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CHAPTER 8

Abstract

Whether cytomegalovirus (CMV)-seropositivity still remains a serious adverse risk factor for
overall survival (OS) and transplant-related mortality (TRM) in allogeneic bone marrow
transplantation (BMT) is under debate. We therefore analysed the effect of CMV serostatus
on OS and TRM in 253 consecutively treated patients receiving partial T cell depleted (TCD)
bone marrow from either matched related donors (MRD, n=205) or matched unrelated
donors (MUD, n=48). All patients were given leukocyte-depleted blood products. CMV
monitoring was performed using the pp65 antigenemia assay. Pre-emptive therapy consisted
of short-course (2 weeks) low-dose (2.5 mg/kg intravenously b.i.d.) ganciclovir treatment as
soon as a positive antigenemia assay was obtained (= 1 positive staining granulo-
cyte/150.000 cells). Ganciclovir prophylaxis, identical to pre-emptive therapy, was given to
CMV-seropositive patients with acute graft-versus-host disease (aGVHD) grade II-IV who
were treated with high-dose corticosteroids. After multivariate analyses, inferior OS and
increased TRM were predicted by extensive chronic (¢) GVHD (p<0.001) in MRD recipients.
Furthermore, high-risk disease status and older age adversely influenced OS (p=0.001) and
TRM (p=0.002), respectively, while older age resulted in a trend towards a decreased OS
(p=0.066). After multivariate analyses in MUD recipients OS and TRM were strongly influ-
enced by patient (but not donor) CMV-seropositivity (p=0.013 and 0.007, respectively),
while aGVHD also predicted for increased TRM (p=0.024). These data show that CMV-
seropositivity is not an adverse risk factor for OS and TRM in MRD recipients of partial TCD-
BMT. However, in MUD recipients, patient CMV-seropositivity has a high impact on OS and
TRM.
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Introduction

Cytomegalovirus (CMV) infections in recipients of allogeneic bone marrow transplants
(BMTs) historically have been an important cause of morbidity and mortality, primarily due
to CMV pneumonia. It did occur mainly in CMV-seropositive recipients by CMV reactivation,
but also in CMV-seronegative recipients who acquired primary CMV infection by transfusion
of unfiltered blood components or unmanipulated bone marrow from CMV-seropositive
donors!. In CMV-seronegative recipients of unmanipulated grafts from CMV-seronegative
donors or T cell depleted (TCD) grafts from CMV-seropositive donors, primary CMV infec-
tion could be prevented by a transfusion policy making use of either CMV-seronegative
donors or leukocyte-depleted blood products2-5. A major step in preventing the occurrence of
CMV pneumonia in CMV-seropositive patients was accomplished by prophylactic long-term
(3-4 months) therapy with antiviral drugs like ganciclovir6-9. However, in these trials overall
mortality was hardly improved because of side effects of long-term ganciclovir prophylaxis
such as neutropenia, resulting in bacterial and fungal infections, and more late-onset CMV
disease’9. We previously showed that short-course (2 weeks) low-dose (2.5 mg/kg intra-
venously b.i.d.) ganciclovir therapy initiated either prophylactically, when high-dose corti-
costeroids were given for acute graft-versus-host disease (aGVHD), or pre-emptively, when
CMV-antigenemia was detected, almost completely prevented the occurrence of CMV pneu-
monia in CMV-seropositive recipients of partial TCD transplants from matched related
donors!0. Furthermore, short-course ganciclovir did not lead to granulocytopenia or late-
onset CMV disease. Whether CMV-seropositivity still remains an important risk factor in
allogeneic BMT, preventing CMV-disease as described above, is under debate. We therefore
analysed the effect of CMV-serostatus on transplant related mortality (TRM) and overall sur-
vival (OS) in 253 recipients of partial TCD BMTs of HLA-identical sibling donors or matched

unrelated donors.
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Methods

Patients For this study data of 253 consecutively treated patients receiving either bone
marrow from matched related donors (MRD) (n=205) or from matched unrelated donors
(MUD) (n=48) were analysed. Patients with acute leukaemia’s in first complete remissions
(CR), chronic myeloid leukaemia (CML) in first chronic phase (CP) and untreated severe
aplastic anaemia (SAA) were considered low-risk. All patients with other diseases were con-
sidered high-risk. TRM was defined as any mortality after transplantation, except relapse.
Transplantations were performed between July 1990 and May 2000 at the Department of
Haematology of the University Medical Centre Utrecht. Patients were treated according to
clinical protocols approved by the local investigation review board after informed consent
was obtained.

Transplantation procedure Conditioning regimens consisted of cyclophosphamide
(60 mg/kg/day) on each of two successive days, followed by total body irradiation (TBI)
(600 cGy/day) on each of 2 successive days, with partial shielding of the lungs (total lung
dose 850 cGy). The graft was infused after the second TBI fraction (day O).
Antithymocyteglobulin (ATG) (Thymoglobulin™, Sangstat, Amstelveen, the Netherlands)
was given to MUD patients before cyclophosphamide was infused, in a dose of 4 mg/kg/day
intravenously for 5 days. Due to a change in national treatment protocols, ATG dose was
lowered to 2 mg/kg/day for 4 days from April 1999. All patients received cyclosporin from
day -2 in a dose of 3 mg/kg/day by continuous infusion for 3-4 weeks, thereafter it was
given orally for 4-6 weeks in a dose that gave comparable through levels, followed by taper-
ing. Cyclosporin was discontinued within 3 months after transplantation, when no active
GVHD was present. Infection prevention for all patients consisted of ciprofloxacin, flucona-
zole and amphotericin B given orally until granulocyte counts exceeded 500 cells/ul.
Cephalothin was given intravenously for 10 days from day +3. Furthermore co-trimoxazole
and valacyclovir were given orally from day +1 until 12 months post-BMT or longer in case
of active GVHD, in a dose of 480 mg b.i.d. and 500 mg b.i.d., respectively. GVHD was classi-
fied according to the Seattle criteriall. Acute GVHD grade I was treated with topical corti-
costeroids; grade II or higher was treated with high-dose systemic corticosteroids as
described!2. Limited chronic GVHD was not treated and extensive chronic GVHD was treated

with systemic corticosteroids, sometimes combined with cyclosporin!2.
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CMV monitoring During the first 4 months post-transplant, all CMV-seropositive
patient/donor combinations (R+/D+, R+/D-, R-/D+) were monitored for CMV antigene-
mia. When patient serostatus was positive (R+/D+, R+/D-) the pp65 assay was performed
thrice a week until day 60 after BMT, thereafter twice a week until day 120. In patients with
active GVHD monitoring was continued. When patient serostatus was negative (R-/D+)
antigenemia was tested twice a week until discharge, thereafter once a week until 5 consec-
utive negative tests. Seronegative patient/donor combinations were not monitored. In this
patient group, CMV-seronegativity was readdressed 3 months after BMT.

CMV pp65 assay This assay was performed as described!3-14. CMV reactivation was
defined as CMV pp65 antigenemia of > 1 positive staining granulocyte/150.000 cells.

CMV disease Patients with symptoms of pneumonia, gastritis or enteritis underwent
bronchoscopy, gastroscopy or sigmoidoscopy, respectively. CMV pneumonia/gastritis/enteri-
tis was defined histologically by typical cytopathic effects and immunohistochemically by
immunofluorescence with use of monoclonal antibodies to immediate early CMV antigens in
biopsy specimens. When cultures of BAL fluid, saliva, urine and buffy coat were performed
in case of infectious complications, these included always CMV cultures, irrespective of CMV
serostatus.

Ganciclovir therapy CMV-seropositive patients who demonstrated CMV reactivation
or who were treated with high-dose corticosteroids for aGVHD grade II-IV received pre-emp-
tive or prophylactic therapy, respectively, with ganciclovir in a dose of 2.5 mg/kg intra-
venously twice a day for 14 days10. When patients were symptomatic (unexplained fever or
symptoms compatible with CMV disease), CMV antigenemia was rising or remained positive
after 14 days of treatment, ganciclovir dose was doubled or foscarnet treatment was started
instead of ganciclovir in a dose of 60 mg/kg twice a day for 14 days. When serum creatinine
increased above 200 pmol/l, ganciclovir dose was reduced. When granulocyte count
decreased below 500/ul ganciclovir was replaced by foscarnet. CMV disease was treated
with ganciclovir 5 mg/kg twice a day for at least 14 days and continued until symptoms
resolved and/or antigenemia became negative, whichever was latest. In case of disease pro-
gression or rising antigenemia foscarnet treatment was started instead of ganciclovir in a
dose of 60 mg/kg twice a day. Furthermore, treatment with CMV specific immunoglobulins

was added to antiviral therapy in patients with CMV pneumonia.
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HLA-matching 1In all MRD patient-donor pairs, class I antigens (A, B and Cw) were
analysed by serological typing, in case of doubt low resolution molecular typing was per-
formed. Class II antigens (DRB1, DRB3, DRB4, DRB5 and DQB1) were analysed by serologi-
cal typing until 1993 and since 1993 by low resolution molecular typing with sequence
specific primers. In MUD patient-donor pairs HLA analysis was performed as in MRD recipi-
ents until 1993, thereafter class I antigens (A, B) were analysed by serological typing, in
case of doubt low resolution molecular typing was performed. Class I Cw and class II anti-
gens (DRB1, DRB3, DRB4, DRB5 and DQB1) were analysed by low resolution molecular typ-
ing with sequence specific primers. DRB1, B3, B4 and B5 antigens were as well defined by
high resolution typing since January 1999.

BMT 1In vitro partial TCD of the marrow was performed using the Soy Bean
Agglutinin/Sheep Red Blood Cell (SBA/SRBC) technique until 199715, Thereafter, the
immunorosette (IR) depletion technique was used!¢. After this maximal T cell depletion pro-
cedure the residual number of T cells was counted and nonmanipulated T cells (from a
small BM fraction that was set apart) were added to obtain the desired fixed low number of
T cells (1-5 x 105 T cells/kg recipient weight)12. Since May 1998 B cell depletion, for preven-
tion of Epstein-Barr virus-associated lymphoma, was added to grafts from MUDs?7.
Statistical analysis OS was estimated by the Kaplan-Meier method. Probabilities of
TRM and aGVHD were calculated by the cumulative incidence procedure. For TRM, death
without TRM was the competing risk; for aGVHD death without aGVHD was the competing
risk. Univariate analyses were performed using the log rank test. Variables which showed to
influence OS/TRM at a level of p<0.1 were used in a multivariate Cox regression analysis. P
values from regression models were calculated with the Wald test. The post-transplant vari-
ables ‘CMV reactivation’, ‘aGVHD’ and ‘cGVHD’ were as well analysed as time-dependent

covariates. Calculations were performed using SPSS/PC+ 10.0 (SPSS Inc, Chicago II, USA).

Results
Patient characteristics Characteristics of MRD and MUD recipients are described in

Table 1. MRD recipients were significantly older compared to MUD recipients (40 vs 31 yr,
respectively, p<0.001). In contrast to the MUD group, 35% of MRD recipients were multiple

116



CMV-SEROPOSITIVITY

myeloma or lymphoma patients. Most patients received bone marrow transplants, some
MRD patients received peripheral blood stem cell transplants (PBSCT) (MRD: 89% BMT vs
11% PBSCT; MUD: 100% BMT). Only 40% of recipients of matched related donor grafts and
38% of recipients of matched unrelated donor grafts were considered low-risk. Acute GVHD
developed in 83% and 70% of MRD and MUD recipients, respectively (p=0.086), and grade
II-IV in 50% and 38%, respectively. Chronic GVHD occurred in 56% of evaluable MRD recip-
ients and in 36% of evaluable MUD recipients (p=0.032). The disease was extensive in 27%
and 24% of MRD and MUD recipients, respectively. CMV reactivation was observed in 13%
of all MRD patients (26% of the CMV-seropositive recipients) and in 25% of all MUD recipi-
ents (50% of the CMV-seropositive recipients) (p=0.054). No primary infections were seen
in the group with CMV-seronegative patients with seropositive or seronegative donors. Six
patients developed CMV disease: pneumonia (n=4), gastritis (n=1) and encephalitis (n=1).
All were CMV-seropositive. The disease developed despite pre-emptive treatment with gan-
ciclovir in 3 patients. In the other 3 patients pre-emptive therapy was omitted because of
protocol violation (MRD: n=2, MUD: n=1). Four of the 6 patients died from CMV pneumo-
nia, including the 3 not receiving pre-emptive therapy. Two, while successfully treated for
CMV disease, died from other causes: varicella-zoster pneumonia -one year after CMV dis-
ease- and aspergillus pneumonia -3 months after CMV disease-. Primary graft failure was
observed in two patients (1 MRD, 1 MUD), as was secondary graft failure.

In Table 2 causes of mortality are described. “Other causes” of TRM consist of: acute respira-
tory distress syndrome (ARDS), acute liver failure, pancreatitis with multi-organ failure,
cerebral bleeding or infarction, cardiac toxicity, thrombotic or idiopathic thrombocytopenic
purpura (ITP or TTP) with bleeding and suicide. Mortality from infections was significantly
higher in CMV-seropositive MUD recipients compared to seronegative recipients (38% vs
8%, p=0.016).

Analyses in MRD recipients

Overall survival Median and mean follow up was 20 and 34 (range 1-118) months,
respectively. Median survival was 43 months (CI 95%: 14-72 months). Five year overall sur-
vival was 47% (CI 95%: 39-55%). From Table 3 and 4 it appears that after univariate and
multivariate analyses, high-risk disease status (p<0.001 and 0.001, respectively) and exten-
sive cGVHD (p<0.001) were adverse risk factors for overall survival. After univariate analy-

sis older age significantly affected OS (p=0.003), however, after multivariate analysis a
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Table 1 Patient characteristics

MRD patients MUD patients P
(n=205) (n=48)
Age, mean years (range) 40 (16-58) 31 (17-48) <0.001
Diagnosis
AML crl 35(17) 2@
AML>crl 7 (3) 6 (13)
ALL crl 17 (8) 1(2)
ALL>crl 4(2) 6 (13)
CML cpl 32 (16) 8(17)
CML>cpl 7 (3) 8 (17)
SAA 4(2) 8(17)
NHL 27 (13) 0
MDS 10 (5) 4(8)
MM 46 (22) 0
Other 16 (8) 5 (10)
CMV serostatus R/D
+/+ 66 (32) 10 (21) ns
+/- 35 (17) 14 (29)
-/+ 30 (15) 11 (23)
-/- 74 (36) 13 (27)
Source
BM 183 (89) 48 (100)
PB 22 (11
Risk status
Low 82 (40) 18 (38) ns
High 123 (60) 30 (62)
aGVHD
I 67 (33) 15 (32) 0.086
II-Iv 103 (50) 18 (38)
1I-v 8 (4) 7 (15)
No 35(17) 14 (30)
cGVHD
Lim 50 (29) 4 (12) 0.032
Ext 47 (27) 8 (24)
No 78 (45) 22 (65)
CMV reactivation
Yes 26 (13) 12 (25) 0.054
No 179 (87) 36 (75)
CMV disease
Yes 3 (1.5) 3 (6)
No 202 (98.5) 45 (94)

Data are no. (%) of patients, unless otherwise indicated; AML = acute myeloid leukemia; ALL = acute lymphoid leukemia;
CML = chronic myeloid leukemia; SAA = severe aplastic anaemia; NHL = non-hodgkin lymphoma; MDS = myelodysplas-
tic syndrome; MM = multiple myeloma; R/D =recipient/donor; BM = bone marrow; PB = peripheral blood; aGVHD =
acute graft-versus-host disease; cGVHD = chronic graft-versus-host disease; Lim = limited; Ext = extensive.
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Table 2 Causes of Mortality
CMV serostatus Recipient/Donor
+/+ +/- -/+ -/-
MRD MUD MRD MUD MRD MUD MRD MUD

No. of patients 35 9 23 11 16 6 31 5
Relapse 12 2 10 2 9 4 12 3
TRM 23 7 13 9 7 2 19 2
CMV disease 1 1 1 1 0 0 0 0
EBV-LPD 0 2 2 1 2 2 3 0
Infections (other) 10 1 3 3 3 0 6 0
GVHD 4 1 1 2 0 0 2 1
IP/toxicity 1 0 4 0 1 0 4 1
VOD 3 0 0 0 1 0 0 0
Other 4 2 2 2 0 0 4 0
EBV-LPD = Epstein-Barr virus associated lymphoproliferative disease; IP = interstitial pneumonia; VOD = veno-occlusive
disease.

Table 3 Univariate analyses of OS and TRM in MRD recipients

OS in MRD TRM in MRD

P P
Recipient CMV serostatus (pos vs neg) ns ns
Donor CMV serostatus (pos vs neg) ns ns
Age (continuous) 0.003 0.002
Risk status (high vs low) < 0.001 0.040
R/D sexe (male/female vs other) ns 0.057
Source (pb vs bm) ns 0.028
T cell (graft) (continuous) ns ns
aGVHD (II-IV vs other) ns ns
c¢GVHD (extensive vs other) < 0.001 < 0.001
CMV reactivation (yes vs no) ns 0.020

Abbreviations: see Table 1.
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trend towards decreased survival was observed (p=0.066). The effect of CMV serostatus
was analysed in two ways. First, the 4 groups with all possible patient/donor CMV serosta-
tus combinations were analysed separately (patient/donor: R+/D+, R+/D-, R-/D+, R-/D-).
In a second analysis, the group with CMV-seropositive patients (irrespective of donor serol-
ogy) was compared to the group with CMV-seronegative patients. After both analyses no sig-
nificant differences were observed. Adjusted probability of OS according to recipient CMV
serostatus is displayed in Figure 1.

Furthermore, donor CMV serostatus did not affect outcome. In contrast to the MUD group,
35% of MRD recipients were multiple myeloma or lymphoma patients. Analyses without
these patients gave fully comparable results.

Transplant related mortality TRM at one year was 23% (CI 95%: 17-29%). From
Table 3 it appears that TRM was determined by extensive cGVHD (p<0.001), older age
(p=0.002), CMV reactivation (p=0.020), source (PB) (p=0.028), high-risk disease status
(p=0.040) and recipient/donor sexe (Rm/Df) (p=0.057) after univariate analyses. After
multivariate analysis (Table 4) only extensive ¢cGVHD (p<0.001) and age (p=0.002) pre-
dicted increased TRM. Adjusted probability of TRM according to recipient CMV serostatus is
displayed in Figure 1.

Analyses in MUD recipients
Overall survival Median and mean follow up was 8 and 20 (range 1-102) months,
respectively. Median survival was 7 months (CI 95%: 4-10 months). Five year overall sur-

vival in MUD recipients was 30% (CI 95%: 14-46%). Overall survival in MUD recipients was

Table 4 Multivariate analyses of OS and TRM in MRD recipients

Overall Survival Transplant Related
Mortality

RR 95% CI P value RR 95% CI P value

cGVHD (ext. vs other) 2.70 1.68-4.36 < 0.001 3.71 2.01-6.86 < 0.001
Risk status (high vs low) 2.12 1.36-3.28 0.001 ns
Age (continuous) 1.02 1.00-1.04 0.066 1.04 1.02-1.07 0.002

Abbreviations: see Table 1.
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Figure 1

Adjusted probability of overall survival and transplant related mortality in MRD recipients accord-
ing to recipient CMV serostatus.
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Table 5 Univariate analyses of OS and TRM in MUD recipients

OS in MRD TRM in MRD
P P
Recipient CMV serostatus (pos vs neg) 0.007 < 0.001
Donor CMV serostatus (pos vs neg) ns ns
Age (continuous) 0.051 ns
Risk status (high vs low) ns ns
p/d sexe (m/f vs other) ns ns
T cell (graft) (continuous) ns ns
aGVHD (II-IV vs other) ns 0.002
c¢GVHD (extensive vs other) ns ns
CMV reactivation (yes vs no) ns 0.066

Abbreviations: see Table 1.

strongly determined by CMV serostatus (p=0.007) after univariate analyses; age was a less
important factor (p=0.051) (Table 5). Again the effect of CMV serostatus was analysed in
two ways. First, the 4 groups with all possible patient/donor CMV serostatus combinations
were analysed separately (patient/donor: R+/D+, R+/D-, R-/D+, R-/D-). Overall, the
groups differed significantly (p=0.027), which could be ascribed to differences between
group 1 (R+/D+) and 4 (R-/D-) (p=0.012), group 1 (R+/D+) and 3 (R-/D+) (p=0.062)
and group 2 (R+/D-) and 4 (R-/D-) (p=0.068). In a second analysis, the group with CMV-

Table 6 Multivariate analyses of OS and TRM in MUD recipients

Overall Survival Transplant Related
Mortality

RR 95% CI P value RR 95% CI P value

Recipient CMV serostatus 2.77 1.22-5.40 0.013 4.60 1.51-14.00 0.007
(pos vs neg)
aGVHD (II-IV vs other) ns 2.94 1.15-7.51 0.024

Abbreviations: see Table 1.
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Figure 2

Adjusted probability of overall survival and transplant related mortality in MUD recipients accord-
ing to recipient CMV serostatus.
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seropositive patients (irrespective of donor serology) was compared to the group with CMV-
seronegative patients, which revealed a highly significant difference (p=0.007). After multi-
variate analysis (Table 6 and Figure 2) only a positive recipient CMV serostatus influenced

OS (p=0.013), with no effect of donor serostatus.
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Transplant related mortality After univariate analysis recipient CMV-seropositivity
(p<0.001) and aGVHD (p=0.002) showed a strong adverse effect on TRM (Table 5), which
was also observed after multivariate analysis (recipient CMV-seropositivity: p=0.007;
aGVHD: p=0.024; Table 6 and Figure 2). Cumulative incidence curves for time to aGVHD
showed no effect of recipient CMV serostatus on probability of developing aGVHD by day
100 post-transplant. After univariate analysis CMV reactivation also affected TRM. This
effect disappeared after multivariate analysis, which is logical given the strong effect of a
positive CMV serostatus. TRM at 1 year for all MUD recipients was 37% (CI 95%: 23-51%).
In CMV-seropositive recipients one year TRM was 58% (CI 95%: 38-78%) and in CMV-
seronegative recipients 17% (CI 95%: 2-32%).

Discussion

Our data show that recipient and/or donor CMV-seropositivity was not predictive for OS
and TRM in patients treated with partial T cell depleted bone marrow transplantation from
matched related donors, receiving low-dose short-term pre-emptive and prophylactic treat-
ment with ganciclovir. In contrast, in MUD recipients, patient (but not donor) CMV-seropos-
itivity had a great impact on overall survival. In our institution CMV reactivation was
monitored by the CMV pp65 antigenemia assay and pre-emptive therapy with ganciclovir
was given when antigenemia was demonstrated. Prophylactic therapy was given when CMV-
seropositive patients had to be treated with high-dose steroids for aGVHD grade II-IV. A pre-
vious study of our group showed that none of the 41 CMV seropositive MRD patients,
monitored and treated similar as described above, developed CMV diseasel0. Now we found
that 3 of 205 MRD patients (1.5%) and 3 of 48 MUD recipients (6%) developed CMV dis-
ease.

Several studies have been published analysing the impact of CMV-seropositivity on OS and
TRM in recipients of non-TCD grafts. In three of them outcome was not significantly influ-
enced by patient and/or donor seropositivity!8-20, although in the study of Nichols et al20 a
borderline significant decreased survival was observed in the R-/D+ group compared to the
R-/D- group. In MUD recipients only, patient CMV-seropositivity was an adverse risk factor

for outcome21.22 although this was not supported by a subgroup analysis by Nichols et al2°.
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Two studies performed analyses among recipients of TCD grafts23.24. Broers et al23 found
patient and/or donor seropositivity to be associated with decreased survival and increased
TRM in MRD recipients. They instituted pre-emptive treatment when 4 or more cells were
positive in the antigenemia assay, used conventional dose ganciclovir, performed no T cell
add back and gave no prophylactic therapy to seropositive patients with aGVHD grade II-IV.
Results of a study among MUD recipients of TCD grafts24 were comparable to studies per-
formed among MUD patients receiving non-TCD grafts21.22. Overall, when TCD is performed
or not, CMV serostatus seems not to influence outcome in MRD recipients in the era of pre-
emptive treatment. However, CMV-seropositive MUD recipients were found to have a
decreased survival in nearly all studies. In a large EBMT mega file analysis the effect of
donor serostatus was analysed in CMV-seropositive recipients. In MRD recipients donor
serostatus did not affect outcome. In MUD recipients of non-TCD transplants outcome was
improved in those receiving seropositive grafts25. We did not observe a positive impact of
donor seropositivity in CMV-seropositive recipients, neither in MRD recipients nor in MUD
recipients. This is in concordance with the findings of the EBMT study2S, since all our
patients received (partial) TCD grafts. In several reports the recovery of CMV-specific
(CMVs) immune response was associated with the infusion of bone marrow from seroposi-
tive donors26:27, probably by transfer of CMVs cytotoxic T cells. However, when TCD grafts
are infused, CMVs immune recovery is probably not influenced by donor serostatus.
Recently it was demonstrated that CMV infection inhibited maturation and antigen-present-
ing function of dendritic cells, which can have severe and multiple consequences for T and B
cell responses28 and may contribute to the immunosuppressive effect of CMV infection29. It
might be hypothesized that many CMV-seropositive transplant recipients suffer from sub
clinical CMV infection, which is not detected by the antigenemia assay. Recovery of T cells
after T cell depleted BMT is much more impaired in MUD recipients compared to MRD
recipients, probably related to the use of ATG in MUD patients30. Therefore, considering the
immunosuppressive effect of CMV infection, sub clinical CMV infection might be of more
importance in MUD recipients compared to MRD recipients. Indeed, mortality from (viral
and fungal) infections was higher in the CMV-seropositive MUD group compared to the
CMV-seronegative group (38% vs 8%; p=0.016).

In conclusion, CMV-seropositivity should not be considered an adverse risk factor for OS and
TRM in MRD recipients of partial T cell depleted grafts, when an appropriate prevention of
CMV disease is applied. In patients receiving grafts from MUDs, patient (but not donor)
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CMV-seropositivity has a high impact on overall survival, may be due to further impairment
of immune reconstitution in this already heavily immune suppressed patient population.
Approaches that will lead to a better T cell immune reconstitution after TCD stem cell trans-
plantation from unrelated donors are probably necessary to improve outcome in CMV-

seropositive MUD recipients.
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