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Cytomegalovirus: Then and Now

1979*

Most common
opportunistic infection
following SOT

Clinical infection 67%
renal transplant
patients

Diminished long term
patient and graft
survival (<80% 2yr
survival)

2015**

Most common
opportunistic
infection following
SOT

Clinical infection
common - >20%
D+R- with
prophylaxis
Diminished long
term patient and
graft survival

*Rubin, et al. J Infect Dis 1979;139:728-34 , *Fishman, NEJM 2007;357:2601-14;
Humar, et al. Am J Transplant 2010;10:1-10



Why are we still talking about
CMV?

Improved prevention strategies
Understand the at risk population
More effective diagnostics

More potent antivirals for prevention and
treatment

But....

More potent Immunosuppression
o T cell depleting agents

More challenging transplants
o Including patients at higher risk of rejection



Outline

Impact of CMV
Direct effects
Indirect effects

Prevention 2013
Diagnosis in the era of molecular diagnostics

Treatment of Sensitive and Resistant Virus
The Future



Definitions

Positive serology without evidence of active
Infection

Evidence of CMV replication regardless of
symptoms

Evidence of infection with attributable symptoms
o CMV syndrome
o Tissue invasive disease



Graft Survival in Kidney Transplant: Impact of
CMV

Sagedal , et al., Kidney International 2004
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Mortality in Heart Transplant
Recipients
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Taylor, et al. J Heart and Lung Transplantation 10:1007, 2009



Reactivation or Potential effects of CMV on
acquisition of CMV liver transplant recipient

CMV syndrome

e Fever

Acute CMV infection - el Direct
N » Thrombocytopenia
from transplanted Effects
CMV tissue-invasive disease
» End-organ damage (such as enteritis,
colitis, gastritis, esophagitis, hepatitis)
Allograft rejection
Indirect

et
Immunosuppression Effects

another source™

Increased hepatitis C
viral replication

*Person-to-person transmission or transfusion of contaminated blood products
*CMV has been associated with increased risk of bacterial, fungal, and protozoal infections
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Indirect Effects of CMV

Acute rejection
Chronic allograft
dysfunction
Hepatic artery

thrombosis (Liver)
Vasculopathy
(Heart)
Bronchiolitis
obliterans (Lung)
Mortality

Bacterial

Fungal (including
PCP)

Viral

Accelerated HCV

Post transplant
lymphoproliferative
disorder
Cardiovascular

New onset diabetes
Immunosenescence




Immunosuppressive Mechanisms of CMV
Infection

Adapted from Freeman, Am J Transplant 2009;9:2453-58

CMV evades the host iImmune system by
downregulating innate and adaptive immunity

| HLA expression

HLA class | homologue

| Antigen presentation

| T-cell proliferation

| Production of IL-2, INF-c, PD-1

T Fc receptor expression

Fc receptor homologue

1 Complement inhibitors

| Macrophage migration

This leads to an increased susceptibility to
Infection



Preventing CMV: Prophylaxis vs
Preemption -

Administration of antiviral to at risk population
during risk period (typically months 1-4)

Usual antivirals — Valganciclovir, Ganciclovir, or
Valacyclovir

Monitor for viral replication and administer
antiviral when replication reaches threshold

Usual antiviral — Ganciclovir or Valganciclovir

Prophylaxis for limited time followed by period of
monitoring




Preemptive vs Prophylactic
St rategi eS Zhang, et al. Transplant Infect Dis 2011;13:622-32
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Long Term Outcomes: Preemptive

Valganciclovir vs Valacyclovir Prophylaxis
Reischig, et al. JASN 2012;23:1588-97

Comparison of VGCV

preemptive vs 3 mos

VACV prophylaxis (Kidney)
Majority D+R+

Similar CMV disease rates

Increased graft failure due ———
to late CMV disease in et
VACV 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Does early Viremia a”OW Time since transplant {months)
for development of
protective immune
response or is this
reflection of VGCV
activity?

== Pre-emptive therapy

== Valacyclovir prophylaxis

FPatients free of graft failure (%)

== Without late-onset CMV viremia

== Late-onset CMV viremia
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Log-rank p<0.001
HR=14.68 (95% CI11.84 - 117.38)

6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Time since transplant (months)



Comparing Prophylaxis to
Preemptive Therapy

Kotton, et al. Transplantation 2013;96:333-60

TABLE 5. Comparison of prophylaxis versus preemptive therapy

Farly CMV DNAemia |
Prevention of CMV disease
Inftection/disease)

Resistance

Ease of implementation

Other herpes viruses
(@

er opportunistic infections

Graft survival

Prophylaxis

Rare
Good efficacy
Common
Uncommon
Relatively easy
Prevents HSV, VZV
May prevent
Drug costs
Drug side effects
May prevent
May improve

Preemptive therapy

Common
Good efficacy (less optimal in high-risk populations)
Rare
Uncommon
More difficult
Does not prevent
Unknown
Monitoring costs
Less drug toxicity
Unknown
May improve



Pre-emption and Risk Status

Atabani, et al. Am J Transplant 2012; 12:2457-64

Atabani et al. Liver tx recipients Renal tx recipients

Liver tx recipients Renal tx recipients p<0.0001

A T 00,0001
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D+ R- patients have higher viral loads

L

D+R-(n=26) D+R+(n=27) D-R+(n=10) D+R-{n=25) D+R+ (n=35) D-R+ (n=19)

Duratien of therapy (days)

D+R- patients have longer duration of
viremia



CMV Resistance in D+R- Kidney Recipients
Receiving Preemptive Therapy

Couzi, et al. Am J Transplant 2012; 12:202-9

Table 2: Direct effects of CMV and anti-CMV treatment

MV infection (%) 11 (34) 48 (60)
MV disease (%) 5(16) 21 (26)

Late-onset infection (%)
Baseline viral load (mean, logig copies/mL) 434+16
Peak viral load (mean, logjg copies/mL) 42411
Prophylaxis: valganciclovir for 3 months 32 (100)
Initial anti-CMV therapy for CMV infection
(curative not prophylactic)
Valganciclovir (%) 1(3) 31 (39)
IV ganciclovir (%) 7(22) 17 (21)
Agranulocytosis (%) 6(18) 16 (20)

r.m rns




History of Prophylaxis

1989 1999 1997
Acyclovir Valacyclovir Ganciclovir (Oral) 2013?77?72

1993 1992 2004
CMV Ig Ganciclovir (IV) Valganciclovir



Effects of Anti-CMV Prophylaxis
on Concomitant Infections

Relative risk

=
0.8 l
p=0.03
0.6 -
0.4 1 _
p < 0.00001 p=0.05
0.2 -
0 -
Placebo HSV Bacterial Protozoal
No treatment \VyAY Infections infections

Hodson et al. Cochrane Database Syst Rev 2008: Issue 2. Art. No: CD003774.



Prophylaxis is Effective Against
Indirect Effects

Oral prophylaxis

IV preemptive therapy

p value (Log rank test) = 0.0425
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1 2 3 4
Time after transplantation (years)

Kliem V et al. Am J Transplant 2008; 8:975-83.



Questions Regarding Prophylaxis

Valacyclovir vs Valganciclovir
Valganciclovir prophylaxis
Risk group specific prophylaxis
Organ specific issues
o Liver transplantation and valganciclovir

How long should we give this?

What dose of valganciclovir should we
use?



Table 2. Clinical outcome at 1 year after transplantation in D+ /R— renal tansplant patients with
low-dose VACV (3 g/day) prophylaxis for a median of 90 days after transplantation (m= 102, 97
patients with a fonctioning graft).

Upps=la Valcyclovir! ©1573% GCV/VGCVY wlue

il function (creatindne in pmalimL)

<130 47 | 48%) 10E7 (52%:) M5

130264 A5 | 6%) B73 (4%

L 4 | 4%) 68 (3%)

-8 1 1% 17 (1%

Mlean (£503) 1538 + 65.4 ML¥
Median {rangs) 131 {74-485) ML¥

Biopeny- prowen acule 23 (22%) 400 | 23%:)
rejedion | BPAR)

CM Y digesse (all 26 | 25%) ]
calegres)

CMV smdrome B [ B%) NIy

CR Y disease (ligsue 2| P ¥

1TV e i

LAY pegslamee 1] 1%} I L¥
{comlirmed)

Time i CMY disease 124 | 26-=191) MLk
(days)

Treatment | ial days) 21 { 14=157 ML¥

Successfull y trested (no 2 (92%:) MI»
ML TEmoes |

Major neumlixic advese 7 (¥ )
ellects

Valoes are sxpressed as median {range) unbess stated otheneise. Graft fonction and reeaction are compared to CTS data (n= 2005
HE, P» 0% ND, no data.

Sund, et al. Nephrol Dial Transplant 2013;28:758




Summary of CMV disease up to 12 months (EC,
ITT population): Valganciclovir vs Oral

Ganciclovir
Paya, et al, Am J Transplant 2004

All Organs 17.2% (41 pts) 18.4% (33 pts) 17.6% (64 pts)
Heart 11.4% (4) 19.0% (4) 14.3% (8)

Liver 20.3% (24) 13.6% (8) 18.1% (32)
Kidney 16% (13) 25.6% (10) 19.2% (23)
Kidney Pancreas O 16.7% (1) 9.1% (1)




CMV Risk: Organ and
Donor/Recipient Status

Emery, et al. J Clinical Virology 2012;54:125-9

Table 3

Incidence of CMV disease (including syndrome) in different organ transplant recipients according to their donor and recipient serostatus for CMV for patients with 2 year
follow-up data, who lost their graft or died during the 2 year period.

Unknown

Transplant group CMV disease (%) CMV disease (%) CMV disease (%) CMV disease (%) N CMV disease (%)

Renal
Liver
SPK

12.8 - 4.9 0.6 56 3.6
5.7 28 - 0.0 19 0.0

0.0 0.0 0.0 333

- 3 0.0 0.0

Totals 178 20. 8.1 345 . 0.1 - 74

[od P ot
NS =
[ B R |

Key: 5PK=simultaneous pancreas and kidney and {includes 1 pancreas only transplant).

« Patients received valganciclovir prophylaxis (varying doses) vs
preemptive approach based on organ, risk category, center
 D+R- typically received high dose valganciclovir for 90 days



Summary of CMV disease up to 12 months (EC,
ITT population): Valganciclovir vs Oral

Ganciclovir
Paya, et al, Am J Transplant 2004

All Organs 17.2% (41 pts) 18.4% (33 pts) 17.6% (64 pts)
Heart 11.4% (4) 19.0% (4) 14.3% (8)

Liver 20.3% (24) 13.6% (8) 18.1% (32)
Kidney 16% (13) 25.6% (10) 19.2% (23)
Kidney Pancreas O 16.7% (1) 9.1% (1)




Valganciclovir Prophylaxis in Liver
Transplantation - A Metaanalysis

Kalil, et al. Liver Transplantation 2012;18:1440-47

$tdy name Statistics for each study Chf Disease f Total Peto odds ratio and 95% CI A

Feto Lower Upper
odds ratio  limit li rnit Pvalue VWGC GCV

Payaetal' (2004) 164 070  3.80 025 227118 759
Park etal.'’ (2006) 0.31 011 598 084 2760 2149
Arthurs et al." (2007) 1.41 030  6.62 068 17758 2/4
Brady et al.”” (2009) 1.86 027 1280 053 4/43 1/21
Shiley et al.™ (2000) 4.86 1.00 2160 004 6427 2730
1.81 100 3290 0.05 517306 147177

01 02 05 1 2 5 10

Z=1.95; P=0.05; F=0% Favor VGC Favor GCV

Study name Statistics for each study Cht/ Disease ! Total Peto odds ratio and 95% CI B

Peto Lower Upper
oddsratio limit  limit  Pvalue VGC GCV
Payaetal.' (2004) 164 0.70 3.80 0.252 227118 7759
Arthurs et al.™ (2007} 1.41 030 662 D66Z 17 /48 249
Brady etal.’®(2009) 186 037 1280 0528 4/42 1421
Shiley et al." (2009) 4.86 109 2160 0038 6727 2/20
1.96 105 267 0035 407246 127122

01 02 05 1 4 5

Z=2.10; P=0.035; F = 0% Favor VGC Favor GCV




Valganciclovir Prophylaxis in Liver
Transplantation

Possible reasons for suboptimal performance

Insufficient esterases preventing early conversion of
valganciclovir to ganciclovir due to

Hepatic dysfunction

Bowel dysfunction

Competition with mycophenolate

Malabsorption due to diarrhea, bowel dysfunction

Inadequate dosing due to volume of distribution issues
related to obesity, ascites

Reduced or missed doses due to adverse effects
iIncluding cytopenias
Nevertheless, in the absence of oral ganciclovir,
most centers use valganciclovir prophylaxis



CMV in D+R- Kidney Recipients
Receiving Valganciclovir

Humar, et al Am J Transplant 2010;10:1-10; Humar, et al.
Transplantation;2010;90:427-31

R vy VGCY-200 deyss

" WGCY-100 ey

2 year follow-up confirmed sustained
benefit

0 G0 120 16 240 300350 420 480 58 600 650 70 TH0 840 Study day

FIGURE 1. Time to cylomegalovirus disease up io
Z-year postiransplant. VGOV, valganciclovir.

Trend towards decreased allograft loss in the 200 day arm



Impact of Duration of Valganciclovir
Prophylaxis on CMV in Lung
Transplantation zamors, et al. am s Transplant 2004:4:1635-42
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Prolonged Valganciclovir Prophylaxis

and Lung Transplantation

Table 2. Clinical Outcomes, by Treatment Group
1.00 ===

Varitie R Extended-Course Prophylaxis i
- - - - - BB == =--—- = - -- - - - - -
Rates for primary and s
=0001)
Invasive disease s 0.001
CMV syndrome O 0.004
PCR at diagnosis, cop = g%ﬁ*
Any CMV infection§ <0.
Biopsy-proven acute reje g 0.50 - Short-Course Prophylaxis 0.09
Non-CMV infection = .. & HO. S e 0.74
% P Value
Effect of extended-cour L 9 o5
for primary and sec  LL
CMV syndrome or disea 0.001
Any CMV infectionl <0.001
Biopsy-proven acute rejt 0.06
Non-CMV infection®* 0.00 {_ T , ' 0.79
Deatht 0 500 1000 1500 2000 079

Days Post Randomization

Palmer, et al. Ann Intern Med 2010; 152:761-9; Finlen-Copeland, et al. J Heart Lung

Transplant 2011;30:990-6



Cost Effectiveness of 200 Days of
Valganciclovir

Blumberg, et al. Transplantation 2010;90:1420-6

TABLE 1. Cost-effectiveness resulis—base case (UIS§)
100 d 00 d | ncremiental

5-yr horizon
Cost per | 6:24,433.25 635,549 658 11416407

patients
QALY per | 19,581 30,349 768

pabienis

| Oyt horizon
Cost per 10 1065, 150,672 1,745,063
patients
ALY per 1 474300 50002003 23805
patients

CALY, quahity-admusted Ife year; ICER, inremental mst-effectivenes matio.




Downsides to prolonged
prophylaxis

Toxicity
Leukopenia
Elevated liver enzymes
Central nervous system effects

Cost



Dosing of Valganciclovir

Pharmacokinetic studies suggest
equivalence of low dose (450 mg daily)
to oral ganciclovir 1 gm 3 times daily

Clinical trials do not support low dose In
the highest risk populations (D+R-)
May consider in lower risk populations

Dose adjustments for renal function
NOT for toxicity



Current Recommendations

Kotton et al. Transplantation 2013;96:333-60; Razonable, et al. Am J Transplant
2013;13:593-106

Prophylaxis Preemption Acceptable

Recommended D+R- Kidney, Liver
D+R- all organs R+ Kidney, Liver, Heart,
R+ lung, heart-lung, Pancreas

Intestine, vascular tissue
composite allograft

VGCV, GCV,
VACYC (kidney only)

Duration
6 mos D+R- Kidney
12 mos D+R- Lung
o 6-12 mos R+ Lung

3-6 mos all other D+R-,
R+ intestine, composite

3 mos all other R+



Strategy for Preemptive Therapy

Razonable, et al. Am J Transplantation 2013;13:S93-106

site-specific assay (MAT or Ag)

—

Select appropriate population to employ
preemptive therapy

—

[Test patients weekly at weeks 1-12 pnsr—tmnsplaut}

{ Validate appropriate threshold for

Agzay positive at threshold 1 [ Mo pozitive assav or threshold not reached.
J L Stop testing at week 12

l Start valganciclovir or [V ganciclovir at treatment dose ]

Treat until “negative” threshold achieved

Resume weekly monitoring until week 12




Despite prophylaxis, late CMV
can still occur, especially in D+R-

Figure 1. Description of the occur-
350 ' 450 . 560 j ; " rt.ance of late-onset primary CMV.lnfeF-

tions after 6 months of valganciclovir
prophylaxis.

Days post transplantation

Recurrence rates 19%




Diagnosing CMV

Recognition of clinical syndrome
Risk Group
Timing
Sei0ioyic CiagnTsis
Useful for pre-transplant assessment of risk only

Detection of viremia

Antigenemia
PCR

\ WY A R [ I

viial culitul C

Histopathology



Risk Factors for CMV Following
Transplantation

CMV + Donor
Increased if CMV — Recipient
Immunosuppressive regimen
Increased with Cytolytic therapies, Alemtuzumab
Decreased with IL 2 receptor antagonists
Rejection
Type of transplant
Especially heart lung and lung
Co-infection with other viruses
Hypogammaglobulinemia
Absence of CMV antibody at 6 mos post transplant
MHC mismatch

Genetic polymorphisms (e.g.TLR 2, programmed death-1
receptor, etc)
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- CMV that occurs after 6
mos (after prophylaxis stops)
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CMV Antigenemia

Semiguantitative test

Higher numbers of infected cells correlate with
disease

Uses
Diagnosis
Monitoring response to treatment
Preemptive therapy

Drawbacks
Lack of standardization
Difficulty interpreting if neutrophil count<1000

False negatives can occur with tissue invasive
disease



PCR Assay for CMV

Active versus latent virus
Similar results to antigenemia assay
o Replacing antigenemia as increased access to technology
Qualitative vs quantitative test
Useful for diagnosis, monitoring, preemption

Issues

Does not differentiate infection from disease (especially with BAL
specimens, low viral loads)

May be negative with tissue invasive disease, especially
intestinal

Laboratory variability in absence of international standard (just
implemented)

o Need to use same type of sample consistently (whole blood vs
plasma)

Viral kinetics important to consider
High sensitivity leads to persistent low level positive results






Treatment of CMV

Reduction of iImmunosuppression
Which agent? — usually mycophenolate
To what degree?

How long?

Treatment duration — minimum 3 weeks but....
Full resolution of all symptoms
Absence of viral shedding (by QNAT) (monitor weekly)

Choice of agent
Intravenous ganciclovir
Valganciclovir
Foscarnet, cidofovir for resistant virus
Newer agents in development

Consider immunoglobulin preparations for refractory or
resistant infection +/- hypogammaglobulinemia (NO data)



Treatment of CMV: Intravenous
Ganciclovir vs Valganciclovir

Asberg, et al. American J of Transplantation 2007

—&8— Oral valgan

m- Im.ﬂuanuus pn:l:lwi

{copies/mL)

LEI:

Days 0 7 14 21 28

In neiclovir (N) 133 130 128 1 F 122
125 122 123 123 121 121 120 120




VICTOR Study: Downsides

Standard treatment plan did not allow for maintenance
of treatment dose for patients with prolonged viremia
21 days high dose followed by once daily VGC to day 49

High relapse rates
15% clinical, 30% virological

Outcomes similar in both arms

8/321 resistance developed
20/321 died

KDIGO recommendations

Reserve oral agent for mild to moderate disease
without end organ involvement



Antiviral Resistance in CMV

Described in both transplantation and HIV

In SOT major risk factors
CMV mismatch (D+R-)

Prolonged exposure to subtherapeutic
ganciclovir exposure

Higher viral loads
Lung transplantation
Increased immunosuppression

Correlates with worse outcomes both due
to infection and toxicity of treatment



How Common Is Resistance?

Myrhe, et al. Transplantation 2011; 92:217-23

All kidney transplanted patients
from 2004 to 2008
N=1244
— | ' —

CMV IgG ‘ CMV IgG CMV IgG CMV IgG

D+/R+ D-/R+ D-/R-
N=661 N=259 MN=114

D+/R-
MN=208

_chart revhew

] [ ] | I

Suspected GCV Clinically Clinically Clinically Clinically

resistance suspected GCV suspected GCV suspected GCV suspected GCV
N=11 resistance resistance resistance resistance

2 hi/gu;gﬂl A — c -{f:l_bd :"‘. _\) PN=D| . t-S N=0
Confirmed c,guf”' e . onfirme .
moios (| \\ef Nighrest rates in D+R-
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Diagnosis of Resistance:
Genotypic Assay

CMV Cellular
phosphotransferase kinases

[ULST]

CMV
DNA polymerase
[UL 54]




CMV Resistance Genotypes

Kotton et al. Transplantation 2013;96:333-60

Arming

Structure
Domain
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drug susceptibility
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CMV Resistance Genotypes

Kotton et al. Transplantation 2013;96:333-60

Table 1. Ganciclovir resistance levels associated with UL97 genotypes

Genotype Fold change in ganciclovir EC50°
frequency 5-15x 2-5x <2X

MA4B0V/1, H5200Q, A594V,
Most 592G
ost common 15955, C603W

M460T, A594G, 595del’, AS94E/T, ES96G,  A591V, N597D, K599E/R,

Less common at b b
codons 460, 590-607 596del, L595F/W, KSQQ{T, C603S, 600del2”, Le00l, 600del ;TEGlM,
Ce03R, Ce0O7Y, del(23) Ce07F De0sE

(a) Moderate resistance (5-15x), low-grade resistance (2-5x), or insignificant resistance (<2x)

(b) del =inframe deletion of single codon; del2 = deletion of two codons

(c) Inframe deletion of 23 codons in the 590-607 range can be assumed to confer moderate
ganciclovir resistance although only a few examples have been phenotyped.
Deletion of less than 3 codons may confer varying degrees of ganciclovir resistance.

(d) DBOSE is a baseline sequence polymorphism commaon in east Asia, unrelated to drug resistance




CMV Resistance Genotypes

Kotton et al. Transplantation 2013;96:333-60

Suspect drug resistance if cumulative GOV exposure =b weeaks
and treatment failure [1] after >2 weeks of ongoing full dose iv. GCV

|

| Decrease immunosuppressive therapy if possible ‘

VL GCV = ganciclovir; FOS = foscarnet; COV = cidofovir
[1] Symptomatic disease or viral load not improving
[2] Full dose GCV = 5 mg/ke bid iv.
lw—:s lno High dose GCV = 10 mg/kg bid i.v.

{adjust doses for renal function)

[ Severe disease present |

FOS (add Full or high dose [2]
or switch) GCV

| |

| Assess genolypic resistance data: UL97 | -

| ! !

UL97 mutation for 25x UL97 mutation for <5x No ULS7 mutation
GCV EC50 GCW ECS0

I ,

High dose [2] GOV i GCV full dose
Assess ULSA genotype Optimize host factors

!

Switch to or yes ULs4 GOV-CDV No UL54
keep FOS mutation mutation

‘L lno M
ULS4 GCOW-CDV Switch to, or
If not improved viral load/disease after 3 weeks — mutation keep FOS

l ULS4 FOS High dose [2] GOV
Repeat genotypic testing to include ULS7 + ULS4 mutation +(FOS or COV)

!

Consider alternative or
experimental therapy




Approach To Treating Ganciclovir
Resistant CMV

Razonable, et al. Am J Transplant 2013:13:593-106

2 weeks of adequate dose of
Ganciclovir with increasing or
unchanged viral load
Eeduce immunosuppression. Send for
genotypic resistance testing

Fa

Severe CMV disease ‘ Mon-severe CMY disease

( Switch to or add Foscarnet at full dose ( Increase Ganciclovir dose up to 10 A
mgke BID or
Foscarnet at full doss

(Alter therapy based on gcnutz.q:ic.
resistance testing and clinical
response. Adjunctive unproven
therapy may be required.




The Future.....

Will CMV ever be a minor event post



The Near Future

Prevention

Greater use of Immune based assays to
assess risk and need for ongoing treatment

o Measurements of CMV specific immune
responses

Vaccines

Treatment options
New antivirals in development
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