
Abstract. Background/Aim: Cytomegalovirus (CMV)
reactivation is one of the most clinically significant
complications in allogeneic stem cell recipients and a frequent
cause for transplantation related mortality. Letermovir is a
newly available and recently approved drug for CMV
prophylaxis. In a retrospective single center analysis, we
investigated the benefit of letermovir as CMV prophylaxis in
allogeneic stem cell recipients. Patients and Methods: We
included 48 CMV-seropositive transplant recipients from
January 2017 to August 2020 from our department. We
compared the rate of CMV reactivation in patients who received
letermovir as prophylaxis from day 0 after allogeneic stem cell
transplantation (alloSCT) with a control group that did not
receive CMV prophylaxis. The primary endpoint was CMV
reactivation and was defined as an increase of CMV copies over
1250 Ul/ml in the peripheral blood; secondary endpoints were
overall survival (OS) up to 180 days, engraftment and all-cause
mortality. Results: We included 21 patients in the control group
and 27 patients in the letermovir group. Letermovir treatment
led to a significantly reduced incidence of CMV reactivation
after alloSCT (33.3% in the letermovir group versus 76.2% in
the control group, p<0.001). The OS at day 180 was 80.9% in
the control group versus 92.6% in the letermovir group
(p<0.05). The median duration of letermovir prophylaxis was
192±104 days. Conclusion: Our results indicate that letermovir
prophylaxis is associated with a significant lower risk of CMV

reactivation and improved overall survival in CMV-seropositive
stem cell recipients. Moreover, a prolonged use of letermovir
prophylaxis might be a survival benefit.

Cytomegalovirus (CMV) belongs to the family of
herpesviruses and is one of the common pathogens apart from
Epstein Barr Virus (EBV) that can reactivate after allogeneic
hematopoietic stem cell transplantation (alloSCT). It is a
frequent cause of transplantation related mortality (TRM) due
to life-threatening complications manifesting as multiorgan
diseases such as CMV pneumonia, gastroenteritis or retinitis
(1-5). Over 60% of seropositive recipients and 10% of
seronegative recipients develop a CMV reactivation if they
have been transplanted from a seropositive donor. Especially,
seropositive recipients who receive grafts from a seronegative
donor have the highest risk of a CMV reactivation and
therefore a high risk of a poor outcome after alloSCT (6). Thus,
the prevention of a CMV disease as well as a CMV
reactivation itself is one of the most important challenges in
patients after alloSCT. Although ganciclovir and valganciclovir
are well known prophylactic treatment possibilities for CMV
reactivation in solid-organ transplantation, the use of these
drugs in allogeneic stem cell recipients induces severe side
effects like myelosuppression which can lead to severe
infectious complications. Furthermore, CMV reactivation is
also associated with an increased risk of acute graft versus host
disease (GvHD) resulting in increased mortality (7-9). By
contrast, in patients with acute myeloid leukemia, CMV
reactivation is associated with a decreased incidence of relapse
(10). Taken together, the clinical impact of an asymptomatic
CMV reactivation has yet to be clarified.

Recently, the new antiviral drug letermovir has been
approved for CMV prophylaxis in hematopoietic stem cell
recipients. It inhibits the CMV replication by binding to
components of the CMV-terminase complex (11, 12). A
phase III study showed that letermovir prophylaxis results in
a significantly lower risk of CMV infections and is not
associated with toxicity in terms of myelosuppression as well
as renal and hepatic dysfunction (13).

5431

Correspondence to: Mareike Verbeek, Internal Medicine III,
Hematology and Medical Oncology, School of Medicine, Technical
Universitiy of Munich, Ismaninger Str. 22, 81675 Munich,
Germany. Tel: +49 8941405336, Fax: +49 8941404879, e-mail:
mareike.verbeek@mri.tum.de 

Key Words: Letermovir prophylaxis, CMV reactivation, allogeneic
transplantation.

ANTICANCER RESEARCH 42: 5431-5441 (2022)
doi:10.21873/anticanres.16047

Letermovir Prophylaxis for CMV Reactivation in Allogeneic
Stem Cell Recipients: Α Retrospective Single Center Analysis

KATRIN KOCH, LENA OSSWALD, ISABELLA MILLER, KRISCHAN BRAITSCH, KATHARINA GÖTZE, 
FLORIAN BASSERMANN, PETER HERHAUS and MAREIKE VERBEEK

Internal Medicine III, Hematology and Medical Oncology, School of Medicine, 
Technical University of Munich, Munich, Germany

This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0
international license (https://creativecommons.org/licenses/by-nc-nd/4.0).



In this retrospective single center analysis, we investigated the
benefit of letermovir as CMV prophylaxis in allogeneic stem
cell recipients. We sought to confirm the efficacy and safety of
letermovir and furthermore, the impact on overall survival (OS),
all-cause mortality, the risk of relapse and the rate of GvHD.

Patients and Methods

Patients. Forty-eight patients undergoing alloSCT due to
hematological malignancies were included between January 2017 and
August 2020 at the Department of Internal Medicine III,
Hematology/Oncology, Klinikum rechts der Isar, Technical University
Munich, Munich, Germany. Only patients that were eligible for CMV
prophylaxis (CMV seropositive recipient) were included. Patients
receiving a second stem cell transplantation were excluded. Twenty-
seven patients received Letermovir as CMV prophylaxis and twenty-
one patients were included into the control group that did not receive
any CMV prophylaxis. The study was performed according to
institutional guidelines. Retrospective analysis of patient data was
approved by the local ethics committee. Written informed consent to
the clinical treatment and to data analysis was obtained prior
allogeneic transplantation from all patients.

CMV monitoring and prophylaxis. Based on the European Conference
on Infections in Leukemia (ECIL) recommendations (14), all patients
were assessed weekly for CMV reactivation during the first 100 days
after alloSCT and longer in patients with persistent T-cell immune-
deficiency. CMV-DNA was monitored in peripheral blood samples
using real-time quantitative PCR to quantify CMV viral loads. CMV
reactivation was defined as an increase of CMV copies over 1,250
UI/ml after alloSCT. All CMV seropositive stem cell recipients received
letermovir as CMV reactivation prophylaxis according to the national
guidelines. Letermovir was administered orally or intravenous from day
0 after alloSCT up to day 100 or longer if the patients had to take
immunosuppressive drugs due to GvHD or if a high risk for CMV
reactivation was predicted (CMV seropositive recipient, CMV negative
donor). Letermovir use was stopped 100 days after alloSCT or as soon
as immunosuppression was discontinued. The dose of letermovir was
administered according to the summary of product characteristics. Thus,
letermovir was applied at a dose of 480 mg once a day if tacrolimus
was used as initial immunosuppressive drug or 240 mg once a day if
cyclosporine was used as the initial immunosuppressive drug. 

GvHD and infectious prophylaxis and treatment. All patients with an
HLA-matched donor received in vivo T-cell depletion with anti-
thymoglobulin as part of their conditioning regime. All patients with
an HLA-mismatch donor or haploidentical donor received standard
posttransplant cyclophosphamide. GvHD prophylaxis for all patients
consisted of either cyclosporine (CyA) and mycophenolate mofetil
(MMF), CyA and a short course of methotrexate (MTX) or tacrolimus
(TAC) and MMF. Acute (aGvHD) and chronic GvHD (cGvHD) were
diagnosed and graded according to standard criteria (15-17).

All patients received intravenous acyclovir or oral valacyclovir
for herpes simplex virus (HSV) prophylaxis and trimethoprim-
sulfamethoxazole for pneumocystis jirovecii prophylaxis from the
start of conditioning. As fungal prophylaxis, micafungin was applied
till leucocyte engraftment (defined as neutrophil >500 G/l),
following posaconazole after engraftment. All transfused blood
products were filtered and irradiated.

Leukocyte and platelet engraftment. Leucocyte engraftment was
defined as neutrophil more than 500 G/l and platelet engraftment
was defined as platelets more than 20 G/l. 

Endpoints and statistical analysis. The primary end point was the
rate of CMV reactivation after alloSCT. Secondary endpoints were
OS, all-cause mortality, transplantation related mortality (TRM),
relapse incidence (RI), non-relapse mortality (NRM), rate of acute
GvHD, leucocyte and platelet engraftment and the incidence of
GvHD. Probabilities of OS, TRM, RI, NRM and the rate of acute
GvHD were calculated using the Kaplan-Meier method. Leucocyte
and platelet engraftment were calculated with the t-test for
independent samples. Two patient groups were designed to assess
the impact of letermovir on all endpoints, for which a subset of
patients was selected by matching each letermovir recipient with the
best matched control patient, if possible. Matching factors were age
at alloSCT, donor type, underlying hematological disease,
conditioning regimen and stem cell source. With these matching
criteria, 27 letermovir recipients were matched with 21 control
patients (Figure 1). Univariate analyses were done using the long
rank test for OS and the t test for independent samples. All tests were
two-sided. The type I error rate was fixed at 0.05. Statistical analyses
were performed with SPSS 27.0 (SPSS Inc, Chicago, IL, USA). 

Results

Patient characteristics. Both groups were well balanced with
regards to baseline characteristics (Table I). Twenty-one
patients were included in the control group and 27 patients
in the letermovir group. There was no difference between the
control group and the letermovir group in terms of age
(p=0.629), sex (p=0.468), underlying disease (p=0.682),
stem cell source (p=0.188), HLA matching donor type
(p=0.087) or conditioning regimen (p=0.537). The median
age in the letermovir group was 55 years versus 54 years in
the control group. As shown in Table I, there was a
significant difference regarding the CMV donor status: 57%
patients had a CMV positive donor in the letermovir group
versus 86% patients in the control group (p=0.025).
Consequently, 43% of the patients in the letermovir group
and only 14% in the control group were considered to be at
high risk of CMV reactivation (p=0.025). 

In addition, GVHD prophylaxis with posttransplant
cyclophosphamide was significantly more frequently used in
the letermovir group than in the control group (30% vs. 5%,
p=0.029). The incidence of aGvHD was comparable between
both groups, but there was a trend to lower rates of grade III-
IV aGvHD in the letermovir group compared to the control
group (18% vs. 29%, p=0.131).

Engraftment. There was no significant difference regarding
leucocyte and platelet engraftment between both groups. The
median time for leukocyte engraftment was 19 days in the
letermovir group (95% CI=17-20, p=0.140) versus 20 days
in the control group (95% CI=18-23, p=0.140).  Moreover,
the median time for platelet engraftment was 25 days in the
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letermovir group (95% CI=16-35, p=0.171) versus 27 days
in the control group (95% CI=22-23, p=0.171). 

Incidence of CMV reactivation. In our patient cohort
letermovir treatment led to a significantly reduced incidence
of CMV reactivation after alloSCT. Up to day 200, only
33.3% (9 of 27 patients) in the letermovir group developed a
CMV reactivation compared to 76.2% (16 of 21 patients) in
the control group (p<0.001) (Figure 2A). This beneficial
effect was evident in recipients at high risk of CMV
reactivation (33.3% in the letermovir group vs. 100% in the
control group, p<0.001) as well as in recipients at normal risk
of CMV reactivation (18.6% in the letermovir group vs.
72.2% in the control group, p<0.001) (Figure 2B and C).
Thus, letermovir prophylaxis significantly reduced the risk of
CMV reactivation in the entire treatment group regardless of
the risk profile (Figure 3). 

As mentioned above, letermovir was administered
according to the summary of product characteristics. Thus,
11 patients in the letermovir group took 240 mg letermovir
once a day due to cyclosporine as immunosuppressive drug
and 16 patients in the letermovir group took 480 mg once a
day due to tacrolimus as immunosuppressive drug.
The median duration of letermovir prophylaxis was 192±104
days in the letermovir group. Six patients had a CMV
reactivation after finishing letermovir prophylaxis. The
median time to CMV reactivation was 44±17 days after
finishing letermovir prophylaxis. Only 3 patients had a CMV
reactivation during the use of letermovir. These three patients
were severely immunosuppressed due to severe acute GvHD. 
The median duration of letermovir prophylaxis was 195±118
days in the letermovir group with normal risk for CMV
reactivation and 188±87 days with high-risk for CMV
reactivation. In the normal-risk group for CMV reactivation
only two stem cell recipients had a CMV reactivation (51±33

days after end of letermovir prophylaxis). In the high-risk
group for CMV reactivation 4 stem cell recipients suffered
a CMV reactivation after finishing letermovir prophylaxis
(40±9 days after end of prophylaxis).

Subgroup analysis. The use of letermovir prophylaxis is
associated with a significant reduction of CMV reactivations
180 days after alloSCT compared to the control group in the
following subgroups: 28.0% versus 83.3% among 43 patients
receiving PBSC (p<0.001), 22.7% versus 81.3% among 38
patients with an unrelated donor (p<0.001), 27.8% versus 75%
of 38 patients receiving ATG (p<0.001), 25.0% versus 100.0%
of 9 patients receiving posttransplant cyclophosphamide
(p=0.005) and 35.0% versus 69.2% of 33 patients who
developed an acute GvHD grad II to IV after alloSCT
(p=0.001). There was no significant difference regarding the
following subgroups due to low numbers of cases: 0% versus
40% of 4 patients receiving bone marrow (p=0.515), 50%
versus 60% of 9 patients with a related donor (p=0.187).
Moreover, letermovir prophylaxis decreased the 180-day
incidence of CMV reactivation independent of the intensity of
conditioning regimens: 23.5% in the letermovir group versus
73.3% in the control group among 32 patients receiving RIC
(p<0.001) and 33.3% versus 83.3% among 15 patients
receiving MAC (p=0.002) (data not shown).

We calculated the hazard ratio of the use of letermovir in
relation to the incidence of CMV reactivation in different
subgroups. As shown in Figure 3, letermovir can significantly
reduce CMV reactivations in patients with normal risk for
CMV reactivation (HR=0.10, 95% CI=0.02-0.45), unrelated
donor (HR=0.25, 95% CI=0.03-2.29), MAC (HR=0.14, 95%
CI=0.03-0.58), RIC (HR=0.12, 95% CI=0.03-0.41), ATG use
(HR=0.16, 95% CI=0.06-0.45), grades II to IV acute GvHD
(HR=0.22, 95% CI=0.08-0.60) and use of PBSC (HR=0.08
95% CI=0.03-0.23).
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Figure 1. Flow chart of patient cohort. Patient groups were designed to assess the impact of letermovir. To better compare the differences, two groups
were formed. To avoid interfering factors, the groups were matched for cell source, donor type, conditioning regime, age and hematological disease.



Transplant outcomes. The OS at day 180 was 80.9% in the
control group versus 92.6% in the letermovir group
(p=0.037) (Figure 4A) and consequently significantly better
in the letermovir group than in the control group. As shown
in Figure 4A, the median OS was not yet reached in the

letermovir group whereas the median OS was 380 days (95%
CI=88.68-671.32) in the control group.

All-cause mortality at day 180 after stem cell
transplantation was 7.4% among letermovir recipients and
19.1% among control group recipients (p=0.037) (Figure 4B).
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Table I. Patient characteristics.

                                                                                                                                    Letermovir group                    Control group                      p-Value
                                                                                                                                            (N=27)                                   (N=21)                                  
                                                                                                                                                                                                                                        

Age (yr)                                                                                                                                                                                                                       0.629
  Median                                                                                                                                 55                                           54                                      
  Range                                                                                                                                 27-74                                      29-68                                    
Male sex - no. (%)                                                                                                              14 (52)                                   13 (62)                              0.468
CMV status donor -no. (%)                                                                                                                                                                                        0.025
  CMV seropositive donor                                                                                                15 (57)                                   18 (86)                                  
  CMV seronegative donor                                                                                               12 (43)                                    3 (14)                                   
CMV status stem cell recipient -no. (%)                                                                                                                                                                        
  CMV seropositive recipient                                                                                           27 (100)                                 21 (100)                                 
Risk of CMV disease - no. (%)                                                                                                                                                                                  0.025
  Normal risk                                                                                                                      15 (57)                                   18 (86)                                  
  High risk                                                                                                                          12 (43)                                    3 (14)                                   
Primary reason for hematopoetic stem cell transplantation - no (%)                                                                                                                      0.682
  Acute myeloid leukaemia                                                                                                16 (59)                                    8 (38)                                   
  Myelodysplastic syndrome                                                                                                2 (7)                                       1 (5)                                    
  Non-Hodgkin’s lymphoma                                                                                               4 (15)                                     7 (33)                                   
  Myeloproliferative disease                                                                                               3 (11)                                     3 (14)                                   
  Acute lymphocytic leukaemia                                                                                           1 (4)                                       1 (5)                                    
  Other disease                                                                                                                      1 (4)                                       1 (5)                                    
Remission status prior to alloSCT (%)                                                                                                                              0.363
  Complete remission (CR)                                                                                               17 (63)                                   9 (43)                                   
  Partial remission (PR)                                                                                                      4 (15)                                    4 (19)                                   
  Progressive disease (PD)                                                                                                  6 (22)                                    8 (38)                                   
HLA-matching and donor type - no. (%)                                                                                                                          0.087
  Matched unrelated                                                                                                           19 (70)                                   14 (67)                                  
  Matched related                                                                                                                 0 (0)                                      4 (19)                                   
  Mismatched unrelated                                                                                                      4 (15)                                     2 (10)                                   
  Haploidentical related donor                                                                                            4 (15)                                      1 (5)                                    
Stem cell source - no. (%)                                                                                                                                                                                          0.188
  Peripheral blood                                                                                                               26 (96)                                   18 (86)                                  
  Bone marrow                                                                                                                     1 (4)                                      3 (14)                                   
Conditioning regime - no. (%)                                                                                                                                                                                   0.537
  Myeloablative                                                                                                                  10 (37)                                    6 (29)                                   
  Reduced intensity                                                                                                            17 (63)                                   15 (71)                                  
Immunosuppressant use - no. (%)                                                                                                                                     0.104
  Cyclosporine/MMF                                                                                                         10 (37)                                   14 (67)                                  
  Tacrolimus/MMF                                                                                                             16 (59)                                    6 (29)                                   
  Cyclosporine/Methotrexate                                                                                               1 (4)                                       1 (5)                                    
Immunosuppressant use - no. (%)                                                                                                                                     0.029
  ATG                                                                                                                                  19 (70)                                   20 (95)                                  
  Post transplant Cyclophosphamide                                                                                  8 (30)                                      1 (5)                                    
Acute GvHD rate- no. (%)                                                                                                                                                                                         0.131
  All grades                                                                                                                         23 (85)                                   14 (67)                                  
  Grade 0                                                                                                                              4 (15)                                     7 (33)                                   
  Grade I-II                                                                                                                         18 (67)                                    8 (38)                                   
  Grade III-IV                                                                                                                      5 (18)                                     6 (29)                                   

CMV, Cytomegalovirus; no., number; GvHD, graft versus host disease; yr, year; alloSCT, allogeneic stem cell transplantation; ATG, anti-thymocyte
globuline; MMF, mycophenolate mofetil.
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Sixty-seven percent (12 out of 18 recipients) of the patients
in entire cohort died due to other reasons than relapse or
progression of the original disease whereas 33.3% (6 of 18
recipients) of the patients died due to disease progression or
relapse. The main reasons for NRM were sepsis (27.8%) and
aGvHD (16.7%). The NRM was significantly higher in the
control group with 16.7%, in contrast to the letermovir group
with 8.3% at day 180 (p=0.021) (Figure 4C). Regarding the
rates of relapse, we did not see a significant difference but
there was a trend to lower rates of relapse in the control group
than in the letermovir group at day 200 (16.0% versus 34.5%,
p=0.462) (Figure 4D).

In addition, we monitored the development of aGvHD after
alloSCT. There was a trend to lower rates of aGvHD of all
grades in the control group, in comparison to the letermovir
group at day +100 (53.4% versus 66.7%, p=0.102) (Figure 5).
There was no difference concerning the rates of aGvHD grad
II to IV in both groups (85.7% in the letermovir group versus
84.6% in the control group, p=0.642).

Univariate analysis identified a strong association between
OS and letermovir prophylaxis (p=0.003). Possible
influencing factors like age (p=0.394), sex (p=0.732),
mismatched donor (p=0.187), conditioning regime (p=0.395),
grade of remission prior to alloSCT (p=0.465) or aGvHD
grades II-IV (p=0.064) showed no significant association. By
multivariate analysis, the correlation between OS and CMV
prophylaxis with letermovir remained significant (p=0.005)
independent of the following factors: age ≥ 60 years
(p=0.080), type of donor [related versus unrelated (p=0.449),
matched versus mismatched (p=0.104)], immunosuppressant

(p=0.372), conditioning regime (p=0.094), risk of CMV
reactivation (p=0.113), grade of remission prior to alloSCT
(p= 0.342) and aGvHD grades II-IV (p=0.067) (see Table II).

Discussion 

In this retrospective analysis a significant reduction of CMV
reactivations (76.2% in the control group versus 33.3% in
the letermovir group, p<0.001) after alloSCT was shown.
The risk for CMV reactivation under letermovir prophylaxis
was significantly lower independent of the stem cell source
(p<0.001), the donor type (p<0.001) as well as the in vivo
T-cell depletion therapy (p<0.001). 

The rate of CMV reactivations in our control group
(76.2%) is similar to the results of a recent multicenter
retrospective study from Takenaka et al. They reported
similar rates of CMV reactivation within 100 days after
alloSCT when letermovir was not yet available (74.1% CMV
reactivation in the first 100 days after alloSCT) (10). This
confirms that our control group was representative and
comparable and emphasizes the high efficacy of letermovir
as CMV prophylaxis with much lower rates of CMV
reactivation. Recently, letermovir has also been shown to be
safe to use in children and effective in preventing CMV
reactivation and associated complications (18). Mori et al.,
in their multicenter retrospective analysis, have seen similar
rates of CMV reactivations compared to our retrospective
analysis. Moreover, they observed a comparable toxicity
profile in terms of leukocyte and platelet engraftment. The
median time to leucocyte engraftment in their cohort was 19
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Figure 3. Forest plots indicating the hazard ratio of letermovir for CMV (cytomegalovirus) reactivation among different subgroups. Letermovir significantly
reduces CMV reactivations in nearly all subgroups. No., Number; aGvHD, acute graft versus host disease; RIC, reduced intensity conditioning; MAC,
myeloablative conditioning; ATG, anti-thymocyte globuline; BM, bone marrow; PBSC, peripheral blood stem cells; HR, hazard ratio.
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days in the letermovir group versus 17 days in the non
letermovir group (p=0.19) and the median time to platelet
engraftment was 28 days in the letermovir group versus 30
days in the non-letermovir group (p=0.24) compared to 19
versus 20 days for leucocyte engraftment (p=0.140) and 25
versus 27 days for platelet engraftment (p=0.171) in our
cohort (19). Those results prove that letermovir can be safely
applied from day 0 after alloSCT without risk of a delayed

engraftment and high toxicity rates but with high efficacy of
preventing CMV reactivations. These findings on the safety
profile of letermovir are consistent with results obtained in
several prospective studies of patients with hematopoietic
(13) and solid organ transplants (20).

Furthermore, we observed a significantly better OS in the
letermovir group compared to the control group (p=0.037) at
day 180 after alloSCT. The multivariate analysis confirmed
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Figure 5. Rate of aGvHD (acute graft versus host disease) of all grades. Cumulative rate of acute GvHD in the letermovir group and control group.
No., Number.

Table II. Risk factors for overall survival by logistic regression analysis.

Characteristics                                                                                                                     Univariate                                                   Multivariate

                                                                                                                       Hazard ratio                  p-Value                  Hazard ratio                p-Value
                                                                                                                    (95% of confidence                                     (95% of confidence 
                                                                                                                             interval)                                                        interval)

Age                                                    ≥60 vs. <60                                        0.577 (0.1.63-2.042)            0.394                                                          0.080
Sex                                                     Male vs. female                                 0.813 (0.247-2.671)             0.732                                                          0.228
Type of donor                                    Related vs. Unrelated                        1.120 (0.242-5.186)             0.885                                                          0.449
Type of donor                                    Matched vs. Mismatched                  0.326 (0.062-1.729)             0.187                                                          0.104
Immuno-suppressant use                  ATG vs. cyclophosphamide              5.565 (0.633-48.965)           0.122                                                          0.372
Conditioning regime                         RIC vs. MAC                                    1.711 (0.496-5.905)             0.395                                                          0.094
Acute GvHD (grades II-IV)            Yes vs. no                                          0.216 (0.043-1.093)             0.064                                                          0.067
Letermovir prophylaxis                    Yes vs. no                                          0.127 (0.033-0.486)             0.003              0.002 (0.00-0.272)             0.013
Risk of CMV reactivation                High risk vs. normal risk                  0.487 (0.128-1.848)             0.291                                                          0.113
CR prior to alloSCT                         Yes vs. No                                         1.558 (0.474-5.120)             0.465                                                          0.342

CMV, Cytomegalovirus; GvHD, graft versus host disease; ATG, anti-thymocyte globulin; RIC, reduced intensity conditioning; MAC, myeloablative
conditioning; CR, complete remission; alloSCT, allogeneic stem cell transplantation.



that letermovir prophylaxis is associated with an improved OS
after alloSCT (HR=0.006, p=0.005), independent of
established factors like age, type of donor, immunosuppressant
use, conditioning regime and acute GvHD grades II-IV. In
addition, the NRM was significantly higher in the control
group than in the letermovir group (p=0.021). These results
are in line with a recently published phase III trial that
investigated the effect of letermovir prophylaxis on the
mortality of CMV-seropositive recipients after alloSCT (4) as
well as other retrospective studies (21, 22). We assume that
the reduction of NRM as well as the better OS can be
explained by the reduction of CMV reactivations. In the past,
it has already been shown that CMV reactivations after
alloSCT are associated with increased mortality (23).

Although it is hypothesized that CMV reactivation may
lead to lower relapse rates of the original disease, for
example, AML, through activation of the immune system
(10), our data delineated that the use of letermovir and the
hence associated lower CMV reactivation rates, did not lead
to an increased relapse rate. Further data is needed to
confirm these findings. 

Moreover, our analysis tends to slightly lower rates of
acute GvHD grad II-IV in the control group with 84.6%
than in the letermovir group with 85.7% (p=0.642). This
slight trend is in contrast to the published data: On the one
hand, CMV reactivations are associated with a higher risk
of developing aGvHD due to immunomodulatory effects
and on the other hand, aGvHD is associated with high rates
of CMV reactivations due to the use of immunosuppressant
drugs (22, 24). But this tendency might be due to the small
number of patients enrolled in our analysis and might
indicate that letermovir does not significantly increase the
rate of aGvHD.

Beyond this, our data provide an indication that prolonged
use of letermovir leads to significantly lower rates of CMV
reactivation and therefore appears to be associated with
better OS. The observation that prolonged administration of
letermovir beyond day 100 results in lower CMV
reactivation rates and CMV disease was also demonstrated
in a recently published study (21). Sassine et al. described
that more than 60% of patients in their letermovir group
continued to receive letermovir beyond day 100. The
increase in CMV reactivations observed in the phase 3
clinical trial after discontinuation of letermovir at day 100
(13) was also not observed in this study, probably because
60% of their patients receiving primary letermovir
prophylaxis received letermovir beyond day 100. However,
this needs to be further investigated in a larger study cohort.
Nevertheless, longer use (beyond 100 days) appears to be
safe and beneficial for patients at risk for CMV reactivation. 

Limitations of our analysis are mainly the small numbers
of patients as well as the short follow-up period.
Furthermore, other limitations of our analysis are the

retrospective nature as well as its single-center design.
Finally, there was some heterogeneity in both groups of our
cohort related to the risk for CMV disease as well as to the
GVHD prophylactic regimens and the types of HCT
performed owing to changes in clinical practice over time.

In conclusion, we were able to show that letermovir
significantly reduces the rate of CMV reactivation after
alloSCT and hence, is associated with a significant better
OS. Moreover, CMV-prophylaxis with letermovir is well
tolerated, especially concerning myelosuppression and
GvHD. In addition, our data suggest that prolonged use
(more than 100 days after alloSCT) in the setting of
clinically increased risk (e.g., prolonged immunosuppression
due to GvHD) for CMV reactivation appears to confer a
survival advantage for CMV-seropositive stem cell recipients
and might be a reason for lower CMV reactivation rates and
better OS. However, this assumption needs to be further
investigated in a larger study in the future.

Taken together, letermovir is a safe and efficient drug to
prevent CMV reactivations in allogeneic stem cell recipients
with either normal or high risk of CMV reactivation. 

Conflicts of Interest

The Authors have no conflicts of interest to declare.

Authors’ Contributions

KK collected data. KK and MV analyzed and interpreted the data.
KK, PH, and MV designed the retrospective analysis. FB, KG, LO,
IM, and KB provided critical input. KK, PH and MV wrote the
manuscript. All Authors critically reviewed and approved the final
manuscript.

Acknowledgements 

The Authors would like to thank the medical and nursing staff who
cared for the patients at the transplant unit of the Department of
Internal Medicine III, Hematology/Oncology, Klinikum rechts der
Isar, Technical University Munich, Munich, Germany.

References

1 Zaia JA, Gallez-Hawkins GM, Tegtmeier BR, ter Veer A, Li X,
Niland JC and Forman SJ: Late cytomegalovirus disease in
marrow transplantation is predicted by virus load in plasma. J
Infect Dis 176(3): 782-785, 1997. PMID: 9291333. DOI:
10.1086/517301

2 Teira P, Battiwalla M, Ramanathan M, Barrett AJ, Ahn KW,
Chen M, Green JS, Saad A, Antin JH, Savani BN, Lazarus HM,
Seftel M, Saber W, Marks D, Aljurf M, Norkin M, Wingard JR,
Lindemans CA, Boeckh M, Riches ML and Auletta JJ: Early
cytomegalovirus reactivation remains associated with increased
transplant-related mortality in the current era: a CIBMTR
analysis. Blood 127(20): 2427-2438, 2016. PMID: 26884374.
DOI: 10.1182/blood-2015-11-679639

Koch et al: Letermovir Prophylaxis for CMV Reactivation in Allogeneic SCT Recipients

5439



3 Fuji S, Einsele H and Kapp M: Cytomegalovirus disease in
hematopoietic stem cell transplant patients: current and future
therapeutic options. Curr Opin Infect Dis 30(4): 372-376, 2017.
PMID: 28505028. DOI: 10.1097/QCO.0000000000000375

4 Ljungman P, Schmitt M, Marty FM, Maertens J, Chemaly RF,
Kartsonis NA, Butterton JR, Wan H, Teal VL, Sarratt K, Murata
Y, Leavitt RY and Badshah C: A mortality analysis of letermovir
prophylaxis for cytomegalovirus (CMV) in CMV-seropositive
recipients of allogeneic hematopoietic cell transplantation. Clin
Infect Dis 70(8): 1525-1533, 2020. PMID: 31179485. DOI:
10.1093/cid/ciz490

5 Einsele H, Ljungman P and Boeckh M: How I treat CMV
reactivation after allogeneic hematopoietic stem cell transplantation.
Blood 135(19): 1619-1629, 2020. PMID: 32202631. DOI:
10.1182/blood.2019000956

6 Stern L, Withers B, Avdic S, Gottlieb D, Abendroth A, Blyth E
and Slobedman B: Human cytomegalovirus latency and
reactivation in allogeneic hematopoietic stem cell transplant
recipients. Front Microbiol 10: 1186, 2019. PMID: 31191499.
DOI: 10.3389/fmicb.2019.01186

7 Boeckh M and Nichols WG: The impact of cytomegalovirus
serostatus of donor and recipient before hematopoietic stem cell
transplantation in the era of antiviral prophylaxis and preemptive
therapy. Blood 103(6): 2003-2008, 2004. PMID: 14644993.
DOI: 10.1182/blood-2003-10-3616

8 Boeckh M, Nichols WG, Papanicolaou G, Rubin R, Wingard JR
and Zaia J: Cytomegalovirus in hematopoietic stem cell
transplant recipients: Current status, known challenges, and
future strategies. Biol Blood Marrow Transplant 9(9): 543-558,
2003. PMID: 14506657. DOI: 10.1016/s1083-8791(03)00287-8

9 Nichols WG, Corey L, Gooley T, Davis C and Boeckh M: High
risk of death due to bacterial and fungal infection among
cytomegalovirus (CMV)-seronegative recipients of stem cell
transplants from seropositive donors: evidence for indirect
effects of primary CMV infection. J Infect Dis 185(3): 273-282,
2002. PMID: 11807708. DOI: 10.1086/338624

10 Takenaka K, Nishida T, Asano-Mori Y, Oshima K, Ohashi K,
Mori T, Kanamori H, Miyamura K, Kato C, Kobayashi N,
Uchida N, Nakamae H, Ichinohe T, Morishima Y, Suzuki R,
Yamaguchi T and Fukuda T: Cytomegalovirus reactivation after
allogeneic hematopoietic stem cell transplantation is associated
with a reduced risk of relapse in patients with acute myeloid
leukemia who survived to day 100 after transplantation: The
Japan Society for Hematopoietic Cell Transplantation
Transplantation-related Complication working group. Biol Blood
Marrow Transplant 21(11): 2008-2016, 2015. PMID: 26211985.
DOI: 10.1016/j.bbmt.2015.07.019

11 Bogner E: Human cytomegalovirus terminase as a target for
antiviral chemotherapy. Rev Med Virol 12(2): 115-127, 2002.
PMID: 11921307. DOI: 10.1002/rmv.344

12 Borst EM, Kleine-Albers J, Gabaev I, Babic M, Wagner K, Binz
A, Degenhardt I, Kalesse M, Jonjic S, Bauerfeind R and
Messerle M: The human cytomegalovirus UL51 protein is
essential for viral genome cleavage-packaging and interacts with
the terminase subunits pUL56 and pUL89. J Virol 87(3): 1720-
1732, 2013. PMID: 23175377. DOI: 10.1128/JVI.01955-12

13 Marty FM, Ljungman P, Chemaly RF, Maertens J, Dadwal SS,
Duarte RF, Haider S, Ullmann AJ, Katayama Y, Brown J, Mullane
KM, Boeckh M, Blumberg EA, Einsele H, Snydman DR, Kanda
Y, DiNubile MJ, Teal VL, Wan H, Murata Y, Kartsonis NA,

Leavitt RY and Badshah C: Letermovir prophylaxis for
cytomegalovirus in hematopoietic-cell transplantation. N Engl J
Med 377(25): 2433-2444, 2017. PMID: 29211658. DOI:
10.1056/NEJMoa1706640

14 Ljungman P, de la Camara R, Robin C, Crocchiolo R, Einsele
H, Hill JA, Hubacek P, Navarro D, Cordonnier C, Ward KN and
2017 European Conference on Infections in Leukaemia group:
Guidelines for the management of cytomegalovirus infection in
patients with haematological malignancies and after stem cell
transplantation from the 2017 European Conference on
Infections in Leukaemia (ECIL 7). Lancet Infect Dis 19(8):
e260-e272, 2019. PMID: 31153807. DOI: 10.1016/S1473-
3099(19)30107-0

15 Harris AC, Young R, Devine S, Hogan WJ, Ayuk F, Bunworasate
U, Chanswangphuwana C, Efebera YA, Holler E, Litzow M,
Ordemann R, Qayed M, Renteria AS, Reshef R, Wölfl M, Chen
YB, Goldstein S, Jagasia M, Locatelli F, Mielke S, Porter D,
Schechter T, Shekhovtsova Z, Ferrara JL and Levine JE:
International, multicenter standardization of acute graft-versus-
host disease clinical data collection: a report from the Mount
Sinai Acute GVHD International Consortium. Biol Blood
Marrow Transplant 22(1): 4-10, 2016. PMID: 26386318. DOI:
10.1016/j.bbmt.2015.09.001

16 Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR,
Lee SJ, Martin P, Chien J, Przepiorka D, Couriel D, Cowen EW,
Dinndorf P, Farrell A, Hartzman R, Henslee-Downey J,
Jacobsohn D, McDonald G, Mittleman B, Rizzo JD, Robinson
M, Schubert M, Schultz K, Shulman H, Turner M, Vogelsang G
and Flowers ME: National Institutes of Health consensus
development project on criteria for clinical trials in chronic
graft-versus-host disease: I. Diagnosis and staging working
group report. Biol Blood Marrow Transplant 11(12): 945-956,
2005. PMID: 16338616. DOI: 10.1016/j.bbmt.2005.09.004

17 Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D,
Cowen EW, Palmer J, Weisdorf D, Treister NS, Cheng GS, Kerr
H, Stratton P, Duarte RF, McDonald GB, Inamoto Y, Vigorito A,
Arai S, Datiles MB, Jacobsohn D, Heller T, Kitko CL, Mitchell
SA, Martin PJ, Shulman H, Wu RS, Cutler CS, Vogelsang GB,
Lee SJ, Pavletic SZ and Flowers ME: National Institutes of
Health Consensus Development Project on Criteria for Clinical
Trials in Chronic Graft-versus-Host Disease: I. The 2014
Diagnosis and Staging Working Group report. Biol Blood
Marrow Transplant 21(3): 389-401.e1, 2015. PMID: 25529383.
DOI: 10.1016/j.bbmt.2014.12.001

18 Richert-Przygonska M, Jaremek K, Debski R, Konieczek J, Lecka
M, Dziedzic M, Bogiel T, Styczynski J and Czyzewski K:
Letermovir prophylaxis for cytomegalovirus infection in children
after hematopoietic cell transplantation. Anticancer Res 42(7): 3607-
3612, 2022. PMID: 35790275. DOI: 10.21873/anticanres.15848

19 Mori Y, Jinnouchi F, Takenaka K, Aoki T, Kuriyama T,
Kadowaki M, Odawara J, Ueno T, Kohno K, Harada T,
Yoshimoto G, Takase K, Henzan H, Kato K, Ito Y, Kamimura T,
Ohno Y, Ogawa R, Eto T, Nagafuji K, Akashi K and Miyamoto
T: Efficacy of prophylactic letermovir for cytomegalovirus
reactivation in hematopoietic cell transplantation: a multicenter
real-world data. Bone Marrow Transplant 56(4): 853-862, 2021.
PMID: 33139867. DOI: 10.1038/s41409-020-01082-z

20 Stoelben S, Arns W, Renders L, Hummel J, Mühlfeld A, Stangl M,
Fischereder M, Gwinner W, Suwelack B, Witzke O, Dürr M,
Beelen DW, Michel D, Lischka P, Zimmermann H, Rübsamen-

ANTICANCER RESEARCH 42: 5431-5441 (2022)

5440



Schaeff H and Budde K: Preemptive treatment of Cytomegalovirus
infection in kidney transplant recipients with letermovir: results of
a Phase 2a study. Transpl Int 27(1): 77-86, 2014. PMID: 24164420.
DOI: 10.1111/tri.12225

21 Sassine J, Khawaja F, Shigle TL, Handy V, Foolad F, Aitken SL,
Jiang Y, Champlin R, Shpall E, Rezvani K, Ariza-Heredia EJ and
Chemaly RF: Refractory and resistant cytomegalovirus after
hematopoietic cell transplant in the letermovir primary
prophylaxis era. Clin Infect Dis 73(8): 1346-1354, 2021. PMID:
33830182. DOI: 10.1093/cid/ciab298

22 Studer U, Khanna N, Leuzinger K, Hirsch HH, Heim D,
Lengerke C, Tsakiris DA, Halter J, Gerull S, Passweg J,
Medinger M and Gwerder M: Incidence of CMV replication and
the role of letermovir primary/secondary prophylaxis in the early
phase after allogeneic hematopoietic stem cell transplantation -
a single centre study. Anticancer Res 40(10): 5909-5917, 2020.
PMID: 32988922. DOI: 10.21873/anticanres.14611

23 Broers AE, van Der Holt R, van Esser JW, Gratama JW, Henzen-
Logmans S, Kuenen-Boumeester V, Löwenberg B and Cornelissen
JJ: Increased transplant-related morbidity and mortality in CMV-
seropositive patients despite highly effective prevention of CMV
disease after allogeneic T-cell-depleted stem cell transplantation.
Blood 95(7): 2240-2245, 2000. PMID: 10733491.

24 Cantoni N, Hirsch HH, Khanna N, Gerull S, Buser A, Bucher C,
Halter J, Heim D, Tichelli A, Gratwohl A and Stern M: Evidence
for a bidirectional relationship between cytomegalovirus
replication and acute graft-versus-host disease. Biol Blood
Marrow Transplant 16(9): 1309-1314, 2010. PMID: 20353832.
DOI: 10.1016/j.bbmt.2010.03.020

Received August 15, 2022
Revised August 31, 2022

Accepted September 5, 2022

Koch et al: Letermovir Prophylaxis for CMV Reactivation in Allogeneic SCT Recipients

5441


