
7. Clinical uses of the drug 3645

that is intolerant of, or resistant to treatment with standard 
antivirals. This “salvage therapy” situation may range from 
asymptomatic infection with lower viral loads to severe end- 
organ disease and/or extreme viral loads, in those with vari-
ous degrees of immunosuppression. Only limited data are 
available from small open label nonrandomized studies, giv-
ing the impression of mixed outcomes dependent on risk 
factors yet to be quantified. 

Avery and colleagues (2010) reported a series of six cases 
of maribavir salvage therapy at 400 mg twice daily involving 
lung, heart, kidney, intestinal, and stem cell transplant recip-
ients. A total of four of the six had documented ganciclovir- 
resistant viral infection, and five patients had symptomatic 
CMV disease, including pneumonitis, enteritis, or retinitis 
(Avery et al., 2010). Starting viral loads ranged from 7,200 to 
1.8 million copies/ml (median 34,600). Treatment duration 
was 15–376 days (median 207). Four of the patients cleared 
their plasma CMV DNA within 6 weeks of therapy. The stem 
cell recipient with pneumonia died at 15 days, despite clear-
ing viral DNA, but disease was stable or resolved in three 
others. The patient with the highest starting viral load 
became the first case of genotypic and phenotypic maribavir 
resistance (Strasfeld et al., 2010) but eventually achieved 
plasma viral DNA suppression with reduced immunosup-
pression. Anecdotally, the patient with the most rapid and 
sustained viral load response was concomitantly receiving 
sirolimus, which synergizes with maribavir in vitro (Chou et 
al., 2006). Dose adjustment was required for sirolimus as 
predicted (Pescovitz et al., 2009). No dose-limiting adverse 
effects were attributed to maribavir.

An open-label program for maribavir salvage therapy in 
Europe has resulted in some preliminary outcome data being 
made public. In 12 solid organ (mainly kidney) or stem cell 
recipients in France, mostly treated with 400 mg twice daily, 
the viral load response to therapy was considered good in 
6 cases and delayed or poor in the rest (Alain et al., 2013). 
Interpretation of outcome was complicated by the concomi-
tant use of foscarnet in several cases. A more recent update 
on 22 solid organ and 13 stem cell transplant recipients 
receiving salvage therapy at 800–1600 mg/day for at least 3 
weeks reported a 60% response rate, as defined by a drop in 
viral load at 3 weeks of > 2 log or to undetectable (Alain et al., 
2015). There were 5 resulting cases of genotypic maribavir 
resistance (14% of the 35 subjects). No clear predictors of 
treatment failure were reported.

A phase II trial of maribavir salvage therapy in stem cell 
and solid organ transplant recipients randomized subjects 
to twice daily doses of 400, 800, and 1200 mg (clinicaltrials 
.gov identifier NCT01611974, active 2012–2014). Entry cri-
teria included plasma viral DNA > 1000 copies/ml. Therapy 
in combination with other CMV antivirals was not permit-
ted. Those with severe gastrointestinal disease or expected 
survival < 6 weeks were excluded. Pending publication of 
results, it was announced by the sponsor (Shire, 2015) that 
“approximately two-thirds of patients across the maribavir 
treatment groups achieved an undetectable plasma CMV 
DNA (viral load) within 6 weeks.” Preliminary data have been 

posted at clinicaltrials.gov. A new phase III trial of twice 
daily 400 mg doses as salvage therapy in transplant recipients 
was initiated at the end of 2016 (clinicaltrials.gov identifier 
NCT02931539).

7b.  EBV infection

The observed in vitro antiviral activity of maribavir on EBV 
replication has not been assessed clinically.

REFERENCES

Alain S, Gomes M, Moulinas R et al. (2015). Bridging the gap? Benefits and 
emergence of resistance using maribavir as rescue therapy in European 
transplant recipients. Abstract O59. Paper presented at the 15th 
International CMV/Betaherpesvirus Workshop, Brisbane, Australia.

Alain S, Revest M, Veyer D et al. (2013). Maribavir use in practice for cyto- 
megalovirus infection in French transplantation centers. Transplant  
Proc 45: 1603.

Avery RK, Marty FM, Strasfeld L et al. (2010). Oral maribavir for treatment of 
refractory or resistant cytomegalovirus infections in transplant recipients. 
Transpl Infect Dis 12: 489.

Becke S, Fabre-Mersseman V, Aue S et al. (2010). Modification of the major 
tegument protein pp65 of human cytomegalovirus inhibits virus growth 
and leads to the enhancement of a protein complex with pUL69 and 
pUL97 in infected cells. J Gen Virol 91: 2531.

Bigley TM, Reitsma JM, Terhune SS (2015). Antagonistic relationship between 
human cytomegalovirus pUL27 and pUL97 activities during infection.  
J Virol 89: 10230.

Biron KK, Harvey RJ, Chamberlain SC et al. (2002). Potent and selective 
inhibition of human cytomegalovirus replication by 1263W94, a ben- 
zimidazole l-riboside with a unique mode of action. Antimicrob Agents 
Chemother 46: 2365.

Chou S (2009). Diverse cytomegalovirus UL27 mutations adapt to loss of 
viral UL97 kinase activity under maribavir. Antimicrob Agents 
Chemother 53: 81.

Chou S, Ercolani RJ, Marousek G, Bowlin TL (2013). Cytomegalovirus UL97 
kinase catalytic domain mutations that confer multi-drug resistance. 
Antimicrob Agents Chemother 57: 3375.

Chou S, Hakki M, Villano S (2012). Effects on maribavir susceptibility of 
cytomegalovirus UL97 kinase ATP binding region mutations detected 
after drug exposure in vitro and in vivo. Antiviral Res 95: 88.

Chou S, Marousek GI (2008). Accelerated evolution of maribavir resistance 
in a cytomegalovirus exonuclease domain II mutant. J Virol 82: 246.

Chou S, Marousek GI (2006). Maribavir antagonizes the antiviral action of 
ganciclovir on human cytomegalovirus. Antimicrob Agents Chemother 
50: 3470.

Chou S, Marousek GI, Senters AE et al. (2004). Mutations in the human 
cytomegalovirus UL27 gene that confer resistance to maribavir. J Virol 
78: 7124.

Chou S, Van Wechel LC, Marousek GI (2007). Cytomegalovirus UL97 kinase 
mutations that confer maribavir resistance. J Infect Dis 196: 91.

Chou S, Van Wechel LC, Marousek GI (2006). Effect of cell culture conditions 
on the anticytomegalovirus activity of maribavir. Antimicrob Agents 
Chemother 50: 2557.

Drew WL, Miner RC, Marousek GI, Chou S (2006). Maribavir sensitivity of 
cytomegalovirus isolates resistant to ganciclovir, cidofovir or foscarnet. 
J Clin Virol 37: 124.

Evers DL, Komazin G, Shin D et al. (2002). Interactions among antiviral drugs 
acting late in the replication cycle of human cytomegalovirus. Antiviral 
Res 56: 61.

Gershburg E, Hong K, Pagano JS (2004). Effects of maribavir and selected 
indolocarbazoles on Epstein-Barr virus protein kinase BGLF4 and on 
viral lytic replication. Antimicrob Agents Chemother 48: 1900.

Gershburg E, Pagano JS (2002). Phosphorylation of the Epstein-Barr virus 
(EBV) DNA polymerase processivity factor EA-D by the EBV-encoded 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov



