5 f 104 1D- : 10 putative or
China | Cohort with France | CAPA in 9/27 © 1,0 CQV b-19 ventilated patients ro‘;able CAPA
i . . (33%) patients in patients in one ) e p
high IL-6 levels: ’ . hospital® in 1 hospital cases®
mixed fungal different ICUs' p '
infections in 27%" [ ] 1 Denmark|
™ Germany | CAPA in Switzerland|
515 {26‘;;} catients Italy | Pathology-  Netherlands | CAPA reported il [ | 2/8 ECMO
: 4 proven CAPA case' CAPA caused by 3/118 (3.8%) patients with
in one ICU azole-resistant ventilated CAPA!
b * A. fumigatus' . 9
. ’ patientsP
Netherlands | CAPA in
6/31 (19%) ICU patients' [ ] ¢ Netherlands|
Prospective study
0 ) .
using non-directed
France | Case of BAL in 9/42 U.K.|
CAPA (21.4%)ventilated? 19/135 (14%)
CAPA in
b * multiple ICUs"
*
Austria | Brazil|
CAPA case" : Us&
Case with Spain|
b autopsy 20 cases
confirmed from 2
invasion™ centers
18
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Conclusions

* Inhaled antifungals compelling for
prevention of IF|

— Proof shown in heme — neutropenia
— Potential utility in severe viral infections

* Therapeutic efficacy suggested,
particularly with airway complications

llllllll
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