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Overview of
Viral infections

Encephalitis/

meningitis Common cold Eye infections

- JC virus - Rhinoviruses - Herpes simplex virus
- Measles - Parainfluenza virus - Adenovirus

- LCM virus - Respiratory syncytial - Cytomegalovirus

- Arbovirus virus

Pneumonia

- Influenza virus,
Types A and B

- Parainfluenza
virus

- Respiratory
syncytial virus

- Adenovirus

- SARS coronavirus

Parotitis

- Rabies

pharyngitis/Gingivostomatitis

- Adenovirus - Herpes simplex type 1

- Epstein-Barr virus
- Cytomegalovirus

Cardiovascular
- Coxsackie B virus

Hﬁpﬂlﬁf ) Myelitis
-t epa ,IAISE:/WCU‘,ISD = - Poliovirus
ypeS ) ’ ’ I - HTLV_I

Skin infections
- Varicella zoster virus
- Human herpesvirus 6

Gastroenteritis
- Adenovirus

- Smallpox - Rotavirus

- Molluscum contagiosum ' - Norovirus

- Human papillomavirus Sexually transmitted - Astrovirus

- Parvovirus B19 diseases - Coronavirus
- Rubella - Herpes simplex type 2

- Measles - Human papillomavirus Pancreatitis

- Coxsackie A virus - HIV - Coxsackie B virus



Anti-Viral drugs

« Many antiviral drugs are Purine or
Pyrimidine analogs.

« Many antiviral drugs are Prodrugs.

— They must be phosphorylated by viral or
cellular enzymes in order to become active.

 Anti-viral agents inhibits active
replication

— so the viral growth resumes after drug
removal.



Anti-viral drugs

 Current anti-viral agents do not eliminate
non-replicating or latent virus

« Effective host immune response remains
essential for the recovery from the viral
infection



Anti-viral drugs

Stages of viral replication
« Cell entry — attachment

- penetration
Uncoating
Transcription of viral genome
Translation
Assembly of virion components
Release
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= Single stranded RNA Orthomyxovirus \é’mﬁ-\| g s
m Influenza A and B have structural e
differences that influence therapeutic W | e
viral targets: N Sy e
~1 Capsule proteins Pt il
= HA (fusion/uncoating), NA (release) shared Pe, P, PRy \/

= Flu A: M2 ion channel (uncoating and assembly)

Antivirals:
Zanmivir
Oseltamivir
Peramivir

= Flu B: BM2 and NB Protein channels

~1 Ribonucleoprotein complex (RNA segments 0
coated with NP + RNA polymerase)

~mRNA —

-1 Sialic Acid (enables HA binding to host cell) [T

Nicholson 2018



AVTL-LLKA yLa YPLITN

Flu — FDA Approved

m M2-lon Channel Blockers
“JAmantadine/Rimantadine

m Neuraminidase Inhibitors
1 Oseltamivir
—1Zanamivir
“Peramivir

m Cap-dependent
endonuclease inhibitor
~Baloxavir Marboxil

Nicholson 2018



MAsoPyndia=nmia voooc !!

* HmAslopndia oowv acBevouv e ypimn
— voooUV yLa 3 Ew¢ 7 NUEPEC Kall

* n uyela toug amokaBiotatatl TANPWC




Rx o ATOMA T1 KINAYNOY
emdeivwon Xpoviwv voowv

ol Bavatol adopouv Kuplwe ATopa UE UTTOKELLEVA voorjpaTa

EMBOAIAZMOZ = SOS

AocOpua KL AAAEC AVATIVEUOTIKEG A0OEVELEC, KapOLOYYELAKA VOO aTO
AwanAtn, vooriuato Tou AMATOC
Nedppomnabeleg, veupoloyLkad voorpota

KapkivomaBeic kot aAAoL acBOeveic o€ avoOOKATAOTOAN

‘Eykueg & moyvoopkot




Amantadine kat Rimantadine

ApOaOTIKA EvOvTL ypitng A, oAAd oxL B
MpoAnyn & Rx
— 50% yla poAuvon, 70-90% o voonong amo o A

AEN XPH2IMOIMNOIOYNTAI AOI'QQ ANTOXH2

— A H3N2 ano to 2003, mayKOGLLOL KOTAVORLN

Pipavtadivn OXI otnv EAAaSa



ANTI-IIKA ®DAPMAKA-TPINH

Drug
(Trade Name)

Chemopro-

Virus Route Treatment 2P I EV Adverse Effects

Oseltamivir |Aand B | PO Birth or older¢ >3 mo Nausea, vomiting
(Tamiflu) Skin reactions
Neuropsychiatric events
Zanamivir Aand B |Inhalation | >7y >5y Bronchospasm
(Relenza) Allergic reactions
Neuropsychiatric events
Peramivir* AandB |IV >2y NA Diarrhea
(Rapivab) Skin reactions
Neuropsychiatric events
Boloxavir* PO >12yr NA Diarrhea
(Xofluza) Aand B Bronchitis, nasopharyngitis

Nausea, Headache

a. Treatment within 48 hr of onset of iliness has greatest effect in reduction of symptoms and duration of illness

b. No antiviral is specifically approved for severe influenza, but observational studies support effect on reduction of complications, and most
experts support use

c. FDA approved for children 2 wk of age and older but AAP supports use from birth in term and preterm infants

d. Chemoprophylaxis: High risk children who cannot get vaccinated or may not respond to vaccine; within 2 weeks after vaccination if

circulation of influenza, contacts of HR patients, control of outbreaks

* Long Acting




ANTI-IIKA ®DAPMAKA-TPINH

* AvaotoAeic tnc Nevpapvidaonc

e ZavaulBipn (Zanamivir-Relenza)
e OoceAtapBipn (Oseltamivir-Tamiflu)

>_Ni©~,(

Oseltamivir
carboxylate

NH

HN, NH2

H H, )
N/Il,, - “eee o
S T
OH o
BCX-1812




Relenza® (zanamivir for inhalation)
Rotadisk® and Diskhaler®

Mouthpiece Piercing Needle

'—q-
La

Rotadisk

/ n Powder




Aivoupe Avtiyputika & mote;

* Mupetoc + BARxac os tepiodo ypimng = Rx

oav ypilnn o€ high risk groups

* Xwplic epyaotnpLakn eniBePfaiwon



2Y2TA2EI2 T1A Rx

Hmmia ypittn xwpic emMTAOKEC (EvnAIKEC Kal TTaidiq)

Rx o€ avénuevou Kwvduvou yLa tnv epdavion EMLTAOKWY

[piTTn g ETITTAOKEC N TTPOOOEUTIKN EMIOEIVWON

Rx o€ 6Aouc¢



O®EAH OEPANEIAZ-OSELTAMIVIR

* Otav 600¢l eykailpwc
— tpwTeC 24-30 wpEeC
e ¥ dlapkeloc vooou ~ 0.5-3 nuEpEeC
* ¥ OLAPKELOC ATIEKKPLONC LOU
* ¥ oofapotntac vooou

e \ % eMUTAOKWV

MMWR 2008:57(RR-7):1;Cooper NJ etal. BMJ 2003;326; Aoki FY et al. J Clin Virol
2009;44:255; Nicholson KG et al. Lancet 2000;355:1845; Hayden FG et al. NEJM
1997,337:874; Lancet 1998;352:1877; Jefferson T et al. BMJ 2014;348:g2545
Treanor JJ et all JAMA 2000;283:1016; Kaiser L et al. Arch Intern Med 2003;163:1667



Figure 2. The reduction in days of illness duration with earlier treatment with oseltamivir 75
mg twice a day in comparison with delayed treatment at 48 h (intent-to-treat infected

Reduction in duration of
illness versus treatment at
48 h (days)

d

population).

6 12 24

Time to treatment (h)

Aoki FY et al.J. Antimicrob. Chemother. 2003;51:123-129

©2003 by Oxford University Press

Journal of
Antimicrobial Chemotherapy



O®EAH OEPATNEIAZ

I Comment

@ Optimum timing of oseltamivir: lessons from Bangladesh

Ison G et al. Lancet Inf Dis 2014

* Movo 13% twv aocBevwv KaAoUv Latpo < 48 hrs!!!

Gaglia MA et al. Clin Infect Dis. 2007;45(9):1182.



O®EAH OEPANEIAZ-OSELTAMIVIR

« | coBapotntac vocou
e | % emuthokwv

Treanor JJ et all JAMA 2000;283:1016; Kaiser L et al. Arch Intern Med 2003;163:1667

* ANAQ...

* Meto-avaAUOELC LE AVTIKPOUOUEVEC ATIOYELC

Heman MA et al. CID 2011,53:277; Jefferson T et al. BMJ 2014,348:92545



META-ANAAYZH 2014 - OceAtapuBipn

B M CrossMark
| ek for vpdates

BMJ 2014,348:92545 doi: 10.1136/bmj.g2545 (Published 9 April 2014) Page 10of 18

RESEARCH

Oseltamivir for influenza in adults and children:
systematic review of clinical study reports and

summary of regulatory comments
OPEN ACCESS

Tom Jefferson reviewer', Mark Jones senior research fellow (biostatistics)?, Peter Doshi assistant
professor’, Elizabeth A Spencer nutritional epidemiologist®, Igho Onakpoya research fellow in
evidence-based practice and pharmacovigilance®, Carl J Heneghan professor*

Jefferson T et al. BMJ 2014;348:g2545



www.thelancet.com Published online January 30, 2015 Articles I

Oseltamivir treatment for influenza in adults: a meta-analysis 3@ % ®
of randomised controlled trials h

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

Intention-to-treat infected population

100 —pe, Observed
. " —— Placebo
= —— Oseltamivir
£ 75 Estimated from AFT model
=]
£ Ny Placebo
E s s e Oseltamivir
&
e 504
]
o
g
T 25-
—
=]
=
0 T T l l
] 120 240 360 A80

Mumber at risk
Placebo 1295 621 272 134 20
Oseltamivir 1565 624 243 128 2g
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Articles I

Oseltamivir treatment for influenza in adults: a meta-analysis 3@ % ®

of randomised controlled trials

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

LRTC, intention-to-treat infected population

Oseltamivir Placebo
events/N events/N

Risk ratio
(95% CI)

Trial E
M76001 13/674 20/341 . i
WV15819+ 28/220 45/247 —
WV15670  0/152 4/157 ;
WV15812+ 15/112 21/129 —
JV15823 0/122 1/130 i
WVISEZ1  3/120  9/126 < .
WV16277  5/119 5/109 —
WV15730  0/19 1/18 ]
WV15707  1/6 46 < -
Overall 65/1544 110/1263 <i>
(Heterogeneity p=0-58) i

| | |

0-33 (0-17-0-65)
070 (0-45-1-08)
Not estimable®
0-82 (0-45-1-52)
Not estimable*
0-35 (0-10-1-26)
0-92 (0-27-3-08)
Not estimable®
0-25 (0-04-1-63)
0-56 (0-42-0-75)
p=0-0001



Articles I
www.thelancet.com Published online January 30, 2015

Oseltamivir treatment for influenza in adults: a meta-analysis 3 @\ ®
of randomised controlled trials .

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

« oseltamivir in adults with influenza 44
* time to clinical symptom alleviation,

* risk of lower respiratory tract complications,
and admittance to hospital,

but

* increases the occurrence of nausea and vomiting.



NoonAsguopevol acBeveic & early Rx

No available antiviral is licensed for treatment of hospitalized or severe
influenza

Effectiveness data available for NAI (mostly oseltamivir)

Retrospective study 653 pediatric ICU admissions 2009-2012: NAl-treated, 6% died
compared with 8% untreated cases (OR = 0.67, 95% CI: 0.34-1.36). The estimated
risk of death was reduced in NAl-treated cases (OR 0.36, 95% CI: 0.16-0.83,
multivariate model-severity factors). Treatment within 48 hr of illness onset was
significantly associated with survival (P = .04).

Retrospective study over 5 seasons 2009-2014 (> 600 adults): Treatment within 6 hr
of hospitalization was associated with shorter hospital LOS (P < 0.001) and no
deaths compared to 18 deaths (4.5%) in patients receiving NAI after 6 hours and 4
deaths (3.4%) in patients not receiving NAI.

Louie JK Pediatrics, 2013, 132;e1539 (US Kaiser/CDC)
Katzen J, CID 2019, 69(1):42-58 (US UPenn, Duke, Northwestern)




NoonAegvopevol aoBeveic & late Rx
? Alapkela Rx

m Benefit of treatment with initiation
up to 5-7 days after onset of
symptoms (but none if longer)*

m Prolonged duration (>5 days) may
be considered in certain high-risk
populations (immunocompromised,
severely ill)

m No evidence of benefit with higher
doses

*Ramirez J. et al. CID 2018

s 5 8 8 3

Patients who servived,
» 5 % ¥
- 3

2
1—

lllllll

Louie JK, CID 2012, 55:1198



ZANAMIBIPH

* EvOopAePLa popdr o€ KALVLKEC LEAETEC

e ®aonc Il peAetn Harvard

— 130 pts w influenza received zanamivir
 mdn of 5 days, mdn 4.5 days after onset

—83% ICU, A/HIN1 pdm09 71%
— 28 day all mortality rate 17%

— 93 pts (+) at baseline by g PCR
« | 1.4210g10 ¢/mL after 2 days of Rx

Marty F et al. JID 2014;209:542



AO2OAOIA

TREATMENT | 0-1 month 1-3 3-12 1-13 years: Dose according to | Adulis (13
months | months weight below years and
over)
15- 23-
<15kg 23kg | 40kg >40kg
Oseltamivir PO
2mg/ 2.5mg/ 3mg/
(treatmt.ant kg/dose | kg/dose | kg/dose 30mg | 45mg | 60mg | 75mg 75mg bd
course: 5 bd bd bd bd bd bd bd
days)
Zanamivir INH
(treatment Not licensed for children <5 years old. 10 ma bd
course: 5 Adults and children >5 years: 10mg bd g
days)

e ALOPKELA 5 NUEPEC

— T oe coBapr v600,/avocoKaTaoToOAR

e ?YPnAotepec 6OOELC Yo coPaprn vOoO




MAJOR ARTICLE

A Prospective Intervention Study on Higher-
Dose Oseltamivir Treatment in Adults
Hospitalized With Influenza A and B Infections

N. Lee,"2D. S. C. Hui,"? Z. Zuo,* K. L. K. Ngai,’ G. C. Y. Lui,' S. K. Wo,* W. W. S. Tam,* M. C. W. Chan,* B. C. K. Wong,'
R.Y. K. Wong,' K. W. Choi,' W.W.Y. Sin,' E. L. Y. Lee,’ B. Tomlinson,' F. G. Hayden, and P. K. S. Chan®*

'Department of Medicine and Therapeutics, “Stanley Ho Centre for Emerging Infectious Diseases, *School of Pharmacy, “Department of Microbiology,
and ®School of Public Health and Primary Care, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong Special Administrative Region,
People’s Republic of China; and ®School of Medicine, University of Virginia, Charlottesville

A Influenza

Mean viral RNA concentration, log,, copies/mL

S5 "o
©
a ==+ oseltamivir 75 mg bid
— — Oseltamivir 150 mg bid
3
2
O 1 2 3 4 5

Time after starting oseltamivir, day

Clin Infect Dis. 2013 Dec;57(11):1511-9



Suspected or confirmed

influenza’

Uncomplicated

Previously
healthy

No treatment
OR
oseltamivir PO

If physician
feels patient is
at serious risk
of developing
complications.

At risk group

Complicated?

Severely immunosuppressed?

Severely immunosuppressed?

YES:
zanamivir INH
(Diskhaler)
within 36 hours
of onset

OR if unable to
take inhaled
preparation?

oseltamivir PO
and clinical
follow up.

NO:
oseltamivir PO
within 48 hours
of onset, or later

at clinical
discretion.

NO:

1st line
oseltamivir
PO/NG

2" [ine
zanamivir
INH, NEB or
V4.5

YES:

zanamivir
INH, NEB
or V42

a@o

Public Health

England



Post exposure prophylaxis

Exposed to circulating
influenza H1N1 (2009), H3N2,
orB

Exposed to suspected or
confirmed oseltamivir
resistant influenza

Previously healthy
(excluding pregnant
women)

No prophylaxis

No prophylaxis

At risk of complicated
influenza (including
pregnant women but
excluding severely
immunosuppressed
patients and children
under 5 years)

Oseltamivir PO 10 days, once
daily, if therapy can be started
within 48 hrs of last contact; or
after 48 hrs on specialist advice
only

Zanamivir INH 10 days, once
daily, if therapy can be started
within 36 hrs of last contact; or
after 36 hrs on specialist advice
only.

Severely
immunosuppressed
patients (excluding
children under 5
years)

Zanamivir INH 10 days, once
daily, if therapy can be started
within 36 hrs of last contact; or
after 36 hrs on specialist advice
only.

If unable to administer zanamivir
INH, oseltamivir PO 10 days
once daily, (if therapy can be
started within 48 hrs of last
contact; or after 48 hours on
specialist advice only).

Zanamivir INH 10 days, once
daily, only if therapy can be
started within 36 hrs of last
contact; or after 36 hrs on
specialist advice only.

If unable to administer
zanamivir INH, discuss with
specialist and consider
nebulised aqueous zanamivir
(unlicensed) after individual risk
assessment.

Children under 5
years in at risk
groups and severely
immunocompromised
children

Oseltamivir PO 10 days, once
daily if therapy can be started
within 48 hrs of last contact; or
after 48 hrs on specialist advice
only

Discuss with specialist.
Consider nebulised aqueous
zanamivir (unlicensed) after
individual risk assessment.

iy
RN
\&

AN

Public Health
England



Oseltamivir
AVETULOUUNTEC EVEPYELEC

* [QOTPEVIEPLKO
— vowTtia
— ‘EpeTOoC
* AN padi pe paynto

* ? EykedaAitida, self injury, delirium

— lanwvia, todi 2006

* AN\epylko e€avOnua



Zanamivir
AVETULOUUNTEC EVEPYELEC

e Elomtveopevo — MPOZOXH !l o acOua & XAT

— Bpoyxoomnaopuoc

¢ < 5% Ouappola, vautia, Bnyoc, kepalaAyio &
CoAN
* Hmatikec SlatapaxeC o€ iv popdn

Kiatboonsri S et al. CID 2010;50:620



Zanamivir

AVETULOUUNTEC EVEPYELEC

Fatal Respiratory Events
Caused by Zanamivir
Nebulization

To THE EprTor—A 25-year-old pregnant
woman (26 weeks gestation) was referred

from a private hospital in An~ 0\_(\"€’

0
N\

_u1ain re-

because of severe hve-

e@e
O*\ E\@O*

a " .ploms commenced

fluenza A

Wil ~.«eK of fever, followed by intense
cough and dyspnea requiring mechanical
ventilation. Chest radiograph showed bi-

time, rapid removal of the disposable filter
led to immediate resumption of ventilator
function. Examination of the remove- “,
ter demonstrated inside->' &
by sticky mat~" n O
e (\*d'\‘\\d\ ‘}\ et
qQ \s Q 0'%‘ an {HpOz, 71%~

& qoped bilateral pneumo-

\C‘OL“ “waces, Despite all aggressive measures,

her oxygenation failed to improve and the
patient expired on the eighth hospital day.

Diagnosis and treatment of influenza A
(HIN1) pneumonia in this patient was
late, which resulted in severe acute res-

i B U [ 1 |

oot
{\\‘d, 0" Lagers [4].

were taken bv “ he

I_I“;+ ; 0' _atld—
! - N

0—(_(\9 aotification to

ostonals and hospital risk
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Influenza, new med!

The New England Journal of Medicine

(EY POINTS FROM
Baloxavir Marboxil for Uncomplicated

Influenza in Adults and Adolescents
by F.G. Hayden et al.




Influenza, new med!

Baloxavir

» marboxil
Influenza i

2

virion gy SR

Inhibits virus
mRNA replication "~




Influenza, baloxavir!

Median Time to Alleviation Median Time to Alleviation
of Acute Influenza Symptoms of Acute Influenza Symptoms
100 100

P<0.001 80.2

80
60 53.7
: .

Baloxavir Baloxavir Oseltamivir




Influenza, baloxavir!

Change in Infectious Viral Load Change in Infectious Viral Load
(Baloxavir vs. Placebo) (Baloxavir vs. Oseltamivir)
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Influenza, baloxavir!

Baloxavir worked better for influenza B than A
No data on hospitalized, severe influenza

Resistance is more likely to develop, particularly among A(H3N2):

~1 Polymerase acidic protein variants with 138T/M/F substitutions conferring reduced susceptibility
to baloxavir occurred in 2.2% and 9.7% of baloxavir recipients in the phase 2 trial and phase 3
trial, respectively.
Resistance as high as 44% has been reported in Japan in pediatric patients for
H3N2 strains.”

Effect on replicative fithess under evaluation (mildly impaired replication vs.
prolonged propagation? Can regain ability to replicate, antigenic shift/drift,
evolutionary advantage?)

Not for hospitalized, or patients with severe influenza, or immunocompromised

Hayden F, et al N Engl J Med 2018; 379:913-923
* Presentation at Options meeting, Singapore, 2019
Chesnokov A, et al JID, Sept 2019



Peramivir, Laninamivir

A Influenza A B Influenza B

................ 0-4 years (n=90)
----- 5-9 years (n=240)
10-18 years (n=130)

................ 0-4 years (n=197)
----- 5-9 years (n=304) “
10-18 years (n=246)

log-rank test:
X2=26.9,df. =2
P<0.001"

log-rank test:
x>=8.9df =2
P=0.012*

Cumulative proportion of patients
with fever (>37.5°C)

T — - - . T gpg—

20 40 60 80 100 120 140 180 180 0 20 40 60 80 100 120 140 160 180

Time since start of treatment (hours)
» Clinical efficacy for duration of fever better for influenza A than B in children (all NAl)
+ Peramivir effective against influenza A, but less data available for influenza B

« Laninamivir octanoate hydrate is licensed in Japan (single inhalation) — reports of adverse

events including pneumonitis, and immune mediated liver injury. ke N et et Chesmoines 20 B

Ogawa T, J Infect Chemother 2019
Kawaguchi, Internal Medicine 2019, 58:2501



AAAEC eTLAOYEC yLaL ypimn

EPEUVNTLKO £Tirntedo povo...

Antibodies:

m M2 antibodies 2= —
m NAI — Laninamivir iz [ g
m HAIl — Antibodies + Antivirals

- Nitazoxanide B g o P

m Polymerase inhibitors
~1 Favipiravir/Pimodivir

m Nucleocapsid Protein
~1 Ingavirin

m MRNA - Radavirsen

m Sialic Acid — Fludase

Pimodivir

Hayden FG. (2012) Infl & Oth Resp Viruses
Nicholson 2018



HAI ...nitazoxanide

m Antiparasitic Thiazolide aTizoxanide « Phase 2 study in 100 children 1-11 years with
active metabolite ILI symptoms of < 7 days 100-200 mg BID 5d:

NTZ cohort showed symptom resolution in

m Inhibits hemagglutinin maturation and 4 days vs >7 days in the placebo group

intracellular trafficking in infected cells (P < .001)
m Ongoing Phase 3 clinical trial for patients
with uncomplicated influenza « Phase 2 study in adults and adolescents

(212 years) with ILI, 500 mg BID 5d: Time to

m Non-specific effect for viral URI — other :
resolution of symptoms was md 4 days vs

viruses? . ~
o _ _ _ _ 7 days in the placebo group (P =.04)
m Clinical trials for rhinovirus/enterovirus
infection » Phase 2b/3 RCT in adolescents and adults
m One study failed to demonstrate efficacy in with confirmed influenza in US, 600 mg BID

5d: Reduction in duration of clinical symptoms
(95.5 vs 116.7 h ; P = .008) and infectious
virus titers over time (P = .0006)

hospitalized, severe influenza

Gamino-Arroyo A, et al. CID, 2019 (Mexico) Haffizulla J, Lancet Infect Dis, 2014



Polymerase inhibitors

Ongoing clinical trials studying polymerase inhibitor effectiveness.

Antiviral  Current status Future and ongoing clinical trials Masking Clinical trial reference number
Baloxavir  Licensed for use in uncomplicated outpatients in Japan ~ Phase III: Double blind  NCT03684044
and USA ® Hospitalised patients

® Pediatric patients between 1 and 12 years of age  Double blind  NCT03629184

® Pediatric patients less than 1 year old Double blind  NCT03653364

® Post-exposure prophylaxis Open labelled  JapicCTI-184180
Favipiravir Limited licensure in Japan for use only in pandemics Phase II: Open labelled NCT03394209

@ Critically ill patients receiving current standard of

care

Pimodivir ~ Phase IIb Phase III: Double blind  NCT03381196

® High risk patients

® Hospitalised patients Double blind  NCT03376321

AL-794 Phase 1 Discontinued

Antivirals targeting the polymerase complex of influenza viruses
Edin J. Mifsud', Frederick G. Hayden", Aeron C. Hurt"""

Antiviral Research 2019



DAS 181, Recombinant fusion protein

Fludase. — DAS181

m Recombinant fusion protein composed of a sialidase
catalytic domain and a cationic amphiregulin (AR)
glycosaminoglycan-binding sequence

m Targets the host cell receptors to prevent viral
attachment and Spread 1gG One-day Cohort | 1gG Three-day Cohort | 1gG Ten-day Cohort

m Broad spectrum antiviral activity: Influenza and i
Parainfluenza viruses; HMPV 100

m Dry particle inhalation

m Clinical trials in healthy hosts, asthma, and
immunocompromised : cancer and HSCT patients |- 'Il F I‘ 'II IIIi
m Safe, well tolerated, no significant airway

mmmmmmmmmmmmmm

hyperreactivity in phase I-Il studies when given in % gER888 fE0LE 2i:8 i E i §

shorter courses (3-7 days), but present later-on ) s )
m Development of antibodies against drug after

prolonged use (> 7 days) Zinilman, JM Antiviral Research 2015

®igG Day0 wmigGDay30 migG Day9%0

Chemaly OFID 2018




2uvduaoTtikn Rx

Combination Therapy?
Using drugs with different mechanisms of action -
might result in better efficacy, reduction in ek _@ Nkt
development of resistance. Eg: NAI + Baloxavir 3

Amantadine + oseltamivir, ribavirin + oseltamivir, and favipiravir + oseltamivir
combinations are synergistic, allowing for higher potency at lower doses

The triple combination of amantadine + ribavirin + oseltamivir also shows
synergy against influenza A viruses resistant to amantadine or oseltamivir.

New agents: M85 targets epidermal growth factor receptor (EGFR) and
phosphoinositide 3 class Il B (or PIK3C2[3) kinases, which control early
stages of endocytosis, thereby inhibiting virus entry. Synergistic with
Oseltamivir. Does not induce resistance. Has broad spectrum activity:

Influenza A/B, human rhinovirus, Hep C.
OHanlon R, ACS, 2019 epub



Oseltamivir
Avtoxn

Oseltamivir os maldLa

MeTaAlaypeEVa avOEKTLKA OTEAEXN
—Ewc kot 500 X T in vitro avtoxng

4n nuEpPA Bepareilag Kol PETA
? Metadoaon ou peta «Beparmeiar»

Kiso M et al. Lancet 2004. 364:733-4



A HIN1pdmO09

e Avtoxn - petallaén H274Y

* lanwvia, HMA, Kiva, 2Zwykamoupn, Bletvay,
Aavia, Avotpalia

e 37 otehexn HMA

— 76% 0 OVOOOKOTEOTAAUEVOUC
— 89% o€ atopa pe AnPn ooeAtapBipng
— Embnuiec oe voookopeio, hem/onc pts

— petadoon otnV Kowotnta

Emerg Infect Dis. 2011;17(2):255.
N Engl J Med. 2010 Jan;362(1):86-7.



© Infections With Oseltamivir-Resistant Influenza A(H1N1)
Virus in the United States

Nila J. Dharan; Larisa V. Gubareva; John J. Meyer; et al.

Online article and related content
current as of June 17, 2009. JAMA. 2009:301(10):1034-1041 (doi:10.1001/jama.2009.294)

http://jama.ama-assn.org/cgi/content/full/301/10/1034

H274Y mutation

FL-
Sy [ ] No HINT viruses tested
H [ ] HINT viruses tested, no resistance identified
41156 B H1N1 viruses tested, resistance identified
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Eur J Clin Microbiol Infect Dis @ CroseMark
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ORIGINAL ARTICLE

Antiviral susceptibility profile of influenza A viruses; keep an eye
on immunocompromised patients under prolonged treatment

A. Kossyvakis' « A.-F. A. Mentis'? « K. Tryfinopoulou®** - V. Pogka' -
A. Kalliaropoulos' - E. Antalis® - T. Lytras™*? . A. Meijer'’ - S. Tsiodras® -
P. Karakitsos "' - A. F. Mentis'

Kossyvakis A et al. EJICMID 2017
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Table 1  Summary of the viral characteristics and clinical aspects of the immunocompromised patients with oseltamivir-resistant A(HIN1)pdm09
virus and mixed virus populations [oseltamivir-susceptible (275H-S) and oseltamivir-resistant virus (275Y-HRD)]

Patient Gender Age  Geographic Received Isolation Exposed to Medical condition®  1C50 Mixed virus populations
(vears) location influenza  year oseltamivir before fold- detected during the course
vaccine specimen collection change of oseltamivir and/or
values’  zanamivir treatment
A Female 76 Rhodes No 2009 Not known Multiple myeloma 1092 No
Island
B Female 56 Athens No 2010 No* Multiple myeloma 732 Yes
C Male 67 Patra No 2010 Yes Cancer 340 No
D Male 61 Lamia No 2011 Yes Cancer 502 No
E Female 76 Athens No 2011 No* Mantle cell 604 Yes
lymphoma

* All lymphopenic patients

® Compared to the median IC50 value of normal inhibited viruses (excluding outliers)

¢ Resistant virus was confirmed in specimen under NAI treatment

Kossyvakis A et al. EJCMID 2017
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Avti-uka, RSV

Ribavirin : RSV

« Distribution in all body tissues, except
CNS

« Administration : Oral, IV, Inhalational
in RSV.

* Anemia and jaundice are adverse
effects

* Not advised in pregnhancy.



Avti-uka, RSV

Therapeutic uses Ribavirin
Ribavirin ->drug of choice for:

« RSV bronchiolitis and pneumonia in
hospitalized children (given by aerosol)

e Lassa fever

alternative drug for:

 Influenza, parainfluenza, measles virus
infection in immunocompromised patients



Avti-uka, RSV

Antibodies:
Caplacizumab
RI-001

Antivirals:
BTA-9881
MDT-637
AK-0529
Enzaplatovir
JNJ-53718678
in

Presatovir
RV521

Antivirals:
RSV-604

Small Hydrophobic
Protein (SH)

Nucleoprotein (N)

Attachment

Antivirals: mRNA
Ribavirin /§

ALS-008176
PC786

Nicholson 2018



HERPES SIMPLEX VIRUS
(HSV)



HSV, Rx

3 preferred nucleoside analogues, oral meds
* acyclovir
* valacyclovir

e famciclovir



Anti-viral drugs

Acyclovir & Congeners:

* all are guanine nucleoside analogs.
* Valacyclovir - prodrug of ACV o) bioavailability.

e Famciclovir ->hydrolyzed to Penciclovir-> greatest
bioavailability

— Penciclovir is used only topically =Famciclovir-> pos



HSV, Rx

3-phosphorylation-TK enzyme -> nucleotide analogs
-> inhibits DNA polymerase -> only replicating virus

HSV-Infected Cell \

o — oo —Mooo

Thymidine Cellular Cellular
Kinase Kinase Kinase

ACV = Acyclovir




HSV, Rx

* acyclovir

* Greatest activity against HSV1, 2

* valacyclovir, famciclovir

* greater oral bioavailability > ACV
» dosed less frequently

* more expensive



HSV, Rx

* acyclovir

* Only one that can be given intravenously

* Topical formulations available for herpes labialis

* ACV X5/d, PCV X9/d

* Penciclovir = related compound - oral



HSV 1, 2 - pos Rx

* Severe 1ry gingivostomatitis

* Genital HSV, proctitis

* Long term prophylaxis for recurrences



HSV, Rx

* acyclovir beneficial if started early during 1ry HSV

* most data from young children!

e 72 children w HSV gingivostomatitis start within 3 days- 200mgx5

* Earlier disappearance of fever 1d vs 3d
* Shorted duration of lesions 1d vs 4d
« | duration of odynophagia 4d vs 7d
e J viral shedding 1d vs 5d

Amir J et al BMJ 1997



HSV 1, 2 —i.v. Rx
ACV only

* [V Rx w Acyclovir (slow infusion):

Encephalitis & meningitis, systemic dz, immunocoompromised

Acute retinal necrosis

Neonatal dz (20mg/kg g8h for 14-21 days)

Esophagitis (5-10mg/kg g8h for 5 days)

 Watch --> crystalluria ---> T cr

* Maintain adequate hydration



Adverse effects of Acyclovir

« Malaise, HA, N/V, LFTs, CNS

* Nephrotoxicity - crystalluria,

haematuria, renal insufficiency

— Maintain adequate hydration



HSV encephalitis- Rx
* Acyclovir, 10 mg/kg iv q8 hrs 14-21 days

* Mortality 28% at 18 months post Rx

— Predictors of adverse outcome
* Age > 30 years,
« J level of consciousness, GCS < 6

« Sx duration before starting ACV > 4 days

— If < 4 days mortality -> 8%



HSV, i.v. RX, severe Dz

* disseminated, pneumonitis, or hepatitis, CNS dz

* |V acyclovir 5 to 10 mg/kg iv g8 hrs x 2 to 7 days or until
clinical improvement is observed,

 followed by pos Rx to complete at least 10 days of
* HSV encephalitis -> 21 days of iv Rx.

* ACV dose adjustment in impaired renal function



HSV Keratoconjuctivitis

m Trifluridine (Viroptic® 1% ophthalmic)
1 drop g2h (max 9 drops/day)
Active against acyclovir resistant strains

Also active against vaccinia virus and smallpox



Recurrent HSV 1 - Rx

* Episodic Rx

* Must be initiated quickly — watch for prodromal Sxs

* Chronic Suppressive Rx

* No Rx

* ? Prophylactic approach



Recurrent HSV 1 — Rx

Herpes labialis

* Topical Rx for HSV labialis

* Modest benefit at best, Penciclovir study, n = 1573

* Cream g 2 hrs x4 d vs placebo
e | time to healing 4.8d vs 5.5d

« { duration of pain 3.5d vs. 4.1d

e Other agents, docosanol, banzalconium - ?

Spruance SL et al. JAMA 1997



Recurrent HSV 1 — Rx

Herpes labialis

* Episodic Rx for HSV labialis, asap

* ACV 200-400mg x 5
* FCV 750mg bid x1 day or 1500 x1
* VCV 2g bid x 1 day

Spruance SL et al. JAMA 1997



Recurrent HSV 1 — Rx

Herpes labialis

* Chronic suppressive Rx for HSV

* Frequent, bothersome recurrences

* Serious systemic complications

* Erythema multiforme, eczema herpeticum, recurrent aseptic

meningitis
* If no specific prodrome

* Does not change natural hx of dz
Spruance SL et al. JAMA 1997



HSV, Rx
Genital HSV-1st episode

2015 STD Treatment Guidelines: Genital Herpes
Table 1. Treatment of First Clinical Episode of Genital Herpes

Recommended

Acyclovir
400 mg orally three times a day for 7-10 days

Note: Treatment can be extended if healing is incomplete after 10 days of therapy.
or

Acyclovir
200 mg orally five times a day for 7-10 days

Note: Treatment can be extended if healing is incomplete after 10 days of therapy.
or

Valacyclovir
1 g orally twice a day for 7-10 days

Note: Treatment can be extended if healing is incomplete after 10 days of therapy.
or

Famciclovir
250 mg orally three times a day for 7-10 days

Note: Treatment can be extended if healing is incomplete after 10 days of therapy.



HSV, Rx
Genital HSV-episodic Rx for recurrences

2015 STD Treatment Guidelines: Genital Herpes
Table 2. Episodic Therapy for Recurrent Genital Herpes

Recommended

Acyclovir
400 mg orally three times a day for 5 days

or
Acyclovir
800 mg orally twice a day for 2 days

or
Acyclovir
800 mg orally three times a day for 2 days

or
Valacyclovir
500 mg orally twice a day for 3 days

or
Valacyclovir
1 g orally once a day for 5 days

or
Famciclovir
125 mg orally twice daily for 5 days

or
Famciclovir
1 g orally twice daily for 1 day

or

Famciclovir
500 mg once, followed by 250 mg twice daily for 2 days



HSV, Rx
Genital HSV-suppressive Rx for recurrences

2015 STD Treatment Guidelines: Genital Herpes
Table 3. Suppressive Therapy for Recurrent Genital Herpes

The frequency of genital herpes recurrences diminishes over time in many persons, potentially resulting in
psychological adjustment to the disease. Therefore, periodically during suppressive treatment (e.g., once a year),
providers should discuss the need to continue therapy.

Recommended
Acyclovir
400 mg orally twice a day
or
Valacyclovir

500 mg orally once a day

Note: Valacyclovir 500 mg once a day might be less effective than other valacyclovir or acyclovir dosing regimens in
persons who have very frequent recurrences (i.e., 210 episodes per year).
or

Valacyclovir
1 g orally once a day

or

Famciclovir
250 mg orally twice a day



HSV, Rx
Genital HSV in HIV - episodic Rx

2015 STD Treatment Guidelines: Genital Herpes
Table 4. Episodic Therapy for Recurrent Genital Herpes in Persons with HIV

For severe HSV disease, initiating therapy with acyclovir 5-10 mg/kg IV every 8 hours might be necessary.

Recommended

Acyclovir
400 mg orally three times a day for 5-10 days

or

Valacyclovir
1 g orally twice a day for 5-10 days

or

Famciclovir
500 mg orally twice a day for 5-10 days



HSV, Rx
Genital HSV in HIV - suppressive Rx

2015 STD Treatment Guidelines: Genital Herpes
Table 5. Suppressive Therapy in Persons with HIV

Recommended

Acyclovir
400-800 mg orally twice to three times a day

or

Valacyclovir
500 mg orally twice a day

ar

Famciclovir
500 mg orally twice a day



Genital HSV, Prevention
daily suppressive Rx

Rates of Transmission of HSV-2 Infection to Susceptible Partners

EValacyclovir HPlacebo

HSV-2 Transmission Rate

14/743 271741 8/244 18/244 6/499 9/497

All Female Male

Sex of Susceptible Partner



Acyclovir R-HSV

HSV-Infected Cell X

Mo <=>Eoo —==>Eooco

Cellular Cellular
Kinase Kinase

ACV = Acyclovir




Acyclovir R HSV

¢ Foscarnet: 40 mg/kg IV every 8 to 12 hours for 21 to 28 days or until clinical resolution is attained.
Foscarnet can potentially cause severe adverse effects, including nephrotoxicity and electrolyte
disturbances.

* Cidofovir: 5 mg/kg IV once weekly for 21 to 28 days or until clinical resolution is attained. Note the
cidofovir can cause severe renal abnormalities.

* Imiquimod 5% cream: Apply to lesions three times per week for 21 to 28 days.

* Cidofovir 1% gel: Apply to lesions three times per week for 21 to 28 days, or longer based on the
clinical response. This preparation is not commercially available and must be compounded by a
pharmacist.



Famciclovir Resistance

m Mutations in viral TK or DNA polymerase
m Cross-R with ACV in TK negative strains

m May still have activity in TK altered strains



2 HSV in pregnancy
re\@/'/& 4‘* Genital but no Sxs->start at 36 wks
O | .
2015 STD Trec f& ~es: Genital Herpes

Table 6. Suppre. \S\k v of Pregnant Women with Recurrent Genital
Herpes /‘@
<,
Recommended /)\
Acyclovir @/7

400 mg orally three times a day C@

Note: Treatment recommended starting at 36 weeks of ge.

Gynecologists. Clinical management guidelines for obstetricia.

ACOG Practice Bulletin No. 82. Obstet Gynecol 2007;109:1489-9%.,
or

*merican College of Obstetricians
%/. "anagement of herpes in preg
Valacyclovir /}é

500 mg orally twice a day

Note: Treatment recommended starting at 36 weeks of gestation. (Source: American Colley, )5 fo)
Gynecologists. Clinical management guidelines for obstetrician-gynecologists. Management o1 . =

ACOG Practice Bulletin No. 82. Obstet Gynecol 2007;109:1489-98.)




Genital HSV, Prevention
investigational strategies

* HSV vaccines

* Preventive & therapeutic

* Tenofovir Disoproxil Fumarate gel or oral

* Pre-exposure Prophylaxis (PrEP) in studies for HIV prevention

e J HSV acquisition by 46%, no ¥ in shedding if HSV-2 sero(+)



AvtipikpoBrakn xnuetortpodpuaén
intermediate risk-NCCN 2019

* Autologous HCT

* Lymphoma®

» Multiple myeloma®

s CLLC

* Purine analog therapy (eg,
fludarabine)

HSV
VZV

Acyclovir
Famciclovir
Valacyclovir

HSV prophylaxisP

» Consider during active therapy and
possibly
longer depending on degree of
immunosuppression

VZV prophylaxist

» Consider for at least 6-12 months after
autologous HCT

* Prophylaxis®: HSV (400-800 mg PO BID); VZV in allogeneic HCT recipients

(800 mg PO BID)'



AvtipikpoBiakn xnuetontpodpuAaén
Y¥nAoc kivbuvocg-Cancer, NCCN 2019

* Acute leukemia HSV
* Proteasome inhibitors 74
High * Alemtuzumab therapy HSV
* Allogeneic HCT 74
* GVHD requiring steroid
treatment

Acyclovir
Famciclovir
Valacyclovir

HSV prophylaxis during active therapy
including periods of neutropeniaP

VZV prophylaxis during active therapy
including periods of neutropenia®

HSV prophylaxisP

* Minimum of 2 mo after alemtuzumab and
until CD4 2200 cells/mcL

VZV prophylaxis®

* Prophylaxis should be considered for at
least 1y aftk,r allogeneic HCT

* Prophylaxis®: HSV (400-800 mg PO BID); VZV in allogeneic HCT recipients

(800 mg PO BID)'




Candidate HSV antivirals

* Inhibitors of helicase-primase enzyme

* BILS 179 BS, BAY 57-1293, ASP1251

(amenamivir) — effective in murine models



EPSTEIN-BARR VIRUS
(EBV)



EBV & Rx

e Supportive , iv ACV may have modest benefit

 Effect on replication but not on latent stage, ? EBV-HLH

e Corticosteroids indicated in certain scenarios

* Airway obstruction

e Consider steroids (no data) in

* life threatening infection e.g. liver failure

e Autoimmune hemolytic or aplastic anemia



EBV & Rx
* EBV-PTLD, malignancies, ACV, GCV may prevent

* Adoptive cell Rx w cytotoxic T-lymphocytes (CTL)

* ?1IL-2, IFN-a, IVIG

* Immunization

* GP350/220 vaccine against EBV cancers-safe immunogenic

* Did not prevent infection
Odumade et al Clin Microbiol Rev 2011



CYTOMEGALOVIRUS
(CMV)



CMV - Rx

* NO in immunocompetent -> self-limited iliness

* If severe can use GCV or val-GCV or Foscarnet

* Ganciclovir iv — Valganciclovir pos

* toxicities!!! ---> bone marrow, kidneys

* if Resistance --> foscarnet, cidofovir



Ganciclovir Mechanism of Action

Medscapea www.medscape.com

m  Competes w deoxy-guanosine ,
Viral Cellular

triphosphate similar to acyclovir protein kinase enzymes

SN

GOV = GCV-MP e GCY-DP s— GCY-TP

m However in CMV, viral-encoded
Hydrolysis /
phosphotransferase converts to
VGECY Inhibits viral DNA
ganciclovir triphosphate N Intracelutar polymerase (UL54)
racellular

Sowrce: Am J Health-5yst Pharm & 2003 Amancan Society of Haalth-Systam Pharmacists

m Unlike acyclovir, ganciclovir contains a
3’-hydroxyl group, allowing for DNA to

continue



Ganciclovir (Cytovene®)

m Oral, intravenous, and intraocular

m Spectrum:

CMV (10X potency of acyclovir)
EBV (10X potency of acyclovir)
HSV/VZV (equal to acyclovir)

Human Herpesvirus 6



Ganciclovir-AEs

« Reversible pancytopenia (most common)

» Fever, Rash

= Phlebitis

« Renal dysfunction

= Confusion, Psychiatric disturbances

= Selzures



Adverse effects of Ganciclovir

« Myelosuppression — Neutropenia
and thrombocytopenia



Vanganciclovir (Valcyte®)

m L-valyl prodrug of ganciclovir
m Available orally only

Quickly hydrolysed after absorption
m Spectrum: similar to ganciclovir

m Adverse effects: similar to ganciclovir

Medscapea www.medscape.com

5 O
H HCI
H le Hydrolysis HmN >
# M
hoy - HN
HO HO
OH
L
Valganciclovir HCI Ganciclovir

Sowrce: Am J Health-5yst Pharm & 2003 Amancan Society of Haalth-Systam Pharmacists



(Val)ganciclovir

m Resistance

Mutations in the viral protein kinase (UL97)

- Responsible for monophosphorylation

- Confers resistance to ganciclovir alone

Mutations in the viral polymerase gene (UL54)

- May show cross resistance to similar antivirals



Foscarnet — Mechanism of Action

m Trisodium phosphonoformate hexahydrate

Inorganic pyrophosphate analog

m Does not require thymidine kinase

Works on HSV strains deficient of this enzyme, directly inhibits

viral DNA and RNA -polymerase and viral inverse transcriptase



Foscarnet — Mechanism of Action

m Selective inhibition at the pyrophosphate binding

site on virus-specific DNA polymerase

Non-competetive inhibitor

Does not affect cellular DNA polymerase

m Resistance by alterations to viral DNA polymerase

Not caused by thymidine kinase alterations

Does not cause cross resistance to ganciclovir or cidofovir



Foscarnet (Foscavir®)

m Intravenous only — controlled infusions

m Spectrum:

CMV including ganciclovir resistant strains, acyclovir

resistant HSV or V2V, EBV, Influenza A and B, HBV, and HIV



Adverse effects of Foscarnet

- Hypocalcemia and hypomagnesemia
— chelation of the drug with divalent cations

* Neurotoxicity
— headache, hallucinations, seizures

* Nephrotoxicity
— acute tubular nephrosis, interstitial nephritis
« Can require dialysis

« Other -> nausea, vomit, anemia, arrhythmias, neutropenia



Foscarnet (Foscavir®)

m | dose in renal failure
Saline loading (adequate hydration)
Appropriate renal dosing adjustments

Avoidance of concurrent nephrotoxic medications



Cidofovir = Mechanism of Action

m Acyclic nucleoside phosphonate derivative

m Phosphorylation not dependent on viral kinases
May actually enhance activity to TK deficient strains

m Selective inhibition of CMV DNA

Active drug as cidofovir diphosphate
DNA polymerase

m Incorporation into viral DNA chain results in
reductions of the rate of viral DNA synthesis



Cidofovir (Vistide®)

m intravenous only

m Spectrum:

CMV including acyclovir and foscarnet resistant

strains, HSV 1 and 2, V2V, EBV, HHV-6, HHV-8

Also has activity against DNA viruses: papilloma

virus, polyomavirus, poxvirus, and adenovirus



Cidofovir (Vistide®)

m Must be avoided in preexisting renal impairment

m AEs: nephrotoxicity (dose-limiting), neutropenia,

metabolic acidosis

m Must be given with adequate hydration and PO

probenecid---see labeled dosing directions



Cidofovir Resistance

m Due to point mutations in viral DNA
polymerase in CMV, pox, and adenovirus

m Confers resistance to GCV in CMV

m Foscarnet activity not affected by
cidofovir resistance

Still active against UL97 mutation
Not active against the UL54 mutation



Dosing for CMV

Load Maintenance
Ganciclovir 5mg/kg IV g12 5 mg/kg IV dalily
X 14-21 days 1gPOTID
Valganciclovir |900 mg PO BID |900 mg PO daily
X 21 days
Foscarnet 90 mg/kg IV q12 |90-120 mg/kg IV
X 14-21 days daily
Cidofovir 5 mg/kg IV gwk |5 mg/kg IV every
X 2 doses 2 weeks




Dosing for Resistant HSV/VZV

Drug Dosage Duration

Acyclovir-Resistant Herpes Simplex
(severe infection, immunocompromised)

Foscarnet 40 mg/kg IV q8hrs |14-21 days

Acyclovir-Resistant Zoster
(not FDA approved)

Foscarnet 40 mg/kg IV g8hrs |10 days




CMV reactivation or dz

Nartional

NGO Cancer

Network®

Comprehensive NCCN Guidelines Version 1.2019
Prevention and Treatment of Cancer-Related Infections

NCCN Guidelines Index
Table of Contents
Discussion

PREVENTION OF CYTOMEGALOVIRUS (CMV) REACTIVATION OR DISEASE

OVERALL INFECTION DISEASE/
RISK IN PATIENTS THERAPY
WITH CANCER? EXAMPLES

Allogeneic
HCT
recipients’

High risk for CMV

Prophylaxis —

e

Alemtuzumab ——»

SURVEILLANCE PERIODS PREEMPTIVE THERAPYMUY

« Typically for at least1to 6
months after transplant in
donor or recipient CMV IgG
seropositive cases

* GVHD requiring therapy

First-line therapyW

CMV p - Foscarnet (IV)
. o ‘r " |+ |reactivation |— Valganciclovir (PO) or
or a minimum of 2 months detected Cidofovir (IV
after alemtuzumab Ganciclovir (IV)* (v)

Consider letermovirt as
primary prophylaxis for CMV+
allogeneic HCT recipients

Surveillance = weekly monitoring by PCR-> if viremia w no
Sxs -> Pre-emptive Rx — at least 2wks & until PCR (-)



Doses of antivirals in CMV

ANTIVIRAL AGENTS?

Agent Common Indication® Spectrum |Comments/Cautions
Cidofovirf Treatment: Cidofovir 5 mg/kg IV every wk for 2 wks, followed by cidofovir 5 mg/ |CMV » Ocular toxicity, bone marrow
kg every 2 wks with probenecid 2 gm PO 3 h before the dose, followed by 1 gm HZV toxicity
PO 2 h after the dose and 1 gm PO 8 h after the dose and IV hydration vzv » Hydration and probenecid
Adenovirus | required to reduce
nephrotoxicity
* Third-line for CMV
Foscarnet Prophylaxis for CMV: 60 mg/kg IV every 8-12 h for 7 d, followed by 90-120 mg/kg | HSV Drug of choice for acyclovir-
IV daily until day 100 after HC T8 vzv resistant HSV and VZV and
Preemptive therapy for CMV: Induction for 2 wks, either 60 mg/kg IV every 8 h or | CMV ganciclovir-resistant CMV
90 mg/kg IV every 12 h * Nephrotoxic; monitor
Therapy: Acyclovir-resistant HSV (40 mg/kg every 8 h for 7-10 days); CMV electrolytes
disease (90 mg/kg every 12 h for 2 wks followed by 120 mg/kg daily for at Clinical data are limited for
least an additional 2-4 wks and resolution of all symptoms). Add IVIG for CMV HHV-6 and HHV-8
pneumonia.
Letermovir | Primary prophylaxis for CMV+ allogeneic HCT recipients: 480 mg PO daily or CMV * Has not been studied as an

daily IV infusion over 1 hour through beginning between day 0 and 28 post-
transplantation and continue for 100 days post-transplant.
Reduce dose to 240 mg PO/IV daily if co-administered with cyclosporine.

agent for treatment

* Has multiple drug
interactions; see package
insert.

» Lacks activity against
other herpes group virus
(including HSV and VZV)




anti-CMV immunoglobulin to prevent severe congenital infection?

181 Pregnant women identified
with confirmed primary CMV
infection

| |

79 Underwent amniocentesis
before or at enrollment and >6 wk
after maternal seroconversion

| i i |

37 Elected to receive

102 Enrolled who did not
undergo amniocentesis

55 Women with
CMV-positive
amniotic fluid enrolled

24 Women with
CMV-negative
amniotic fluid ineligible

hyperimmune globulin
(100 U/kg) monthly

65 Elected not to
receive hyperimmune
globulin

until delivery

l ‘ | | l

i Eigﬁ: 0 14 Elected not 10 Elected to have 37 Gave birth 47 Gave birth 1:b':?t?o?|n
hyperimmune to receive an abortion, no
globulin hyperimmune hyperimmune
(200 U/kg) globulin globulin

Figure 1. Enrollment and Outcomes.

1(3%) 7 (50%) 6(16%) 19 (40%)

Congenital
CMV disease

N EnglJ Med 2005; N Engl J Med 2014; 370:1316.



CMV - investigational/new agents

e Brincidofovir

* Letermovir

e Viral terminase subunit Pul56

e Large RTC in HCT, good safety profile, no

myelosuppression, V236M mutation in low dose

 Maribavir

Chemaly et al NEJM 2014, Lischka P et al JID 2016, Marty fm et al



CMV - investigational/new agents

Letermovir _
Cleaves viral genomes

|
— O

Targets the viral terminase:

‘ L
Concatemer of DNA with - & = 0
v multiple genome copies ) ‘\‘ ne copy o .
' Wi (f ) T\ ) letermovir |
I | ~ HO

Griffiths PD, Emery VC. N Engl J Med 2014;370:1844-1846.

Resistance conferred by a single point mutation in UL56 (terminase)

Chemaly et al NEJM 2014, Lischka P et al JID 2016, Marty fm et al IDWEEK 2017



CMV - investigational/new agents

H3C
" New anti CMV drugs in the pipeline: CIIIN\>_NH C;:
T Brincidofovir (CMX-001) ¢ ©
o T maribavir
g ~ OH Ll
o) 9908 Targets pUL97
o © o Low toxicity, effective in phase 2 trials
No benefit in phase 3 prophylaxis trial
Lipid conjugate of CDV - Dose too low
Acyclic nucleotide inhibitor of UL54 - Low rate of CMV events
Lower toxicity, long t1/2 Resistance pUL97 and pUL27
Broad spectrum activity against DNA viruses:
CMV, adenovirus, polyomaviruses, pox viruses FF
Phase 2 CMV prophylaxis trial(260 HSCT): FXQ 0
Significantly better than placebo N \
Dose limiting diarrhoea H | N
leflunamide 0

Immunosuppressive agent
Activity against CMV, HSV, BK
Blocks virion assembly

Chemaly et al NEJM 2014, Lischka P et al JID 2016, Marty fm et al IDWEEK 2017



CMV - letermovir

prophylaxis for CMV-seropositive adult recipients of
allogeneic HCT

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MAY 8, 2014 VOL. 370 NO. 19

Letermovir for Cytomegalovirus Prophylaxis
in Hematopoietic-Cell Transplantation

Roy F. Chemaly, M.D., Andrew J. Ullmann, M.D., Susanne Stoelben, M.D., Marie Paule Richard, M.D.,
Martin Bornhauser, M.D., Christoph Groth, M.D., Hermann Einsele, M.D., Margarida Silverman, M.D.,
Kathleen M. Mullane, M.D., Janice Brown, M.D., Horst Nowak, Ph.D., Katrin K&lling, M.Sc.,

Hans P. Stobernack, D.V.M., Peter Lischka, Ph.D., Holger Zimmermann, Ph.D., Helga Ribsamen-Schaeff, Ph.D.,
Richard E. Champlin, M.D., and Gerhard Ehninger, M.D., for the AIC246 Study Team*

Phase 2 prophylaxis trial: KM plot of time to failure of prophylaxis:

131 CMV sero-positive allo-HSCT recipients

1.0 Do g et e g _AEirmovir,Zi(zrmAg
= 094 *
Incidence and time to failure of prophylaxis | £ M—Lug;ﬂ; PR P
) L T T T Letermovir, 60
3 dosages, 12 weeks £ o -, e me
60, 120, 240 mg or placebo § ° e S
2 o054
F ol
Dose dependent reduction in CMV viraemia | ¢ o/
episodes g o
Safety profile similar to placebo 1
o0 0 1]0 2]0 3]0 4‘0 5‘0 6‘0 7[0 8’0 9‘0
Days to Prophylaxis Failure

Chemaly et al NEJM 2014, Blood Adv. 2018;2:2159-2175



CMV vaccine

* MF59-adjuvanted CMV glycoprotein B subunit

vaccine had 40-50% efficacy in recent trials

* Likely no vaccine for several yrs

Vaccine 2016;34:313.



Varicella- Zoster Virus,
VZV



Neonatal Varicella

e Zoster immunoglobulin ->

* 0 susceptible pregnant women

« W contact with suspected varicella cases



Neonatal Varicella

« Zoster immunoglobulin -> to Iinfants

* whose mothers develop varicella

* during the last 7 days of pregnancy or

* the first 14 days after delivery



VZV - Rx

« acyclovir had been shown to accelerate the
resolution of the disease and Is prescribed to

reduce complications

« 5-7 days w any of the agents, ACV, VCV, FCV



VZV - Rx

» Acyclovir should be given promptly

* Immunocompromised individuals with
varicella infection

* normal Individuals with Serious
complications

* pneumonia and encephalitis.



VZV - Zoster Rx

 Acyclovir, valacyclovir, & famciclovir.

 patients over 50 years of age -> offer corticosteroids

for decrease in incidence of post — herpetic neuralgia



Zoster - Prevention

* Preventive measures for individuals at risk of
contracting severe varicella infection

* e.g. leukaemic children, neonates, and pregnant women
 Zoster immunoglobulin (ZIG)

* A live attenuated vaccine iIs available.
« DO NOT USE iIn severe Immunosuppression

 New recombinant vaccine IN USA



Other HHV (6,7,8)



Clinical Manifestations, HHV-6

* Primary HHV-6 Infection -> Roseola Infantum, -a

classical disease of childhood.
« Most cases in infants between 4 m-2 yrs.
A spiking fever over 2 days followed by a mild rash.
» The fever Is high enough to cause febrile convulsions.

* may be complicated by encephalitis.



Roseola Infantum




Diagnosis and Management

Serology, PCR in immune-compromised
There is no specific antiviral treatment for HHV-6 infection.
Same susceptibility as CMV

« GCV, FOSCARNET, CDFV in transplant pts w pneumonitis, encephalitis in allo-HCT

Inheritent chromosommaly integrated virus -> 1-2% of population



HHV-7

No firm role in human disease

 Fever, rash, encephalitis, lichen planus, DRESS

>959%0 of adults seropositive

Fever, rash, febrile seizures in children

Cofactor for CMV dz in renal Tx pts



HHV-7

« Dx only in research settings

* No clear indications for Rx

* In vitro foscarnet, cidofovir, Tenofovir



Human Herpes Virus 8

 Belong to the y-herpesviruses subfamily of herpesviruses
« Originally isolated from cells of Kaposi’s sarcoma (KS)

» Associated w Castleman’s disease and primary effusion

lymphomas



Human Herpes Virus 8

« HHV-8 DNA is found in almost 100% of cases of Kaposi’s sarcoma

« Most patients with KS have antibodies against HHV-8

» The seroprevalence of HHV-8 is low among the general population but
IS high in groups of individuals susceptible to KS, such as
homosexuals.

» Unlike other herpesviruses, HHV-8 does not have a ubiquitous distribution.



Kaposi’s Sarcoma




Human Herpes Virus 8

* In Vvitro active

 GCV, Cidofovir, foscarnet, adefovir, lobucavir

 In vivo

Val-GCV ->{ oropharyngeal shedding

HIV infected -> GCV/Foscarnet no effect

VCV, FCV modest to significant effect in HHV-8 detection in saliva

ART in HIV -> 90% reduction of detection in oropharynx



Treatment of PML

B No effective antiviral strategy known

B Improving JCV-specific iImmune responses
- HAART in HIV-AIDS patients
- Reducing immmunosuppression in transplant patients
- Discontinuing natalizumab in MS or IBD

B Role of adjuvant therapies unclear
— Plasmapheresis
— Intravenous immunoglobulin
— Cidofovir

B Cave: Immune reconstitution inflammatory syndome



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Pembrolizumab Treatment for Progressive
Multifocal Leukoencephalopathy

Irene Cortese, M.D., Pawel Muranski, M.D., Yoshimi Enose-Akahata, Ph.D.,
Seung-Kwon Ha, D.V.M., Ph.D., Bryan Smith, M.D., MariaChiara Monaco, Ph.D.,
Caroline Ryschkewitsch, B.S., Eugene O. Major, Ph.D., Joan Ohayon, M.S.N.,
Matthew K. Schindler, M.D., Ph.D., Erin Beck, M.D., Ph.D., Lauren B. Reoma, M.D.,
Steve Jacobson, Ph.D., Daniel S. Reich, M.D., Ph.D., and Avindra Nath, M.D.

ABSTRACT

BACKGROUND
Progressive multifocal leukoencephalopathy (PML) is an opportunistic brain infec-

tion that is caused by the JC virus and is typically fatal unless immune function can
be restored. Programmed cell death protein 1 (PD-1) is a negative regulator of the
immune response that may contribute to impaired viral clearance. Whether PD-1

blockade with pembrolizumab could reinvigorate anti—JC virus immune activity in
patients with PML was unknown.
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Hepatitis B, epidemiology

Worldwide prevalence hepatitis B
(Source: CDC http://www.cdc.gov/travel-static/yellowbook/2016/map_3-04.pdf)

Prevalence of Hepatitis B
B vigh: > 8%

B igh Intermediate: 5%-7%
[T Lowintermediate: 2%-4%

L owa%

No Data
MAP 3 4. PREVALENCE OF CHRONIC HEPATITIS B VIRUS INFECTION AMONG ADULTS?
D e data source: Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiclogy of hepatitis B virus infection: new estimates of age-specific HBsAg seroprevalence and
nde mcty Vaccine. 2012; 30(12): 2212-2219.



Phases of chronic HBV infection?

Anti-HBe

ALT
Phase 1 Phase 2 Phase 3 Phase 4
0 20 40 60
Years
New HBeAg-positive HBeAg-positive HBeAg-negative HBeAg-negative

nomenclature? chronic HBV infection chronic hepatitis B chronic HBV infection chronic hepatitis B

1. Lok A, et al. J Hepatol 2017;67:847-61; EAS L

2. EASL CPG HBV. J Hepatol 2017;67:370-98 TheHome ofHepstology



Algorithm for the management of chronic

HBYV infection

Suspected chronic HBV infection

HBsAg positive HBsAg negative, anti-HBc positive

Chronic hepatitis B No specialist follow-up
+ cirrhosis* but inform patient and general

practitioner about the potential
risk of HBV reactivation

Chronic HBV infection*

(no signs of chronic hepatitis)

Monitor
(includes HBsAg, HBeAg, HBV
DNA, ALT, fibrosis assessment) [*

Start antiviral treatment

A
. NO
Consider
Risk of HCC, risk of HBV - -
reactivation, extrahepatic In case of immunosuppression,
manifestations, risk of YES start oral antiviral prophylaxis
HBYV transmission or monitor

*See new nomenclature slide. EAS L

EASL CPG HBV. J Hepatol 2017;67:370-98 The Home of Hepatelosy




NA monotherapy for treatment-naive patients

« Long-term administration of a potent NA with a
high barrier to resistance is the treatment of choice

— Regardless of severity of liver disease

Recommendations B Grade of evidence I Grade of recommendation

Treatment of choice
» Long-term administration of a potent NA with high barrier I 1
to resistance (regardless of severity of liver disease)

Preferred regimens
« ETV, TDF and TAF as monotherapies

NOT recommended
e LAM, ADV and TBV

EASL

The Home of Hepatology

EASL CPG HBV. J Hepatol 2017;67:370-98



Virological responses on NA therapy

Primary non-response

<1 log,, drop after >1 log,, drop but
3 months detectable after
6 i 12 months
£ 5 _| |
=R N | i
S 4 - ! Breakthrough |
) : >1 log,, increase !
Z 3 - E above nadir |
= ! I
o 5 | ! |
5 : \4 HBY DNA
T 1 | s S PCR undetectable
: % (<10 1U/ml)
° TV T T T T T ]
0 1 2 3 4 5 6 e 12 24

Duration of treatment (months)

EASL

EASL CPG HBV. J Hepatol 2017:67:370-98 e tome el tepsiciosy



Indications for selecting ETV or TAF over TDF*

* In some circumstances ETV or TAF may be a more
appropriate treatment choice than TDF

Age >60 years

Chronic steroid use or use of other medications that
worsen bone density

History of fragility fracture

Osteoporosis

eGFR <60 ml/min/1.73 m?

Albuminuria >30 mg/24 h or moderate dipstick proteinuria
Low phosphate (<2.5 mg/dl)

Haemodialysis

Bone disease

Renal alterationt

*TAF should be preferred to ETV in patients with previous exposure to NAs; TETV dose needs to be adjusted if
eGFR <50 ml/min; no dose adjustment of TAF is required in adults or adolescents (aged =12 years and =35 kg body weight) with EAS L
estimated CrCl =15 ml/min or in patients with CrCl <15 ml/min who are receiving haemodialysis

EASL CPG HBV. J Hepatol 2017;67:370-98

The Home of Hepatology



Management of patients with NA failure

« Treatment should be adapted as soon as virological failure under NAs
Is confirmed*

Resistance pattern |Recommended rescue strategies

LAM resistance Switch to TDF or TAF
TBV resistance Switch to TDF or TAF
ETV resistance Switch to TDF or TAF

If LAM-naive: switch to ETV or TDF or TAF

ADV resistance If LAM-resistant: switch to TDF or TAF

If HBV DNA plateaus: add ETVT or switch to ETV
TDF or TAF If LAM-naive: switch to ETV
resistance? If LAM-resistant; add ETVS

Multidrug resistance |Switch to ETV + TDF or TAF combination

*Evidence level 1I-1, grade of recommendation 1; TEspecially in patients with ADV-resistant mutations (rA181T/V and/or rN236T)

and high viral load, the response to TDF (TAF) can be protracted; *Not seen clinically so far; do genotyping and phenotyping in EAS L
an expert laboratory to determine the cross-resistance profile; $The long-term safety of these combinations is unknown A
EASL CPG HBV. J Hepatol 2017;67:370-98 e Home offeparolosy



New concepts for antiviral drugs targeting HBV .

sIRNA: CpAM: NUC:
e.g. ALN-HBY, | | eg. NVRITTE, || og TAF (GST340),
HBY, A!9-130. A&xmog )
ARC-520v521, BAY41.4118, CMX-157,
Isis HBV GLS4.. bes#ovr....
Translation Encapsidation
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NI\ | transcription
< L — J
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/ SN\ N synhesis (+) strand
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e
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s » minchromosome
cocDNA: Banlly pg
eingRlSPNC&& l:DN::: . s of e
LY-f, sulfonamides, ecretion
prisyv— HBeAg ~ TT—*@ Leen,
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N —— X3
Inhibitors of P e °
HB8s release: b 3
e.g. Rep2128 g VR
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B cells cD8- sulation:
PN cells ’ s »
) _— «PRR ist or immune-stimulator:
‘ eg. 20, TLRA.L, SBE200, CYT107, ‘
( ‘ \ iND1800 :
) _— \ ! | Adaptive immune - PD1/POL1 or CTL4A inhibitors: MDSC
N " 4 responses e.g. Nivolumab, Pidikzumab, MED|-4736,
. S Lambrolizumab, MPOL3Z80A, AMP.224
Chs” . « Therapeutic vaccine:
cells ( ) a.g. TG1060, GS4774, DVED1, Altravax HBV,
Chimgen

Durantel D, Zoulim F. J Hepatol 2016;64:S117-31
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The Home of Hepatology



New Rx regimens - hepatitis C

L R T I i R R R

New DAA
combi-
nations

IFN-a

1989 1998 2001 2011 2014
and beyond



New Rx regimens - hepatitis C

* >90% cure (SVR rate)

* Minimal side effects
— Fatigue
— Headache
— Nausea
— Insomnia

* Treatment selection influenced by
— Genotype (viral load)
— Presence/absence of cirrhosis
—  Prior therapy (interferon)
— Renal function



WHO HCV Elimination Targets

, 65%
£ Z Reduction
[ C
£ 90% g |
g Reduction =

2016 2030 2016 2030

=  Ambitious goals
= Requires National Action Plan = good data to design policy

Slide credit: clinicaloptions.com

WHO. Draft WHO Global Hepatitis Strategy, 2016-2021.



http://www.clinicaloptions.com/

Great Tools Available

Structural Domain Nonstructural Domain
1 Protease 1 NS5A 1 Polymerase 1

NS5A NS5B NS5B
Protease Replication NUC Non-NUC
Inhibitors Complex Inhibitors Inhibitors
(-previr) Inhibitors (-buvir) (-buvir)

(-asvir) _ _
Sofosbuvir Dasabuvir
(SOF) (DSV)

Ribavirin
(RBV)
Grazoprevir (GZR)

Paritaprevir/Ritonavi Daclatasvir (DCV)
r Elbasvir (EBR)

~ (PTVIRTV) Ledipasvir (LDV)

Simeprevir (SMV) Ombitasvir (OBV)

Voxilaprev_ir (VOX) Velpatasvir (VEL)
Glecaprevir (GLE) Pibrentasvir (PIB)

Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Recommended Treatment Regimens

= Genotype-specific

— Elbasvir/Grazoprevir: GT 1, 4

— Ledipasvir/Sofosbuvir: GT 1, 4, 5, 6
= Pangenotypic

— Sofosbuvir/Velpatasvir — GT 1-6

— Glecaprevir/Pibrentasvir — GT 1-6

— Sofosbuvir/Velpatasvir/Voxilaprevir — GT 1-6 (reserved for salvage therapy)

AASLD/IDSA. HCV Guidance. 2018. Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Drug-Drug Interactions

ﬁ = WY EMiIvVERzaE or
y HEP Drug Interactions ¥ LIVERPOXA

rerection Charts  Site Updstss  Intersctios Query Service  About Us  Pharmecclogy flescurces Comtect Us  Support Us

HEP Drug Interaction Checker

http://www.hep-druginteractions.org/

Don’t trust your memory — look up all drugs including OTC!

Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

HPV - Natural history

Relative Population Prevalence

Infection Progression Invasion
Normal| __ . mmmd Cancer
aamll Infection R
Clearance Regression

Age (yr)




HPV, Rx, internal warts

2015 STD Treatment Guidelines: Anogenital Warts
Table 4. Treatment of Internal Anogenital Warts

Internal anogenital warts include urethral meatus, vaginal, cervical, or intra-anal. Management of cervical warts or intra-
anal warts should include consultation with a specialist.

Recommended for Urethral Meatus Warts
Cryotherapy with liquid nitrogen

o Health care providers must be trained on the proper use of cryotherapy because over- and under-
treatment can result in complications or low efficacy.

or

Surgical removal

Recommended for Vaginal Warts

Cryotherapy with liquid nitrogen
e The use of a c.ryoprobe in the vagina is NOT recommended because of the risk for vaginal perforation and
fistula formation.
or
Surgical removal
or

Trichloroacetic acid (TCA) or Bichloroacetic acid (BCA) 80-90% solution
A small amount should be applied only to the warts.



Rx - MERS-CoV 2016

INTERIM GUIDANCE DOCUMENT

Clinical management of
severe acute respiratory infections
when novel coronavirus is suspected:
What to do and what not to do

11 February 2013

orld Health
rganization
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Rx - MERS-CoV 2016
ISARIC & WHO

* Benefit likely to exceed risk
—Convalescent serum
—Interferons esp b

—Lopinavir
—Monoclonal & polyclonal Abs

g’&‘g World Health
%2 Organization



Rx - MERS-CoV

Strength of evidence

Study Focus: * Quality of Best Order of
Available Evidence® Recommendation¥
{ Convalescent plasma # SIV; SA; SC; MIV SC (Moderate) 1
SIV; SA; SC; MIV MIV (Low) 2
Protease Inhibitors SIV; SA; SC SIV (Very Low) 2
Intravenous Immunoglobulin | SIV; SA; SC; MIV Nil 3
Nitazoxanide Nil Nil 3
Others e.g. Cyclosporin A SIV; MIV MIV (Very Low) 3
Ribavirin SIV; SA; SC SIV (Very Low) 4
Corticosteroids SIV; SA; SC SA (Low) 4
Interferon plus ribavirin SIV; SC; MIV; MA MA (Very Low) 4

# Hyperimmune globulin or human neutralising monoclonals when available. The latter were shown active in
SARS animal models.

* SARS in vitro (SIV); SARS animal (SA); SARS clinical (SC); MERS-CoV in vitro (MIV); MERS animal (MA)

WHO Interim guidance, 2015
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Zika, Chikungunya, Dengue, YF, WNV ->

= TIME

UTTOOTNPLKTLKN .- -~ -

o Successful. That Could Change How

-

Ebola -> RTC on field, DRC 2019, 4 drugs, ZMAPP

— 2 continue to be used!!! 2019-20 field trial

— mAb114 or REGN-EB3



