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Prevention & Treatment of RVI in ICH

®* Epidemiology and Unique Features of RVI in ICH
®* Influenza

* RSV

* SARS-CoV-2

® Other RVI
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RVI in Solid Organ Transplant Recipients
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RVI in Solid Organ Transplant Recipients

Lung Transplant Recipients
Picornavirus==HCoV =—=RSV

HPIV— HMPV

2 3 4 5 6
Time after transplantation (years)

203 143 97 53 30
153 96 57 30 19
199 137 89 52 o2
192 130 84 47 24
202 139 91 50 30
209 147 101 Br 32

13

15
10
13
14

sl je

JequinN

National Institute of
N I H Allergy and
Infectious Diseases

Non-Lung Transplant Recipients
Picornavirus==HCoV =—=RSV

C === |nfluenza

0.06

0.04

0.02

Cumulative incidence

0.00

HPIV-

"HMPV

Influenza 2960
Picornavirus 2960
HCoV 2960

RSV 2960

HPIV 2960
HMPV 2960

2452
2467
2504
2498
2502
2505

2 3 4 5 6

Time after transplantation (years)
2011 1605 1245 891 608
2029 1633 1274 916 633
2062 1659 1298 940 644
2057 1663 1300 939 646
2062 1659 1298 936 646
2069 1665 1300 939 647

285
299
305
306
302
306

ysu e

JaquinN

Mombelli et al. Am J Transplant. 2021;21:1789-1800.



Epidemiology of RVIs: HSCT

Cumulative Incidence of RVI in 215 HSCT Recipients
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Seasonality of RVI in Immunocompromised
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RVI in Lung Transplant: Clinical Presentation

Table 3 Symptomatology and hospitalisation rate associated with viral infection in lung transplant recipients (n=174)

Picornavirus (n=105)

Coronavirus (n=22)

Influenza (n=18)

RSV (n=11)

HMpV (n=8)

PIV (n=6)

Bocavirus (n=2)

Adenovirus (n=2)

New respiratory symptoms
Fever

Rhinorrhoea

Cough

Dyspnoea

Thoracic pain

Sputum

Myalgia

Fatigue

Sore throat

Sum of symptoms: mean (SD)
Hospitalisation

National Institute of
Allergy and
Infectious Diseases

67.6 (57.8 to 76.4)
14.3 (8.22 to 22.5)
42.8 (33.2 to 52.9)
41.9 (32.3 to 51.9)
36.2 (27.0 to 46.1)
6.6 (27.2 to 13.3)
23.8 (16.0 to 33.1)
7.6 (3.3 to 14.4)
31.4 (22.7 to 41.2)
13.3 (7.5 to 21.4)
22(23)
18.1 (11.3 to 26.8)

72.7 (49.8 to 89.3)
13.6 (2.9 to 34.9)
50.0 (28.2 to 71.8)
36.4 (17.2 t0 59.3)
31.8 (13.9 to 54.9)
18.2 (51.9 to 40.3)
18.2 (51.9 to 40.3)
45 (0.1 to 22.8)
22.7 (1.8 to 45.4)
13.6 (2.9 to 34.9)
2.1 (2.0)
22.7 (1.8 to 45.3)

88.8 (65.3 to 98.6)
61.1 (35.7 to 82.7)
66.7 (40.9 to 86.5)
61.1 (35.7 to 82.7)
44.4 (21.5 to 69.2)
22.2 (6.4 to 47.6)

44.4 (21.5 o 69.2)
27.8 (9.7 to 53.5)

55.6 (30.8 to 78.5)
55.6 (30.8 to 78.5)

4.4 (3.0)
44.4 (21.5 t0 69.2)

90.9 (58.7 to 99.8)

9.1 (0.2 to 41.3)
81.8 (48.2 t0 97.7)
72.7 (39.02 to 94.0)
36.4 (10.9 to 69.2)

9.1 (0.2 to 41.3)
45.5 (16.7 to 76.6)
27.3 (6.0 to 61.0)
63.6 (30.8 to 89.1)
455 (16.7 to 76.6)

3.9 (2.4)

0 (0 to 28.5)

75.0 (34.9 to 96.8)
12.5 (0.3 to 53.6)
75.0 (34.9 to 96.8)
50.0 (15.7 to 84.3)
25.0 (3.2 to 65.1)
0 (0 to 36.9)
50.0 (15.7 to 84.3)
12.5 (0.3 to 52.7)
6.3 (24.5 to 91.5)
0 (0 to 36.9)
29 (2.5)
12.5 (0.1 to 52.7)

100 (54.1 to 100)
0 (0 to 45.9)
333 (4.3 to 77.7)

100 (54.1 to 1)
83.3 (35.9 to 99.6)
16.7 (0.4 to 64.1)
83.3 (35.9 to 99.6)

0 (0 to 45.9)

66.7 (22.3 10 95.7)
50.0 (11.8 to 88.2)
43 (1.6)

50 (11.8 to 88.2)

50.0 (1.3 to 98.7)
0 (0 to 84.2)
50.0 (1.3 to 98.7)
50.0 (1.3 to 98.7)
50.0 (1.3 to 98.7)
0 (0 to 84.2)
50.0 (1.3 to 98.7)
0 (0 to 84.2)
50.0 (1.3 to 98.7)
0 (0 to 84.2)

25 (3.5)
0 (0 to 84.2)

100 (15.8 to 100)
50.0 (1.3 to 98.7)
0 (0 to 84.2)
100 (15.8 to 100)
100 (15.8 to 100)
100 (15.8 to 100)
100 (15.8 to 100)
50.0 (1.3 to 98.7)
50.0 (1.3 to 98.7)
0 (0 to 84.2)

55 (2.1)
100 (15.8 to 100)

—_— e~~~

Brideveau et al. Thorax. 2014;69:32-38.



RVI in HSCT: Clinical Presentation
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National Institute of
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RVI in Lung Transplant: Acute Complications

Risk Factors for IFI

Model 1

LRTI during RVI
No
Yes

Coronary artery disease
No
Yes

Use antimetabolites for maintenance IS
No
Yes

Use antiviral therapy
No
Yes

Need mechanical ventilation
No
Yes

Treated with adjunctive corticosteroids
No
Yes

Type 3 Wald p-value;

National Institute of
Allergy and
Infectious Diseases

NIH

188 282
Odds ratio

Events/Total

31196

4102
27/94

24180
ne

12/43
19153

137
30159

30193
13

19156
12/40

0dds Ratio
(95% CI)

Reference

7.85(2.48-24.90)

Reference
2.87(0.86-9.61)

Reference
0.44 (0.17-1.10)

Reference
5.78 (0.72-46.50)

Reference
0.74 (0.06-9.23)

Reference
1.34 (0.52-3.46)

P-value'

0.0005

0.0871

0.0790

0.0991

0.8148

0.5385

Risk Factors for Graft Failure or CLAD

Model 1
IFi post-RVI
No
Yes
LRTI during RVI
No
Yes
Secondary bacterial pneumonia
No
Yes
Underlying lung disease pre-transplant
Obstructive lung diseases
Interstitial lung diseases
Cystic fibrosis
Pulmonary vascular diseases
Need ICU care
No
Yes
Baseline CLAD stage
Stage 0
Stage1to4d

ype 3 Wald p-value;

Peghin et al.

1=

00

Am J Transplant. 2017;17:1304-1312.
Permpalung et al. J Heart Lung Transplant. 2023;42: 953-963.

36 72 108 144
Hazard Ratio

Events/Total

56/199

40/168
1631

191105
3784

30143

1075
19/52
416

Hazard Ratio
(95% CI)

Reference
2.45 (1.29-464)

Reference
1.88 (1.03-3.43)

Reference
1,66 (0.93-2.94)

3.74 (1.02-13.75)
1.12 (0.29-4.32)
4.36 (1.08-17.43)
Reference

Reference
361 (1.22-10.65)

Reference
1.60 (0.92-2.77)

P-value'

0.0059

0.0403

0.0852

0.0027

0.0201

0.0951



Epidemiology of RVI: Long Term Complications
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Risk Stratification

TABLE 2 Clinical criteria proposed to identify patients undergoing allo-HCT at risk for complicated CARV lower RTID caused by HRSV,
HPIV, or IV-A/B®

University Hospital Basel immunodeficiency grading system MD Anderson Cancer Center immunodeficiency scoring index
Criterion or parameter Score Criterion or parameter Score
Neutropenia, <0.5 X 10%/liter 1 Neutropenia, <0.5 X 10%/liter 3
Lymphopenia, <0.1 X 10%liter 1 Lymphopenia, <0.2 X 10%/liter 3
Allo-HCT <6 months ago 1 Preengraftment or allo-HCT <1 months 1
GVHD of =2 or requiring treatment 1 GVHD (acute/chronic) 1
T-cell depletion <3 months prior to CARV Dx 1 Corticosteroids 1
B-cell depletion <3 months prior to CARV Dx 1 Myeloablative conditioning 1
Hypo-y-globulinemia, <4.5 g/liter 1 Age, >40 yr 2
Maximal 7 Maximal 12
Moderate (MID) 0 Low risk 0-2
Severe (SID) 1 Moderate risk 3-6
Very severe (verySID) 2-7 High risk 7-12

9Allo-HCT, allogeneic hematopoietic cell transplantation; CARV, community-acquired respiratory virus; Dx, diagnosis; GVHD, graft-versus-host disease; HRSV, human
respiratory syncytial virus; HPIV, human parainfluenzavirus; IV-A/B, influenza virus A or B; RTID, respiratory tract infectious disease.

National Institute of
NIH Allergy and Ison MG, Hirsch HH. Clin Micro Rev. 2019:32:10.1128/cmr.00042-19.
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Prevention of Influenza: Antiviral Prophylaxis

RT-PCR
Protective efficacy = 74.9%
95% Cl for diffeArence: 2.3%, 10.7%

4 A\
8.4% (20/238)

Culture
Protective efficacy = 88.8%

95% ClI for difference: 0.7%, 6.6%

A
{ A\

3.8% (9/238)

1.7% (4/237)

0.4% (1/237)

No change in IC;, with breakthrough viruses

National Institute of
NIH Allergy and Ison et al. Antiviral Research. 2012;17(6):955-964.
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Management of Influenza: Antiviral Therapy

e JI8EEY
$44

Neuraminidase Inhibitors

Available Influenza Antivirals

M2 lon Channel Inhibitors: Amantadine,
Rimantadine

el

Neuraminidase Inhibitors: Laninamivir,
Oseltamivir, Peramivir, Zanamivir

; Polymerase Inhibitors: Baloxavir, Favipirivir,
....... ) Ribavirin

VRNA f
Cap-snatching 3%
_—
Transcription 7,
mRNA

Antibodies: Monoclonal Ab, IglV, Plasma

M2 Inhibitors
Polymerase Inhibitors

National Institute of
NIH Allergy and Zheng W, Tao YJ. FEBS Letters. 2013; 587: 1206-1214.
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Treatment of Influenz

* Antiviral Therapy and Outcomes

o

No prospectively collected data
Most data with NAls > M2 Inhibitors
Reduced mortality

M2 Inhibitors: 60% vs. 70%

NAIl: Few deaths reported with use
Reduced viral shedding at day 10

M2 Inhibitors 20% vs. 50%
Lower rate of pneumonia

M2 inhibitors: 11% vs. 21%

NAI: 0-5% vs. 21%
Reduced risk of BOS
Risk of resistance emergence

National Institute of

Allergy and
Infectious Diseases

Influenza PCR log, copies/mL
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Ison MG, Hirsch HH. Clin Microbiol Rev. 2019; 32: e00042-19. Khanna et al.
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Influenza: Virology in Setting of Treatment
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Oseltamivir in Lung Transplantation: PFT Effects

)

Pre-lliness
3 Mo
1 Year

FEV1 Change from Pre-Infection (%)

National Institute of
W5 P) Allergy and Ison et al. J Heart Lung Transplant. 2008; 27: 282-288.
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High Dose Oseltamivir: Immunocompromised Patients

Number (%) of patients with resistant virus detected Conventional dose Double dose
Adults Children (<18 years) (n=8) Adults Children (<18 years) (n=8)
(n=73) (n=78)

Resistance type

Any resistance? - 10/67 (15) 2/6 (33) 2/71 (3) 1/8 (13)

Phenotypic 6/62 (10) 2/6 (33) 1/62(2) 0/8

Genotypic 7/64 (11) 2/5 (40) 2/68 (3) 1/8(13)

Virus typeP®

A (HIN1pdm2009) 4/16 (25) 1/1 (100) 113 (8)  1/1(100)

A (HIN1) 1/2 (50) 0/0 (0) 0/1(0) 0/0 (0)

A (H3N2) 3/29 (10) 1/3 (33) 1/33(3)  0/4(0)

B 2/20 (10) 0/2 (0) 0/24 (0) 0/3(0)

Patient type®: ©

Hematopoietic stem cell transplant 4/9 (44) 1/2 (50) 113 (8) 0/0 (NE)

Solid organ transplantd 4/25 (16) NE 1/22 (5) NE

HIV infection 0/21 (0) 0/1 (0) 0/20 (0) 0/1(0)

Systemic immunosuppressive immunotherapy 3/17 (18) 1/2 (50) 1/26 (4) 0/4 (0)

Hematologic malignancy 2/8 (25) 1/3 (33) 0/11 (0) 1/3 (33)

National Institute of
N I H Allergy and
Infectious Diseases

Mitha et al. Infect Dis Therapy. 2019; 8: 613-626.



Combination Therapy for Hospitalized Adults
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Combinations Prevent Resistance
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Gaps and Endpoints: Influenza

* Gaps » Potential Endpoints
= Management of hospitalized * Virology does not correlate
= Duration with clinical outcomes
= Role of combination = Prevention of CLAD
» Management of resistance = Prevention of resistance?

* DOOR endpoint
Ordinal Scale

PRO likely won't be useful in
this population

National Institute of
N I H Allergy and
Infectious Diseases



RSV: Few Options, Mostly Directed at IC Hosts

Rgure: ummary of outcome databy type of regimen received
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National Institute of
)Aﬂergvand Shah & Chemaly. Blood. 2011; 117: 2755-2763. Nam HH, Ison MG. BMJ. 2019;366:bm;.15021.
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Promise of Monoclonal Antibodies: RSV

Analysis

Primary analysis

Sensitivity analyses
Previous nirsevimab receipt regardless of time
Bronchiolitis defined as the first wheezing attack
Propensity-score analysis
Multivariate model with complete case analysis

Multivariate model adjusted for previous RSV infection
Multivariate model adjusted for socioeconomic level
Multivariate conditional regression model including

matching covariates

Standard logistic-regression model including
unmatched patients

Multivariate model with gestational age at birth and

birth weight as categorical variables
Subgroup analyses
Age
<3 mo
=3 mo
=1 Risk factor for severe bronchiolitis
Yes
No
RSV bronchiolitis with ventilatory support
RSV bronchiolitis with PICU admission

Control
Patients

Case
Patients

60/690 (8.7)  97/345 (28.1)
75/690 (10.9) 1207345 (34.8)
56/618 (9.1)  96/327 (29.4)
60/690 (8.7)  97/345 (28.1)
56/624 (9.0)  90/284 (31.7)
60/690 (8.7)  97/345 (28.1)
60/690 (8.7)  97/345 (28.1)
60/690 (8.7)  97/345 (28.1)
61/724 (8.4) 102/360 (28.3)

60/690 (8.7)  97/345 (28.1)

53/332 (16.0)
7/358 (2.0)

76/150 (50.7)
21/195 (10.8)

9/37 (24)
50/623 (8.0)

27/189 (14.3)
27/193 (14.0)

10/20 (50)
83/295 (28.1)
46/151 (30.5)
47/146 (32.2)

no. who received nirsevimab/total no. (%)

Effectiveness (95% Cl)
percent

—a—

83.0 (73.4 to 89.2)
= 86.6 (78.8 to 91.5)
84.9 (75.4 to 90.7)
78.2 (65.7 to 86.2)
84.8 (74.9 to 90.7)
83.1 (73.5 to 89.2)
83.4 (73.8 to 89.4)
84.1 (74.9 to 90.0)

—a—
—a—
77.1 (67.4 to 84.0)
84.1 (74.9 to 90.0)

82.4 (69.3 to 89.9)
82.7 (52.8 t0 93.7)

64.8 (-17.2 to 89.4)
78.2 (67.9 to 85.2)
67.2 (38.6 to 82.5)
69.6 (42.9 to 83.3)

H} ll RIS

I
-25
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National Institute of
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Infectious Diseases

NIH

MUSIC Trial

Figure 1. Nirsevimab serum concentrations across MUSIC RSV Season 1 and RSV Season 2 compared
with MELODY (as-treated population)

Nirsevimab serum concentration

at Day 151 (ug/mL)

100+

MEL‘ODY
(50 mg/100 mg*)

MUSIC Season 2
(200 mg')

MUSIC Season 1
(50 mg/100 mg*)

Assad et al. N Eng J Med. 2024;391: 144-154.
Domochowske et al. Blood. 2023; 142: 1173.



RVI in Lung Transplant: Late Complications

Respiratory Syncytial Virus, Human Metapneumovirus,
and Parainfluenza Virus Infections in Lung Transplant
Recipients: A Systematic Review of Outcomes and
Treatment Strategies

Auke de Zwart,' Annelies Riezebos-Brilman,” Gerton Lunter,’ Judith Vonk,® Allan R Glanville,’ Jens Gottlieb,’ Nitipong Permpalung,’’ Huib Kerstjens,'
Jan-Willem Alffenaar,**" and Erik Verschuuren’

"University of Groningen, University Medical Center Groningen, Department of Pulmonary Medicine and Tuberculosis, Groningen, The Netherlands; “Laboratory for Medical Microbiology and

Public Health, Hengelo, The Netherlands; *University of Groningen, University Medical Center Groningen, Department of Epidemiology, Graningen, The Netherlands; *Lung Transplant Unit, St
Vincent's Hospital, Sydney, NSW, Australia; “Department of Respiratory Medicine, Hannover Medical School, Hannover, Germany; “Division of Infectious Diseases, Johns Hopkins University School
of Medicine, Baltimore, Maryland, USA; "Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; ®School of Pharmacy, Faculty of Medicine and Health,
University of Sydney, Sydney, Australia; “Westmead Hospital, Westmead, Australia; and "°Marie Bashir Institute of Infectious Diseases and Biosecurity, University of Sydney, Sydney, Australia

Background. Respiratory syncytial virus (RSV), parainfluenza virus (PIV), and human metapneumovirus (hMPV) are increas-
ingly associated with chronic lung allograft dysfunction (CLAD) in lung transplant recipients (LTR). This systematic review pri-
marily aimed to assess outcomes of RSV/PIV/hMPYV infections in LTR and secondarily to assess evidence regarding the efficacy of
ribavirin.

Methods. Relevant databases were queried and study outcomes extracted using a standardized method and summarized.

Results. Nineteen retrospective and 12 prospective studies were included (total 1060 cases). Pooled 30-day mortality was low
(0-3%), but CLAD progression 180-360 days postinfection was substantial (pooled incidences 19-24%) and probably associated
with severe infection. Ribavirin trended toward effectiveness for CLAD prevention in exploratory meta-analysis (odds ratio [OR]
0.61, [0.27-1.18]), although results were highly variable between studies.

Conclusions. RSV/PIV/hMPV infection was followed by a high CLAD incidence. Treatment options, including ribavirin, are
limited. There is an urgent need for high-quality studies to provide better treatment options for these infections.

Keywords. lung transplantation; paramyxovirus; pneumovirus; ribavirin.

National Institute of
Allergy and De Zwart et al. Clin Infect Dis. 2022;74: 2252-2260.
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Oral Ribavirin:
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Alveolar Lung Fluid Concentrations

TABLE 1 Ribavirin and intracellular metabolite plasma and bronchoalveolar lavage concentrations

Plasma ribavirin
concentration

Patient 1

First sample (oral ribavirin
followed by inhaled ribavirin)

0.473 pg/mL (trough)

Second sample (inhaled ribavirin
followed by oral ribavirin)

1.560 pg/mL (trough) and
2.210 pg/mL (peak)

Patient 2

First sample (oral ribavirin
followed by inhaled ribavirin)

2.160 pg/mL (trough)

Blood RBC
intracellular
concentrations

Not available

Not available

iRMP: 6.22 pmol/10°
cells (20.2 pg/mL)

iRDP: 14.3 pmol/10°
cells (57.8 pg/mL)

iRTP: 31.3 pmol/10¢
cells (151.5 pg/mL)

Blood PBMC intracellular
concentrations

Not available

Not available

iRMP: 1.17 pmol/10°
cells (1.9 pg/mL)

iRDP: 0.62 pmol/10° cells
(1.25 pg/mL)

iRTP: 3.89 pmol/10° cells
(9.42 pg/mL)

BAL intracellular
concentrations

iRTP: 6.32 pmol/10° cells
(15.3 pg/mL)

iRTP: 3.43 pmol/10° cells
(8.3 pg/mL)

iRMP: 851 pmol/10° cells
(1379.0 pg/mL)

iRDP: 41 pmol/10° cells
(82.9 pg/mL)

iRTP: 103 pmol/10° cells
(249.0 pg/mL)

Abbreviations: iRMP, iRDP, iRTP, intracellular ribavirin mono-, di-, and tri-phosphate, respectively; PBMC, peripheral blood mononuclear cell; RBC,

red blood cell.

ICs, for Ribavirin vs RSV: 3-30 pg/mL

Mueller et al. Transpl Infect Dis. 2021;23:€13464.



RSVO01: Inhaled siRNA RSV Antiviral

Table 2 Disease Severity at Study Entry (Modified Intention-to-treat Cohort)

Parameter

Placebo (n = 33)

ALN-RSVO01 (n = 44)

Overall (N = 77)

FEV; change from pre-infection to screening”

n 3 41 72

Mean (SD) ~14.6% (15.0%) ~11.6% (13.9%) -12.9% (14.4%)

Median (IQR) -13% (-26 to -2) -9% (~16 to -2) -10% (-22 to -2)
Lower respiratory symptoms [n (%)]” 22 (69) 30 (70) 52 (74)
Upper respiratory symptoms [n (%)]° 8 (25) 8 (19) 16 (21)
Chest X-ray or CT scan [n (%)]°

Normal 12 (36) 10 (23) 22 (29)

Abnormal 20 (63) 34 (77) 54 (70)
Pretreatment symptom score

Median (IQR) 6.0 (4.0-9.0) 5.0 (3.0-11.0) 6.0 (3.0-10.0)
Time from symptom onset to first dose [n (%)]

<5 days 7 (21) 12 (27) 19 (25)

>5 days 26 (79) 32 (72) 58 (75)
RSV serotype [n (%)]

N 28 42 70

Serotype A 15 (54) 21 (50) 36 (51)

Serotype B 13 (46) 21 (50) 34 (49)
RSV titer in logqo copies/ml [mean (SD))

Oropharyngeal wash 4 (1) 4 (2) 4 (1)

Nasal swab 7(2) 7(2) 7(2)
RSV treatment [n (%)]

Pulse steroids 19 (58) 31 (71) 50 (64)

Inhaled ribavarin 16 (49) 11 (25) 27 (35)

Oral ribavarin 7 (21) 11 (25) 18 (23)

Intravenous ribavarin 4 (12) 11 (25) 15 (19)

Vig 4 (12) 4(9) 8 (10)

Palivizumab 3(9) 3(7) 6 (8)

National Institute of
Allergy and
Infectious Diseases

40

» w
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p=0.044 p=0.058

33%
30%
16%
14%
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Day 90 Day 180
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p=0.028 p=0.025
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h i
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Figure 3 Incidence of new and progressive BOS in mITTc and PP populations. p-value from Cochran-Mantel-Haenszel (CMH) test
adjusting for randomization strata.

Gottlieb et al. J Heart Lung Transplant. 2016; 35: 213-221.



Studied RSV Antivirals: Work in Challenge Model
Studies but not in Patients

Presatovir Lumicitabine EDP-938
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Summary of Presatovir Adult Phase 2 Studies

Presatovir Clinical Studies

Disease progre

GS-US-218-0103 GS-US-218-1797 GS-US-218-1502
Challenge Study Lung transplant HCT LRTI
GS-US-218-0108 GS-US-218-1227
HCT URTI Hospitalized adults

National Institute of
N I H Allergy and
Infectious Diseases



Studied RSV Antivirals: Work in Challenge Model
Studies but not in Patients

HSCT Studies

Study 0108 Study 1502
— 81 8 1
2 URTI LRTI
- 71 71
(s
& - L
B 51 54
2 T
§ 47 \ 4
& 3 3
S
c 29 21
3
$ 1 - Presatowr 11
- Placebo &
0 A T T T T T -l T _L T 0 1 T T T T T T T T T
1 3579 13 17 22 28 13579 13 17 22 28
Day Day
n=
resatovir 89 65 87 78 86 86 84 84 83 29 24 29 26 29 21 28 27 27
Placebo 87 63 87 84 83 81 84 83 82 28 23 28 25 26 25 24 23 23
Study 0108 Study 1502
Presatovir, n=95 Placebo, n=90 Presatayir, n=29 Placebo, n=28

Adjusted mean DAVG9 (95% Cl)

Treatment difference (95% CI)

-1.1(-1.4,-0.84)

-0.78 (-1.0, -0.5)
-0.33 (-0.64, -0.02); p=0.04

-0.97 (-1.4,-0.5)

-1.00 (-1.4, -0.6)

-0.02 (-0.62, 0.57); p=0.94

National Institute of
Allergy and
Infectious Diseases

Lung Transplant Studies

N FEV1

: 8

§ 2@ 4 0 ¥

35 30 32 33 28
19 17 17 18 17

Adjusted mean % change Day 1-7 (95% Q1)
Trestment difference (95% CI)

Viral Load FLU-PRO® Score
3019
m—gmm Presatovir
m=g== placebo
254
204
1.5
T 1.0 T T T T T T T T
14 21 28 BL 3 5 7 9 14 21 28
Study Day Study Day
30 29 32 33 26 30 30 27 32 26 23
18 17 18 17 15 15 17 15 19 17 15
Presatovir, n=35 Placebo, n=19 p-Value Presatovir, n=16 Placebo, n=11 p-Value
-0.89(-1.32, -0.46) -0.99 (-1.53, -0.44) | Adjusted mean % change Day 1-7(95% C1) 032 (-043,-0.21) -0.33(-0.47,-0.19) \
0.10(-0.43,0.63) 072 Treatment difference (95% Cl) 0.01(-0.12,0.15) 0.86 \

Chemaly et al. Clin Infect Dis. 2020; 71: 2777-2786.
Gottlieb et al. J Heart Lung Transplant. 2023; 42: 908-916.



Gaps and Endpoints: RSV

* Gaps » Potential Endpoints
» Risk and expected course = Prevention of CLAD
= Role of Ribavirin = DOOR endpoint
* Role of immune modulation = Ordinal Scale
= Virology?

National Institute of
N I H Allergy and
Infectious Diseases



Promise of Monoclonal Antibodies: SARS-CoV-2
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Log-rank test p-value=0.036

National Institute of
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Continued Utility of Antivirals in ICH in Omicron Era

Table 2. Baseline demographic characteristics, comorbidities and SARS-CoV-2 treatment of hospitalized and non-hospitalized patients for COVID-19

Demographics
Age (years), median (IQR)
Age > 65 years
Sex female
Vaccination
Vaccination> 2 doses

Days from last doses vaccine to disease, median (IQR)
Days from last doses vaccine to disease > 180 days

Comorbidities
Hypertension
Chemotherapy
Diabetes mellitus
Transplantation
Cardiovascular disease
Cerebrovascular disease
eGFR<30 mL/min
Pulmonary chronic disease
Haemodialysis

Categories
Transplantation
Immunomodulatory therapy®
Anti-CD20
Chemotherapy

SARS-CoV-2 treatment
Days from symptom to treatment, median (IQR)
Days from symptom to treatment >4 days
Treatment exposed®
Remdesivir
Sotrovimab
Nirmatrelvir/ritonavir

Overall

57.5 (47-68)
32.4 (133/410)
53.2 (218/410)

2.9 (12/410)
124 (77-190)
71.1 (286/402)

39.8 (163/410)
20 (82/410)
19.3 (32/410)
13.4 (55/410)
12.4 (51/410)
13.9 (6/410)
4.4 (18/410)
3.4 (14/410)
1.2 (5/410)

15.6 (64/410)
37.1(152/410)
27.3 (112/410)
20.0 (82/410)

4 (2.2-5)
52.7 (108/205)
50 (205/410)
32 (131/410)
12.7 (52/410)
3.2 (13/410)

National Institute of

NI H Allergy and

Infectious Diseases

Hospitalized

(n=52)

63 (55-77)

46.2 (24/52)
42.3 (22/52)

5.8 (3/52)

131 (94-193)

36.0 (18/50)

51.9 (27/52)
23.1 (12/52)
23.1(12/52)
11.5 (6/52)
23.1(12/52)
5.8 (3/52)
7.7 (4/52)
9.6 (5/52)
3.8 (2/52)

15.4 (8/52)
11.5 (6/52)
50.0 (26/52)
14.6 (12/52)

5.5 (3.5-7.5)

75.0 (6/8)
15.4 (8/52)
5.8 (3/52)
5.8 (3/52)
(0/51)

Non-hospitalized

(n=358)

56 (46-67)
30.4 (109/358)
57.7 (30/358)

2.5(9/352)

124 (77-188.5)

27.8 (98/352)

38.0 (136/358)
19.6 (70/358)
18.7 (67(358)
13.7 (49/358)
10.9 (39/358)
3.6 (13/358)
3.9 (14/358)
2.5(9/358)
0.8 (3/358)

15.6 (56/358)
40.8 (146/358)
24,0 (86/358)
19.6 (70/358)

4 (2-5)
51.8 (102/197)
55 (197/358)
35.8 (128/358)
13.7 (49/358)
3.6 (13/358)

OR (85% CI) Pvalue
1.04 (1.02-1.68) <0.001
1.95 (1-08-3.53) 0.024
0.91 (0.86.1.12) 0.093
0.42 (0.11-1.2) 0.185
1.00 {0.99-1.00) 0317
1.45 (0.78-2.71) 0.233
1.76 (0.98-3.21) 0.055
1.24 (0.61-2.47) 0.553
1.30(0.65-2.61) 0.456
0.82 (0.33-2.03) 0.671
2.45 (1.18-5.07) 0.013
1.65 (0.44-5.90) 0.457
2.05 (0.65-6.48) 0.214
412 (1.32-12.83) 0.014
4.73(0.72-29.02) 0.123

1

0.28 (0.05-0.86) 0.027
2.12 (0.89-5.01) 0.088
1.20(0.45-3.13) 0.710
1.00 (0.94-1.07) 0.078
2.79(0.55-14.18) 0.285
0.15 (0.07-0.33) <0.001
0.11 (0.34-0.36) <0.001
0.38 (0.11-1.28) 0.110

NA 0.387

Pinargote-Celorio ef al. J Antimicrob Chemother.

Risk Factor

265 years of age
Biologicalimmunomodulators
Anti-CD20-mediated B cell depletion
Cardiovascular disease

OCFA

Antiviral use

Risk Factor

265 years of age

Biologicalimmunomodulators
Anti-CD20-mediated B cell depletion
Cardiovascular disease

OCFA

Remdesivir use

COVID-19-related hospitalization up to day 90

COVID-19-related hospitalization up to day 90

Odds Ratio (95% Cl)
2,05 (1.02-4.15)
0.27 (0.10:0.74)
2.76 (1.31-5.82)
2.11 (0.845.31)

4.65 (1.09-19.69)
0.13 (0.050.29)

Odds Ratio (95% Cl)

1.92 (0.983.79)
0.31(0.11-0.83)
2.01 (1.01-4.29)

2.40 (0.97-5.92)
481 (1.2318.77)
0.13 (0.04-0.44)

0.044
0.011
0.008
0.113

0.037
0.000

0.058
0.020
0.046

0.057
0.024
0.001

10.1093/jac/dkae351.



COVID-19 Treatment Guidelines

* Symptom management should be initiated for all patients (Alll).

 The Panel recommends against the use of dexamethasone?® or other
systemic corticosteroids (Allb), unless these agents are being used to treat
an underlying condition (Alll).

Preferred therapies. Listed in order of preference:

« Ritonavir-boosted nirmatrelvir (Paxlovid)® (Alla). Start as soon as
possible and within 5 days of symptom onset. See footnote on drug-drug
interactions.’

« Remdesivir’¢ (Blla). Start as soon as possible and within 7 days of
symptom onset.

Patients Who Are at High Risk of
Progressing to Severe COVID-19v<*

Alternative therapy. For use when the preferred therapies are not available,

feasible to use, or clinically appropriate:”

* Molnupiravir®' (Clla). Start as soon as possible and within 5 days of
symptom onset.

There is insufficient evidence for the Panel to recommend either for or
against initiating these antiviral agents after the timeframes listed above.

Each recommendation in the Guidelines receives a rating for the strength of the recommendation (A, B, or C) and a rating
for the evidence that supports it (1, lla, lb, or ll). See Guidelines Development for more information.

National Institute of
Allergy and
Infectious Diseases

NIH

Disease Severity

Hospitalized for Reasons
Other Than COVID-19

Hospitalized but Does Nat
Require Supplemental
Oxygen

Hospitalized and Requires
Conventional Oxygen®

Hospitalized and Requires
HFNC Oxygen or NIV

Clinical Scenario

Patients with mild to moderate
COVID-19 who are at high risk of
progressing to severe COVID-19*

Recommendations for Antiviral or Inmunomodulator Therapy

Recommendation
See Therapeutic Management of Nonhospitalized Adults With COVID-

Recommendations for
Anticoagulant Therapy

For patients without an indication for
therapeutic anticoagulation:

. dose of heparin, unless

All patients

19*

The Panel recommends against the use of dexamethasone (Alla)
or other ic corti ids (AllN) for the of COVID-
19°

Patients who are at high risk of
progressing to severe COVID-19*

Remdesivir! (BlIb) for patients who are immunocompromised; (BIlI)
for other high-risk patients

contraindicated (A); (BIIN) for pregnant
patients

Patients who require minimal
conventional oxygen

Remdesivir*' (Blla)

Most patients

Use dexamethasone plus remdesivir' (Blla). If remdesivir cannot
be obtained, use dexamethasone (BI).

Patients who are receiving
dexamethasone and who have
rapidly increasing oxygen needs
and systemic inflammation

Add 1 of the following immunomodulators:?

Preferred Alternatives (Listed in Alphabetical Order)
* PO baricitinib (Blla) = IV abatacept (Clla)

« [V tocilizumab (Blla) = IV infliximab (Clla)

For nonpregnant patients with D-dimer

levels above the ULN who do not have an

increased bleeding risk:

= Therapeutic dose of heparin" (Clla)

For other patients:

* Prophylactic dose of heparin, unless
contraindicated (Al); (BIII) for pregnant
patients

Dexamethasone should be administered to all patients (Al). If not
already initiated, promptly add 1 of the following immunomodulators:®'
Preferred

* PO baricitinib (Al)

Preferred Alternative

« IV tocilizumab (Blla)

Additional Alternatives (Listed in Alphabetical Order)

* IV abatacept (Clla)

« IV infliximab (Clla)

Add remdesivir to 1 of the options above in certain patients (for
examples, see footnote).!

Hospitalized and Requires
MV or ECMO

Dexamethasone should be administered to all patients (Al). If
the patient has not already received a second immunomodulator,
promptly add 1 of the following (listed in alphabetical order):'*

* PO baricitinib' (Blla)

* IV tocilizumab' (Blla)

See footnote k for a discussion on the use of remdesivir.

For patients without an indication for

therapeutic anticoagulation:

* Prophylactic dose of heparin, unless
contraindicated (Al); (BIN) for pregnant
patients

For patients who start on a therapeutic

dose of heparin in a non-ICU setting

and then transfer to the ICU, the Panel

recommends switching to a prophylactic

dose of heparin, unless there is another
indication for therapeutic anticoagulation

(8I).

https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/




Continued Utility of Antivirals in ICH in Omicron Era

Table 2. Baseline demographic characteristics, comorbidities and SARS-CoV-2 treatment of hospitalized and non-hospitalized patients for COVID-19

Demographics
Age (years), median (IQR)
Age > 65 years
Sex female
Vaccination
Vaccination> 2 doses

Days from last doses vaccine to disease, median (IQR)
Days from last doses vaccine to disease > 180 days

Comorbidities
Hypertension
Chemotherapy
Diabetes mellitus
Transplantation
Cardiovascular disease
Cerebrovascular disease
eGFR<30 mL/min
Pulmonary chronic disease
Haemodialysis

Categories
Transplantation
Immunomodulatory therapy®
Anti-CD20
Chemotherapy

SARS-CoV-2 treatment
Days from symptom to treatment, median (IQR)
Days from symptom to treatment >4 days
Treatment exposed®
Remdesivir
Sotrovimab
Nirmatrelvir/ritonavir

Overall

57.5 (47-68)
32.4 (133/410)
53.2 (218/410)

2.9 (12/410)
124 (77-190)
71.1 (286/402)

39.8 (163/410)
20 (82/410)
19.3 (32/410)
13.4 (55/410)
12.4 (51/410)
13.9 (6/410)
4.4 (18/410)
3.4 (14/410)
1.2 (5/410)

15.6 (64/410)
37.1(152/410)
27.3 (112/410)
20.0 (82/410)

4 (2.2-5)
52.7 (108/205)
50 (205/410)
32 (131/410)
12.7 (52/410)
3.2 (13/410)

National Institute of

NI H Allergy and

Infectious Diseases

Hospitalized

(n=52)

63 (55-77)

46.2 (24/52)
42.3 (22/52)

5.8 (3/52)

131 (94-193)

36.0 (18/50)

51.9 (27/52)
23.1 (12/52)
23.1(12/52)
11.5 (6/52)
23.1(12/52)
5.8 (3/52)
7.7 (4/52)
9.6 (5/52)
3.8 (2/52)

15.4 (8/52)
11.5 (6/52)
50.0 (26/52)
14.6 (12/52)

5.5 (3.5-7.5)

75.0 (6/8)
15.4 (8/52)
5.8 (3/52)
5.8 (3/52)
(0/51)

Non-hospitalized

(n=358)

56 (46-67)
30.4 (109/358)
57.7 (30/358)

2.5(9/352)

124 (77-188.5)

27.8 (98/352)

38.0 (136/358)
19.6 (70/358)
18.7 (67(358)
13.7 (49/358)
10.9 (39/358)
3.6 (13/358)
3.9 (14/358)
2.5(9/358)
0.8 (3/358)

15.6 (56/358)
40.8 (146/358)
24,0 (86/358)
19.6 (70/358)

4 (2-5)
51.8 (102/197)
55 (197/358)
35.8 (128/358)
13.7 (49/358)
3.6 (13/358)

OR (85% CI) Pvalue
1.04 (1.02-1.68) <0.001
1.95 (1-08-3.53) 0.024
0.91 (0.86.1.12) 0.093
0.42 (0.11-1.2) 0.185
1.00 {0.99-1.00) 0317
1.45 (0.78-2.71) 0.233
1.76 (0.98-3.21) 0.055
1.24 (0.61-2.47) 0.553
1.30(0.65-2.61) 0.456
0.82 (0.33-2.03) 0.671
2.45 (1.18-5.07) 0.013
1.65 (0.44-5.90) 0.457
2.05 (0.65-6.48) 0.214
412 (1.32-12.83) 0.014
4.73(0.72-29.02) 0.123

1

0.28 (0.05-0.86) 0.027
2.12 (0.89-5.01) 0.088
1.20(0.45-3.13) 0.710
1.00 (0.94-1.07) 0.078
2.79(0.55-14.18) 0.285
0.15 (0.07-0.33) <0.001
0.11 (0.34-0.36) <0.001
0.38 (0.11-1.28) 0.110

NA 0.387

Pinargote-Celorio ef al. J Antimicrob Chemother.

Risk Factor

265 years of age
Biologicalimmunomodulators
Anti-CD20-mediated B cell depletion
Cardiovascular disease

OCFA

Antiviral use

Risk Factor

265 years of age

Biologicalimmunomodulators
Anti-CD20-mediated B cell depletion
Cardiovascular disease

OCFA

Remdesivir use

COVID-19-related hospitalization up to day 90

COVID-19-related hospitalization up to day 90

Odds Ratio (95% Cl)
2,05 (1.02-4.15)
0.27 (0.10:0.74)
2.76 (1.31-5.82)
2.11 (0.845.31)

4.65 (1.09-19.69)
0.13 (0.050.29)

Odds Ratio (95% Cl)

1.92 (0.983.79)
0.31(0.11-0.83)
2.01 (1.01-4.29)

2.40 (0.97-5.92)
481 (1.2318.77)
0.13 (0.04-0.44)

0.044
0.011
0.008
0.113

0.037
0.000

0.058
0.020
0.046

0.057
0.024
0.001

10.1093/jac/dkae351.



PIV in Transplantation: Ribavirin * Immunoglobulin

Table 3. Outcome of Ribavirin Treatment in Treated Versus Untreated Inmunocompromised Patients®

Study Serotype Symptoms Route of Administration Outcome, No. Survived/No. Treated
Wendt et al (1992) [43] MA LERTI/URTI Asrosolized 719
A LRTI/URTI MNone 1418
Elizaga et al (2001) [44] PIV-3 URTI Aerasolized B8/8
PIV-3 LRTI Aerosolized 410
A, LRTI Mone A4/
Michols et al (2001) [45] PIV=3 LRTI Aerosolized with or without IVIG 11/31 1356%) shed virus 21 d after treatment
PIV-3 LRTI Mone B/24 133%) shed virus 21 d after treatment
Dignan et al (2006) [46] PIN-3 LRTI Aerosolized/intravenous 5/6
PIV-3 LRTI Mone 446
PIV-3 URTI Aerosolized/intravenous 2/2
Piv-3 URTI Mone 8/9
Chemaly et al (2014) [47] PIVE LRTWURTI Aerosolized 8/9
PIV-3 LRTI/URTI None 58/65
Total Aarosolized 34/44 (77.3%)
Mone 88/102 (86.3%)

National Institute of
N I H Allergy and
Infectious Diseases

Russell E, Ison MG. Clin Infect Dis. 2017;65: 1570-1576.



DAS181 For the Treatment of Parainfluenza Virus: Results
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DAS181 For the Treatment of Parainfluenza Virus: Results
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Gaps and Endpoints: PIV

* Gaps » Potential Endpoints
» Risk and expected course * PFTs
= Role of immune modulation = Prevention of CLAD
* DOOR endpoint

Ordinal Scale
Clinical Signs or Normalization

Virology?
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N I H Allergy and
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DAS181 For the Treatment of Parainfluenza Virus: Results
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Brincidofovir and Adenovirus

Virology
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Questions?

Michael G. Ison, MD MS

Michael.Ison@nih.gov
Office: 240-627-3569
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