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CMV infection is a major challenge in allogeneic stem cell transplantation (allo-SCT).
The changing landscape in CMV management includes the introduction of letermovir in
prophylaxis of high-risk patients and the source of CMV DNA monitoring (plasma—PL
vs. whole blood—WB), for pre-emptive therapy (PET) initiation. We report here how our
real-life experience in CMV management evolved, following letermovir registration. We
focus on: (i) the effects of systematic use of letermovir for CMV prophylaxis in high-risk
patients, (i) the results of a longitudinal comparison of CMV DNAemia monitoring in
PL and WB. From December 2018 to April 2020, 60 allo-SCTs have been performed
in our center (LET ERA), of whom 45 received letermovir in prophylaxis from day O
to day + 100, because of recipient positivity of anti CMV IgG. These patients were
compared with a cohort of 41 allo-SCTs performed between November 2017 and
November 2018 (NO LET ERA). Firstly, the incidence of CMV clinically significant
infections, CMV disease, bacterial infections, proven/probable fungal infections, hospital
re-admissions after allo-SCT by day + 100 in the two ERA were 8 vs. 44% (p = 0.0006),
2 vs. 12% (p = 0.02), 37 vs. 56% (p = 0.05), 8 vs. 19% (p = 0.09), and 23 vs. 39%
(p = 0.09), respectively. By day 4+ 180 these differences were 17 vs. 68% (p < 0.00001),
2 vs. 12% (p = 0.02), 45 vs. 78% (p = 0.09), 8 vs. 22% (p = 0.05), and 40 vs.
66% (p = 0.01), respectively. Secondly, from February to May 2019, we comparatively
measured CMV DNA from WB and PL and we confirmed that there is a linear correlation
between CMV DNA level in WB and PL (Spearman’s test r = 0.86). Moreover, CMV
DNAemia at the time of PET in the 12 patients with a clinically significant CMV infection
was higher in WB vs. PL (5.202 vs. 4.981 copies/ml, p = 0.1). Our real-life experience
confirms that: (i) letermovir is highly effective, leading to a significant drop in CMV
clinically significant infections and CMV-related complications by day + 100 and + 180
after allo-SCT; (i) WB may be an effective alternative to PL as a source for CMV DNA
monitoring, as a linear correlation of DNAemia was confirmed between WB and PL,
even if the CMV DNAemia at PET initiation was comparable in the two sources.
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INTRODUCTION

Cytomegalovirus (CMV) infection is a challenge in allogeneic
stem cell transplantation (allo-SCT) (Boeckh and Nichols,
2004; Boeckh and Ljungman, 2009). In the first 100 days
after transplant, it is detected in more than 60% of CMV
seropositive recipients, in whom it produces a number of direct
and indirect relevant effects, leading to an increase in non-
relapse mortality (NRM). CMV disease, drug-related peripheral
blood cytopenia, bacterial or fungal infections, and graft vs.
host disease (GVHD) are the main CMV-related complications
(Ariza-Heredia et al., 2014).

Before the availability of letermovir, the management of CMV
infection was based on the monitoring of CMV DNAemia
by RT-qPCR and on the prompt use of pre-emptive therapy
(PET), either with foscarnet, ganciclovir, or valganciclovir. CMV
DNA cut-off values for PET are still a matter of debate: Italian
guidelines suggest more than 1,000 copies/ml in plasma (PL)
or 10,000 copies/ml in whole blood (WB), in two consecutive
assessments (Girmenia et al., 2019), while the ECIL-7 guidelines
suggest that it should be adapted according to the monitoring
technique used at the transplant center (Ljungman et al., 2019).
PET is generally continued for at least 2 weeks, and stopped
after at least one (Ljungman et al, 2019) or preferably two
consecutive negative tests (Girmenia et al, 2019). Although
anti-CMV hyper-immunoglobulins (Megalotect) can be safely
used (Malagola et al., 2019), no conclusive data are available
to recommend a routine use, and both the ECIL-7 guidelines
and the Italian guidelines do not recommend the routine use
of anti-CMV hyper-immunoglobulins (Girmenia et al., 2019;
Ljungman et al., 2019).

Recently, significant improvements have been made
in the management of CMYV infection. They include: (i)
the introduction of letermovir for prophylaxis in CMV
seropositive patients; (ii) the advances in laboratory monitoring
of CMV infection.

Letermovir has been licensed in Italy (December 2018) for
prophylaxis in high-risk patients from day 0 to day + 100,
following the conclusive data reported in the registration
trial (Marty et al, 2017), showing a reduction of CMV
clinically significant infection. In this study, the incidence of
CMV reactivation was significantly lower in patients receiving
letermovir vs. placebo (37 vs. 60%, respectively, p < 0.001), with
an excellent safety profile (Marty et al., 2017).

Although ganciclovir and foscarnet were widely investigated
in the 80s and 90s for CMV prophylaxis and have been proven
to be effective in reducing CMV infection and disease, they
showed significant toxicity (myelotoxicity for ganciclovir and
nephrotoxicity for foscarnet), that hampered their extensive use
in clinical practice (Chen et al., 2018). Thus, letermovir is, at
present, the most effective and safe drug for CMV prophylaxis
and the only licensed one for this indication.

During the last few years, the laboratory monitoring of
CMV and the diagnosis of CMV infection moved from CMV
antigenemia (Cariani et al., 2007) to molecular quantitative RT-
qPCR (Girmenia et al,, 2019; Ljungman et al., 2019), but a unique
standardized method for detection of DNAemia has not been

defined yet. Even though it is true that both WB and PL are
valid sources for CMV DNA monitoring after allo-SCT, recently,
WB has been suggested to be more reliable than PL as a source
for RT-qPCR. In fact, in WB both intra-cellular and extra-
cellular CMV DNA is detected, and during PET the clearance
of CMV DNA appears to be faster in WB than in PL, where
free particles of non-infective DNA are measured for many days
after the complete clearance of the virus. This latter point is
crucial, because it reduces the duration of PET and its side effects
(Lazzarotto et al., 2018).

The aim of our study is to depict if and how letermovir and the
availability of different sources for CMV DNAemia monitoring
have impacted on daily CMV management. Thus, we report
here a real-life single center experience in CMV management,
conducted in our transplant center since letermovir registration
in Italy (LET ERA) from December 2018 to April 2020,
during which 60 allo-SCTs have been performed. We compared
these data with a cohort of 41 patients allotransplanted before
letermovir registration (from November 2017 to November 2018,
NO LET ERA). We highlight two major issues: (i) the effects of
the systematic use of letermovir for CMV prophylaxis in CMV
positive recipients; (ii) the comparative monitoring of CMV
DNAemia from WB and PL, to evaluate the reliability of the two
methods in the era of prophylaxis with letermovir.

PATIENTS AND METHODS

CMV Management Before Letermovir

Introduction (Before December 2018)

For the purpose of this study, we report the policy and the
results of CMV management before and after December 2018,
that is when letermovir was licensed in Italy and routinely
used by us for CMV prophylaxis in CMV seropositive patients
undergoing allo-SCT.

Data were obtained by local databases and clinical charts,
and special queries were addressed on missing data. The allo-
SCT procedures, in terms of conditioning regimens, GVHD
prophylaxis, and antimicrobial prophylaxis, were based on
local guidelines and protocols, were undertaken upon written
informed consent for transplant procedures and they remained
unchanged following letermovir registration.

In order to define the risk of developing CMV infection
and/or disease, standard practice included a serological test for
CMV IgG of both the patient and the donor: patients CMV
IgG positivity defined the high-risk category. Additional risk-
factors were considered: the presence of a seronegative donor for
a seropositive recipient, the presence of a mismatch donor, and
the presence of GHVD, as reported in the literature (Styczynski,
2018). Up to December 2018, no prophylaxis against CMV
was adopted, and all the patients received a standard-dose of
acyclovir for other herpes virus prophylaxis. PET consisted of
foscarnet, ganciclovir, or valganciclovir. Foscarnet was chosen in
cases of peripheral blood cytopenia, ganciclovir in cases of renal
impairment, and valganciclovir in cases of management of CMV
once the patient has been discharged. PET was started in cases of a
clinically significant CMV infection, defined as CMV reactivation
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with at least two positive controls (>1,000 copies/ml from PL)
(Boeckh and Ljungman, 2009). From 2016, anti-CMV hyper-
immunoglobulins (Megalotect) have been used in three settings:
with anti-CMV specific drugs (during PET), in monotherapy
for secondary prophylaxis (prevention of CMV breakthrough
infection in very high-risk patients), and in order to control a
CMV reactivation not requiring PET. Megalotect was used at the
conventional dose of 100 UI/Kg every 2 weeks.

CMV Management After Letermovir
Introduction (After December 2018)

Following letermovir registration and availability in our hospital
(January 2019), all high-risk patients were selected to receive
standard prophylaxis with letermovir from day 0 to day + 100,
at the conventional dose of 240 or 480 mg/day orally, based
on the immunosuppressive drug co-administered for GVHD
prophylaxis. No changes were made in PET approach, as
well as in the supportive care with Megalotect. In particular,
we maintained the clinical practice to start PET following
two consecutive CMV positive samples with more than 1000
copies/ml in PL. Nevertheless, soon after the introduction of
letermovir (from February 2019 to May 2019), we conducted
a comparative assessment of CMV-DNA from PL and WB, in
order to verify WB reliability, with the intent to move from PL
to WB, as a source for CMV DNA monitoring (from June 2019).
During this time-frame, any decision for PET initiation was made
considering the CMV-DNA on PL. After May 2019, a cut-off of
10,000 copies/ml in two consecutive samples was adopted for
PET initiation. Moreover, for DNAemia between 1000 and 10,000
copies/ml the presence of additional risk factors for CMV-related
complications was carefully considered for a prompt PET start,
even with copies < 10,000/ml in two consecutive samples (e.g.,
aGVHD under steroids and haploidentical donor).

CMV DNAemia Monitoring

Up to February 2019, the clinical practice in our transplant
center was to monitor CMV-DNA from PL at least once a
week until day + 100, and to start PET in cases of clinical
significant CMV infection as above reported. From February to
May 2019, in collaboration with the microbiology unit of our
hospital, we carried out a CMV DNAemia monitoring protocol
for allotransplanted patients for comparative determination of
quantitative CMV DNA from WB and PL. In particular, this
comparative evaluation was performed both in patients who
were transplanted between February and March 2019 (n = 21)
and in patients who have been previously transplanted and
were monitored during the follow up and transplanted before
letermovir availability (n = 47). Extraction, detection, and
quantification of CMV-DNA in paired WB and PL samples
were performed using a commercial automated platform (ELITe
InGenius®, Elitechgroup, Italy) (CMV ELITe MGB® Kit, 2017,
SCH mRTKO015PLD_11, of 10/03/17, Elitechgroup). The ELITe
InGenius® instrument is the first fully automated sample-to-
result solution, integrating sample preparation, amplification,
and result analysis, validated with a quantitative transplant
pathogen monitoring menu, based on the real-time PCR MGB

technology. Results interpretation and analysis are automatically
done by the ELITe InGenius® system. In comparison to
conventional PCR platforms and conventional methods in
microbiology, the ELITe InGenius® system simplified and
reduced the duration of the pre-analytical and analytical phases
in the laboratory (2 h 30’ to process one sample) and proved to be
a reliable and sensitive tool for a sample-in answer-out detection
of CMV directly from clinical samples.

Briefly, primary samples were loaded directly and processed
in the ELITe InGenius® system, according to the manufacturer’s
instructions. The instrument collected only 200 wL for each
sample (WB and PL) and the purified nucleic acid was eluted
into a total volume of 100 L and amplification was performed
using 20 L. For each protocol, the limit of detection (LoD) and
the lower limit of quantification (LLoQ) were as reported by the
manufacturer. In particular, the LoD was 156 and 293 copies/ml
from WB and PL, respectively, and the LLoQ was 254 and 593
copies/ml from WB and PL, respectively. Quantitative results
were reported as log10 copies/mL of the sample. Positive samples
(WB and PL) below the LLoQ were considered negative; while
all samples with a value < 156 copies/mL for WB and < 293
copies/ml for PL were considered really negative (0 copies/mL)
samples. For the ELITe InGenius® real-time CMV assay, the
manufacturer has determined the conversion factor and provides
a conversion factor whatever the matrix used (WB or plasma).
The conversion factor for WB is 2.9 IU/copies, while for PL
is 1.9 IU/copies.

Statistical Analysis

CMYV DNA levels between whole blood and plasma samples were
compared by a Mann-Whitney U-test. The correlation between
CMYV DNA in the two groups was analyzed using the Spearman’s
correlation coefficient (Dioverti et al., 2017). The differences
between the groups were analyzed using the Chi-square test or
the Fisher’s exact test, as appropriate. A P-value of < 0.05 was
considered as statistically significant.

RESULTS

Results of Letermovir Prophylaxis

For the purpose of this study, we consider 110 allogeneic
transplants performed from November 2017 to April 2020 in
our transplant center, divided into two cohorts: 41 transplants
performed before the registration of letermovir in Italy (NO
LET ERA—November 2017-November 2018) and 60 transplants
performed after letermovir registration in Italy (LET ERA—
December 2018-April 2020).

Table 1 reports the clinical and transplant characteristics
of the two cohorts. Focusing on the 60 transplants of
the LET ERA, more than 50% were performed for acute
leukemia, 53% were made in complete remission, and 57%
following a myeloablative conditioning regimen. In 70% of
them peripheral blood stem cells were used, and 27% were
performed with a haploidentical transplantation. No statistical
significant differences were observed in the two cohorts, with the
exception of the expected difference in letermovir use: letermovir
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TABLE 1 | Clinical and transplant characteristics of the 101 patients transplanted
from November 2017 to April 2020.

Characteristics NO LETERMOVIR ERA LETERMOVIR ERA

Nov 2017-Nov 2018 Dec 2018-Apr 2020 P

N =41 N =60

N % N %
Patient age, median 56 (19-71) - 52 (21-71) -
(range)
Patient sex, 19/22 46/54 27/33 45/55 0.89
female/male
Disease
AL 27 66 32 53 0.20
MFI 4 10 9 15 0.43
MM 4 1014 8 13 0.58
NHL 6 0 5 8 0.31
HL 0 0 2 3 n.e.
SAA 0 2 3 n.e.
Other 2 3 n.e.
Disease status at transplant
CR 21 51 32 53 0.83
CMV serostatus (R +) 32 78 51 85 0.37
Donor type
Sibling 11 27 1 18 0.07
MUD 24 58 32 53 0.69
Haplo 15 15 16 27 0.38
ucB 0 0 1 2 1
Stem cell source
PBSC 34 83 42 70 0.16
BM 7 17 17 28 0.24
ucB 0 0 1 2 1
Conditioning intensity
RIC 21 51 26 43 0.54
MAC 20 49 34 57
aGVHD grade II-IV 12 29 14 23 0.64
cGVHD 3 7 2 3 0.39
Letermovir
YES 0 0 45 45 < 0.0001
NO 41 100 15 15
Letermovir duration
Discontinued at - - 25 56 -
day 4+ 100
Ongoing - - 13 29 -
Discontinued before - - 7 15 -
day + 100
Dose
240 mg/day - - 36 80 -
480 mg/day - - 9 20 -

AL, acute leukemia; MFI, primary myelofibrosis;, HL, Hodgkin lymphoma, NHL,
Non-Hodgkin lymphoma, MM, multiple myeloma, CR, complete remission; MUD,
matched unrelated donor; Haplo, haploidentical; UCB, umbilical cord blood; PBSC,
peripheral blood stem cell; BM, bone marrow; MAC, myeloablative conditioning;
RIC, reduced intensity conditioning;, aGVHD, acute graft vs. host disease; cGVHD,
chronic graft vs. host disease; n.e., not evaluable.

prophylaxis was used in 45/60 transplants of the LET ERA
(75%) and in none of the transplant of the previous period
(p < 0.0001). All the patients who received letermovir were IgG

positive. Additional CMV risk factors were: matched unrelated
donor (23 cases) and haploidentical donor (14 cases). Most of
the patients (80%) who received letermovir prophylaxis took
240 mg/daily together with cyclosporine. Nine patients (20%)
received letermovir 480 mg together with sirolimus (6 cases) or
tacrolimus (3 cases). At the last follow up (April 20, 2020), 25/45
patients (56%) discontinued letermovir because they completed
the planned 100 days of treatment, while 13/45 patients (29%)
were still receiving letermovir and 7/45 (15%) discontinued
letermovir for CMV clinically significant infection or death
before day + 100.

Overall, the treatment was very well tolerated. In particular,
no drug-related grade 1 2 WHO adverse events were reported
(diarrhea, vomiting, skin rash, fever, cough, or peripheral edema)
(Marty et al., 2017).

As above reported, considering the 60 transplants of the LET
ERA letermovir prophylaxis was used in 45 cases (75%, Table 2a).
In total, 14/45 (31%) developed a CMV reactivation (before
day + 100, during letermovir prophylaxis in 8 cases and after
day + 100 in 6 cases). In 7 cases (7/45, 15%) the infection was
clinically significant and required PET (2 cases—4%—during
letermovir prophylaxis, before day 4+ 100 and 5 cases—11%—
after day + 100).

A total of 15/60 (25%) patients of the LET ERA did not
receive letermovir prophylaxis (CMV seronegativity in 9 cases,
letermovir temporary unavailability at our institution in 3 cases,
second transplant in 2 cases, who previously received letermovir
for the first transplant and received an anti-CMV drug during
the follow up and CMV DNA positivity at day —2 in 1 case;
Table 2b). In total, 5/15 of these patients (45%) developed a
CMV-related complication: two patients developed a clinically
significant CMV infection at day +13 and +24, one at day —2
and two patients developed a CMV disease (1 lung localization
before day + 100 and 1 gut localization after day + 100, both
without CMV DNAemia).

Considering all the 12 cases of CMV clinically significant
infection or disease observed in the LET ERA (7 in the
letermovir group—Table 2a—and 5 in the non-letermovir
group—Table 2b), the treatment consisted of foscarnet (5 cases),
valganciclovir (6 cases), and ganciclovir (1 case). All the patients
who received PET for a clinically significant CMV infection
achieved a complete clearance of CMV DNA after a median
of 14 days (range 7-26). In 5/12 cases (42%) a breakthrough
CMYV infection was observed, that was successfully treated with
second line anti-CMV drugs. No resistance to ganciclovir or
foscarnet was observed.

In order to assess the impact of letermovir prophylaxis
in the clinical management of allotransplanted patients, we
compared the most relevant transplant outcomes in the NO
LET ERA (Nov 2017-Nov 2018; 41 transplants) vs. the LET
ERA (Dec 2018-Apr 2020; 60 transplants) (Table 3). Focusing
on the first 100 days after allo-SCT, the incidence of clinically
significant CMV infections, CMV disease, bacterial infections,
proven/probable fungal infections, and hospital readmission was
44 vs. 5% (p = 0.0006), 12 vs. 2% (p = 0.02), 56 vs. 37% (p = 0.05),
19 vs. 8% (p = 0.09%), and 39 vs. 23% (p = 0.09), respectively.
Moreover, the incidence of grade t 2 aGVHD was 29 vs. 23%, in
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TABLE 2a | CMV course in the 45 high-risk (CMV IgG+) patients who received prophylaxis with letermovir from day O to day + 100.

Pt N° SCT date CMV IgG D/R Day of 1st CMV reactivation CMV DNAemia Source PET LET duration Pt last f up
1 Mar 2020 —/+ +10 <1,000 copies/ml WB - 27 427
2 Jul 2019 +/+ +11 <1,000 copies/ml WB - 100 +234
3 Oct 2019 +/+ +11 <1,000 copies/ml WB - 82 +192
4 Jan 2019 +/+ +12 2,779 copies/ml PL FOS 12 Dead
5% Mar 2019 —/+ +13 10,099 copies/ml PL FOS 13 Dead
6 May 2019 +/+ +20 <1,000 copies/ml WB - 100 Dead
7 May 2019 —/+ +20 <1,000 copies/ml WB - 100 +343
8 Jan 2019 —/+ +78 <1,000 copies/ml PL - 100 +493
9 Feb 2019 +/+ +120 2,280 copies/ml PL VAL 100 +433
10 Feb 2019 +/+ +130 <1,000 copies/ml WB - 100 +443
11 Mar 2019 —/+ +133 10,744 copies/ml WB VAL 100 +383
12 Oct 2019 +/+ +146 10,900 copies/ml WB VAL 100 +186
13 May 2019 +/+ +147 4,675 copies/ml WB VAL 100 +332
14 Jul 2019 +/+ +150 5,451 copies/ml WB VAL 100 +178
15 Jan 2019 +/+ - - - - 100 Dead
16 Jun 2019 +/+ - - - - 18 Dead
17 Jun 2019 +/+ - - - - 68 Dead
18 Jun 2019 +/+ - - - - 100 +307
19 Jul 2019 +/+ - - - - 100 +292
20 Jul 2019 —/+ - - - - 100 +283
21 Jul 2019 —/+ - - - - 100 +270
22 Sep 2019 +/+ - - - - 100 +214
23 Oct 2019 +/+ - - - - 100 +193
24 Oct 2019 —/+ - - - - 100 +116
25** Nov 2019 —/+ - - - - 40 Dead
26 Nov 2019 —/+ - - - - 100 +156
27 Nov 2019 +/+ - - - - 100 +155
28 Nov 2019 +/+ - - - - 24 Dead
29 Nov 2019 +/+ - - - - 100 +143
30 Dec 2019 —/+ - - - - 100 +129
31 Dec 2019 —/+ - - - - 100 +122
33 Jan 2020 —/+ - - - - 100 +102
33 Jan 2020 +/+ - - - - 100 +101
34 Jan 2020 +/+ - - - - 95 +95
35 Jan 2020 +/+ - - - - 80 +80
36 Feb 2020 +/+ - - - - 20 Dead
37 Feb 2020 —/+ - - - - 66 +66
38 Feb 2020 +/+ - - - - 60 +60
39 Feb 2020 +/+ - - - - 56 +56
40 Mar 2020 +/+ - - - - al +41
41 Mar 2020 +/+ - - . - 25 +25
42 Apr 2020 +/+ - - - - 1Al +11
43 Apr 2020 +/+ - - - - 10 +10
44 Apr 2020 —/+ - - - - 6 +6
45 Apr 2020 +/+ - - - - 3 +3

*First transplant for primary myelofibrosis.

**First transplant for primary myelofibrosis. Letermovir discontinuation at day + 40 because of foscarnet therapy for HHV6 reactivation.

the two periods (p = 0.5). The observed differences were more
evident prolonging the observation up to 180 days after allo-SCT:
68 vs. 17% for CMV clinically significant infection (p < 0.00001),
12 vs. 2% for CMV disease (p = 0.02), 78 vs. 45% for bacterial
infections (p = 0.009), 22 vs. 8% for proven/probable fungal
infections (p = 0.05), and 66 vs. 40% for hospital re-admission
(p=0.01). The costs of PET showed a reduction from Euro 38,000
to Euro 10,000, that only partially balanced the costs of letermovir

from day 0 to day + 100 (Euro 13,700/pt for 240 mg/daily and
Euro 29,000/pt for 480 mg/daily).

Comparative Monitoring of CMV

DNAemia From PL and WB

From February to May 2019 (4 months), a total of 566 consecutive
samples were collected, for comparative assessment of CMV
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TABLE 2b | CMV course in the 15 patients who did not receive prophylaxis with letermovir from day 0 to day + 100.

PtID SCT date CMV IgG D/R Day of 1st CMV reactivation CMV DNAemia Source Anti CMV therapy Pts last f up
46* Feb 2019 —/+ -2 2,605 copies/ml PL FOS +421
47 Apr 2019 —/— +13 1,347 copies/ml PL VAL +376
48 Mar 2019 +/— +20 - - FOSs* Dead
499 Dec 2018 —/+ +24 2,273 copies/ml PL FOS +485
50@ Dec 2018 —/+ +240 - - GANS +478
51 Dec 2018 —/+ - - - - Dead
56 Apr 2019 —/- - - - - +335
5** Apr 2019 —/+ - - - Dead
57 Jun 2019 —/- - - - +294
58 Aug 2019 —/— - - - +260
25%** Dec 2019 —/+ - - - Dead

*Letermovir was not used because of CMV positive DNA before SCT (day —2).
#FOS for CMV disease (lung) on day + 16, with negative CMV DNA on PL.

@[ etermovir was not used because, although registered, it became available in our hospital from January 2019.

S GAN for CMV disease (gut) on day + with negative CMV DNA on PL.

**Letermovir was not used because this is a second transplant. Letermovir was used in the first transplant and discontinued at day + 13 for CMV clinically significant

infection (see Table 2a).

*“**Letermovir was discontinued at day + 40 after the first transplant because of foscarnet therapy for HHV6 reactivation (see Table 2a).

TABLE 3 | Impact of letermovir on the management of patients undergoing allo-SCT.

Nov 2017-Nov 2018 Dec 2018-APR 2020 P
NO LET “ERA” LET “ERA”

No. of allo-SCT 41 60 -
Letermovir prophylaxys day O — + 100 0 45 -
Clinically significant CMV infection (< 100 days) 18 (44%) 5% (8%) 0.0006
Clinically significant CMV infection (< 180 days) 28 (68%) 10 (17%) <0.00001
CMV disease (<100 days) 5 (12%) 1 (2%) 0.02
CMV disease (<180 days) 5 (12%) 1(2%) 0.02
Bacterial infections (<100 days) 23 (566%) 22 (37%) 0.05
Bacterial infections (<180 days) 32 (78%) 27 (45%) 0.009
Fungal infections (probable/proven) (<100 days) 8 (19%) 5 (8%) 0.09
Fungal infections (probable/proven) (<180 days) 9 (22%) 5 (8%) 0.05
aGVHD grade > 2 12 (29%) 14 (23%) 0.5
Hospital re-admission (<100 days) 16 (39%) 14 (23%) 0.09
Hospital re-admission (<180 days) 27 (66%) 24 (40%) 0.01
Cumulative cost for PET* Euro 38,000 Euro 10,000 -

Letermovir costs
—240 mg day 0 — + 100 -
—480 mg day 0 — + 100 -

Euro 13,700/pt -
Euro 29,000/pt -

*Two patients in the letermovir group (CE and CP in Table 2a) and 3 patients in the no-letermovir group (CN, BG, and FB in Table 2b).

**Two patients in the no-letermovir group (BA and FG in Table 2b).

#This indicates the cumulative cost with the different anti-CMV specific drug actually administered (FOS, GAN, VAL), calculated for 15 days and for a standard of 70 Kg

of body weight.

DNA from PL and WB. The samples came from 68 patients (21
females and 47 males, mean age 50 & 21 years), of whom 21
allotransplanted in the same period of time (250 samples) and 47
allotransplanted before February 2019 and who were monitored
during follow up (316 samples). The median number of samples
per patient was 8 (range: 1-29).

The first objective of this analysis was to confirm the data
reported in the literature of a linear correlation between the
results of the RT-qPCR on PL and WB (Lazzarotto et al., 2018).
Considering all the 566 samples, including 294 samples with

undetectable CMV DNAemia, the median number of copies/ml
was 293 (range 293-169,769) and 156 (range 156-202,261) on
PL and WB, respectively. The Spearman’s test clearly showed a
linear correlation between the two sources (r = 0.87). Considering
the 272 samples coming from the 18 patients who had a CMV
reactivation, the median value of CMV DNA was 593 copies/ml
on PL and 402 copies/mL on WB, respectively (Figure 1A).
The mean was 4,664 copies/ml on PL and 4,679 copies/mL on
WB, respectively (Figure 1A). Figure 1B confirms the linear
correlation between the values (r = 0.86).
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FIGURE 1 | (A) Median value of CMV-DNAemia of the 18 patients with CMV reactivation who were monitored simultaneously from PL and WB. (B) Linear correlation
between the CMV DNAemia assessed on PL and WB in the 18 patients who experienced a CMV reactivation.

We then grouped the CMV DNA level as detected from
PL and WB of the 208 samples from the 12/18 patients who
experienced a CMV reactivation that required PET. Figures 2A,B
report this analysis. Time-point zero of each figure includes
the peak value of CMV DNA which correspond to the first
day of anti-CMV treatment; negative time-points include the

weekly assessment before PET initiation and positive timepoints
include the weekly assessment during PET. At time-point zero,
the DNAemia on WB (Figure 2B, median 5,202 copies/mL)
was higher than that detected on PL (Figure 2A, median
4,981 copies/mL). The difference was not significant (p = 0.1).
The kinetics of CMV DNAemia during PET was similar
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FIGURE 2 | (A) CMV DNAemia monitored on PL of the 12 patients who received PET. Week 0 includes the maximum DNAemia. Negative weeks include the
DNAemia before the peak and positive weeks include the DNAemia during PET. (B) CMV DNAemia monitored on WB of the 12 patients who received PET. Week 0
includes the maximum DNAemia. Negative weeks include the DNAemia before the peak and positive weeks include the DNAemia during PET.

when considering PL (Figure 2A) or WB (Figure 2B). The
comparative CMV DNAemia expressed in copies/ml and IU/ml
according to the manufacturer conversion factor is reported in
Supplementary Table 1.

DISCUSSION

CMV management is a major challenge for patients admitted
for allo-SCT and a raise in CMV reactivation is expected in
the next few years following the extensive use of haploidentical
transplantation and the progressive increase of patients’ age at
transplant (Boeckh and Ljungman, 2009). In both these settings,
acute and chronic GVHD incidence is expected to be higher
in comparison to conventional transplants in younger patients.
Thus the prolonged immunosuppression and the long-lasting

immune-reconstitution are expecting to expose these patients to
more frequent CMV infections.

The attention of the transplant community on CMV is
particularly high, and recently the Gruppo Italiano Trapianto
di Midollo Osseo (GITMO) published a guideline addressing
the major points of CMV management (Girmenia et al,
2019). Nevertheless, the real-life policy of CMV management
is still heterogeneous in this transition period, considering that
letermovir has been recently registered for CMV prophylaxis
(Marty et al, 2017) and that CMV DNA monitoring from
WB instead of PL for definition of the CMV clinically
significant infection has been proposed to be preferable,
even though not definitively demonstrated and largely applied
(Lazzarotto et al., 2018).

These clinical and laboratory aspects have been recently
highlighted by Marty et al. (2017) in their registration studies
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and by Lazzarotto et al. (2018) in their experimental work. The
results of both papers are considered as reference, but few data
on real-life experience are currently available, taking into account
that the number of patients who received primary prophylaxis
with letermovir in the real-life published studies is very limited
(Lin et al., 2019; Anderson et al., 2020; Johnsrud et al., 2020;
Sharma et al., 2020).

In the present paper, we report a real-life experience on
CMYV management in our transplant center following letermovir
registration in Italy (December 2018) and we compare a cohort
of 60 transplants performed after letermovir registration (LET
ERA, December 2018-April 2020) with a historical cohort
of transplants performed before letermovir registration (NO
LET ERA, November 2017-November 2018), with the aim to
evaluate the efficacy of letermovir prophylaxis and its impact on
CMV reactivation and incidence of clinically significant CMV
infections. The results of our experience confirms that letermovir
is highly effective and safe in reducing the incidence of CMV
reactivation, when used from day 0 to day + 100. Impressively,
the incidence of clinically significant CMV infection by day + 100
in the LET ERA was 8%, significantly lower than the 44%
observed in the NO LET ERA (Table 3, p = 0.0006), even if,
as reported in Table 2a, 8/45 patients (18%) and 11/45 patients
(24%) have not completed the first 60 and 90 days of prophylaxis,
respectively. The effectiveness of letermovir in reducing CMV
infections and CMV-related events is even more evident if we
prolong the observation up to day + 180 after allo-SCT. Our
data are in line with the observations of Johnsrud and colleagues,
as we found that by day + 180 the incidence of CMV clinically
significant CMV infection, CMV disease, bacterial infection,
probable/proven fungal infections, and the incidence of hospital
re-admission reduced from 68, 12, 78, 22, and 66% to 17, 2, 45, 8,
and 40%, respectively (p < 0.00001, p = 0.02, p = 0.009, p = 0.05,
and p = 0.01, respectively; Table 3).

Facing the costs of PET before and after letermovir
introduction, we observed a reduction in PET cost/year from
Euro 38,000 to Euro 10,000, that was partially balanced by
letermovir costs (Euro 13,700/pt at the dose of 240 mg/daily
and Euro 29,000/pt at the dose of 480 mg/daily for 100 days).
However, the cost-effectiveness should be calculated not only
on the basis of the cost of drugs, but also considering the cost
of hospital readmission, antibiotics, antifungal drugs, supportive
therapy, and their impact on quality of life (Restelli et al., 2019).

Concerning the safety profile we confirm that the drug is
highly safe, with neither hematological nor non-hematological
adverse events. The drug was used at the dose reported in
the investigator’s brochure: 240 mg/daily in 36 patients treated
with cyclosporine and 480 mg/daily in 9 patients treated with
other immunosuppressive drugs. No cumulative drug-related
adverse events were recorded, the drug was used from day 0
in all the patients, and no detrimental effects on engraftment
and/or negative effects on the frequency and severity of
GVHD were observed.

According to the registration indication, letermovir was
discontinued by day + 100, but the patients continued to be
monitored and 5/45 (11%) additional patients had late-onset
new CMV reactivation at the last follow up (Table 2a). This

event is of interest, and a higher number of late CMV-related
events (infections and disease) are expected to be registered in
the next few years, following the extensive use of haploidentical
transplantation and the increasing age of patients. Thus, we
think that letermovir may be useful also after day + 100
too and, in order to clearly demonstrate this, we need to
wait the results of the randomized phase III multicentric trial
exploring letermovir vs. placebo from day + 100 to day + 200,
in which we are currently recruiting patients in our center
(Clinicaltrials.gov: NCT03930615).

The need to harmonize CMV management is crucial, in
order to make data comparable between different centers. This
harmonization also includes the specimen for CMV monitoring
(PL or WB) and the cut-off for PET initiation. The pivotal paper
by Lazzarotto and colleagues suggested that, at infection onset,
CMV DNA in WB is usually higher than in PL (approximately
1 log) and that the kinetic of CMV DNA clearance during
PET is more effectively depicted when WB is used, with a
significant reduction in the number of days on PET (Lazzarotto
et al., 2018). In our cohort of 12 patients who developed CMV
reactivation and received PET between February and May 2019,
we observed that the peak of CMV DNA on WB displayed an
insignificantly higher number copies of DNA/ml vs. PL (5.502
vs. 4.891 copies/ml) (Figures 2A,B). Moreover, the kinetic of
CMV DNA clearance during PET was comparable in the two
sources (Figures 2A,B). We can speculate that this finding
could be related to the small number of patients or could
depend on technical reasons. Our system (ELITe InGenius®)
is completely automatic and thus can optimally reduce the
bias eventually associated with manual manipulation of blood
samples. The next step will be the expression of CMV DNA
in IU instead of copies/ml, by applying a conversion factor,
with the aim to abolish any inter-laboratory variation (Sidoti
et al., 2019). This process is ongoing in our center and in the
GITMO scientific society, in the context of a multicentric study.
From June 2019 we definitively moved from PL to WB and
adopted 10,000 copies/ml in two consecutive samples as the
threshold for PET initiation. When the DNAemia is > 1,000
copies/ml, but < 10,000 copies/ml, we usually perform a twice
weekly longitudinal monitoring of CMV DNA, in accordance
with the recently published guidelines, considering additional
risk factors (e.g., GHVD, mismatch transplant, early infection,
and alternative donor transplantation) (Girmenia et al., 2019).
This is the case of patients 13 and 14 reported in Table 2a,
who were treated with PET given a CMV DNAemia of 4,675
and 5,451 copies/ml, respectively, because of aGVHD under
steroids in both cases.

CONCLUSION

In conclusion, our real-life experience, moving from NO LET
ERA to LET ERA, confirms the high efficacy and the safety of
letermovir for CMV prophylaxis from day 0 to day + 100. The
use of letermovir led to a significant reduction of CMV-indirect
effects, such as bacterial infections, fungal infections, and hospital
readmission by day + 180. We confirmed the data of the linear
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correlation between CMV DNA assessed in PL and WB, but we
were not able to confirm two other observations reported in the
literature (Lazzarotto et al., 2018): the 1-log higher DNAemia
in WB vs. PL at the time of PET initiation and the more rapid
reduction in CMV DNA during PET when WB is used. Thus,
we suggest that each laboratory should perform internal analysis
before moving definitively from PL to WB and we consider it
good clinical practice to assess two or three consecutive RT-qPCR
showing at least 0.5 Log of DNAemia increase as a sign of a
clinically significant CMV reactivation which requires PET.
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