CMV Load Conversion (IlU/mL) Role of Secondary Prophylaxis (SP)

21.7% 26%
100 94
90
RealTimeCMV 31210156  1.56 IU/mL 31,2000 IU/mL »
(Abbott) million .
50
COBAS 137 t0 9.1 0.91 IU/mL 18,200 IU/mL 40 37
AmpliPrep/COBAS  million 30 26
Tagman 20 13
(Roche) 10
0
Artus CMV RGQ 159t07.94 1.641U/mL 32,800 IU/mL SP Non-SP
MDx million Relapse M No relapse
(Qiagen) SP was protective against relapse from 0-6 weeks (HR 0.19)
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WHO 2010 International Standard Calibration Gardiner BJ. Clin Infect Dis. 2017 Nov 29;65(12):2000-2007.

i .. Drug-resistant CMV
Low level CMV Viremia in SOT = rug-resistan

m Progresssion to high CMV load
> 1,000 IU/mL or +symptoms

Spontaneous CMV viral
clearance

m Persistently low CMV viremia Maribavir

-UL97 kinase inhibitor
Letermovir

- UL54 -Inhibits terminase complex
Progression mutation

Risk factors: lung transplantation (OR 2.9)
Protective factor: CMV infection Rx anytime post-tx (OR 0.09) UL56, UL 89

mutation P
Letermovir Resistance

Natori Y. et al. Poster C355 at American Transplant Congress 2018 Adapted from Lurain NS. Clin Microbiol Rev. 2010 Oct;23(4):689-712



Anti-CMV Drug Resistance

New

Refractory CMV infection

Probable refractory CMV
infection

Refractory CMV end-organ
disease

Probable refractory CMV end-
organ disease

Antiviral drug resistance

CMV viremia that increases* after at least 2 weeks of
appropriately dosed antiviral therapy

Persistent viral load** after at least 2 weeks of
appropriately dosed antiviral therapy

Worsening in signs and symptoms or progression into
end-organ disease after at least 2 weeks of
appropriately dosed antiviral therapy

Lack of improvement in signs and symptoms after at
least 2 weeks of appropriately dosed antiviral drugs

Viral genetic alteration that decreases susceptibility to
one or more antiviral drugs

*>1 log10 increase in CMV DNA levels in blood or serum and determined by log10 change between the peak viral load within the
first week to the peak viral load at 2 weeks or more as measured in the same laboratory with the same assay

** CMV viral load at the same level or higher than the peak viral load within 1 week but < 1 log10 increase in CMV DNA titers done
in the same laboratory and with the same assay

Chemaly RF Clin Infect Dis. 2018 Aug 22.

CMV Prevention in SOT

; Specific
Prophylaxis
Py Therapy
Viral load - - + - -
Weeks after 0 4 8 12 weeks
transplant

Preemptive
approach

Hybrid approach (surveillance after prophylaxis): preemptive monitoring initiated after

completing prophylaxis

Targeted prophylaxis: after induction or treatment of acute rejection with lymphocyte-

depleting agents

Personalized approach: CMV-specific T cell immunity guided approach
Kotton CN. et al. Transplantation. 2018 Jun;102(6):900-931.

Ganciclovir Resistance Levels

Kotton CN. et al. Transplantation. 2018 Jun;102(6):900-931.

CMV Prevention Strategies in Thailand

A nationwide survey by ID physicians

26/31
12 44% centers
response
36%
10
8
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4 8%
4% 4% 4%
2
0

No prevention | know they need (Val) ganciclovir  Preemptive  Hybrid approach Personalized
needed but | never done  prophylaxis approach approach

® Number of ID Physicians

Hybrid = surveillance after prophylaxis, personalized=CMV-specific T-cell immunity-guided

Bushyakanist A. Bruminhent J. presenting as poster presentation at the 44" Annual Meeting of Infectious
Disease Association of Thailand, 12—15 October 2018, Thailand



Prevention of CMV Infection in SOT

Kidney  D+/R- Prophylaxis for 6 mo preferred over preemptive Rx |

(Impact trial)

R+ Either prophylaxis for 3 mo or preemptive Rx* is |
acceptable
Liver D+/R- Prophylaxis for 3-6 mo preferred over preemptive 3 mo (l)
Rx 6 mo (ll)
*Valganciclovir was not US-FDA approved for CMV
prophylaxis

R+ Either prophylaxis for 3 mo or preemptive Rx* is |
acceptable

For R- use acyclovir 400 mg twice a day for 30 days (HSV & VZV seropositive recipients), use leukocyte-depleted blood products
Prophylaxis: Valganciclovir 800 mg daily (renal adjusted dose needed)

Preemptive therapy: Weekly CMV PCR for 12 weeks after transplant, and if threshold is reached, treat with valganciclovir 900 mg
PO or IV ganciclovir 5 mg/kg IV BID until negative test

Razonable RR. Am J Transplant. 2013

Renal-adjusted Dose

Treatment dose Maintenance/prevention dose

Treatment dose Maintenance/prevention dose

a Qral solution must be used in this instance (as VGCV tablets cannot be split).
Cockceroft-Gault formula

Kotton CN. et al. Transplantation. 2018 Jun;102(6):900-931.

Prevention of CMV Infection in SOT (2)

Heart D+/R- Prophylaxis for 3-6 mo preferred over 3 mo (l)
preemptive Rx 6 mo (Ill)
Some centers add CMV immunoglobulin CMV Ig (II-2)
R+ Either prophylaxis for 3 mo or preemptive Rxis  1I-2
acceptable
Lung/heart D+/R- Prophylaxis for 12 months 12 mo (I)
-lung Some centers prolong prophylaxis > 12 months ~ >12 mo (ll-2)
Some centers add CMV Immunoglobulin CMV Ig (II-2)
R+ Prophylaxis for 6-12 months 1I-2

For R- use acyclovir 400 mg twice a day for 30 days (HSV & VVZV seropositive recipients), use leukocyte-depleted blood products
Prophylaxis: Valganciclovir 900 mg daily (renal adjusted dose needed)

Preemptive therapy: Weekly CMV PCR for 12 weeks after transplant, and if threshold is reached, treat with valganciclovir 900 mg
PO or IV ganciclovir 5 mg/kg IV BID until negative test

Razonable RR. Am J Transplant. 2013

CMV Load Cut-off Value

High risk 1,500 1U/mL
39 D+/R- SOTR

No symptomatic CMV Martin-Gandul C.
disease in patients with ~ Transpl Int. 2014

< 1,500 IU/mL
Mixed risk 2,520 IU/mL More of a study of Atabani SF. Am J
D+/R- (11%), in whole blood, 2x/wk  preemptive Rx Transplant. 2012
R+ (71%) SOTR (3,000 cps/mL)
D+/R- (7%), 2,275 IU/mL < 2,275 lU/mL > Boaretti M.
R+ (93%) SOTR in plasma self clearance J Clin Virol. 2013

(2,500 cps/mL) > 2,275 IlU/mL >
requiring Rx

SOTR + HSCTR

Lower risk
R+

2,520 IU/mL
in whole blood

3,983 IU/mL

More of a study of
preemptive Rx

NPV 99.6% for CMV
disease

Griffiths PD.
PLoS One. 2016

Martin-Gandul C.
J Clin Virol. 2013

Adapted from Kotton CN. et al. Transplantation. 2018 Jun;102(6):900-931.



25

20

Plasma CMV Cut-off Value to
Initiate Preemptive Therapy in KT

A nationwide survey by ID physicians
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Bushyakanist A. Bruminhent J. presenting as poster presentation at the 44" Annual Meeting of Infectious
Disease Association of Thailand, 12—15 October 2018, Thailand

New

CMYV Serostatus & Risk of CMV Infection

Solid organ transplant Hematopoietic stem cell transplant
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Atabani SF. Am J Transplant. 2012 Sep;12(9):2457-64.
Panagou E, et al. Transpl Infect Dis. 2016;18:405-414. Slide credit: clinicaloptions.com

Letermovir

-Not covered HSV & VZV, need
acyclovir prophylaxis

-No BMS or nephrotoxicity
-50% dose in cyclosporine user
-No cross-resistance with drugs

currently used in treatment of
CMmv



Letermovir for Post-HSCT CMV Prophylaxis

* Randomized, MCT, double-blind, placebo-controlled phase Il trial

* Primary endpoint: pts with clinically significant CMV infection®
through post-HCT Wk 24, 37.5 vs. 60.6% (P<0.001)

+ Side effects and All-cause mortality at week 48 were not different

Letermovir 480 mg™ QD PO or IV
(n = 376)

CMV-seropositive, adult

allo HCT recipients Pts assessed through

with no CMV viremia post-HCT Wk 48;
or acute liver injury and ~ — preemptlve treftgﬂlent
i en per s
GFR 210 mL/min Placebo gth p b Iu ly
(N = 570) center guidelines

(n = 194)

Post-HCT
Pts required to begin treatment before post-HCT Day 28. Wk 14
*CMV disease occurrence or treatment with anti-CMV preemptive therapy (occurred if confirmed
CMV viremia and CMV disease risk).
1240 mg if concomitantly receiving cyclosporine.
N Engl J Med. 2017 Dec 21;377(25):2433-2444.

Mortality Through Wk 48

All-Cause Mortality

== Letermovir

Nonrelapse Mortality
== Letermovir

g 50 i Placebo KR40 H Placebo
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E 1 1 £ -
ol L I
3 0 24 48 48
Wks Post HCT Wks Post HCT
Letermovir Placebo
Death N (%
eaths, n/N (%) (n=373) (n=192)
Pts with clinically significant CMV infection 14/79 (17.7) 26/88 (29.5)

Pts without clinically significant CMV infection 58/294 (19.7) 19/104 (18.3)

clinicaloptions.com

Clinically Significant CMV

Infection (%)

Clinically Significant CMV Infection
and Mortality Through Wk 24

Clinically Significant CMV Infection, Full Analysis Set

60 1 ' .
i i Outcome at Wk 24,* % Letermovir Placebo
50 P=0005 1 Placebo : (n=325) (n=170)
~ ' ;
U (n=170) ' Failure of therapy 37.5 60.6
40 1 H 1 Clinically significant CMV 175 118
' '
' ' - .
30 4 ' ' Started preemptive 16.0 376
' therapy
20 1 | . ) ’
Letermovir : CMV diagnosis 1.5 1.8
E : H All-cause mortalit 9.8% 15.9
10 : T (n=325) ' v
— H H Nonrelapse mortality 6.5 10.6

o] T T T + T
0 2 4 6 8 10 12 14 16 18 20 22 24

*Full analysis set. TAdjusted treatment difference: -23.5%

Post-HCT Wk (95% Cl: -32.5% to -14.6%; P < .0001). *P = .0317 vs placebo.

Failure of therapy at Wk 14 (end of treatment): letermovir, 19.1%; placebo, 50% (P < .0001)

clinicaloptions.com

CMV Immunology

Innate Immunity Adaptive Immunity

CD4 LTR
T cells

Neutrophils

Phagocytes B cells

Eg. Dendritic cells



