Annals of Hematology (2019) 98:1755-1763
https://doi.org/10.1007/500277-019-03669-z

ORIGINAL ARTICLE m

. . . Check for
The prognostic impact of the cytomegalovirus serostatus updates

in patients with chronic hematological malignancies after
allogeneic hematopoietic stem cell transplantation: a report
from the Infectious Diseases Working Party of EBMT

Martin Schmidt-Hieber - Gloria Tridello? - Per Ljungman? - Malgorzata Mikulska* - Nina Knelange? - Didier Blaise® -
Gerard Socié’ - Liisa Volin® - Nicole Blijlevens® - Nathalie Fegueux'® - Ibrahim Yakoub-Agha'' - Edouard Forcade '? -
Johan Maertens'? . Patrice Chevallier'* - Jakob Passweg'® - Jan Cornelissen'® - Nigel Russell'” - Charles Craddock '® -
Jean Henri Bourhis'® - Tony Marchand?® - Péter Reményi?' - Jean Yves Cahn?? - Mauricette Michallet? .

Silvia Montoto?* - Nicolaus Kréger?* - Bertram GlaB32° - Jan Styczynski®’

Received: 9 November 2018 / Accepted: 11 March 2019 /Published online: 16 April 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

It has been shown recently that donor and/or recipient cytomegalovirus (CMV) seropositivity is associated with a significant
overall survival (OS) decline in acute leukemia patients who underwent allogeneic hematopoietic stem cell transplantation (allo-
HSCT). We now analyzed the prognostic impact of the donor/recipient CMV serostatus in 6968 patients with chronic hemato-
logical malignancies who underwent allo-HSCT. Donor and/or recipient CMV seropositivity was associated with a significantly
reduced 2-year progression-free survival (PES, 50% vs. 52%, p=0.03) and OS (62% vs. 65%, p =0.01). Multivariate Cox
regression analyses showed an independent negative prognostic impact of donor and/or recipient CMV seropositivity on PFS
(HR, 1.1; 95% CI, 1.0-1.2; p=0.03), OS (HR, 1.1; 95% CI, 1.0-1.2; p = 0.003), and non-relapse mortality (HR, 1.2; 95% CI,
1.0-1.3; p =0.02). OS decline was strongest for CM V-seropositive recipients with a CMV-seronegative donor (HR, 1.2; 95% CI,
1.1-1.3), followed by CMV-seropositive patients with a CMV-seropositive donor (HR, 1.1; 95% CI, 1.0-1.2). Conversely, OS
did not differ significantly between CMV-seronegative recipients allografted from a CM V-seropositive donor (HR, 1.0; 95% CI,
0.9-1.2) and patients with donor/recipient CMV seronegativity (p =0.001 for the four groups together). Non-relapse mortality
was also significantly (p = 0.01) higher for CM V-seropositive patients with a CM V-seronegative graft (HR, 1.2;95% CI, 1.1-1.4)
than for CMV-seropositive patients with a CMV-seropositive graft (HR, 1.1; 95% CI, 0.9—1.2) or CMV-seronegative recipients
with a CMV-seropositive graft (HR, 1.0; 95% CI, 0.8—1.2). Donor and/or recipient CMV seropositivity still results in an OS
decline in patients with chronic hematological malignancies who have undergone allo-HSCT. However, this OS decline seems to
be lower than that described for acute leukemia patients previously.

Keywords Allogeneic hematopoietic stem cell transplantation - Chronic hematological malignancies - Cytomegalovirus -
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Introduction
Part of the data have been presented at the annual meeting of the . .
American Society of Hematology 2017 (Atlanta, USA). A recently published megafile analysis of the European Bone
Electronic supplementary material The online version of this article Marrow, Transplantation ,(EBMT) group including 16’628 pa-
(https://doi.org/10.1007/s00277-019-03669-z) contains supplementary tients with acute leukemia who underwent allogeneic hemato-
material, which is available to authorized users. poietic stem cell transplantation (allo-HSCT) between the years
1998 and 2009 showed that donor and/or recipient cytomega-
D< Martin Schmidt-Hieber lovirus (CMV) seropositivity is still associated with a signifi-
m.schmidt_hieber@ctk.de; martin.schmidt-hieber @charite.de cant overall survival (OS) decline [1] This OS decline was

significantly stronger for patients with acute lymphoblastic
Extended author information available on the last page of the article
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leukemia (ALL, 9% at 2 years) than for those with acute mye-
loid leukemia (AML, 4% at 2 years) and mainly attributed to an
increased non-relapse mortality (NRM).

The incidence of CMV disease has dramatically been re-
duced by the routine monitoring and preemptive treatment of
CMYV infection, albeit some recent reports suggest an increas-
ing frequency of (mainly late) CMV disease of up to 20%
[2—-6]. Despite this, a recently published placebo-controlled
study showed that letermovir prophylaxis reduced all-cause
mortality at week 24 in patients after allo-HSCT although
the incidence of CMV disease was low in both the placebo
(1.8%) and in the letermovir arm (1.5%) [6]. Furthermore, it
has been suggested recently that CMV replication in plasma
detectable by PCR increases the NRM with evidence of a viral
load-outcome relationship independently from preemptive
treatment [5]. Taken together, these observations led to as-
sume that CMV itself has negative effects besides CMV
disease.

Negative consequences of CMV may also include side ef-
fects of antivirals and indirect effects. These may increase the
risk of both bacterial and fungal infections and increase the
NRM of patients with donor and/or recipient CMV seroposi-
tivity even in the absence of CMV infection or disease [7—10].

The situation is further complicated by the fact that CMV
might also have favorable effects, i.e., it may reduce the re-
lapse incidence (RI). This eventual “virus-vs.-malignancy”
effect has been reported for patients with AML in some stud-
ies [11-13]. However, the association between CMV infection
and RI remains controversial, in particular for patients with
malignancies other than AML [14—17]. To get more insights
into the prognostic impact of the donor/recipient CMV
serostatus—including its impact on RI and graft-vs.-host dis-
ease (GvHD)—we analyzed 6968 patients who were
allografted between the years 2005 and 2016.

Patients and methods

Study design, data collection, and criteria for patient
selection

Patients with (B cell) chronic lymphocytic leukemia (CLL)/
small lymphocytic lymphoma (SLL), follicular lymphoma,
mantle cell lymphoma, myelodysplastic syndrome (MDS),
myeloproliferative neoplasm (MPN, diagnosed with either es-
sential thrombocythemia, polycythemia vera, or primary mye-
lofibrosis), multiple myeloma, and Philadelphia chromosome-
positive chronic myeloid leukemia (Ph+ CML) who
underwent allo-HSCT between the years 2005 and 2016 and
were documented in the database of the EBMT group were
included into this retrospective analysis.

Only patients with a full data set available on both donor and
recipient CMV serostatus, donor type (human leukocyte antigen
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[HLAJ-matched related donor vs. another donor type), type of
conditioning (myeloablative conditioning [MAC] vs. reduced-
intensity conditioning [RIC]), remission status of the underlying
malignancy at the time of allo-HSCT (complete remission [CR]
vs. another remission status), stem cell source (peripheral blood
[PB] vs. bone marrow [BM]), and use of in vivo and in vitro T
cell depletion (TCD) were analyzed (n = 6968). Patients who
received cord blood as stem cell source were excluded from this
analysis, based on the fact that the donor CMV serostatus should
be considered to be virtually exclusively CMV-seronegative in
cord blood recipients [18, 19].

This study was performed in accordance with the principles
of the Declaration of Helsinki and approved by the Infectious
Diseases Working Party (IDWP) of the EBMT group.

Endpoints and definitions

The primary endpoint was defined to be progression-free sur-
vival (PFS) 2 years after allo-HSCT. Secondary endpoints
included OS, NRM, RI, acute and chronic GvHD, and
donor/recipient hematopoietic chimerism. PFS was consid-
ered to be survival without evidence of relapse or progression
of the underlying malignancy. OS was considered to be the
time from allo-HSCT to death, regardless of its cause. NRM
was defined as death without evidence of relapse or progres-
sion. Response, relapse, and progression of the underlying
malignancy were defined by standard criteria as used previ-
ously [20-23]. Acute and chronic GvHD were graded accord-
ing to previously published criteria [24].

Statistical analyses

Patient main characteristics were reported as absolute frequen-
cies (percentages) for categorical variables and medians
(ranges) for continuous variables. Differences in the distribu-
tion between patient cohorts defined by the donor/recipient
CMV serostatus were verified by using the chi-square or the
Fisher exact test for categorical variables and the Anova or the
Kruskal-Wallis test for continuous variables.

PFS and OS were estimated, together with their respective
95% confidence interval (CI), using the Kaplan-Meier
method—testing the differences by the log-rank test. A Cox
model was performed in order to estimate the impact of patient
and donor CMV serostatus on PFS and OS.

NRM, RI, and the incidence of acute and chronic GvHD
were estimated using the cumulative incidence method.
Competing events included relapse or death due to relapse
(for calculation of NRM), any death not due to relapse (for
calculation of RI), and death of any cause (for calculation of
the incidence of acute and chronic GvHD).

Differences between groups were verified by the Gray test.
A cause-specific Cox model was performed in order to esti-
mate the impact of patient and donor CMV serostatus. All the



Ann Hematol (2019) 98:1755-1763

1757

models have been adjusted for the main confounders taken
into account: underlying disease, patient’s age, patient and
donor sex, type of donor, conditioning, interval from diagno-
sis to allo-HSCT, remission status at allo-HSCT, stem cell
source, use of TCD, country, and year of allo-HSCT.

Due to a potential distinct effect of the CMV serostatus
according to the underlying disease (and other variables), we
also investigated a possible interaction between the donor/
recipient CMV serostatus and the underlying disease, the do-
nor type and the type of conditioning, respectively.
Furthermore, we studied a possible interaction between the
donor type and the type of conditioning. Hereby, interaction
analyses were done with respect to PFS, OS, NRM, and RL
Additionally, we evaluated the association between the day
+100 donor/recipient hematopoietic chimerism and the
CMV serostatus.

A p value <0.05 was considered statistically significant.
All the analyses were performed using the statistical software
SAS v. 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics

CMV-seronegative recipients (n=2841) were mainly
allografted from a CMV-seronegative donor (n =2026,
71%), while CMV-seropositive donors (n=2510, 61%) were
prevailing among CMV-seropositive recipients (n=4127)
(p<0.0001), reflecting the current strategy to match donor
and recipient according to their CMV serostatus whenever
possible [25, 26]. Different patient and transplant characteris-
tics are summarized for the four categories defined by the
donor/recipient CMV serostatus in Table 1.

In line with previous observations, the country had a sig-
nificant impact on both recipient and donor CMV seropositiv-
ity (p<0.0001) [27]. Hereby, Nordic and “other countries”
had a higher frequency of recipient and donor seropositivity
compared to the Netherlands/Belgium, France, UK, and
Germany (Table 1).

Univariate analyses

The estimated PFS, OS, NRM, RI, and incidence of GVHD at
different time points after allo-HSCT are shown for the entire
population in Table S1. Donor and/or recipient CMV seropos-
itivity (vs. CMV seronegativity of both) was associated with a
significantly reduced PFS and OS (Table 2). When analyzing
separately the four groups defined by the donor/recipient
CMV serostatus, the OS decline was strongest for CMV-
seropositive recipients allografted from a CMV-seronegative
donor (HR, 1.2; 95% CI, 1.1-1.3), followed by CMV-
seropositive patients with a CMV-seropositive donor (HR,

1.1;95% CI, 1.0-1.2). OS did not differ significantly between
CMV-seronegative patients who had a CMV-seropositive do-
nor (HR, 1.0; 95% CI, 0.9—1.2) and those with donor/recipient
CMV seronegativity (Table 2, Fig. 1).

The OS decline of CMV-seropositive recipients allografted
from a CMV-seronegative donor was accompanied by a sig-
nificantly increased NRM (HR, 1.2; 95% CI, 1.1-1.4). CMV-
seropositive patients who had a CMV-seropositive donor had
only a slightly higher NRM (HR, 1.1; 95% CI, 0.9—1.2) than
patients with only donor CMV seropositivity (HR, 1.0; 95%
CI, 0.8-1.2) or patients with donor/recipient CMV seronega-
tivity (HR, 1.0). The CMV serostatus had no significant im-
pact on RI and GvHD, neither when analyzing donor/
recipient-seronegative patients vs. the remaining patients nor
when comparing all four groups together (Table 2).

Likewise, the donor/recipient CMV serostatus had no sig-
nificant impact on the development of donor/recipient hema-
topoietic chimerism and the median time to engraftment of
polymorphonuclear leukocytes (data not shown). Causes of
death mainly included relapse/disease progression of the un-
derlying malignancy, GvHD, and infection (Table S2).

Multivariate and interaction analyses

Multivariate Cox regression analyses revealed an independent
negative prognostic impact of donor and/or recipient CMV
seropositivity regarding PFS (HR, 1.1; 95% CI, 1.0-1.2; p=
0.03), OS (HR, 1.1; 95% CI, 1.0-1.2; p=0.003), and NRM
(HR, 1.2; 95% CI, 1.0-1.3; p=0.02) (Table 3). In contrast,
donor and/or recipient CMV seropositivity had no significant
impact on RI (HR, 1.1; 95% CI, 1.0-1.2) and acute or chronic
GvHD (HR, 1.0; 95% CI, 0.9-1.1 and HR, 1.0; 95% CI, 0.9—
1.0, respectively) in multivariate Cox regression analyses.
Furthermore, donor CMV seropositivity had no significant
impact on OS when analyzing patients with CMV seroposi-
tivity (n =4127; HR, 1.0; 95% CI, 0.9-1.1; p = 0.6) vs. CMV
seronegativity (n=2841; HR, 1.1; 95% CI, 1.0-1.2; p=0.3)
in separate multivariate analyses.

Interaction analyses did not show a significant association
between the donor/recipient CMV serostatus and the underly-
ing disease, the donor type, and the type of conditioning with
respect to PFS, OS, NRM, and RI. Furthermore, there was no
significant interaction between the donor type and the type of
conditioning.

Discussion

Donor and/or recipient CMV seropositivity led to a significant
OS decline after allo-HSCT in different recent studies focused
to patients with acute leukemia, aplastic anemia or multiple
myeloma [1, 20, 28].
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Table 1 Patient and transplant characteristics. Shown are numbers of patients (%) or medians (ranges)

Parameter D-CMV /R-CMV "™ D-CMV*/R-CMV~ D-CMV /R-CMV* D-CMV*/R-CMV*
(n=2026) (n=2815) (n=1617) (n=2510)

Underlying malignancy

CLL/SLL 84 (4) 39 (5) 75 (4.5) 113 (4)

Follicular lymphoma 220 (11) 81 (10) 154 (10) 218 (9)

Mantle cell lymphoma 133 (7) 44 (5) 115 (7) 141 (6)

MDS 673 (33) 266 (33) 547 (34) 840 (33)

MPN (ET, PV, and PMF) 290 (14) 116 (14) 224 (14) 349 (14)

Multiple myeloma 484 (24) 215 (26) 410 (25) 679 (27)

Ph+CML 142 (7) 54 (7) 92 (5.5) 170 (7)
Recipient’s male sex 1387 (69) 566 (69) 943 (58) 1489 (59)
Recipient’s age, years 55 (1-76) 54 (2-73) 56 (1-74) 55 (1-75)
Donor’s male sex 1395 (69) 411 (50) 1099 (68) 1447 (58)
Donor/recipient sex matching

Female to male (vs. other) 384 (19) 257 (32) 263 (16) 561 (22)
Donor type

HLA-matched related (vs. other donor type) 742 (37) 403 (49) 487 (30) 1369 (55)
Conditioning

MAC (vs. RIC) 611 (30) 239 (29) 472 (29) 801 (32)
Interval from diagnosis to allo-HSCT, months 24 (1-723) 25 (1-503) 27 (0-527) 22 (1-417)
Remission status at allo-HSCT

CR (vs. other) 496 (25) 204 (25) 436 (27) 593 (24)
Stem cell source

PB (vs. BM) 1745 (86) 696 (85) 1372 (85) 2147 (86)
TCD

In vivo TCD 1299 (64) 492 (60) 1060 (66) 1440 (57)

ATG for any reason 1011 (50) 394 (48) 892 (55) 1147 (46)

Alemtuzumab at allo-HSCT 314 (16) 106 (13) 176 (11) 316 (13)

In vitro TCD 104 (5) 48 (6) 79 (5) 104 (4)
Country

The Netherlands/Belgium 348 (17) 143 (17.5) 250 (15.5) 314 (12.5)

France 908 (45) 390 (48) 683 (42) 810 (32)

UK 307 (15) 87 (11) 138 (8.5) 250 (10)

Nordic countries 170 (8.5) 63 (7.5) 221 (14) 405 (16)

Germany 122 (6) 31 4) 43 (3) 115 (5)

Other 171 (8.5) 101 (12) 282 (17) 616 (24.5)
Year of allo-HSCT 2011 (2005-2016) 2010 (2005-2016) 2011 (2005-2016) 2011 (2005-2016)

CLL chronic lymphocytic leukemia, SLL small lymphocytic leukemia, MDS myelodysplastic syndrome, MPN myeloproliferative neoplasm, ET essential
thrombocythemia, PV polycythemia vera, PMF primary myelofibrosis, P4+ CML Philadelphia chromosome-positive chronic myeloid leukemia, HLA
human leukocyte antigen, MAC myeloablative conditioning, R/C reduced-intensity conditioning, allo-HSCT allogeneic hematopoietic stem cell trans-
plantation, CR complete remission, PB peripheral blood, BM bone marrow, 7CD T cell depletion, ATG antithymocyte globulin, D-CMV donor CMV
serostatus, R-CMV recipient CMV serostatus, CMV cytomegalovirus, — seronegativity, + seropositivity

Statistically significant differences between the 4 groups were found for the following variables: patient and donor sex (p <0.0001), recipient’s age
(»<0.0001), donor/recipient sex matching (p <0.0001), donor type (p <0.0001), interval from diagnosis to allo-HSCT (p =0.002), in vivo TCD
(p<0.0001), use of ATG (p <0.0001), use of alemtuzumab (p = 0.0005), and country (p <0.0001)

We studied a large cohort of 6968 patients with chronic 3%, respectively. This PFS and OS decline was confirmed in
hematological malignancies who underwent allo-HSCT using ~ multivariate Cox regression analyses indicating that donor
PB or BM as stem cell source. We found that donor and/or  and/or recipient CMV seropositivity still confers an indepen-
recipient CMV seropositivity was associated with a moderate, dent negative prognostic impact in patients allografted in the
but significant 2-year PFS and OS decline of around 2 and  year 2005 or beyond despite the continuous development of
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Table 2 Impact of the CMV

serostatus on PFS, OS, NRM, RI, CMV serostatus PES oS NRM RI aGvHD c¢GvHD

and GvHD in univariate analyses.

Shown are 2-year probabilities D-CMV /R-CMV"~ 52(50-55)  65(63-68)  21(20-23) 26 (24-28) 30(28-32) 47 (45-49)

95% CI) D-CMV*/R-CMV~ 50 (47-54)  65(61-68) 21 (18-24) 29(26-32) 29(26-32) 48 (44-51)
D-CMV /R-CMV* 48 (45-51) 59 (56-61) 26(24-28) 26(24-29) 31(29-33) 44 (42-47)
D-CMV*/R-CMV* 50 (48-52) 64 (62-66) 23 (21-24)  27(25-29) 28(26-30) 47 (45-49)
P 0.06 0.001 0.02 0.45 0.08 0.30
D-CMV /R-CMV 52 (50-55)  65(63-68) 21(20-23) 26(24-28) 30(28-32) 47 (4549)
Other combination 50 (48-51) 62 (61-64) 23 (22-25) 27 (26-29) 29(28-30) 46 (45-48)
P 0.03 0.01 0.16 0.40 0.29 0.59

CMV cytomegalovirus, D-CMV donor CMV serostatus, R-CMV recipient CMV serostatus, — seronegativity, +
seropositivity, PFS progression-free survival, OS overall survival, NRM non-relapse mortality, R/ relapse inci-
dence, aGvHD acute graft-vs.-host disease, cGvHD chronic graft-vs.-host disease

novel strategies to prevent and treat CMV [29, 30]. However,
our findings led also to assume that the negative prognostic
impact of donor and/or recipient CMV seropositivity is lower
in patients with chronic hematological malignancies than in
patients with acute leukemia for whom a 2-year OS decline of
9% for ALL and 4% for AML was demonstrated recently [1].

We did not observe a significant impact of the donor CMV
serostatus among CMV-seropositive vs. CMV-seronegative
patients in multivariate analyses. Furthermore, interaction
analyses did not show a significant association between the
donor/recipient CMV serostatus and different parameters such
as the donor type and the type of conditioning.

Contrasting our findings, a recently published EBMT
megafile analysis studying the impact of the donor CMV
serostatus in 49542 patients after allo-HSCT reported a nega-
tive impact of serostatus discrepancy in case of unrelated do-
nor: reduced OS for CMV-seronegative recipients with a
CMV-seropositive donor (vs. a CMV-seronegative donor)
and improved OS for patients with both donor and recipient
CMV seropositivity (vs. only recipient CMV seropositivity) if
they received MAC [26]. Smaller patient number in our study
might be the reason for the differences between this and the

Fig. 1 OS defined by the CMV

present EBMT megafile analysis. Additionally, donor CMV
seronegativity vs. seropositivity has been associated with sev-
eral negative effects in CM V-seropositive recipients such as a
delayed CM V-specific immune reconstitution, a higher peak
virus load or a prolonged duration of CMV infections [31-33].
Therefore, we still recommend to a match donor and recipient
according to their CMV serostatus, albeit other criteria for
donor search might be more important, particular if the recip-
ient is CMV-seronegative.

Donor and/or recipient CMV seropositivity had no signif-
icant impact on RI. Since recipient CMV seropositivity is one
of the most important risk factors for CMV infection and dis-
ease, this observation argues against a clinically relevant “vi-
rus-vs.-malignancy” effect in patients with chronic hemato-
logical malignancies which has been suggested for patients
with AML [11-13].

We did not find a significant impact of the donor/recipient
CMV serostatus on the incidence of acute or chronic GvHD,
neither in univariate nor in multivariate analysis. The associ-
ation between the CMV serostatus and GvHD remains incom-
pletely understood. Some previous studies found an increased
incidence of acute GvHD in the case of recipient CMV

serostatus (p = 0.001), HSCT
hematopoietic stem cell
transplantation

0.3
0.2
0.1 I . . , . . . . . . . . :
0 5 10 15 20 25 30 35 40 45 50 55 60
Months from HSCT
CMV serostatus of recipient and donor —- .- I+ He o= — 4+
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Table 3 Impact of the donor/

recipient CMV serostatus on PFS, Parameter PES (N NRM

OS and NRM in multivariate Cox

regression analyses. Shown are CMV serostatus

hazard ratios (95% CI) Other vs. D-CMV /R-CMV ™ 1.1 (1.0-1.2)* 1.1 (1.0-1.2)%* 1.2 (1.0-1.3)*

Underlying malignancy

CLL/SLL* 1,00 1.0ksd s
Follicular lymphoma 0.8 (0.7-1.0)* ns ns
Mantle cell lymphoma ns ns ns
MDS ns 1.3 (1.1-1.6)** ns
MPN (ET, PV, and PMF) ns 1.2 (1.0-1.5)* ns
Multiple myeloma 1.9 (1.6-2.2)%** 1.5 (1.3-1.8)%*x* ns
Ph+CML ns ns ns

Recipient’s sex
Male vs. female®
Recipient’s age (per 10 years)
Donor type
Other vs. HLA-matched related®
Conditioning
RIC vs. MAC*
Remission status at allo-HSCT
Other vs. CR*
In vitro TCD
Yes vs. no*
TCD with alemtuzumab
Yes vs. no”
Country
The Netherlands + Belgium
France
UK®
Nordic countries
Germany
Other
Year of transplant (10 years effect)

1.1 (1.0-1.2)*
1.2 (1.0-1.3)%#

1.3 (1.2-1 4y*s
ns

1.2 (1.1-1 3y#
1.2 (1.0-1.4)*
1.4 (1.2-1 5y
ns

1.2 (1.0-1.4)
1.0

ns
ns
1.2 (1.0-1.4)*

ns

1.1 (1.0-1.2)**
1.3 (1.2-1.3)%**

1.4 (1.3-1.6)***

0.9 (0.8-1.0)*

1.2 (1.1-1.3)#*

ns

1.2 (1.1-1.4)#*

1.2 (1.0-1.5)*

1.3 (1.1-1.5)%*

1.0#xb

ns

ns

1.3 (1.1-1.5)*
0.9 (0.8-1.0)*

1.2 (1.0-1.3)**
1.3 (1.2—-1.4)***

1.8 (1.6-2.0)***

0.9 (0.8-1.0y%*

12 (111 4ysss

ns

ns

ns

1.2 (1.0-1.4)*
1.0

0.8 (0.6-0.9)*
0.7 (0.6-1.0)*
ns

0.8 (0.7-0.9)**

CMV cytomegalovirus, D-CMV donor CMV serostatus, R-CMV recipient CMV serostatus, — seronegativity, +
seropositivity, CLL chronic lymphocytic leukemia, SLL small lymphocytic leukemia, MDS myelodysplastic
syndrome, MPN myeloproliferative neoplasm, ET essential thrombocythemia, PV polycythemia vera, PMF pri-
mary myelofibrosis, P2+ CML Philadelphia chromosome-positive chronic myeloid leukemia, /LA human leu-
kocyte antigen, RIC reduced-intensity conditioning, MAC myeloablative conditioning, allo-HSCT allogeneic
hematopoietic stem cell transplantation, CR complete remission, 7CD T cell depletion, PFS progression-free
survival, ns not significant, OS overall survival, NRM non-relapse mortality

The HRs obtained from the Cox model indicate a worst outcome when greater than 1 (lower PFS, lower OS,
higher NRM). *reference category, ° comparison between all categories (p value). *p <0.05, **p <0.01,

**¥p <0.001

seropositivity [7, 34-37]. This association is commonly ex-
plained by the suggestion that CMV and GvHD trigger each
other, besides an additional risk of acute GVvHD due to the
frequently tapered immunosuppressives after detection of
CMV [1, 37]. However, other studies failed to describe any
association between GvHD and the CMV serostatus or even
reported a decreased acute GvHD incidence for CMV-
seropositive recipients [1, 38, 39]. This association has at least
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partly been attributed to confounding factors such as an in-
creased early death rate of CMV-seropositive recipients.

Our multivariate analyses further showed that a diagnosis
of MDS, MPN, or multiple myeloma (vs. CLL/SLL) in addi-
tion to recipient’s male sex, increasing recipient’s age, a donor
other than an HLA-matched related donor, MAC, a remission
status other than CR prior to allo-HSCT, use of alemtuzumab-
based TCD, and allografting in the Netherlands/Belgium,
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France, and “other country” (vs. the UK) are all associated
with an inferior OS. The year of transplant had also a signif-
icant impact on OS if using it as a continuous variable with a
more favorable outcome of patients allografted in recent years.

Our data show that donor and/or recipient CMV seroposi-
tivity in patients with chronic hematological malignancies
who underwent allo-HSCT is still associated with a significant
OS decline. However, this OS decline seems to be lower than
that described for patients with acute leukemia. Despite the
fact that the negative impact of donor CMV seronegativity in
the case of recipient CMV seropositivity was less evident in
the present megafile analysis than previously described, we
still recommend to use a CMV-seropositive donor fora CMV-
seropositive recipient whenever possible.
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