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Abstract

Cytomegalovirus (CMV) infection is a common and severe complication following allogeneic
stem cell transplantation (ASCT) and requires effective preemptive antiviral therapy. Both oral
and intravenous (IV) antiviral agents effectively reduce CMV viral load and achieve viral
clearance. Studies comparing oral and IV anti-CMV preemptive treatment in ASCT patients
with CMV reactivation showed a potential difference in treatment response and safety
profiles between the two administration routes. We retrospectively compared the efficacy
and safety of oral with intravenous (1V) anti-CMV preemptive therapy in ASCT recipients with
CMV reactivation. A descriptive retrospective study included patients who received their first
ASCT between January 2018 and June 2022. The monitoring oral load was assessed weekly
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using a quantitative polymerase chain reaction in plasma. Fifty-five patients developing 72
CMV reactivations were included. The median age was 29 years (range, 6-50). The main
underlying diseases were acute leukemia and aplastic anemia. Before ASCT, 96% of patients
were at high risk of CMV reactivation. CMV reactivations were observed at a median of 43
days (range, 16-270) post-ASCT. The median viral load at CMV reactivation was 248 copies/mL
(range, 150-4800). The first-line preemptive treatment was oral in 51 (71%) of the episodes
(Valganciclovir, n = 40; Leflunomide, n = 11) and IV in 21 (29%) of the episodes (Foscarnet, n
= 16; Ganciclovir, n =5). Response to first-line therapy was not statistically significant between
the two groups (74% vs 76%, p = 0.88). Thirteen (25%) and 5 (24%) episodes needed second
or subsequent-line therapy in the oral and IV groups, respectively. The hematological toxicity
was significantly higher in the oral group (61% vs 29%, p =0.01). The mean duration of hospital
stay per patient in the oral and IV groups was 7 days and 49 days (p < 103), respectively. More
non-CMV documented infections were observed in the IV group (38% vs 4%, p = 0.001). After
a median follow-up of 18 months (range, 2-55), the 2-year-overall survival, event-free survival
and cumulative incidence of non-relapse mortality were 85%, 75% and 6%, respectively. Our
results showed that the oral preemptive therapy for CMV reactivations after ASCT was as
effective as IV formulations and needed less hospital stay time. However, it is associated with
more hematological toxicity.

Keywords
Cytomegalovirus reactivation; allogeneic stem cell transplantation; viral load; preemptive
therapy

1. Introduction

Cytomegalovirus (CMV) reactivation is a common and potentially serious complication after
allogeneic hematopoietic stem cell transplantation (ASCT) and remains a major cause of morbidity
and mortality in recipients of ASCT [1]. It occurs in 30-70% of seropositive recipients, usually within
100 days after transplantation [2]. Immunosuppressant drugs and graft versus host disease (GVHD)
are the major risk factors for CMV reactivation [3]. Monitoring of CMV reactivation by weekly
quantitative PCR (qPCR) DNA in plasma allows for early detection. It enables the initiation of
preemptive antiviral therapy which plays a crucial role in managing CMV reactivation and preventing
CMV disease [4]. Two commonly used administration routes for antiviral drugs are oral and
intravenous (IV). The choice between oral and IV administration should consider various factors,
including patient characteristics, comorbidities, renal and gastrointestinal function, and the
availability of resources. This study compares the efficacy and safety of oral versus IV anti-CMV
preemptive strategies in ASCT patients with CMV reactivation. Because of the high incidence of CMV
seropositivity in the Tunisian population and no published data on CMV reactivation in our center,
we compared the outcomes of CMV reactivations in ASCT recipients receiving either oral or IV anti-
CMV preemptive therapies.
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2. Materials and Methods

This is a retrospective study, analyzing all consecutive CMV reactivations after ASCT, which were
treated preemptively at the national center of bone marrow transplantation in Tunisia from January
2018 to June 2022. Fifty-five patients developing 72 CMV reactivations were evaluated. All patients
with hematological malignancies received a myeloablative conditioning regimen based on
chemotherapy or total body irradiation and a transplant from HLA-identical sibling donors. Graft-
versus-host disease (GVHD) prophylaxis consisted of Cyclosporine and a short course of
Methotrexate, no other anti-GVHD prophylaxis was used. High-dose Acyclovir was used as antiviral
prophylaxis from day + 1 until the introduction of the preemptive therapy, then after till day + 180.

Patients who experienced CMV reactivation requiring preemptive oral or IV antiviral treatment
were included. We excluded patients with positive gPCR but less than 150 copies/ml, patients with
CMV disease and patients who had experienced spontaneously resolved CMV reactivation.

The institutional ethics committee has approved this study and all patients provided written
informed consent.

2.1 Diagnosis of CMV Reactivation

Monitoring of CMV infection was performed weekly after transplantation, from day +15 until day
+100 (and once every two weeks until day +180 in patients on steroids for GVHD), by real-time
quantitative polymerase chain reaction (qPCR) in EDTA plasma (Cobas AmpliPrep/COBAS TagMan),
with 56 Ul/mL as the limit of detection and 137 Ul/mL as the limit of quantification (1 copy = 0.91
Ul). Reactivation was considered positive if gPCR was 2150 copies/mL. The response was defined by
undetectable gPCR.

2.2 Preemptive Anti-CMV Strategies

Preemptive therapy was selected according to the patient’s hematological and renal status.
Initial preemptive therapy was given for at least two weeks. Patients who did not respond to the
first-line therapy after 2 weeks of treatment or developed severe toxicity were switched to a
second- or subsequent-line therapy. In our center, the preemptive therapy was started if gPCR 2150
copies/mL in patients on steroid therapy or if gPCR =150 copies/mL with increasing load in two
consecutive tests in patients without steroid therapy. Preemptive therapy is stopped if patients
have undetectable gPCR in two consecutive tests or develop severe toxicity. Patients were assigned
to the “oral group” if they received Valganciclovir (VGCV) or Leflunomide (LF) and to “intravenous
(IV) group” if they were treated with Foscarnet (FSC) or Ganciclovir (GCV).

2.3 Toxicity During the First-Line Treatment
The toxicity was graded according to the common toxicity criteria for adverse events version 4.0.
2.4 Non-CMV Documented Infection

Clinically documented infection (CDI) was defined as a fever in connection with unambiguous
diagnostic signs of localized infection without microbiological proof or if inaccessible for
examination; and microbiologically documented infection (MDI) was defined as a fever with
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plausible pathogenic evidence (in the microbiological/time context) in addition to identified
localized infection, or if blood culture was positive for pathogenic agents without a localized
infection [5].

2.5 Statistical Analysis

The patient characteristics between the oral and IV groups were compared by using Fisher’s exact
test or the x? statistic for categorical variables. Probabilities of the overall survival (OS) and the
event-free survival (EFS) were estimated by using the Kaplan-Meier method. Events for EFS included
relapse, death and non-relapse mortality (NRM). NRM was defined as death by any cause without
prior relapse and was estimated by cumulative incidence (Cl). Univariate comparisons of OS and EFS
probabilities were performed by using the log-rank test, and Gray’s test was used for univariate
analysis of the CI. P-values were based on two-sided hypothesis tests. Alpha was set at 0.05.

3. Results
3.1 Baseline Characteristics

A total of 72 episodes of CMV viremia occurred in 55 patients. The baseline characteristics of the
55 patients are presented in Table 1. The sex ratio was 1.5, and the median age was 29 years (range,
6-50 years). All patients were at high risk of CMV reactivation according to serological status. The
underlying diseases were acute leukemia (n = 38), aplastic anemia (n = 10), myelodysplastic
syndrome (n = 3), chronic myeloid leukemia (n = 2), lymphoma (n = 1) and myelofibrosis (n = 1).
Patients in the oral group were younger (p = 0.02) and had more acute GVHD (p = 0.02). The median
duration of hospital stay was longer in the IV group without significant differences (44 vs 27 days,
respectively, p = 0.24). Patients in the IV group experienced more non-CMV documented infections
(38% vs 4%, p = 0.001).

Table 1 Patients’ characteristics.

Oral Intravenous p
formulation formulation
Number of patients 37 (67%) 18 (33%)
Number of episodes 51 (71%) 21 (29%)
Gender
Female 13 (35%) 9 (50%) 0.29
Male 24 (65%) 9 (50%)
Age
<18 years 5(14%) 8 (44%) 0.02
>18 years 32 (86%) 10 (55%)
Diagnosis
Aplastic anemia 4 (11%) 6 (33%)
Acute myeloid leukemia 14 (38%) 4 (22%) 0.41
Acute lymphoid leukemia 13 (35%) 7 (39%) '
Others 6 (16%) 1 (6%)
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CMV donor/recipient status

D+/R+ or D-/R+ 36 (97%) 17 (94%) 1.00
Others 1(3%) 1(6%) '
Conditioning regimen
TBI-based (TBI-VP16, TBI-Cy) 8 (22%) 5 (28%)
CT-based (Bu-Cy, Fluda-Bu, TBF) 25 (67%) 7 (39%) 0.05
Non-myeloablative (hATG-Cy, rATG-Fluda-Cy) 4 (11%) 6 (33%)
Stem cell source
BM 17 (46%) 6 (33%)

. 0.63
Peripheral blood 20 (54%) 12(67%)
Sex-mismatch
Female to male 11 (30%) 7 (39%) 0.50
Other 26 (70%) 11 (61%)
Viral load at first reactivation (copies/mL)
Median 183 356 0.30
Range 150-4800 150-4477
Median time of onset of first CMV viremia
Median (days) 46 32 0.12
Range 18-210 16-270
First CMV reactivation
< day +100 40 (78%) 18 (86%) 074
> day +100 11 (22%) 3 (14%) '

2 (4%) 8 (38%)
colitis (n = 1) bacteremia (n =3)
Concurrent non-CMV documented infections  nephritis (n=1) fungemia (n=1) 0.001
CRBSI (n = 2)
pneumonia (n = 2)

Duration of hospital stay
mean (days) 7 49 <103
Acute GVHD grade 2l 28 (55%) 8 (38%) 0.02

TBI: Total body irradiation, CT: Chemotherapy, BM: Bone marrow, CMV: Cytomegalovirus,
CRBSI: Catheter related blood stream infection, GVHD: Graft-versus-host disease, Others:
myelodysplastic syndrome (n = 3), chronic myeloid leukemia (n = 2), lymphoma (n = 1) and
myelofibrosis (n = 1), TBI-based: TBI-VP16, TBI-cyclophosphamide, CT-based: busulfan. iv-
cyclophosphamide, Fludarabine- Cyclophosphamide, thiotepa-busulfan-fludarabine. hATG-Cy:
horse anti-thymocyte globulin-cyclophosphamide, rATG-Fluda-Cy: rabbit anti-thymocyte
globulin-fludarabine-cyclophosphamide.

3.2 CMV Characteristics in the Entire Cohort

The median time of viremia onset in the 72 episodes was 43 days (range, 16-270 days) after ASCT.
Fifty-eight episodes (80%) were detected before day 100 after ASCT. Forty-two (58%) patients
experienced a single episode and 13 (18%) patients experienced 2 or 3 episodes of viremia. In all
the episodes combined, the median viral load at diagnosis was 248 copies/ml (range, 150-4800),
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183 (range, 150-4800) and 356 (range,150-4477) in the oral and IV groups respectively (p = 0.30).
Thirty-six (65%) patients had acute GVHD grade Il and were on steroid therapy before CMV
reactivation. With a median follow-up of 18 months (range, 2-55), the 2-year OS, EFS (Figure 1) and
the 2-year Cl of NRM (Figure 2) were 81%, 75% and 6%, respectively.

Overall survival
Event-free survival

10 15 2

Post-transplantation time (months) Post-transplantation time (months)

Figure 1 Estimate of overall survival and event-free survival in the entire cohort.

—— Oral group
-==== |ntravenous group

P=0.17

Non relapse mortality

Post-transplantation time (months)

Figure 2 Cumulative incidence of non-relapse mortality in oral and intravenous groups.
3.3 Efficacy of Oral Versus Intravenous Anti-CMV Treatment

The first-line preemptive treatment was VGCV in 40 (55%), FSC in 16 (20%), LF in 11 (15%) and
GCV in 5 (7%) episodes. First-line preemptive therapy was successful in 38 of 51 (74%) and 16 of 21
(76%) of the episodes (p = 0.88), at a median of 28 days (range, 7-50) and 21 days (range, 7-42) in
the oral and IV CMV groups (p = 0.37), respectively. The median duration of the first-line preemptive
therapy was 21 days (range, 2-69) and 15 days (range, 4-32) in oral and IV groups (p = 0.08),
respectively. Among the 72 episodes, 18 (25%) required a second- or third-line therapy and all
cleared the virus: (5/5) in the IV group and (13/13) in the oral group (Table 2, Table 3). No patients
developed CMV end-organ disease.
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After a median follow-up of 18 months (range, 2-55), there was no statistically significant
difference in terms of OS, EFS and NRM (88% vs 80%, p = 0.79), (72% vs 83%, p = 0.48) and (3% vs
11%, p = 0.17) between oral and IV group, respectively.

Table 2 Strategy in oral group.

First-line Second-line Third-line

LF(n=1) FSC(n=1)
VGCV (n =40) FSC (n =4)

GCV (n=3) FSC(n=2)
F (n=11) VGCV (n =3)

FSC (n=2)

VGCV: Valganciclovir, LF: Leflunomide, FSC: Foscarnet, GCV: Ganciclovir

Table 3 Strategy in IV group.

First-line Second-line
FSC (n=16) GCV (n=1)
GCV (n=5) FSC (n =4)

FSC: Foscarnet, GCV: Ganciclovir
3.4 Safety of Preemptive Therapy

Hematologic toxicity was observed in 20 (61%) and 6 (29%) of the episodes treated by oral and
IV formulations (p = 0.01), respectively. Neutropenia and thrombocytopenia grade >3 were
observed in 10 (20%) vs 3 (14%) and 11 (21%) vs 1 (5%) of the episodes in the oral and IV groups,
respectively. No patients developed renal toxicity after the first-line therapy by FSC. Treatment
discontinuation was necessary in 17 episodes (13 with VGCV and 4 with LF) in the oral group, and in
3 episodes in the IV group, respectively. In the univariate analysis, factors associated with toxicity
were: age 218 years (p = 0.03), acute GVHD before CMV reactivation (p = 0.007), high-dose steroids
(p = 0.03), early reactivation (p = 0.06) and oral treatment (VGC or LF) (p = 0.01).

Patients in the IV group experienced more non-CMV documented infections (38% vs 4%, p =
0.001), related to 2 infections in the oral group (1 colitis, 1 nephritis), and 8 in the IV group (3
bacteremias, 1 fungemia, 2 catheters related bloodstream infection, 2 pneumonia).

The mean duration of hospital stays per patient in the oral and IV groups was 7 days and 49 days,
respectively (p < 103).

4, Discussion

Cytomegalovirus reactivation is a significant complication in ASCT patients and is potentially
associated with end-organ disease, leading to increased morbidity and mortality. Preemptive
antiviral therapy is crucial in managing CMV reactivation [6, 7]. However, the optimal route of
administration remains debated. Our study compares the efficacy and safety of oral versus IV anti-
CMV preemptive strategies in allogeneic SCT patients with CMV reactivation. The choice between
oral and IV anti-CMV preemptive antiviral agents, such as valganciclovir, ganciclovir and foscarnet
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should consider various factors, including patient-specific characteristics, the severity of CMV
reactivation, drug tolerability, and resource availability.

Oral administration offers the advantages of convenience, and reduced healthcare costs. It
allows patients to self-administer the medication without the need for healthcare professionals.
This aspect is particularly beneficial in outpatient settings or when patients are discharged.
Furthermore, oral medications generally have a good safety profile and are associated with minimal
adverse effects. In contrast, IV administration allows for better drug bioavailability, especially in
patients with gastrointestinal complications or poor oral absorption. We included 55 consecutive
recipients who developed 72 episodes of CMV reactivation and received preemptive therapy with
either oral (VGC and LF) or IV anti-CMV formulations (FSC and GCV).

All patients in the IV group and 94% of the oral group responded and converted to a negative
gPCR after the first- or second-line therapy. The remaining patients (6%) required a third-line
therapy with FSC, and all responded. The differences between the two groups were not statistically
significant regarding OS, EFS and NRM. These results aligned with other studies using oral VGC or IV
formulations (GCV or FSC), demonstrating a response rate above 90% after 2 weeks of therapy and
less than 5% of CMV disease [8-14]. Ganciclovir and foscarnet are two commonly used IV antiviral
agents for CMV management. These medications have effectively reduced CMV viral load and
prevented disease progression in allogeneic SCT patients. Intravenous therapy is particularly useful
in cases where oral medications are contraindicated, such as gastrointestinal dysfunction.
Additionally, foscarnet allows for flexibility in dose adjustment based on renal function, which is
crucial as this antiviral agent can cause nephrotoxicity. In our institution, oral formulations were
used as the preferred primary preemptive therapy in patients without cytopenia or symptomatic
digestive acute GVHD, because they offer advantages such as hospital avoidance, sparing renal
function and reduced cost. In our study, the baseline CMV loads in the oral and IV-treated groups
were comparable, indicating similar anti-CMV activity. However, Gokarn et al. found that oral
preemptive therapy with LF is more effective in patients with a lower CMV burden (<2 x 103
copies/mL [15]. In a small retrospective study including 15 patients, eleven patients (73%) had
completed a 28-day therapy with VGCV, and all patients had complete clearance of the virus with a
median time of 6 days (range 4-18 days). In this study, six patients (40%) experienced hematological
toxicity, specifically neutropenia and/or thrombocytopenia, which resulted in the discontinuation
of the drug in four cases [16]. In a prospective study by Liu Kai-yan et al., among 54 patients treated,
89% (48/54) responded to VGCV and no significant toxicity was observed in this study [17].

CMV reactivation has been identified as an independent prognostic factor for worse outcomes
following ASCT, as it is associated with substantial morbidity and mortality [18, 19]. In our study,
despite the high-risk profile of our patients and the presence of acute GVHD and steroid therapy,
the 2-year OS, EFS and NRM were favorable (81%, 75% and 6% respectively) with statistically no
significant difference observed between the oral and IV treatment groups. The encouraging results
observed in our study can be attributed to the implementation of early preemptive therapy initiated
at a relatively low CMV burden (2150 copies/ml). This hypothesis is supported by a retrospective
study including 174 ASCT recipients, wherein 109 patients (63%) experienced CMV viremia. The
study revealed a strong correlation between a peak viremia level of 2150 IU/mL and a decreased
likelihood of spontaneous clearance (relative risk, 0.16; 95% confidence interval, 0.1-0.27),
regardless of established clinical risk factors such as CMV donor serostatus, exposure to anti-
thymocyte globulin, and underlying lymphoid malignancy. The median time for viremia clearance
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was significantly shorter in patients who initiated therapy at a CMV level of 350 IU/mL compared to
those who started at a higher level (44% versus 57%; p = 0.42) [20]. However, patients in the oral
group experienced an increased incidence of grade 3-4 neutropenia and thrombocytopenia,
compared to the IV group in which most received FSC. Few patients were treated by GCV (76% vs
24%) avoiding myelosuppression. However, the treatment discontinuation due to grade 3-4
neutropenia was manageable with hematopoietic growth factors. Patients in the IV group
experienced developed more non-CMV documented infections than the oral group.

Our study was not designed to evaluate the pharmacoeconomic cost difference between the oral
and IV routes of antiviral treatment. Ueno Rie et al. conducted cost-effectiveness analyses to
evaluate the financial impact of oral and IV anti-CMV preemptive strategies. This analysis considered
direct costs, such as drug acquisition costs, hospitalization expenses, and outpatient visit fees, as
well as indirect costs associated with CMV-related complications, extended treatment duration, or
readmissions. The incremental cost associated with 1V therapy was relatively higher [21].

Despite these positive results, our study has several limitations related to its retrospective design,
the small sample size, and the low threshold load chosen to start preemptive therapy. In our
practical experience, 65% of our patients with acute GVHD and a low gPCR showed a rapid increase
in the viral load, when on steroid therapy. As a consequence, the course of CMV infection can be
rapidly progressive and ultimately fatal [22-25]. However, the exact threshold for treatment is still
an area of controversy, different thresholds have been used and vary according to the severity of
immunosuppression and different centers [9, 26-28]. In a recent survey conducted by the infectious
disease working party of the European Bone Marrow Transplantation (EBMT), there was large
variability on the threshold of CMV viremia used to start preemptive therapy; however, the
preference was for a CMV load >103 copies/mL [29].

5. Conclusions

In our study, oral and IV anti-CMV preemptive strategies showed efficacy in managing CMV
reactivation in ASCT patients. However, the oral formulation was associated with fewer non-CMV
documented infections and hospital stays, but more hematological toxicity. Randomized studies are
needed to establish standardized guidelines and evaluate the long-term outcomes associated with
each strategy to improve the management of CMV reactivation in this vulnerable patient population.
Similarly, a larger study, including pharmacoeconomic evaluation, is warranted to assess these two
strategies.
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