
23es JNI, Bordeaux du 15 au 17/06/2022

Transplantation et CMV aujourd’hui et demain
En hématologie

Edouard Forcade, MD, PhD
CHU Bordeaux



23es JNI, Bordeaux du 15 au 17/06/2022

Déclaration d’intérêts de 2014 à 2021

• Interventions ponctuelles : Novartis, Gilead, GSK, Alexion

• Financement congrès : Neovii, Jazz, Novartis, Sanofi, Gilead, Alexion, MSD
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human CMV

• Herpesviridae family 

• Structure of the virus

• Latency and persistence

• Benefit of CMV PCR / pp65Ag
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human CMV and immune response

Khairallah et al, Front Immunol 2017
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Immune Reconstitution after alloSCT
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Risk factors for CMV infection in HSCT

 Cytomegalovirus 
« A devil in paradise» (Henry Miller, 1957) 

 
 

UL97 kinase 

 UL54 polymerase 

TRL TRS IRL IRS 
US UL 

Nucléocapside 

Enveloppe 

gM,gN gB 

Génome 

Tégument 

gH,gL,gO 

UL27 

 UL56, UL89 terminases 

•  Beta herpesvirus 
–  160 protéines 
–  Génome 250 Kpb 

•  Spécificité d�espèce 

•  Tropisme pour les cellules 
épithéliales et fibroblastiques 
et pour les cellules souches 
hématopoiétiques (CSH) 

•  Infection des cellules 
dendritiques 

•  Latence dans les 
précurseurs médullaires et 
les cellules endothéliales 

 

 

• R/D CMV serostatus

Teira et al, Blood 2016

34% in R+D+ or R+D-

11% in R-D+
4% in R-D-
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Risk factors for CMV infection in HSCT
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• R/D CMV serostatus

• HLA matching

Nichols et al, J Infect Dis 2002
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Risk factors for CMV infection in HSCT
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• R/D CMV serostatus

• HLA matching

• T cell depletion

• Acute and chronic GVHD (Cs)

Ljungman et al, Hematol Oncol Clin North Am 2011
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Guidelines - ECIL

• Donor and recipient CMV serology must be performed before HSCT

• CMV qPCR monitoring should be performed in alloSCT recipients

• CMV qPCR is more sensitive than pp65 Ag

• Monitoring should be performed weekly after alloSCT until day100

• Longer monitoring should be done in patients with GVHD, previous history of CMV, high risk 
alloSCT (mmUD, CBT)

• Immunological monitoring (ELISpot assay) useful to anticipate CMV recurrence
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CMV and HSCT outcome
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 R/D CMV serostatus

Boeckh and Nichols, Blood 2004
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CMV and HSCT outcome

Teira et al, Blood 2016According to D/R pair
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CMV and HSCT outcome

Green et al, Lancet Hematol 2017

Does the viral load matter?

Risk of CMV disease by 1 year
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Management of CMV: different strategies
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DNA at specific packaging signals and transfer of individual
viral genome sections into procaspsids [33–36]. The inhibition
of the viral terminase complex by letermovir results in the
inhibition of cleavage of long viral concatamers into genomic
units and accumulation of immature viral DNA, resulting in
compromised viral replication [36,37]. In-vitro studies have
illustrated that letermovir is highly active against clinical and
laboratory strains of CMV, with approximately 400–1000 fold
greater potency than ganciclovir [36–38]. Notably, lack of a
mammalian counterpart to the CMV viral terminase complex
make off-target effects unlikely [39,40]. Letermovir is not
active against any other known viruses, including adenovirus,
alpha-herpesviruses, non-CMV beta-herpes viruses, gamma-
herpesviruses, hepatitis B virus (HBV), hepatitis C virus (HCV),
and retroviruses [38].

3.3. Resistance and cross-resistance

The viral terminase complex has a low frequency of natural
polymorphisms and thus preexisting resistance in strains with-
out prior exposure to letermovir is unlikely [41]. However, resis-
tance to letermovir has been demonstrated both in-vitro and in-
vivo studies and is mediated by amino acid substitutions within
a specific region of the open reading frame at UL56 [42–49].

Isolates from breakthrough infections in the Phase II trial of
letermovir for prevention of CMV in allo-HCT recipients were
collected and underwent UL56 sequencing to assess for letermovir
resistance [47,50]. Among these, six distinct UL56 gene mutations

were identified in five isolates. Four of the identified mutations
(L134V, Q228H, R410G, D414N) did not lead to decreased leter-
movir sensitivity and a S227I mutation led to a five-fold increase in
sensitivity to letermovir [46,47]. The V236Mmutation was found in
one patient randomized to the lowest dose of letermovir in the
study (60 mg/day) and this isolate showed a 46-fold increase in
EC50 compared towild-type isolates [46,47]. Genotyping of isolates
from subjects with CMV viremia from the Phase III study also
identified one isolate with the V236M mutation, which represents
the only resistance identified in a patient receiving letermovir at a
dose of ≥ 240 mg/d [47,50,51].

Given the unique mechanism of action of letermovir, cross-
resistance with ganciclovir and foscarnet is unlikely [41].
Pilorge et al. evaluated 63 clinical isolates of CMV from immu-
nocompromised patients, including 37 with resistance to gan-
ciclovir, cidofovir, and/or foscarnet [41]. Polymorphisms in
UL56 and UL89 were identified at similar rates in the resistant
and nonresistant isolates indicating that resistance to the DNA
polymerase inhibitors does not lead to cross-resistance with
letermovir. In addition, one case report describes a patient
with disseminated CMV disease resistant or refractory to gan-
ciclovir, cidofovir, and foscarnet, who had marked improve-
ment after initiation of letermovir [52].

3.4. Monitoring

Letermovir has no effect on the synthesis of viral proteins or
DNA; instead, it only affects the post-transcriptional

Figure 2. Ganciclovir is phosphorylated by the CMV pUL97 protein kinase, followed by phosphorylation by cellular kinases, into a tri-phosphate substrate that blocks
viral synthesis through acting as a competitive inhibitor and alternate substrate for at the CMV DNA polymerase. Valganciclovir, prodrug of ganciclovir, follows the
same pathway. Cidofovir is phosphorylated by cellular kinases into cidofovir diphosphase which acts as a competitive inhibitor and alternate substrate for CMV DNA
polymerase, blocking further viral synthesis. Brincidofovir follows the same pathway. Maribavir inhibits activity of the pUL97 protein kinase, inhibiting processes
essential to CMV viral replication. Letermovir acts at the late stages of viral replication through binding and inhibiting the viral terminase complex at pUL56 and
pUL89. This prevents cleavage of viral DNA and transfer of viral genome sections into procaspsids, resulting in accumulation of immature viral DNA.
Abbreviations: CDV, cidofovir; GCV, ganciclovir; FOS, foscarnet; LTV, letermovir; MBV, maribavir.

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 933

Foolad et al, Expert review of clincal Pharmacology 2018

1. Safety
§ Haematology
§ Renal

2. Efficacy and resistance risk
§ 10-20% clinical non responders 
§ 1-3% virological resistance

An ideal prophylaxis ?



23es JNI, Bordeaux du 15 au 17/06/2022 Marty et al, NEJM 2017

CMV prophylaxis with Letermovir

CMV Px in R+ 
HSCT patients

R

LTV QD

Placebo

2:1

14 weeks
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Incidence of clinically significant 
CMV infection High Risk Low Risk

HR = Haplo; mmUD; UCBT; Ex-vivo TCD; aGVHD -> Cs

Marty et al, NEJM 2017

CMV prophylaxis with Letermovir
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CMV prophylaxis with Letermovir
Safety profile
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CMV prophylaxis with Letermovir

• Important remarks with LTV prophylaxis
§ Delayed infections
§ No impact on survival (CT ASMR IV)
§ No coverage against HSV/VZV
§ Interactions (OATP1B, CYP450)
§ Impact on immune reconstitution
§ Use as a secondary prophylaxis

• Approved indication (HAS) for CMV prophylaxis in HSCT R+

Incidence of clinically significant 
CMV infection

(Pbo ref) Week 24 Week 48

HR p-value HR p-value

LTV 0.58 (0.35-0.98) 0.04 0.74 (0.49-1.11) 0.14

Marty et al, NEJM 2017; Ljungman et al, CID 2019; Zammora et al, Blood 2021; 
Robin C et al, BBMT 2020

Polyfunctionality assessed by flow : IFNg + (CD107a, IL2, TNFa)
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Maribavir for preemptive treatment

20

MBV (400, 800, 1200 BID) is equivalent to VGCV
with a different safety profile

Maertens et al, NEJM 2019

CMV in HSCT NCT02927067

Preemptive 
treatment

R

MBV 400mg BID

VGCV 900mg BID

8 weeks tx Upcoming 
results



23es JNI, Bordeaux du 15 au 17/06/2022

Management of CMV: different strategies
Vi

ra
l R

ep
lic

at
io

n

Time

Prophylaxis

Preemptive

Curative

CMV viremia

CMV disease

Letermovir

GCV, FCV, CDV

Maribavir

Resistance ?
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When should I look for resistance?

• Refractoriness: 1 log10 increase after 2 weeks of well conducted therapy

• Probable refractoriness: stable viral load after 2 weeks of appropriate 
antiviral therapy

• Resistance: if symptoms of CMV disease worsen after 2 weeks of 
appropriate antiviral therapy
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What to do in case of resistant CMV ?

• Look for genotypic resistance and drug level
• Consider 2nd line therapy 

§ Alternate drug
§ CDV
§ Artesunate, anti-CMV Ig
§ Taper IS treatment
§ Cellular therapy

• If documented genotypic resistance, consider MBV, LTV…
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Maribavir for R/R CMV

Solstice trial

R/R CMV 
(HSCT or SOT)

R

MBV 400mg BID

IAT (VGCV/FCV/CDV)

8 weeks tx

Avery et al, CID 2021
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Letermovir for R/R CMV

Linder et al, Transpl Infect Dis 2021

N = 47 pts (27 SOT et 21 HSCT)
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Breakthrough infections and resistance with Letermovir

Phase II LTV HSCT
15/98 breakthrough infections (lower dose of LTV +++)
NGS variants 6/15 (1 mutation, 5 polymorphism)

Phase III LTV HSCT : 1/325 (1 mut)

Risk Factors
- DNAemia before LTV

- LTV low dose
- Gut GVHD

Chemaly et al, NEJM 2014; Marty et al, NEJM 2017 ; Douglas et al, JID 2020

UL56

UL89

LTV group : 50/79 productive NGS
2/50 showed UL56 variants associated with 
resistance
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Cellular therapy

Rooney et al, Immunological review 2014
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Take home message

CMV infection risk regarding the proportion of R+ in HSCT

Letermovir is powerful drug with excellent safety profile for prophylaxis 
strategy 

Recent and ongoing randomized trials for LTV and MBV with promising 
results

Importance to look for virological resistance in specific situations

NAVIRE cohort (PI: Pr Sophie ALAIN – CNR)
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