CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

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

Annoek E. C. Broers, Ron van der Holt, Joost W. J. van Esser, Jan-Willem Gratama, Sonja Henzen-Logmans, Vibeke Kuenen-Boumeester,

Bob Lowenberg, and Jan J. Cornelissen

We evaluated the efficacy, toxicity, and
outcome of preemptive ganciclovir (GCV)
therapy in 80 cytomegalovirus (CMV)-
seropositive patients allografted between
1991 and 1996 and compared their out-
come to 35 seronegative patients allo-
grafted during the same period. Both
cohorts were comparable with respect to
diagnosis and distribution of high- ver-
sus standard-risk patients. All patients
received a stem cell graft from an HLA-
identical sibling donor, and grafts were
partially depleted of T cells in 109 pa-
tients. Patients were monitored for CMV
antigenemia by leukocyte expression of
the CMV-pp65 antigen. Fifty-two periods

of CMV reactivation occurring in 30
patients were treated preemptively with
GCV. A favorable response was observed
in 48 of 50 periods, and only 2 patients
developed CMV disease: 1 with esophagi-
tis and 1 with pneumonia. Ten of 30
treated patients developed GCV-related
neutropenia (lessthan 0.5 x 109L), which
was associated with a high bilirubin at the
start of GCV therapy. Overall survival at 5
years was 64% in the CMV-seronegative
cohort and 40% in the CMV-seropositive
cohort ( P=.01). Increased treatment-
related mortality accounted for inferior
survival. CMV seropositivity proved an
independent risk factor for developing

acute graft-versus-host disease, and
acute graft-versus-host disease pre-
dicted for higher treatment-related mortal-
ity and worse overall survival in a time-
dependent analysis. We conclude that,
although CMV disease can effectively be
prevented by preemptive GCV therapy,
CMV seropositivity remains a strong
adverse risk factor for survival following

partial T-cell-depleted allogeneic stem
cell transplantation. (Blood. 2000; 95:2240-
2245)
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Introduction

Cytomegalovirus (CMV) infection is an important cause of morbidtherapy while avoiding severe neutropeHtd® However, it is still

ity and mortality in recipients of allogeneic stem cell transplantainclear how the outcome of HLA-matched sibling BMT in
tion (SCT)12 CMV can cause primary infections or may beCMV-seropositive patients receiving GCV preemptively compares
reactivated in CMV-seropositive recipients and CMV-seronegatite the outcome of BMT in seronegative patients.

recipients receiving a graft from a seropositive dohibuntreated, We set out to evaluate the efficacy, toxicity, and possible risk
CMV pneumonia may develop in up to 50% of bone marroviactors of the preemptive use of GCV in CMV-seropositive
transplant (BMT) recipients showing virus reactivatiorhe patients, initiated at first evidence of CMV antigenemia. Further-
mortality of CMV pneumonia has remained high despite the use wiore, survival, TRM, and incidence of graft-versus-host disease
CMV-specific immunoglobulins and potent antiviral agents such 4&VHD) in the CMV-seropositive cohort were evaluated and
ganciclovir (GCV)*® Therefore, preventive measures are considcompared to a cohort of CMV-seronegative patients with a
ered of utmost importance and have received a great dealsefonegative donor allografted during the same period. The aim
interest. It has been shown that prophylaxis with GCV effectivelyas to determine whether and how prior CMV disease affects
prevents CMV disease following allogeneic transplantafidn. transplant outcome if GCV is used as preemptive therapy.
However, GCV prophylaxis administered for a prolonged period

after BMT has been complicated by severe neutropenia, which

itself is associated with an increased risk of opportunistic infectiorE .

and enhanced treatment-related mortality (TRNIAlternatively, atients and methods

_GCV.rT]ay.aIso be admlnlstered as preemptive therapy based °“/R*18ta| of 115 consecutive patients, who received an HLA-identical sibling
identification of CMV in blood or bronchoalveolar lavage (BAL)'hemopoietic SCT at the Daniel den Hoed Cancer Center in Rotterdam
Randomized and retrospective studies have shown a significBgveen 1991 and 1996, were included in the study. Two groups of patients
reduction of CMV disease and enhanced survival in CMMyere defined: a group of 35 patients who were CMV-seronegative before
seropositive donor-recipient pairs receiving GCV as preemptivansplantation and received a graft from a CMV-seronegative donor,
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hereafter designated as “CMV-seronegative patients,” and a group of &tarrow in 105 patients and peripheral blood stem cells in 10 patients. The
patients in which either the donor or the patient or both were CMV-seropositiirestitutional review board approved the protocols, and patients provided
(Table 1), hereafter designated as “CMV-seropositive patients.” informed consent. Graft characteristics are presented in Table 1. Acute
Patients who received a graft from an unrelated or mismatched relat8HD was graded according to the Glucksberg criteria. Patients were
donor were notincluded in the analysis. Patients were considered “standeatsidered evaluable for GVHD if they showed neutrophil recovery and
risk” in case of a diagnosis of acute myelogenous leukemia in first completarvival beyond day 21. Patients with grades 2-4 GVHD were treated with
remission, acute lymphoblastic leukemia in first complete remissioprednisone, 1 mg/kg of body weight twice daily for 7 to 10 days, which was
chronic myeloid leukemia in first chronic phase, or untreated aplasticen tapered according to clinical response. Grade 1 GVHD was treated

anemia. All other diagnoses were considered high risk. with topical steroids. Patients were considered evaluable for chronic GVHD
) if they engrafted and survived beyond day 100. Chronic GVHD was treated
Transplantation with the combination of cyclosporine and prednisone according to clinical

The conditioning regimen consisted of cyclophosphamide (Cy) (120 mg/@sponse.

of bod)_/ weight) an_d tqtal-body irradiation (6 Gy on each of 2 Success“@upportive care
days with partial shielding of the lungs, for a total lung dose of 2.5 Gy).
Alternatively, if patients had received locoregional irradiation before, therythrocyte and platelet blood products for transfusion were filtered to
conditioning regimen consisted of oral busulfan (4 mg/kg of body weighiemove leukocytes and subsequently irradiated (25 Gy). All patients who
on each of 4 successive days) and Cy (120 mg/kg of body weight) (Table Were herpes simplex—seropositive before transplantation received acyclovir
Partial T-cell depletion (TCD) was performed by sheep erythrocyt@®00 mg, 4 times a day) until discharge. Furthermore, infection prophylaxis
rosetting in standard-risk patients, and few high-risk patientss @ consisted of oral ciprofloxacin (500 mg, twice daily), oral itraconazole (200
received an unmodified graft. All patients received additional GVHINg, twice daily), and intravenous penicillin during the first 14 days after
prophylaxis with cyclosporine (3 mg/kg of body weight) fror3 days BMT. Itraconazole was continued until day 90 after BMT. Prophylaxis for
until 100 days after BMT. Cyclosporine was combined with methotrexagncapsulated bacteria aRtieumocystis carinivas prescribed for up to 6
(15 mg/n? on day 1; 10 mg/hon days 3, 6, and 11) in case of anmonths after BMT and consisted of cotrimoxazole (480 mg, once daily),
unmanipulated graft. The source of hematopoietic stem cells was bomkich was initiated after neutrophil recovery (0.5 x 10°%L) and cessa-
tion of ciprofloxacin. Patients were hospitalized in (reverse) isolation and
rooms with high-efficiency particulate airfiltered air. All patients received

Table 1. Patient characteristics food with a low microbial count until discharge, and parenteral alimentation

CMV- CMV- was given in case of severe mucositis.
seronegative seropositive P
(n = 35) (n = 80) Value  Diagnostic tests for CMV reactivation and CMV disease
Sex, male/female (n) 20115 52/28 4 The presence of CMV lower matrix protein pp65-positive leukocytes in
Median age, y (range) 37 (16-54) 43 (18-57) 02 peripheral blood or BAL fluid was analyzed as describe.In short,
Diagnosis (n) cytospin preparations were prepared and incubated with pp65-specific
A(:I::jek;nr)r/"eéllogenous . 18 monoclonal antibodies: 1 slide with clone 1C3/A-YM-1 (Biogenesis,

Bournemouth, UK) and another slide with clone C10/C11 (Biotest, Seralco,

Acute lymphoblastic Brussels, Belgium). In addition, 1 cytospin slide was used as a negative

IEUK.emIa ) ) 0 1 control, and slides with CMV-infected granulocytes served as positive
Chronic myeloid leukemia 5 18 . g X
Non-Hodgkin's lymphoma 8 7 con_trols._ Staining was performed _using the alkaline phosphatase-
Multiple myeloma 5 8 antlalkgllne phosphatase method (dllupon 1:50; Serotec, Oxford, UK).
Myelodysplasia 4 1 CMV dlsea_se was dlagnosed_on the ‘ba5|s ofan |nflammatory process due to
Aplastic anemia ) ) CMYV, confirmed either by the mmedla}te early antigen (IEA) assay or CM\{
Risk status, standard/high (n) 13/22 34146 & cultures_, ar_1d pref_erably comblngd vylth t_he presence of typical _cyto_pathlc
Conditioning regimen (n) effects in hlstolqglc preparations if biopsies were available. All b|_0pS|es_or
Cy, T8I 10 12 Ieuko_cyte_s obtamed by _BAL_Were culture_d for CM\( for 14 dgys. Hlstolqglc
Cy, TBI, ARAC 17 45 examination of tissue biopsies included immunohistochemical analysis for
Cy, TBI, VP16 5 16 CMV using pp65-specific monoclonal antibody clone 1C3 (Biogenesis).
Cy, BU 3 - I?neumonia was clas_si_fieq as idiop_athic whe_zn (multiple) b_iqpsi_es _of I_ung
GVHD prophylaxis (n) tlssqe showed !nterstltlal. |_nflammat|on but without any pos'|t.|ve indication
T-cell depletion, CSA ” 75 pf viral, pacterlal, ‘parasmc, or fungal causes upon specific culture and
CSA, MTX 1 5 immunohistochemical analysis.
Stem cell source (n) Ganciclovir therapy
BM 32 73
PB 3 7 CMV-seropositive patients were monitored weekly from transplantation
Graft characteristics, until day 150 for CMV antigenemia. Test results were considered positive in
median (range) case of at least 1 positively staining leukocyte. Patients with a positive
MNC X 108/kg 0.27 (0.01-0.50) 0.26 (0.01-1.77) 8 antigenemia test were monitored twice weekly. Preemptive GCV therapy
CFU-GM X 10%kg 22.3 (3.0-134) 24.7 (2.50-79.0) .96 was initiated (5 mg/kg of body weight intravenously, twice daily) if 4 or
T-cells x 105/kg 3.4 (0.4-25) 2.4 (0-16) 3 more positive leukocytes were identified by the IEA assay. Treatment was
CMV serology (n) discontinued after 2 successive negative test results, which was considered
P-/D— 35 — a favorable response, if no CMV disease had developed during that time.
P+/D— — 29 That specific protocol of preemptive therapy was chosen to avoid GCV
P—/D+ — 12 treatment in patients with low-grade antigenemia, who may resolve their
P+/D+ — 39 antigenemia spontaneously, and to avoid GCV treatment in false-positive

e - i T antigenemia and thereby prevent GCV-associated neutropenia while preserv-
CMYV indicates cytomegalovirus; Cy, cyclophosphamide; TBI, total-body irradia-

tion; ARA-C, cytosin-arabinoside-C; VP16, etoposide; BU, busulfan; GVHD, graft- ing ef’{;\(;“g.e prevention of CMV d.ls.easec'j hagiti d with
versus-host disease; CSA, cyclosporine A; MTX, methotrexate; BM, bone marrow; C isease (eg, pneumonitis and esophaygitis) was treated with a

PB, peripheral blood; MNC, mononuclear cells; CFU-GM, granulocyte-macrophage ~ combination of GCV- and CMV-specific immunoglobuliitleutropenia
colony-forming units; P, patient; D, donor. associated with GCV therapy was defined by a neutrophil count of less than
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0.5X 10°/L, appearing during or shortly (less than 10 days) after GC6ccurring in these 30 patients were treated with GCV. Two of these
therapy, in patients with a neutrophil count of at least®.00%L and with 30 patients were CMV-seronegative before transplantation but

no other apparent cause of neutropenia. received a graft from a seropositive donor. Seventeen patients
developed so-called low-grade antigenemia—their IEA test results
Statistical analysis showed less than 4 positive leukocytes—and, by protocol, these

) o patients were not treated with GCV. None of them developed CMV
Patients were analyzed for response of CMV reactivation to GCV tredfcaqse CMV-seropositive patients with versus without CMV

ment. Patient characteristics in the 2 cohorts were compared usinH. o . . . L
w2 i i . antigenemia did not differ with respect to their graft characteristics
Pearson’g? test or the Wilcoxon rank sum test, whichever was appropriat

All reportedP values are 2-sided, and a significance levekef .05 was ?mononuclez_ar cells, CFU-GM, T cells), age, sex, underlyl_ng
used. Overall survival was measured from transplantation until death frdHS€aSe, Or risk status (results not shown). Results of the 30 patients
any cause. Patients still alive at the time of analysis were censored at the {i@ated with GCV are presented in Table 2. Two patients died
follow-up date. TRM was determined from the date of transplantation untdefore the effects of GCV could be evaluated. The median duration
death related to the transplantation. Patients who died from other causésGCV treatment was 10 days (range, 2-38 days). A favorable
were censored at the date of death. Time to acute GVHD grades 2-4 wasponse (2 consecutive negative antigenemia test results and no
calculated from date of transplantation until occurrence of acute GVHRigns of CMV disease) was observed in 48 of 50 (96%) evaluable
Patients who died before day 100 posttransplant without having suffergdatment courses. One patient developed a CMV pneumonia that
from acute GVHD were censored at the date of death. Patients withqyt o lethal, and another patient developed a CMV esophagitis
GVHD and still alive at day 100 were then censored. Time to acute GVHReceSSitating the addition of CMV-specific immunoglobulins com-
grades 2-4, overall survival, and TRM were estimated by the Kaplan-MeiBIrned with a prolonged course of GCV therapy. Recurrence of

method. The following variables were included in the analysis of prognost . . . . .
factors: sex, age, risk status, CMV serostatus of the patient/donor (b IMV antigenemia was observed 22 times in 12 patients. These

negative vs at least 1 positive), and graft characteristics (number '&CUTNG eplsodes of antigenemia all responded fe.lvorably to a
nucleated cells, CFU-GM [granulocyte-macrophage colony-forming unit§econd, third, fourth, or fifth course of GCV. In addition to the 2
and CD3 T cells infused). Univariate survival analysis was performe@forementioned patients with CMV pneumonia and esophagitis, 1
using the log-rank test to see whether there was a difference in survigdher patient developed a CMV pneumonia, which was not
between the subgroups, and univariate Cox regression was usedpkeceded by peripheral blood CMV antigenemia. No CMV disease
determine whether the relation was monotonous. The variables thgas observed after day 100.

appeared significant in the univariate Cox regression were also used in aTen patients developed GCV-related neutropenia (neutrophils
multivariate Cox regression. Moreover, a Cox regression analysis, Wiliss than 0.5¢ 10°/L). The median number of neutropenic days
occurrence of acute GVHD grades 2-4 included as a time—dependgvrglS 10 (range, 2-36), and the median nadir was 0:23%/L

covariate, was performed to examine whether acute GVHD predicted fl%utrophils (range, less than 5-450). Opportunistic infections

higher TRM and worse overall survival. during these periods of neutropenia were observed in 7 cases,
including 1 case of lethal sepsis and pneumonia caused by
Pseudomonas aeruginas&everal risk factors were evaluated for
their possible contributory role to GCV-related neutropenia. Graft
A total of 115 consecutive HLA-identical sibling BMTs wereCharacteristics were not associated with neutropenia. An elevated

evaluated. Patient characteristics are presented in Table 1. TWerbm level, but not impaired kldn.ey function, at the onset of
cohorts of patients are presented: a CMV-seronegative cohort an%%v therapy strqngly correlated with the appearance of GCV-
seropositive (donor, recipient, or both) cohort. Thirty-five patientrselated neutropenid(= .03).

and their donors were CMV-seronegative. Eighty recipient-dongurvival, TRM, and GVHD

pairs were CMV-seropositive (the so-called “CMV-seropositive, . . ¢\ rvival of these 115 patients was 64%4% at 1 year and

patients”), including 68 seropositive reC|p|gn_ts and 51 serop03|_t|_\éf7%i 5% at 5 years posttransplant. The median follow-up for
donors. In 39 cases, both donor and recipient were seropositiye.. - .
tients still alive was 43 months (range, 9-95 months). Survival

S . - a
High-risk patients were distributed equally among the CM\}V?V s not significantly affected by diagnosis, risk status, sex, and

seronegative and CMV-seropositive cohorts, and diagnoses % ft characteristics (such as numbers of CFU-GM, T cells, and

Results

é‘lfﬂci/mt dlffe_rt_ betwehent the 24gohorts. Tge medlzndeigr]]etofftt ononuclear cells infused). In univariate analysis, both positive
-sercilposn |veh cct) Orh\.st yega7rs an Bexcgg € M ; R serology (of donor or recipient) and older age predicted for
seronegative conort, which was yeal® < .02). Median jnferior survival. However, only CMV serology significantly

numpers of mononuclear cells, CFU'G.M' and T cells mfused_ d ected survivall = .03) in multivariate Cox regression analysis.
not differ between the CMV-seronegative and CMV-seropositive

cohort. Partial TCD of the graft was applied in 109 patients, and.§, ., Treatment resuits

patients received an unmanipulated graft because these paticutab oo
. . . . . Numbper 0. O

suffered from high-risk disease and were considered to be at hig

ycle of patients with

risk for relapse. Alternatively, they received cyclosporine anghnciclovir No. of cytomegalovirus
methotrexate for prevention of GVHD. therapy patients Response Relapse disease; site
1 30 27129 12 2 (1 pneumonia;
. i 1 esophagitis)
Ganciclovir treatment 2 12 1212 6 o
Atotal of 47 patients developed CMV antigenemia as defined by at 6 6/6 3 -
least 1 pp65-positive peripheral blood leukocyte. Thirty of these* 3 212 1 -
patients showed an increase in the number of positive leukocytes 3; 4;;;0 > ,

up to 4 or more positive leukocytes, which was the threshold fa**"®"
initiating GCV treatment. Fifty-two periods of CMV antigenemia  Fifty of 52 treatment courses were evaluable for response.
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The seropositive cohort included also 12 +-/ patients—those Transplant related mortality

who were seronegative before SCT but received a graft from ¢

positive donor. Overall survival was 45%9% in these 12 100 - Logrank P=.03
patients at 36 months after SCT, which did not differ from-38+
patients and 29-/- patients, who completed the CMV-seropositive
cohort (Table 1). In contrast, overall survival was 7898% in the
seronegative group at 36 months after SCT (Figure 1).

Excess mortality in the CMV-seropositive cohort (Figure 1) was g
not due to relapse but appeared to be due to increased TRM. Tt ¢
variables age, CMV serology, diagnosis, risk status, sex, and gra§
characteristic were also evaluated for a possible association wit§ )
TRM. Of these, only positive CMV serology significantly pre- © negative
dicted for increased TRMRA = .03). TRM was 35%* 5% for all rl_l_:—‘—‘

115 patients at 5 years posttransplant and 8% versus 0-

42% + 6%, respectively, for CMV-seronegative and CMV- 5 o4 a8
seropositive patients (Figure B & .03). In contrast, these figures Atrisk:

were 30%:=* 6% and 40%t+ 8% for younger and older patients, e e o o 12 .

which was not statistically significanP(= .5). We also evaluated Figure 2. Probabilities of developing transplant-related mortality in CMV-

whether CMV antigenemia would quantitatively predict for inseropositive patients (n = 80) versus CMV-seronegative patients (n = 35).
creased TRM. The median number of IEA-positive leukocytes wés™ -03 by log-rank analysis.

10 (range, 4-130). A trend toward a higher TRM was observed for

patients with more than 10 positive leukocytes as compared which was considered idiopathic after thorough evaluation. Corticoste-
patients below that median number: TRM was 46%4% versus roid treatment resulted in a favorable response in all of them.
29% = 12%, respectively, which was not significant. In addition, The actuarial probability of developing acute GVHD grades 2-4
when evaluated as a continuous variable, the IEA number yieldedvas 33%= 4% by 100 days posttransplant. A higher incidence of
hazard ratio of more than 1 but remained not significant. Speciicute GVHD grades 2-4 was observed in CMV-seropositive
causes of death are presented in Table 3. Excess mortality in gaients (42% versus 14%,= .01; Figure 3). Again, several risk
CMV-seropositive cohort included pneumonia/adult respiratofiactors were evaluated for a possible association with the probabil-
distress syndrome (& 12), idiopathic pneumonitis (s 9), GVHD ity of developing acute GVHD. Both univariate and multivariate
(n=3), and CMV (n=2). All patients with lethal idiopathic analysis showed that positive CMV serology remained an indepen-
pneumonitis were evaluated by BAL and subsequent IEA analysient risk factor (Figure 3). In addition, the number of CDBcells

as well as viral cultures. Test results were CMV-negative in 8 aridl the graft was also associated with increased acute GVHD grades
confirmed by further histologic evaluation of biopsies in 7 of thes2-4 (P = .01). Following the observation of more GVHD and

8 patients. One patient with peripheral blood CMV antigeneminhanced TRM in CMV-seropositive patients, we subsequently
showed IEA-positive leukocytes in her BAL. A diagnosis of CMVanalyzed whether patients suffering from acute GVHD would
pneumonia was, however, rejected, because cultures as well as tefelop an increased risk for TRM and reduced overall survival.
staining of an open lung biopsy (performed 2 days later) wef@ox regression analysis was performed using acute GVHD grades
found negative and histology did not show the typical histologi2-4 as a time-dependent covariate and TRM and overall survival as
features associated with CMV. Apart from these 9 lethal cases eridpoints. Hazard ratios for overall survival and TRM were 2.0
idiopathic pneumonitis, 6 other patients also developed pneumonitis,

75 -

rcentage

50 - positive

|
months 72

Table 3. Relapse mortality and treatment-related mortality

. CMV- CMV-
Overall survival . -
seronegative seropositive
(n = 35) (n = 80)
100 -
Legrank P=.01 Relapse 5 17
Treatment-related mortality 6 30
Specific causes
& 75- CMV disease —
It negative
§ GVHD 1
Eg_ Interstitial pneumonitis 3 9
e S0 - positive Pneumonia
® Aspergillus fumigatus — 1
=
£ Streptococcus
3 25- pneumoniae — 1
Pneumocystis carinii — 2
ECI — 2
0- ARDS/sepsis — 6
i | | |
0 24 48 months 72 VOD/HUS — 3
At risk: EBV-LPD 1 —
negative 35 24 8 4
positive 80 37 16 ° Hemorrhage 1 1
Figure 1. Overall survival from transplantation in CMV-seronegative patients CMYV indicates cytomegalovirus; GVHD, graft-versus-host disease; ECI, e causa
(n = 35) versus CMV-seropositive patients (donor or recipient CMV-seroposi- ignota; ARDS, adult respiratory distress syndrome; VOD, veno-occlusive disease;

tive) (n = 80). Median follow-up was 43 months. The survival difference was HUS, hemolytic uremic syndrome; EBV-LPD, Epstein-Barr virus—lymphoproliferative
significant (P = .01) by log-rank analysis. disease.
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Acute GVHD grades II-IV tions, which then may offset the beneficial effects of GEOur
approach of a limited course of preemptive therapy did not prevent
100 - Logrank P=.01 the occurrence of GCV-associated neutropenia. Ten of 30 patients
receiving 1 or more cycles of GCV therapy developed severe
neutropenia, which was complicated by opportunistic infections in

% [ 7 patients. The probability of developing neutropenia did not
§ correlate with renal function, low graft cellularity, or numbers of
g 50 - 3 CFU-GM in the graft. However, hyperbilirubinemia at the start of
2 positive GCV therapy was significantly associated with neutropenia, which
‘—é compares well to findings recently reported by Salzbergeriét al.
3 25- ' Studies evaluating preemptive GCV therapy in HLA-identical
negative sibling BMT also suggested that TRM in CMV-seropositive
ﬁJU patients can be reduced to what can be achieved in CMV-
0- \ | | , \ seronegative patients, although no formal comparison has been
o 25 50 75 days 100 reported so far. Our results indicate that survival remains inferior in
negative - 30 29 28 28 these patients as compared to transplants in seronegative pairs.
positve 80 # ® “ “ Reduced survival was predominantly due to increased infectious
Figure 3. Time to acute_GVHp grades 2-4 in CMV-seropositive patients (n = 80) mortality, which was not caused by CMV itself (Table 3). Relapse
versus CMV-seronegative patients (n = 35) calculated from date of transplanta- . . .
tion expressed by Kaplan-Meier curves. P = .01 by log-rank analysis. mortality was not different among the 2 cohorts of patients, but

TRM accounted for the observed survival difference. GCV-
(95% confidence interval [CI], 1.2-3.#,= .01) and 2.5 (95% CI, associated neutropenia contributed to TRM, but the latter effect did
1.3-4.8; P = .007), respectively, which remained significant imot explain the difference of survival among seropositive and
multivariate analyses. Fifteen patients developed limited chrorseronegative patients.
GVHD, and 9 patients were treated for extensive chronic GVHD. If not by CMV disease itself, nor by the adverse effects of the
The probability of developing limited or extensive chronic GVHDdrug needed for prevention, how does CMV affect transplant
was 23%* 8% at 12 months after SCT in CMV-seronegativeyutcome so strongly? Increased susceptibility for opportunistic
patients and 27% 6% in the seropositive group; the differenceinfections and subsequent TRM may come from an enhanced
appeared insignificant. incidence of GVHD. We observed a significantly higher incidence
of acute GVHD in CMV-seropositive patients, which could not be
] ] explained by other risk factors, such as age, risk status, or number
Discussion of T cells in the graft. How do CMV and GVHD relate? Established
. . . GVHD is immunosuppressive itself, and the immunosuppressive
In this study, we show that CMV seropositivity continues tcﬁirugs needed to treat GVHD add even more suppression. Con-

represent a major adverse risk factor for transplant-related morb\'/%'rsely CMV may also play a role in the development of GVHD

|ty and mortality de_splte the very ef_nment_ preventhq of CMVS veral studies have shown an association between pretransplant
disease by preemptive GCV therapy in patients receiving a partja o . .
L . seropositivity and the probability of developing GVHD after
TCD graft. Increased TRM accounted for inferior survival ob- S os . . g .
. . . “transplantatio?-2> Experimentally, murine CMV infection en-
served in CMV-seropositive patients versus CMV-seronegatiye . .
. ) - anced the ability of parental spleen cells to induce G\
patients. Furthermore, an increased incidence of acute GVHD was .. .
dition, latent human CMV can be detected in most organs,

observed in CMV-seropositive patients, and the develo ment% ) )
P b P including the liver, the spleen, and the endothelflinCMV-

acute GVHD strongly predicted for TRM and overall survival, ¢ 4 endothelial cells h b h q i
Thus, CMV disease prior to transplantation does not affeljtected endothelial cells have been shown to produce inflamma-

transplantation outcome by CMV disease itself but, rather, §§7Y ctokines such as interleukin-6, resulting in leukocyte adhe-
increasing the incidence of acute GVHD. sion, which may play a role_ln the initial phases of initiating a
Prerequisites for preemptive therapy are sensitive and specfl@ft-versus-host reacticfi. Lichtman et al have shown that
methods for early diagnosis, such as the CMV antigenemia test /3grleukins such as interleukin-1, tumor necrosis factor, and
well as the ability to identify patients at risk. Several risk factor§!terleukin-6 play a pivotal role in the initial phase of T-cell
have been identified, including pretransplant serostatus, GVvH#stivation before T cells are specifically activated by recipient
and TCD of the graft21416 The CMV-seropositive patients allo-antigeng?® The inflammatory response evoked by CMV in
presented in our study can be considered at high risk for cMgcipient endothelium could thereby contribute to the initiation of
disease because of these risk factors and the relative high percEi{HD. We evaluated whether the appearance of acute GVHD
age of older patients with advanced disease. Our CMV-seropositi@uld predict for enhanced TRM by using GVHD as a time-
donor-recipient pairs were monitored weekly for CMV antigenedependent covariate in a Cox regression analysis. It was shown that
mia, which permitted an early detection and early institution ¢fevelopment of acute GVHD at that time significantly increased
GCV treatment. The approach resulted in an almost compldtee risk for both higher TRM and reduced overall survival. These
prevention of CMV disease in this cohort of patients who were &indings indicate that the adverse effects of CMV seropositivity are
high risk for CMV infection and disease. Our results compare welediated via an enhanced incidence of acute GVHD and subse-
to earlier findings with respect to prevention of CMV disease bguent increased TRM.
preemptive GCV:16 Our results were observed in patients receiving a stem cell graft
GCV may effectively prevent CMV disease if given prophylacthat was partially depleted of T cells. That particular mode of graft
tically or as preemptive therapy® Preemptive therapy for a shortmanipulation may, on one hand, reduce the ability to mount an
time is to be preferred because continued GCV prophylaxis iimmune response toward CMV and, on the other hand, may still be
frequently associated with neutropenia and opportunistic infeassociated with acute GVHD, which may contribute to TRM in
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CMV-seropositive patients. Most of our patients received motberapy. Additional approaches are needed to prevent CMV reacti-
than 16 CD3 T cells per kilogram of body weight, which seems tawation and antigenemia following allogeneic TCD sibling SCT.
be the threshold for acute GVHB.The incidence of chronic First, GCV prophylaxis instead of preemptive therapy may more
GVHD was, however, significantly less compared with unmanipeffectively control CMV infection. Second, apart from prolonged
lated SCT, and no late CMV disease was observed, which may ligh-dose acyclovit;3! new antiviral drugs such as cidofovir and
one of the opportunistic infections associated with chronic GVHenzimidavir might prove to inhibit the virus more poterily.
It remains to be established whether the reduction of chronitird, adoptive CMV-specific immunotherapy might prove benefi-
GVHD outweighs an adverse effect on TRM in CMV-seropositiveial in CMV-seropositive patients:3> Reconstitution of CD8
patients who receive a stem cell graft that is partially depleted ofdMV-specific T cells have been shown to be decisive for control of
cells. Preferably, a comparative study should answer that questi@MV after BMT.3¢ Supplementation of such T cells after transplan-
In conclusion, CMV serostatus before HLA-matched allogenetation, especially in the setting of TCD transplantation, should be
TCD sibling SCT remains an independent adverse risk facthurther explored for control of CMV reactivation and its associated

despite efficacious prevention of CMV disease by preemptive GGdmplications.
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