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CELL THERAPY AND ISLET TRANSPLANTATION

Hyperglycemia During the Neutropenic Period Is
Associated With a Poor Outcome in Patients
Undergoing Myeloablative Allogeneic Hematopoietic
Stem Cell Transplantation
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Background. Recipients of allogencic hematopoietic stem cell transplantation (HSCT) frequently require support with
parenteral nutrition and immunosuppressive drugs, which introduce the risk of hyperglycemia. Van den Berghe et al.
showed that the strict glucose control improved the outcome of patients treated in the intensive care unit, and this point
was evaluated in this study in a HSCT setting.

Methods. A cohort of 112 consecutive adult patients treated by myeloablative allogeneic HSCT between January 2002
and June 2006 was reviewed retrospectively. Twenty-one patients were excluded due to graft failure, preexisting
infectious diseases, preexisting neutropenia or previous allogeneic HSCT. The remaining 91 patients were categorized
according to mean fasting blood glucose (BG) level in the neutropenic period after conditioning: normoglycemia (BG
<110 mg/dL, n=28), mild hyperglycemia (110to 150 mg/dL, n=49), and moderate/severe (> 150 mg/dL, n=14), The
primary endpoint was the occurrence of febrile neutropenia (FN) and documented infection during neutropenia, and
the secondary endpoints included organ dysfunction according to the definition used by van den Berghe, acute graft-
versus-host disease (GVHD), overall survival, and nonrelapse mortality (NRM).

Results. Although the incidence of FN or documented infections was similar between the three groups, hyperglycemia
was significantly associated with an increased risk of organ dysfunction, grade 11-1V acute GVHD, and NRM.
Conclusions. While the results suggested an association between the degree of hyperglycemia during neutropenia and
an increased risk of posttransplant complications and NRM, the possibility that intensive glucose control improves the
outcome after HSCT can only be confirmed in a prospective randomized trial.

Keywords: Allogeneic transplantation, Hyperglycemia, Nonrelapse mortality, Acute graft-versus-host disease.
(Transplantation 2007;84: 814-820)

Van den Berghe et al. showed with patients nursed in the
intensive care unit (ICU) that the rigid control of hypergly-
cemia with intensive insulin therapy to keep the blood glucose
level at 80-110 mg/dL reduced morbidity, including infec-
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tions, and mortality compared to patients who received stan-
dard care maneuvers that maintained the level at <200
mg/dL (1-3). Although these results have been confirmed in
several subsequent studies (4-7), the precise mechanism that
underlies this association is unclear. In animal models, it has
been shown that insulin itself has a direct inhibitory effect on
the inflammation process (8, 9). However in human studies,
it has been suggested that these benefits could be directly at-
tributed to intense glucose control rather than to any phar-
macological activity of administered insulin per se (3, 4).
Recipients of allogeneic hematopoietic stem cell trans-
plantation (HSCT) suffer from serious complications includ-
ing infection, graft-versus-host discase (GVHD) and organ
dysfunction, They are also at higher risk of hyperglycemia due
to the use of steroids for the treatment of graft-versus-host
disease (GVHD), prolonged total parenteral nutrition (TPN),
immunosuppressive drugs, and infectious complications (10,
11). This makes them susceptible to numerous serious compli-
cations, including multiple organ failure (12-14). In this study,
we evaluated whether hyperglycemia during the cytopenic pe-
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riod after conditioning for HSCT could be a significant risk fac-
tor for the subsequent clinical course.

PATIENTS AND METHODS

Patient Characteristics

A cohort of 112 consecutive adult patients who received
myeloablative allogeneic HSCT between January 2002 and
June 2006 at the National Cancer Center Hospital (Tokyo,
Japan) was reviewed retrospectively. Twenty-one patients
were excluded due to graft failure, pre-existing infectious dis-
eases or neutropenia before HSCT, and previous allogencic
HSCT. The remaining 91 patients were subjected to further
analysis, and their characteristics are listed in Table 1. Their
median age was 36 years (range, 18-57 years), and their di-
agnosis included acute myeloid leukemia (AML, n=41),
acute lymphoblastic leukemia (ALL, n=21), non-Hodgkin
lymphoma (NHL, n=13), myelodysplastic syndrome (MDS,
n=10), and chronic myelogenous leukemia (n=6). Standard-
risk patients included those with acute leukemia in first com-
plete remission, chronic leukemia in first chronic phase, MDS
in refractory anemia, and NHL in complete remission, and
the remaining patients were categorized as high-risk. Forty-
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six and 45 patients received a graft from a related donor and
an unrelated donor, respectively. Stem cell sources inclu-
ded bone marrow (n=46), peripheral blood (n=41), and cord
blood cells (n=4). In this study, only two patients were diag-
nosed as type 2 diabetes mellitus before HSCT, which reflects the
low prevalence of this condition in Japan, especially in younger
patients who can be the target of allogeneic HSCT witha myeloa-
blative conditioning regimen. These two diabetic patients were
included in the moderate and severe hyperglycemia group.
None of the patients, including these two patients, had major
organ dysfunction or diabetic complications before HSCT. For
the transplantation procedure, signed informed consent was ob-
tained according to the Declaration of Helsinki.

Transplantation Procedures

All patients received a myeloablative conditioning reg-
imen that included oral busulfan (BU) plus cyclophospha-
mide (CY, n=45), CY plus 12 Gy total body irradiation (TBI,
n=43) or cytarabine (CA) plus CY plus TBI (n=3: Table 1),
GVHD prophylaxis included cyclosporine- (n=62) and
tacrolimus-based regimens (n=29), with an additional short
course of methotrexate (MTX) in 89 patients. Granulocyte

TABLE 1. Patient characteristics
Moderate and severe
Normoglycemia Mild hyperglycemia hyperglycemia
Variable (<110 mg/dl) (110-150 mg/dl) (=150 mg/dl)
N 28 49 14
Blood glucose, median mg/dl (range) 104 (B1-109) 120 (110-150) 168 (150-211)
Age, median years (range) 31(21-52) 36 (18-57) 45 (30-57)
<40 20(71) 32 (65) 4(29)
=40 8(29) 17 (35) 10(71)
Sex
Male 9(32) 34 (69) 8 (57)
Female 19 (68) 15(31) 6(43)
Discase risk
Standard 16 (57) 18 (37) 6(43)
High 12 (43) 31(63) 8 (57)
Conditioning
TBl-containing 11(39) 26 (53) 9 (64)
Non-TBl-containing 17 (61) 23 (47) 5(36)
GVHD prophylaxis
Cyclosporine-based 24 (86) 33(67) 5 (36)
Tacrolimus-based 4(14) 16(33) 9(74)
Relation to donor
Related 19 (68) 24(49) 3(21)
Unrelated 9(32) 25(51) 11(79)
Stem cell source
Bone marrow 11(39) 24 (49) 11 (79)
PBSC 16 (57) 22 (45) 3(21)
Cord blood 1(4) 3(6) 0 (0)
HLA match
Match 25 (89) 34 (69) 10(71)
Mismatch 3(11) 15(31) 4(29)

Data are n (%) unless noted.

TBI, total body irradiation; GVHD, graft-versus-host disease: PRSC, peripheral blood stem cells; HLA, human leukocyre antigen
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colony-stimulating factor (G-CSF) was administered in all
patients from day +6 after transplantation until engraftment.
Most patients received ciprofloxacin (200 mg orally three
times daily) for bacterial prophylaxis until neutrophil en-
graftment, Fluconazole (100 mg once daily) was administered
for fungal prophylaxis. Low-dose acyclovir was given for pro-
phylaxis against herpes simplex virus and varicella zoster virus
until the cessation of immunosuppressive agents. Prophy-
laxis against Pneumocystis jiroveci infection consisted of
trimethoprim-sulfamethoxazole (400 mg of sulfamethox-
azole once daily) from the first day of conditioning to day — 3
of transplantation, and from day +28 until day +180 or the
cessation of immunosuppressive agents, Patients who devel-
oped fever during the neutropenic period were treated with
cefepime, and additional agents including vancomycin, ami-
noglycosides and amphotericin B were given as clinically in-
dicated. Neutrophil engraftment was defined as the first of 3
consecutive days after transplantation that the absolute neu-
trophil count exceeded 0.5% 107/L.

Grouping of Patients

Patients were categorized according to the mean blood
glucose (BG) level in the preengraftment neutropenic period:
normoglycemia BG maintained at <110 mg/dL (group 1,
n=28), mild hyperglycemia at 110-150 mg/dL (group 2,
n=49), and moderate/severe hyperglycemia at > 150 mg/dL
(group 3, n=14). Blood glucose level was routinely tested in
the morning at least three times a week. Daily caloric intake
was calculated by dietitian following the chart record.

Outcome Measures

The primary outcome measure was the occurrence of fe-
brile neutropenia (FN) and documented infection including
bacteremia, pneumonia and central venous catheter infection
in the neutropenic period. Secondary outcome measure-
ments were organ dysfunction in the neutropenic period,
acute GVHD, overall survival (OS) and nonrelapse mortality
(NRM). Organ dysfunction was defined with reference to van
den Berghe (5-7) as follows: 1) hypercreatininemia: serum
creatinine level =2.0 mg/dL or more than twice the base-
line; 2) hyperbilirubinemia: serum total bilirubin level
=2.0 mg/dL; and 3) increased inflammatory markers: serum
C-reactive protein (CRP) level = 15 mg/dL. Acute GVHD was
graded by the Consensus Criteria (15).

Statistical Analyses

Standard descriptive statistics were used. The Student’s
t-test, chi-square, and Wilcoxon rank-sum tests were used to
compare clinical and patient characteristics. Multiple logistic
regression analysis was conducted to ascertain odds ratios
(ORs) and 95% confidence intervals (Cls). OS was estimated
using Kaplan-Meier curves. The cumulative incidences of
NRM were estimated based on a Cox regression model for the
cause-specific hazards by treating progressive disease or re-
lapse as a competing event. Cox proportional hazard models
were used for multivariate analysis of variables on NRM and
08 after HCT. Clinical factors that were assessed for their
association with NRM and OS included patient age, sex, con-
ditioning regimen (TBI-based vs. non-TBl-based), donor [hu-
man leukocyte antigen (HLA)-matched vs. HLA-mismatched,
related vs. unrelated |, GVHD prophylaxis (cyclosporine-based
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vs. tacrolimus-based) and disease risk (standard vs. high).
Factors with P<0.10in the univariate analyses were subjected
to a multivariate analysis, A level of P<<0.05 was defined as
statistically significant. All P values are two-sided. All anal-
yses were performed using SPSS 10,0 statistical software
(Chicago, IL).

RESULTS

Patients and Transplantation Characteristics

The median ages of the patients in the normoglycemia,
mild hyperglycemia, and moderate/severe hyperglycemia
groups were, respectively, 31, 36, and 45 years. The percent-
ages of patients who received graft from an unrelated donor
were 32%, 51%, and 79%, and the percentages of patients
who received GVHD prophylaxis with tacrolimus were 14%,
33%, and 74%. To clarify the risk factor to be included in
moderate and severe hyperglycemia group, logistic analysis
was performed, which showed older age and GVHD prophy-
laxis with tacrolimus were associated with moderate and se-
vere hyperglycemia [P=0.04,0R 3.9 (1.1-14.0), and P=0.01,
OR 5.5 (1.5-20.3), respectively|, and there was a trend that
patients who received stem cell from unrelated donor were
associated with moderate and severe hyperglycemia [ P=0.07,
OR 3.6 (0.9-14.2)]. Multiple logistic analysis showed age
more than 40 years old and GVHD prophylaxis with tacroli-
mus were associated with moderate and severe hyperglycemia
|P=0.042,0R4.1 (1.1-15.7),and P=0.01, OR 5.8 (1.5-22.1),
respectively|.

Although in practice we generally keep the parenteral
glucose dose relatively low to avoid severe metabolic compli-
cations including hyperglycemia and hyperlipidemia during
the acute phase of allogeneic HSCT, the possibility that the
dose of parenteral nutrition affects the blood glucose level
should be explored. We calculated the total caloric intake by
combining both oral and parenteral nutrition. Although the
mild hyperglycemia group received significantly more paren-
teral nutrition than the normoglycemia group (group 1
694+322 keal/day vs. group 2 969+383 kcal/day), overall
there was no essential difference in caloric intake between the
three groups (10704303 kcal/day, 1190+393 kcal/day,
1045+ 530 keal/day, respectively). The median duration of
the follow-up time in surviving patients was 809 days (range,
132-1530days) in group 1, 369 days (1051550 days) in group
2, and 587 days (170-774 days) in group 3. Described as
hydrocortisone-equivalent dose, the median dose of cortico-
steroid used during neutropenia was 0 mg (0-1610 mg) in
group 1, 100 mg (0-9700 mg) in group 2, and 375 mg (0-
2468 mg) in group 3. Statistically more dose of corticosteroid
was used in group 2 and group 3, compared with group 1.

Primary Endpoints

The incidence of FN and documented infections is
summarized in Table 2. The incidences of FN and docu-
mented infections including bacteremia, pneumonia, and
central venous catheter infection in groups 1, 2 and 3 were,
respectively, 89% and 32% (25%, 4% and 11%), 88% and
209% (16%, 6% and 6%), and 98% and 43% (36%, 14% and
149). Overall, no statistically significant difference was ob-
served between the three groups in the incidence of infectious
episodes, including FN and documented infections,
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TABLE 2. Endpoints
Moderate and severe
Normoglycemia Mild hyperglycemia hyperglycemia
Variable (<110 mg/dl) (110~ 150 mg/dl) (>150 mg/dl)
N 28 49 14
Febrile neutropenia 23 (89) 43 (88) 13 (98)
Documented infection 9(32) 10 (20) 6(43)
Bacteremia 7(25) 8(16) 5(36)
Pneumonia 1(4) 3(6) 2(14)
Central-venous catheter infection 3 3(6) 2(14)
Organ dysfunction
Hypercreatininemia 1(4) 4(8) 4(29)
Hyperbilirubinemia ign 11(22) 6 (43)
Increased inflammatory markers 4(14) 15(31) 9(64)
Data are n (%),
Hypercreatininemia, serum creatinine level =2.0 mg/dl or more than twice of haseline; hyperbilirub serum bilirubin level =2.0 mg/d}; increased

inflammatory markers, serum C-reactive protein level =15 mg/dl,

Secondary Endpoints

The incidence of hypercreatininemia was 4% in group
1, 8% in group 2 and 29% in group 3, as summarized in Table
2, and that in group 3 was significantly higher than those in

TABLE 3. Multiple logistic regression analysis for
organ dysfunction and multiple variate analysis for acute
GVHD, nonrelapse mortality, and overall survival

Odds/hazard
Outcomes and variables ratio 95% Cl  Pvalue
Multiple logistic regression
analysis
Hypercreatininemia
Hyperglycemia 52 1.1=246 0039
Hyperbilirubinemia
Hyperglycemia 49 1.6-149  0.005
Increased inflammatory
markers
Hyperglycemia 6.7 2-203 0,001
Tacrolimus-based 6.9 L.6-30.5  0.011
Multivariate analysis (Cox-
proportional hazard
maodel)
Acute GVHD
Hyperglycemia 23 1.2-4.3 0.013
Disease risk (high) 23 1.0-5.1 0.047
HLA mismatch 28 1.3-5.9 0.009
Nonrelapse mortality
Hyperglycemia 29 1.2-6.6 0.013
Discase risk (high) 27 0.9-8.7 0.091
Overall survival
Hyperglycemia 20 1.1-3.6 D.019
TBl-containing 23 1.1-5.0 0.035
Disease risk (high) 19 0.9-4.1 0.10

Ohdds ratios are presented for multiple logistic regression analysis; hazard
ratios are presented for multivanate analysis,
GVHD, grafi versus host disease; THI, total body iradiation.
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group 1 (OR 10.8, 95% CI 1.1-108.6; P=0.018) and group 2
(OR 4.5, 95% CI 1.0-21.1; P=0.043). The incidence of hy-
perbilirubinemia was, respectively, 11%, 22% and 43%, in the
three groups, and that in group 3 was significantly higher than
that in group 1 (OR 6.3, 95% CI1 1.3-30.9; P=0.017). The
incidence of increased inflammatory markers was, respec-
tively, 14%, 31% and 64%, and that in group 3 was signifi-
cantly higher than those in group 1 (OR 10.8, 95% CI 2.4-
49.5; P<0.001) and group 2 (OR 4.1, 95% CI 1.2-14.3;
P=0.022). Multiple logistic regression analysis showed that
the degree of hyperglycemia was associated with hypercreat-
ininemia, hyperbilirubinemia, and increased inflammatory
markers (Table 3).

The cumulative incidence of grade 11-1V acute GVHD
is shown in Figure 1. The degree of hyperglycemia was asso-
ciated with a higher incidence of grade 11-1V acute GVHD

Lo
0.8
3 P=0.011
3
2 06
E group 3 (m-14)
Joel L p—t e
=T
0.2 _,"r group | (n- 1K)
e
".:l
0 A

100
Days post-HSCT

FIGURE 1. Cumulative incidence of acute GVHD grade
-1V stratified according to the mean glucose level during
neutropenia. Group 1 included patients with normoglyce-
mia, group 2 included patients with mild hyperglycemia,
and group 3 included patients with moderate and severe
hyperglycenua.
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FIGURE 2. Cumulative incidence of treatment-related

mortality stratified according to the mean glucose level
during neutropenia.

(P=0.002). A Cox proportional hazard model showed that hy-
perglycemia, high-risk underlying disease, and HLA mismatch
were risk factors for grade 11-IV acute GVHD (Table 3).

The cumulative incidence of NRM was, respectively,
5%, 17%, and 35% at 1 year, and was significantly related to
the degree of hyperglycemia (P=0.014; Fig, 2). The probabil-
ity of OS was, respectively, 88%, 70%, and 56%, and was
significantly associated with hyperglycemia (P=0.008; Fig.
3). A Cox proportional hazard model showed that the degree
of hyperglycemia was associated with NRM and OS (Table 3).

DISCUSSION
In this study, we evaluated whether hyperglycemia dur-
ing the cytopenic period after conditioning for HSCT could
be a significant risk factor for the subsequent clinical course.
Infectious diseases remain a major cause of morbidity and
mortality in patients who receive HSCT, and we speculated
that this might be exaggerated in the presence of hyperglyce-

1.0 5 P=0.008
o group I (n 2K}
=
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3 o e
E group 3 (n 14} 5
raup 2 n 49)
&~ 04 I 3
0.2
0.0
! 2 3 4 3
Years post-HSCT
FIGURE 3. Overall survival stratified according to the

mean glucose level during neutropenia.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Transplantation * Volume 84, Number 7, October 15, 2007

mia. Alternatively, hyperglycemia can be caused by infectious
diseases and also aggravates infectious diseases to lead to a vi-
cious cycle, with resultant morbidities that include organ dys-
function and mortality. Theoretically, strict glucose control
should prevent this vicious cycle and help to reduce morbid-
ity and mortality in patients after HSCT, as shown previously
in ICU settings (1, 2). However, in this study the incidences of
FN and documented infections were not different among the
three groups. On the other hand, we found that hyperglycemia
was associated with organ dysfunction and increased inflam-
matory markers, which was consistent with previous reports
that demonstrated the impact of hyperglycemia on clinical
outcomes of patients suffering from nonhematological dis-
cases (I-3, 12-14). Additionally, a multivariate analysis
showed that hyperglycemia was a risk factor for acute GVHD,
The reason for the association between early hyperglyce-
mia and late complications needs to be clarified. The increase in
the levels of circulating cytokines due to hyperglycemia may
further aggravate hyperglycemia itself (16-21). Therefore,
this condition which occurs during the critical period of neu-
tropenia before engraftment may influence the afferent phase
of acute GVHD, as suggested by Ferrara et al. Elevated cyto-
kine levels during the afferent phase then lead to subsequent
acute GVHD in the effector phase (22, 23). Teshima et al.
reported that the effector phase of acute GVHD is not antigen-
specific and inflammatory cytokines mediate target destruc-
tion (24), and other reports have shown that inflammatory
cytokines were required in acute GVHD and these molecules
can cause tissue damage (25-27). With these reports in mind,
it is reasonable to speculate that the aggravated production of
inflammatory cytokines by hyperglycemia may be a risk factor
in the pathogenesis of acute GVHD and organ dysfunction,
This study has several limitations, including heteroge-
neous patient populations and a retrospective nature. First,
hyperglycemia can be caused by infection itselfand it has been
previously shown that the level of hyperglycemia was corre-
lated with the severity of illness (4). In this retrospective
study, we could not confirm whether hyperglycemia directly
influenced organ dysfunction or increased inflammatory
markers. Furthermore, statistically more corticosteroid was
used in the group of moderate and severe hyperglycemia, and
statistically more parenteral nutrition was used in the group
of mild hyperglycemia. However, the observation that hyper-
glycemia and the severity of illness were independently asso-
ciated with a worse prognosis has been well confirmed in the
ICU setting (4), and several prospective studies have shown
that intensive glucose control reduced both morbidity and
mortality (1, 2). Considering these findings, we suggest that
our data still support the possibility that the degree of hyper-
glycemia was associated with morbidity and mortality in the
allogeneic HSCT setting. Second, we must consider that the
patients who developed moderate and severe hyperglycemia
included older patients, those who received more unrelated
grafts, and those who received tacrolimus compared to other
groups. In terms of immunosuppressive drugs, tacrolimus
has recently become a preferred immunosuppressive drug for
GVHD prophylaxis in unrelated or HLA-mismatched HSCT,
based on the results of two Japanese studies, which showed
that, compared to cyclosporine, tacrolimus was associated
with a lower incidence of acute GVHD and better overall
survival, which were similar to those in related HSCT, even
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after HSCT with alternative donors, including unrelated do-
nors (28, 29). Therefore, the effect of unrelated graft and ta-
crolimus on the incidence of acute GVHD and NRM might
not be significant in this study.

The effects of tacrolimus on hyperglycemia, hyperbil-
irubinemia, and hypercreatininemia need to be clarified. It is
well known that hyperglycemia occurs more often in patients
receiving tacrolimus than in those receiving cyclosporine
(30-32). In the present study, patients receiving tacrolimus
were more likely to have moderate to severe hyperglycemia.
However, the association of hyperbilirubinemia with tacroli-
mus has not been previously reported and two other studies
(33, 34) showed that cyclosporine was more likely to cause
hyperbilirubine mia than tacrolimus after allogeneic HSCT or
kidney transplantation. Although the relative nephrotoxicity
attributed to tacrolimus compared to cyclosporine has been
controversial (30, 33, 35), studies that have reported such
nephrotoxicity used a higher target tacrolimus level (>20 ng/
ml) (30, 35). On the other hand, it has been reported that the
use of lower levels of tacrolimus (10-15 ng/ml in our hospi-
tal) was associated with reduced complications in allogeneic
HSCT (36, 37), with no difference in the incidence of hyper-
creatininemia compared to cyclosporine (33). Based on a
consideration of all of these results, we think that tacrolimus
might not be the direct cause of hypercreatininemia in this
study. Finally, due to the nature of this retrospective study,
during the period evaluated we did not apply any consistent
protocol for glucose control and nutritional support, al-
though we tried to avoid severe hyperglycemia (BG =200
mg/dl), which certainly biases the interpretation of the data,
although it has been reported that the overall glucose level,
rather than the dose of insulin administered, directly influ-
enced the outcome of patients (3).

Even with these limitations, we believe that our abser-
vation is still of value in considering the clinical impact of the
strict control of hyperglycemia during the early phase of
HSCT. To confirm our preliminary observation, a prospec-
tive pilot study is underway to assess the effect of intensive
glucose control after HSCT. If this pilot study shows a bene-
ficial effect of intensive glucose control, a prospective ran-
domized trial would be warranted to confirm the possibility
that intensive glucose control improves the outcome after
HSCT. Additionally, in this ongoing pilot study, we evaluate
the diurnal blood glucose and insulin levels, including post-
prandial levels, to detect hyperglycemia more precisely before
transplantation since the level of HgAlc is affected by both
the blood glucose level and the turnover rate of red blood
cells, and would not precisely correlate with the true mean
blood glucose level in patients who received courses of blood
transfusion for anemia.

In conclusion, the association of the degree of hyper-
glycemia during neutropenia and an increased risk of post-
transplant complications and NRM was suggested, but the
possibility that intensive glucose control improves the out-
come after HSCT would only be confirmed in a prospective
randomized trial.
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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 fludarabine 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+) full-donor (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 lll-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. © 2007 Wiley-Liss, Inc.

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, aliogeneic HSCT with a
reduced-intensity (RIST) or nonmyeloablative conditioning
regimen has recently been explored for patients who are
ineligible 1o receive conventional myeloablative HSCT
(CIST) due te age limits or comorbidities. Many studies sug-
gested that RIST is a reasonable option for older patients or

© 2007 Wiley-Liss, Inc.
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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 Biood type
UPN Patient age/sex Donor age/sex  Stage and diagnosis fisk in MDS patients CD34+ cells (10%) patient/donor
1 BOM 46/F MDS (RA) Intermediate-2/Poor 3@ AA
2 1M S4/F MDS (RAEB) Intermediate-2/Poot 5.84 00
3 67M 60/F AML (M4) in 2CR 274 80
4 60M 55/F AML (M2) in 2CR 458 BB
5 63M 60'M CML in 2CP 1259 o0
6 S4M S9/F MDS (RAEB) Highlintermediate 54 oA
7 s52M 55/F AML (M2) in 1CR 677 AIA
B 1M 54/M AML (M1) in 1CR 329 B/A
] S8/F B4F CML in 1CP 29 AAB
10 84F 59F ALL (L2) in 1CR 554 AA
1 55M 44 AML (M1) in 1CR 313 AA
12 55/F 51/F CML in 1CP 494 AD
13 52/F a2M AML (M4) in 1CR 158 AA
14 S9/M B4/M MDS (RAEB) diate-2/i - 358 AAB
15 S59/M 56/M MDS (RA) Intermediate-1/Good 358 ABIA
16 53F 55/F MDS (RA) Intermediate-2/Poar 22 oo
17 55/F 68/M AML (M3) in 2CR 263 A
18 54/M 50/M MDS (RA) Intermediate-1/Poor 374 oB
19 S1/M 44 AML (M1) in 1CR 488 AB/A
20 B4F 66/M CML in 2CP 359 O/A
21 68F B4/M MDS (RAEB) Intermedate-1/Good 356 BB
22 53m 44/m MDS (RAEB) High/intermediate 72 BB
23 60/F 53M AML (M2) in 1CR 2.83 AB
24 59/M 62/M AML (M4) in 2CR 547 ANO
25 51F ATF MDS (RAEB) Intermediate-2/Poor 583 AA
26 59/M 62/F MODS (RA) Intermediate-2/Poor 4.02 BIO
27 50/M AB/M AML (M2) in 2CR 4.94 B/A
28 56/M B2/F MDS (RAEB-t) High/Good 438 ABA
29 53F 62/F AML (M2) in 1CR 3.06 0/0
30 S4F 63/M AML (M2) in 1CR 647 ANO

M. male; F, lemale; MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; CML, chronic mysloid leukemis; ALL, acute lymphoblastic leu-

kemia; AA, RAEB, refractory

-

with excess blasts; RAEB-, refraclory 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 busulfan
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 leasi-
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 results 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 o 69 years (median 58.5,
range 51-68 years) and had a hemalological mahgnancy, including

AML or acute lymphoblastic leukemia (ALL) in sl or 2nd complete
remission (CR), CML in 181 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 pl (Appendix). Eligible pati md thair
donots gave written informed belore er
critena included a performance status (PS) of the Easlem Cooperative
Oncology Group (ECOG) of less than two, a serum creatinine concentra-
hmuflnuhanzumgfd awdﬂcmbwfmwnolmemm
arterial oxyg without ygen ol more than
23%, Mmmmummtmmwmdw total
bilirubin less than 2.0 mg/dl, no active infection, and no previous allergy for
muwmdlwmnquDwmw:b Donors were required io
have a , and normal values in the serum
chemistry and blood counts, and negum results of serclogic testing for
human immunodeficiency vinus and hepatitis B. The patient and donor
characteristics are shown in Table | ‘I'hou with AML/ALL in 15t CR, CML
in 15t CP, or MDS in ref y ia were defined as low risk, and the
others were defined as high risk. All 12 patients with MDS excep! one
(UPN 22) were translusion dependent, and all those were grouped
g to the | I Prognostic Swmg Syswn (IPSS) into in-
|arrno¢mothhmnn:mmoi 1.n=
3: intermediate-2, n = 6; high risk, 1= 3, BylPSSmInnu 3 patients had
good-risk, 3 had intermediate-risk, and 6 had poor-risk cytogenetics.

Donor selection and blood stem cell harvest
Helated donors were selected based on compatbility of HLA-A, B
wmmny i or high dution DNA typing. After G-CSF
1, apherasis p d were performed daily until at least 2.0
« 10" CD34+ cells per kilogram of the recipients body weight, up 1o
three times. and all of the collected cells were cryopreserved until stem
cell infusion.

American Journal of Hematology DOT 10.1002/ajh



Dey 43 6 443240 , Jo , P 100
+ 1 —t"
Flu 30mym’ 2 6, v
11
| BU 4mgkgx 2. po I PRSCT
200 g

CyA pleag CyA Imply, iy

randonmi,
CuA with MTX: )4 Smg ki 1y
MTX IUI!lc.'ln:alﬂ)I. Tmgm’ on days 1,6
Figure 1. Trealmen! schedule. CyA; cyclosy

rine, MTX; methotrexate. *1: When acute GvHD was not observed, CyA

mupludby‘ll:%amluhﬂlngllDlyZ!.mdmollmhlhdbyDayNﬂ.Whmmbad:hhmﬁamwusunwﬂh—
out active acule GvHD over Day 60, CyA was tapered and discontinued within 2 weeks. Patients who did not convert lo
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/miday) infused over 30 min once a
day on Days B, 7, 6, 5, 4, and 3, and oral busultan (4 mg/kg/day) on
Days 6 and 5. To prevent the p oral valp
sodium, at nuunoiaoompdwdedmadossozdays before busul-
fan administration, and this was continued until 24 hr afier the last
dose of busullan,

Patients were randomized to receive either cyclosporine (CyA) alone
ot CyA plus shorl-term methotrexale (MTX) for GvHD prophylaxis.
Randomization was performed by stratifying according o disease
(AML, ALL, CML or MDS), transplant center, age (less than 60 years
or mote than or equal to 60 years), and sex (male of femalg). Al
patients received 3 mg/kg/day CyA by continuous v infusion daily from
Day 1 to maintain a therapeutic ltouqh Iwﬂ of 250-400 ng/mi, and
thereatier orally in an i 1o mai apeutic trough level of
150-250 ng/ml. The patients who were uw‘vod to CyA plus short-
term MTX received a dose ol 10 mg/m® iv MTX on Day +1, and 7 mg/
m® on Days +3 and +6 afer stem cell infusion. CyA was tapered stari-
ing at Day 28 in the absence ol 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 it clinically leasible, since ant-leukemic eflect was pre-
sumed to occur after dew#opmnnt of complele donor chimerism [14].
Cases of Grulc -1V acute GvHD were treated with 2 mg/kg/day of
in addition 1o CyA.

Y

Suppoﬂiva care
m jon prophylaxis was recor ded prmhyiaclt

between paﬂenl and donor {on the basis of polymorphisms found in
) using an BECKMAN COULTER
CEQB000 GENETIC ANALYSIS SYSTEM. T cel (CD3+) chimarism
studhes 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 « 107
L', The day of platelel engrafiment was defined as the first of seven
consecutive days on which the platelet count was above 20 ~ 10° L'
without platelet transfusion.

Regimen-related toxicity (RRT) was graded using the Seattie criteria
(18] on the day before the initiation of conditioning regimens and al
least 3 days a week untl Day 20 afer iransplantation. All other
observed advetse evenls were graded according to the National Can-
cet Institule Common Toxicity Criteria version 2.0 (NCI-CTC ver. 2. 0]
until Day 100 after pli Infectous di were
based on any positive blood culture or histologic evidence ul fissue
invasion,

To b the | dition of patient: i with the tox-
icity profie, PS, mmawmlmhmemmwuhw
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 ol 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 of chronic GvHD,

ammm muuroqumbnes) were given during cytopenia, fi
{200 my/day) was uwm at the stant ol conditioning and continued until
the disconli of i PR t. and oral acyclovir (1,000
mg/day) or iv acyclovir (750 mg/day) was given lor prophylaxis of her-
pes simplex virus (HSV) and varicella zoster virus (VZV) trom Day -7
to Day 35. Pwohwam agains! Pneumocystis carinil was consisted of

le after hil f (205 ~
1w L ] and was continued until the discontinuation of immunosup-
pressant. During the first 100 days aher transplantation, cytomegalovi-
rus antgenemia assay with HRP-C7 or C10/C11 monocional antibody
was periormed weekly after neutrophil engrafiment until Day 100 after
transplantation. Pre-emptive therapy with ganciclovir was mu:om-

Pharmacokinetic studies of fludarabine
phosphate and busulfan

Blood sampling for p i studies was done on Day -5 to
investigate the eflect of concomitani busullan adminisiration on the
pharmacokinetics ol 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 a1 0, 05, 1, 2, 5, and 235 hr al-
ter the 41h infusion of fludarabine. We also oblained blood samples for
determining the busullan plasma level at 0, 05, 1,15, 2, 3, and 6 hr
after the sixth administration of busultan (1 mo/kg/dose for 8 bmes)

mended upon the d ol positive and was
until it became negative. Patients were wweated with G-CSF trom Day
+6 1o neutrophil engrafiment.

Chimerism analysis

Hemalopoielic chimerism was evaluated with regard to peripheral T
cell (CD3+) hraction by an analysis ol DNA microsateliite polymor-
phisms by poly chain ion (PCH) with 0185851, D20S471,
and D225684 fluorescence-labeled primers, which idenlified differences

American Journal of Hematology DOI 10.1002/ajh

Blood les were taken i tubes containing heparn and erythro-9-
(2-hydroxy-3-nonyljadenine. Plasma was oblained by cenlrilugation,
and then transporied to the iaboratory and were stored at —20°C until
analysis. Plasma levels of 2F-ara-A and buodfan were determined
using high-performance liquid ch graphy with 1l and
UV detecton, respectively. The accuracy anl:l precision of the assays
for 2F-ara-A and busultan were confirmed by measuring QC samples
of both belore this study. The maximum concentration ol drug in
plasma aher drug administration (Cras Cpess) and the fime lo reach




the C following drug administration (T.,,) werne
observed. The area under fthe pi j time curve
(AUC) tor 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 haif-ives (T,;) were calculated from the primary
parameters.

Statistical analysis

The primary endpoint of this study was lo determine the percentage
of patients who were alive al 100 days after transplantation with com-
mammmm:wm;mwoaw Se:unduyand
points included the tima 1o eng P the
incidence and severity ol RAT, mmmomsmrydmmd
chronic GvHD, memmwmnrs and overall survival (OS).
A descriplive statisti ysis was p to assess patient base-
line ch ics and di: . Time to engraft , COmp chimer-
ism, acute or chronic GvH[lOS mdDFSmwwiaml 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 enrolled in the
sludy, a dala and safety monitoring commitiee underiook an interim
analysis. This analysis, completed in Oclober 2004, included data for
the primary endpoint, i.e. survival al Day 100 and chimerism status at
Day 90, and data on acute and chronic GvHD, survival, chimerism sta-
lus, and anti-umor effect through Day 180. Neither ol the predefined
cﬂmknnmphghamdymmerhumammmawhbh
salely daia i g and dHﬁTlmDaleOmm
tality that this it was safe for
older patients. mmmmrmnmmdahunolmncmmn we
decided to continue the study and published an intenm report when 30
patients were lled and d without paring 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 nol 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 numher of
days 1o 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
nol respond to the discontinuation of iImmunosuppressive
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 |-IV organ toxicities within 20
days after transplantation are listed in Table Ill. Although
non-fatal toxicities including Grade I/l 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 (B/17) had Grade Il events. None of
the patients experienced venc-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 baclerial infection (1 episode), suspecled
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 Il GVHD (n = 1), and nauseavomiting (n = 4).
Those (n = 6) observed from Day 29 to Day 100 were all
caused by Grade Il or lll 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 |1-lll acute GvHD (n = 9), prolonged
infection with Grade Il acute GvHD (n = 1) and gastroesopha-
geal reflux disease (n = 1) between Day 29 and Day 100.

GvHD

Grade IV acute GvHD at 100 days was documented,
respectively, in 5 (17%), 15 (50%), 3 (10%), and O (0%)
patients, The median time to the occurrence of Grade II-IV
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 (148-1114 days) atter trans-
plantation, Twenty-nine of the 30 patients achieved CR
within 100 days after transplamtation, but two of them with
MDS, who had poor-risk cylogenetics 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 tull-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 patienis were classified into high nsk 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 Il. Summary of Clinical Outcomes

Chimerism analysis GvHD

Post transplant Infection until day 100
upn Day 90(%) Day 120(%) Day 180(%) DLI (reason) Acute Chronic (etiological agent) Relapse Outcome (Cause of death) Follow up

1 88.40 >90 >90 Grll (S, G) Extensive - - Alive 1,114

2 85 >90 =90 Yes (d662, relapse) Grll (S) Extensive Yes (unknown) Yes (d402) Dead (recurrent disease 652

and its complication)

3 >90 >90 >90 - Extensive Yes (S. maltophilia, unknown) - Alive 735

4 >90 >90 D Grll (S) - - - Dead (IP) 169

5 >90 >90 >90 - Extensive - - Alive 731

6 =90 >90 =90 Grll (L) Extensive = - Alive 716

7 =90 >90 >90 Grll (S8, G) Extensive Yes (CMV antigenemia) - Dead (GvHD) 354

8 >90 >90 >80 Grlll (S, G, L) Extensive Yes (bacteremia susp., - Alive 431

fungal susp.,
CMV antigenemia, unknown)

8 >890 =00 >90 - Extensive Yes (unknown) - Alive 592
10 >90 =90 >90 Grll (S, G) Extensive Yes (unknown) - Dead (GvHD) 757
1" =90 =90 >90 Gr Il (S) Extensive - - Alive 360
12 B8 79 7 Grlll (S, L) Extensive Yes (unknown) - Alive 720
13 =90 >890 >90 Gr 1 (S) Extensive Yes (HSV, unknown) - Dead (GvHD) 517
14 >90 >90 >90 Grll (S.G,L) Limited Yes (fungal susp., unknown) - Dead (GvHD and its complication) 187
15 85 88 >90 Grlil (S, G) - - — Alive 702
16 B4 88 >90 - Limited *  Yes (CMV antigenemia) - Alive 642
17 80 >90 D Yes (d98, mixed Grll (S, G - - - Dead (GvHD and its complication) 149

chimerism)
18 >890 88 >90 Grll (S) Extensive Yes (CMV antigenemia) - Alive 729
19 >90 >90 >90 Gr | (S) Limited - - Alive 737
20 >90 >90 >90 _ Grll (G) - Yes (CMV antigenemia) Yes (d147)°  Alive 688
21 78 {7 f 75 Grll (S. L) Extensive - Yes (d364) Dead (BOOP) 503
22 >80 >90 >90 Grll (S. G) Extensive Yes (unknown) Yes (d98) Dead (progressive disease) 306
23 =90 >90 D - Extensive Yes (unknown) - Dead (GvHD and its complication) 151
24 >00 >80 >80 Gr Il (G) Extensive - Yes (>d365)° Dead (recurrent disease) 825
25 >90 87 >90 Yes (d186, d238, relapse) Gr |l (S) Extensive Yes (CMV antigenemia) Yes (d156) Dead (recurrent disease) 401
26 >90 >80 >90 Yes (d204, relapse) Grl (S) Extensive Yes (unknown) Yes (d141) Dead (recurrent disease 412
and its complication)
27 84 >90 >90 - Extensive Yes (unknown) Alive 371
28 >90 >90 >90 Grll (S) Extensive Yes (viral susp., unknown) - Alive 365
29 =90 >90 >90 Gr | (S) Extensive Yes (unknown) - Alive 366
30 >90 =90 >90 Gr ! (S) Limited  Yes (unknown) Yes (d370)  Alive 370

ND, not done; D, dead; DLI, donor lymphocyte infusion; Gr, grade; GvHD, graft-versus-host disease; GvHD site codes, S-skin, G-gut, L-liver; CMV, cytomegalovirus; susp., suspected; unknown, no microbio-
logical evidence despite symptoms; P, interstitial pneumonia.

*This patient developed a GvHD starting on day 112 after receiving DLI for mixed chimerism.

"This patient developed gut GvHD starting on day 92.

“CNS relapse without hematological relapse.

“This patient relapsed after day 365, but the exact date of relapse is unknown.



TABLE lll. Regimen-Relsted Toxicities Within 20 Days After HSCT
According to the Seattle Criteria in 30 Patients

Grade
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GI loxicity

HSCT, h poieti

¥ Gl, gastro

D= @O O -
-0 00D = =D
(- B - - - -]
cocooooO

stem cell p CNS, central nervous

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 0(‘-955 Yeﬂls versus >55 years) and CD34+ cell dose (>5.0
x 10% kg~ versus <5.0 x 10° kg~ ') were not associated with
better culcomes by a stratified analysis (data not shown).

Pharmacokinetic results for fludarabine and busulfan

2F-ara-A and busullan 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 ol 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 mimirvm®, 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 nmolml, with a
subsequent decline o a T, 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 ml/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 (dala 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 (600-200 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
grafl failure, only an insignificant occurrence of RRT and
reatment-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 donortype 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 cylotoxic chemotherapy remained in
mixed T-cell chimerism duning the first 6 months after trans-
plantation. A more rapid induction of T-cell chimerism has
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Figure 2. Kaplan-Meler 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
benelits do not also lead 1o 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 TAM 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 3% 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 lavorable
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 somewhal higher than that In published literature
and our own observational data with elder patients and
high risk diseases [25). However, Grade lll-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 II-1V 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 seftings, 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
1o evaluale disease control and the consequence of therapy
is mandaltory, 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. Although 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 sludies in which different drugs
are combined with lludarabine.
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T-Cell Large Granular Lymphocyte Leukemia of Donor
Origin After Cord Blood Transplantation
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Abstract

We rapart the first case of T-cell large granular lymphocyle leukemia of donor ongin after a second cord blood transplamation for acule myelid
leskemia, and review the literature regarding rare cases of T-cell-ongin postiransplantation lymphoprolileratve disorders
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Introduction

Tevell lurge granular lvinphocyte leukemia (LGL: LGLL) is
characrerized by the monoclonal proliferanon of CD3<, and
CDE 1GLs. with abundant cytoplasm and line or coarse
wenrophilic gramules '3 Reactive expansion of LGL in the
peripheral blood has been occasionally reported dusing viral
infection wid i recovery phase of allogeneic hemaropoietic
stem el vransplanation (HSC).34

Postransplamation lyin phoprolife mnve disorder (PTLD) is
2 characreristic lymphoid proliferation o the development of
lymphoma in a scaing of decressed T-cell inmune surveillance,
r}']‘icd"_\' n ru'lpll.'ﬂls U* &l‘lil] l_lr;i{ll Irdllspliﬂll“l}[! or ﬂjh}g&'ﬂell
HSCT Mast reporied cases of 'TLD are of Becell otigin, in
asociation with Epstein-Barr vitus (EBV) iniection, which
leads 1o manoclonal o, less hrqutnlh'. pulvclom] prull.lcﬂuun
of B cells. Most of the rare cases of Tcell PILLD were reported
atrer solid organ transplantation, with very rare cases aher
dlogencic HSCT.

In this report, we describe the unigue clinical and
laboratory findings of a pariem with 8 T-cell LGLL of cord
danar arigin after & second cord bluwd wransplantatien for
acure myeloid leukemia,
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Case Report

A S8-yearold Japanee man with acute mycloid leukemia
(French-American-British clasilication; M2) in sccond compler
remission received allogencic HSCT from an unrelued fenale
cord blood donor. The condiinning agimen consisted of wxal
body irsadiation of 12 Gy in 6 fractions o day 6 1w
=4, and eyclaphosphannde 60 mg/kg once daily intravenously on
days =3 to =2 (total dose. 120 mg/kg). He received human leukocyie
anugen-loci mismatched (2 by scrology and 2 by DIMA rvping)
unrelated cord blood, which contained 3003 « 107 nucleied cellky
i January 2003, Cyclosporine and shor-ienm mehomnaae wen:
wsed a5 praft-versus- how disease prophylaxis, However, hemnarologic
recovery was not observed up o day 40, and we concluded rhar
this was 2 case of primary grafi failure withow latkemia rlapse
because the rosuls of inerphase Huorescence in sitn hybrdization
analysis on days 23, 30, and 37 on bone marmw IBM) amples
weie negative. Because his condition remained good, we planned
a second cord blood wansplantarion with a reduced-intensity
regimen, which conusted of fludarshine 30 mg/kg once daily
intravenously from days =8 to =3 (ol dose 180 mg/kg). busulfan
4 mg/kg orally on days —6 and -5 {rotal dose 8 mgikg), and 1ol
body irradiadon of 4 Gy in 1 fracion an day =1. Cydosporine and
mycophenolac mofedl 15 oyg/kyg twice daily wore adminisiered.
On day 51 of the inirial sransplan@dion in March 2003, human
leskacyte antigen-loci mismatched (2 hy semlogy and 3 by IINA
typing) male cord blood, conuining 2.6 x 107kg nucleied
cells, was infused. Neutmphil engrifiment was observed by
day 33 after sconnd tnsplanadon. Acute and chronic graf-
versus-host discase did not devdop, and cvdosporine was uipered
off in November 2003,
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Figure 1 T-Cell Large Granu

ymphocyte Leukemia
Stained with May-Glemsa on the Peripheral
Blood Smear

Figure 2 Southern Blots of T-Cell Receptor [{-Chain
Gene Rearrangements

The predomvanl cote worg typeal of LoLe wilth alarslinl ofoplism and fre o comsy
AN i
Hemaloedn and Ao B3N Qg MIQRNCIoN x 10070

In February 2004, 10 months afwer the sccond cord blood
rransplancarion, he developed anorexia, abdominal distendon
with fluid accurnulaton, and edema in the lower exiremities.
A computed tomography scan showed gross ascites and mild
pleural effusion bur no sign of cnlarged lymph node or
hepatosplenomegaly. The peripheral whire blood cell o
was 10,300/pl (10.3 « 10%1), and 30% of the cells had a
maorphalogy of medium to large lymphocyies with abundam
.I‘}I‘(l\[li'.‘ll‘ﬂ g[.lr”]:l"\ n I"{ f\'llllll.L\lll. 4s shown in }I}:L[[f : .11 L
hemoglobin level was 8.8 g/dL (88 g/1.), and the plareler count
wis 192 « 10%pl (1.92 x 1091

A retrospective review of the peripheral hiood smears Jisclosed
thar the appearance of LGL caincided with the rapening ofl of
immunosuppression 3 months belore the admission

Flow cytometry examination ol the peripheral blood

tion of |-cel

anuclear cells showed a homogeneous popt
sLs positive for €02, CID3, CD8, €056, and T-cell recepror
(TCR)}=yD, bue negative for CD4 and TCR-nP. The DM biopsy

spectmen stologically showed 10% of hypoecllular gelannous

marrow with diffuse infiltation of medivm 1o I.u'l_;r l\'rni-!mnf
4

cells Immnanperoxidase srudies on sections of BM  showed

strong cxpression of Tecell-restncred intracellular anrigen: |,
partially positive saining of CDE and grangyme B, bm no
expression ol CDA or CD20. Seuthern blot analyvsis of the BM
cells revealed o clonal rearrangement of the TCR-B chain, s
thown in Figure 2 and TCR-8 chain (daa not shown)

acentesis was performed witch milky chylous flsied,

Abdomnal
and a bow cytometry exanmination showed resules simalar o diose in

the peripheral Wlood Muliprmer-hased polymerase chain reaction
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(PCR) analysis of ascivc cells also showed clonal rearrangemem
of the TCR-6 chain, as shown in Figure 3. The pnmer scts werne
wsed in the following locations V81, $-AAA G1G GIC Ay
ATT CTG TC.3 VB2A, 5'-GCA CCA TCA TGAG AGA GAT
GA-3; 18, 5 TGG T'I'C CAC AGT CALCI ACL GG-3'; DB3R,
5UTTC TAL LAC UG GCG TAT CE-3. The a.rllpl'!:n‘. MN

hase-puir PCR producns of the TCR-S chain were then coned inn

the pCR-TOPO vecwe. The DNA sequences of 3 dones amplified
by vectors were identical and had high homeology o TCR-B
chin inrhl{:i.‘lp a 197 base-pair serpucnc (dawa not shown). Tlis
sequence also involved the forward and reverse primers Va1 and
JB. respectively, described previvusly

The results of al of the previously mentioned <rilies
indicated the clonal expansion of T cells compauble wilh «
diagnosis of T-cell LGLL widh ¥ T-ccll
il{-ril.lin'r.ni blnod, BM, and ascites.

Duonor-recipient DNA chimensm was analyaed hy comparing

notype involving

the shon 1andem repeat findings for the donor blood sample
and |J'Il'{!.All!l"ll-'.lll'.llif-ll recipient samples. Fleven short aandem
repeat loci were analyzed by PCR using an AmpFISTR SGM
Plus® kit. The peripheral blood sample (containing 30% T-LOL)
and the second cond blood sample showed the same peaks at the
locus {(12165539). as shown in Figure 4. These resules further
confirmed that die o panded W8 T-LGL cells wore exclusively ol
second cord bluwd vansplantation donor onigin.

shiowed no evidence ol wvira

Sero ngIc EXAmIEtien

infeetion. Real-time CR anabysis revealed a high [oad of EBV

(7.9 = 10! copies/ 1 cells) However, in siw hvbodizacion studies
of BM clls did not reveal EBV-encoded small RNA, and

Southern hlor anabmsis of BM cells also showed no band far



Fgure 3 Polymerase Chain Reaction for T-Cell
Receptor & Gene Rearrangement

o114 Negathes control 2l [2) patient’s sangle of rozan neoplissic hengiion ceds in ascitse
& clona’ band san emifed at opprnimately 200 base (wirs
Antrevmbrng bp = bage pais M = molsculs wisgh marker

clonal EBV genomges. Chromesome analysis demonstrared 2

normal 46, XY karyotvpe in all 20 cells examined

After admussion, his abdominal distention and  dvspnea
with hypoxemia progiessed rapidly with spiking fever A
"l"n\l'llll‘d Ir.lﬂlh_::::lplly gean demwnstrated acure r(‘\Frir:ILIIr\'

ss sviidrome. Bocause we found no evidence of bacierial

fungal inlecion or drug-induced pneumonia, ovclosporine

and thylprednisolone were smared immediaely bue with
no effeer. and he dicd of acure respiratory failure 1 weelk Luer
A posimuortem lung biupsy showed excensive difhuse alvealar

he I'LGL eells invelvement; un the enlier

damage withouwr

hand. the levkemne cell involvement in Ghisson's shearh was

<haw i by a liver hiopsy.
Discussion

I this case, the ncrease in LGLs developed 7 momhs aher
ithe second cond blood tmnsplantadon, and the kinerics of

o

1GLs corclmed wih the @penng off of immunosppression

which suggested the possibility tha i\']ll}'}.lH._\'l"\i.\ might
have been assovated wirh reactive expansion becawse of viral
infection or an alloimmune reaction. However, our case showed
TCR-fAand TCR S5 gehnc e

e TOR-O gene rearrange

rrangement by Southern hlog “""!.""'“
ent by PO and cyronomic |eell
immunophenorype, which were comparible with F-eell LGLL
Most cases of PTLD, usually of B-cell origin, arc wssociared
with LBV inlection and represent the EBV-induced monudonal
expansion ol B cells in candimons with decreased T-coll immune

surveillinge *# Although there have been same repornis of

EBV-assaciured PTLD afrer cord blood mransplanumion, th

incidence of P FLTD of T-cell origin has been reportéd w be only

§20- 1 4% wirh a less frequent associarion wich EBV O

- Shigeru Kusumoto et al

Figure 4 Daonor-Recipient DNA Chimerism Analysis by
Comparing the Shorl Tandem Repeat

Recipient

9 10 N

Second
Cord Donor

T-LGL

Tne: penpitesal Dot samiie foo T-LGL) and me sl con Moo ampie

ehowe] 10g srw peals A Ihp Yxa

In onie case, because a high viral load of E

by real-vime 1'C R analysis, we initially speculawd thar o
I-LGTT was EBV-associare] FTTD, bur this was larer denied

based on the resuls ol EBVeencmded small RNA n she
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Table 1A Literature Review
Transplantation?.

Tufter et al'?
Zutter ¢t a"?

-Cell Posttransplantation Lymp

Zutler el al'd — I | dremele |t =R {polymor his} -
Wang et al** 4 NHL [diffuse largs)

“Sirventetal 5 LGL [af)
Collins ot al*5 NHL (polymorphic) ND Lymoh node, brain
Au et al's = |Gt Don '_, = B :
Our Case LGL tB) ﬂ Dionot ‘ PR, BV, ascites. v

woliferative Disorder Afler Hematopoietic Stem Cell

- Lymphoblastic ymphome
Lymphaobiastic lymphoma

“HUMAN IEURCYIE BNEpRn-matched sarg

FOOIEONS: ND = ot dememanet NHL = rov-Hoogea metana, PE = pesipharal blocd, UCH — wrrsatad cond bood

L L EBER-ISk “Ruarrangame

Zutter et al"? 1290 Nol determined TCR-y (55) 251
Zutter ef al"d 630 Nt determinen Not detzrmined 1450
Zutter stal - — == —— 1 Nl dtaeriinod e =
Wang et al™t &80 Negaiive TCR-7PCR; > 1170
“Sirvent el Il 300 Negaive TCR-R S8 >890
Collins et al's 9 | Neguarve Not ot 29
A el al'® == f-— Megative Ty 07 L b
Dur Cass | B 330 ] Negative | T.;C:‘E f %ﬂ 30

“Torrw o Sranspantation fo I*TLD

Sl e from Gagnose of FTLD

aporeviatons. EBER-151) = EBV-gncooed small 1148 in sity bybrideation, 56 < Southern biaftng

hybridieion stans and Southern blor EBV 1erminal repeat
wnalysis. Therefore, the clinical .ngni!'if_.m:h of EBV infecion in
this case remaings undetermined.

Most previously reported cases of Tecell PILD developed
after solid organ ransplantation.!? and there have been only 7
previously documented cases of T-cell PTLD aher allogencic
HSCT, as summarnzed in Table 171518 Pogreransplantation
|_\m|::|1npmhl-r::|m-t disorder was of donor origin in 3 of R

tetal cases, including our case, of recipient ongin in 2. and of

utwletermined L Ui e femaining 3. No correlation has been

{emonsrated berween EBV and Tocell PTLD aker HSCT

Generally, most cases of Becell  postransplanuation

lymphoproliferative disorder after 118CT develop within the
fiest 5 months, because the balance berween proliferating FBRV-
infecred B cells and cyroroxic T eells canner be controlled with
the unrecovered lymphocvic compenenss.!™ In solid organ
transplantation, EBV-positive cases tend 1o ocour earlier than
mectian of 610 months

FBV-negative cases, it. o interva

connpared with 4-5 yean 7 e cases of 1-cell PTLD have
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a longer interval berween the day of transplantauon and the
occurrence of PTLD than in B-cell PTLID. The donor source
of transplantanon included sibling (3 cases), father (1 case),
unrelared (1 case), cond (our case), and not described (2 cases).
Therelore. whereas there has been very litde experience with
cases after cord blood transplantation, all B cases of PTI.D in
the licerature are of B-cell origin® 11 Our case is the fint repon
al PTLD of 1cell origin alier cord hlood [tansrlaufa:llltl and
night reflect very intense immunosuppression passing through
ennsecutive cord blood transplancation

It has been reported that T-cell PTLD has & worse

prognosis than Hecell PTLD in a solid organ transplantation
serting. In 1 senes ol 6 cases presenting with Toeell non-
Hodgkin lymphoma as PTIN, pulmanary involvement was

d marrow infilerarion in 4 cases, All

reponted 1§ cases
patients showed aggressive courses. 18 Ot importance is thar
of 8 patients with T-cell PTLD after HSCT: 3 parienis who
died within 30 days had exeranodal involvement in the lung,

am, and/or ascites

liver, spleen,



