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Prospective phase Il trial to evaluate the complications and kinetics of
chimerism induction following allogeneic hematopoietic stem cell
transplantation with fludarabine and busulfan
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This prospective trial assessed the safety and efficacy of allogeneic hematopoietic stem cell transplantation
from a HLA-matched donor with a reduced-intensity regimen (RIST) consisting of iv fiudarabine 30 mg/m?
for 6 days and oral busulfan 4 mg/kg/day for 2 days in patients older than 50 years with hematological
malignancies. Cyclosporine alone or cyclosporine with short-term methotrexate was randomized for graft-
versus-host disease prophylaxis. After 30 patients had been enrolled, an interim analysis was performed,
and this report focuses on a precise evaluation of the toxicity profile and chimerism kinetics. Sustained
engraftment in all patients, no severe regimen-related toxicity (RRT) within 20 days, and no transplant-
related mortality through Day 100 were observed. T-cell (CD3+) fulkdonor (over 90%) chimerism was
observed in 22 of the 30 patients, while the remaining eight had mixed-donor chimerism over 77% on Day
90. Thereafter, five subsequently converted to full-donor chimerism without donor lymphocyte infusion by
day 120 (n = 4) or Day 180 (n = 1). Two showed persistent mixed chimerism without relapse through Day
180. Grade HI-IV acute graft-versus-host disease and extensive chronic graft-versus-host disease occurred
in 10% and 73%, respectively. With a median follow-up of 1.5 years, overall survival and disease-free sur-
vival at 1 year was 83% and 62%, respectively. Seven patients hematologically relapsed overall, and five of
them had myelodysplastic syndrome with poor prognostic factors. In older patients, RIST with fludarabine
and busulfan was associated with acceptable toxicities and a satisfactory antileukemia effect, regardless of

the early chimerism status. Am. J. Hematol. 00:000-000, 2007.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a potentially curative treatment of choice for hematological
malignancies. However, many centers limit HSCT to younger
patients because of the threat of a higher risk of treatment-
related toxicities including graft-versus-host disease (GvHD),
nonrelapse mortality, and lower disease-free survival (DFS)
in the older population, although the median age of onset of
chronic myeloid leukemia (CML) is in the sixth decade of life,
and the peak incidence of acute myeloid leukemia (AML)
and myelodysplastic syndrome (MDS) is in the seventh
decade. To overcome this obstacle, allogeneic HSCT with a
reduced-intensity (RIST) or nonmyeloablative conditioning
regimen has recently been explored for patients who are
ineligible to receive conventional myeloablative HSCT
(CIST) due to age limits or comorbidities. Many studies sug-
gested that RIST is a reasonable option for older patients or
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patients with comobidities with acceptable treatment-related
complications or morbidity, while preserving adequate anti-
tumor effects [1-12). However, these studies mostly pursued
different variables including disease types, stages [1,4-6,
8,12], donor type [1,2,5,10], graft source [1,2], conditioning
regimens [4,5,7,9], and/or GvHD prophylaxis [1,4,9]. This
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TABLE |. Patient and Donor Characteristics

IPSS/cytogenetic Blood type
UPN Patient age/sex Donor age/sex Stage and diagnosis risk in MDS patients CD34+ cells (10°) patient/donor
1 60/M 46/F MDS (RA) Intermediate-2/Poor 3.92 A/A
2 61/M 54/F MDS (RAEB) Intermediate-2/Poor 5.84 0/0
3 67/M 60/F AML (M4) in 2CR 2.74 B/O
4 60/M 55/F AML (M2) in 2CR 4.58 B/B
5 63/M 60/M CML in 2CP 12.59 0/0
6 54/M 59/F MDS (RAEB) High/intermediate 54 O/A
7 52/M 55/F AML (M2) in 1CR 6.77 AA
8 61/M 54/M AML (M1) in 1CR 3.29 B/A
9 58/F 64/F CML in 1CP 29 A/AB
10 64/F 59/F ALL (L2) in 1CR 5.54 A/A
11 55/M 44/M AML (M1) in 1CR 3.13 AA
12 55/F 51/F CML in 1CP 4.94 A/O
13 52/F 42/M AML (M4) in 1CR 3.59 A/A
14 59/M 64/M MDS (RAEB) Intermediate-2/intermediate 3.58 A/AB
15 59/M 56/M MDS (RA) Intermediate-1/Good 3.58 AB/A
16 53/F 55/F MDS (RA) Intermediate-2/Poor 2.2 0/0
17 55/F 68/M AML (M3) in 2CR 2.63 A/A
18 54/M 50/M MDS (RA) Intermediate-1/Poor 3.74 O/B
19 51/M 44/F AML (M1) in 1CR 4.86 AB/A
20 64/F 66/M CML in 2CP 3.59 O/A
21 68/F 64/M MDS (RAEB) Intermediate-t/Good 3.56 B/B
22 53/M 44/M MDS (RAEB) High/intermediate 7.2 B/B
23 60/F 53/M AML (M2) in 1CR 2.83 A/B
24 59/M 62/M AML (M4) in 2CR 547 A/O
25 51/F 47/F MDS (RAEB) Intermediate-2/Poor 5.93 A/A
26 59/M 62/F MDS (RA) Intermediate-2/Poor 4.02 B/O
27 59/M 48/M AML (M2) in 2CR 4.94 B/A
28 56/M 62/F MDS (RAEB-t) High/Good 4.38 AB/A
29 53/F 62/F AML (M2) in 1CR 3.06 0/0
30 S4/F 63/M AML (M2) in 1CR 6.47 A/O

M, male; F, female; MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; ALL, acute lymphoblastic leu-
kemia; RA, refractory anemia; RAEB, refractory anemia with excess blasts; RAEB-, refractory anemia with excess blasts in transformation; CR,
complete remission; CP, chronic phase. All donors were HLA-matched siblings.

makes overall interpretation of studies difficult. Additionally,
there has been no study to prospectively assess whether
RIST consisting of 180 mg fludarabine plus 8 mg/kg busultan
without antithymocyte globulin actually produces less signifi-
cant organ toxicities and treatment-related toxicities in an
older patient population. Information regarding the impact of
the speed and degree of lineage-specific donor chimerism
on clinical outcomes after RIST in older patients has been
limited [3,8,13-17). Moreover, even studies evaluated with
more homogeneous patient population, type of GvHD pro-
phylaxis and/or tempo of withdrawal of immunosuppressive
agents varied depending on transplant centers and a feasi
ble prophylaxis regimen for acute GvHD has not been well
evaluated in RIST, which is considered to require a sophisti-
cated balance between GvHD and a graft-versus-leukemia
(GvL) effect.

To address these points, we conducted a prospective
randomized clinical trial to evaluate the safety and efficacy
of RIST with fludarabine and oral busulfan in patients aged
over 50 years and with appropriate GvHD prophylaxis. In
this report, the resuits of an interim analysis, including clini-
cal outcomes, complications, and chimerism kinetics, were
compared with those previously published in the literature.

Patients and Methods

Patient eligibility and accrual
Eligible patients ranged in age from 50 to 69 years (median 58.5,
range 51-68 years) and had a hematological malignancy, including

AML or acute lymphoblastic leukemia (ALL) in 1st or 2nd complete
remission (CR), CML in 1st or 2nd chronic phase (CP), and MDS. They
were required to have an HLA-identical related donor. The study protocol
was reviewed and approved by the institutional review boards of the partic-
ipating transplantation centers (Appendix). Eligible patients and their
donors gave written informed consent before enroliment. The enroliment
criteria included a performance status (PS) of the Eastern Cooperative
Oncology Group (ECOG) of less than two, a serum creatinine concentra-
tion of less than 2.0 mg/dl, a cardiac ejection fraction of more than 50%,
arterial oxygen saturation without supplemental oxygen of more than
93%, liver function tests less than fourfold the upper limit of normal, total
bilirubin less than 2.0 mg/d), no active infection, and no previous allergy for
drugs used for conditioning or GvHD prophylaxis. Donors were required to
have a normal physical examination, and normal values in the serum
chemistry and blood counts, and negative results of serologic testing for
human immunodeficiency virus and hepatitis B. The patient and doner
characteristics are shown in Table |. Those with AML/ALL in 1st CR, CML
in 1st CP, or MDS in refractory anemia were defined as low risk, and the
others were defined as high risk. All 12 patients with MDS except one
(UPN 22) were transfusion dependent, and all those were grouped
according to the International Prognostic Scoring System (IPSS) into in-
termediate or high risk at the time of transplantation: Intermediate-1, n =
3; intermediate-2, n = 6; high risk, n = 3. By IPSS criteria, 3 patients had
good-risk, 3 had intermediate-risk, and 6 had poor-risk cytogenetics.

Donor selection and blood stem cell harvest

Related donors were selected based on compatibility of HLA-A, B
and DRB1 by intermediate- or high-resolution DNA typing. After G-CSF
treatment, apheresis procedures were performed daily until at least 2.0
x 10° CD34+ cells per kilogram of the recipient's body weight, up to
three times, and all of the collected cells were cryopreserved until stem
cell infusion.
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Figure 1. Treatment schedule. CyA; cyclosporine, MTX; methotrexate. *1: When acute GvHD was not observed, CyA
was tapered by 10% a week starting at Day 28, and was eliminated by Day 100. When mixed chimerism was seen with-
out active acute GvHD over Day 60, CyA was tapered and discontinued within 2 weeks. Patients who did not convert to
complete chimerism after CyA withdrawal received donor lymphocyte infusion.

Treatment schedule

The treatment schedule is shown in Fig. 1. The conditioning regimen
consisted of fludarabine (30 mg/m?/day) infused over 30 min once a
day on Days 8, 7, 6, 5, 4, and 3, and oral busulfan (4 mg/kg/day) on
Days 6 and 5. To prevent seizures, the patients received oral valproate
sodium, at a dose of 600 mg divided into 3 doses 2 days before busul-
fan administration, and this was continued until 24 hr after the last
dose of busulfan.

Patients were randomized to receive either cyclosporine (CyA) alone
or CyA plus short-term methotrexate (MTX) for GvHD prophylaxis.
Randomization was performed by stratifying according to disease
(AML, ALL, CML or MDS), transplant center, age (less than 60 years
or more than or equal to 60 years), and sex (male or female). All
patients received 3 mg/kg/day CyA by continuous iv infusion daily from
Day 1 to maintain a therapeutic trough level of 250-400 ng/ml, and
thereafter orally in an attempt to maintain a therapeutic trough level of
150-250 ng/ml. The patients who were assigned to CyA plus short-
term MTX received a dose of 10 mg/m® iv MTX on Day +1, and 7 mg/
m? on Days +3 and +6 after stem cell infusion. CyA was tapered start-
ing at Day 28 in the absence of acute GvHD and was discontinued by
Day 100 after transplantation. When a patient did not achieve complete
donor chimerism by Day 60, CyA was tapered rapidly and discontinued
within 2 weeks if clinically feasible, since anti-leukemic effect was pre-
sumed to occur after development of complete donor chimerism [14].
Cases of Grade II-IV acute GvHD were treated with 2 mg/kg/day of
methylprednisolone in addition to CyA.

Supportive care

The following infection prophylaxis was recommended: prophylactic
antibiotics (fluoroguinolones) were given during cytopenia, fluconazole
(200 mg/day) was given at the start of conditioning and continued until
the discontinuation of immunosuppressant, and oral acyclovir (1,000
mg/day) or iv acyclovir (750 mg/day) was given for prophylaxis of her-
pes simplex virus (HSV) and varicella zoster virus (VZV) from Day —7
to Day 35. Prophylaxis against Pneumocystis carinii was consisted of
trimethoprim-sulfamethoxazole after neutrophil engraftment (>0.5 x
10° L") and was continued until the discontinuation of immunosup-
pressant. During the first 100 days after transplantation, cytomegalovi-
rus antigenemia assay with HRP-C7 or C10/C11 monoclonal antibody
was performed weekly after neutrophil engraftment until Day 100 after
transplantation. Pre-emptive therapy with ganciclovir was recom-
mended upon the detection of positive antigenemia and was continued
until it became negative. Patients were treated with G-CSF from Day
+6 to neutrophil engraftment.

Chimerism analysis

Hematopoietic chimerism was evaluated with regard to peripheral T
cell (CD3+) fraction by an analysis of DNA microsatellite polymor-
phisms by polymerase chain reaction (PCR) with D18S51, D20S471,
and D225684 fluorescence-labeled primers, which identified differences
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between patient and donor (on the basis of polymorphisms found in
pretransplant patient/donor samples) using an BECKMAN COULTER
CEQ8000 GENETIC ANALYSIS SYSTEM. T cell (CD3+) chimerism
studies post HSCT were performed on Days 30, 60, 90, 120, and there-
after every other month through 1 year.

Assessment of response

Day 0 was defined as the day of stem cell infusion day. The day of
neutrophil engraftment was defined as the first of two consecutive days
on which the patient's absolute neutrophil count was above 0.5 x 10°
L~'. The day of platelet engraftment was defined as the first of seven
consecutive days on which the platelet count was above 20 x 10° L'
without platelet transfusion.

Regimen-related toxicity (RRT) was graded using the Seattle criteria
[18] on the day before the initiation of conditioning regimens and at
least 3 days a week until Day 20 after transplantation. All other
observed adverse events were graded according to the National Can-
cer Institute Common Toxicity Criteria version 2.0 (NCI-CTC ver. 2.0)
until Day 100 after transplantation. Infectious diseases were diagnosed
based on any positive blood culture or histologic evidence of tissue
invasion.

To evaluate the general condition of patients associated with the tox-
icity profile, PS, and dietary oral intake were also reported at least
three times a week during the initial hospitalization and once a week
afterwards up to Day 100 post-transplant.

The diagnosis and grading of acute and chronic GvHD was made
based on the date of onset (within or beyond 100 days) and clinical
findings in conjunction with biopsy of the skin and digestive tract using
the published criteria [19,20]. Patients who survived 100 days or longer
were evaluable for the assessment of chronic GvHD.

Pharmacokinetic studies of fludarabine
phosphate and busulfan

Blood sampling for pharmacokinetic studies was done on Day -5 to
investigate the effect of concomitant busulfan administration on the
pharmacokinetics of 2-fluoro-ara A (2F-ara-A), which is the major
metabolite of fludarabine phosphate. Blood samples for determining the
2F-ara-A plasma level were collected at 0, 0.5, 1, 2, 5, and 23.5 hr af-
ter the 4th infusion of fludarabine. We also obtained blood samples for
determining the busulfan plasma level at 0, 0.5, 1, 1.5, 2, 3, and 6 hr
after the sixth administration of busulfan (1 mg/kg/dose for 8 times).
Blood samples were taken in tubes containing heparin and erythro-9-
(2-hydroxy-3-nonyl)adenine. Plasma was obtained by centrifugation,
and then transported to the laboratory and were stored at —20°C until
analysis. Plasma levels of 2F-ara-A and busulfan were determined
using high-performance liquid chromatography with fluorescence and
UV detection, respectively. The accuracy and precision of the assays
for 2F-ara-A and busulfan were confirmed by measuring QC samples
of both before this study. The maximum concentration of drug in
plasma after drug administration (Cmax, Cpead and the time to reach



the maximum concentration following drug administration (Tm,,) were
observed. The area under the plasma concentration-versus-time curve
(AUC) for 2F-ara-A or busulfan was calculated by dividing the adminis-
tered dose by the final plasma clearance estimate, whereas the plasma
clearance was determined by modeling all plasma concentration versus
time data. Terminal halfdives (T,) were calculated from the primary
parameters.

Statistical analysis

The primary endpoint of this study was to determine the percentage
of patients who were alive at 100 days after transplantation with com-
plete donor chimerism (over 90%) achieved by Day 90. Secondary end-
points included the time to engraftment of neutrophils and platelets, the
incidence and severity of RRT, the incidence and severity of acute and
chronic GvHD, the anti-leukemia effect, DFS, and overall survival (OS).
A descriptive statistical analysis was performed to assess patient base-
line characteristics and disease. Time to engraftment, complete chimer-
ism, acute or chronic GvHD, OS, and DFS were calculated using the
Kaplan—Meier method. OS was defined as the time between stem cell
infusion to death from any cause. DFS was defined as the time
between stem cell infusion to relapse and death from any cause,
whichever occurred first. After 30 patients had been enrolied in the
study, a data and safety monitoring committee undertook an interim
analysis. This analysis, completed in October 2004, included data for
the primary endpoint, i.e. survival at Day 100 and chimerism status at
Day 90, and data on acute and chronic GvHD, survival, chimerism sta-
tus, and anti-tumor effect through Day 180. Neither of the predefined
criteria for stopping the study was met; however, a review of available
safety data including incidence and severity of RRT and Day 100 mor-
tality indicated that this conditioning regimen was adequately safe for
older patients. According to the recommendation of the committee, we
decided to continue the study and published an interim report when 30
patients were enrolled and evaluated without comparing the two differ-
ent GvHD prophylaxis procedures. This report includes data on these
30 patients with all available follow-up data through December 2005,
and does not include the results of a comparison of the two different
GvHD prophylaxis procedures.

Results

Engraftment and chimerism analysis

The results are summarized in Table Il. One and four
patients were not evaluated for neutrophil and platelet
engraftment, respectively, because they did not show a na-
dir. The remaining patients achieved sustained engraftment
and none experienced graft failure. The median number of
days to achieve a neutrophil count > 0.5 x 10° L~ was 13
(range, 10-25 days), and this was 18 (range, 11-24 days)
for a platelet count > 20 x 10° L' without transfusion.
Full-donor (over 90%) T-cell (CD3+) chimerism was
observed in 2 and 9 of the 30 patients on Day 30 and Day
60, respectively (median [range], Day 30:71 [40 to >90] %,
day 60:81 [41 to >90] %). Twenty-two patients achieved
full-donor chimerism, while the remaining eight patients had
mixed chimerism ranging from 78% to 88% on Day 90.
Among those with mixed chimerism on Day 90, five subse-
quently converted to full-donor chimerism without early CyA
withdrawal because of the severe acute GvHD (n = 2:
UPN 1 and 15) and/or donor lymphocyte infusion (DLI) by
day 120 (n = 4) or day 180 (n = 1). One achieved full-do-
nor chimerism on Day 120 after DLI since the patient did
not respond to the discontinuation of immunosuppressive
drugs, and two had persistent mixed chimerism without
relapse through 180 days after transplantation (71% and
75% donor-type chimerism on Day 180). The diagnoses of
two patients with persistent mixed chimerism through Day
180 were CML and MDS, and they had not received pro-
ceeding cytotoxic chemotherapy; the patient with CML
(UPN 12) received immunomodulators, imatinib mesylate
and hydroxyurea, and the patient with MDS (UPN 21)
received low-dose cytarabine and aclarubicin in combina-
tion with granulocyte colony stimulating factor before RIST.

Regimen-related toxicities, complications,
and general condition

The frequencies of Grade I-IV organ toxicities within 20
days after transplantation are listed in Table Ill. Although
non-fatal toxicities including Grade I/ll were seen in all 30
patients, all of the observed episodes were reversible and
in no case required suspension of fludarabine. Stomatitis
was the most frequently observed organ toxicity (57%, 17/
30), with 47% of them (8/17) had Grade Hl events. None of
the patients experienced veno-occlusive disease of the liver
(VOD). Twenty patients had at least one episode of infec-
tious complications within the first 100 days, with a total of
44 documented episodes (median, 2; range, 1-7 episodes)
within the first 100 days after transplantation. These
included proven bacterial infection (1 episode), suspected
bacterial infection (1), suspected fungal infection (2), cyto-
megalovirus antigenemia (6), HSV infection (1), suspected
viral infection (1), and uncertain causes (33). All infectious
complications were recovered with or without appropriate
antibiotic therapy.

The median PS for the first 28 days was 0 (range, 0-3).
The worst PS of 2 (n = 5) or 3 (n = 2) within the first 28
days was experienced temporarily due to infection (n = 2),
Grade Hl GvHD (n = 1), and nausea/vomiting (n = 4).
Those (n = 6) observed from Day 29 to Day 100 were all
caused by Grade |l or Il acute GvHD. A one-thirds reduc-
tion in dietary oral intake was temporarily seen in 20 and
11 patients within the first 28 days and from 29 days to 100
days post HSCT, respectively, which resulted from nausea/
vomiting (n = 18) and treatment-related mucositis (n = 2)
within Day 28, and Grade II-lll acute GVHD (n = 9), prolonged
infection with Grade I acute GvHD (n = 1) and gastroesopha-
geal reflux disease (n = 1) between Day 29 and Day 100.

GvHD

Grade -1V acute GvHD at 100 days was documented,
respectively, in 5 (17%), 15 (50%), 3 (10%), and 0 (0%)
patients. The median time to the occurrence of Grade -V
acute GvHD was 74 days (range, 18-100 days). All 30
patients survived beyond Day 100 and were evaluated for
chronic GvHD. Twenty-six of the 30 patients (87%) devel-
oped chronic GvHD (limited type in four cases and exten-
sive type in 22 cases) with the onset at a median of 123
days after transplantation (range, 116-217 days).

Disease response, survival, and cause of death

No patient died within the first 100 days, and the median
follow-up period was 555 days (149-1114 days) after trans-
plantation. Twenty-nine of the 30 patients achieved CR
within 100 days after transplantation, but two of them with
MDS, who had poor-risk cytogenstics and were classified
into intermediate-2, subsequently relapsed on Day 141
(UPN 26) and Day 156 (UPN 25). One was treated with
DLI (UPN 25) and showed a temporary response, but died
because of the disease progression on Day 401. The other
patient (UPN 26) did not respond to DLI and died of pro-
gressive disease on Day 412. One patient (UPN 22) with
MDS with high risk IPSS achieved full-donor chimerism on
Day 90, but could not achieve CR on Day 98 and died with
progressive disease on Day 306. This patient showed full-
donor chimerism through Day 180. Five other patients died
between 100 days and 1 year after transplantation (149,
151, 169, 187, and 354 days). In six patients who died
within the first year, two patients were over 60 years and
four patients were classified into high risk disease group.
Causes of death included progressive disease of MDS with
poor IPSS in 1, GVHD and/or its complications in 4, and re-
currence of interstitial pneumonia in 1. In four patients, who
died of GvHD and/or its complications, all had experienced
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TABLE Ill. Regimen-Related Toxicities Within 20 Days After HSCT
According to the Seattle Criteria in 30 Patients

Grade

i
N
N

Toxicity

Heart
Bladder
Kidney
Lung
Liver
CNS
Stomatitis
Gl toxicity

PO 20N ONO =
- 0O OO =0
oo O0oOOQCODO0OOO w
OoOO0OO0O0OO0COO

HSCT, hematopoietic stem cell transplantation; CNS, central nervous
system; GI, gastro-intestinal.

gut GvHD, three of those developed extensive chronic
GvHD and all were treated with corticosteroid.

The Kaplan-Meier estimated probability of OS and DFS at
1 year was, respectively, 83% and 62% (Fig. 2). Both patients
age 2555 years versus >55 years) and CD34 + cell dose (>5.0
x 10° kg~ versus <5.0 x 108 kg™') were not associated with
better outcomes by a stratified analysis (data not shown).

Pharmacokinetic results for fludarabine and busulfan

2F-ara-A and busulfan PK parameters were calculated
from data obtained from blood samples from six consenting
patients (UPN 1, 3-7). After the start of the 4th infusion of
fludarabine phosphate (30 mg/m?/dose), the maximum
plasma level of 2F-ara-A was 3.12 + 1.08 nmol/ml, with a
subsequent decline to Ty, of 8.59 + 1.57 h. The AUC (0-
24 hr) and CL were 17.7 + 2.82 nmol hr/ml and 78.9 =
13.1 mi/min/m?, respectively. After the 6th administration of
busulfan (1 mg/kg/dose for eight times), the maximum
plasma level of busulfan was 1.37 = 0.34 nmol/ml, with a
subsequent decline to a 7y, of 2.88 + 0.65 hr. The AUC
(0—6 hr) and CL were 4.85 + 1.07 nmol hr/ml and 3.60 +
0.88 mi/min/m?, respectively. Since these parameters are
similar to those in a previous study with the repeated
administration of fludarabine phosphate alone at 15, 20,
and 25 mg/m?/dose (data not shown), combination with
busulfan seemed to have no effect on the pharmacokinetics
of 2F-ara-A. The steady-state plasma level of busulfan (808
+ 178 ng/ml) was observed to remain within a therapeutic
level (600-900 ng/ml) in adults [21].

Discussion

in this prospective study, we showed that a combination
of fludarabine (180 mg/m?) and oral busulfan (8 mg/kg), de-
spite the omission of antithymocyte globulin from the origi-
nal regimen by Slavin et al. [6], can be successfully used to
help prepare patients older than 50 years with hematologi-
cal malignancies for HSCT from an HLA-matched related
donor: All patients achieved sustained engraftment without
graft failure, only an insignificant occurrence of RRT and
treatment-related complications were seen, and PS and
dietary intake were well maintained, which agrees with pub-
lished observational studies on RIST with fludarabine and
busulfan [16,22,23].

The rapid induction of complete donor-type chimerism
was considered as an essential part of the RIST procedure.
Although all of our patients rapidly developed conventional
neutrophil and platelet engraftment, two of the 30 patients
without preceding cytotoxic chemotherapy remained in
mixed T-cell chimerism during the first 6 months after trans-
plantation. A more rapid induction of T-cell chimerism has
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Figure 2. Kaplan—Meier product estimates of overall sur-
vival and disease-free survival.

been observed in other studies of RIST in patients who had
been previously treated with chemotherapy for diseases
other than CML or MDS [24]. Although a close association
between the occurrence of acute GvHD and the induction
of higher levels of donor T-cell chimerism has been
reported [14], in our experience over 50% of patients did
not achieve complete chimerism at the onset of acute
GvHD, demonstrating that mixed chimerism status did not
provide absolute protection from GvHD, which is in agree-
ment with data published by Baron et al. [15]. We speculate
that differences in the conditioning regimen and GvHD pro-
phylaxis may result in different observations.

While our less intensive regimen was associated with
less toxicity, this strategy will only work if modifications to
the conditioning regimen intensity that allow early clinical
benefits do not also lead to reduced induction of GvL effect
or other complications that increase relapse rate or result
in worse survival in later time period [25]. A recent obser-
vational study from European Group of Blood and Marrow
Transplantation Registry compared treatment-related mor-
tality (TRM) and other outcomes between 315 RIST recipi-
ents and 407 CIST recipients, who were over 50 years and
transplanted from a HLA matched sibling donor [26], and
suggested that lower TRM but higher relapse rate were
seen in RIST recipients. Given the fact that all three
patients, who relapsed within 6 months after transplanta-
tion, were MDS with poor prognostic factors, the incidence
of relapse in our study seems to be no higher than that in
published data for CIST [27-30). Taussig et al. evaluated
the feasibility and safety of the fludarabine based RIST regi-
men in 16 patients with standard risk diseases [31]. In this
study, TRM rate within 100 days was 0%, however, OS and
DFS at 1 year read from Fig. 2 were 69% and 56%,
respectively, where most of the patients included in this
study had early stage diseases and over 30% of patients
were aged less than 50 years. Despite the older patient
population, our data showing no treatment-related mortality
(TRM) within the first 100 days after transplantation and
OS and DFS at 1 year of 83% and 62%, respectively, was
encouraging.

In a previous report, we suggested that the development
of GvHD is not essential for the control of low-risk myeloid
malignancies, and that GvHD and infection, rather than
relapse, are more important problems to be addressed in
these patients [25]. Although our data showed favorable
outcomes, six patients with four low risk disease and three
patients aged less than 55 years died of GvHD or its com-
plication within the first year should be interpreted with
care. The incidence of Grade II-IV acute GvHD in this
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study was somewhat higher than that in published literature
and our own observational data with elder patients and
high risk diseases [25]. However, Grade llI-IV acute GvHD
was infrequent and none died from acute GvHD. The inci-
dence of chronic GvHD was higher than that in our previ-
ous experience (56%) [32] or in other reports [31,33] even
after considering inevitable differences in the ethnicity,
GvHD prophylaxis and matching practice of HLA, or dis-
ease risk. G-CSF mobilized peripheral blood stem cells
may have been associated with an increased incidence of
GvHD, particularly in its chronic form {34,35]. Conditioning
regimen excluded antithymocyte globulin was also a possi-
ble explanation of this finding [23]. Most importantly,
patients undergoing RIST are usually older than those
undergoing CIST, which leads to a higher risk for GvHD
[36,37]. Early CyA withdrawal regulation to get speedy
achievement of complete donor chimerism after RIST in
our protocol might have influenced the increased incidence
of Grade lI-IV acute GvHD, which might have affected the
rate of chronic GvHD [33,35,38,39]. Although severe GvHD
will be unavoidable for some patients including MDS with
poor prognostic factors [40,41], the balance between GvHD
and GvL is a significant concern in RIST and we should
seriously evaluate the type and tapering speed of immuno-
suppressive agents after RIST. Current findings suggested
GvHD control might be improved simply by extending the
duration of CyA administration. Additionally, we noticed that
the clinical features of GvHD are different in RIST than in
CIST, i.e. a syndrome compatible with acute GvHD occurs
well after Day 100. Hence, the current grading system for
GvHD, which was developed on the basis of experience in
ablative settings, may not be an optimal tool for assessing
GvHD after RIST. We observed a late onset of acute GvHD
and an early onset of chronic GvHD, and therefore believe
that a significant number of late-onset acute GvHD may
have been judged as chronic GvHD in this study simply
because the onset of GvHD was over 100 days after trans-
plantation. Our results support the current proposition by
Mielcarek and Storb concerning the abandonment of the
traditional Day 100 cutoff for separating acute from chronic
GvHD [35].

In this prospective study, we confirmed the short-term
safety and efficacy of our RIST procedure for hematological
malignancies in the elderly. Long-term follow-up of patients
to evaluate disease control and the consequence of therapy
is mandatory, and the development of optimal GvHD pro-
phylaxis, with the use of novel assessment criteria, will be
of primary importance for the wider application of the RIST
procedure. RIST may also be beneficial in young patients,
since organ damage, including infertility, might be milder
and less frequent in RIST than in CIST, which should be
confirmed by further prospective clinical trials. Atthough the
number of patients studied was limited, the analysis of flu-
darabine pharmacokinetics has for the first time provided
reliable information on the interaction of key drugs, and we
found no evidence to suggest that synergic or specific tox-
icities were associated with increased exposure to the con-
comitant use of busulfan, or vice versa. This information
should be useful in future studies in which different drugs
are combined with fludarabine.
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T-Cell Large Granular Lymphocyte Leukemia of Donor
Origin After Cord Blood Transplantation

Shigeru Kusumoto, Shin-Ichirc Mori, Kisato Nosaka, Yuriko Morita-Hoshi,
Yasushi Onishi, Sung-Won Kim, Takashi Watanabe, Yuji Heike,
Ryuji Tanosaki, Yoichi Takaue, Kensei Tobinai

Abstract

Wa report the first case-of T-cell largé granular lymphocyte leukemia of donar origin after-a-second gord Higod transplantation-for acute myeloid
leukemia, and-review the literature regarding rare cases of T-cell-origin posttransplantation lymphoproliferetive disorders.
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Key words: Bone marruw, Epstein-Barr virus, Polymerase chain reaction,
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Introduction

T-cell large granular lymphocyte leukemia (LGL; LGLL) is
charactetized by the monoclonal proliferation bf CD3*, and
CDg+ 1.GYs, with abundant cytoplasm and fine or coarse
azurophilic granules.’? Reactive expansion of LGL in the
peripheral blood has been occasionally reported during viral
itfection and in recovery phase of allogeneic hemaropoieric
stem cell cransplamartion (HSC).34

Posteransplamation lymphoproliferative disurder (PILD) is

1 characreristic lymphoid proliferation or the development of

lymphoma in a sctting of decreased T-cell immusie surveillance,
typically in recipients of solid organ transplantation or allogeneic
HSCT. Mast reported cases of PTLD are of B-cell origin, in
associgtion with Epstéin-Bawr virus {EBV) infection, which
leads to monodonal or, less frequendy, polyclonal proliferation
of B cells. Mosi of the rare cases of T-cell PI'LD were reported
afrer solid organ transplamacion, with very rare cases after
allogeneic HSCT.

In this report, -we describe the umique clinical and
laboraiory findings of a patiens with Y8 T-cell LGLL of cord
donor origin after a second cord bluod transplantation for
acute mycloid Jeukemia.
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Case Report

A S5B.year-old Japanese man with acue mycloid leukemia
(Erench-American-British dassificatiod; M2) in sccond -complete
remission received allogencic HSCT from an unrelated ferale
card blood donor. The conditioning: regimén consisied of wial
body irradiation of 12 Gy in 6 fraciions fom day <6 o
~4, and cydophosphamide 60 mglkg once daily intravenausly on

days—3 0 -2 (total dose, 120 mg/kg). He received human leukacyte:

antigen—tod mismearched {2 by serology and 2 by DNA typing)
unrelated cord blood, which contained 3.03 x 107 huclcared cellslig
in Japuary 2003, Cyclasporine and shoreterm methorrexage were
nised as graft-versus-host disease prophylaxis. However, hemarotogic
recovery was nnt observed -up t day 40, and we condluded thar
this was a case of primary graﬁ failurewithour leukemia relapse
becanse the resulrs of interphase fluorescence in site hybridization

analysis on days 23, 30; and 37 on bone marmw [BM) samples

were negative. Because his condition remained good, we planned
a second cord blood tansplantation with a teduced-incensity
regimen, which consisted of fhudarahine 30 mgfkg once daily
inmavenously from days —8 to =3 (total dose 180 mg/kg), busulfan:
4 mg/kg orally on days =6 and -5 (rotal dose 8 mg/kg), and rowal
body irradiarion of 4 (3 in 1 fracion on day ~1. Cyclosporine and
mycophenolate moferi] 15 mig/kg wite daily were administered:
On day 51 of the initial transplangation in March 2003, human
leukocyre antigen-loci mismarched (2 by serology.and 3 by DNA
typing) male cord blood, containing 2.6 x 107/kg mucleared
cells, was infased. Neuprophil engrafiment was observed by
day 33 after second transplanation. Acure and chronic graft-
versus-host discase did nor develop, and cydosporine was tapered
off in November 2003.
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T-Cell LGLL After Cord Blood Transplantation

Figure 1 T-Cell Large Granulsr Lymphocyte Leukemia
Stained with May-Gieinsa on the Peripheral
Blood Smear

The predominant cells wers lypical of LGLE with abundant cytdblasmeand fine or coarse
‘azrophilis granutes. . )
Hematosylin ang gasin Stain: onginal magrification x1500,

In Febriary 2004, 10 moiiths after the second cord blood
transplantation, he developed: anorexia, abdominal’ distendion
with fluid accumnlation, and edema in the lower extremities.
A computed womagraphy scan showed gross ascires and mild
pleural cffusion but no sign of enlirged lymph nodes. or
hepatosplenomegaly. The peripheral white blood cell .counr
was 10.300/uL. (10.3 x 10%1), and 30% of the cells bad a
morphology of medium ro large lymphocytes with abundam
anirophilic graniiles in the cytoplasm, as shown in Figure 1. The
hemoglobin level was B:8 g/dL (88 g/1.), and the placeler cinint
was 192 « 103/uL (1.92 x 109/L). '

A rewrospective review of the peripheral blood smears disclosed
that the appearance of LGL cvincided with the tapering off of
imniunaosuppression 3 months beforce the admission.

Flow cytometry examination of che peripheral blosd
mgnonuclear cells showed a homogeneous papulation of Ticell
LGLs positive for CD2, CD3, CD8; CD56, and T-cell recepror
(TCR)-, buc negative for CD4 and TCR-0B. The BM biopsy
specimen histologically showed 10% of hypoccllular gelatinous
marrow with diffuse infilration of medium 1o large lymphoid
cells. Immunoperoxidase studies on sections of BM showed
strong cxpression of T-cell-restricred intracellular antigen-1,
partially positive staining of CD8 and granzyrae B. but no
expression of CD3 or CD20. Southem blot analysis of the BM
cells revealed a donal rcarrangement oF the TCR-B chain, as
shown in Figure 2 and TCR-8 chain (daca not shown).

Abdominal paracentesis was performed with milky chylous fluid,
and a flow cyrometry exainination showed results similar o those ins
the peripheral blood. Multiprimer-based polymerase chain reaction
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Figure 2 Southern Blots ¢f T-Cell Receptor [3-Chain
Gene Rearrangements

Control Control

DA lram BM ¢f this patient was mbiidizedith a TCR CRY probe.
Arrowsindials rearrangss bands.
Abbrewiations: B = Bam H1: €= £co R H = Hind (I

(PCR) analysis of ascitic cells also showed clonal rearrangemenn
of the TCR-8 chain, as shown in Figue 3. The primer sets wen:
used in the fallowing locations: V81, 5~AAA GTG GIC GCT
ATT CTG TC.3,; V624, 5'-GCA CCA TCA CAG AGA GAT
GA-3; 18, 5- TGG 1'I'C CAC AGT CAC ACG GG-3; D338,
$"TTG TAG CAC CGT GCG TAT CC-3'. The amplified 200
base-pair PCR products of the TCR-S chain were then cloned into
the pCR-TOPO vector. The DNA sequences.of 3 dones amplified
by vecross wére identical and bad high homology to TCR-S
chain induding a 197 base-pair sequence {dara not shown). This
sequence also involved the forward and reverse primers V81 and
JB, respecrively, described previously.

The resules of all of the préviously mentioned srudies
indicated the clonal expansion of T cells comparible: with a
diagnosis of T-cell LGLL. with 48 T-ccll phenotype involving
peripheral bload, BM, and ascites.

Donor-recipient DNA chimerism was analyzed by comparing
the short randem repear findings for the donor blood sample
arid pretransplantation recipicnt samples. Fleven short tandem
repeat loci were analyzed by PCR using an AmpFISTR SCM
Plus® kit. The peripheral blood sample (containing 30% T-LGL)
and the second cord blood sample showed the same peakés at the
locus (1D165539), as shown in Figure 4. These results furcher
confirmed that the expanded Y8 T-LGL zells were exclusively of
second cord bloud transplantartion donor origiti.

Serologic examination showed no evidence of visal
infection. Real-time PCR analysis revealed 4 high load of EBV
(7.9 % 103 6opies/ 106 cells). However, in situ hybridization studies
of BM cells did not reveal EBV-¢ncoded small RNA, and
Southern blot analysis of BM cells alsa showed no band for



Figure 3 Pglymerase Chain Reaction for T-Cetl

Receptor & Gens Rearrangement

M1 2

SJ Negative conteol; il () patis’s sample'of Irozen neoplastic kmpod ceds in asctes.
clonal band was identified v appraximately 200 hase pa¥s.
Abbrevitions: ip =base pais; M = molecular weight marker

donal EBV genomgs. Chromosome analysis demonstmeed a
normal 46, XY Karyetype in all 20 cells examined.

After admission, his abdominal distention and dyspnea
with hypoxemia progressed rapidly with spiking fever. A
computed wmography scan demoastrated acyte respiratory
distress syndrome. Because we found no. evidence of bacerial
or fungal infection or drug-induced pneumionia, cyclosporine
and methylprednisolone were stared immediately but with
fto effect, and he died of acure respiratory failuse 1 week later.
A postmortem lung biopsy showed exrensive diffuse alveolas
damage withour the T-LGL cell’s involvement; an the ather
hand, the leukemic cell invalvement in Glissor’s shearh was
shown by a liver biopsy.

Discussion

Tn this case, the increase in LGLs developed 7 months after
the second cord bloed eransplantadon, amd the kinetics of
LGLs correlated with the upering off of immunosuppression,
which suggested the passibility that lymphocyrasis ‘mighe
have heen associated with reactive expansiun because of viral
infection or an alloimmune reaction. However, our case showed
TCR-Band TCR-8 gene rearrangement by Southern blot analysis
and TCR-8 gene rearrangement by PCR and cytoroxic 'Tocell
immunophenotype, which were comparible with T-cell LGLL.

Most cascs of PTLD, usually of B-cell origin, arc associated
with EBV infection and represent the EBV-induced monodonal
expansion of B cells in conditions with decreased T-cell immune
surveillance.56 Although there have been some reporis of
EBV-associated PTLD after cord blpod transplantation,? 10 dhe
incidence of PTLD nf T-cell arigin has been reported io be anly
4%-14% with a less frequent association with EBV.f.1)

Shigeru Kusumoto et al

Figure 4 Donor-Recipient DNA Chimerism Analysis by

Comparing the Shorl Tandem Repeat

D16S539
Recipient
910 11
Second.
Cord Donor
9 13
T-LGL
A
9 13

The peripheral blood samplé contaifing 30% T-LGL) and the second cord. bivad sample
showed the Same peaks at the loous M163539),

In aur ¢ase, because a high,viml load of EBV was detected
by real-time PCR analysis, we initially speculated that ¥8
T-LGLL was EBV-associated PTLD, bur this was kater denied
based on ihe resulss of EBV-encoded. small RNA in situ
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T-Cell LGLL After Cord Blood Transplantation

Table 1A Literature Review of T-Cell Poshransplantalion Lymphoproliferative Disorder Afier Hematopoietic Stem Cell
Transpiantation7.13-16

13/Male
- NDND

11/Male

fu et aie

R T ettty i o

Our Case  savae IR

PB, BM, ascites, liver

“Human leukoryte antigen—matched

Abbrevations: ND = not desesmined: NHL = non-Hadgkin lymohama; PB = péripheral biood; UCB =urelated éord tiod

Table 1B Literature Review ot T-Cell Pastiransplantation Lymiphopraliferative Disorder After Hematopoietic Stem Ceil

Transplantation?,13-16

" Colling et s

Not determined
#u étans . = B DT S
Our Case 8 | 330 Negative TC{&'@?% , 20
“Time from transpiantation 10 PTLD.
“Sanvival time from diagnosis of PTLD.

Abbreviations: EBER-IS!t = FBV-encoded small RNA in-situ hybridization; S8 = Southem blétting

hybridization stains and Southern blot EBV terminal repeat
analysis. Thercfore, the clinical significance of EBV infection in
this cise remains undetermined.

Most previously reported cases of T-cell PILD developed
after solid organ transplantation,!? and there have been only 7
previously documented cases of T-cell PTLD after allogencic
HSCT, as summarized in Table 1.7.13-16 Postrransplantation
lyraphoproliférative disorder was of donor origin in 3 of 8§
total cases, including our case, of recipient crigin in 2, and of
undetermined origin in the remaining 3. No.correlation has been
demonstated berween EBV and T-cell PTLD after HSCT.

Generally,
lymphoproliferative disorder after HSCT develop within the
first 5 months, because the balance berween proliferating EBV-
infected B cells and cytotoxic T cells cannot be controlled with
the unrccovered lymphocyte componenss.!? [n solid organ
transplantarion, EBV-positive cases tend to occur eatlier chan
EBV-negatve cases, ie; a median inrerval of 6-10 months
compared with 4-5 years.57 Some cases of ‘I-cell PTLD have

most cases of Becell postiransplantation
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a longer interval’ berween the day of transplantation and the
occurrence of PTLD chan in B-eoll PTLD. The donor source
of transplantation included sibling (3 cases), father (1 case),
unrelated (1 case), cord {our case), and not described (2 cases)..
Therefore, wheicas there has been very licde experience wirh
cases after cord blood transplaneaion, all 8 cases of PTID in
the lirerarure are of B-cell origin.8-11 Qur case is the finst report
of PTLD of Tcell origin after cord blood mansplantation and
might reflect very intense immunosuppression passing through
consecutive cord blood transplantation.

It has been reported that T-cell PTLD has a worse
prognosis than B-cell PTLD in a solid organ wransplantation
serting. In 1 scries of 6 cases presenting with T-cell non-
Hodgkin lymphoma as PTLD, pulmonary involvement was
reported in 5 cases and marrow infiltration in 4 cases. All
patients showed aggressive courses. 18 Of importance is that
of 8 partients with T-cell PTLD) after HSCT: 3 paticnts wha
died within 30 days had extranodal involvement in the lung,
liver, spleen, brain, and/or ascires.




Conclusion

We have reported an wnusual case of EBV:negative, "I-cel
PTLD as 8 T-cell 1.GLY. of donor origin after a second cord
bload rransplanmasion. The occurrence of 1-cell PILD afier
HSCT is exoremely aré, and the éfficient acturmmulation of
knowledge and further rescarch we needed o esablish the
oncogenic mechanisin and appmpriate therapeutic maneuvers
in this disease enriry.

Acknowledgements

W thank Assuya Nakano and Yikiko Sado, Clinical Laborarory
Division, Navional Cancer Cenwer Hospital, for reviewing and
interpreting the cytologic and immunophenotypic findings.

References
1. Loughuan TP Jr. Clanal diseases af large granutar, lvinphocytes. Blood
1993: 82:1- 14,

2. Semcuzaw G, Zambello R. Sarkebaum (3, eral The lymphaprolif-
erative disease of grannlar lymiphocyres: updated criteria for diagriosis.
Blood 1997, 89:256-260)

3, Césrello K1, Sivori 5; Mallér F; et al. A oovél: mechanisin: of aptisumor
respunse mvolvmg the expinsion of CD3+/CD56+ large granular lym-
phacyter triggered by 8 numor-cxpeessed acivaring, ligand. Leukemic
2002; 16:855-R60.

4. Mobry M, Faucher (; Véy N, et al. Featums of lange granular lympho-
cywes (LGL) expansion follawing allogeneic syem cell transplanmtion: o
long-term ynalysis, Leukemia 2002; 16:2129-2133,

5. Harris NL, Swérdlow SH, Frizers G, e ol Post-mansplant lympho-
proliferirive disorders, In: Wonld Heafth Organization Classificaron
-of Tumours, Pasholagy and Geneties of Tumaurs. of Haematopictiv. and,
Lymphoid Tisues. Lyon, Frince: [ARC Press; 2001,

6. Lebland V, Davi F, Chaslutre F, or al. Postansplane lymphoprolifera-
tive disarders not associared with Fpstein-Barr virus: a disguer entiry? /

Shigeru Kusumoto et al

Clin Oiicol 1998; 16:2052-2059.

. Suvent N, Revima D, de Lamballesie X; e al. First report of Epstzin-

Barr virns lymphoproliferative. discase afer cord bload wansplantarios:
Bone Mariow Teansplant 2000; 25:120-121.

. Ohga S, Kanaya ¥, Maki H, et al. Epseéin-Bars virus-associated hm-

phoproliferaiive disease after a cond bluod wansplane for Diampnd-
Blackfan anemia. Bone Murrmw Transplan: 2000; 25:205-212.

9. Barker [N, Martin PL: Coad )L, ev 3. Tow incidence of ‘Epsiein-Bare

virus-assotiared posrransplantarion lzmphopmhf:muv: disorders in
272 unfelaied-donar umbilical cord blopd transplanr secipicnis, Giol
Blood Maroir Iransplans 2001; 7:395-399.

. Hat PR, Kavarik. B Shaw PH,. &1 al, Dercdon of EBV IINA in the

aond bleod danpr for a patient developing Epstein-Barr virus-associaced
lymphoproliferative disorder following mismatched unrclared umnbilical
card bloed tmnsplantation. Bone Marrow Teamsplons 2001, 27:761.765.

. Nelson BY, Nalesnik MA, Bahder DW, et al: Epscein:Bare viras-negative

post-mansplanr ympheprolifezative disorders: a distinét entity? Am [
Surg Pathol 2000: 24:375-385:

. Frizzera MM. Atypicdl hymphuproliferarive Sivorders.. (n: :Nepplaseic

Hemsisapashology 2nd ed. Philadelphia, PA: Lippincots Williaens and
Willkins; 2001

. Zutter MM, Dumarn DM, Hackman RC. o1 al. Secondary 1-cell [ym-

phoproliferarion after marrow rrarsplaritafion. Am J Ui Pavboj 1990;
94:714-3721

. Wang LC, Lu MY, ¥u ], a1 al. I cel} lymphaproliferarive disorder fol-

lowing. bune smasrow eransplanzation for scvere aplastic anemia. Bone
Marinw Transplant 2000; 26:893-897.

. Collins MH; Montone KT, Leahey AMcei al. Rost-transjline lympha-

proliferattve disease in childten. Padivir Transplant 2001, 5:250-237.

. AuWY, Lam CC, Lic AK, cral. "|=ccll large granular mphocyre lewke-

mianl'denor origin fier allogeneic bone marrow ransplantation, A /
Clin Pathol 2003; 120:626-630.

17. Custis RE, lzvis LB, Rowlings PA, ér al, Risk of lympheproliferaive
disorders afer bbne mairow wansplaneation: a muld-issticutional

sudy: - Blopd 199Y; 94:2208.2216,

. Hanson MN, Morrisonr VA, Pererson BA, et al. Posransplant ‘Jaccll

Iymphopmhfuamt disorders—an aggressive, lare complication-éf s6lid-
organ wansplanmation. Hleod 1996; B8:3626-3633.

Clinical Lymphoma & Myeloma July 2007 «- 479



416 Letters and Correspondence

Abdominal Pain and Syndrome of Inappropriate
Antidiuretic Hormone Secretion as a Manifestation
of Visceral Varicella Zoster Virus Infection in a
Patient With Non-Hodgkin’s Lymphoma

To the Editor: Lesions of varicella zoster virus (VZV) disease are usually limited 10 a
few dermatomes. However, n immunocompromised patients, disseminated cutaneous
and visceral involvement oocurs. We report here a rare case of such a disseminated
disease with manifestation of severe abdominal pain and syndrome of inappropriate
anti-diuretic hormone (SIADH), which occurred 2 months after completion of
conventional chemoradiotherapy for non-Hodgkin's lymphoma (NHL).

A 65-year-old woman was diagnosed as having diffuse large B-cell lymphoma
of stomach origin. The clinical stagc was II! by the Lugano classification, and
the International Prognostic Index score was low. HIV test was negative. She
reecived chemotherapy consisting of three cycles of cyclophosphamide,
doxorubicin, vincristine, and prednisclone (CHOP), followed by radiation at a
total of 40.5 Gray to the involved field, and a complete response was obtained.
Two months later, she was re-admitted to our hospital because of severe
abdominal pain lasting 2 days.

Her vita) signs and physical examination were normal. Laboratory examina-
tion revealed prominent hyponatremia (Na 122 mmol/l, normal 138-146) and
mild liver injury (GOT 74 U/L, normal 13-33; and GPT 63 U/L, normal 6-27).
The serum osmolarity was 262 mOsm/kg, and urine osmolarity 532 mOsm/kg,
which was consistent with SIADH. The pituitary size and intensity was normal
but the occipital lobe of the cerebrum showed a high intensity on brain magnetic
resonance imaging. In spite of fluid restriction, hyponatremia and her pain
deteriorated. On the sixth hospital day, a subtle vesicular skin lesion on her
abdominal wall was observed. We reasoned that her complaint might be
attributed to the visceral involvement of VZV extending to the peritoneum, liver,
brain, and skin. Upon starting treatment with acyclovir at 1,500 mg/day, her
abdominal pain and hyponatremia improved, and she was discharged on the
14th hospital day. Polymerase chain reaction (PCR) for VZV of her peripheral
blood and cerebrospinal fluid taken before acyclovir therapy was later found to
be positive. The number of CD4-positive lymphocytes was 191/uL, and this low
level has been maintained for as long as 1 year. The complete remission of NHL
was also maintained throughout the episodes.

The occurrence of disseminated VZV including visceral involvement has been
limited to immunocompromised patients; after stem cell transplantation (SCT),
~17-50% of cases develop VZV infection {1,2), and, among them, visceral
infection is rare (3.6% [2]). Especially, there are only a few VZV infection cases
after SCT consisting of SIADH (3]. And only one case has been reported which
developed along with severe abdominal pain and SIADH after conventional
chemotherapy {4].

Storek et a). reported that the CD4-positive lymphocyte count after allogeneic
SCT was inversely correlated with the infection score [S]. We suppose that her
low CD4 count might have contributed to the visceral VZV infection. The reason
why she showed such a low CD4 cell count is currently unknown.

It should be noted that this rare manifestation could occur even after
conventional chcmotherapy in NHL patients. Importance of recognition of this

American Journal of Hematology DOI 10.1002/ajh

manifestation should be stressed because it is critical for the prompt diagnosis of
the disease and its successful treatment.
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Including Fludarabine, Busulfan, and 4 Gy Total Body Irradiation
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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 50 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 20.5 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 ug/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 2>grade 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-DRBI1 locus. One paticnt 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 103/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 17 Age No

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 cMmL 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 " A 1 1 Age FEV, 67%

11 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 LA 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 Relt 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
leukemia; 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-
licular 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-1V) 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 111 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 11 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 CMV colitis.

3.4. Graft-versus-Host Disease

Acute GVHD of grades 1I to 1V was diagnosed in 8
patients (48%;95% confidence interval [CI}, 36%-59%); the
GVHD was grade 11 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 IV acute
GVHD. Two of the 5 patients with grade 1V 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 achicve 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 11 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% Cl, 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

I 4 0 3 2 o] 7 2 0

H 0 2 4 7 0 0 0 2
il 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-IV) (A)
and nonrelapse mortality (B) after unrelated bone marrow transplanta-
tion following reduced-intensity conditioning. Acute GVHD (grades II-
IV) was diagnosed in 8 patients (48%) (grade I in 3 patients and grade
IV in 5) at a median of day 32 (range, day 20-81). The estimated 100-day
and 1-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 Il 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

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 11 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 G VHD [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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Figure 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.



