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CMYV in SOT: Epidemiology ﬁCARETEAM

/Occurs most commonly within 3 A ( Common cause of morbidity A ( Host factors: Lack or A
months after SOT (or within 3 and may lead to death inadequate immunity (D+/R-,
months after stopping antiviral * Higher risk for complications use of T-cell depleting
prophylaxis) S T Svesive dhseese immunosuppression, high-doses

of immunosuppression,

* Higher risk of graft rejection T o

* Viral factors: High viral
burden (lung, intestinal organ)

Disease Burden Risk Factors

SOT, solid organ transplant
Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.



CMV Preven'l'ion =CARE TEAM

Antiviral Prophylaxis Preemptive Therapy
* Valganciclovir 200 mg PO once daily * Weekly CMV QNAT surveillance up to 3 to
(adjust for renal function) 4 months
* Start soon (and within 10 days) after * If viral load above pre-defined threshold:
transplantation valganciclovir 200 mg PO BID (until viral
* Duration: 3 months to 1 year (depending load is no longer detected)

on risk)

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.



Clinical Presentation

®
8D cARE TEAM

é N

Asymptomatic
Infection

Detection of CMV
DNA in the blood

without clinical signs
and symptoms

\ J

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.

o

"

CMV Syndrome

Fever, malaise,
fatigue, leukopeniaq,
thrombocytopeniaq,
elevated ALT + CMV
DNAemia

Tissue-invasive
Disease

End-organ involvement:
gastrointestinal disease,
pneumonia, hepatitis,
retinitis, encephalitis,
allograft involvement

J
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Antiviral Drugs -

CMV DNA Polymerase Inhibitors Novel Therapeutics
Ganciclovir (IV), valganciclovir (oral) Letermovir (oral)
¢ Standard first-line antiviral drug for prevention *  Viral terminase inhibitor

and treatment

Maribavir (oral)

Alternative
*  UL97 inhibitor with multimodal effect

* Foscarnet (1V)
*  Cidofovir (IV)

IV, intravenous
Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.



Treatment for Mild-to-Moderate

CMV Disease
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Antiviral Drugs

Oral valganciclovir and
intravenous ganciclovir are
equally effective initial therapy
for mild-to-moderate CMV
disease

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.
Asberg A, et al. Am J Transplant. 2007;7(9):2106-2113.

Clinical Success™

85.4%
77.4% 80-3% o

(o)

Day 21 Day 49

Subjects with Clinical Recovery

mVGCV mijy GCV

*Clinical resolution of CMV as assessed by investigators

Viral Eradication™*

67.1% 70-1%

45.1% 48.4%

Subijects (%)

Day 21 Day 49
= VGCV mijyv GCV

*#<600 copies/mL plasma
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Treatment Recommendations b

Severe CMV Life threatening
disease disease

Intfravenous

ganciclovir
Very high viral is the

Unpredictable or

poor Gl
load preferred absorption

treatment

v Initial treatment with intravenous ganciclovir may be switched to oral valganciclovir once
there is adequate clinical and virologic control, as assessed by the provider

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.



[ ]
Additional Treatment Recommendations el
[

Foscarnet and

cidofovir are
second-line treatment

Letermovir

Maribavir

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.

Increased risk of nephrotoxicity and electrolyte
disturbance

Low genetic barrier of resistance
Not approved for treatment of CMV disease

Not approved as initial treatment of CMV
disease

D S R
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Treatment Side Effects -

M
% SAEETY Toxicities often lead to premature discontinuation, predisposition to resistance development,

and subsequent virologic failure

Antiviral Agent Bone Marrow Kidney Altered Taste
Ganciclovir v

Valganciclovir v

Foscarnet v

Cidofovir v

Maribavir v




Treatment Monitoring
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Laboratory Monitoring'-2

*  Weekly CBC differential count (assess for
leukopenia)

*  Serum creatinine (adjust dose)

*  CMV load (virologic response)

Subijects (%)

» Routine ganciclovir therapeutic drug monitoring
not recommended

VGCV, valganciclovir; iv, intravenous; GCV, ganciclovir

1.Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.
2.Ritchie BM, et al. Antimicrob Agents Chemother. 2019:e01855.
3. Asberg A, et al. Am J Transplant. 2007;7(9): 2106-2113.

Rates of Leukopenia
During Treatment?®

11.6% 12.1%

Leukopenia
EVGCV miv GCV
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Polling Question &

Antiviral treatment for CMV disease in patients with SOT should be given
for a minimum of:

A. 1 week
B. 2 weeks
C. 3 weeks
D. 4 weeks



[_]
Treatment Individualization B s
[

Antiviral therapy should be individualized and continued until the following criteria are met:

[ Resolution of clinical symptoms J [ Virologic clearance J [ Minimum of 2 weeks J

High risk of relapse in patients with detectable
virus at the end of antiviral treatment

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.
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Treatment Individualization (cont’d) »

‘\\y Cautious reduction in immunosuppression ﬁ, Emerging role of immunity

* If feasible, to allow for immunologic recovery * To predict relapse and guide

* Severe lymphopenia or deficient T-cell function treatment strategies
—  Low absolute lymphocyte count
—  Absent CMV-specific T-cell immune

response

Role of secondary antiviral prophylaxis is debated

Razonable RR, et al. Clin Transplant. 2019;33(9):e13512.
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Panel Discussion o

* What are the CMV treatment O O O

challenges that clinicians face when T Y
managing SOT patients?

* How do you manage CMYV treatment
side effects?
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Recognizing Treatment-Refractory
and Drug-Resistant CMV
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Director, University of Toronto Transplant Institute
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Definition: What is
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Refractory /Resistant CMV?2 v

R/R CMV Infection or
Disease

CMV, cytomegalovirus; R/R, refractory/resistant
Chemaly RF, et al. Clin Infect Dis. 2019;68(8):1420-1426.

Refractory™

Increasing or persistent viral

load after at least 2 weeks of Resistant

adequate antiviral therapy . . .
* Viral genetic alteration that

WiersElng GF Vel e decreases susceptibility to one

improve signs and symptoms o e AueE
after at least 2 weeks of

adequate antiviral therapy

*Not all patients with refractory CMV have resistant virus



What are the Risk Factors for OY——
R/R CMV Infection? g

—— Prolonged exposure to antivirals'

——— Subtherapeutic antiviral CMV drug level'

— Immunologic mismatch’

—— More potent immunosuppression (ie, lung or intestinal transplants)'-2

Important Note: Patients may be refractory to antiviral treatment but not have detectable resistance

1. Chemaly RF, et al. Clin Infect Dis. 2019;68(8):1420-1426.
2. Lumbreras C, et al. Clin Microbiol Infect. 2014;20(suppl 7):19-26.



Mechanism of Action of Antiviral Drugs

for CMV
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GCV, ganciclovir; CDV, cidofovir; FOS, foscarnet

El Chaer F, et al. Blood. 2016;128(23):2624-2636.

i ‘ HCMV-infected cell

Cellular +
»l

Alteration in substrate
binding or phosphate
transfer sites

@} {GCV/VGCV Resistance

Cellular
»!

\ J

+7 7 7~ dNTP binding site

. \ :
V™

SN L54

¢ N UL54
s, 2 (CMV DNA Polymerase)
ppi binding site “\_ ;

Alteration in catalyc site

Alternation in ppi or relative increase in
binding site exonuclease activity

i FOS Resistance i Inhibition of GCV/CDV/VGCV
CMV Replication Resistance

Visual Art: © 2016 The University of Texas MD Anderson Cancer Center




How Do You Confirm Resistant CMV »

* Genotypic resistance testing involves
sequencing of relevant portions of the
CMV genome and is the preferred
method

* Phenotypic resistance testing involves
culturing the virus in the presence of
different drug concentrations and is
more labor intensive

Lurain NS, Chou S. Clin Microbiol Rev. 2010;23(4):689-712.

Chou S. Curr Opin Infect Dis. 2015;28(4):293-299.
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[ ]
UL97 functional domains and GCVr mutations
resistance mutations 460 520 590-607

@ @ =

Codon l H H
1 337 453481 520574 707
345 462 483 527 579
Kinase subdomain | VIB VII VIII IX
Putative function ATP P-Transfer Substrate binding

binding

Most common UL97 mutations detected
in GCV-resistant CMV isolates?!

UL97 variants show different

levels of GCV resistance "
0

35

Amino Acid Change GCr\;égso Level of GCV Resistance 30
25 4

M460V/1, H520Q, 5-10 Higher level resistance 20 .
A594V, L595S, C603W Alternate therapy indicated -
C592G, AS94T 23 Low level resistarice 10 | I
5
A591V, N597D <« 0- ; ; . . [ —_

Insignificant resistance
A594V  L595S M460V/I C592G H520Q C603W

Baseline polymorphisms

oK, H469Y, D60SE ~ <1.5 :
sy No GCV resistance 1. Frequency in set of 79 GCV-resistant CMV isolates

Courtesy S. Chou
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Polling Question o

Which of the following do you use most often to treat refractory or drug-
resistant CMV in patients with SOT?

A. Foscarnet
B. Cidofovir

C. Maribavir
D

High-dose ganciclovir



Traditional Approach to GCV R/R Typically
Involves Foscarnet or High-dose GCV
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of ganciclovir with increasing or

unchanged viral load
\.

P
At least 2 weeks of adequate dose

\

v

for genotypic resistance testing
\

' ™
Reduce immunosuppression. Send

J

N
Severe CMV disease Non-severe CMV disease
J
] I
™ ) )
_ Increase ganciclovir dose up to
Switch to or add foscarnet 10 mg/kg BID or full dose
at full dose
- foscarnet

Alter therapy based on genotypic
resistance testing and clinical
response. Adjunctive unproven
therapy may be required.

Razonable RR, Humar A. Clin Transplant. 2019;33(9):e13512.



New Approaches for R/R CMV
Available or in Development

CARE TEAM

FORUM

. foscarnet
. cidofovir

Isolation
PBMC Specific
s T cells
® viral @ o
t
:8 antigen o?}
CD4 & CD8
Donor

Recipient

Viral

infection

renewal

New Small Molecules

Courtesy of Karl S. Peggs
Kaeuferle T, et al. J Hematol Oncol. 2019;12(1):13.

Adoptive T-cell Therapy
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Letermovir 5

TR, 230 kb dsDNA

Mechanism of Action

*  CMV replicationinvolves cleaving of concatemeric genomic
Nucleocapsid

s
L

DNA and packaging of each genome into preformed virus A L
capsids by the CMV terminase complex (UL56, UL89) ’ D" B V'omorance
* Letermovir inhibits the terminase complex by binding to !

UL56

uLez t

Use uLs4 |

* FDA approved for prophylaxis of CMV infection and plez |

. . . . . \ = off . 8 "o e . _____Terminase
disease in adult CMV-seropositive recipients of an allogenic Glycoprotelr Y ERRNL « Complex
Complex [ :
HCT )
y

* Recently shown to be non-inferior to valganciclovir for CMV

prophylaxisin D+ /R- kidney transplant recipients'

El Chaer F, et al. Blood. 2016;128(23):2624-2636.

HCT, hematopoietic cell transplant
1. Limaye AP, et al. Presented at IDWeek; October 19-23, 2022; Abstract LB2307.



Letermovir in Transplant Patients and R/R CMV g e renn

Infection ®

* Limited clinical studies with R/R CMYV infection — off-label, unproven indication
— Multicenter study of 47 SOT and HCT patients with CMV treated with letermovir!
* 37 patients with low VL (<1000 IU/mL) had good response
* Only 2 patients had VL0 increase >1 log by 12 weeks
* 10 patients with higher VL had mixed response (~60 % response to <1000 IU/mL)
— Study of 28 lung transplant patients with R/R CMV treated with letermovir?
* 14 patients with VL >10,000 IU/mL
* 82.1% response with VL decline >1 log;,
* 3 patients developed letermovir resistance mutations (UL56, C325Y)

* Uncertainty about optimal dosing® and possible low barrier to resistance?

* More studies are needed before letermovir can be recommended for treatment

R/R, refractory/resistant; SOT, solid organ transplant; HCT, hematopoietic cell transplant; VL, viral load

Linder KA, et al. Transpl Infect Dis. 2021;23(4):e13687.
Veit T, et al. Am J Transplant. 2021;21(10):3449-3455.
Hakki M. Curr Hematol Malig Rep. 2020;15(2):90-102.
Shigle TL, et al. Ther Adv Hematol. 2020;11:2040620720937150.



Maribavir
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Mechanism of Action

* Inhibits UL?97 viral protein kinase
— Inhibit viral encapsidation
— Inhibit nuclear egress of viral particles

*  Maribavir does not affect the UL54 CMV DNA
polymerase

Use

* FDA approved for the treatment of adults and
pediatric patients with post-transplant CMV
infection /disease that is refractory to treatment (with
or without genotypic resistance) with ganciclovir,
valganciclovir, cidofovir, or foscarnet

* Orally bioavailable

*  Not myelosuppressive or nephrotoxic—main side effect
is taste disturbance

* Should not be used in case of encephalitis or retinitis

/ GCV
Brincidofovir Letermovir

Foscarnet

1 1

DNA Terminase
POL

Maribav?




Maribavir Resistance Generally Maps to Different g . rean
Parts of UL?97 Compared to GCV Resistance .

A. Map of the CMV UL97 Gene: Functional Regions

of the UL97 Kinase

B. UL97 Mutations With Corresponding Antiviral
Resistance Profiles

El Chaer F, et al. Blood. 2016;128(23):2624-2636.

A
Phosphate transfer
ATP Substrate
blndlng blndlng
[ 1 VIB VIl VIl IX
B In-frame
R codon
- aev C592G deletions
Il vBVv" A594V/T/PIG/E  591-594
L595S/F/W 591-607
E596G 595
G598S 595-603
K599T 600
tﬁgg? C603W/R/S 601
T400M  M460V/IT ceory/F 601-603
V353A H411Y/N/L V466G H520Q
300 400 500 600 700

Map units in codons
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Maribavir Phase 3 SOLSTICE Trial:
Study Design g

. Study treatment period WE( 8 Wk_1 6 >
. or o ' Maribavir 400 mg orally BID "\
Key Study Inclusion Criteria for 8 weeks
\ (n=235) )
*  SOT/HCT recipients _ _ 12-week
) ) (" Investigator-assigned therapy (IAT) ) follow-up
*  CMV infection (plasma CMV DNA >910 for 8 weeks
(val/ganciclovir, foscarnet, or cidofovir)
IU/mL) \_ (n=117) )
. . Wk 8 rescue
* Refractory to most recent therapy (failure | Rescue freatment period |
to achieve >1 log,, decrease in CMV e 0 me oy Bl 12-week
for 8 weeks
DNA qf’rer 14 dCI)’S) After minimum 3 weeks therapy with IAT fOllOW—Up
(n=22)
End Points
Primary Key Secondary Other Secondary
Confirmed CMV viremia clearance (plasma CMV Composite of CMV viremia clearance and Assess the efficacy (including symptom control) and
DNA <LLOQ in 2 consecutive tests 25 days apart symptom control at end of Week 8 and safety of maribavir as rescue treatment
at central laboratory) at end of Week 8 maintained through Week 16

SOT, solid organ transplant; HCT, hematopoietic cell transplant; BID, twice daily; LLOQ, lower limit of quantification

Avery RK, et al. Clin Infect Dis. 2022;75(4):690-671.



Maribavir Phase 3 SOLSTICE Trial:
Primary and Secondary Endpoint Results
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Confirmed Viremia Clearance and Symptom Control

60 —

50

40

30

20

Patients with response (%)

10

Avery RK, et al. Clin Infect Dis. 2022;75(4):690-671.

55.7%

Week 8

Adjusted difference (95% Cl) P value

Week 8 32.8 (22.80-42.74) <0.001
Week 12 13.5 (5.84-21.17) <0.001
Week 16 95 (2.02-16.88) 0.013
(key secondary endpoint)
Week 20 9.8 (2.58-17.06) 0.008
B Maribavir
22.6% WIAT

18.3%

Week 12 Week 16 Week 20

CMV viremia clearance and symptom control
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Conclusions and Summary &

* Exciting and interesting data in ongoing studies

* New treatment for R/R CMV infection:
— MBV: FDA approved effective oral option with minimal serious side effects

* Potential further considerations
— Cost / coverage for medications an important consideration

— Inpatient versus outpatient

— Combination therapy for GCV R/R:
* Eg, FOS/MBV or FOS/LET or MBV /LET: no data currently
* Avoid MBV/GCV combination (MBV inhibits UL97 which is needed for GCV phosphorylation)

R/R, refractory/resistant; MBV, maribavir; GCV, ganciclovir; FOS, foscarnet; LET, letermovir



(]
Panel Discussion B s

* What are the most common risk O
factors for refractory and drug- O

resistant CMV in transplant recipients? T Y

* What are some clinical pearls for
interpreting viral load and drug-
resistance testing results?
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Considerations for New CMV
Therapy: The Patient Voice

Fernanda P. Silveira, MD, MS, FIDSA, FAST

Professor, Medicine

Director, Clinical Operations, Transplant Infectious Diseases
University of Pittsburgh

University of Pittsburgh Medical Center

Pittsburgh, PA



Patient Case — Bret »
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A 60-year-old male underwent double lung transplant for cystic fibrosis in September 2014
Basiliximab induction + tacrolimus/mycophenolate mofetil 1000 mg BID /prednisone 5 mg/day

Methylprednisolone pulse 2 months post-transplant for ACR; CKD from CNI toxicity, CrCl ~30 mL/min, listed for kidney

transplant
CMYV donor seropositive /recipient seronegative (D+/R-); received 2 years of valganciclovir prophylaxis, renally adjusted

Approximately 1.5 months later, presents with CMV syndrome, possible Gl disease, CMV DNAemia 580,000 IU/mL

(whole blood), started on IV ganciclovir

Resolution of symptoms but persistently positive CMV DNAemia (500 to 1600 IU/mL); received CMV IgG; progressive
increase of CMV DNAemia to 21,000 1U/mL

CMV resistance testing: ganciclovir resistance, UL97 mutation (L595S)

Evaluated for maribavir clinical trial — not eligible due to GFR 29 mL/min

BID, twice per day; ACR, acute cellular rejection; CKD, chronic kidney disease; CNI, calcineurin inhibitor; CrCl, creatinine clearance; CMV, cytomegalovirus; Gl
gastrointestinal; IV, intravenous; GFR, glomerular filtration rate



Patient Case — Bret (cont’d) B EET

* Started on foscarnet with IV hydration and labs thrice weekly

* After 2 weeks: no significant change in CMV PCR, GFR 31 mL/min

* Enrolled in Phase 3 trial of maribavir for refractory /resistant CMV, randomized to maribavir 400 mg PO BID
*  Mild dysgeusia, CMV PCR not detected on week 2

* Received 8 weeks of maribavir per trial protocol

* Episode of CMV reactivation about a year later, responded to VGCV but had neutropenia

* Intermittent, asymptomatic, low level CMV DNAemia (250 to 350 IU/mL)

* Renal function stable, excellent lung function, no need for kidney transplant!

IV, intravenous; CMV, cytomegalovirus; PCR, polymerase chain reaction; GFR, glomerular filtration rate; PO; by mouth, BID, twice per day; VGCV, valganciclovir



What Bret’s Case Teaches Us B e

* High risk for CMV due to lung transplantation and CMV D+ /R- status

* Had prolonged exposure to VGCV, a risk factor for development of antiviral resistance

* Renal insufficiency required antiviral dose adjustment

* At increased risk of nephrotoxicity with foscarnet and experienced neutropenia with VGCV

* Did well with maribavir, which allowed him to avoid further foscarnet treatment and maintain stable renal

function. He does not need a kidney transplant now!

* Will be able to receive maribavir again, if necessary

CMV, cytomegalovirus; VGCV, valganciclovir
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CMYV From a Patient’s Perspective »

* What was your reaction when you were told that you had cytomegalovirus (CMV)?
* Did you know what CMV was?
* What was your experience with therapies used to treat your CMV?¢

* What did you think when you were offered a CMYV therapy that you could take by mouth and not have to be
in the hospital?

* What advice do you have for healthcare professionalsin the audience who treat patients with CMV?¢
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Panel Discussion 5

* How should maribavir be used in the O\(OYO

care of SOT patients with refractory
or drug-resistant CMV?

* When should clinicians seek a consult
from an infectious disease clinician for _—

SOT patients with CMV?



Audience Q&A
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Thank You for Participating »

To receive credit for this activity,
please click the “Earn Credit” icon,
Or visit:
www.medscape.org/cmelive/cmv-credit
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