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ABSTRACT
 

We compared the incidence of bacterial,fungal,and cytomegalovirus (CMV)infections after
 

peripheral blood stem cell transplantation (PBSCT)with that after bone marrow transplantation

(BMT). Thirteen patients who received PBSCT and 23 patients who received BMT were analyzed
 

from May 1997 through July 2002. We evaluated the time to neutrophil and platelet engraftment,

and the incidence of acute and chronic graft-versus-host disease(GvHD). We also monitored CMV
 

infections with the pp65 antigen assay. The time to neutrophil engraftment was significantly less
 

after PBSCT than after BMT (p＝0.01). However, the time to platelet engraftment and the
 

incidences of acute and chronic GvHD, bacteremia, and fungal infection did not differ between
 

PBSCT and BMT. The incidence of CMV infection during the early-phase was significantly lower
 

after PBSCT than after BMT (33% vs 74%,p＝0.04). However,the cumulative incidence of CMV
 

infection, including late-phase infection, did not differ significantly between PBSCT and BMT.

These results indicate that neutrophil engraftment occurs sooner after PBSCT than after BMT and
 

that early-phase CMV infection is less common after PBSCT. However,late-phase CMV infec-

tions are common after PBSCT. Therefore,extended antigenemia surveillance is recommended
 

for patients who receive PBSCT. (Jikeikai Med J 2003;50:115-24)

Key words:cytomegalovirus,infectious complication,peripheral blood stem cell transplantation,

cytomegalovirus antigenemia surveillance,late-phase cytomegalovirus infection

 

INTRODUCTION
 

Advances in the treatment of patients with
 

hematologic malignancies include the use of intensive
 

chemotherapy with hematopoietic stem cell transplan-

tation (HSCT). However, patients undergoing
 

HSCT are at extremely high risk for severe infec-

tions. Because of high-dose chemotherapy with or
 

without total body irradiation(TBI),extremely severe
 

myelosuppression induces such changes in the host
 

defense system as neutropenia and disruption of the

 

gastrointestinal mucosa and immune function. The
 

posttransplantation course can be divided into three
 

phases that correspond to immunologic recovery:1)

an aplasia phase (the first 2 to 4 weeks after HSCT
 

until engraftment), 2) an early phase (from engraft-

ment until day 100 after HSCT),and 3) a late phase

(from day 101 after HSCT until restoration of the
 

immune system). In all posttransplantation phases,

infectious complications remain the major causes of
 

morbidity and mortality.

The two current methods of allogeneic HSCT are
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bone marrow transplantation (BMT)and peripheral
 

blood stem cell transplantation(PBSCT). Allogeneic
 

PBSCT is increasingly being used instead of BMT.

PBSCT is thought to be associated with a reduced
 

risk of transplant-related infections because of early
 

immune reconstitution but has a higher risk of
 

chronic graft-versus-host disease (GvHD) than does
 

BMT . Despite the development of effective antivir-

al agents , conditions caused by cytomegalovirus

(CMV),such as interstitial pneumonitis and colitis,are
 

still a major cause of morbidity and mortality after
 

HSCT . Recently, the pp65 antigen assay, which
 

detects a CMV-specific antigen expressed by cells
 

early after infection,has been developed to diagnosis
 

CMV infection . We used the pp65 antigen assay to
 

compare the incidence of CMV infections after
 

PBSCT with that after BMT. In addition, the inci-

dence of other infectious complications, overall sur-

vival,and causes of death were analyzed.

PATIENTS AND METHODS
 

1. Patients
 

Thirty-six patients with hematologic malig-

nancies and solid tumor admitted to the Jikei Univer-

sity Hospital from May 1997 through July 2002 were
 

analyzed. Hematologic malignancies included acute
 

myeloid leukemia, acute lymphoblastic leukemia,

myelodysplastic syndrome,chronic myeloid leukemia,

and non-Hodgkin’s lymphoma. The solid tumor was
 

a case of renal cell carcinoma.

2. Transplantation
 

The patients received non-T-cell depleted,HLA-

identically related HSCT as either BMT or PBSCT.

As conditioning  regimens, busulfan/cyclophos-

phamide/total body irradiation (TBI) or busulfan/

cyclophosphamide was used for myeloid leukemia and
 

etoposide/cyclophosphamide/TBI  was used for
 

lymphoid leukemia (Table 1). Prophylaxis against
 

GvHD consisted of cyclosporine A or tacrolimus
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Table 1. Patient characteristics
 
PBSCT  BMT

 
Number of patients  13  23

 
Age (years) median (range) 35 (23-58) 41 (16-53)

Sex  male/female  9/4  15/8
 

Disease  chronic myeloid leukemia  2  10
 

acute myeloid leukemia  4  5
 

acute lymphoblastic leukemia  4  6
 

myelodysplastic syndrome  1  1
 

non-Hodgkin’s lymphoma  1  1
 

renal cell carcinoma  1  0
 

Status  CR/CP  7  16
 

non-CR  6  7
 

Conditioning regimen  BU/CY/TBI  6  13
 

ETP/CY/TBI  3  2
 

TBI＋other combination  1  2
 

BU /CY  0  3
 

Others  3  3
 

Prophylaxis for GvHD  CSP＋MTX  11  23
 

FK506＋MTX  2  0
 

CR,complete remission;CP,chronic phase;BU,busulfan (4 mg/kg for 2 days);CY,cyclophos-
phamide (60 mg/kg for 2 days);TBI,total body irradiation (2 Gy×5 times);ETP,etoposide (30

 
mg/kg for 2 days);BU , busulfan (4 mg/kg for 4 days);Others, including fludarabine based

 
reduced intensity regimens or non-TBI based regimens;CSP,cyclosporine A;MTX,methotrex-
ate;FK506,tacrolimus hydrate



 

hydrate combined with methotrexate.

3. Prophylaxis against infections
 

All patients received prophylaxis against bacte-

rial and fungal infection which consisted of polymixin
 

B sulfate(3×10 U/day p.o.),fluconazole(200 mg/day
 

p.o.),or itoraconazole (200 mg/day p.o.). Sulfameth-

oxazole(1,200 mg daily p.o.)and trimethoprim(240 mg
 

daily p.o.)were given for at least 21 consecutive days
 

before transplantation as prophylaxis  against
 

Pneumocystis carinii pneumonia. Treatment with
 

sulfamethoxazole and trimethoprim was resumed
 

after engraftment using a 2 days/week schedule .

Acyclovir was given orally at a dose of 200 mg 5 times
 

a day for herpes virus prophylaxis from 7 days before
 

transplantation to 35 days after transplantation.

4. Definition of engraftment and GvHD
 

The primary measure of hematologic recovery
 

was the time after transplant until neutrophil engraft-

ment,indicated by a neutrophil count of at least 0.5×

10/L for 2 consecutive days. The time until platelet
 

engraftment, indicated by platelet count of at least
 

20×10/L, was also recorded. In addition, serial
 

monitoring (days 10,20,30,50,100,150,200, and 365
 

after transplantation) of white blood cell (WBC),

neutrophil, and lymphocyte reconstitution was
 

performed. Acute GvHD was graded on the basis of
 

the 1994 Consensus Conference on Acute GvHD Grad-

ing .

5. Blood culture, plasma levels of endotoxin, and
 

diagnosis of bacteremia
 

Plasma levels of endotoxin were evaluated at
 

least once a week as clinically indicated. On the
 

basis of results of a previous study,plasma endotoxin
 

levels greater than 5 pg/L were considered to indicate
 

endotoxemia . Blood for cultures was drawn twice
 

when body temperature was 38℃ or higher and were
 

obtained thereafter as clinically indicated. Bacter-

emia was diagnosed on the basis of at least 1 positive
 

culture and appropriate clinical findings. Patients

 

received antibiotics intravenously after 1 measure-

ment of a body temperature 38℃. Empiric antibi-

otic therapy was performed according to previously
 

published guidelines .

6. Plasma levels of beta-D-glucan and diagnosis of
 

fungal infection
 

Plasma levels of beta-D-glucan (βDG) were
 

evaluated at least once a week as indicated clinically,

and tests for βDG were considered positive when
 

plasma levels were greater than 10 pg/L . Fungal
 

infections were confirmed by demonstration of fungi
 

with blood culture or biopsy specimen.

7. CMV pp65 antigen assay
 

CMV infections were monitored with the pp65
 

antigen assay at least once a week as indicated
 

clinically. The CMV pp65 antigenemia assay was
 

performed with peripheral blood leukocytes applied to
 

slides after cytocentrifugation of 1.5×10 cells. The
 

cells were stained with a peroxidase-conjugated
 

monoclonal antibody (C7HRP), which specifically
 

binds the pp65 antigen of CMV . The degree of
 

antigenemia was expressed as the number of CMV
 

antigen-positive cells per 5×10 leukocytes.

8. Diagnosis of CMV infection and disease
 

CMV infection was indicated by a positive
 

antigenemia assay. CMV diseases were confirmed
 

by the demonstration of CMV in the biopsy specimen
 

or CMV by polymerase chain reaction in bron-

choalveolar fluid in presence of pulmonary infiltrates.

CMV infection and disease were defined as “early-

phase”when occurring from engraftment until days
 

100 after HSCT and as “late-phase”when occurring
 

after 101 days or more.

9. CMV prophylaxis and preemptive therapy
 

All blood products were irradiated and filtered,

and for CMV prophylaxis all patients were given 5 g
 

immunoglobulin intravenously per week for the first 3
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months  after  transplantation. Patients  with
 

antigenemia were given preemptive therapy with
 

gancyclovir(5 to 10 mg/kg body weight/day)for more
 

than 14 days .

10. Statistical analysis
 

The time to engraftment,time to CMV infection,

and the initial degree and maximal degree of CMV
 

antigenemia were compared using Mann-Whitney U
 

tests for unpaired comparisons. The incidences of
 

acute and chronic GvHD and bacterial, fungal, and
 

CMV infections were compared using the χ test.

The serial  changes in WBC, neutrophil, and
 

lymphocyte counts were compared by repeated-mea-

sures analysis of variance (ANOVA) tests. Overall
 

survival was estimated with the Kaplan-Meier tech-

nique, and differences between two groups were
 

compared using the log-rank test.

RESULTS
 

1. Patient characteristics
 

Thirteen patients received allogeneic PBSCT,

and 23 received allogeneic BMT (Table 1). TBI
 

containing conditioning regimens including TBI were
 

used in 27 patients(10 receiving PBSCT and 17 receiv-

ing BMT, Table 1). Reduced-intensity conditioning
 

regimens were used in 2 patients who received
 

PBSCT. To prevent GvHD,34 patients were given
 

cyclophosphamide and methotrexate and 2 patients
 

were given FK506 and methotrexate.

2. Engraftment and GvHD
 

Thirty-three patients(11 receiving PBSCT and 22
 

receiving BMT)were followed up for more than 100
 

days after transplantation and were evaluated for the
 

incidence of chronic GvHD. The time to neutrophil
 

engraftment was significantly less in patients receiv-

ing PBSCT (median, 14 days;range, 11 to 51 days)

than in patients receiving BMT (median, 19 days;

range,11 to 50 days;p＝0.01). However,the time to
 

platelet engraftment did not differ significantly
 

between patients receiving PBSCT (median,16 days;

range, 11 to 43 days) and patients receiving BMT

(median, 25 days;range, 13 to 55 days;Table 2).

The rates of acute and chronic GvHD did not differ
 

significantly between patients receiving PBSCT and
 

patients receiving BMT (Table 3).

3. WBC, neutrophil, and lymphocyte reconstitution
 

During  reconstitution, WBC and neutrophil
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Table 3. GvHD
 
PBSCT  BMT  P value

 
Acute GvHD

 
All grades  number of patients (%) 4 (31) 8 (30) 0.99

 
Grade II-IV  2 (15) 4 (17) 0.99

 
Chronic GvHD

 
All grades  number of patients (%) 7 (64) 6 (27) 0.1

 
Extensive  5 (45) 3 (14) 0.11

 
All patients were evaluable in the incidence of acute GvHD,whereas 11 in PBSCT and 22 in BMT

 
patients were evaluable chronic GvHD.
The incidence of acute and chronic GvHD were compared using the χ test.

Table 2. Time to engraftment
 

PBSCT  BMT  P value
 

Neutrophil (＞0.5×10/L) median (range) days  14 (11-51) 19 (11-50) 0.01
 

Platelet (＞20×10/L) 16 (11-43) 25 (13-55) 0.13
 

The time to neutrophil and platelet engraftment were evaluable in all patients. The times to neutrophil and
 

platelet engraftment were analysed with Mann-Whitney U tests.



counts did not differ significantly between patients
 

receiving BMT and those receiving PBSCT (Fig.1a,

b). However, during  lymphocyte reconstitution,

early-phase (from engraftment  to day 100)

lymphocyte numbers were higher in patients receiving
 

PBSCT than in patients receiving BMT, whereas
 

late-phase (day 101 or after) lymphocyte numbers
 

were lower in patients receiving PBSCT (Fig.1c).

4. Bacterial infection
 

The rate of bacteremia did not differ significantly
 

between patients receiving PBSCT (15%, 2 of 13
 

evaluable patients)and patients receiving BMT (26%,

6 of 23 evaluable patients,p＝0.75;Table 4). Four of
 

seven identified pathogens were Gram-negative bacte-

ria. The rates of endotoxemia did not differ signifi-

cantly between patients receiving PBSCT (0%,0 of 13
 

patients) and those receiving BMT (11%, 2 of 19
 

patient,p＝0.64).

5. Fungal infection
 

The rates of fungal infection did not differ signifi-

cantly between patients receiving PBSCT (8%,1 of 13
 

evaluable patients)and patients receiving BMT (4%,1
 

of 23 evaluable patients,p＝0.99,Table 4). Further-

more,rates of positivity forβDG did not differ signifi-

cantly for patient receiving PBSCT (46%, 6 of 13
 

evaluable patients)and patients receiving BMT (21%,

4 of 19 patients, p＝0.26). Fungal pneumonia devel-

oped on day 68 in 1 patient who received PBSCT,

and fungemia developed on day 256 in 1 patient who
 

received BMT.

6. CMV infection and CMV disease
 

Thirty-five patients (12 receiving PBSCT and 23
 

receiving BMT)were followed up for longer than 30
 

days after transplantation. The incidence of early-

phase CMV infection was significantly lower in
 

patients receiving PBSCT (33%) than in patients
 

receiving BMT (74%, p＝0.04). However, the inci-

dence of all cases of CMV infection, including late-

phase infection, did not differ significantly between

 

patients receiving PBSCT (50%)and patients receiv-

ing BMT (74%,p＝0.29,Table 4). The median time
 

to the development of CMV infection did not differ
 

significantly between patients receiving PBSCT (46
 

days;range,32 to 153)and patients receiving BMT

(32 days;range,14 to 75 days,p＝0.06). The initial
 

degree of CMV antigenemia (positive cells per 5×10

leukocytes) did not  differ significantly between
 

patients receiving PBSCT (median, 2.5 cells;range,

1.6 to 6.0 cells)and patients receiving BMT (median,

2.8 cells;range, 1.3-1,866.7 cells;p＝0.48). How-
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Fig.1a. WBC reconstitution after PBSCT and BMT.
Fig.1b. Neutrophil reconstitution after PBSCT and

 
BMT.

Fig.1c. Lymphocyte reconstitution after PBSCT and
 

BMT. Serial monitoring of WBC, neutrophil,
and lymphocyte reconstitution after transplanta-
tion was done in all patients. No differences in

 
WBC and neutrophil reconstitution were found

 
between PBSCT and BMT (Fig.1a,b).
Although, early-phase lymphocyte number in

 
PBSCT was higher than that in BMT, late-

phase lymphocyte number was lower in PBSCT
(Fig.1c,not significant).



ever,the maximum degree of CMV antigenemia was
 

greater in patients receiving PBSCT (median, 4.5
 

cells;range,1.9 to 7.1 cells)than in patients receiving
 

BMT (median,8.8 cells;range,1.3 to 1,866.7 cells,p＝

0.05). CMV gastritis developed in 1 patient who
 

received BMT, but CMV disease did not develop in
 

any patients receiving PBSCT. In this patient,clini-

cal symptoms developed at the same time CMV infec-

tion was detected with the pp65 antigenemia assay.

The clinical diagnosis was confirmed with endoscopic
 

biopsy. This patient was successfully treated with 10
 

mg/kg gancyclovir for more than 2 months .

7. Overall survival and cause of death
 

As of November 1,2002,the median duration of
 

follow up was 374 days (range, 27 to 860 days) in
 

patients receiving PBSCT and 517 days (range,43 to
 

1960 days)in patients receiving BMT. The overall 2-

year survival rate did not differ significantly between
 

patients receiving PBSCT (56%)and patients receiv-

ing BMT (58%,p＝0.63,Fig.2). At the time of trans-

plantation disease states were considered completely
 

controlled (complete remission［CR］for acute leuke-

mia, myelodysplastic syndrome, and non-Hodgkin’s
 

lymphoma and chronic phase［CP］ for chronic
 

myeloid leukemia)in 7 patients receiving PBSCT and
 

16 patients receiving BMT. Two of 7 patients with
 

CR or CP receiving PBSCT died after transplantation

(Table 5). One patient died of fungal infection and
 

the other died of acute GvHD. While,3 of 16 patients
 

with CR or CP receiving BMT died after transplanta-

tion. All 3 patients died of progressive disease. The
 

overall 2-year survival rate of patients with CR or CP
 

was 71% after PBSCT and 74% after BMT. Six
 

patients receiving PBSCT and 7 patients receiving
 

BMT were not in CR at the time of transplantation.

Two of the 6 non-CR patients receiving PBSCT died
 

after transplantation;both patients died of progres-

sive disease. While,5 of 7 non-CR patients receiving
 

BMT died after transplantation:3 patients died of
 

disease progression and 2 patients died of GvHD.

Five hundred days after transplantation, estimated
 

overall survival of non-CR patients was 40% for those
 

receiving PBSCT and 21% for those receiving BMT.
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Table 4. Bacterial,fungal,and CMV infections
 

PBSCT  BMT  P value
 

Bacterial infection
 

Endotoxemia  number of patients (%) 0 (0) 2 (11) 0.64
 

Bacteremia  number of patients (%) 2 (15) 6 (26) 0.75
 

Pathogens  Gram-positive bacteria  0  3
 

Gram-negative bacteria  2  2
 

Fungal infection

βDG positivity  number of patients (%) 6 (46) 4 (21) 0.26
 

Fungal infection  number of patients (%) １ (8) 1 (4) 0.99
 

Pathogens  Candida spicies  0  1
 

Aspergillus spicies  1  0
 

CMV infection
 

Early-phase  number of patients (%) 4 (33) 17 (74) 0.04
 

Overall  6 (50) 17 (74) 0.29
 

Time to CMV infection  median (range) 46 (32-153) 32 (14-75) 0.06
 

CMV disease  number of patients (%) 0 (0) 1 (4) 0.99
 

Thirteen patients in PBSCT and 19 in BMT were evaluable plasma level of endotoxin andβDG. The incidence
 

of positive endotoxin,bacteremia,and plasma level ofβDG were compared using χ test. Twelve patients in
 

PBSCT and 23 in BMT were evaluable CMV infection. The incidence of CMV infection and CMV disease were
 

compared using χ test.
The time to develop CMV infection was analysed with Mann-Whitney U tests.



DISCUSSION
 

Results of small randomized studies and studies
 

at single institutions indicate that hematologic recov-

ery is more rapid after allogeneic PBSCT than after
 

BMT . Champlin et al.reported that recoveries
 

of neutrophils and platelets were more rapid in 288
 

patients who received PBSCT from HLA-identical
 

sibling donors than in 536 patients who received
 

BMT . Although our study had smaller numbers of
 

patients, similar results were obtained. These find-

ings can be used to evaluate possible advantages of
 

PBSCT over BMT. A previous study has reported
 

the risks of bacterial and fungal infections are lower
 

after PBSCT ;however,we found no difference in
 

the incidences of bacterial and fungal infections
 

between patients receiving PBSCT and those receiv-

ing BMT. The reduced risk of bacterial and fungal
 

infections observed with PBSCT may be due to the
 

more rapid hematologic recovery. Such recovery is
 

likely more important in patients who have been
 

heavily pretreated or have active leukemia. In our
 

study, more patients without CR received PBSCT

(46%)than BMT (30%). This difference might have
 

affected the risk of infectious complications.

Differences in immune reconstitution between
 

PBSCT and BMT have also been described .

PBSC allografts contain 10 times more CD4＋ T-cells
 

than do BM allografts . In one study the number of
 

CD4＋ T-cells 1 month after engraftment was higher
 

in patients receiving PBSCT than in those receiving
 

BMT, but the difference had disappeared within 3
 

months after transplant . Additionally,more rapid
 

functional recovery has been observed in PBSCT
 

recipients than in BMT recipients . Although we did
 

not perform immunophenotypical or functional ana-

lyses,we did observe more rapid lymphocyte recovery
 

after PBSCT than after BMT. This finding is consis-

tent with previous reports . However, an impor-
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Fig.2. Overall survival for all patients. Overall survival was estimated using the Kaplan-Meier technique,and
 

differences between two groups were compared using the log-rank test.

Table 5. Causes of death
 

PBSCT  BMT
 

Number of patients  4/13  8/23
 

Regimen-related death  0  0
 

Acute GvHD  1  1
 

Chronic GvHD  0  1
 

Infectious complications
 

Bacterial infection  0  0
 

Fungal infection  1  0
 

CMV infection  0  0
 

Relapse and disease progression  2  6
 

Thirteen patients received PBSCT and four of them died
 

after transplantation. Twenty-three patients received
 

BMT and eight of them died after transplantation. One
 

patient in PBSCT developed fungal infection together with
 

acute GvHD and died of fungal pneumonia. One patient in
 

BMT died of chronic GvHD. This patient was diagnosed
 

as having fungal pneumonia on the basis of elevated serum
 

level ofβDG,but pathogens could not be identified.



tant finding in our study was that the late-phase
 

lymphocyte number was lower in PBSCT. This find-

ing may be due to the increased risk of chronic GvHD
 

itself or to the immunosuppressive therapy used for its
 

control.

Acute and chronic GvHD are the most common
 

causes of death after stem cell transplantation. The
 

risk of acute GvHD was once thought to be higher
 

after PBSCT than after BMT because PBSC allo-

grafts contain a higher absolute number  of
 

lymphocytes. However, many clinical results have
 

shown that the risks of acute GvHD after PBSCT and
 

after BMT are similar . A higher incidence of
 

clinically extensive chronic GvHD after PBSCT than
 

after BMT has been found in some studies but not
 

in others . We found that the risk of acute GvHD
 

was similar after PBSCT and after BMT. In Japan,

both acute and chronic GvHD after BMT are less
 

frequent than in the United States . However
 

whether the risk of GvHD after PBSCT is lower in
 

Japan than in the United States remains unclear. A
 

prospective randomized trial is warranted in our
 

country to clarify this problem.

CMV infection might  occur under the im-

munodeficient states caused by acute and chronic
 

GvHD or the immunosuppressive therapy used for its
 

control. Chronic GvHD seems to be the most impor-

tant risk factor for late-phase CMV infection and
 

CMV disease . Therefore,we hypothesize that the
 

incidence of early-phase CMV infection is lower after
 

PBSCT,whereas late-phase CMV infection may be
 

higher after PBSCT associated with chronic GvHD.

Because CMV antigenemia usually occurs in the first
 

100 days after transplantation,in most studies exami-

nations for CMV infection or disease were performed
 

only in the presence of symptoms. Therefore, little
 

surveillance data are available on the incidence of
 

late-phase CMV infection . In our study, the inci-

dence of early-phase CMV infection was significantly
 

lower after PBSCT than after BMT. The cumula-

tive incidence of CMV infection,including late-phase
 

infection, did not differ between PBSCT and BMT.

We observed a 17% increase in the probability of
 

antigenemia 100 days after transplantation(from 33%

in the early-phase to 50% in the late-phase). Our

 

present data demonstrate that antigenemia is common
 

more than days 100 after PBSCT. The higher rate of
 

late-phase CMV infection in patients who have
 

received PBSCT might be due to the lower number of
 

cytotoxic T lymphocytes with or without functional
 

activity. On the basis of this possibility,we perform-

ed preemptive treatments and successfully prevented
 

CMV disease. This result suggests the usefulness of
 

extended antigenemia surveillance and preemptive
 

treatment. Quantification of CMV DNA has recently
 

been introduced and may be useful for monitoring
 

CMV infection and assessing the efficacy of antiviral
 

therapy . Quantitative polymerase chain reaction
 

has several advantages over the antigenemia assay,

including an increased sensitivity for CMV reactiva-

tion, reliable detection of CMV reactivation during
 

severe neutropenia in the early phase after transplan-

tation,and convenient processing of large numbers of
 

specimens. More recently,direct detection of CMV-

specific cytotoxic T lymphocytes using  flow-

cytometric analysis has been reported . We are
 

planning to perform a prospective study to confirm
 

our hypothesis with these methods.

Another poorly understood problem is the graft-

versus-leukemia (GVL) effect after PBSCT. We
 

found no significant difference in overall survival
 

between non-CR patients after PBSCT and BMT.

Longer follow-up is necessary to evaluate whether the
 

risk of relapse is affected by the type of graft. The
 

higher rate of chronic GvHD with PBSCT might also
 

be associated with greater GVL effects.

In summary,we conclude that the time to neutro-

phil engraftment is less and the incidence of early-

phase CMV infection is lower after PBSCT than after
 

BMT. However,episodes of late-phase CMV infec-

tion,as indicated by antigenemia,are common after
 

PBSCT. Therefore, extended antigenemia surveil-

lance is recommended for patients who have received
 

PBSCT.
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