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Direct and indirect effects of CMV
• CMV is one of the most common infectious complications after a solid organ transplant 

(SOT) and is associated with morbidity, graft loss, and mortality
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Prevention of CMV infection/disease
• CMV prophylaxis decreases the risk of CMV infection and disease

Prevention of CMV

Preemptive therapy

• Treatment in case of CMV replication

• Weekly monitoring of CMV DNAemia (Logistics)

• Predetermined threshold for starting therapy

• Conflicting data on the prevention of indirect 
effects

• GCV  IV/ VGC

Universal prophylaxis

• All patients except D-/R-

• 3 to 6 months according to status

• GCV IV/ VGC/Valacyclovir

• Risk of late onset CMV disease
(D+/R-, Short course of prophylaxis, Deep IS, Type 
transplantation, recent acute rejection episode)

Kotton et al., Transplantation 2018
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Comparison of both strategies

Kotton et al., Transplantation 2018
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CMV Prevention Guideline Recommendations

Kotton et al., Transplantation 2018
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Real world CMV management 
(ESOT survey: 224 transplant centres)
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• 90% of centres reported using prophylaxis
• 95% of centres reported using valganciclovir / 5% used valacylcovir
• 8% added CMV Ig IV
• 12% Hybrid strategy (Surveillance after prophylaxis)

D+/R-

Kamar et al. , ESOT 2021
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• 47% of centres reported using prophylaxis
• 48% of centres reported using premptive therapy (Liver +++)
• 18% no prevention in D+/R+
• 26% no prevention in D-/R+

R+
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Kamar et al. , ESOT 2021
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International Guidelines Treatment of CMV in SOT pts
• Drug: Oral VGCV 900 mg PO q12h or IV GCV 5 mg/kg q12h , adjusted for renal

function
− IV GCV: Life-threatening disease, very high viral load, questionable GI absorption
− Acyclovir, valacyclovir, letermovir not recommended

• Monitoring: Weekly CMV PCR, serum creatinine, and complete blood count

• Duration: 
− Until resolution of clinical symptoms
− Virological clearance below a pre-defined threshold or undetectable on 1 or 2 weekly samples
− Minimum of 2 weeks of therapy

Kotton et al., Transplantation 2018
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First Unmet need: Myelotoxicity of GCV/VGC

VGC
200 days
(n=156)

VGC
100 days
(n=164)

Leukopenia 38% 26%

Neutropenia 15% 15%

Anemia 15% 18%

Humar et al., AJT 2010

Real life setting: The ESOT survey

« Myelotoxicity was reported by 64% of 
centers»

Kamar et al., ESOT 2021
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Letermovir for prophylaxis in SOT patients ? 
• Letermovir:
− Selective terminase inhibitor, inhibits formation and release of virions particles
− Approved for prophylaxis in HCT (fewer clinically significant CMV events versus placebo) 
− No myelo or nephrotoxicity
− Not recommended for therapy due to lack of efficacy data and emergence of resistance
− Ongoing trial of letermovir versus valganciclovir to prevent CMV in kidney transplant 

recipients

Marty et al., NEJM 2017
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Recurre
nt

Refractory
Resistant

Chemaly et al., Clin Infect Dis 2019

Complicated CMV
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Ø Recurrent CMV DNAemia: 30%
Ø Recurrent CMV disease: 15%

Ø Risk factors:

vImmunosuppression: induction therapy, polyclonal antibodies, acute rejection, belatacept
vHigh viral load at diagnosis
vFailure to eradicate DNAemia at day 21 posttreatment
vLack CMV immunity
vD+/R-
vLymphopenia

Kaminski et al., JASN 2016

Natori et al., Transplantation 2017
Garnier, Clin Infect Dis 2018

Expansion of gamma delta T-cells

Risk factors for recurrent CMV
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Risk factors for resistant CMV

Prolonged antiviral drug exposure

D+/R-

Heavy immunosuppression (Polyclonal antibodies, belatacept)

Inadequate antiviral drug delivery 

Anti-CMV drug modifications due to modification in kidney function or 
toxicity

Kamar et al., ESOT 2021

Incidence of resistant CMV

- SOT: 5 to 12%
- Lung transplantation: up to 18%
- Kidney transplantation: 0 to 3% in D+/R-

given VGC prophylaxis

ESOT Survey: Rate of ganciclovir 
resistance:

- <1%: (164 centers, 74.2%)
- 1–5%: (52 centers, 23.5%) a rate of 1–

5%
- 6–10% : (5 centers, 2.2%)

Kotton et al., Transplantation 2018

Kotton et al., Transplantation 2013

Risk factors for resistant CMV
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Anti-viral drugs
Improving anti-CMV immune response

Reducing immunosuppression

Autologous adoptive specific T-cell 
Immunotheray: CD4, CD8, gd T-cells

CMV immunoglobulins

Management of complicated CMV
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Kotton et al., 
Transplantation 2018

Genotyping

Recommendation for treating resistant CMV
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CMV resistance
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High-dose Ganciclovir

• Dose escalation from 7.5 to 10 mg/kg every 12 hours in normal renal 
function

• Data in SOT limited to few case series
§ Successful outcomes in 6 patients with low-level DNAemia
§ 21% clearance rate in 14 patients with genotypic resistance and high-level DNAemia

• Neutropenia reported in approximately 50% of patients
• Narrow applicability

§ Low-level resistance UL97 gene mutations (C592G)
§ Low-level DNAemia
§ Asymptomatic or mildly symptomatic disease
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Overall 
• Virologic clearance: 66%
• CMV relapse: 31%
• Renal dysfunction: 51%
• 1 year mortality: 31%

Avery et al., Transplantation 2016
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Emerging anti-CMV therapy
• Maribavir
− Inhibits CMV DNA replication, encapsidation, and nuclear egress of viral capsids via 

inhibition of the UL97 protein kinase
− CMV viremia clearance within 6 weeks of treatment in HCT and SOT:

Maertens et al., NEJM 2019
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Key inclusion criteria
• SOT/HCT recipients
•CMV infection (plasma CMV 

DNA ≥910 IU/mL) 
•Refractory to most recent 

therapy (failure to achieve >1 
log10 decrease in CMV DNA after 
≥14 days)

Stratification factors
• Transplant type (HCT vs SOT)
• Screening CMV DNA level 

(low vs intermediate vs high)a

aCMV DNA levels in plasma (high: ≥91,000 IU/mL; intermediate: ≥9,100 and <91,000 IU/mL; low: <9,100 and ≥910 IU/mL). bRescue arm data not presented. cLLOQ was defined as <137 
IU/mL when assessed by COBAS® AmpliPrep/COBAS® TaqMan® CMV Test at a central specialty laboratory.
CMV, cytomegalovirus; HCT, hematopoietic cell transplant; LLOQ, lower limit of quantification; R, randomization; SOT, solid organ transplant.

Maribavir 400 mg orally twice daily for 8 weeks
N=235

Investigator-assigned therapy for 8 weeks
(val/ganciclovir, foscarnet, or cidofovir)

N=117

Rescue with maribavir for 8 weeksb
(eligibility assessed in Weeks 3–7)

R
2:1

Follow up for 12 weeks

Endpoints
Primary
Confirmed CMV clearance (plasma CMV DNA 
<LLOQc in 2 consecutive tests ≥5 days apart 
at central laboratory) at end of Week 8

Key secondary
CMV clearance and symptom control at end 
of Week 8 and maintained through Week 16

Avery et al., Clin Infect Dis 2021

Maribavir
Phase 3, randomized, open-label, multicenter study
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Primary endpoint: Significantly more patients achieved CMV viremia 
clearance at the end of Week 8 with maribavir versus IAT

aBetween-group difference among all randomized patients, adjusted for baseline CMV viral load (low, <9,100 IU/mL; intermediate/high, ≥9,100 IU/mL [plasma]; central laboratory COBAS 
CAP/CTM assay), and SOT/ HCT was compared with Cochran–Mantel–Haenszel tests (p≤0.05 significant).
CMV, cytomegalovirus; HCT, hematopoietic cell transplant; IAT, investigator-assigned therapy; SOT, solid organ transplant.
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Avery et al., Clin Infect Dis 2021
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Key secondary endpoint: Significantly more patients achieved 
CMV viremia clearance and symptom control at end of Week 8, and maintained through Week 16, 

with maribavir versus IAT

aBetween-group difference among all randomized patients, adjusted for baseline CMV viral load (low, <9,100 IU/mL; intermediate/high, ≥9,100 IU/mL [plasma]; central laboratory COBAS 
CAP/CTM assay), and SOT/ HCT was compared with Cochran–Mantel–Haenszel tests (p≤0.05 significant).
CMV, cytomegalovirus; HCT, hematopoietic cell transplant; IAT, investigator-assigned therapy; SOT, solid organ transplant.
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Avery et al., Clin Infect Dis 2021
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Adverse events: Maribavir vs. IAT

Preferred term, n (%) of patients
Maribavir 
(n=234) IAT (n=116)

By drug (IAT arm)b
Val/ganciclovir

(n=56)
Foscarnet

(n=47)
Cidofovir

(n=6)
Dysgeusia 87 (37.2) 4 (3.4) 2 (3.6) 0 1 (16.7)

CMV viremiac 24 (10.3) 6 (5.2) 4 (7.1) 1 (2.1) 0

Neutropenia 22 (9.4) 26 (22.4) 19 (33.9) 7 (14.9) 0

Acute kidney injury 20 (8.5) 11 (9.5) 1 (1.8) 10 (21.3) 0

Avery et al., Clin Infect Dis 2021
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Letermovir for refractory CMV infection in lung transplant 
patients 

ØAll patients were previously treated with GCV and CMV Ig
Ø 15 (53.6%) had a CMV disease
Ø 12 (42%) had GCV resistant (UL97 or UL54) 

A rapid response was observed in 23 patients (82.1%)

Veit et al., AJT 2021
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8 patients D+/R-

Ø Letermovir was introduced 223 +/- 105 days
after treatment of CMV

Ø VGC 900 mg/d

The use of adjunctive letermovir did not result in viral clearance

Jorgenson et al., TID 2021

The addition of adjunctive letermovir to valganciclovir for refractory 
cytomegalovirus viremia in kidney transplant recipients
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Ø 35 cardiothoracic transplant patients (L, H or H+L) 
Ø 8 had detected mutations
Ø Anti-CMV Ig (Biotest, 2 to 3 mL/kg): 13 (1 to 25 doses)
Ø Add to GCV/VGC + Leflunomide in patients with detected resistance

After 4 weeks, CMV DNA was reduced in all patients (range: 10%-100% reduction), and was undetectable in 73% (24/33) 
cases Santhanakrishnan et al., Clin Transplant 2019

Santhanakrishnan et al., Transplant Infect Dis 2021

CMV Ig rescue therapy in cardiothoracic transplantation
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Conclusion

v Unmet needs: 
Ø Myelotoxicity of available anti-CMV therapies
Ø Improvement in the management of complicated CMV (Recurrence, Refractory 

and Resistant)

v Maribavir has been shown to be efficient for treating refractory and resistant CMV. 
However, a proportion of patient remains viremic or relapses after therapy

v Anti-CMV Ig seems also to be efficient for treating complicated CMV

v Further studies are required for determining the best option for treating 
complicated CMV
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