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There is only limited data on cytomegalovirus (CMV) prophylaxis with high-dose (HD) aciclovir after allogeneic hematopoietic stem
cell transplantation (allo-HSCT). We performed a retrospective analysis on a total of 179 patients who underwent their allo-HSCT
with HD-aciclovir prophylaxis at our center. A clinically significant CMV infection (cs-CMVi) was observed in 56 (31%) cases with a
median time of 49 (range 25–147) days after HSCT. A significantly higher CMV infection rate was observed in seropositive recipients
with a seronegative donor (74%) compared to seropositive recipients with a seropositive donor, and seronegative recipients with
seropositive and seronegative donors (24%, 18%, 7% respectively; p < 0.001). The CMV serostatus was the only significant risk factor
for CMV infection in our analysis. CMV disease developed in three patients with CMV-related death in two cases. During HD-aciclovir
prophylaxis, we did not observe any medical condition attributable to HD-aciclovir’s adverse effects. Compared to published results,
we observed a low incidence of cs-CMVi with HD-aciclovir prophylaxis in several patient subgroups, especially in seropositive
recipients with a seropositive donor. With respect to the determined threshold, HD-aciclovir prophylaxis seems to have good
efficacy in an intermediate cs-CMVi risk patients, but prospective randomized trials would be needed for definite conclusions.
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INTRODUCTION
CMV is the most clinically important viral infection in patients after
allogeneic hematopoietic stem cell transplantation and is
associated with great morbidity and mortality [1, 2]. Frequent
CMV viremia monitoring and early preemptive antiviral therapy is
the most utilized strategy to prevent progression to end-organ
disease in many transplant centers [3, 4]. With this preemptive
approach, the incidence of CMV disease is reduced to less than
10% [5]. Although the CMV disease incidence remains low, CMV
reactivation with subsequent preemptive treatment is associated
with a significant increase in non-relapse mortality [1]. Myelosup-
pression after antiviral treatment with secondary bacterial and
fungal infections or increased risk of graft versus host disease in
patients with CMV reactivation are the most important causes of
worse overall outcome [2, 6]. Effective and safe anti-CMV
prophylaxis could reduce the risk of CMV reactivation and
improve mortality after HSCT. Several virostatic agents such as
ganciclovir and foscarnet have proven effective in reducing the
risk of CMV infection and disease, but significant organ toxicity is a
major limitation in its usage as prophylaxis [2, 7–10]. Primary
prophylaxis with letermovir led to a reduction in cs-CMVi with a
favorable toxicity profile [11], and is recommended for
CMV prophylaxis after allo-HSCT in CMV seropositive recipients
(CMV R+) [3, 4]. Nevertheless, in some countries and transplant
centers, the limited availability or financial burden of letermovir
may limit its use in daily practice. Before letermovir’s introduction,
several other antiviral drugs were evaluated for the prevention of
CMV infection and disease. Besides other CMV effective drugs

such as ganciclovir or foscarnet, data about high-dose (HD)
aciclovir use in CMV prophylaxis had previously been published
[10, 12–19]. Some of these analyses showed the HD-aciclovir’s
efficacy in prophylaxis of CMV disease and reactivation. Based on
these results, the primary CMV prophylaxis after allo-HSCT with
HD-aciclovir has been routinely used for more than 20 years in our
center. Our retrospective, single-center analysis presents the
results of long-term experience with HD-aciclovir for CMV
prophylaxis after transplantation in allo-HSCT recipients.

METHODS
Patients
We performed a retrospective analysis of 179 consecutive allo-HSCT
recipients transplanted at our institution between 2015 and 2019 with
CMV HD-aciclovir prophylaxis. All patients who received HD-aciclovir for at
least 1 day were included in the analysis, no other inclusion or exclusion
criteria were used. The time period of 5 years between 2015 and 2019 was
selected with the aim of ensuring consistency in terms of factors such as pre-
transplantation characteristics, type of preparation regime, GvHD prophylaxis
or the quality of supportive care and meets the current standards in real
clinical practice and enable better comparison to recent data. Analysis was
performed in accordance with local law and with the approval of the local
ethics committee. Informed consent was obtained from all patients.

HD-aciclovir administration, conditioning regimen and GvHD
prophylaxis
Since day −2 of transplantation, HD-aciclovir was administered intrave-
nously in doses of 500mg/m2 three times a day or 800mg four times a day
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orally. Prophylaxis was given for 6 months in CMV seronegative recipients
(CMV R−) and 12 months in seropositive recipients. In all patients, triple
graft versus host disease (GvHD) prophylaxis with pretransplant in vivo
antithymocyte globulin (ATG Grafalon) T-lymphodepletion (total dose
30mg/kg for related and 60mg/kg for unrelated donors) was adminis-
tered. Combined with ATG, cyclosporine A (3 mg/kg daily from day −1)
and methotrexate (15mg/m2 day 1 and 10mg/m2 day 3, 6 and 11) or
mycophenolic acid (15mg/kg twice a day from the day of transplant) was
used. Conditioning regimens used in our cohort are shown in Table 1.

CMV surveillance and management
CMV-specific whole blood quantitative real-time PCR (polymerase chain
reaction) to monitor CMV was performed weekly during hospitalization
and then at every medical visit. Before May 2017, CMV surveillance was
performed with validated “in house” CMV DNA real-time PCR assay (copies/

ml). After May 2017, CMV monitoring was performed using the Biomérieux
“CMV R-Gene” real-time PCR kit (IU/ml). A viremia higher than 2500 IU/ml
(or 500 copies/µg DNA) was considered a clinically significant CMV
reactivation/infection (cs-CMVi) leading to the initiation of preemptive anti-
CMV treatment. The threshold values used at our center to initiate
preemptive treatment are based on our historical experience and analyses,
in which a spontaneous decrease was mostly observed without need of
preemptive treatment in patients whose viral loads did not reach the limit
of 2500 IU/ml (500 copies/µg PCR respectively).

Statistical analysis
Basic statistical methods were used to describe absolute and relative
frequency for categorical variables, and mean, median and ranges for
continuous variables. Fisher’s exact test was used to evaluate categorical
parameters and Mann–Whitney U test for continuous variable correlations.
All reported p values are two-sided and p values < 0.05 were considered
statistically significant.

RESULTS
Baseline characteristics
A total number of 179 consecutive patients who underwent their
allo-HSCT between 2015 and 2019 at our center were included in
the analysis. There were slightly more men than women (102;
57%), the median age was 47.6 years (range 18.4–66.2 years) and
median follow-up was 827 days after allo-HSCT (range
1–2325 days). As hematopoietic stem cells donors, most
frequently matched unrelated donors (10 out of 10) were used
in more than half of the patients (94; 53%), matched sibling
donors in one-quarter of patients (45; 24%), followed by partially
matched unrelated donor (9 out of 10) in the rest of the patients
(39; 22%), respectively. A haploidentical transplant was performed
in one patient only (1; 1%). Reduced-intensity conditioning (RIC)
was used in 144 (80%) patients and myeloablative conditioning
(MAC) in only 35 (20%) patients. The most common indications for
allo-HSCT were acute leukemias (107; 60%), followed by myelo-
dysplastic syndrome or myeloproliferative neoplasms (25; 14%),
non-Hodgkin and Hodgkin lymphomas (21; 12%), chronic
lymphocytic leukemia or prolymphocytic leukemia or hairy cell
leukemia (17; 9%), chronic myeloid leukemia (6; 3%) and aplastic
anemia (3; 2%), respectively. According to CMV serostatus, the
most common combination of recipient and donor (recipient/
donor CMV serostatus) was positive/positive (87; 49%) followed by
positive/negative (40; 22%), negative/negative (30; 17%) and
negative/positive (22; 12%). Baseline characteristics are described
in Table 1.

CMV reactivation
Out of a total 179 patients, cs-CMVi occurred in 56 (31%) cases.
Detailed data on CMV reactivation are summarized in Table 2 and
data on CMV viral load kinetics for patients with and without cs-CMVi
are shown in Fig. 1. Median time to cs-CMVi was 49 days (range
25–147 days) with 96% of cs-CMVi within the first 100 days after
HSCT. In the CMV seropositive recipients, the cs-CMV reactivation was
seen in 50 of 127 (39%) patients, compared to 6 of 52 (12%) patients
in CMV seronegative recipients (p < 0.05). Considering donor CMV
serostatus, the differences between subgroups were even more
pronounced. The most frequent cs-CMVi was observed in CMV
seropositive recipients with seronegative donors, compared to all
other combinations (29 of 40 vs. 27 of 139; 73% vs. 19%; p< 0.001).
The frequency of cs-CMVi in other combinations of recipients and
donors (R/D) were 21 of 87 (24%) in CMV R+/D+, 4 of 22 (18%) in
CMV R−/D+ and two of 30 (7%) in CMV R−/D−, respectively. The
difference in cs-CMVi rate was statistically significant in CMV R+/D−
group compared to all other subgroups (p< 0.001 for all three
subgroups). In contrast to these results, the differences were not
statistically significant between CMV R+/D+ and CMV R−/D+
(p= 0.777) and with a borderline significance in CMV R−/D−
(p= 0.059) patients. Median time to cs-CMVi did not differ

Table 1. Patient characteristics.

n= 179 (%)

Sex—male 102 (57)

Age—median (min–max) 47.6 (18.4–66.2) years

Diagnosis

Acute leukemia 107 (60)

CLL/PLL/HCL 17 (9)

CML 6 (3)

MDS/MPN 25 (14)

NHL/HL 21 (12)

AA 3 (2)

Donor type

MSD 45 (25)

10/10 94 (52)

9/10 39 (22)

HAPLO 1 (1)

Conditioning intensity

MAC 35 (20)

10 Gy TBI/Cy 16 (9)

CyBu 17 (9)

FluBu4 2 (1)

RIC 144 (80)

FLAMSA+ 4 Gy TBI/Cy 120 (67)

8 Gy TBI/Flu 4 (2)

FluBu2 15 (8)

Other 5 (3)

CMV serostatus

R+ 127 (71)

R+/D+ 87 (49)

R+/D− 40 (22)

R− 52 (29)

R−/D− 30 (17)

R−/D+ 22 (12)

Patient characteristics according to diagnosis, donor type, conditioning
intensity and CMV serostatus.
CLL chronic lymphocytic leukemia, PLL prolymphocytic leukemia, HCL hairy
cell leukemia, CML chronic myeloid leukemia, MDS myelodysplastic
syndrome, MPN myeloproliferative neoplasms, NHL non-Hodgkin’s lym-
phomas, HL Hodgkin’s lymphoma, AA aplastic anemia, MSD matched
sibling donor, MUD matched unrelated donor, HAPLO haploidentical donor,
MAC myeloablative conditioning regimens, RIC reduced intensity con-
ditioning regimens, CMV cytomegalovirus, R recipient, D donor, TBI total
body irradiation, Cy cyclophosphamide, Bu busulfan, Flu fludarabine,
FLAMSA fludarabine+ Ara-C+ amsacrine.
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significantly between the high-risk group CMV R+/D− and others (47
vs. 55 days; p= 0.066). Regarding the HLA status, cs-CMVi was less
frequent in patients with matched related or unrelated donors than
patients with an HLA mismatch, however, this difference was not
statistically significant (41 of 139 vs. 15 of 40; 30% vs. 38%; p= 0.340).
Taking both potential risk factors together, cs-CMVi was present in 12
(50%) cases in patients with both risk factors (CMV R+ and HLA
mismatch), in 41 (35%) patients with only one risk factor (HLA
mismatch or CMV R+) and 3 (8%) patients with no risk factor. Cs-
CMVi was most common among patients with acute leukemias (37 of
107; 35%), myelodysplastic, and myeloproliferative diseases including
CML (11 of 31; 36%). In lymphoproliferative diseases (without acute
lymphoblastic leukemia), cs-CMV reactivation was less common (8 of
38; 21%). The difference between these two groups was also not
statistically significant (p= 0.168).

CMV disease
The progression to CMV disease was observed in three cases with
CMV-related death in two cases (three of 179 patients; 2%).
Diagnoses of these patients were chronic lymphocytic leukemia,
primary myelofibrosis, and chronic myeloid leukemia in blast crisis.
CMV disease manifested as a gastrointestinal (GIT) disease,
meningoencephalitis or pneumonia. CMV end-organ disease was
verified by immunohistochemistry (GIT) or by PCR positivity from
cerebrospinal or bronchoalveolar lavage fluid. All three patients
received reduced-intensity conditioning (FLAMSA+ RIC TBI4/Cy or
FluBu2). In a patient with CML blast crisis, an unplanned switch to
a haploidentical transplant with post-transplant cyclophospha-
mide (+ cyclosporine A and ATG immunosuppression) had to be
performed due to an infection of the scheduled matched donor
after starting the conditioning regimen. The other two patients
had matched unrelated donors (9 out of 10 and 10 out of 10). In all
three patients, the first cs-CMVi developed within 100 days after
HSCT (71, 48, and 76 days), but a subsequent CMV disease
occurred much later (576 and 193 days after HSCT) after several
courses of CMV preemptive treatment for recurrent cs-CMVi in two
cases. Both patients were treated for chronic graft versus host
disease (GvHD) at the same time. The third patient (haplo-HSCT)
developed a fulminant refractory CMV disease 78 days after HSCT
with fast progression to respiratory failure and death, despite
intensive antiviral treatment and supportive care including
extracorporeal membrane oxygenation. Summary is shown in
Table 3.

Graft versus host disease
In the whole patient cohort, acute GvHD (aGvHD) was observed in
63 (35%) patients in a median of 48 days (range 11–100 days) after
allo-HSCT. Regarding the presence of cs-CMVi, the aGvHD
developed more often in patients with cs-CMVi than patients
without (25 of 56 vs. 38 of 123; 45% vs. 31%), but the difference
did not reach the statistical significance (p= 0.0916). Median time
to aGvHD development in patients with cs-CMVi was 51 days
(range 21–100 days) after transplantation. In 68% of these cases,
GvHD preceded the cs-CMVi development with median time of
10 days (range 0–92 days) from aGvHD to cs-CMVi development.
In both groups (with vs. without cs-CMVi), most of the aGvHD
cases were grade I–II (23 of 25 vs. 33 of 38; 92% vs. 87%) with only
few cases of severe GvHD grade III–IV (2 of 25 vs. 5 of 38; 8% vs.
13%). In general, patients with aGvHD grade II–III were treated
with systemic corticosteroids (methylprednisolone 1–2mg/kg or
equivalent) as a first line treatment, while patients with mild
aGvHD grade I were treated with systemic corticosteroids or
topical corticosteroids only as an alternative considering the
affected organ, general conditions, and other comorbidities. Data
regarding chronic GvHD (cGvHD) were available for 173 patients,
in whom cGvHD was observed in 32 (18%) cases with a median of
130 days (range 100–490 days) post-transplant. In 25 of 32 (75%)
cases cGvHD was preceded by the presence of aGvHD. Similar to

Table 2. CMV reactivation.

Time to CMV reactivation—
median (min–max)

49 (25–147) days

CMV viremia—median (min–max)a

All patients (all resultsb) 394 (range 1–978,083) IU/ml

73 (range 1–97,400) copies/µg
DNA

With cs-CMVi (all resultsb) 486 (range 6–978,083) IU/ml

112 (range 1–97,400) copies/
µg DNA

With cs-CMVi (at the time of
diagnosis)

5819.5 (range 2619–157,343)
IU/ml

2379 (range 514–47,756)
copies/µg DNA

Without cs-CMVi (all results) 105 (range 1–2325) IU/ml

27 (range 1–1637) copies/µg
DNA

N (%)

Total patients with cs-CMVi
reactivation

56/179 (31)

CMV serostatus

R+ 50/127 (39)

R+/D+ 21/87 (24)

R+/D− 29/40 (74)

R− 6/52 (12)

R−/D− 2/30 (7)

R−/D+ 4/22 (18)

Donor type

MSD+ MUD 10 out of 10 41/139 (30)

9 out of 10+HAPLO 15/40 (38)

CMV serostatus and HLA combinations

CMV R+ and HLA mismatch 12/24 (50)

CMV R+ or HLA mismatch 41/119 (35)

CMV R− and without HLA
mismatch

3/36 (8)

Conditioning intensity

MAC 9/35 (26)

RIC 47/144 (33)

Diagnosis

Acute leukemia 37/107 (35)

CLL/PLL/HCL 3/17 (18)

CML 2/6 (33)

MDS/MPN 9/25 (36)

NHL/HL 5/21 (24)

AA 0/3 (0)

Data on CMV viral loads and CMV reactivation occurrence in whole patient
group and according to CMV serostatus, donor type, conditioning intensity
and diagnosis.
CLL chronic lymphocytic leukemia, PLL prolymphocytic leukemia, HCL hairy
cell leukemia, CML chronic myeloid leukemia, MDS myelodysplastic
syndrome, MPN myeloproliferative neoplasms, NHL non-Hodgkin’s lym-
phomas, HL Hodgkin’s lymphoma, AA aplastic anemia, MSD matched
sibling donor, MUD matched unrelated donor, HAPLO haploidentical donor,
MAC myeloablative conditioning regimens, RIC reduced intensity con-
ditioning regimens, CMV cytomegalovirus, cs-CMVi clinically significant
CMV infection, R recipient, D donor, HLA human leukocyte antigen.
aNegative results excluded.
bCounted from all results, including the values before cs-CMVi
development.
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aGvHD, cGvHD was present more often in patients with cs-CMVi
than patients without (15 of 56 vs. 17 of 123; 28% vs. 14%) with a
difference at the limit of statistical significance (p= 0.056).

EBV and other viral reactivations
Together with CMV viremia monitoring, the EBV viremia in blood
was also monitored at the same time. The indication for
preemptive rituximab administration was repeated EBV viremia
above 80,000 IU/ml (or 1000 copies/μg DNA), in patients with
significant viremia under this cut-off level, reduction of immuno-
suppressive therapy and intensive monitoring was indicated. In
patients with any EBV viremia level present, the median viral load
was 1413 IU/ml (range 4–2,260,748 IU/ml) or 86.5 copies/μg DNA
respectively (range 1–2,060,220 copies/μg DNA). The threshold for
significant EBV viremia was reached in 39 (22%) patients with
median viral load 3405 IU/ml (range 4–2260 748 IU/ml) or 232
copies/μg DNA (range 4–5946 copies/μg DNA) respectively (all
results included, including the values before clinically significant
EBV reactivation development and after its treatment). However,
the preemptive treatment with rituximab was administered in
only 14 (8%) patients with repeated significant positivity in the
confirmatory sample, or extremely high viral load. The median
viral load for these subgroup of patients was 5675 IU/ml (range
58–2,260,748 IU/ml) or 384 copies/μg DNA (range 6–5946 copies/
μg DNA) respectively (all results included, including the values
before clinically significant EBV reactivation development and
after its treatment). Among patients with significant EBV reactiva-
tion treated with rituximab, cs-CMVi developed in 7 of 14 (50%)
cases. Other viral infections (adenoviruses (AdV), herpes simplex

virus (HSV), human herpesvirus 6 (HHV-6), varicella zoster virus) are
not routinely monitored at our center and are assessed only in
cases of clinical suspicion or as part of a broad differential
diagnosis. In our patient cohort, the presence of viremia in two or
more consecutives samples was observed in five patients. All
these cases were HHV-6 viremia, and tests for chromosomally
integrated HHV-6 was not performed. Two patients with repeated
HHV-6 positivity and clinical suspicion for reactivation/infection
were treated with ganciclovir. No AdV, VZV or systemic HSV
reactivation cases (presence of viremia) were diagnosed in our
patient cohort.

Mortality
All-cause mortality in our cohort during the entire follow-up was
41% (74 patients), with a median time from HSCT to death of
150.5 days (range from day −1 to 1870 days after HSCT). All-cause
mortality at day 100, 180 and 365 after HSCT was 17%, 22% and
30%, respectively. Overall, the cause of death was related to relapse
of the disease in 40% of cases. In the rest of the patients (60% of
cases), infections, liver sinusoidal obstruction syndrome/veno-
occlusive disease (SOS/VOD), and acute GvHD were the most
common causes of death. Asmentioned previously, only two deaths
were directly attributed to CMV infection/disease (2 of 74; 3%). The
mortality was higher in patients who did not experience cs-CMV
reactivation than the cs-CMV reactivation group in all three
analyzed time-points (22% vs. 5% at day 100; 28% vs. 7% at day
180, and 34% vs. 20% at day 365). These differences were
statistically significant at day 100 and 180 (p= 0.005 and
p= 0.002) and had a borderline significance at day 365
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(p= 0.054). According to recipient CMV serostatus, 55 of 127 (43%)
patients died in the seropositive group and 19 of 52 (37%) in the
seronegative group (p= 0.504). When evaluating the mortality in
the CMV R+/D− (20 of 40; 50%) group to other CMV serostatus
combinations (54 of 139; 39%), the difference was also not
significant (p= 0.274), although we observed a far lower mortality
rate in the CMV seronegative recipient group and CMV R/D
combinations other than R−/D+.

Toxicity
The toxicity of HD-aciclovir prophylaxis in our cohort was not
assessed. Due to the retrospective character of the study with the
absence of a control group, we were not able to indicate the
relationship between common adverse events such as renal
insufficiency or liver function test elevations with HD-aciclovir use.
These events are most likely related to direct conditioning toxicity,
infections, SOS/VOD, GvHD, and others. In the context of common
myelosuppression after CMV-active antiviral agents such as
ganciclovir and valganciclovir, we evaluated the time to engraft-
ment after HSCT in our cohort. In the whole cohort the median
time to engraftment was 20 days (range 10–40 days) for
neutrophils and 17 days (range 5–379 days) for platelets,
according to the EBMT (European Group for Blood & Marrow
Transplantation) definition (sustained neutrophil count higher
than 0.5 × 109/l and platelets >20 × 109/l with no transfusion
support, respectively) [20]. In patients with cs-CMVi and sub-
sequent ganciclovir/valganciclovir preemptive treatment, there
was no difference in time to neutrophil recovery compared to
patients without cs-CMVi (median 20 (range 11–40) vs. 20 (range
10–39) days; p= 0.490), nor in time to platelets recovery (median
18 (range 7–75) vs. 16 (range 5–379) days; p= 0.535). The
difference was not observed even in the case of neutrophil
recovery above 1 × 109/l (median 26 (range 14–55) vs. 24 (range
10–145) days; p= 0.689). In general, HD-aciclovir prophylaxis was
well tolerated. We did not observe any medical condition
attributable to HD-aciclovir’s adverse effects nor any HD-aciclovir
prophylaxis interruption due to toxicity.

DISCUSSION
We retrospectively evaluated our long-term experience with the use
of HD-aciclovir in CMV prophylaxis after allo-HSCT, which resulted in
a low incidence of clinically significant CMV infection in several
patient groups. High-dose aciclovir is commonly used in herpes
simplex and varicella zoster infections prophylaxis, where it is
efficient even in low doses. However, there are only scarce data on

its effectiveness in the prophylaxis of CMV disease and reactivation/
infection. In the first analyses in the 1980s and 1990s, aciclovir was
compared to a placebo for CMV disease prophylaxis [12–14]. The
authors of these analyses presented a decrease in the CMV disease
risk with an improvement in overall survival, but the length of
administration and aciclovir doses varied. Currently, with routine
monitoring of viremia/antigenemia and early preemptive treat-
ment, CMV disease develops in only 1–2% of patients, and
advanced CMV disease prophylaxis is no longer considered a
sufficient goal [2, 3]. Above that, the CMV disease diagnosis in these
analyses is based on virus isolation or serology [12–14] and does not
meet the current standards in CMV diagnosis. Later, several non-
randomized trials, one non-randomized study with historical-
controls comparison and two randomized studies (aciclovir vs.
valaciclovir/ganciclovir) evaluated the CMV reactivation risk in
various groups of patients after allo-HSCT [10, 15–19]. In the first
randomized trial, the HD-aciclovir prophylaxis was compared to
ganciclovir in 91 seropositive allo-HSCT recipients. Prophylaxis was
administered from engraftment until day 100 post-transplant and
patients were monitored with CMV antigenemia once weekly with
preemptive therapy in case of positivity. Although lower cumulative
incidence of CMV antigenemia was observed in the ganciclovir
group than the HD-aciclovir group (31% vs. 41%; p= 0.22), the
difference didn’t reach statistical significance, partially due to low
patient numbers. The incidence of CMV disease in the study was
generally higher, but comparable between both groups (13% vs.
17%; p= 0.59). In conclusion, the authors did not find a statistically
significant difference between ganciclovir and aciclovir when used
as part of an overall strategy to prevent CMV reactivation and
disease in allo-HSCT, although fewer side-effects occurred with
aciclovir prophylaxis [10]. In the second randomized trial HD-
aciclovir prophylaxis vs. valaciclovir prophylaxis was evaluated in
727 CMV seropositive or seronegative allo-HSCT recipients, both
drugs administered from day 28 until week 18 post-transplant.
Although there was a trend for some differences according to R/D
CMV serostatus, CMV infection was generally less common in the
valaciclovir group than the HD-aciclovir group (28% vs. 40%;
p < 0.0001), with no difference in CMV disease incidence and
survival between groups [18]. It should be noted that in both studies
mentioned, HD-aciclovir was used during the pre-engraftment
period in all patients. Among other published analyses, a non-
randomized study of 43 seropositive umbilical cord blood
transplant recipients evaluated the efficacy of the „intensive
strategy“ of CMV prevention with HD-aciclovir or valaciclovir
compared to 29 historical controls with standard low-dose
aciclovir prophylaxis. Prophylaxis with HD-aciclovir/valaciclovir was

Table 3. CMV disease.

Patient number 1 2 3

Sex Male Female Male

Age 68 years 59 years 58 years

Diagnosis CLL PMF CML blast crisis

Conditioning FluBu2 FLAMSA+ RIC TBI4/Cy FLAMSA+ RIC TBI4/Cy

Donor type MUD 10 out of 10 MUD 9 out of 10 HAPLO

CMV serostatus R+/D+ R+/D− R−/D+

GvHD (grade 3–4) GIT Skin None

CMV disease Colitis Encephalitis Pneumonia

Time from HSCT to first CMV reactivation 71 days 48 days 76 days

Time from HSCT to CMV disease 576 days 193 days 78 days

Outcome Remission Death due to CMV Death due to CMV

Data on patients with CMV disease—patient and transplant characteristics, graft versus host disease presence, CMV disease type and outcome.
CMV cytomegalovirus, CLL chronic lymphocytic leukemia, PMF primary myelofibrosis, CML chronic myeloid leukemia, MUD matched unrelated donor, HAPLO
haploidentical donor, R recipient, D donor, GvHD graft versus host disease, GIT gastrointestinal tract, HSCT hematopoietic stem cell transplantation.
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administered until day 100 post-transplant in combination with
frequent CMV viremia monitoring twice a week (any presence of
viremia detected from serum by PCR was considered as clinically
significant). In this high-risk population, the cumulative incidence of
CMV reactivation was a significantly lower in “intensive strategy”
group than the control group (60% vs. 100%; p < 0.001) [19]. In the
other non-randomized studies, clinically significant CMV viremia or
antigenemia occurred in a wide range of 26–88% of patients with
HD-aciclovir prophylaxis, according to patient risk and the cut-offs
used for significant reactivation. Due to the inconsistency of these
results, there is still no clear conclusion about HD-aciclovir CMV
prophylaxis’ effectiveness, as well as, for example, the influence of
various risk factors on the effectiveness of prophylaxis.
In general terms, which are similar to our results, the recipient

CMV seropositivity is considered the most significant risk factor for
CMV reactivation after HSCT. Clinically significant CMV reactivation
is reported in up to 80% of seropositive patients after HSCT with a
standard preemptive approach, and the highest risk in combina-
tion with a seronegative donor [3, 21–23]. The major impact on
the recipient and donor CMV serostatus was also observed in our
cohort, in which the CMV R+/D− subgroup developed CMV
reactivation in 74% of cases. In these patients, HD-aciclovir did not
lead to a reduction in cs-CMVi risk compared to the published
results on a standard approach without CMV prophylaxis. On the
other hand, in the CMV R+/D+ subgroup, we observed a
significant reduction to only 24% of patients in cs-CMVi incidence
compared to 30–50% cs-CMVi incidence in CMV R+/D+ according
to previous reports with large numbers of patients [1, 22, 24–26]. It
is noteworthy that the ATG T-lymphodepletion routinely used in
all our patients was administered in only a limited group of
patients (in about 30% or less) in most of the analyses
[1, 22, 24, 26]. T-lymphodepletion is often considered an
additional risk factor for cs-CMVi with a reported cs-CMVs
incidence of about 50% in the CMV R+/D+ subgroup [27], in
contrast to our experience with only 24% of cs-CMVs in CMVR+/D
+ patients with ATG lymphodepletion. These results suggest that
HD-acyclovir appears to have good efficacy in preventing cs-CMVi
in CMV R+/D+ patients and may therefore represent a suitable
option for CMV prophylaxis for this subgroup of patients.
Currently, the only drug recommended for CMV prophylaxis is

the terminase-complex inhibitor letermovir [3, 4]. In the registra-
tion randomized trial, a significant reduction in cs-CMVi in CMV
seropositive recipients occurred in 17.5% of patients by week 24
compared to 41.8% in the placebo arm [11]. Some later real-world
data reported a higher proportion of cs-CMVi with an increasing
incidence of cs-CMV reactivation after day 100 in patients with
letermovir prophylaxis. Herein the cs-CMVi reached 20.0–43.2%
[28–31] compared to 39–59% reactivation rate in historic control
groups (both seronegative and seropositive recipients included)
[28, 30, 31]. In our cohort, the cs-CMVi rate in seropositive
recipients was 39% with the previously mentioned significant
difference according to donor serostatus. Specific data according
to donor serostatus in letermovir analyses are mostly unavailable,
but there is no evidence of different effectiveness regarding donor
serostatus. Although we did not observe the HD-aciclovir efficacy
in CMV R+/D− patients, cs-CMV reactivation incidence in CMV R
+/D+ did not differ from letermovir prophylaxis in a real-world
setting (24% vs. 20.0–43.2%, respectively). Interestingly, 96% cs-
CMVi in our analysis developed before day 100 as breakthrough
infections in high-risk patients. During letermovir prophylaxis, a
low cs-CMV reactivation rate was observed (7.7%) with the
increased cs-CMV rate in the post-prophylactic period to 17.5% by
week 24 [11]. A possible explanation may be the delayed
maturation of anti-CMV T-cell immunity caused by reduced
antigenic exposure through letermovir administration, as sug-
gested by certain recent reports [32, 33]. Subclinical reactivations
during HD-aciclovir prophylaxis may potentially lead to sufficient
antigenic stimulation, which is associated with earlier specific

immunity reconstitution [34, 35] and still preserves adequate
efficacy in cs-CMVi prevention in the intermediate risk group (CMV
R+/D+).
Our study is not entitled to make a definite conclusion about

the effectiveness of HD-acyclovir in the CMV reactivation
prophylaxis due to certain limitations, especially its retrospective
nature with no control group. Also the limitation for the
comparison with published data may be a higher viremia
threshold for cs-CMVi used at our institution (2500 IU/ml or 500
copies/µg DNA). However, even with the viremia threshold used,
the median CMV viral load in patients without cs-CMVi was
significantly lower than this threshold (105 IU/ml or 27 copies/µg
DNA) and even in case of hypothetical reassessing the group of
patients without cs-CMVi to a lower threshold for cs-CMVi
(1000 IU/ml or 150 copies/µg DNA), the majority of these patients
still did not meet these adjusted criteria.
Regarding the mortality data, due to the absence of a control

group in our analysis, we are not able to make any conclusion
about the impact of HD-aciclovir prophylaxis on mortality
outcomes. Also in agreement with published mortality data, we
assume the major influence of variables such as pretransplant
characteristics including the hematological malignancy type,
conditioning regimen intensity, ATG use, and others. Overall all-
cause mortality in our cohort on day 100 (17%) and 365 (29%)
were higher than large recently published EBMT analysis (≈10.1%
on day 100; ≈23.2% on day 365) [36]. Evaluating the mortality
outcome in particular subgroups, we noted significantly higher
mortality up to day 180 after HSCT in patients without cs-CMVi
(28% vs. 7%, p= 0.002). No significant difference in mortality was
found either between seropositive and seronegative recipients
(43% vs. 37%, p= 0.504), or between R+/D− and other R/D
serocombinations (50% vs. 39%, p= 0.274), although a trend in
favor of seronegative recipients and combinations other than R
+/D− was observed. These results do not correspond to
published data, where CMV reactivation and CMV seropositivity
in the recipient itself are associated with higher treatment related
mortality and overall mortality [1, 24, 37] The probable explana-
tion for this difference is most likely the relatively low number of
patients for the mortality assessment in our study, especially in the
patient subgroups with cs-CMVi and CMV R+/D− patients.

CONCLUSION
In conclusion, with HD-aciclovir use in cs-CMVi prophylaxis after
allo-HSCT, we observed low cs-CMVi incidence in a significant
number of patients compared to previously published data. The
significance of our results is limited by the retrospective nature of
the analysis with the absence of a control group. However, it
describes the long-term experience of one institution in a
relatively homogeneous specific patient group after a hemato-
poietic stem cell transplant with in vivo T-lymphodepletion. In our
cohort, the most clinically significant results were seen in CMV
seropositive recipients with a seropositive donor, in whom the risk
of cs-CMVi during HD-aciclovir prophylaxis was significantly
reduced compared to published results. At the same time, CMV-
specific immunity reconstitution probably wasn’t negatively
affected, which is important to prevent late CMV reactivations.
Regarding our results, HD-aciclovir seems to be an option for the
prophylaxis of CMV reactivation in intermediate risk patients (CMV
R+/D+, T-lymphodepletion etc.), for example in cases of
letermovir unavailability or financial obstacles, or in low-risk
CMV seronegative recipients. To validate these results, as well as
those previously published, a prospective, randomized and well-
designed trial with high-dose aciclovir would be necessary. To
prevent CMV disease, a combination of HD-aciclovir prophylaxis
and a standard preemptive approach (CMV viremia monitoring
and early preemptive treatment) is required. Among the highest-
risk CMV R+/D− patients, we did not observe sufficient efficacy of
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HD-aciclovir and in these patients, letermovir plays an
irreplaceable role.
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