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Abstract
Cytomegalovirus (CMV) is one of the most common viral pathogens causing clinical disease in liver transplant recipients, and contributing to substantial morbidity and occasional mortality. CMV causes febrile illness often accompanied by bone marrow suppression, and in some cases, invades tissues including the transplanted liver allograft. In addition, CMV has been significantly associated with an increased predisposition to acute and chronic allograft rejection, accelerated hepatitis C recurrence, and other opportunistic infections, as well as reduced overall patient and allograft survival. To negate the adverse effects of CMV infection on transplant outcome, its prevention, whether through antiviral prophylaxis or preemptive therapy, is an essential component to the management of liver transplant recipients. Two recently updated guidelines have suggested that antiviral prophylaxis or preemptive therapy are similarly effective in preventing CMV disease in modest-risk CMV-seropositive liver transplant recipients, while antiviral prophylaxis is the preferred strategy over preemptive therapy for the prevention of CMV disease in high-risk recipients [CMV-seronegative recipients of liver allografts from CMV-seropositive donors (D+/R-)]. However, antiviral prophylaxis has only delayed the onset of CMV disease in many CMV D+/R- liver transplant recipients, and such occurrence of late-onset CMV disease was significantly associated with increased all-cause and infection-related mortality after liver transplantation. Therefore, a search for better strategies for prevention, such as prolonged duration of antiviral prophylaxis, a hybrid approach (antiviral prophylaxis followed by preemptive therapy), or the use of immunologic measures to guide antiviral prophylaxis has been suggested to prevent late-onset CMV disease. The standard treatment of CMV disease consists of intravenous ganciclovir or oral valganciclovir, and if feasible, reduction in pharmacologic immunosuppression. In one clinical trial, oral valganciclovir was as effective as intravenous ganciclovir for the treatment of mild to moderate CMV disease in solid organ (including liver) transplant recipients. The aim of this article is to provide a state-of-the art review of the epidemiology, diagnosis, prevention, and treatment of CMV infection and disease after liver transplantation.
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Core tip: This paper summarizes the current state in the management of cytomegalovirus disease after liver transplantation, including a review of recently updated guidelines for diagnosis, prevention and treatment.
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INTRODUCTION
Cytomegalovirus (CMV) is the single most common viral pathogen that influences the outcome of liver transplantation[1,2]. CMV is a ubiquitous herpes virus that, depending on the population studied, infects 50%-100% of humans[1,2]. Primary CMV infection in immune competent individuals presents most commonly as an asymptomatic illness or less commonly as a benign infectious mononucleosis-like syndrome. When CMV infection occurs in individuals with compromised immunity, such as liver transplant recipients, clinical disease with high morbidity may develop and, occasionally, may lead to death if untreated[1,2].

Primary infection results in viral latency in various cells, and ensures the persistence of the virus throughout the life of the host[1,2]. Such characteristic plays an important role in how liver recipients develop CMV infection. First, cellular sites of viral latency become reservoirs for reactivation during periods of inflammation (such as allograft rejection and critical illness). And second, cellular sites of viral latency serve as vehicles for transmission to susceptible hosts (i.e., during blood transfusions and transplantation of liver allografts latently infected with CMV)[1-5].

CLINICAL IMPACT OF CMV ON LIVER TRANSPLANTATION

Direct CMV effects

The classic illness caused by CMV after liver transplantation is manifested most commonly as fever and bone marrow suppression (most commonly, leukopenia and neutropenia, termed CMV syndrome). CMV syndrome accounts for over 60% of CMV diseases after liver transplantation. Less commonly, CMV infection may clinically manifest as tissue-invasive disease (which may involve any organ system) (Table 1)[1]. The most common organ system involved is the gastrointestinal tract (in the form of CMV gastritis, esophagitis, enteritis, and colitis). Gastrointestinal CMV disease accounts for over 70% of tissue-invasive CMV disease cases in liver and other solid organ transplant recipients[6]. The transplanted liver allograft is also predisposed to develop tissue-invasion by CMV (i.e., CMV hepatitis), and this is often manifested with symptoms that may be clinically indistinguishable from acute rejection[7].

CMV disease among liver recipients who are not receiving antiviral prophylaxis occur most commonly during the first 3 mo after transplantation[8]. Overall, it is estimated that 18%-29% of all liver transplant recipients will develop CMV disease in the absence of prevention strategy (Table 2)[4,5,9-11]. However, this incidence varies depending upon donor and recipient CMV serologic status; it may be as high as 44%-65% in CMV D+/R-, or as low as 1%-2% among CMV D-/R- patients (who may still acquire the virus from natural transmission or through blood transfusion). The incidence is between 8%-19% among CMV-seropositive (CMV R+) liver transplant recipients[4,9,11].

The incidence of CMV disease is markedly reduced in liver transplant recipients who received 3 mo of valganciclovir or oral ganciclovir prophylaxis. The CMV disease incidence rates are 12%-30% in CMV D+/R-, and < 10% of CMV R+ liver transplant recipients who received 3 mo of antiviral prophylaxis[3,4,9,11-13]. The onset of disease in these patients occurs during first 3-6 mo after completing antiviral prophylaxis; hence, the term late-onset CMV disease[3]. To reduce the incidence of late onset CMV disease, there have been efforts to prolong prophylaxis to 6 mo in CMV D+/R- liver recipients. There is limited data available on the incidence of late-onset CMV disease after 6 mo of prophylaxis, although this is estimated to be further reduced by half (e.g., about 15% of CMV D+/R- liver recipients).

Indirect CMV effects

CMV has a variety of indirect effects that are believed to be mediated by the ability of the virus to modulate the immune system (Table 1)[1,2]. CMV is a potent up-regulator of alloantigens, which increases the risk of acute rejection and chronic allograft dysfunction[14]. CMV has been associated with vanishing bile duct syndrome and ductopenic rejection that leads to chronic cholestasis and allograft failure[15-17]. A higher incidence of vascular and hepatic artery thrombosis has been reported in liver recipients with CMV disease, and this effect is postulated to result from infection of the vascular endothelial cells[18,19]. 
The immunomodulatory effects of CMV may account for a higher predisposition to develop opportunistic infections due to fungi, other viruses, and bacteria[20,21]. CMV-infected transplant recipients are more likely to develop Epstein-Barr virus-associated post-transplant lymphoproliferative disorders, or develop co-infections with other viruses such as human herpesvirus (HHV)-6 and HHV-7[20-22]. Co-infection with HHV-6 and HHV-7 is significantly associated with an increased predisposition to CMV disease[23-25]. Similarly, there is a significant association between CMV and hepatitis C virus (HCV) recurrence after liver transplantation[26-31], and this is clinically manifested as a more accelerated clinical course of HCV recurrence[29,31]. A recent retrospective study of 347 HCV-infected liver recipients observed that CMV infection increased by 1.5 times the risk of allograft fibrosis, while CMV disease increased by 3.4 times the risk of allograft inflammation[32]. A significant association between CMV infection and metabolic disease such as post-transplant diabetes mellitus has been reported. In a recent study of 169 non-diabetic liver recipients, CMV infection was a significant risk factor for development of new-onset diabetes after transplantation[33].

Impact on mortality

Through direct, indirect and possibly immunomodulatory mechanisms, CMV is associated with higher risk of death after liver transplantation[20,34,35]. The use of intravenous (IV) and oral ganciclovir has reduced the incidence of CMV disease and the risk of death due to CMV[20,36-38]. Despite these improvements in CMV prevention with use of antiviral drugs, late-onset CMV disease continues to occur, particularly among CMV D+/R- liver transplant recipients. Notably, late-onset CMV disease remains significantly associated with increased risk of mortality after liver transplantation[35]. In an analysis of 437 liver transplant recipients, CMV disease occurred in 37 patients (8.5%) and its occurrence was independently associated with a 5-fold increased risk of all-cause mortality, and 11-fold increased risk of infection-related mortality[35].
RISK FACTORS FOR CMV DISEASE AFTER LIVER TRANSPLANTATION

Lack of pre-existing CMV-specific humoral immunity

The most important risk factor for CMV disease after liver transplantation is a lack of effective CMV-specific immunity. In the clinical setting, this is best measured by serology to detect immunoglobulin G against CMV. Specifically, CMV D+/R- patients are at highest risk of CMV disease[4,20], while CMV R+ patients have modest and CMV D-/R- have the lowest risk of CMV disease after liver transplantation (Table 3).
Drug-induced suppression of immune function

Drug-induced immunosuppression impairs the ability of liver recipients to mount an effective immune response against CMV, thereby predisposing to higher risk of CMV disease[4,20]. Immune dysfunction is particularly intense with the use of lymphocyte-depleting drugs, as either induction or rejection therapy[39,40]. When alemtuzumab, an anti-CD52 lymphocytic antibody, is used for short-course induction therapy, the risk of CMV disease is not significantly increased[41,42]. However, when alemtuzumab is used as treatment for rejection, the risk of CMV disease is higher suggesting that rejection per se also increases the risk[42]. Basiliximab and daclizumab are associated with lower risk of CMV disease compared to anti-thymocyte globulin[43].

The combined effects of drugs for maintenance immunosuppression have been associated with CMV disease[1,2,20], although specific agents such as mycophenolate mofetil, when used at high doses has also been implicated to increase the risk[44,45]. In contrast, some of the newer immunosuppressive drugs such as sirolimus and everolimus [mammalian target of rapamycin (mTOR) inhibitor] have been associated with lower risk of CMV disease[46,47]. These observations have generated special interest in the use of the mTOR agents for patients at high risk of CMV disease.

Defects in innate immunity

Inherent defects in innate immunity, such as mutations in innate immunity-associated genes, increase the risk of CMV disease (Table 3). In a pilot study in 92 liver recipients with chronic HCV, the R753Q single nucleotide polymorphism (SNP) in the Toll-like receptor 2 (TLR2) gene was associated with a higher CMV replication and higher incidence of CMV disease. TLR2 is a pattern recognition receptor that senses the presence of CMV and signals the immune cells to produce antiviral peptides and cytokines; the R753Q SNP impairs this immunologic cascade[48]. A larger study of 737 liver recipients confirmed that TLR2 R753Q SNP was significantly and independently associated with CMV disease after liver transplantation, especially for tissue-invasive disease[49].

The lectin pathway of complement activation is also important in the innate immune response to CMV. Mannose binding lectin levels or mutation in its gene has been assessed as prognostic indicators of CMV disease after transplantation[50]. In a study of 295 liver recipients, whose donors were also genotyped for SNPs in mannose-binding lectin (MBL2), Ficolin-2 (FCN2) and MBL-associated serine protease genes, the risk of CMV infection was 2.77 fold higher with the gene profile of the donor and 4.57 fold higher for the combined MBL2 and FCN2 donor-recipient mismatch profile. These results were independent from donor-recipient CMV serostatus[51].

Other immune measures, such as programmed death-1 expression[52] have also been assessed for their association with CMV infection. In one study, programmed death-1 receptor up-regulation was significantly associated with incipient and overt CMV disease and with CMV viremia[52].

Lack of CMV-specific cell-mediated immunity 

Cell-mediated immunity are the most essential components to the control of CMV after liver transplantation[40]. Hence, measuring CMV-specific cell-mediated immunity is a promising strategy in CMV management after transplantation[53]. In one study, secretion of interferon- by CD8+ T cells during in vitro stimulation with CMV peptides was associated with a lower incidence of CMV disease in solid organ transplant recipients (including liver recipients)[54]. A variety of CMV-specific T-cell assays are currently being developed including QuantiFERON-CMV assay, ELISpot assay, and intracellular cytokine staining for IFN- using flow cytometry. The principle of these assays relies on the detection of cytokine (most commonly interferon-) production following in vitro stimulation with CMV antigens[55]. Recently, QuantiFERON-CMV assay was studied in a multi-center study that enrolled 124 high-risk (D+/R-) solid-organ transplant (including liver) recipients. Twenty five percent of patients had positive result, 65.3% had a negative result, and 9.7% had an indeterminate result. At 12 mo follow-up, patients with a positive QuantiFERON-CMV assay had a significantly lower risk of CMV disease (6.4%) compared to those with negative (22.2%) and indeterminate result (58.3%). The assay provides a positive and negative predictive values for protection from CMV disease of 0.90 (95%CI: 0.74-0.98) and 0.27 (95%CI: 0.18-0.37), respectively[53,56]. Collectively, these studies indicate that immune monitoring of CMV-specific T-cell responses may have a potential to predict individuals at increased risk of CMV disease, and may be useful in guiding the use of prophylaxis.

Allograft rejection

Allograft rejection can trigger CMV reactivation after transplantation[13]. The cytokines released during acute rejection, particularly tumor necrosis factor-[57], could transactivate CMV from latency[58,59]. Subsequent therapy for allograft rejection (intensified immunosuppression with the use of high doses of steroids or lymphocyte-depleting drugs) enhances viral replication by impairing the generation of an effective CMV-specific cell-mediated immunity[60]. In a bidirectional relationship, CMV increases the risk of allograft rejection[61].

Virus-to-virus interactions

Interactions among reactivated viruses have been proposed to enhance the risk of CMV disease after liver transplantation[22,23,27-31]. HHV-6 increases the risk of CMV disease after liver transplantation[22,23,25]. Likewise, HCV-infected liver transplant patients have a higher incidence of CMV disease[62], although the data in the era of valganciclovir prophylaxis has refuted this observation[26].

Viral burden and other factors

The risk of CMV disease after liver transplantation is associated, in direct proportion, with viral burden and the degree of CMV replication[9,24,63,64]. Other factors associated with CMV disease after liver transplantation include cold ischemia time, bacterial and fungal infections and sepsis, the amount of blood loss, fulminant hepatic failure as the indication for liver transplantation, age, female gender, and renal insufficiency[2,3,20,65].

PREVENTION OF CMV DISEASE AFTER LIVER TRANSPLANTATION

There are two major strategies for CMV disease prevention after liver transplantation: (1) preemptive therapy; and (2) antiviral prophylaxis. For preemptive therapy, patients are monitored for evidence of CMV replication by sensitive assays, most commonly using quantitative nucleic acid amplification tests by PCR and less commonly by detection of pp65 antigenemia, and upon the detection of asymptomatic CMV replication, antiviral therapy is administered preemptively to prevent progression to symptomatic clinical disease. In contrast, antiviral prophylaxis entails the administration of antiviral drugs such as valganciclovir to all patients at risk of CMV disease after liver transplantation[20]. Both of these strategies are similarly effective in preventing CMV disease after liver transplantation[4,5,66-69]. However, there has not been a large prospective well-controlled randomized trial directly comparing preemptive therapy and prophylaxis in liver transplant recipients. In a retrospective study comparing the two approaches in liver transplant recipients, antiviral prophylaxis was more effective in prevention of CMV disease in high risk D+/R-, but there were no differences in acute rejection, opportunistic infections, or rate of mortality[40,70]. Another retrospective study reported the incidence of CMV viremia was 4.9% and 50.0% (P < 0.001) at 3 mo in the antiviral prophylaxis and preemptive therapy groups, respectively, but the rates were expectedly reversed, at 24.6% and 8.3% (P = 0.026), respectively at 6 mo; the reversal of the rates during the latter period accounts for the higher rates of late onset CMV disease with antiviral prophylaxis[71]. An NIH-sponsored prospective study is being conducted in six transplant centers in the United States to compare the efficacy and safety of antiviral prophylaxis vs preemptive therapy in CMV D+/R- liver transplant recipients.

According to the recently updated American Society of Transplantation (AST) and The Transplantation Society (TTS) guidelines, preemptive therapy may be an option in CMV D+/R- liver transplant recipients, however, many authorities prefer to use antiviral prophylaxis in this high-risk population and reserve preemptive therapy for lower-risk populations[39,72]. The main reason for this preference for antiviral prophylaxis is the rapidity of CMV replication in CMV D+/R- liver recipients, which may escape detection with once weekly CMV surveillance. Indeed, antiviral prophylaxis has been used by the majority of American and European transplant centers in preventing primary CMV disease in high-risk CMV D+/R- liver transplant recipients[73,74]. Moreover, primary antiviral prophylaxis has the added benefit of reduction in bacterial and fungal opportunistic infections and mortality[34,35,37,75]. 

Preemptive therapy

The basic principle of preemptive therapy is to detect the presence of early CMV replication prior to the onset of clinical symptoms, so that antiviral therapy is administered early in order to prevent the progression of asymptomatic infection to clinical disease[64,66,67,69,76]. An example of a preemptive algorithm is shown in Figure 1. Preemptive therapy has the potential advantage of targeting therapy to the highest risk patients and thereby decreasing drug costs and toxicity. The success of this approach relies on several aspects including: (1) the optimal laboratory test and frequency and duration of monitoring; (2) selection of the appropriate population for preemptive therapy; and (3) choosing the type, dose and duration of an antiviral drug.

The two laboratory methods used for CMV surveillance for preemptive therapy are pp65 antigenemia assay and nucleic acid testing (NAT). During the past decade, clinical laboratories have been moving towards preference for NAT over antigenemia, mainly for assay sensitivities, performance and logistics. The pp65 antigenemia assay, a semi-quantitative assay based on detection of CMV pp65 antigen in infected leukocytes, has comparable sensitivity to CMV NAT[77], but it needs to be processed within 6-8 h of blood collection, it requires a large sample volume, it has subjective interpretation of results, and is labor-intensive. Accordingly, quantitative NAT is now the preferred method for detecting CMV after transplantation[78]. The assay has a better precision and faster turnaround time[79]. Because of its quantitative ability, the assay can distinguish between active viral replication (typically with high-level viremia) from latent virus (low-level viremia if using highly sensitive tests)[78]. In the past, NAT lacked standardization, and this prevented the generation of widely applicable viral load thresholds for various clinical applications. In 2011, CMV viral load standardization was made possible with the release of the World Health Organization (WHO) calibrator standard. A recent study applied this assay in the plasma samples of 267 solid organ (including liver) transplant recipients. This study demonstrated that patients with pretreatment CMV DNA of less than 18200 [4.3 log (10)] IU/mL have 1.5 fold higher chance for CMV disease resolution. Likewise, CMV suppression to less than 137 [2.1 log (10)] IU/mL is predictive of clinical response to antiviral treatment[80].

The optimal interval and duration of monitoring for preemptive therapy is still unknown, but guidelines recommend once weekly CMV NAT for 12 wk after liver transplantation. If a patient shows viremia above a defined threshold during the surveillance period, antiviral therapy (with oral valganciclovir or intravenous ganciclovir) should be initiated and continued until CMV viremia is no longer detectable[55,72]. Several studies have reported the success of IV ganciclovir or oral valganciclovir for preemptive treatment of CMV infection in liver transplant recipients, including high-risk CMV D+/R- patients[68,76]. However, some studies have indicated that preemptive therapy may not be completely effective in CMV D+/R- liver recipients since the replication kinetics of CMV in immune-deficient individuals is so rapid[63] that it may escape detection with once weekly surveillance[9,58,66]. Indeed, in our clinical experience, nearly 25% of CMV D+/R- liver recipients who developed CMV disease were not identified early despite weekly CMV PCR assay[9,58,66]. Accordingly, the recently updated AST and TTS guidelines prefer antiviral prophylaxis in CMV D+/R- liver recipients. In contrast, preemptive therapy is recommended for preventing CMV disease in CMV-seropositive liver recipients[55,72].

Clinical trials have demonstrated the efficacy of preemptive therapy in CMV disease prevention[66-68,76]. Three meta-analyses that collectively analyzed data from prospective clinical trials demonstrated the benefits of preemptive therapy in preventing CMV disease[35,36,68]. When conducted properly, preemptive therapy, with the use of IV ganciclovir or oral valganciclovir resulted in the reduction of CMV disease by about 70%[37,38,75]. Moreover, preemptive therapy is much less likely associated with late onset CMV disease (unlike in antiviral prophylaxis, as discussed below)[66,67]. Currently, valganciclovir is the most commonly used drug for preemptive therapy[73], and in one non-controlled study, it was demonstrated to be as effective in terms of clinical and virologic response, when compared to IV ganciclovir)[66,67]. In addition, preemptive therapy may be beneficial in reducing the indirect effects of CMV, although to a much lesser degree compared to antiviral prophylaxis. In one study, the incidence of major opportunistic infections, bacteremia, bacterial infection, HCV recurrence, and rejection were not significantly different between liver transplant patients who received preemptive therapy and those who did not have CMV reactivation[81].

Antiviral prophylaxis

Antiviral prophylaxis is highly effective in preventing the direct effects, and there is increasing evidence that it reduces the indirect effects of CMV after liver transplantation[4,5,37,38,75]. Compared to placebo or no treatment, patients who received antiviral prophylaxis had lower incidence of CMV disease (58%-80% reduction) and CMV infection (about 40% reduction)[75]. In one meta-analysis, a 25% reduction in the incidence of acute allograft rejection was observed[37]. In two studies, a reduction in all-cause mortality was observed[37,75], mainly due to a decline in CMV-related death[75]. A reduction in the incidence of other herpes viruses, bacterial, and protozoan infections were also observed[37]. Because of these additional benefits, liver transplant centers prefer the use of antiviral prophylaxis over preemptive therapy in the prevention of CMV disease, particularly in CMV D+/R- liver transplant recipients[73]. Table 4 shows the currently available antiviral drugs for CMV prophylaxis and treatment in liver transplant recipients.

Valganciclovir vs ganciclovir prophylaxis

Ganciclovir-based regimen is more effective than acyclovir or immunoglobulins in reducing the incidence of CMV disease after liver transplantation. In one study, the administration of IV ganciclovir for 90-100 d reduced the incidence of CMV disease in CMV D+/R- liver transplant recipients to 5.4% (compared to 40% in patients who received less than 7 wk of prophylaxis)[44]. Oral ganciclovir, administered at 1000 mg PO three times daily, was compared to placebo, and there was a significant reduction in the 6-mo incidence of CMV infection (51.5% vs 24.5%, P < 0.001), and CMV disease (19% vs 5%, P < 0.001) in liver transplant recipients[4], including CMV D+/R- patients (44% vs 15%, P = 0.02) and patients who received antilymphocyte antibodies (33% vs 5%; P = 0.002)[4]. Among CMV R+ liver transplant recipients, oral ganciclovir for 12 wk reduced the incidence of CMV disease to 1% (compared to 7% in patients who received acyclovir)[82]. Oral ganciclovir, however, is poorly absorbed, and its oral administration results in low systemic ganciclovir levels[83].
Valganciclovir provides systemic ganciclovir levels that are comparable to IV ganciclovir[83,84]. Pharmacokinetic studies indicate that a 900 mg dose of valganciclovir achieves a similar daily area under the concentration time curve (AUC24) as an IV dose of 5 mg/kg of ganciclovir[83]. The role of valganciclovir in the prevention of CMV disease after liver transplantation was evaluated in a multicenter randomized non-inferiority clinical trial that compared it with oral ganciclovir in a cohort of 364 CMV D+/R- solid organ (including liver) transplant recipients (Figure 2). Among all solid organ transplant recipients, the 6-mo incidence of CMV disease was 12% and 15% in the valganciclovir and oral ganciclovir groups, respectively. Follow-up at one year, demonstrated that the incidence of protocol-defined CMV disease in all patients was 17% and 18% with valganciclovir and oral ganciclovir, respectively[5].

However, in a subgroup analysis of the 177 liver transplant recipients, the incidence of CMV disease was 19% in the valganciclovir group as opposed to only 12% in the ganciclovir group. There was also a higher incidence of tissue-invasive CMV disease in the valganciclovir group[5]. As a result of these findings, valganciclovir did not gain approval from the United States food and drug administration (US-FDA) for prophylaxis against CMV disease after liver transplantation. A recent meta-analysis of 5 controlled clinical studies, including 380 liver transplant recipients who received valganciclovir (450 or 900 mg daily) prophylaxis, showed the overall CMV disease rate was 12%, and the rate among D+/R- patients was 20%. The risk of CMV disease with valganciclovir was 1.8-fold higher than oral ganciclovir. For CMV D+/R- patients, the risk of CMV disease was 2-fold higher than oral ganciclovir. The risk of CMV disease remained significant with valganciclovir 900-mg daily dose, but not with the 450 mg dose. The risk of leukopenia with valganciclovir was 1.9-fold higher than those using oral ganciclovir[85]. Despite these findings, and even if not FDA-approved for this indication, valganciclovir remains as the most widely used drug for CMV prophylaxis after liver transplantation[73].

Maribavir prophylaxis

Maribavir, an investigational oral benzimidazole riboside with in vitro activity against CMV, was compared to oral ganciclovir, for prophylaxis in 303 high-risk liver transplant recipients. In this randomized, double blind, multicenter controlled trial, maribavir was less effective than oral ganciclovir for the prevention of CMV disease. Significantly fewer patients who received oral ganciclovir prophylaxis had confirmed CMV disease or CMV infection compared to maribavir at 100 d (20% vs 60%, P < 0.0001) and at 6 mo (53% vs 72%, P = 0.0053) after liver transplantation. Because of this finding (and the results of the bone marrow transplant trial), the clinical development of maribavir for CMV management is on hold[86].

CMV immunoglobulin

A combination of anti-CMV drugs and CMV immunoglobulin has been used in a clinical practice for prophylaxis. A pooled analysis of previous studies revealed a combination regimen may reduce severe CMV disease and mortality in solid organ transplant recipients; however the finding has been debated[87,88].

Late-onset CMV disease

In many high-risk CMV D+/R- individuals, the use of antiviral prophylaxis for 100 d has only delayed the onset of CMV disease to 3-6 mo after liver transplantation[3,5,13]. In our analysis of 67 CMV D+/R- liver transplant recipients who received 3 mo of oral ganciclovir and valganciclovir prophylaxis, the two-year incidence of CMV disease was 29%, and was similar between the two drugs (22% vs 28%, P = 0.63)[3]. The most common presentation of late-onset CMV disease was CMV syndrome, with fever and bone marrow suppression[3]. In less than half of the patients, CMV manifested as tissue-invasive disease, and frequently affected the gastrointestinal tract[3]. Factors such as age[3], female gender[3,89], renal dysfunction[77], and allograft rejection[13] predisposed to the development of late-onset primary CMV disease. Late-onset CMV disease appears to be clinically less severe, although it is associated with significant mortality after liver transplantation[35].

Because of the negative effect of late-onset CMV disease on overall outcome, a better method for CMV prevention is needed among CMV D+/R- liver transplant recipients. The recently updated AST and TTS guidelines suggest that the duration of antiviral prophylaxis may be prolonged from the standard 3 mo to 6 mo in CMV D+/R- liver transplant recipients[41,81]. This recommendation is based on the trial that investigated the approach in CMV high-risk D+/R- “kidney” transplant recipients. In the Improved Protection Against Cytomegalovirus in Transplantation study, the incidence of CMV disease was significantly lower in the 200 d vs 100 d of prophylaxis at the end of 1 year (16.1% vs 36.8%, P < 0.0001) and the result was persistent up to 2 years after transplantation (21.3% vs 38.7%, P < 0.001)[90,91]. In a retrospective study on 203 liver transplant recipients who received valganciclovir 900 mg daily for 3 to 6 mo, the overall incidence of CMV disease was 14%. The incidence was highest in D+/R- (26%) compared to 16% in D+/R+ group and 7% in D-/R+ group[92]. However, it is emphasized that 6 mo of antiviral prophylaxis has not yet been studied prospectively in the liver transplant recipients, and that valganciclovir is not FDA-approved for the prevention of CMV disease after liver transplantation. In addition, there are theoretical concerns about ganciclovir resistance and drug toxicity particularly with leukopenia with prolonged prophylaxis, although these were not demonstrated in the clinical trial. The cost of prophylaxis will need to be evaluated with the use of prolonged prophylaxis.

In summary, the duration of prophylaxis in D+/R- liver transplant recipients should generally be between 3 and 6 mo. For seropositive patients with either donor seropositive or seronegative, a majority of the experts suggested that 3 mo of prophylaxis is sufficient[55].

Hybrid approach

A new strategy has been utilized in some transplant centers to prevent late-onset CMV disease is hybrid strategy in which preemptive monitoring is initiated after completing prophylaxis. A retrospective study of 199 liver transplant recipients [including 23 (11%) high-risk D+/R- patients] who received 3 mo of valganciclovir prophylaxis and were monitored by CMV antigenemia after prophylaxis (twice a month up to month 6, and monthly until one year). The results were modest at best[93], possibly due to difficult and non-standardized logistics of this approach[94].

TREATMENT OF CMV DISEASE AFTER LIVER TRANSPLANTATION

The first line treatment of CMV disease after liver transplantation is IV ganciclovir or valganciclovir[62,76,93]. In contrast, oral ganciclovir should not be used for the treatment of CMV disease because of its poor bioavailability[20]. In addition, the degree of pharmacologic immunosuppression should be reduced if possible[20].

In a multi-center non-inferiority trial, 321 solid organ (including liver) transplant recipients with non-severe CMV disease were randomized to valganciclovir (900 mg twice daily) or IV ganciclovir (5 mg/kg twice daily) for a fixed 21-d course, followed by valganciclovir (900 mg once daily) maintenance treatment for 4 wk; the proportion of patients with viral eradication at 21 and 49 d were comparable in the IV ganciclovir and valganciclovir groups[93]. The overall time to viral eradication was 21 d with valganciclovir and 19 d with IV ganciclovir. The calculated viral decay was 11.5 d with valganciclovir and 10.4 d with IV ganciclovir. Likewise, clinical resolution was not different between the two groups. It was noted that patients enrolled into this trial were mostly CMV-seropositive, the majority were kidney recipients (although there were good number of liver transplant recipients), and patients with severe CMV disease were excluded. Despite these limitations, this pivotal trial now supports the use of valganciclovir for oral treatment of CMV disease, at least in selected transplant patients[93]. IV ganciclovir is preferable to valganciclovir in patients with severe or life-threatening disease, or in patients who may have a problem with gastrointestinal absorption of oral drug. In many instances, valganciclovir is used as a step-down treatment when the clinical symptoms have resolved after an initial induction treatment with IV ganciclovir.

The duration of treatment of CMV disease should be individualized[62,77]. The persistence of the virus at the end of therapy (by PCR or pp65 antigenemia) is associated with a higher risk of clinical relapse[78]. In the recent study that evaluated the role of viral load using a WHO standard calibrated assay, the degree of viral load at the time of CMV disease diagnosis and the presence or absence of viral load at the end of treatment were significantly associated with CMV disease resolution. It is now generally accepted that multiple (at least two) weekly negative CMV PCR results should be obtained before antiviral therapy is discontinued. Although this may be true for non-tissue invasive CMV syndromes, the utility of such an approach may not necessarily apply to some tissue-invasive disease, which may manifest as “compartmentalized disease”[20].

Treatment of compartmentalized CMV disease

Compartmentalized CMV disease refers to clinical syndromes wherein the virus is detected in the affected tissues but is minimally detectable or undetectable in the blood[20]. In the current era, gastrointestinal CMV disease constitutes the vast majority of tissue-invasive cases[3,8,20], and in a number of cases, especially in CMV R+ patients, this type of CMV disease is “compartmentalized”. In a retrospective study, the sensitivity of pp65 antigenemia assay (defined as detection of ≥ 1 positive cells/2 × 105 leukocytes) for diagnosis of CMV gastrointestinal disease was only 54%[79]. Such a clinical presentation is reminiscent of CMV retinitis, a very rare manifestation of tissue-invasive CMV disease after transplantation, that is often not accompanied by viremia[75,80]. This dilemma brings to the forefront the limitation of viral load monitoring in assessing duration of treatment. In our clinical practice, it is not uncommon to have negative blood PCR assay even when there remains histologic evidence of tissue invasion. Accordingly, it has been suggested to perform colonoscopy or upper endoscopy to document clearance of gastrointestinal CMV disease prior to discontinuation of therapy. However, our retrospective review of this practice suggests that this should not be generalized to all patients with gastrointestinal CMV disease. We observed that relapse of gastrointestinal CMV disease was significantly associated with extensive involvement of gastrointestinal tract at the time of diagnosis[81]. In contrast, CMV serologic conversion, degree of viral load, treatment duration, maintenance therapy, and endoscopic findings at the end of therapy were not significantly predictive of CMV relapse. Our experience indicates that endoscopic evidence of resolution of gastrointestinal disease may not be necessary in mild to moderate disease as long as sufficient therapy is provided[81].

Treatment of ganciclovir-resistant CMV disease

Ganciclovir-resistant CMV is now emerging as an important complication of prolonged antiviral drug use after transplantation[2,20,44]. Currently, ganciclovir-resistant CMV is very rarely seen in liver transplant recipients (while it is relatively more common after kidney-pancreas and lung transplantation). The estimated incidence of ganciclovir-resistant CMV after liver transplantation is < 0.5%[95,96]. Several studies have identified risk factors for ganciclovir-resistant CMV[2,20,44], including CMV D+/R- status, high levels of viral replication, potent immunosuppressive therapy, and suboptimal ganciclovir levels. The vast majority of drug-resistant cases involve the selection of viral strains with UL97 (kinase) mutation[2,20,44,83,84]. UL97 mutation generally confers resistance to ganciclovir, although in some cases, a concomitant UL54 mutation (CMV DNA polymerase) is also observed, in which case, cross-resistance with cidofovir and/or foscarnet is likely.

Drug-resistant CMV is associated with significant morbidity and mortality, and there is a very limited number of antiviral drugs (which are often toxic) available for treatment[82]. Drug-resistant CMV should be suspected when viral load or antigenemia rises or does not decline to undetectable levels despite IV ganciclovir treatment. In our retrospective study of 225 CMV D+/R- solid organ transplant recipients who received 3 mo of valganciclovir prophylaxis, CMV disease occurred in 65 patients (29%), including four (8%) caused by drug-resistant CMV, judged by the failure of the viral load to decline to undetectable levels while on IV ganciclovir treatment. The diagnosis is confirmed by genetic analysis to demonstrate mutational changes in UL97 and UL54 genes encoding for kinase and polymerase, respectively[40,82]. In patients where foscarnet or cidofovir was used, nephrotoxicity was a major and common adverse effect[85].

Other potential drugs for treatment of multi-drug resistant CMV include the off-label use of CMV Immunoglobulin (Cytogam®), adoptive infusions of CMV-specific T cells, leflunomide (an immunosuppressive drug), and artesunate (anti-malaria drug), although data supporting their use are only anecdotal[20,86]. Leflunomide acts at the stage of viral capsid assembly, not DNA replication, and therefore there is a potential use against ganciclovir-resistant strains. A single center retrospective study including 15 solid organ transplant recipients (but not including liver recipients) with drug-resistant[20,86], CMV infection treated with leflunomide monotherapy or in combination with other drugs showed some potential utility. At least half of patients (53%) had long-term responses in terms of control of CMV viremia and recurrences. The common side effects from this medication included diarrhea, anemia, and hepatic dysfunction[97].
Maribavir has also been used for treatment of drug-resistant CMV[98]. Anecdotal use in a small case series of 9 solid organ transplant recipients infected with resistant CMV showed the individual changes varied from a rapid decrease in viral load (n = 4) to no response (n = 3) with some late response slowly decreasing CMV viremia (n = 3)[99]. It has been used as salvage therapy at a higher dose (400 mg twice daily) for drug-resistant CMV infection, with mixed results including success in treating lower initial viral loads[97]. A new phase Ⅱ trial of maribavir for salvage treatment of refractory and resistant CMV infection was launched in 2012 (ClinicalTrials.gov ID: NCT01611974).

Other investigational drugs being developed for CMV management are CMX001 and AIC246 (Letermovir). CMX001 is an orally bioavailable derivative of cidofovir with lipid acyclic nucleotide converted intracellularly to the active antiviral to avoid the high renal concentrations and nephrotoxicity[100]. It has demonstrated in vitro activity against CMV. It has successfully completed phase Ⅱ clinical development for the prevention of CMV infection. There is an ongoing open-label, expanded-access study, CMX001-350 (ClinicalTrials.gov ID: NCT01143181), to provide access to CMX001 for patients who had no other treatment options[101]. Optimal dosing has yet to be determined, and diarrhea is a dose-limiting adverse effect. Letermovir (AIC246) is a small-molecular-weight compound with both in vitro and in vivo anti-CMV activity. It has distinct mechanism which acts late in the CMV replication cycle via a mechanism by not involving polymerase. Due to a lack of a human counterpart of the viral terminase complex, target-related toxicities are not expected. It also does not affect human blood precursor cells, and thus may allow the generation and expansion of CMV specific immunity during treatment. Theoretically, this may result in a lower rate of relapse after treatment of CMV infection or disease. Antiviral efficacy of letermovir was reported in phase Ⅱ prophylaxis studies in HSCT recipients[102]. The successful use of letermovir in decreasing viral load has been reported in one case report of lung transplant recipient with drug-resistant CMV disease[103].

CONCLUSION
Remarkable advances in molecular diagnostics and therapeutics led to marked reduction in the incidence and severity of CMV disease after liver transplantation, and a parallel decline in associated morbidity and mortality. However, despite these improvements, CMV remains a common infectious complication and continues to negatively influence the outcome of liver transplantation. In addition to viral factors and pharmacologic immunosuppression, the role of innate and adaptive immune deficiencies is being recognized in the pathogenesis of CMV disease after liver transplantation. Such novel findings should provide additional avenues and opportunities for improving our management strategies. Indeed, there have been increasing evidence to support the use of immunodiagnostics, by measuring CMV-specific T cells, as a tool to predict the risk of CMV disease. Prevention of CMV with antiviral prophylaxis and preemptive therapy is effective, and a clinical trial assessing and comparing these two strategies in a head-to-head comparison in liver transplant recipients is currently being performed in the United States. The international standard for CMV viral load testing has allowed for standardization of viral load reporting, hence permitting the derivation of thresholds for preemptive and diagnostic protocols. Currently, valganciclovir prophylaxis is the most common approach for the prevention of CMV disease in CMV D+/R- and R+ liver transplant recipients. Hybrid approach of prevention (antiviral prophylaxis followed by preemptive therapy) has been utilized in some institutions among high-risk D+/R- liver transplant patients, but the efficacy is debatable due to inconsistency in the monitoring logistics. The practice of prolonging antiviral prophylaxis in D+/R- liver transplant recipients from 3 to 6 mo has been extrapolated from studies in kidney transplant recipients. IV ganciclovir and oral valganciclovir are the standard drugs for treatment of established CMV disease, although valganciclovir should be limited to patients with mild to moderate CMV disease. Oral valganciclovir should be avoided as initial therapy for patients with severe CMV disease and those with questionable gastrointestinal absorption. The duration of treatment should be individualized, depending upon clinical and laboratory parameters such as the decline of CMV load in the blood as measured by rapid and sensitive molecular standardized testing. In this context, it is generally recommended that treatment be continued until all evidence of active infection, such as positive CMV viral load, has resolved. Ganciclovir-resistant CMV and compartmentalized tissue-invasive disease (most commonly with gastrointestinal CMV disease) are emerging challenges to the management of CMV after liver transplantation. These, together with the common occurrence of late-onset CMV disease in high-risk patients, should serve as catalysts to the ongoing search for the optimal management strategy for CMV disease after liver transplantation.
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Figure 1  Suggested algorithm for preemptive therapy. Figure adapted from Ref. [62].
[image: image2.png]Percent of patients

W Velganciclovir
O oral ganciclovir

12mo

6mo
‘Time since transplantation




Figure 2 Time to the onset of cytomegalovirus disease in solid organ transplant recipients who received three mo of oral ganciclovir or valganciclovir prophylaxis. Data obtained from the study by Paya et al[5].
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Table 3  Actors associated with increased risk of cytome�galovirus disease after liver transplantation


CMV D+/R- > CMV R+


�
�
Allograft rejection


�
�
High viral replication


�
�
Mycophenolate mofetil


�
�
Anti-thymocyte globulin


�
�
Alemtuzumab


�
�
Human herpesvirus-6


�
�
Human herpesvirus-7


�
�
Renal insufficiency


�
�
Deficiency in CMV-specific CD4+ T cells


�
�
Deficiency in CMV-specific CD8+ T cells


�
�
Toll-like receptor gene polymorphism


�
�
Mannose binding lectin deficiency


�
�
Chemokine and cytokine defects (IL-10, MCP-1, CCR5)


�
�
Expression of immune evasion genes


�
�
Programmed cell death 1 expression


�
�
Others1


�
�
1Others include re-transplantation, volume of blood transfusion, sepsis and other factors associated with high tumor necrosis factor-α secretion. D: Donor; R: Recipient; IL-10: Interleukin-10; MCP-1: Monocyte chemotactic protein-1; CCR5: Chemokine (C-C motif) receptor 5; CMV: Cytomegalovirus.





Table 1  Direct and indirect clinical effects of cytomegalovirus after liver transplantation


Direct effects


�
Indirect effects


�
�
CMV syndrome


�
Acute allograft rejection


�
�
   Fever


�
Chronic allograft rejection


�
�
   Myelosuppression


�
Vanishing bile duct syndrome


�
�
   Malaise 


�
Chronic ductopenic rejection 


�
�
Tissue-invasive CMV disease1


�
Hepatitis C virus recurrence


�
�
   Gastrointestinal disease 


�
Allograft hepatitis, fibrosis


�
�
   (colitis, esophagitis, gastritis, 


�
Allograft failure


�
�
   enteritis)


�
Opportunistic and other infections


�
�
   Hepatitis


�
Fungal superinfection


�
�
   Pneumonitis


�
Nocardiosis


�
�
   CNS disease


�
Bacterial superinfection


�
�
   Retinitis 


�
Epstein-Barr virus and PTLD


�
�
Mortality


�
HHV-6 and HHV-7 infections 


�
�
�
Vascular thrombosis


�
�
�
New onset diabetes mellitus 


�
�
�
Mortality


�
�
1Any organ system may be affected by cytomegalovirus (CMV). Data adapted from Ref. [104]. PTLD: Post-transplant lymphoproliferative disease; HHV: Human herpes virus. 





Table 2  Estimated incidence of cytomegalovirus disease during the first 12 mo after liver transplantation


�
Use of anti-CMV prophylaxis for 3-6 mo


�
�
�
Yes1


�
No


�
�
CMV D+/R-


�
            12%-30%


�
44%-65%


�
�
CMV D+/R+


�
2.70%


�
   18.20%


�
�
CMV D-/R+


�
3.90%


�
     7.90%


�
�
CMV D-/R-


�
                       0%


�
    1%-2%


�
�
All patients


�
4.80%


�
 18%-29%


�
�
1Most cases occur as delayed-onset cytomegalovirus (CMV) disease. CMV disease occurs rarely during prophylaxis with oral valganciclovir. Data adapted from Ref. [4,5,92,104]. D: Donor; R: Recipient.





Table 4  Currently available antiviral drugs for cytomegalovirus prophylaxis and treatment in liver transplant recipients


Drug


�
Route


�
Usual adult prophylaxis dose


�
Usual adult treatment dose


�
Comments on use and major toxicity


�
�
Ganciclovir


�
Intravenous


�
5 mg/kg once daily


�
5 mg/kg twice daily


�
Intravenous access; leukopenia


�
�
Ganciclovir


�
Oral


�
1 g three times daily


�
Not applicable


�
Low oral bioavailability; high pill burden


�
�
Valganciclovir


�
Oral


�
900 mg once daily


�
900 mg twice daily


�
Ease of administration; leukopenia


�
�
Foscarnet


�
Intravenous


�
Not recommended


�
60 mg/kg every 8 h


(or 90 mg/kg every 12 h)�
Second-line drug Intravenous access; nephrotoxicity


�
�
Cidofovir


�
Intravenous


�
Not recommended


�
5 mg/kg once weekly × 2 


then every 2 wk thereafter�
Third-line drug Intravenous access; nephrotoxicity


�
�









