CMY Infection following RI-CBT

red blood cells and platelets were transfused using
leukocyte-depleting filters.

CMV infection was defined as isolation of CMV
or detection of viral proteins or nucleic acid in any
body fluid or tssue specimen. CMV disease was diag-
nosed as follows: CMV enterocolitis was diagnosed by
gastrointestinal symptoms with histologic demonstra-
don of CMV on biopsy materials obtained by endos-
copy; CMV pneumonia was diagnosed when either a
bronchoalveolar lavage or.a lung biopsy was positive
for CMV in a patent with characteristic signs, symp-
toms, and chest radiographic findings; CMV retinitis
was diagnosed by characteristic retinal opacities with-
out other likely explanations for the retinal findings.
CMYV pp65 antigenemia was monitored weekly after
engraftment or when patents died before engraft-
ment. Briefly, 1.5 X 10° peripheral blood leukocytes
were attached to slides using a cytocentrifuge and
fixed with cold acetone. From 1/3 to 1/2 of the cen-
trifuged cells were fixed on the slides. The cells were
incubated with monoclonal antibody HRP-C7 (Tei-
jin, Tokyo, Japan) raised against inmediate-early an-
tigen, and stained by the direct immunoperoxidase
method. These cells were analyzed under a light mi-
croscope and results were presented as the number of
positive cells per 50,000 cells [17].

CMV antigenemia was managed according to the
report by Kanda et al [17]. If CMV pp65-positive cells
exceeded 10/50,000, patents preemptively received
either ganciclovir 5 mg/kg once daily or foscarnet 30
mg/kg twice daily. Initiation of ganciclovir or foscar-
net with <10 positive cells was optional in the patients
who received more than 0.5 mg/kg of prednisolone.
The doses were adjusted for renal function [18]. Gan-
ciclovir or foscarnet was discontinued when 2 consec-
utive results of CMV antigen were negative. When
CMYV disease was diagnosed during preemptive ther-
apy, we increased the dose of ganciclovir to 5 mg/kg
twice a day, or foscarnet to 60 mg/kg twice or 3 times
daily.

Endpoints and Statistical Analysis

The aims of this study were (1) to determine the
incidence of CMV infection after RI-CBT, (2) wo
investigate its clinical features, and (3) to identify its
risk factors. The cumulative incidences of CMV dis-
ease and CMV reactivation defined by the detection of
CMYV pp65 were evaluated using Gray’s method [19],
considering death without CMV reactivation as a
competing risk. Potential confounding factors consid-
ered in the analysis were patient’s age, sex, stem cell
doses, HLA disparity, GVHD prophylaxis, condition-
ing regimens, and aGVHD. The influence of these
factors on the incidence of CMV disease and CMV
reactivation was evaluated with the proportional haz-
ard modeling treating the development of aGVHD
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and the use of corticosteroids as time-dependent co-
variates. Factors associated with at least borderline
significance (P < .10) in the univariate analyses were
subjected to a multivariate analysis using backward
stepwise proportional-hazard modeling. P-values of
<.05 were considered statistically significant.

RESULTS

Patient’s Characteristics and Clinical Outcomes

Patient’s characteristics are shown in Table 1. Of
the 140 RI-CBT recipients, 112 patients (80%)
achieved primary engraftment on a median of day 20
(range, 10-57). Sixty (43%) and 8 (6%) patients died of
transplant-related causes and disease progression, re-
spectvely, within 100 days of RI-CBT. Preengraft-
ment immune reaction [20] was diagnosed in 67 pa-
tients. Of the 112 patients who achieved engraftment,
47 (42%) developed grade II-IV aGVHD at a median
onset of day 25 (range, 13-94). Sixty-one patients
received prednisolone or methylprednisolone >0.5
mg/kg/day within 100 days of RI-CBT because of
preengraftment immune reaction (n = 26), engraft-
ment syndrome (n = 3), aGVHD (n = 16), and others
(n = 16). As of November 2005, the median follow-up
of the surviving patients was 13.0 months (range, 1.0-
40.7). Overall survival rates were 85% (95% confi-
dence interval [CI); 79-91%) and 53% (95% CI; 45-
62%}) at days 30 and 100, respectively.

Clinical Features of CMV Reactivation
and Diseases

Clinical features of CMV reactivation and diseases
are summarized in Table 2. CMV antigenemia was
found in 77 padents (55%, 95% CI; 51-59%) on a
median of day 35 (range, 4 to 92). Twenty-eight of
those patients received prednisolone or methylpred-
nisolone >0.5 mg/kg/day before development of

Table 2. Clinical Features of CMV Reactivation and Disease

Variable

CMYV reactivation
Number of patients
Onset (median [range])
Maximal levels of CMV antigenemia (range)
Preemptive therapy (ganciclovir/foscarnet/none)
CMYV disease
Number of patients
Diagnose of CMV disease (median, [range])
Organ involvement
enterocolitis
pneumonia
retinitis
adrenalitis
Use of anti-CMV agents at the onset of CMV disease
(ganciclovir/foscarnet/none)

CMV indicates cytomegalovirus.
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Table 3. Univariate and Multivariate Analyses for the Incidence of
CMV Reactivation

Relative risk

Factor (95% CI) P value
Univariate

Age 1.005 (0.989-1.021) .53
Sex 1.10 (0.71-1.72) .66
Disease status 0.68 (0.44-1.07) .098
Number of HLA mismatch 1.37 (0.80-2.36) .25
Number of infused

mononuclear cells 0.99 (0.68-1.45) 95
Number of infused CD34"

cells 1.55 (1.28-1.87) 5.8 x107¢
GVHD prophylaxis

(cyclosporine vs.

tacrolimus) 0.59 (0.37-0.94) .025
Preengraftment immune

reaction 1.14 (0.74-1.78) .55
Acute GVHD (grade lI-1V) 1.21 (0.70-2.10) .49
Use of steroid* 1.64 (1.02-2.64) 042

Multivariate

Number of infused CD34*

cells 1.55 (1.28-1.87) 5.8 x 10™*

CMV indicates cytomegalovirus; CI, confidence index; GVHD,
graft-versus-host disease.
*Use of prednisolone or methyl-prednisolone >0.5 mg/kg/day.

CMV antigenemia. Forty-nine patients received fos-
carnet (n = 41) or ganciclovir (n = 8) preemptively.
Inidal dose of ganciclovir was 5 mg/kg once daily. The
remaining 28 patents had not received foscarnet or
ganciclovir according to our preemptive strategy, be-
cause of <10/50,000 of CMV pp65-positive cells.

Diagnosis of CMV disease was established in 22
patients (16%, 95% CI; 13-19%) on a median of day
33 (range 15-106); the diagnosis comprised enteroco-
liis (n = 21) and adrenalitis (n = 1). Of the 22
patients, 9 patients had received preemptive therapy
before developing CMV disease. The remaining 13
patients had not received foscarnet or ganciclovir ac-
cording to our preemptive strategy, mostly because of
<10/50,000 of CMV pp65-positive cells.

Diagnosis of CMV disease was established at post-
mortem examination in | patient. The other 21 pa-
tients were treated with either foscarnet or ganciclo-
vir. CMV disease was successfully treated in 14
patients. The remaining 8 patients died without im-
provement of CMV disease, although CMV disease
was not the primary cause of death in any of these 8
patients.

Risk Factors of CMV Antigenemia
and CMV Disease

Risk factors of CMV reactivation and CMV dis-
ease were shown in Table 3 and Table 4, respectively.
CD34-positive cell dose was significantly associated
with CMV reactivation on multivariate analysis (rela-
tdve risk, 1.55; 95% CI 1.28-1.87; P = 5.8 X 1079).
Grade II-IV aGVHD was a risk factor of CMV disease
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on multivariate analysis (relative risk, 3.48; 95% CI
1.47-8.23; P = .0045).

DISCUSSION

The present study demonstrated that CMV infec-
don is a significant complication of RI-CBT. The
incidence of CMV reactivation was 55% in our study,
which was comparable with previous reports on RIST
[21-23] and myeloablative bone marrow transplanta-
tdon (BMT) and PBSCT [24,25]. In contrast, previ-
ously reported incidence of CMV reactivation after
CBT (79%) [8] was higher than that of ours, although
it is the only previous report on CMV reactivation
after CBT. The differences in preparative regimens
and patent characteristics between the study [8] and
ours may have affected the incidence of CMV react-
vation. One of the unique findings in the present study
was that the dming of CMV reactivation after RI-
CBT was earlier than that after RIST without in vivo
or ex vivo T cell depletion [21]. Another unique find-
ing was the high incidence of CMV disease compared
with transplantation of other stem cell sources
[21,24,25]. Of the 77 padents with CMV antigenemia,
22 developed CMV disease in our study. The risk of
progression from CMV reactivadon to CMV disease
may be high in CBT because of the intense immuno-
suppression [26].

The present study suggests that CMV infection is
more likely to reactivate and to progress in RI-CBT
than in transplantation using other stem cell sources.
Several reasons can explain this hypothesis. First, the
preparative regimens including total body irradiation
(TBI) in our study might have damaged recipient-

Table 4. Univariate and Multivariate Analyses for the Incidence of
CMYV Disease

Relative risk
Factor (95% Cl) P value
Univariate
Age 1.024 (0.991-1.052) .16
Sex 1.15 (0.50-2.64) 74
Disease status 1.92 (0.65-5.64) .24

Number of HLA mismatch
Number of infused
mononuclear cells

154 (0.42-15.22) .31

0.59 (0.36-0.98) 041

Number of infused CD34™ cells  1.34 (0.93-1.93) 1
GVHD prophylaxis

(cyclosporine vs. tacrolimus)  0.85 (0.36-1.99) .70
Preengraftment immune

reaction 0.76 (0.33-1.76) .52
Acute GYHD (grade I1I-§V) 3.48 (1.47-8.23) .0045
Use of steroid* 1.36 (0.53-3.48) 53

Multivariate

Acute GVHD (grade 11-1V) 3.48 (1.47-8.23) 0045

CMV indicates cytomegalovirus; CI, confidence index; GVHD,
graft-versus-host disease.
*Use of prednisolone or methyl-prednisolone >0.5 mg/kg/day.
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derived anti-CMV immune cells. That contrasts with
the report that recipient-derived T cells are associated
with immune reaction against CMV early after trans-
plantation following preparative regimens without
TBI [27]. The issue needs to be considered in deter-
mining preparatve regimens for RI-CBT. Second,
transplanted cord blood stem cells are immunologi-
cally naive. Although ant-CMYV cytotoxic T-lympho-
cytes in transplant grafts are considered to suppress
CMV proliferation early after transplantation in CMV
seropositive recipients [28], passive immunity via
grafts against CMV cannot be expected in CBT, and
thus the risk of reactivation may be high. Third, post-
transplant immune recovery is delayed in CBT. Little
is known about post-CBT immune recovery with only
few reports. Although the numbers of T cells, B cells,
and NK cells, and their in vitro reactvity after CBT
are comparable with those after BMT [29,30], post-
CBT incidence of infections including CMV is high
[2,7,8,31-35], and immune recovery is probably de-
layed compared with BMT and PBSCT. Intense re-
activation itself can reportedly delay the recovery of
cellular immunity [36], which might be associated
with the high incidence of CMV disease in the present
study. Finally, immunosuppression was intensified to
control post-CBT immune reacton. In our study,
GVHD prophylaxis was cyclosporine or tacrolimus
alone, which was mild compared with conventional
transplantation. Immune reacton occasionally occurs
before and at engraftment, requiring steroid treat-
ments [6,14,37]. In the present study, 62 patients re-
ceived steroids within 100 days of CBT. Steroids
might have suppressed the recovery of anti-CMV cy-
totoxic T-lymphocytes [38].

Some challenges remain to improve the manage-
ment of CMV reactivation after RI-CBT. First, opti-
mal methods need to be established to monitor CMV
reactivation. We have introduced preemptive therapy
based on the results of CMV antigenemia in our
hospital. The efficacy of this method in PBSCT has
been reported [17], although it might not be applica-
ble to CBT. Of the 22 patients with CMV disease, 9
progressed from CMV antigenemia to disease despite
preemptive therapy. CMV disease developed with less
than 10/50,000 pp65-positive cells in 13 patients.
These observations suggest that antiviral therapy
might be necessary immediately after CMV antigen-
emia is detected in CBT. More sensitive diagnostic
tests such as genetic examinations [39] are also helpful
in early detection of CMV reactivation. Second, the
optimal preemptive strategy that is applicable to CBT
has to be established. Because the disease rate in the
untreated CMV positives was 46%, preemptive ad-
ministration of anti-CMV agents might be required
for patients with <10/50,000 pp65-positive cells. Al-
ternatively, universal prophylaxis of CMV might be
worth investigating. Optimal dose of preemptive gan-
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ciclovir and foscarnet must be also investigated. We
reduced doses of preemptive foscarnet and ganciclovir
mostly because of concerns of its renal toxicity and
myelotoxicity, respectively. However, the failure rate
of preemptive ganciclovir or foscarnet was 18%, and it
was higher than thatin the studies in which those were
not reduced [40,41]. Clinical impact of the dose of
ganciclovir or foscarnet on preemptive therapy should
be investigated in future clinical studies. Finally, iden-
tification of high-risk group for CMV reactivation is
necessary. The reported risk factors in conventional
HSCT include GVHD, steroid administration, CMV
serostatus of recipients and donors, and age [22,28,42-
44]. The high dose of transfused CD34-positive cells
was an independent risk factor for CMV reactivation
in our analysis (Table 3). The association between the
number of CD34-positve cells and CMYV infection
has not been reported in previous studies on BMT
and PBSCT. It remains unknown and awaits further
investigations. aGVHD was an independent risk fac-
tor for CMV disease. This is comparable with the
report on CMV disease after allo-SCT [25].

Most of the patents with CMV disease had CMV
enterocolitis in the present study. None developed
CMYV pneumonia or retinitis. Although the reason for
the high incidence of gastrointestinal CMV disease
after RI-CBT remains unclear, the use of TBI and
melphalan in the preparative regimens that have sig-
nificant gastrointestinal mucous toxicity [45] and com-
plications of gut GVHD and thrombotic microangi-
opathy [14] may be related. Although there are
different opinions on the usefulness of antigenemia in
diagnosing CMV enterocolitis [46-48], the present
study demonstrated that monitoring CMV antigen-
emia can play a certain role in early diagnosis of CMV
enterocolitis after RI-CBT. Further studies are nec-
essary to demonstrate the pathogenesis of gastrointes-
tinal CMV disease after RI-CBT and to develop di-
agnostic methods for its early detection.

Although the present study provided novel infor-
mation on CMV infection after RI-CBT, some issues
remain to be investigated. First, the present study was
retrospective and small sized. Prospective, large-sized
studies are awaited. Second, RI-CBT recipients are
likely to have potental organ dysfunction because
most of them are at advanced ages and have been
heavy treated with chemotherapies. Such characteris-
tics of patients may affect the treatment of CMV
infection. Pharmacokinetics of antiviral agents in
older patients has not been well investigated, requir-
ing further studies. Third, recipient pretransplant
CMYV serostatus was reported to correlate with mor-

tality after CBT [49]. However, anti-CMV antibodies

were not examined before transplantation in this study

because most patients had been heavily treated and
received multiple transfusions. Pretransplant CMV
serostatus needs to be investigated in future studies.
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Fourth, day 100 mortality was 49% in the present
study. It is higher than that in the previous study
reported by the Minnesota group [5]. The exact rea-
son of these differences remains unknown; however, it
might be partly from the difference in patient’s back-
grounds between these studies. This high mortality
“rate and patient’s backgrounds in the present study
might have affected the results. Fifth, the management
of CMV infection in the present study might have
affected the incidence of CMYV disease; we used the
reduced dose of foscarnet or ganciclovir and ant-
CMYV high-titer i.v. immunoglobulin was not regularly
administered. Finally, late CMV infection remains to be
investgated. Because CMV antigenemia-guided pre-
emptive strategy has been established {50], the progno-
sis of CMV infection following BMT and PBSCT
improved; however, late CMV disease remains a sig-
nificant issue [51). The observation period was short
in the present study, and could not provide enough
information on late CMV disease.

The present study demonstrated that CMV infec-
ton is a significant complication of RI-CBT. Al-
though RI-CBT is an attractive alternative, physicians
should be alert to the fact that this transplant proce-
dure is associated with a high risk of CMV infection.
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ABSTRACT

Invasive fungal infection (IFT) is a significant complication after allogeneic hematopoietic stem cell transplan-
tation (HSCT); however, we have little information on its clinical features after reduced intensity cord blood
transplantation (RICBT) for adults. We reviewed medical records of 128 patients who underwent RICBT at
Toranomon Hospital between March 2002 and November 2005. Most of the patients received purine-
analogbased preparative regimens. Graft-versus-host disease (GVHD) prophylaxis was a continuous infusion
of either tacrolimus 0.03 mg/kg or cyclosporine 3 mg/kg. IFI was diagnosed according to the established
EORTC/NIH-MSG criteria. IFI was diagnosed in 14 patients. Thirteen of the 14 had probable invasive
pulmonary aspergillosis and the other had fungemia resulting from Trichosporon spp. Median onset of IFI was
day 20 (range: 1-82), and no patients developed IFI after day 100. Three-year cumulative incidence of IA was
10.2%. Four of the 13 patients with invasive aspergillosis (IA) developed grade II-IV acute GVHD, and their
IA was diagnosed before the onset of acute GVHD. The mortality rate of IFI was 86%. Multivariate analysis
revealed that the use of prednisolone >0.2 mg/kg (relative risk 7.97, 95% confidence interval 2.24-28.4, P =
.0014) was a significant risk factor for IA. This study suggests that IFI is an important cause of deaths after
RICBT, and effective strategies are warranted to prevent IFI.

© 2007 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Cord blood transplantation (CBT) is an attractive
alternative for patients with hematologic diseases who
lack a matched related or unrelated donor. The useful-
ness of CBT using myeloablative preparative regimens
has been confirmed for pediatric patients [1,2]. Myeloa-
blative CBT for adult padents achieves engraftment in
90% of the patents, but carries 50% risk of transplant-
related mortality (TRM), mostly resulting from infection
[3,4]. We and other groups have reported the feasibility of
CBT using reduced-intensity regimens (RICBT) for adult
patients with advanced hematologic diseases [5,6].

Graft-versus-host disease o

Corticosteroid

Because of delayed immune recovery and graft-ver-
sus-host disease (GVHD), infection is the leading cause
of TRM after CBT using myeloablative preparative reg-
imens [2-4,7]. However, studies on immune recovery
following RICBT gave us hope that RICBT recipients
may less frequently experience GVHD and infectious
complications. Invasive fungal infection (IFI) has been 1
of the most feared infectious complications in conven-
tional allogeneic marrow or peripheral blood stem cell
(PBSC) transplantation [8,9], whereas we have little in-
formation on IFI following RICBT. We investigated its
incidence and clinical features in patients who under-
went RICBT for advanced hematologic diseases.
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PATIENTS AND METHODS
Data Collection

We reviewed medical records of 128 recipients
who underwent first reduced-intensity allogeneic he-
matopoietic stem cell transplantation (HSCT) using
cord blood (CB) between March 2002 and November
2005 at Toranomon Hospital. Their characteristics
are shown in Table 1. Of the 128 patients, 101 had
high-risk diseases including acute myelogenous leukernia
(AML) in relapse or the second and higher complete
remission (CR; n = 42), acute lymphoid leukemia
(ALL) except those in the first CR (n = 12), chronic
myelogenous leukemia (CML) in blastic phase (n = 4),

Table 1. Patients’ Characteristics and Transplantation Procedures

Variables Number
Patients Characteristics
Age, median (range) 56 (17-71)
Sex, male/female 80/48
Primary diseases
AML/MDS 63
Malignant lymphoma 33
Acute lymphoblastic leukemia 17
Severe aplastic anemia 6
Chronic myelogenous leukemia 6
Chronic myelomonocytic leukemia |
Plasmacytic leukemia 1
Idiopathic myelofibrosis I
Risk of underlying diseases,*| high/low 101727
Prior autologous stem cell transplant, yesino 9119
Transplantation procedures
Conditioning regimen
Flu + Mel + TBI 2 Gy or 4 Gy/8 Gy 1an
Flu + BU + TBI! 4 Gy/8 Gy 8/l
Others )
GVHD prophylaxis, cyclosporine/tacrolimus 64/64
Number of infused nucleated cell, median
(range) X 107/kg 2.7 (1.6-4.8)
HLA disparity (antigen), 2/1/0 108/17/3
Transplantation outcomes
Neutrophil engraftment 99/128
Complete donor chimerism*2 90/99
Grade 1I-lV acute GVHD*2 45/99
Chronic GVHD*3*4 11/40
CMYV antigenemia*3 48/93
CMYV disease 10
Relapse*2 24/98

*1 We divided the risk of transplantation into two groups. The
low-risk group was as follows: acute myelogenous or lymphoid
leukemia in first and second remission, chronic myelogenous
leukemia in chronic phase, and myelodysplastic syndrome re-
fractory anemia. The other patients were defined as having
high-risk diseases.

*2 Percentage was calculated based on 99 patients who achieved
primary engrafunent.

*3 Percentage was calculated based on the number of patlents who
achieved engraftment and evaluated.

*4 No patients received systemic corticosteroids for the treatment of
chronic GVHD.

AML indicates acute myelogenous leukemia; MDS, myelodysplastic
syndromes; ULN, upper limit of normal; GVHD, graft-versus-
host disease; CMV, cytomegalovirus.
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myelodysplasia except refractory anemia (n = 10), re-
fractory lymphoma (n = 30), idiopathic myelofibrosis
(n = 1), plasma cell leukemia in relapse (n = 1), and
chronic myelomonocytic leukemia (n = 1).

Transplantation Procedures and Supportive Cares

Transplantaton procedures were shown in Table
1, and we previously reported details of the procedures
[6]. GVHD prophylaxis was either tacrolimus 0.03
mg/kg or cyclosporine 3 mg/kg continuous infusion
starting on day —1. Trough blood levels of these
drugs were monitored 2-3 tdmes a week and the dos-
age were modified to maintain the target level of
10-15 ng/mL for tacrolimus and 200-400 ng/mL for
cyclosporine [10-12]. Immunosuppressants were ta-
pered off from day 100 untl day 150. If grade II-IV
acute GVHD (aGVHD) developed, 1-2 mg/kg/day of
methylprednisolone was added to cyclosporine or ta-
crolimus, and tapered from the beginning of clinical
response.

The diagnosis and management of preengraft-
ment immune reactions were reported previously [13].

Management of Infections

Padents were managed in reverse isolation laminar
airflow-equipped rooms. All patients received tosu-
floxacin 450 mg/day from the start of conditioning
until neutrophil engraftment. Fluconazole 200 mg/
day or micafungin 150 mg/day, and acyclovir 600
mg/day were given from the start of conditioning until
the discontinuaton of GVHD prophylaxis, which
were restarted when padents developed GVHD and
were treated with steroids and immunosuppressants.
They received prophylaxis with trimethoprim-sulfa-
methoxazole against Preumocystis jirovecii infection
from the start of conditoning undl the discontinua-
tdon of immunosuppressants or disappearance of
chronic GVHD (cGVHD). When patients develop
neutropenic fever, tosufloxacin was changed to broad-
spectrum antibiotics [14]. Intravenous administration
of amphotericin B at a dose of 0.5 mg/kg/day was
added when the fever persisted for more than 5 to 7
days. If the diagnosis of aspergillus infection was con-
firmed, the dosage of amphotericin B was increased to
1.0 mg/kg/day. We used blood tests, enzyme-linked
immunosorbent assay for galactomannan antigen, (1-
3)-beta-D glucan assay, and chest computed tomog-
raphy for the early diagnosis of invasive aspergillosis
(IA), as previously reported [15]. Because most pa-

tients had been heavily treated and received multiple

transfusions prior to transplantation, anti-CMYV anti-
bodies were not examined before transplantation. All
patients were monitored for cytomegalovirus pp65
antigenemia once a week. When CMV antigenemia
exceeded 10/50,000, patients preemptively received
foscarnet 30 mg/kg intravenously twice daily.
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Diagnostic Criteria for IF]

Invasive fungal infection was diagnosed according
to the established EORTC/NIH-MSG criteria [16].
Briefly, we diagnosed patents as having proved IFI
when any | of the following examinations was posi-
dve: histopathologic or cytopathologic examinations
for hyphae or yeasts in needle aspiration or biopsy
specimens, fungal cultures obtained from normally
sterile sites by sterile procedures, and Cryprococcus an-
tigen in cerebrospinal fluid. Probable IFI was diag-
nosed when a patient satisfied at least 1 host factor,
microbiologic criteria, and clinical criteria. Possible
IFI was not included in this study. The day of diag-
nosis of IFI was defined as the day when the first
diagnostic test was performed.

Endpoints and Statistical Analysis

The cumulative incidence of IA was evaluated us-
ing Gray’s method, considering death without IA as a
competing risk [17].

_ Potential confounding factors considered in the

analysis of risk factors of IA were age, sex, disease
status, previous stem cell transplantation, condition-
ing regimens, HLA mismatch, stem-cell dose (all
nucleated cells, and CD 34-positive cells), GVHD
prophylaxis, grade II-IV aGVHD, and use of pred-
nisolone. Proportional hazard modeling was used to
evaluate the influence of these factors on the inci-
dences of IA treating the development of aGVHD and
the use of prednisolone as time-dependent covariates.
Factors associated with at least borderline significance
(P < .10) in the univariate analyses were subjected to
a multivariate analysis using backward stepwise pro-
portional-hazard modeling. P-values of <.05 were
considered statistically significant. Survival was est-
mated by the Kaplan-Meier method. Median fol-
low-up of surviving patients was 628 days (range:
26-1347 days).

RESULTS
Clinical Outcomes after RICBT

Ninety-nine (77%) patients achieved primary en-
graftment at a median of day 20 (range: 9-53 days). Of
the remaining 29 patients who failed to achieve pri-
mary engraftment, 4 patients received second RICBT,
and the other 25 patents died before engraftment.
Their causes of death included bacteremia (n = 22),
invasive pulmonary aspergillosis IPA) (n = 1), and
progression of primary disease (n = 2). Of the 99
engrafted patients, 45 and 22 patients developed grade
II and grade II-IV aGVHD, respectively. The me-
dian onset of grade II-IV aGVHD was day 28 (range,
11-92). Eleven of 40 patients (28%) who survived
longer than 100 days without disease progression de-
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veloped cGVHD. Estimated 3-year overall survival
was 33% (95% confidence interval (95% CI), 24%-
42%). Causes of deaths comprised nonrelapse mortal-
ity (n = 31) and disease progression (n = 23). Infec-
ton was the leading cause of nonrelapse mortality (n
= 20). Autopsy was performed in 5 patients (3.9%) in
this series of patients.

Incidence and Clinical Features of IFl

Invasive fungal infection was diagnosed in 14 pa-
dents. Their clinical features are shown in Table 2.
Thirteen of the 14 patdents had probable IA, and the
other had fungemia from Trichosporon spp. Three-year
cumulative incidence of probable IA was 10.2% (Fig-
ure 1). Median onset of IFI was day 20 (range: 1-82),
and no patents developed IFI after day 100. IFI was
diagnosed after day 30 in 1 patient. Prophylactic uses
of antifungal agents included fluconazole (n = 12) and
micafungin (n = 1) among the 13 patents with JA. Of
the 63 patients who survived 100 days or longer, none
developed IFI after day 100. Four of the 13 patients
with IFI developed grade II-IV aGVHD, and their
diagnosis of IFI was before the onset of aGVHD
(Table 2).

Seven patients were given prednisolone >0.2 mg/

- kg/day for the treatment of preengraftment immune

reactions, of whom 5 developed grade I-1V aGVHD.
Twelve of the 14 patients with IFI died, and the
mortality rate was 86%. IFI was the primary cause of
deaths in 4 patients.

Risk Factors of IPA

Table 3 shows the results of univariate and mul-
tivariate analyses. Reactvation of cytomegalovirus
(CMV) is a well-known risk factor of IA [18,19}. How-
ever, it was not included in the analysis of this study,
because the onset of IFI was earlier than the onset of
CMYV antigenemia. Use of prednisolone >0.2 mg/kg
(relative risk [RR], 7.97; 95% CI, 2.24-284; P =
.0014) was a significant risk factor in multivariate
analysis.

DISCUSSION

The present study demonstrated that IFI early
after RICBT is a significant complication. Among IFI,
the incidence of IA was high, which was consistent
with the studies on reduced intensity stem cell trans-
plantation (RIST) using other stem cell sources [9,19].
Our results contrasted with the previous reports that
the incidence of infection because of non-Candidia
albicans species was high in myeloablative allogeneic
stem cell transplantation [20]. The observations may
be associated with the milder gastrointestinal mucosal
toxicity by conditioning regimens in RIST than in
myeloablative transplantation [21] and the less fre-
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Figure 1. Cumulative incidence of invasive aspergillosis (IA) con-
sidering death without IA as a competing risk. Black line indicates
incidence of death with IA, and gray line indicates incidence of
death without IA.

quent and milder GVHD following CBT. Because
gastrointestinal mucosal toxicity is milder in RICBT
than in myeloablative transplantation, the incidence of
infection from non-Candida albicans species as part of
the gastrointestinal normal flora might be low, and
hence aspergillus infecdon might become the majority
of IFL

The median onset of IFI was day 20 (range: 1-82)
in the present study; the majority developed IFI early
after RICBT. Majority of the patients who developed
IFI died of causes other than fungal infection (Table
2), as reported previously by Saavedra et al. [7]. Our
results were consistent with a previous report on CBT
[18], and contrasted to reports on RIST using marrow
or peripheral blood [19,22,23}, in which IA develops
late after transplantation. The low incidence of IA
after day 100 would be related to the low incidence of
c¢GVHD. The short duration from RICBT to IFI
development suggests aggravation of latent infection,
which would have existed before transplantation.
These findings were consistent with a recent report by
Martino et al. [23]. Given the possibility, several issues
need to be addressed in the management of IFI fol-
lowing RICBT. First, selection of RICBT candidates
would have to include accurate evaluation for the risk
of fungal infection [24] and high-risk patients might
need to be excluded from the indication of RICBT.
Pretransplant CT scan of the chest and sinus would be
useful in the screening of IA following RICBT, and
bronchoalveolar lavage should be performed in pa-
tients with abnormal findings. Second, the importance
needs to be stressed in prophylactc antifungal agents
with antiaspergillus actvity and attempts for early
diagnosis of aspergillosis such as methods using mo-
lecular techniques [25], antigen tests [26], and imaging
tests [15,22]. Third, the way of steroid use after
RICBT requires further investigations. The present
study showed that the administration of steroids 0.2
mg/kg and more was a strong risk factor of IA (RR,
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7.97,95% CI, 2.24-28.4; p = .0014). Our observation
that the use of small-dose steroids was a risk factor of
IFI after RICBT supports the previous results of se-
vere immunosuppression early after RICBT [27]. In
RICBT wusing our regimens, immunologic reactions
such as a preengraftment immune reaction frequently
develops in addidon to GVHD, requiring steroid ad-
ministration early after RICBT [13]. Because steroids
suppress phagocyte activides and cellular immunity
[28], the risk of fungal infection early after RICBT
may be increased.

The incidence of late IFI was not high in the
present study. Of 102 patients who survived longer

Table 3. Univariate and Multivariate Analyses for the Inddence of 14

Incidence of IPA P

(95% CI) Value
Univariate analysis
Pretransplantation factors

Age 30
<55 7%
=55 13%

Sex 94
Female 11%

Male 10%

Disease risk .63
Standard 16%

High 9%

Previous ASCT 55
No %

Yes 0%

Regimen 72
FM-based 1%

FB-based 10%

HLA mismatch 076
0 or | antigen 0%

2 antigens 12%

Cell dose 42
ANC <2.5 x 107/kg 8%

ANC 2.5 x 107/kg 12%

Cell dose .03
CD34 <0.8 x 10%kg 5%

CD34 =0.8 x 10%kg 16%

GVHD prophylaxis .42
Cyclosporine 13%
Tacrolimus 8%

Fungal prophylaxis 99
Fluconazole 10%

Micafungin 10%
Posttransplantation factors
(time-dependent covariates)

Acute GVHD 96
Grade 0-1 1.00
Grade lI-IV 1.06 (0.12-9.40)

Prednisolone 001
<0.2 mglkg/day 1.00

=0.2 mg/kg/day
Multivariate analysis
Prednisolone .0014
<0.2 mglkg/day 1.00
=0.2 mglkg/day 7.97 (2.24-28.4)

71.97 (2.24-28.9)

GVHD indicates graft-versus-host disease; ASCT, autologous stem
cell transplantation.
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than 30 days, | patients developed IFI after day 30.
None of 63 patients who survived longer than 100
days developed IFI after day 100. Our results contrast
with the previous reports on BMT and PBSC trans-
plantatdon where improvement in fungal management
decreased early IFI and late IFI became the majority
of IFI [8,19,22,29]. In myeloablative CBT, late infec-
ton is considered a significant complication {4],
whereas study results focused on fungal infecton have
not been published. Some hypotheses can explain the
low incidence of late IFI after RICBT. First, GVHD
after RICBT is uncommon and mild. There is mini-
mal effect of cGVHD on delay in immune recovery
following RICBT. Second, steroids are not frequently
administered late after RICBT for the treatment of
complications such as GVHD. The incidence of
c¢GVHD was 28% in the present study, and none of
them required steroid treatments. Further studies are
awaited for the clinical features of late IFI after
RICBT.

The present study demonstrated clinical features
of fungal infections after RICBT, leaving several is-
sues to be investigated. First, the present study is a

small-sized rewrospective 1 . Unrecognized bias might -

affect the study results, and we obtained little infor-
mation on rare fungal infections such as Fusarium and
Zygomycetes. Large-sized prospective studies are
awaited. Second, the diagnostc yields of IFI need to
be addressed. Most of the diagnoses in our study were
made based on EORTC/MSG criteria [16] using clin-
ical, laboratory, and imaging findings. Although the
clinical usefulness of the diagnostic criteria has been
established, pathologic diagnosis of IFI was not con-
firmed in many patents and the diagnostic yields
remain unclear. Underestimation of IFI incidence also
remains possible, because postmortem examinations
were not obtained in most patients who died without
diagnosis of IFL. Because such limitations cannot be
avoided in studying deep fungal infections [30], clini-
cians need to be aware of the limitatons.
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Dear Editor,

Bloodstream infection (BSI) is a serious complication after
reduced-intensity cord blood transplantation (RI-CBT) [1].
Although BSI caused by gram-negative bacteria is less
frequent than BSI of gram-positive organisms, it leads to
considerable toxicities in RI-CBT recipients [1]. Most
gram-negative organisms colonize in the alimentary tract,
and mucosal damages due to preparative regimens allow
their transition from colonization to BSI [2]. Surveillance
cultures as pretransplant screening might be helpful for
predicting the development of BSI; however, the high rates
of false—positive results limit the clinical application of
surveillance cultures even in patients at high-risk of
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chemotherapy-induced mucositis>[2~5]. Some researchers
reported that colonization of P aeruginosa, which frequent-
ly causes fatal BSI after RI-CBT [1], might be a useful
marker for predicting the development of BSI in patients
who receive cytotoxic chemotherapy [2, 3]. We investigated
whether the isolation of P. aeruginosa by pretransplant
screening culture could predict BSI after RI-CBT.

Between January 2002 and March 2004, we obtained
pretransplant screening cultures from 46 patients who
underwent RI-CBT at Toranomon Hospital. Transplantation
procedures and supportive cares were described previously
{1], and patients’ characteristics are shown in Table 1.
Tosufloxacin 450 mg/day was given for prophylaxis against
bacterial infections. All the patients provided written
informed consent in accordance with the requirements of
the Institutional Review Board. Definition of BSI was
described previously [1]. Multidrug-resistance of P. aeru-
ginosa was defined as resistance to fluoroquinolones, -
lactams, and aminoglycosides [6]. Cumulative incidence of
BSI was evaluated by Gray’s method, and death without
BSI and relapse or progression of underlying diseases were
considered as competing risks.

Pretransplant screening cultures were positive for P,
aeruginosa in 6 of the 46 patients (13%; Table 1). Three of
the six patients with positive P. aeruginosa cultures and 3
of the 40 patients with negative P. aeruginosa cultures
developed BSI of P. aeruginosa within 30 days of RI-CBT
(Table 1). The frequencies of developing BSI of P

- aeruginosa in the two groups were significantly different

(50% vs 7.5%, p=0.022). The positive predictive value was
50%, and the negative predictive value was 92.5%. The
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Table 1 Characteristics of the RI-CBT patients who underwent pretransplant screening culture

Variable

Patients with P, aeruginosa
colonization (n=6)

Patients without
P. aeruginosa
colonization (n=40)

Patient backgrounds

Age

Risk of underlying diseases®
Primary diseases '

Preparative regimens

Number of infused nuclear cells

Number of infused CD34+ cells

HLA matching

Transplantation-related mortality within 30 days

Pretransplant screening

Cultured sites of P. aeruginosa

Number of patients colonized with
multidrug-resistant P. aeruginosa

BSI due to P. aeruginosa

Number of patients who developed BSI due to
P. aeruginosa within 30 days of RI-CBT

Median neutrophil count at onset day (/L)
Antibiotic use for bacterial infection
at onset dayb

Response to antibiotics
Mortality within 30 days in the patients with
BSI due to P, aeruginosa

Median (range) 54.5 (41-70) 55 (17-79)
High/low 5/ 28/12
Acute lymphoblastic leukemia 1 3
Acute myeloid leukemia 1 13
Aduit T cell leukemia 0 6
Myelodysplastic syndrome 0 4
Malignant lymphoma 2 11
Multiple myeloma 1 1
Aplastic anemia 1 2
Fludarabine, melphalan, TBI 6 38
Fludarabine, busulfan, TBI 0 1
Fludarabine, melphalan 0 1
Median (range), X10E7/kg 32 (2343) 2.8 (1.7-5.2)
Median (range), X10E5/kg 0.71 (0.4-1.23) 0.67 (0.27-3.28)
6/5/4 0/0/6 1/6/33
2(33%) 8¢20%)
Throat/stool/urine 421 NA
2 NA
3(50%) 3(7.5%)
Onset day [median (range)] 4 (1-11) 18 (1-19)
0 0
Fluoroquinolones 1 2
f3-Lactams 0 1
Carbapenems 2 0
Aminoglycosides 1 0
Vancomycin 1 1
(responded/not responded) 0/3 0/3
2(66%) 3(100%)

RI-CBT indicates reduced-intensity cord blood transplantation; 7B/ total body irradiation; BS/ blood stream infection; NA not applicable
* We defined acute leukemia in complete remission, chronic myelogenous leukemia in chronic phase, malignant lymphoma in complete remission,
multiple myeloma in complete remission, myelodysplastic syndrome in refractory anemia (RA) and aplastic anemia as low/high risk and the

others as high risk.

b All the six patients received antibiotics at onset day.

BSI was fatal in five patients. Multidrug-resistant P,
aeruginosa was cultured at pretransplant screening in two
patients; one developed fatal BSI of multidrug-resistant P
aeruginosa, and the other died of pneumonia.

The present study suggested that pretransplant screen-
ing for P. aeruginosa colonization can predict its BSI and
might be helpful for reducing transplant-related mortality
after RI-CBT. Our results are in contrast with the previous
studies that did not recommend routine surveillance

Q) Springer

cultures before cytotoxic chemotherapy and conventional -
allogeneic stem-cell transplantation (allo-SCT) due to its
poor predictive value [2, 4]. Some hypotheses can be
postulated on these observations. First, most patients in our
study had received antibiotics during previous chemo-
therapies followed by prophylactic fluoroquinolones after
RI-CBT, and they were at high risk of colonization of
antibiotic-resistant organisms. Appropriate use of antibiot-
ics is warranted to avoid colonization of such organisms.
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Second, the preparative regimens including melphalan and
total body irradiation, which have a significant mucosal
toxicity, might have been associated with the development
of BSI due to P. aeruginosa. As three of the six patients
colonized with P. aeruginosa developed its BSI early afier
transplantation, damages to the gastrointestinal mucosa by
preparative regimens might have allowed P. aeruginosa to
enter the bloodstream. Use of preparative regimens with
minimal mucosal toxicity might be beneficial to reduce the
risk of BSI after RI-CBT. Alternatively, keratinocyte
growth factor, which promotes the regeneration of damaged
mucosa [7], is also worth investigating.

Optimal management of patients with colonization by
P. aeruginosa has to be established. Prophylactic antimi-
crobial therapies directed against P aeruginosa may only
lead to the selection of multidrug-resistant isolates and will
not improve the patients’ outcomes. Rapid treatments
including antibiotics against isolated P. aeruginosa might
be important. Physicians should be alert to the clinical
manifestations related to P aeruginosa infection in these
patients.

Infection of multidrug-resistant bacteria is a significant
concern in allo-SCT. When allo-SCT recipients are colo-
nized with methicillin-resistant Staphylococcus aureus, use
of mupirocin calcium ointment is recommended to elimi-
nate the bacteria [8]. Meanwhile, optimal management of
multidrug-resistant P. aeruginosa has not been established
in allo-SCT. BSI of multidrug-resistant P. aeruginosa
causes high mortality [6], whereas the elimination of
multidrug-resistant P. aeruginosa is difficult [9]. In the
present study, BSI due to multidrug-resistant P. aeruginosa
was fatal despite intensive antibiotic therapy. While all the
patients enrolled in this study received fluoroquinolone-
based prophylaxis, polymyxin might be worth investigat-
ing. It is the most consistently effective agent against
P. aeruginosa in vitro [10]. Other options include novel
antibiotic combinations, such as macrolides, tobramycin,
trimethoprim, and rifampin [10]. Alternatively, RI-CBT
might better be avoided in patients with colonization of
multidrug-resistant P. aeruginosa.

We demonstrated that pretransplant screening of P.
aeruginosa colonization could be predictive of the devel-

opment of its BSI after RI-CBT. This study provided novel
information to establish the risk stratification in the
management of BSI after RI-CBT, although it was a
small-sized, retrospective study. We plan to further inves-
tigate whether the risk stratification based on the results of
pretransplant screening cultures is useful to reduce the risk
of BSI after RI-CBT.
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Successful Engraftment in Reduced-Intensity Cord Blood Transplantation
(CBT) as a Salvage Therapy for Graft Failure After Primary CBT in Adults

Accumulating evidence strongly
supports the efficacy of umbilical cord
blood transplantation (CBT) in adults
(1, 2). This now becomes a standard al-
ternative to bone marrow or peripheral
blood stem cell transplantation for pa-
tients who lack a human leukocyte anti-
gen (HLA)-maiched donor. However,
surprisingly high incidence of graft fail-
ure (GF) after CBT (7-40%) has been
reported (2-4). The second CBT could
be a therapeutic strategy to rescue pa-
tients with GF, but very few cases of suc-
cessful engraftment by the second CBT
for patients with GF after primary CBT
have been reported (4-6).

In the past few years, we performed
the second CBT in four cases with primary
GF after CBT and all cases successfully
achieved engraftment as summarized in
Tabte 1. In these salvage CBT's, we paid at-
tention to following three points. First, we
tried to make a confirmation of GF and
decision to perform the salvage CBT as
quickly as possible. The confirmation of

GF was made by no donor chimerism in
bone marrow cells on day 28 or by no sign
of hematopoietic recovery until day 35
(weck 5) after primary CBT. Finally, the
salvage CBT was performed before day 42
(week 6). Theearlier application of salvage
CBT while patients still have better perfor-
mance status without infection or organ
toxicities may improve the engraftment
and survival.

Second, considering toxicities of
conditioning regimen used for primary
CBT, reduced-intensity CBT was chosen
for the second transplant to avoid
regimen-related toxicity and mortality.
Because strong immunosuppression has
a clear advantage over engraftment, we
used fludarabine-based preparative reg-
imen. Subsequent conditioning therapy
including fludarabine within a short dura-
tion after primary transplant and strong
graft-versus-host disease (GVHD) pro-
phylaxis could cause a high risk of infec-
tion, particularly cytomegalovirus (CMV)
in CBT. However, only subclinical CMV

Transplantation + Volume 83, Number 9, May 15, 2007

infection occurred, which was well con-
trollable with preemptive administration
of ganciclovir, Acute GVHD was also mild.

Third, to intensify the immunosup-
pression in combination with a key drug
tacrolimus, we utilized mycophenolate
mofetil (MMF) instead of methotrexate
(MTX) which was used in the first CBT in
cases 1,2and 3 for the following two reasons.

1. MMF has been reported to cause
lower incidence of mucositis com-
pared with MTX (7).

2. Although mechanism has not been
elucidated, several reports have sug-
gested that a GVHD prophylaxis
regimen containing MMF after allo-
geneic transplantation is associated
with faster engraftment (7-10).

Our retrospective observation also
shows the promotional effect of MMF in
hematopoietic engraftment (data not
shown), but further studies are neces-
sary to decide the optimal dose of MMF
for stem cell transplantation.
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TABLE 1. Patient characteristics
Case | Case2 Case 3 Case 4
Agelsex 55/female 53/male 45/female 23/female
Disease status ALL,2nd CR APL, 2nd CR DLBL, 2nd CR SAA-post CRT
secondary GF

Transplantation Ist 2nd Ist 2nd Ist 2nd 2nd 3rd

Conditioning TBI-CY Fiu-BU TBI/ICY Flu-BU TBI-CY Flu-BU TBI-Flu-Mel TBI-Flu-Mel
regimen

HLA matching 5/6 5/6 476 4/6 46 5/6 416 4/6

Total cell dose 2.81 244 207 2.0t 4.01 2.28 241 4.1
(X107/kg)

CD34’ cell dose 37 0.43 0.77 0.52 0.63 1.16 0.63 1.64
(X10%/kg) _

GVHD prophylaxis CyA +sMTX FK506+ MMF CyA +sMTX FK306+MMF FK506+sMTX FK506+MMF FK506 FK506+ MMF

Day of second Day 37 Day 39 Day 39 Day 42
transplant

Days to neutrophils Day 42 Day 32 Day 31 Day 19
>0.5%10°/L ,

Days to platelets Day 129 Not reached Not reached Day 166
>20x W0IL

ALL, acute lymphoblastic leukemiz; APL. acute promyekocytic leukemia: DLBL, diffuse large B-cell lymphoma; SAA, severe aplastic anemia: CR. complete
remission; CBT. cord blood transplantation: GF, graft failure: TBI, total body irradiation; Flu, fludarabine; RU, busulfan; Mel, melphalan: GVHD, grafi-versus-
hast diseasc; CyA, cyclosporine A: sMTX, short-term methotrexate; MMF, mycophenolate mofetit; FK506, tacralimus.

We all have to recognize the fact
that GF can possibly occur in approxi-
mately one third of adult CBT, panticularly
in the case of low transplant cell numbers.
It would be important to make sure of a
cord blood unit for salvage transplant as
carly as pussible, and not to lose a chance
to make a decision of the salvage CBT to
avuoid life-threatening complications. Fur-
ther clinical studies are necessary to estab-
lish reduced-intensity CBT as a salvage
therapy for primary GF.,

Yuriko Kawamori
Kimikazu Yakushijin
Atsuo Okamura
Shinichiro Nishikawa
Kentaro Minagawa
Manabu Shimoyama
Katsuya Yamamoto
Yoshio Katayama
Toshimitsu Matsui
Hematology/Oncology
Department of Medicine
Kobe University Graduate School of
Maedicine

Kobe, Japan

Address correspondence to: Toshimitsu Matsui,
M.D,, Ph.D., Hematology/Oncology. Depan-
ment of Medicine, Kabe University Graduate
School of Medicine, 7-5-1 Kusunoki-cho,
Chuo-ku, Kobe 650-0017, Japan.

E-mail: matsui@med.kobe-u.ac.jp

Received 25 January 2007, Revision requested 29
January 2007.

Accepted 30 January 2007.

Copyright © 2007 by Lippincort Williams &
Wilkins

ISSN 0041-1337/07/8309-1281

DOI: 10.1097/01.1p.0000260635.19245.65

RETERENCES

i, Laughlin M], Barker J, Bambach B, et al. He-
matopoietic engrafiment and survival in
adult recipients of umbilical-cord blood
from unrelated donors. N Engl ] Med 200);
344: 1815.

2. Schoemans H, Theunissen K, Maertens J, et
al. Adult umbilical cord blood transplanta-
tion: A comprehensive review. Bone Mumow
Transplant 2006; 38: 83,

3. Brunstein CG, Wagner JE. Cord blood trans-
plantation for adults. Vox Sang 2006; 91: 195,

4. Narimatsu H, Kami M, Miyakoshi S, et al.
Graft filure following reduced-intensity
cord blood transplantation for adult pa-
tients. Br J Haemaiol 2006; 132: 36,

5. Ohwada C, Nakaseko C. Ozawa S, e1 al.

10.

Second cord blood transplantation (CBT)
with reduced-intensity conditioning for
graft failure after the first CBT for AML.
Bone Marrow Transplant 2004; 34: 999.
Shimada K, Narimatsu H, Morishita Y, et al.
Severe regimen-rclated toxicity of second
transplaniation for graft failure following
reduced-intensity cord blood transplantation
in an adult patient. Bone Marrow Transplant
2006; 37: 787.

Bolwell B, Sobecks R, Pohlman B, et al. A
prospective  randomized trial  comparing
cyclosporine and short course methotrexate
with cyclosporine and mycophenolate mofetil
for GVHD prophylaxis in mycloablative allo-
geneic bone marrow transplantation, Bone
Murrow Transplint 2004; 34: 621.

Bornhauser M, Schuler U, Porksen G, et al.
Mycophenolate mofetil and cyclosporine as
graft-versus-host disease prophylaxis after
allogencic blood stem cell transplantation.
Transplantation 1999; 67: 499,

Kiehl MG, Schafer-Eckart K, Kroger M, ctal.
Mycaphenolate mofetil for the prophylaxis
of acute graft-versus-host disease in stem cell
transp l lt\‘, i T f I Proc 2002;
34: 2922,

Neumann F, Graef T, Tapprich C, et al. Cyclo-
sporine A and mycophenolate mofetil vs cyclo-
sporine A and methotrexate for graft-versus-
host disease prophylaxis after stem cell
transplantation from HLA-identical siblings.
Bane Marrow Transplant 2005; 35: 1089.




BIOPHARMACEUTICS & DRUG DISPOSITION
Biopharm. Drug Dispos. 2: 195-203 (2008)

Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/bdd.604

Mechanism of Decrease of Oral Bioavailability of Cyclosporin
A During Immunotherapy upon Coadministration of

Amphotericin B

Junko Ishizaki*®, Satsuki Ito®, Mingji Jin®, Tsutomu Shimada®, Tamae Ishigaki®, Yukiko Harasawa®, Koichi
Yokogawa®<, Akiyoshi Takami®, Shinji Nakao® and Ken-ichi Miyamoto®<*
3 Department of Clinical Pharmaceutics, Graduate School of Natural Science and Technology, Kanazawa University, Kakuma, Kanazawa

920-1192, Japan

Y Department of Hospital Pharmacy, School of Medicine, Kanazawa University, 13-1 Takara-machi, Kanazawa 920-8641, Japan
“Department of Medicinal Informatics, Division of Cardiovascular Medicine, Graduate School of Medical Science, Kanazawa University,

Kanazawa 920-8641, Japan

9 Faculty of Pharmacy, Musashino University, 1-1-20, Shin-machi, Nishitokyo 202-8585, Japan
€ Department of Internal Medicine IIl, School of Medicine, Kanazawa University, 13-1 Takara-machi, Kanazawa 920-8641, Japan

ABSTRACT: The trough level of blood concentration of cyclosporin A (CyA) in a patient receiving
immunotherapy was observed to decrease following coadministration of amphotericin B (AMB).
This clinical observation was confirmed experimentally in Wistar rats intravenously given AMB (1.5
or 3.0mg/kg) or saline (conirol) for 4 days, followed by CyA (10mg/kg). The blood concentration
of CyA after i.v. or p.o. administration in both AMB groups was significantly decreased compared
with the control. The oral bioavailability of CyA after 1.5 or 3.0mg/kg AMB treatment was
decreased to 67% or 46%, respectively, of that of the control group. AMB treatment increased the
expression levels of mdrla and mdrlb mRNAs in the duodenum to about three times the control,
and expression of CYP3A2 mRNA in the liver was increased to about twice the control. The P-gp
and CYP3A2 proteins were increased significantly. These findings suggest that the oral
bioavailability of CyA is reduced as a result of both increased efflux transport via P-glycoprotein
in the duodenum and an increased first-pass effect of CYP3A2-mediated hepatic metabolic activity,
induced by AMB. It is suggested that careful monitoring of CyA levels is necessary in the event of
AMB administration to patients receiving immunotherapy with CyA. Copyright © 2008 John
Wiley & Sons, Ltd.

Key words: cyclosporin A; amphotericin B; P-glycoprotein; CYP3A; drug interaction; oral

bioavailability

Introduction

There have been many reports of drug interac-
tions involving cyclosporin A (CyA), and clini-
cally, a patient was encountered who was
receiving immunotherapy with CyA in whom

*Correspondence to: Department of Hospital Pharmacy, School of
Medicine, Kanazawa University, 13-1 Takara-machi, Kanazawa
920-8641, Japan. E-mail: miyaken@kenroku kanazawa-u.ac.jp

Copyright © 2008 John Wiley & Sons, Ltd.

the blood concentration of CyA was decreased
upon coadministration of amphotericin B (AMB)
(Figure 1).

It is well known that CyA is a substrate of both
the efflux transporter P-glycoprotein (P-gp) and
the metabolic enzyme cytochrome P450 (CYP3A)
[1-3]). P-gp and/or CYP3A limit the oral bioavail-
ability of digoxin [4], rifampin [4], vinblastine [5],
dextromethorphan [6] and CyA [7,8]. It has
already been shown that the blood concentration
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196

J. ISHIZAKI ET AL.

250

g

EHE
23
<&
>
o<
55 150-
EE
=«

@
£S 100
g <
£ S
S a

[~} 50-
'g =]
3
M e

0 T T ) T ¥ v 1 T ) v 1
0 10 20 30 40 50
Time (days)

Figure 1. Change of blood concentration-time courses of CyA
in a patient (23-year-old man, 56 kg) receiving immunother-
apy with CyA, upon coadministration of AMB. He received
daily oral administration of CyA, and then was intravenously
infused over 6h with AMB (daily for the first 10 days, every
other day for the next 15 days). @ CyA blood concentration;
O CyA dose; ¢, AMB dose

of CyA is reduced by pretreatment with
dexamethasone [9], cyclophosphamide [10] or
levothyroxine [11] in rats, owing to induction of
P-gp and CYP3A2 in the liver and intestine. In
those reports, it was demonstrated that the oral
bioavailability of CyA is primarily controlled by
the level of CYP3A in the upper small intestine
under physiological conditions, whereas after
treatment with inducers, P-gp in the upper
intestine also plays a significant role as an
absorption barrier to CyA. Thus, it was specu-
lated that the reason for the decrease of blood
concentration of CyA in the patient mentioned
above might have been induction of P-gp and
CYP. However, no report is currently available on
the drug interaction between CyA and AMB.

Therefore, this study examined the mechanism
of the decrease of blood concentration of CyA by
using rats treated with AMB.

Materials and Methods

Chemicals

Fungizone® injection (amphotericin B, AMB)
and Sandimmun® injection (cyclosporin A,
CyA) were purchased from Bristol-Myers Squibb

Copyright © 2008 John Wiley & Sons, Ltd.

Co. Ltd (Tokyo, Japan) and Novartis Pharma Co.
Ltd (Tokyo, Japan), respectively. Oligonucleotide
primers were custom-synthesized by Amersham
Pharmacia Biotech (UK). Other reagents were
purchased from Sigma Co. (MO, USA).

Animal experiments

All animal experiments were performed in
accordance with the guidelines of the Institu-
tional Animal Care and Use Committee of the
University of Kanazawa.

A 150l aliquot of AMB (1.5 or 3.0mg/kg/
day) was intravenously administered to male
8-week-old Wistar rats (Japan slc Co., Hamamatsu,
Japan) via a tail vein daily for 4 days. The vehicle
control rats received distilled water alone for 4
days. A 100ul aliquot of CyA (10mg/kg) was
injected via the femoral vein at 24 h after the last
treatment with AMB. Alternatively, a 500pl
aliquot of CyA (10mg/kg) was administered
orally at 24 h after the last treatment with AMB.
Blood samples (200l each) were collected at
designated time intervals from the jugular vein of
untreated rats and AMB-treated rats under light
ether anaesthesia.

Measurement of blood concentration of CyA

The blood concentration of CyA was measured
with a TDx analyser using a commercial kit
according to the manufacturer’s instructions
(Dainabot Co. Ltd, Tokyo, Japan). The TDx assay
is a fluorescence polarization immunoassay
(FPIA) reagent system for the measurement of
CyA [12]. The measurement range of blood
concentration was 25-1500ng/ml. The cross-
reactivities with the metabolites of CyA were
19.4% for M1 and less than 5% for other
metabolites.

Determination of laboratory data

Blood samples were collected from the jugular
vein under light ether anesthesia at 24 h after the
last treatment with AMB, and the plasma was
separated by centrifugation and stored at —80°C.
The measurements of laboratory data were
entrusted to SRL Co. Ltd (Tokyo, Japan).

Biopharm. Drug Dispos. 29: 195-203 (2008)
DOI: 10.1002/bdd
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Reverse transcriptase-polymerase chain reaction
(RT-PCR) assay

Total RNA was isolated from the liver and
intestine using an Isogen kit (Wako, Osaka).
Synthesis of cDNA from the isolated total RNA
was carried out using RNase H-reverse tran-
scriptase (Gibco BRL, Rockville, MD). Reverse
transcription (RT) reactions were carried out in
40mM KCl, 50mm Tris-HCl (pH 8.3), 6mm
MgCl,, 1 mm dithiothreitol, 1 mm each of dATP,
dCTP, dGTP and dTTP, 10 units of RNase
inhibitor (Promega, Madison, WI), 100 pmol of
random hexamer, total RNA and 200 units of the
Moloney murine leukemia virus reverse tran-
scriptase (Gibco-BRL, Berlin, Germany) in a final
volume of 50 pl at 37°C for 60 min. A polymerase
chain reaction (PCR) was carried out in a final
volume of 20pl, containing 1pl of RT reaction
mixture, 50mm KCl, 20mm Tris-HC1 (pH 8.3),
2.5mm MgCl,, 0.2 mm each of dATP, dCTP, dGTP
and dTTP, 10 um each of the mixed oligonucleo-
tide primers, and 1 unit of Tag DNA polymerase
(Gibco-BRL). Reported primers were used for rat
mdrla (511bp) [13], for rat mdrlb (451bp) [13],
for rat CYP3A2 (252bp) [14] and for rat B-actin
(456 bp) [15]. Each cycle consisted of 30 s at 94°C,
60 s at 62°C and 75s at 72°C for mdrla, mdrlb
and CYP3A2, and 30s at 94°C, 60 s at 58°C, and
75s at 72°C for B-actin. The PCR reaction was run
for 26 cycles for liver, for 34 cycles for intestine
and for 22 cycles for B-actin.

Preparation of microsomes and plasma membrane
fraction

For preparation of microsomes, the liver was
homogenized in three volumes of 100mM Tris-
HCl buffer (100mmM KCl, 1mm EDTA, pH 7.4).
Microsomes were prepared as reported pre-
viously [16] and stored at —80°C until use. The
intestine was quickly removed and washed with
buffer containing 2mm HEPES, 0.9% NaCl and
0.5mM phenylmethylsulfonyl fluoride (PMSF).
The mucosa was scraped off with a slide glass on
ice and homogenized in a buffer containing
300mM mannitol, 5mMm EDTA, 5mm HEPES
and 1mm PMSF (pH 7.1). The homogenate was
centrifuged at 10000 xg for 20min, and the
supernatant was centrifuged at 105000 x g for
60min at 4°C. The pellet was added to the buffer
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containing 500mmM KCl, 1Tmm EDTA, 2mm DTT
and 50 mm KPB (pH 7.4) and again centrifuged at
105000 x g for 60 min at 4°C. The resulting pellet
was added to the buffer containing 1 mm EDTA,
2mm DTT and 50 mM KPB (pH 7.4), and stored at
—80°C until use.

For preparation of the plasma membrane, the
liver was homogenized in 10mm Tris-HCl buffer
(pH 7.5) containing 2mM CaCl, at 4°C. The
homogenate was centrifuged at 3000x g for
10 min, and the supernatant was then centrifuged
at 15000 x g for 30 min. The pellet was washed,
resuspended in 50 mm Tris-HCI buffer (pH 7.2),
and twice centrifuged at 10000 x g for 5min, then
stored at —80°C until use. The intestine was
quickly removed and washed with ice-cold
isotonic saline containing 1mM phenylmethyl-
sulfonyl fluoride (PMSF). The mucosa was
scraped off with a slide glass on ice and
homogenized in a buffer containing 250mm
sucrose, 50mM Tris-HCl (pH 7.4) and 1mmMm
PMSE. The homogenate was centrifuged at
3000 x g for 10min, and the supernatant was
again centrifuged at 15000 x ¢ for 30min. The
resulting pellet was resuspended in 0.5ml of a
buffer containing 50mM mannitol, 50mM Tris-
HCl (pH 7.4) and 1mm PMSF, and stored at
—80°C until use. Protein contents were measured
according to the method of Lowry et al. [17].

SDS-PAGE and immunoblotting

SDS-PAGE and immunoblotting with peroxi-
dase/antiperoxidase staining of the plasma
membrane for P-gp and of the microsomes for
CYP3A were carried out essentially as described
by Laemmli [18] and Guengerich et al. [19]. The
amounts of sample protein of liver and intestine
were 10 and 25 pg for CYP3A or 40 and 80 pg for
P-gp, respectively. The sample protein was
electrophoresed on 10% sodium dodecyl sul-
fate-polyacrylamide gel and transferred onto
PVDF membrane filters (Millipore Co., Billerica,
MA). After having been blocked with 5% skim
milk, the filters were incubated overnight at 4°C
with primary antibody, mouse anti-P-gp C219
(Abcam, Cambridge, UK) and rabbit anti-rat
CYP3A2 antibody (Daiichi Pure Chemicals Co.
Ltd, Tokyo, Japan), and for 1h with secondary
antibody, anti-mouse IgG HRP-linked antibody
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