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Abstract

We investigated the feasibility of reduced-intensity conditioning with 4 Gy total body irradiation, fludarabine (30 mg/m?
for 6 days), and busulfan (4 mg/kg for 2 days) for bone marrow transplantation from a serologically HLA-matched unrelated
donor. Seventeen adult patients (median age, 55 years; range, 27-67 years) with various hematologic malignancies (6 in remis-
sion, 11 not in remission) were treated. Successful engraftment was achieved in all patients at a median of day 18 (range,
day 14-35) after transplantation, although subsequent secondary graft failure was observed in 2 patients. The cumulative inci-
dence of acute graft-versus-host disease (GVHD) of grades Il to IV at day 100 was 48%. With a median follow-up of 286 days
(range, 56-687 days), the rates of 1-year overall survival, 100-day nonrelapse mortality, and 1-year nonrelapse mortality were
41%, 14%, and 46%, respectively. Eleven patients died, and the causes of death were relapse (n = 4), pulmonary complica-
tions (n = 4), acute GVHD (n = 2), and sepsis (n = 1). The remaining 6 patients (at transplantation, 2 were in remission, and
4 were not in remission) are currently still in remission. These results suggest that this regimen reduces the risk of graft fail-
ure, but further studies are needed to ameliorate transplantation-related toxicities, primarily GVHD and/or pulmonary com-
plications.
Int J Hematol. 2007;85:256-263. doi: 10.1532/1JH97.06199
© 2007 The Japanese Society of Hematology
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1. Introduction with high doses of systemic chemotherapy/radiation is
associated with significant toxicities. In contrast, HSCT
Although allogeneic hematopoietic stem cell transplanta- with a reduced-intensity conditioning regimen allows older

tion (HSCT) is a possible curative approach for patients patients and those who have contraindicating comorbidities
with various hematologic malignancies, only 30% to 40% of  to undergo HSCT [2-7].

patients in Japan have an appropriate family donor avail- Nevertheless, special consideration should be paid to
able [1]. Hence, the application of unrelated-donor trans- developing reduced-intensity conditioning protocols for the
plantation using bone marrow or cord blood cells has been unrelated-donor HSCT setting, because the incidences of
expanding. Another area of current interest is the applica- both graft rejection and graft-versus-host disease (GVHD)
tion of reduced-intensity conditioning regimens, mostly  are greater than in related-donor transplantation. In addi-
incorporating fludarabine as a primary agent, because con- tion, the intensity of the reduced-intensity conditioning reg-

ventional allogeneic HSCT using a conditioning regimen imen influences transplantation-related toxicities and the
relapse rate, and the stem cell source (ie, peripheral blood
stem cells or bone marrow cells) influences engraftment [8].
Accordingly, several reduced-intensity conditioning proto-

Correspondence and reprint requests: Yoichi Takaue, National cols have been tested to address a variety of problems [8-
Cancer Center Hospital, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045. 17). In this study, we investigated the feasibility of
Japan; 81-3-3542-2511; fax: 81-3-3542-3815 (e-mail: bone marrow transplantation (BMT) from a serologically
ytakaue@ncc.go.jp). HLA-matched unrelated donor with a regimen containing
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4 Gy of total body irradiation (TBI), fludarabine (Flu), and
busulfan (BU).

2. Patients and Methods
2.1. Patients and Donors

The data for adult patients with hematologic malignancies
who underwent unrelated-donor BMT through the Japan
Marrow Donor Program between June 2002 and December
2003 at the National Cancer Center Hospital were analyzed
retrospectively. This protocol was approved by the Ethics
Committee, and written informed consent was obtained from
each patient. The patients who were enrolled in this study
were ineligible for conventional allogeneic HSCT because of
age (older than S0 years) and/or concomitant diseases or pre-
ceding intensive therapies, such as autologous HSCT or mul-
tiple chemotherapies. Donor-recipient pairs were selected on
the basis of serologic matching for HLA-A and HLA-B and
molecular matching for HLA-DRB1. HLA allele typing was
performed by intermediate-resolution polymerase chain
reaction (PCR) analysis. The stem cell source, which was
determined by the Japan Marrow Donor Program donor
center, was bone marrow in all cases.

2.2. Treatment Plan and Evaluations

The conditioning regimen consisted of 30 mg/m? Flu intra-
venously daily for 6 days (day -8 to day -3), 4 mg/kg BU
orally daily for 2 days (days -6 and -5, without BU dose
adjustment), and 4 Gy TBI without lung shielding (day -9 or
day -1, single dose or 2 divided doses). Non—T-cell-depleted
bone marrow was infused on day 0. The time of neutrophil
engraftment was defined as the first of 3 consecutive
days with an absolute neutrophil count >0.5 x 10%L, and the
time of platelet engraftment was defined as the first of 7
consecutive days with a platelet count 220 x 10%L without
transfusion support. Granulocyte colony-stimulating factor
(G-CSF) was administered at 300 pg/m? from day 6 and con-
tinued until neutrophil engraftment. The degree of donor
chimerism among peripheral blood mononucleated cells was
evaluated by PCR analysis of short tandem repeat polymor-
phisms with fluorescently labeled primers. Secondary graft
failure was defined as cytopenia with an absolute neutrophil
count <0.1 x 10°/L or decreasing chimerism not associated
with relapsing disease in patients who had recovered in the
early posttransplantation period.

GVHD prophylaxis consisted of cyclosporin A (CsA)
from day -1 (daily administration of 3 mg/kg by continuous
intravenous infusion or 6 mg/kg orally in 2 divided doses)
and methotrexate {10 mg/m? intravenously on day 1 and 7
mg/m? on days 3, 6, and 11). The CsA dosage was adjusted
according to the patient’s renal function and to maintain
therapeutic levels (250-350 ng/mL) with continuous infusion
or trough levels (150-250 ng/mL}) with oral administration. In
patients without GVHD, CsA was tapered from day 100 over
a 3- to 6-month period. Standard criteria were used to grade
acute and chronic GVHD [18,19]. Chronic GVHD was eval-
uated in patients who survived at least 100 days and was clas-
sified as limited or extensive. Patients who developed acute

GVHD 2grade II were treated with methylprednisolone at 1
to 2 mg/kg per day.

2.3. Supportive Care

Antimicrobial prophylaxis consisted of ciprofloxacin, flu-
conazole, acyclovir, and trimethoprim/sulfamethoxazole
according to our institutional protocol. All patients were
nursed in a room equipped with high-efficiency air filtration
of particulates. Monitoring for cytomegalovirus (CMV) anti-
genemia was performed once a week after neutrophil
engraftment by means of the horseradish peroxidase-C7
method. Patients positive for CMV antigenemia were started
preemptively on ganciclovir therapy.

2.4. Statistical Analysis

Overall survival was calculated from the time of trans-
plantation until death from any cause. Progression-free
survival was measured from transplantation until disease
progression or death from any cause. Nonrelapse death
was defined as death due to any cause other than relapse.
Survival curves for overall survival and progression-free
survival were estimated by the Kaplan-Meier method.

3. Results
3.1. Patients

The median age of the 17 patients was 55 years (range,
27-67 years; Table 1). The diagnoses were acute myeloid
leukemia (AML) (n = 7), myelodysplastic syndrome
(MDS) (n = 4), chronic myelogenous leukemia (n = 1), non-
Hodgkin’s lymphoma (n = 4), and multiple myeloma (n = 1).
Six patients were in remission at transplantation, and the
remaining 11 were not in remission. Three patients with
MDS or AML following MDS underwent unrelated-donor
BMT as a primary treatment. Seven donor-recipient pairs
were fully matched for HLA-A, HLA-B, and HLA-DRB1
at the allele level, 4 donor-recipient pairs had an allele-level
mismatch at the HLA-A locus, and 5 pairs had an allele-
level mismatch at the HLA-DRB1 locus. One patient was
mismatched with the donor at 3 HLA alleles.

3.2. Engraftment and Chimerism

The median number of infused nucleated cells was 2.7 X
10%kg (range, 0.65-5.5 x 10%/kg). All patients achieved neu-
trophil recovery, but 5 patients did not become independent
of platelet transfusion during their follow-up period
(Table 2). The median times until neutrophil and platelet
recoveries were 18 days (range, 14-35 days) and 26 days
(range, 15-112 days), respectively (Figure 1). Late graft fail-
ure was observed in 2 patients, one of whom had secondary
graft failure due to myelosuppression caused by ganciclovir
treatment for CMV colitis. In this patient, donor chimerism
was not assessed after day 30 when complete donor
chimerism was confirmed. In the other case, donor
chimerism decreased from 89% on day 30 to 33% on day 60,
despite the tapering of CsA from day 30. Chimerism was
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Table 1.
Patient and Disease Characteristics*
Time from HLA

Patient  Age, Dx to Allelic GVH HVG Contraindications to Pretransplantation

No. y/Sex  Disease Status HSCT, mo Mismatch Vector  Vector Conventional HSCT Comorbidities

1 55/F AML CR3 117 Age No

2 52/F AML Primary Ref 13 DRB1 1 1 Age + comorbidity Pneumonia

3 57/F AML Rel2 28 Age Atrial fibrillation

4 55/M MDS Primary Ref 3 Age Atrial fibrillation

5 57/M MDS CR1 8 Age No

6 59/M CML CP2 8 Age No

7 55/M PTCL PR 16 DRB1 1 1 Age Gastric ulcer

8 58/M AML Untreated 10 DRB1 1 1 Age Bronchial asthma,
FEV, 75%

9 59/M AML Untreated 33 DRB1 1 1 Age Bilirubin 1.5 mg/dL

10 52/M AML CR1 11 A 1 1 Age FEV; 67%

M 57/M MDS CR1 13 Age Prior gastric cancer

12 61/M AML CR2 58 A, both DRB1 3 3 Age No

13 67/F FL Primary Ref 58 A 1 1 Age + comorbidity Dyspnea requiring
oxygen

14 27/M DLBCL Rel3 38 A 1 0 Prior autologous HSCT ~ No

15 48/F MM Primary Ref 80 Comorbidity Ventricular septal
defect

16 52/F MDS Untreated 130 A 1 1 Age No

17 49/M FL Rel1 28 DRB1 1 1 Prior multiple No

chemotherapies

*Dx indicates diagnosis; HSCT, hematopoietic stem cell transplantation; GVH, graft-versus-host; HVG, host-versus-graft; AML, acute myeloid
feukemia; CR3, third complete remission; Ref, refractory; Rel2, second relapse; MDS, myelodysplastic syndrome; CML, chronic myelogenous
leukemia; CP2, second chronic phase; PTCL, peripheral T-cell lymphoma; PR, partial remission; FEV, forced expiratory volume in 1 second; FL, fol-
ficular lymphoma; DLBCL, diffuse large B-cell lymphoma; MM, multiple myeloma.

evaluated by analysis of short tandem repeats in 14 patients,
and complete donor chimerism was confirmed in 12 of these
patients. One patient who relapsed on day 32 had exhibited
54% donor chimerism on day 30. In the remaining 3 patients
who relapsed after transplantation, complete donor
chimerism had been achieved by day 30. In the patient who
relapsed on day 78, donor chimerism decreased from 100%
on day 30 to 64% on day 60. Mixed chimerism was not con-
firmed in the other 2 patients before disease progression or
relapse. The patients without graft failure or relapse did not
have mixed chimerism during their follow-up periods.

3.3. Regimen-Related Toxicities and Infections

Regimen-related toxicity was graded according to the
National Cancer Institute Common Toxicity Criteria,
version 2.0, and maximum toxicities are shown in Table 3.
Fifteen of the 17 patients had grade III oral/pharyngeal
mucositis that required morphine as an analgesic.
Reversible elevation (grades III-IV) in transaminase and
bilirubin levels occurred in 35% and 12% of the cases,
respectively. No veno-occlusive disease was observed. Four
patients developed transient grade III hyponatremia within
28 days after transplantation. Four patients developed tran-
sient pulmonary infiltration or congestive heart failure due
to hypercytokinemia at engraftment, and 2 of these patients
developed grade II acute GVHD after engraftment. No his-
tologic findings of acute GVHD were seen in the other 2
patients. One patient developed reversible paroxysmal

supraventricular tachycardia. One patient developed bloody
diarrhea and abdominal pain even after improvement of
acute GVHD of the skin, and we diagnosed intestinal
thrombotic microangiopathy from the results of a gut
biopsy. This patient was successfully managed by diminish-
ing immunosuppressive treatment. Four patients who had
blood cultures positive for bacterial infection ( Pseudomonas
aeruginosa, Acinetobacter Iwoffii, Corynebacterium sp, and
Staphylococcus sp) within 28 days after transplantation were
successfully treated with antibiotics. Invasive aspergillosis
was encountered in 2 patients (1 proven and 1 possible
case). In the proven case, the patient had bronchiolitis oblit-
erans, which was the ultimate cause of death. Of the 17
patients, CMV antigenemia was detected in 12 patients, 2 of
whom had CMYV colitis.

3.4. Graft-versus-Host Disease

Acute GVHD of grades II to IV was diagnosed in 8
patients (48%; 95% confidence interval [CI], 36%-59%); the
GVHD was grade II in 3 patients and grade IV in 5. The
median time to the onset of acute GVHD was 32 days
(range, 20-81 days) after transplantation (Figure 2A). Two of
4 patients who skipped methotrexate treatment on day 11
because of severe mucositis developed grade 1V acute
GVHD. Two of the 5 patients with grade IV acute GVHD
subsequently died. One of these patients had acute GVHD
after the withdrawal of CsA treatment at the time of
leukemia relapse, and the other patient had received bone
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Figure 1. Engraftment after unrelated-donor bone marrow transplan-
tation following reduced-intensity conditioning expressed as the cumu-
lative probability of a neutrophil count >0.5 X 10*/L. (A) and a platelet
count >20 X 10°/L (B). All patients achieved neutrophil recovery, but 5
patients did not achieve platelet recovery. The median times until neu-
trophil and platelet recoveries were 18 days (range, 14-35 days) and 26
days (15-112 days), respectively. Late graft failure was observed in 2
patients.

marrow from a donor with allele-level mismatches at 3 HLA
loci. Two patients with grade IV acute GVHD involving only
the skin were successfully treated with methylprednisolone.
Grade II acute GVHD involving only the skin was treated
solely with CsA in 2 patients (Table 2). In 7 patients without
relapse or secondary graft failure, CsA was tapered from a
median of day 120 (range, day 96-169). Only 2 of the 7
patients were able to discontinue CsA (at days 203 and 288).
Chronic GVHD was documented in all patients who

survived beyond day 100 (1 with limited GVHD, 9 with
extensive disease). There was no significant correlation
between HLA' disparity at the allele level and the incidence
of GVHD, although it was difficult to analyze the data statis-
tically because of the small number of patients in this study.

3.5. Survival and Causes of Death

The median follow-up period was 286 days (range, 56-687
days). Overall, 11 patients died, but 6 patients are currently
in remission (2 in remission and 4 not in remission at the time
of transplantation). The estimated 100-day and 1-year nonre-
lapse mortality rates were 14% (95% CI, 12%-17%) and
46% (95% Cl, 33%-57%), respectively (Figure 2B). Esti-
mated 1-year overall survival and progression-free survival
rates were both 41% (95% CI, 32%-51%; Figure 3). There
were 4 deaths due to recurrent or progressive disease at a
median time of 55 days (range, 32-93 days). The causes of the
7 treatment-related deaths included acute GVHD (n = 2),
secondary graft failure with sepsis (n = 1), interstitial pneu-
monitis (n = 1), organizing pneumonia (n = 1), bronchiolitis
obliterans (n = 1), and bronchiolitis obliterans with invasive
aspergillosis (n = 1).

4. Discussion

In our previous study in an unrelated-donor BMT set-
ting, 5 patients underwent conditioning with a combination
of Flu (30 mg/m? for 6 days) or cladribine (0.11 mg/kg for 6
days), BU (4 mg/kg for 2 days), and antithymocyte globulin
(2.5 mg/kg for 4 days) without TBI, but secondary graft
failure in 2 of these patients alerted us to a possible higher
risk of graft rejection when we used bone marrow instead of
peripheral blood cells as the stem cell source. In this study,
we demonstrated that the addition of 4 Gy of TBI to the
widely applied combination of Flu (30 mg/m? for 6 days) and
BU (4 mg/kg for 2 days) reduces the risk of graft failure and
enables the rapid achievement of full donor chimerism with-
out donor lymphocyte infusion (DLI) and that the regimen-
related toxicity was acceptable. Nevertheless, a relatively
high incidence of nonrelapse mortality was observed. We
lost 4 patients who developed extensive chronic GVHD and
subsequent pulmonary complications in the later phase,
more than 6 months after transplantation. Because many
patients develop extensive GVHD, we assume that the pul-
monary complications were primarily due to GVHD and
not the consequence of our reduced-intensity stem cell
transplantation (RIST) regimen incorporating 4 Gy of TBL
However, Deeg et al reported that more pulmonary compli-

Table 3.

Maximum Toxicities (N = 17)*

Grade Cardiac, n Mucositis, n Gl n Hepatic, n CNS, n Hyponatremia, n Pulmonary, n Renal, n
0 12 0 9 1 16 6 11 15

| 4 0 3 2 0 7 2 0

] 0 2 4 7 0 0 4] 2

i 1 15 1 5 1 4 4 0
v 0 0 0 2 0 0 0 0

*Gl indicates gastrointestinal tract; CNS, central nervous system.
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Figure 2. Cumulative incidence of acute GVHD (grades II-1V) (A)
and nonrelapse mortality (B) after unrelated bone marrow transplanta-
tion following reduced-intensity conditioning. Acute GVHD (grades I1-
1V) was diagnosed in 8 patients (48%) (grade I1 in 3 patients and grade
1V in 5) at a median of day 32 (range, day 20-81). The estimated 100-day
and I-year nonrelapse mortality rates were 14% and 46%, respectively.

cations developed in patients with aplastic anemia who
received 4 to 6 Gy of TBI in combination with cyclophos-
phamide/antithymocyte globulin for unrelated-donor BMT
than in patients who received 2 Gy TBI [20]. These investi-
gators recommended that a 2-Gy TBI dose is sufficient to
allow stable engraftment without increased toxicities, and
this proposal should be evaluated in future studies. On the
other hand, Maris et al described a nonmyeloablative condi-
tioning regimen consisting of 2 Gy TBI and Flu (90 mg/m?)
for unrelated-donor HSCT [8]. In their study, the use of
bone marrow rather than G-CSF-mobilized peripheral
blood cells as the source of hematopoietic stem cells led to
a lower engraftment rate (56% versus 85%), as well as lower
rates of overall survival (33% versus 57%) and progression-
free survival (17% versus 44%). Because bone marrow is
currently the only stem cell source available from volunteer
donors in Japan, we may need a more intensified regimen
than the combination of 2 Gy TBI and 90 mg/m? Flu.

In this study, the rates of acute GVHD of grades II to IV
and extensive chronic GVHD in patients who survived for
more than 100 days were 48% and 90%, respectively. Grade
IV acute GVHD was the primary cause of death in 2

11

patients. Moreover, the quality of life of patients who
develop extensive chronic GVHD rapidly deteriorates, par-
ticularly in elderly patients. Although CsA was tapered from
a median of day 120 in this series, it might be better to delay
the start of CsA tapering in elderly patients, who are associ-
ated with higher GVHD rates. Studies have incorporated in
vivo T-cell depletion through the addition of antithymocyte
globulin or alemtuzumab in order to reduce the risk of
GVHD [21-26]. In the study reported by Chakraverty et al,
severe GVHD following RIST from an unrelated donor was
decreased with in vivo use of alemtuzumab in the prepara-
tive regimen [23]. In their study, the rates of acute GVHD
(grades II to IV) and chronic GVHD were 21% and 8%,
respectively. The long half-life of alemtuzumab (15-21 days)
may disturb the induction of full donor chimerism, however.
If patients cannot achieve full donor chimerism, the usual
option is DLI, which carries a risk of GVHD [26]. Moreover,
lymphocytes for DLI are not always available for every
patient, particularly in unrelated-donor transplantation set-
tings. In this regard, we think that a regimen that routinely
involves DLI after transplantation cannot be considered a
universal strategy. In the present study, 2 patients who had
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Figlll'e 3. Kaplan-Meier actuarial probability of overall survival (OS)
(A) and progression-free survival (PFS) (B) after unrelated-donor bone
marrow transplantation following reduced-intensity conditioning. The
median follow-up was 286 days (range, 56-687 days). The 1-year OS and
PFS rates were both 41%. All 6 of the surviving patients (2 in remission
and 4 not in remission at transplantation) remain in remission.
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secondary graft failure did not receive DLI, because of grade
IV acute GVHD in 1 patient and a reduced performance sta-
tus in the other. Another approach to preventing severe
GVHD is the use of novel immunosuppressive regimens.
Several combinations of agents for GVHD prophylaxis,
including CsA/mycophenolate mofetil [8,14,16] and
tacrolimus/methotrexate [10,15,27], have been reported pre-
viously, and their value should be tested in prospective trials.

The induction of adequate antileukemic activity is
another primary concern with a RIST procedure, particularly
for patients with refractory diseases. de Lima et al reported a
promising regimen that consisted of once-daily intravenous
BU (130 mg/m? for 4 days) and Flu (40 mg/m? for 4 days) for
patients with AML or MDS [27]. Replacement of oral BU
with an infravenous preparation may result in an improved
toxicity/survival profile. In our series, 4 patients achieved
remission after RIST, although they were not in remission at
the time of transplantation. Hence, it is likely that the
antileukemic effect exerted by 4 Gy TBI in combination with
Flu and BU is valuable even for the immediate control of
leukemic blasts, although this possibility needs to be
confirmed in further studies. The use of DLI has allowed the
rescue of relapsed patients after allogeneic HSCT. In this
study, however, we did not give DLI to 4 patients with pro-
gressive or relapsed diseases after transplantation because
the relevance of the graft-versus-leukemia effect in rapidly
proliferating diseases was not fully established and 2 of the
patients had developed acute GVHD.

In conclusion, our regimen of 4 Gy TBI, Flu (180 mg/m?),
and BU (8 mg/kg) was effective in reducing the risk of graft
failure following unrelated-donor transplantation. We
confirmed, however, that a high incidence of nonrelapse
mortality, primarily due to GVHD and/or pulmonary com-
plications, still remains a major obstacle for the wider appli-
cation of this procedure to elderly or medically infirm
patients. Further studies to identify ways to ameliorate trans-
plantation-related toxicities are urgently required.
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CLINICAL TRANSPLANTATION

Tacrolimus as Prophylaxis for Acute Graft-Versus-Host
Disease in Reduced Intensity Cord Blood
Transplantation for Adult Patients With Advanced
Hematologic Diseases
Shigesaburo Miyakoshi,"® Masahiro Kami,? Tetsuya Tanimoto,” Takuhiro Yamaguchi,* Hiroto Narimatsu,'

Eiji Kusumi,' Tomoko Matsumura,? Shinsuke Takagi," Daisuke Kato," Yukiko Kishi," Naoko Murashige,”
Koichiro Yuji,' Naoyuki Uchida,’ Kazuhiro Masuoka," Atsushi Wake,' and Shuichi Taniguchi'

Background. Myeloablative cord blood transplantation (CBT) for adult patients offers a 90% chance of engraftment
with a 50% rate of transplant-related mortality, mostly atiributable to infection. We have demonstrated the feasibility
of reduced-intensity CBT (RI-CBT) for adult patients, in which cyclosporine was used for acute graft-versus-host
disease (GVHD) prophylaxis. Transplantation-related mortality (TRM) was 27% within 100 days. Therefore our
objective was to evaluate the feasibility of RI-CBT with tacrolimus as GVHD prophylaxis for adult patients with
hematologic malignancies.

Methods. Thirty-four patients with a median age of 56.5 years (range; 22-68) with hematologic diseases underwent
RI-CBT at Toranomon Hospital between November 2003 and September 2004. Preparative regimen comprised flu-
darabine 25 mg/m2 on days —7 to —3, melphalan 80 mg/m2 on day ~2, and 4 Gy total body irradiation on day —1.
GVHD prophylaxis was continuous intravenous infusion of tacrolimus 0.03 mg/kg, starting on day —1.

Results. Thirty-one patients achieved neutrophil engraftment at a median of day 20. Median infused total cell dose was
2.4X 10E7/kg (range; 1.6—4.8). Thirty-two patients achieved complete donor chimerism at day 60. Grade 11~V acute
GVHD occurred in 45% of patients, with a median onset of day 26. Primary disease recurred in five patients, and TRM
within 100 days was 12%. Estimated 1-year overall survival was 70%.

Conclusion. This study demonstrated the possible improvement in transplant-related mortality by tacrolimus as
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'

GVHD prophylaxis in adult RI-CBT recipien

ts.

Keywords: Tacrolimus, Acute graft-versus-host disease, Reduced intensity cord blood transplantation.

(Transplantation 2007;84: 316-322)

C ord blood transplantation (CBT) represents an attrac-
tive alternative for patients with hematologic diseases
who lack matched related or unrelated donors. The value of
CBT using myeloablative preparative regimens has been con-
firmed for pediatric and adult patients (1-5). Myeloablative
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CBT for adult patients offers a 90% chance of engraftment
with a 50% rate of transplant-related mortality, mostly attrib-
utable to infection (1-4, 6).

We and other groups have demonstrated the feasibility
of reduced-intensity CBT (RI-CBT) for adult patients, in
which cyclosporine was used for acute graft-versus-host dis-
ease (GVHD) prophylaxis (7, 8). Transplantation-related
mortality (TRM) was 27% within 100 days (7). Posttrans-
plant immune disorders including pre-engraftment immune
reactions (PIR) and acute GVHD were problematic in RI-
CBT for adult patients (7, 9). These reactions and/or addi-
tional immunosuppressive therapy might have increased the
risk of infection and/or organ dysfunction, leading to a high
TRM (10, 11).

We employed tacrolimus for acute GVHD prophylaxis
in place of cyclosporine from November 2003 in RI-CBT. It
might reduce the incidence and severity of PIR and acute
GVHD. We will summarize the results of RI-CBT using ta-
crolimus to investigate its safety and efficacy for acute GVHD
prophylaxis after RI-CBT.
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MATERIALS AND METHODS

Study Patients

The study population consisted of 34 adult patients with
hematologic disorders, who underwent a protocol of RI-CBT
with GVHD prophylaxis using tacrolimus alone at Toranomon
Hospital between November 2003 and September 2004. All of
the patients were incurable with conventional treatments and
were considered inappropriate for conventional allogeneic
stem-cell transplantation (allo-SCT) due to the lack of an human
leukocyte antigen (HLA)-identical sibling or a suitable unrelated
donor, age >50 years old, and/or organ dysfunction. Patients
with no suitable HLA-matched related donor were eligible for
this protocol if a matched unrelated bone marrow donor was
unavailable as a first treatment option. If there was insufficient
time for an unrelated bone marrow donor search due to rapidly
progressive disease or if the preliminary search indicated a low
possibility of obtaining a matched unrelated bone marrow do-
nor, we attempted to locate cord blood grafts. Patients who re-
ceived RI-CBT as second allo-SCT were excluded from this
study. The clinical protocol was approved by the Institutional
Review Board of Toranomon Hospital, and written informed
consent was obtained from all patients in accordance with the
Declaration of Helsinki.

HLA Typing and Donor Matching

HLA-A and HLA-B antigens were determined by
serologic typing. HLA-DRBI alleles were identified by
high-resolution molecular typing using polymerase chain
reaction method (PCR) with sequence-specific primers
(SSP). All cord blood grafts were evaluated by HLA-A,
HLA-B, and HLA-DRBI typing and nucleated cell counts.
Preferred cord blood units were those matched to 4 or 6 of
6 HLA loci and contained at least a cell count of 2X10E7
nucleated cells/kg of recipient body weight before freezing.
All cord blood units came from cord blood bank in the
Japan Cord Blood Bank Network (12).

Preparative Regimen and GVHD Prophylaxis

Preparative regimen comprised fludarabine 25 mg/m”
on days 7 to -3, melphalan 80 mg/m? on day -2, and 4 Gy
total body irradiation (TBI) in two fractions on day -1 (7).
GVHD prophylaxis was continuous intravenous infusion of
tacrolimus 0.03 mg/kg, starting on day —1. Once oral intake
could be tolerated, patients were administered oral tacroli-
mus at a dose ratio of 1:2-3, in two divided doses based on the
latest intravenous dose. In the absence of GVHD, it was ta-
pered from day 100 until day 150. Tacrolimus was reduced
when serum creatinine levels were elevated above 1.5 times
baseline or other serious adverse effects occurred. If grade
-1V acute GVHD developed, methylprednisolone at a dose
of 1 to 2 mg/kg was added to tacrolimus.

Supportive Cares

All of the patients were managed in reverse isolation in
laminar airflow-equipped rooms and received trimethoprim/
sulfamethoxazole for Pneumocystis carinii prophylaxis. Fluoro-
quinolone and fluconazole were administered for prophylaxis of
bacterial and fungal infections, respectively. Prophylaxis of her-
pes virus infection with acyclovir was also given. Neutropenic
fever was managed according to the guidelines (13). Cytomega-
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lovirus (CMV) pp65 antigenemia was monitored once a week. If
positive results were identified, preemptive therapy with foscar-
net was initiated. Hemoglobin and platelet counts were main-
tained at >7 g/dL and 10X10E9/L, respectively, with in-line
filtered and irradiated blood transfusions. All the patients re-
ceived granulocyte colony stimulating factor (G-CSF) at a dose
of 5 ug/kg intravenously, starting on day 1 until durable neutro-
phil recovery was achieved.

Assessment of Engraftment, GVHD,
Regimen-Related Toxicity (RRT) and Survival

Engraftment was defined as the first of two consecutive
days in which white blood cell counts >1.0X10E9/L or the
absolute neutrophil counts (ANC) >0.5X10E9/L. The date
of platelet recovery was defined as the first of seven consecu-
tive days during which the nontransfused platelet count was
at least 20 X 10E9/1..

Chimerism was assessed using fluorescent in situ hy-
bridization in sex-mismatched donor-recipient pairs. In
sex-matched pairs, PCR for variable number of tandem
repeats was used with donor cells detected at a sensitivity of
10% (14). Whole blood and CD3-positive cell chimerism
was assessed at the time of granulocyte engraftment. When
engraftment was delayed, chimerism was assessed at least
once during life.

Primary graft failure was defined as peripheral cyto-
penia and marrow hypoplasia occurring later than day 60,
without detection of donor markers by cytogenetic and/or
molecular techniques (15). Late graft failure was defined
among the patients who attained neutrophil engraftment
as a decline of ANC to less than 0.5X10E9/L for at least
seven consecutive days with evidence of severe hypocellu-
larity of bone marrow confirmed by histopathological ex-
amination. PIR was diagnosed as reported previously (9).
When febrile patients (body temperature =38 °C) with no
evidence of infection or adverse effects of medication
exhibited skin eruption, diarrhea, jaundice (serum total
bilirubin >2.0 mg/dL) or body weight gain >10% of base-
line, these changes were defined as immune reactions. Im-
mune reactions developing =6 days before engraftment
were defined as PIR. Acute and chronic GVHD were diag-
nosed and graded according to standard criteria (16, 17).
GVHD was clinically diagnosed in combination with skin
or gut biopsies after engraftment or attainment of 100%
donor chimerism. All the patients who had evidence of
donor cell engraftment were considered to be evaluable for
acute GVHD. Response to corticosteroid was evaluated ac-
cording to the report by Martin et al. (18). Chronic GVHD
was evaluated in patients who survived without relapse or
disease progression for at least 100 days after transplanta-
tion. Patients with hematologic malignancies in complete
remission (CR) at the time of transplant, in chronic phase
of chronic myelogenous leukemia (CML), with refractory
anemia (RA), or refractory anemia with ringed sider-
oblasts (RARS) of myelodysplastic syndrome (MDS) and
with nonmalignant disease were defined as being at stan-
dard risk. The other patients were defined as being at
high risk. Chemotherapy resistance was defined as relapse
after initial cytotoxic chemotherapy or failure to achieve
remission.

Overall survival (OS) was applied to all the patients and
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measured from the date of transplantation (day 0) to the date
of death from any cause. Event-free survival (EFS) was eval-
uated in patients who survived in remission for at least 30
days after transplantation and measured from the date of
transplantation to the date of relapse or death. Patients who
have never achieved CR after transplant were considered to
have had a recurrence on day 0. Surviving patients were
censored at the time of the last follow-up. RRT was defined
as any nonhematologic organ dysfunction from day 0 to
day 28 and was graded according to the Bearman’s criteria
(19). Toxicities of foscarnet were evaluated using the Com-
mon Terminology Criteria for Adverse Events version 3.0
(20). TRM was defined as death without the primary dis-
ease progression.

Endpoints and Statistical Analysis

Data were analyzed as of December 2005. The primary
end point of this study was to evaluate the feasibility of
GVHD prophylaxis using tacrolimus in the setting of RI-
CBT. The secondary end points were to assess the incidences
of RRT, acute and chronic GVHD, infections, EFS and OS.
Cumulative incidences were estimated for engraftment,
achievement of donor chimerism, acute GVHD and cyto-
megalovirus reactivation to take account of a competing
event (e.g., death) (21). Gray’s test was used to compare dif-
ferent cumulative incidence curves (21). The probabilities of
EFS and OS were estimated from the time of transplantation,
according to the Kaplan-Meier product limit method. Log-
rank test was used to compare these two outcomes. The fol-
lowing patient or transplant characteristics (baseline factors)
were analyzed using a Cox regression model for their prog-
nostic value on EFS and OS: patient age, sex, performance
status, disease risk, previous history of autologous stem-cell
transplantation (yes/no), disparity of HLA-A, -B, -DR anti-
gen (one/two antigen mismatched), number of infused nu-
clear cells and number of CD34-positive cell dose. Stat View
5.0, Statistical Analysis System (SAS; SAS Institute Inc., Cary,
NC) and S Plus 2000 (Mathsoft, Seattle, WA) were used for all
statistical analyses.

RESULTS

Characteristics of the Study Patients

Patient characteristics and cord blood grafts are sum-
marized in Table 1. Median age was 56.5 years (range, 22-68),
and median weight was 57 kg (range, 4075 kg). Twenty-two
patients were refractory to cytotoxic chemotherapies. An-
other nine patients had chemosensitive diseases including
acute myeloid leukemia (AML) in second CR (n=4), CML in
second chronic phase (n=2), adult T-cell leukemia in partial
remission (n=2), and malignant lymphoma in second CR
(n=1). Two patients who had AML with prior MDS (n=1)
had not received pretransplantation chemotherapy. The re-
maining patient had transfusion-dependent severe aplastic
anemia.

Engraftment

Thirty-one patients achieved neutrophil engraft-
ment at a median of day 20 (range, 12-33). Platelet en-
graftment was achieved in 27 patients, at a median of day
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TABLE 1. Patient characteristics
Variables N or median (range)
Total patients 34
Sex (male/female)
Male 11
Female 23
Age, median years (range) 56.5 (22-68)
Weight, mean kg (range) 57 (40-~75)
Underlying diseases (n )
Acute myeloid leukemia 13%¢
Myelodysplastic syndrome 304
Acute lymphoblastic leukemia 3¢/
Adult T-cell leukemia 68
Chronic myeloid leukemia 3t
Malignant lymphoma 5
Severe aplastic anemia 1
Risk of underlying diseases
High 26
Low 8
Previous history of autologous
stem-cell transplantation
Yes 2
No 32
HLA mismatches
One 40
Two 30
Number of infused nuclear cells/kg, 2.4 (1.6-4.8)

median (range)

Patients with hematologic malignancies in complete remission at the
time of transplant, in chronic phase of chronic myelogenous leukemia, with
refractory anemia or refractory anemia with ringed sideroblasts of myelodys-
plastic syndrome, and with nonmalignant diseases were defined as being at
standard risk. The other patients were defined as being at high risk.

“ Three patients were in the second complete remission. The primary
diseases were refractory to chemotherapy in 8 patients. The remaining 2
patients had not received prior chemotherapy.

" Data of Chromosomal abnormalities were available in 10 patients.
Those revealed normal karyotype (n=8) and complex karyotype (n=2).

¢ The primary diseases were refractory to chemotherapy in 2 patients, The
remaining 1 patient had not received prior chemotherapy.

4 Data of chromosomal abnormality was available in 1 patient. It revealed
47XY, +21 [1], 46XY [29].

¢ The primary diseases were refractory to chemotherapy in all the 3
patients.

T Chromosomal abnormalities revealst (9;22) (q34;q11) and 45X, - Y [4],
69, XXY (1], 46, XY [14] (n=1).

# The primary diseases were refractory to chemotherapy in 5 patients.
The remaining 1 patient received retransplantation due to graft failure of
reduced-intensity cord blood transplantation.

The disease status of those patients were the second chronic phase
(n=1), accelerated phase (n=1), and blast crisis (n=1).

" One patient was in complete remission. The primary diseases were
refractory to chemotherapy in the remaining 4 patients.

38 (range, 24-216). All of the three patients without pri-
mary engraftment died at a median of day 26 (range, 20—
34) due to sepsis (n=2) and intracranial hemorrhage
(n=1). Neither primary nor late graft failure was diag-
nosed in any of the 34 patients.
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TABLE 2. Prognostic factors of neutrophil engraftment
and 100% donor chimerism
N Percent (95% CI) P value
Neutrophil engraftment
Variable
Total cell dose 0.010
=3X10E7/kg 7 100 (68-100)
<3X10E7/kg 27 89 (69-100)
HLA disparities 0.0097
HLA 5/6 match 4 100 (64-100)
HAL 4/6 match 30 90 (71-100)
100% donor chimerism
Total cell dose 0.25
=3X10E7/kg 7 100 (68-100)
<3X10E7/kg 27 93 (72-100)
HLA disparities 0.96
HLA 5/6 match 4 100 (64-100)
HAL 4/6 match 30 93 (75-100)
TABLE 3. Regimen-related toxicity according to
Bearman’s criteria
Grade 0 I 11 I v
Central nervous system 32 0 1 0 1
Lung 33 0 0 1 0
Kidney 28 47 2¢ 0 0
Liver 22 10 2b 0 0
Heart 34 0 0 0 0
Gut 10 19 5 0 0

“ Median serum creatinine level: 1.2 mg/dL (range, 0.9-1.8).

» Median serum aspartate aminotransferase and alanine aminotransfer-
ase levels of those patients were 29 IV/L (range 18-274) and 24 IV/L (range
12-593), respectively.
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Chimerism Analysis

Chimerism data were obtained from all the 34 patients.
Thirty-two patients (94%) achieved complete donor chimer-
ism at day 60. Median time to complete donor chimerism was
22 days (range, 13-38). One patient who died of TRM within
28 days of RI-CBT had complete donor chimerism before
neutrophil engraftment, All the surviving patients were mon-
itored for chimerism every 3 months, showing complete
donor chimerism during the follow-up even after the discon-
tinuation of immunosuppressants.

No significant association was identified between com-
plete donor chimerism and either infused cell dose or HLA
disparity (Table 2).

Cause of Death

Nine patients died during follow-up. Four patients died
due to TRM at a median day of 30 (range, 20—46). The re-
maining five patients died due to the primary disease progres-
sion at a median of day 171 (range, 103-203).

Regimen-Related Toxicity and
Transplantation-Related Moxrtality

RRT was shown in Table 3 Grade III-1V RRT devel-
oped in two patients. One patient developed fatal intracra-
nial hemorrhage on day 26. TRM within 100 days of RI-CBT
was 12% (95% confidence interval [CI], 1-23%). Primary
causes of death were sepsis (n=2), encephalitis (n=1), and
intracranial hemorrhage (n=1). Three patients developed
creatinine level abnormality associated with tacrolimus:
grade 1 in one, grade 2 in one, and grade 3 in one patient.
Those patients required dose modifications of tacrolimus for
toxicities. No patients developed tacrolimus-associated hy-
pertension, diabetes, neurotoxicity, or microangiopathy.

Pre-Engraftment Immune Reactions

Fifteen of the 34 patients (44%; 95% CI, 27-61%) de-
veloped PIR. PIR was treated supportively without cortico-
steroid in all the patients.
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FIGURE 1. (A)Cumulativeincidence 3 O
of grade II-IV acute GVHD. Fourteen of R
31 patients (45%; 95% CI, 28%-63%) 0-%
who achieved primary engraftment
developed grade II-IV acute GVHD. 0.0l
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GVHD.
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