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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
Shigeo Fuji,' Sung-Won Kim," Shin-ichiro Mori,' Takahiro Fukuda,’ Shigemi Kamiya,” Satoshi Yamasaki,'

Yuriko Morita-Hoshi,! Fusako Ohara-Waki,! Osamu Honda,? Setsuko Kuwahara,’ Ryuji Tanosaki,’
Yuji Heike," Kensei Tobinai," and Yoichi Takaue™*

Background. Recipients of allogeneic 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 (110 to 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-
cernia 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 disease (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 allogeneic
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 with a myeloa-
blative conditioning regimen. These two diabetic patients were
included in the moderate and severe hyperglycemia group.
None of the patients, indluding 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 (81-109) 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)
Disease risk
Standard 16 (57) 18 (37) 6 (43)
High 12 (43) 31(63) 8 (57)
Conditioning
TBI-containing 11 (39) 26 (53) 9 (64)
Non-TBI-containing 17 (61) 23 (47) 5(36)
GVHD prophylaxis
Cycdlosporine-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; PBSC, peripheral blood stem cells; HLA, human leukocyte antigen.

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



816

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 0.5X10°/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
OS 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-TBI-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<<0.10 in 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, OR 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 kcal/day vs. group 2 969+383 kcal/day), overall
there was no essential difference in caloric intake between the
three groups (1070+303 kcal/day, 1190+393 kcal/day,
1045+530 kcal/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 J

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
20% (16%, 6% and 6%), and 98% and 43% (36%, 14% and
14%). 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(11) 3(6) 2(14)
Organ dysfunction
Hypercreatininemia 1(4) 4(8) 4 (29)
Hyperbilirubinemia 3(11) 11 (22) 6 (43)
Increased inflammatory markers 4 (14) 15 (31) 9 (64)

Data are n (%).

Hypercreatininemia, serum creatinine level =2.0 mg/d! or more than twice of baseline; hyperbilirubinemia, serum bilirubin level =2.0 mg/d}; increased

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

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% CI  Pvalue
Muitiple logistic regression
analysis
Hypercreatininemia
Hyperglycemia 5.2 11-246 0039
Hyperbilirubinemia
Hyperglycemia 4.9 1.6-149  0.005
Increased inflammatory
markers
Hyperglycemia - 6.7 22-203  0.001
Tacrolimus-based 6.9 16-30.5 0011
Multivariate analysis (Cox-
proportional hazard
model)
Acute GVHD
Hyperglycemia 23 1243 0.013
Disease risk (high) 2.3 1.0-5.1 0.047
HLA mismatch 238 1.3-5.9 0.009
Nonrelapse mortality
Hyperglycemia 29 1.2-6.6 0.013
Disease risk (high) 2.7 0.9-8.7 0.091
Overall survival
Hyperglycemia 2.0 1.1-3.6 0.019
TBI-containing 23 1.1-5.0 0.035
Disease risk (high) 1.9 0.9-4.1 0.10

Odds ratios are presented for multiple logistic regression analysis; hazard
ratios are presented for multivariate analysis.
GVHD, graft versus host disease; TBI, total body irradiation.
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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% CI 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 II-IV acute GVHD
is shown in Figure 1. The degree of hyperglycemia was asso-
ciated with a higher incidence of grade II-IV acute GVHD
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FIGURE 1. Cumulative incidence of acute GVHD grade

[I-IV 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
hyperglycemia.
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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 II-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-
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FIGURE 3. Overall survival stratified according to the
mean glucose level during neutropenia.
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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-
eases (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

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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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
hyperbilirubinemia 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 (1015 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 obser-
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.

ACKNOWLEDGMENTS
We thank the medical, nursing, data processing, labora-
tory, and clinical staffs at the National Cancer Center Hospital
for their important contributions to this study through dedicated

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

Fuji et al. 819

care of the patients. The authors are indebted to Y. Iisaka and M.
Kurita for their assistance with data collection. We also thank .
Saito for helping to prepare the manuscript.

REFERENCES

1. Van den Berghe G, Wouters P, Weekwrs F, et al. Intensive insulin
therapy in the critically ill patients. N Engl ] Med 2001; 345: 1359.

2. Vanden Berghe G, Wilmer A, Hermans G, et al. Intensive insulin ther-
apy in the medical ICU. N Engl ] Med 2006; 354: 449,

3. Van den Berghe G, Wouters PJ, Bouillon R, et al. Outcome benefit of
intensive insulin therapy in the critically ill: Insulin dose versus glyce-
mic control. Crit Care Med 2003; 31: 359.

4. Krinsley JS. Association between hyperglycemia and increased hospital
mortality in a heterogeneous population of critically ill patients. Mayo
Clin Proc 2003; 78: 1471.

5. KrinsleyJS. Effect of an intensive glucose management protocol on the
mortality of critically ill adult patients. Mayo Clin Proc 2004; 79: 992.

6. Vogelzang M, Nijboer JM, van der Horst IC, et al. Hyperglycemia hasa
stronger relation with outcome in trauma patients than in other criti-
cally ill patients. ] Trauma 2006; 60: 873.

7. Ingels C, Debaveye Y, Milants I, et al. Strict blood glucose control with
insulin during intensive care after cardiac surgery: Impact on 4-years
survival, dependency on medical care, and quality-of-life. Eur Heart |
2006; 27: 2716.

8. Jeschke MG, Klein D, Bolder U, Einspanier R. Insulin attenuates the
systemic inflammatory response in endotoxemic rats. Endocrinology
2004; 145: 4084.

9. Brix-Christensen V, Andersen SK, Andersen R, et al. Acute hyperinsulin-
emia restrains endotoxin-induced systemic inflammatory response: An
experimental study in a porcine model. Anesthesiology 2004; 100: 861.

10. Sheean PM, Freels SA, Helton WS, Braunschweig CA. Adverse clinical
consequences of hyperglycemia from total parenteral nutrition expo-
sure during hematopoietic stem cell transplantation. Biol Blood Mar-
row Transplant 2006; 12: 656.

11.  Sheean PM, Braunschweig C, Rich E. The incidence of hyperglycemia
in hematopoietic stem cell transplant recipients receiving total paren-
teral nutrition: A pilot study. J Am Diet Assoc 2004; 104: 1352.

12. Fietsam R Jr., Bassett ], Glover JL. Complications of coronary artery
surgery in diabetic patients. Am Surg 1991; 57: 551.

13. Ortiz A, Ziyadeh FN, Neilson EG. Expression of apoptosis-regulatory
genes in renal proximal tubular epithelial cells exposed to high ambient
glucose and in diabetic kidney. J Invest Med 1997; 45: 50.

14. Vanhorebeek I, De Vos R, Mesotten D, et al. Protection of hepatocyte
mitochondrial ultrastructure and function by strict blood glucose con-
trol with insulin in critically ill patients. Lancet 2005; 365: 53.

15. Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference
on Acute GVHD Grading. Bone Marrow Transplant 1995; 15: 825.

16. Cavallo MG, Pozzilli P, Bird C, et al. Cytokines in sera from insulin-
dependent diabetic patients at diagnosis. Clin Exp Immunol 1991; 86: 256.

17.  Morohoshi M; Fujisawa K, Uchimura I, Numano F. Glucose-dependent
interleukin 6 and tumor necrosis factor production by human peripheral
blood monocytes in vitro. Diabetes 1996; 45: 954.

18. Borst SE. The role of TNF-alpha in insulin resistance. Endocrine 2004;
23:177.

19. Esposito K, Nappo F, Marfella R, et al. Inflammatory cytokine concen-
trations are acutely increased by hyperglycemia in humans: Role of
oxidative stress. Circulation 2002; 106: 2067.

20. Hotamisligil GS, Murray DL, Choy LN, Spiegelman BM. Tumor necro-
sis factor « inhibits signaling from the insulin receptor. Proc Natl Acad
Sci USA 1994; 91: 4854.

21. Tsigos C, Papanicolaou DA, Kyrou I, et al. Dose-dependent effects of
recombinant human interleukin-6 on glucose regulation. J Clin Endo-
crinol Metab 1997; 82: 4167.

22.  Ferrara JL, Reddy P. Pathophysiology of graft-versus-host disease. Se-
min Hematol 2006; 43: 3.

23. FerraraJL, Cooke KR, Teshima T. The pathophysiology of acute graft-
versus-host disease. Int ] Hematol 2003; 78: 181.

24, Teshima T, Ordemann R, Reddy P, et al. Acute graft-versus-host dis-
ease does not require alloantigen expression on host epithelium. Nat
Med 2002; 8: 575.

25.  Laster SM, Wood JG, Gooding LR. Tumor necrosis factor can induce both
apoptotic and necrotic forms of cell lysis. J Immunol 1988; 141: 2629.

26. Schmaltz C, Alpdogan O, Muriglan S, et al. Donor T cell-derived TNF



820

27.

28.

29.

30.

3L

is required for graft-versus-host disease and graft-versus-tumor activ-
ity after bone marrow transplantation. Blood 2003; 101: 2440.
Krenger W, Ferrara JL. Dysregulation of cytokines during graft-versus-
host disease. ] Hematother 1996; 5: 3.

Hiraoka A, Ohashi Y, Okamoto S, et al. Phase III study comparing
tacrolimus (FK506) with cyclosporine for graft-versus-host disease
prophylaxis after allogeneic bone marrow transplantation. Bone Mar-
row Transplant 2001; 28: 181.

Yanada M, Emi N, Naoe T, et al. Tacrolimus instead of cyclosporine
used for prophylaxis against graft-versus-host disease improves out-
come after hematopoietic stem cell transplantation from unrelated do-
nors, but not from HLA-identical sibling donors: A nationwide survey
conducted in Japan. Bone Marrow Transplant 2004; 34: 331.
Ratanatharathorn V, Nash RA, Przepiorka D, et al. Phase III study
comparing methotrexate and tacrolimus (prograf, FK506) with meth-
otrexate and cyclosporine for graft-versus-host disease prophylaxis af-
ter HLA-identical sibling bone marrow transplantation. Blood 1998; 92:
2303.

Webster AC, Woodroffe RC, Taylor RS, et al. Tacrolimus versus ciclos-
porin as primary immunosuppression for kidney transplant recipients:
Meta-analysis and meta-regression of randomised trial data. BMJ 2005;
331:810.

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

32.
33.

34.

35.

36.

37.

McAlister VC, Haddad E, Renouf E, et al. Cyclosporin versus tacroli-
mus as primary immunosuppressant after liver transplantation: a
meta-analysis. Am J Transplant 2006; 6: 1578.

Woo M, Przepiorka D, Ippoliti C, et al. Toxicities of tacrolimus and
cyclosporin A after allogeneic blood stem cell transplantation. Bone
Marrow Transplant 1997; 20: 1095.

Margreiter R; European Tacrolimus vs Ciclosporin Microemulsion Re-
nal Transplantation Study Group. Efficacy and safety of tacrolimus
compared with ciclosporin microemulsion in renal transplantation: a
randomised multicentre study. Lancet 2002; 359: 741.

Nash RA, Antin JH, Karanes C, et al. Phase 3 study comparing metho-
trexate and tacrolimus with methotrexate and cyclosporine for prophy-
laxis of acute graft-versus-host disease after marrow transplantation
from unrelated donors. Blood 2000; 96: 2062.

Wingard JR, Nash RA, Przepiorka D, et al. Relationship of tacrolimus
(FK506) whole blood concentrations and efficacy and safety after HLA-
identical sibling bone marrow transplantation. Biol Blood Marrow
Transplant 1998; 4: 157. :

Przepiorka D, Nash RA, Wingard JR, et al. Relationship of tacrolimus
whole blood levels to efficacy and safety outcomes after unrelated
donor marrow transplantation. Biol Blood Marrow Transplant 1999;
5: 94,

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



Biology of Blood and Marrow Transplantation 13:932-941 (2007)
© 2007 American Society for Blood and Marrow Transplantation
1083-8791/07/1308-0001$32.00/0
doi:10.1016/j.bbmt.2007.04.004

ASBMT.

American Sociely for Blood
and Marrow Transplantation

Comparable Antileukemia/Lymphoma Effects

in Nonremission Patients Undergoing Allogeneic
Hematopoietic Cell Transplantation with

a Conventional Cytoreductive or
Reduced-Intensity Regimen

Dai Maruyama, Takabiro Fukuda, Ruri Kato, Satoshi Yamasaki, Eiji Usui, Yuriko Morita-Hoshi,
Sung-Won Kim, Shin-ichiro Mori, Yuji Heike, Atsushi Makimoto, Kinuko Tajima, Ryuji Tanosaki,
Kensei Tobinai, Yoichi Takaue

Hematology and Stem Cell Transplantation Division, National Cancer Center Hospital, Tokyo, Japan

Correspondence and reprint requests: Takahiro Fukuda, MD, PhD, Hematology and Stem Cell Transplantation
Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan (e-mail:
tafukuda@ncc.go.jp).

Received February 1, 2007; accepted April 12, 2007

ABSTRACT

To evaluate the potential of allogeneic hematopoietic cell transplantation (HCT) with a reduced-intensity
conditioning regimen (RIST) for the treatment of patients with hematologic malignancies not in remission, we
retrospectively reviewed the medical records of 132 patients (89 leukemia or myelodysplastic syndrome, 40
malignant lymphoma, and 3 others) who received conventional myeloablative HCT (CST, n = 52) or RIST
(n = 80). The median age of the RIST group was significantly higher than that of the CST group (53 years
versus 40 years, P < .01). The RIST group also included a higher proportion of patients with an HCT-specific
comorbidity index (HCT-CI) of 1 or more than the CST group (65% versus 37%, P = .03). The probabilities
of achieving complete remission and the incidences of grades II-IV and ITI-IV acute graft-versus-host disease
(aGVHD) in the CST and RIST groups were, respectively, 77% and 64%, 50% and 50%, and 23% and 28%,
with no significant differences. Similarly, there was no difference in the 2-year probabilities of nonrelapse
mortality (NRM, 36% and 38%), progressive disease or relapse (PD 51% and 49%), overall survival (OS, 31%
and 38%), and progression-free survival (PFS, 28% and 29%). Multivariate analyses revealed that a higher
HCT-CI score and transplant from donors other than HLA-matched relatives were associated with increased
risks of NRM and poor OS, and patients who received chemotherapy within 2 months before HCT were
associated with increased risks of PD, poor OS, and PFS after transplantation. After adjusting for these
variables, the risks of NRM, PD, OS, and PFS in the RIST group were not significantly different from those
in the CST group. In conclusion, these results suggest that the antileukemia/lymphoma effect associated with
RIST is comparable to that associated with CST. RIST appears to be feasible for the treatment of hematologic
malignancies not in remission.

© 2007 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Allogeneic hematopoietic cell transplantation
(HCT) has the potential to achieve long-term cure of
hematologic malignancies by pretransplant condition-

at the time of transplantation is the most important
prognostic factor, and the rates of relapse and nonre-
lapse mortality (NRM) significantly increase in pa-
tients with hematologic malignancies who were not in

ing and a graft-versus-leukemia/lymphoma (GVL) ef-
fect. It has been well established that the disease status
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remission. Therefore, conventional stem cell trans-
plantation (CST) using a myeloablative conditioning
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regimen has been universally used in the hope of
maximally reducing the tumor burden before HCT in
patients not in remission. However, CST may not be
an option for many patients because of their older age
or associated comorbidities. Alternatively, over the
past few years, nonmyeloablative and reduced-inten-
sity conditioning stem cell transplantation (RIST)
have been offered to these patients undergoing HCT,
on the assumption that RIST would be better toler-
ated [1-4].

There have been several reports that the outcome
of older patients who underwent RIST while in re-
mission was comparable to that of padents who re-
ceived CST [5-9], which suggests that the GVL effect
associated with RIST might be adequate for control-
ling chemosensitive or slowly progressing disease. On
the other hand, it still remains controversial whether
RIST is feasible for patients not in remission, al-
though small pilot studies have shown that RIST was
unsuccessful for advanced hematologic malignancies
[3,10-14]. To address this issue, we retrospectively
analyzed 132 patdents who were not in remission at the
tme of CST or RIST.

PATIENTS AND METHODS
Study Patients

We retrospectively reviewed the medical records
of 132 patients with various hematologic malignancies
who underwent allogeneic HCT (CST, n = 52; RIST,
n = 80) while not in remission at our institution from
January 2000 o December 2004. Padents with
chronic myelogenous leukemia (CML) in the chronic
phase, myelodysplastic syndrome (MDS)-refractory
anemia, and those with lymphoma in partial remission
(PR) were not included because the response to treat-
ment and the outcome of these patients is generally
considered to be similar to those in patients who are in
complete remission (CR). Bone marrow or granulo-
cyte colony-stimulating factor (G-CSF)-mobilized pe-
ripheral blood stem cells (PBSC) were harvested from
donors according to protocols approved by the guide-
lines of the Japan Marrow Donor Program, the Japa-
nese Society for Hematopoietic Cell Transplantation,
and the Japanese Society of Blood Transfusion. In-
formed consent was obtained according to the Decla-
ration of Helsinki.

Transplantation Procedures

The conditioning regimens used in CST included
the combination of cyclophosphamide (CY; 60 mg/kg
i.v. daily for 2 days) and fractonated total body irra-
diaton (TBI; 12 Gy in 6 fractions over 3 days) in 34
patients, CY and oral busulfan (BU; 16 mg/kg divided
over 4 days) in 13 patients, and other combinations in
5 patients (Table 1). Targeted dose adjustment of BU
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was not performed. Patients who underwent RIST
were older than 50 years of age or those who had
comorbidities or prior transplantation. The condi-
toning regimens for RIST consisted of fludarabine
(30 mg/m’ i.v. daily for 6 days) or cladribine (0.11
mg/kg i.v. daily for 6 days) plus 8 mg/kg of oral BU
[15] with (n = 27) or without (n = 53) 4 Gy TBL In
Japan, only bone marrow is permitted as a stem cell
source in transplantadon from an unrelated healthy
volunteer donor. In the setting of nonmyeloablative
stem cell transplantation from an unrelated donor,
the sustained engraftment rate has been reported to
be lower for recipients of bone marrow than for those
given PBSC [13]. Therefore, low-dose TBI was also
added to the conditioning regimen for RIST from an
unrelated donor to facilitate engraftment.

Day 0 was defined as the day of stem cell infusion.
G-CSF was administered after transplantation in all
patients until neutrophil engraftment. Most patients
who underwent CST were given cyclosporine (CSP)
with methotrexate (MTX) [16], and all patients who
underwent RIST were given CSP with or without
MTX for graft-versus-host disease (GVHD) prophyl-
axis (Table 1). GVHD was treated with 1 to 2 mg/kg/
day prednisolone equivalents, resumption of full-dose
CSP administration if applicable, or both. Initial doses
of corticosteroids and tapering schedules of immuno-
suppressive medications were modified at the discre-
tion of the attending physicians according to the pres-
ence or absence of malignant cells and the severity of
GVHD. Treatment for relapse after transplantaton
was left to the discreton of the attending physicians.

All patients received ciprofloxacin (200 mg orally 3
times daily) for bacterial prophylaxis untl neutrophil
engraftment. Fluconazole (100 mg once daily) was ad-
ministered for fungal prophylaxis. Patents who had pos-
iive serologic test results for herpes simplex virus or
varicella zoster virus received prophylactic low-dose acy-
clovir untl the cessation of immunosuppressive agents
[17]. Prophylaxis against Preusmocystis jirovect infection
was provided with trimethoprim-sulfamethoxazole from
the first day of conditioning to day —3 of transplanta-
tion, and from day 28 untl day 180 or the cessatdon of
immunosuppressive agents. Patents were monitored
with weekly cytomegalovirus (CMV) pp65 antigenemia
testing, and positive antigenemia was treated with gan-
ciclovir as described previously [18,19].

Definitions

Chemotherapy within 2 months before HCT was
defined as chemotherapy to control the disease except
for rituximab alone for lymphoma and imatinib me-
sylate alone for CML. Pretransplantation comorbidi-
ties were determined by the HCT-specific comorbid-
ity index (HCT-CI) [20] with a minor modification
[21]. Neutrophil engraftment was defined as the first
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Table |. Patient Characteristics
CsT RIST P-Value
No. of patients 52 80
Sex, male/female 25127 50/30
Median age, years (range) 40 (3-55) 53 (20-68) <.0l
Disease status at conditioning, N (%)
AML 20 (38) 15 (19)
Relapse | 12 6
Refapse =2 5 5
Primary refractory 3 4
MDS (including overt AML) 15 (29) 24 (30)
Relapse 1 i 2
Untreated 6 il
Primary refractory 8 t
ALL 5 (10) 23)
Relapse | 4 1
Relapse 2 ! 1
CML S (10) 3 (4)
Accelerated phase 3 0
Blastic crisis 2 3
NHL 7 (13) 33 (40)
Relapse 1 2 6
Relapse =2 2 16
Primary refractory 3 1
Others* 0 3 @)
Chemotherapy within 2 months before HCT, N (%) 33 (63) 52 (65)
Leukemia/MDS 30 23
Lymphoma 3 26
Others* 0 3
HCT-CI score, N (%) .03
0 33 (63) 28 (35)
-2 1@ 31 (39)
=3 8 (16) 21 (26)
Conditioning regimen, N (%)
TBI/ICY 34 (65) 0
BU/CY 13 (25) 0
Fludarabine-based (= TBI)} 0 68 (85)
Cladribine-based (xTBI){ 0 12 (15)
Others 5 (10) 0
Donor type, N (%) .
HLA-matched related donor 17 (33) 41 (51)
HLA-mismatched related donor 5(9) 7(9)
Unrelated donor 30 (58) 32 (40)
Stem cell source, N (%) <.01
G-CSF mobilized PBSC 21 (40) 49 (61)
BM 27 (52) 20 (25)
cB 4 (8) 1 (14)
GVHD prophylaxis, N (%) <.0l
Cyclosporine§ 1(2) 52 (65)
Cyclosporine/MTXY 49 (94) 28 (35)
Tacrolimus 1 (2) 0
Tacrolimus/MTX 1(2) 0
Prior HCT, N (%) 4 (8) 8 (10) .65

CST indicates conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; AML, acute myelogenous leukemia;
MDS, myelodysplastic syndrome; ALL, acute lymphoblastic leukemia; CML, chronic myelogenous leukemia; NHL, non-Hodgkin’s
lymphoma; HCT, hematopoietic cell transplantation; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; TBI,
total-body irradiation; CY, cyclophosphamide; BU, busulfan; HLA, human leukocyte antigen; G-CSF, granulocyte colony-stimulating
factor; PBSC, peripheral blood stem cell; BM, bone marrow; CB, cord blood; GVHD, graft-versus-host disease; MTX, methoterexate.

*Others included 1 chronic lymphocytic leukemia and 2 multiple myeloma patients.

tTwenty-three patients received 4 Gy TBIL
$Four patients received 4 Gy TBI.
§Including 7 with antithymocyte globulin.
QIncluding 10 with antithymocyte globulin.
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of 3 consecutive days after transplantation that the
absolute neutrophil count exceeded 0.5 X 10°/L of
peripheral blood. The diagnosis and clinical grading
of acute and chronic GVHD (aGVHD, ¢GVHD)
were performed according to established criteria [22-
24]. CR was defined as lower than 5% blasts in the
bone marrow, with a neutrophil count >1.5 X 10°/L
and a platelet count >100 X 10°/L in leukemia/MDS
patents, and according to the International Work-
shop Criteria [25] in lymphoma patients.

Statistical Analysis

The endpoints of the study were progressive dis-
ease/relapse (PD), NRM, overall survival (OS), and
progression-free survival (PFS). OS, NRM, and PD
were defined as the ime between stem cell infusion to
the event. PFS was defined as the time between stem
cell infusion to PD or death from any cause, which-
ever occurred earlier. OS and PFS were estimated by
the Kaplan-Meijer method [26]. NRM and PD were
estimated by the cumulative incidence. The chi-
square test or Fisher’s exact test was used to evaluate
the differences in the clinical characteristics of the
CST and RIST groups. The log-rank test and the gen-
eralized Wilcoxon test were used to compare the
probabilities of survival, NRM, and PD after HCT
over time across patient subgroups.

Multiple Cox regression models were used for

multivariate risk factor analysis for PD, NRM, OS,

and PFS after HCT. Clinical factors evaluated in the
PD, NRM, OS, and PFS analyses were patient age at
the dme of HCT (continuous), HCT-CI (0, 1-2, 3 or
more), conditioning (CST, RIST), donor (HLA-
matched related, HLA-mismatched related or unre-
lated), disease type (leukemia/MDS, lymphoma), and
chemotherapy within 2 months before HCT (yes, no).
Logistc regression analysis was performed to identify
prognostic factors that were associated with the
achievement of CR. In additon to the variables exam-
ined in the Cox analysis, blast percentage (=20%,
<20%) in the bone marrow or peripheral blood and
the serum lactate dehydrogenase (LDH) level (nor-
mal, elevaton) before HCT were included for the
analysis of CR in patients with leukemia/MDS and
those with lymphoma, respectively. We considered
2-sided P-values of <.05 to be statistically significant.
Statistical analyses were performed with the SAS ver-
sion 8.2 (SAS Inc, Cary, NC).

RESULTS

Patient Characteristics

The characteristics of all patients who underwent
CST (n = 52) or RIST (n = 80) are summarized in
Table 1. The median age of the RIST group was
significantly higher than that of the CST group (53
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years versus 40 years, P < .01). A large number of
patients in both groups had acute myeloid leukemia
(AML) or MDS (CST 67%, RIST 49%), and the
RIST group included a higher population of patients
with malignant lymphoma (CST 13%, RIST 40%).
All malignant lymphomas (n = 40) were non-
Hodgkin’s lymphoma, including aggressive (n = 16),
highly aggressive (n = 15), and indolent (n = 9)
lymphomas. The distribution of lymphoma subtypes
was similar between the 2 groups. Disease status at
transplantaton included primary refractory (n = 42),
refractory relapse (n = 65), blastic crisis, or acceler-
ated phase of CML (n = 8) and untreated disease
(n = 17). The distribution of disease status and the
proportion of patients who received chemotherapy
within 2 months before HCT were similar between
the 2 groups. The RIST group contained higher pro-
portions of patients with an HCT-CI score of 1 or
more (CST 37%, RIST 65%) and those who received
G-CSF-mobilized PBSC (CST 40%, RIST 61%)
than the CST group.

In the leukemia/MDS patients (n = 89), the me-
dian percentage of blasts (82 patients in bone marrow
and 7 patents in peripheral blood) in both groups
were similar (CST 29%, RIST 30%). In patients with
malignant lymphoma, serum LDH was elevated above
the upper normal limit in 3 of 7 (43%) in the CST
group compared to 23 of 33 (70%) in the RIST group.

Engraftment and GVHD

The clinical course and response are detailed in
Table 2. The median duradon of follow-up in surviv-
ing patents is 1123 days (range: 367-2044 days) in the
CST group and 899 days (range: 334-1961 days) in
the RIST group. Neutrophil engrafument was ob-
served in 48 patients (92%) and 75 patients (94%), at
a median of 17 days and 12 days, respectvely. En-
graftment was not confirmed in the remaining 9 pa-
dents because of death or PD within 28 days after
HCT. The incidences of grade II-IV and grade ITI-IV
aGVHD were similar in the CST and RIST groups
(50% versus 50% and 23% versus 28%, respectively).
The incidences of cGVHD and chronic extensive
GVHD were also similar (46% versus 49% and 34%
versus 38%, respectively).

Disease Response

The probabilides of achieving CR as the best re-
sponse were similar after CST and RIST (77% and
64%, respectvely) (Table 2). To examine the possible
risk factors for achieving CR, we separately analyzed
patients with leukemia/MDS and those with lym-
phoma using a logistic regression analysis (Table 3).
Conditioning regimen (RIST) did not influence the
CR rate in patients with leukemia/MDS (odds ratio
[OR] 1.11, 95% confidence interval [CI] 0.40-3.07,
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Table 2. Clinical Course and Response 10 P=0.76
CST (N = 52) RIST (N = 80) g® RIST (o=60)
Median follow-up of E [} l
surviving 2 CST {n=52)
patients, days 1123 (367-2044) 899 (334-1961) £ o
Engraftment of g
neutrophils, ©x
N (%) 48 (92) 75 (94)
Median day (range) 17 (10-35) 12 (5-43) 6 3 v T T T r r v
Acute GVHD, N (%) 0 ! 2 3 4 5 6 7
Grade IIHIV 26 (50) 40 (50) Vews after HCT
Grade Il-IV 12 (23 22 (2
CR’raNe(%) 40 277; 51 : 6:; Figure |. Cumulatve incidence of PD. The 2-year probabilities of
Ls:ukemiaIMDS (n= PD in t%:e CST (51%) and RIST (49%) groups were not signifi-
89), CRtotal 35145 35/44 cantly different (P = .76).
Lymphoma (n = 40),
CRitotal 57 14/33 .
Causes of NRM, N (%) 15 (29) 26 (33) blast percentage (=20%) of bone marrow or periph-
GVHD 6 N eral blood was not associated with the CR rate. In
Infection lymphoma patients, chemotherapy within 2 months
fungus 0 4 o
cM‘: 0 | before HCT was the only factor that was significandy
bacterial 4 7 associated with a low CR rate (OR 0.04, 95% CI
Interstitial 0.005-0.40, P < .01), whereas serum LDH elevation
pneumonitis 2 1 did not influence the CR rate.
Others} 3 2 As shown in Figure 1, the cumulative incidence of

CST indicates conventional stem cell transplantation; RIST, re-
duced-intensity stem cell transplantation; GVHD, graft-versus-
host disease; MDS, myelodysplastic syndrome; CR, complete
remission; NRM, nonrelapse mortality; CMV, cytomegalovirus.

*CR as the best response after transplantation.

1Others included acute myocardial infarction, subarachnoid hem-
orrhage, and pulmonary alveolar haemorrhage in the CST
group, and cerebral hemorrhage and unknown in the RIST

group.

= .84) or in those with lymphoma (OR 0.29, 95%
CI 0.05-1.75, P = .18). In the leukemia/MDS pa-
tients, those who received chemotherapy within 2
months before HCT (OR 0.32, 95% CI 0.09-1.05,
P = .06) and transplant from donors other than an
HLA-matched relatve (OR 0.28, 95% CI 0.08-1.06,
P = .06) tended to have a lower CR rate, whereas the

PD was not significantly different between the CST
and RIST groups. The 2-year probabilities of PD
were 51% in the CST group and 49% in the RIST
group, which were not significantly different
(P = .76). Cox regression analysis was performed to
identfy factors that were associated with PD. Muld-
variate analyses in all patients showed that those who
received chemotherapy within 2 months before HCT
were associated with an increased risk of PD (hazard
ratio [HR] 3.93, 95% CI 1.97-7.83, P < .01) (Table
4). After adjusting for these variables, the intensity of
conditioning (CST or RIST) did not influence the
rate of PD in any of the patients. To further evaluate
the association between risk factors and outcome, we
performed a subset analysis in patients who underwent
CST or RIST. As a result, chemotherapy within 2

Table 3. Logistic Analysis of CR Rate in Leukemia/MDS and Lympboma Patients

Leukemia/MDS (N = 89) Lymphoma (N = 40)

Odds Ratio (95% CI) P Odds Ratio (95% CI) P
HCT-C! (] 1.00 1.00
1-2 1.44 (0.43-4.87) .56 3.33 (0.66-16.7) .14
3 or more 0.96 (0.28-3.35) 95 2.22 (0.40-12.3) 36
Age 1.00 (0.97-1.04) .70 1.02 (0.97-1.07) 49
Conditioning RIST 1.11 (0.40-3.07) .84 0.29 (0.05-1.75) 18
Donor Alternative* 0.28 (0.08-1.06) .06 0.95 (0.26-3.42) 93
Chemotherapy within 2
months before HCT Yes 0.32 (0.09-1.05) .06 0.04 (0.005-0.40) <.01
Blasts} =20% 0.62 (0.21-1.80) 38
Serum LDH level Elevation 0.35 (0.09-1.34) A2

MDS indicates myelodysplastic syndrome; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; RIST, reduced-intensity
stem cell transplantation; LDH, lactate dehydrogenase; Cl, confidence interval.

*Non-HLA-matched related donor.

1Blast counts in bone marrow (N = 82) or peripheral blood (N = 7).
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Table 4. Multivariate Analysis of PD, NRM, OS, and PFS in All Patients

os

PD NRM PFS
Covariates* N HR (95% ClI) P HR (95% Cl) P HR (95% CI) P HR (95% CI) P
Conditioning
CST 52 1.00 1.00 1.00 1.00
RIST 80 0.91 (0.53-1.55) T2 0.99 (0.51-1.96) 99 0.95 (0.60-1.51) .83 0.95 (0.63-1.43) .79
HCT-Cl score
0 65 1.00 1.00 1.00°
1-2 38 3.25 (1.43-7.40) <.01 1.76 (1.08-2.89) .02
3 or more 29 6.6 (2.88-15.2) <.0l 2.62 (1.51-4.56) <.0l 1.63 (1.02-2.62) .04
Donor
MRD 58 1.00 1.00
Alternativet 74 2.77 (1.39-5.54) <.0l 1.80 (1.15-2.82) .01
Chemotherapy within
2 months before
HCT
No 47 1.00 1.00 .00
Yes 85 3.93 (1.97-7.83) <.0l 1.73 (1.10-2.72) .02 2.23 (1.44-3.45) <.01

PD indicates progressive disease or relapse; NRM, nonrelapse mortality; OS, overall survival; PFS, progression-free survival; HR, hazard ratio;
CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; HCT-CI, hematopoietic cell transplan-
tation-specific comorbidity index; MRD, HLA-matched related donor; HCT, hematopoietic cell transplantation.

*Factors analyzed included age at the time of HCT (condnuous), HCT-CI (0, 1-2, 3, or more), conditioning (CST, RIST), donor (MRD,
Alternative), disease type (leukemia/MDS, lymphoma) and chemotherapy within 2 months before HCT (yes, no).

tNon-HLA-matched related donor.

months before HCT was associated with an increased
risk of PD only in the RIST group, and not in the
CST group (Table 5).

NRM

Major causes of NRM for patients in both groups
were GVHD and infection (Table 2). More patients
died of fungal infection in the RIST group compared
to the CST group, but the 2-year probabilides of
NRM were not significantly different (36% and 38%,
P = 50, Figure 2 ). A Cox regression analysis was
performed to identfy factors associated with NRM.
Multivariate analyses in all patients showed that a
higher HCT-CI score (1 or more) and transplant from
an HILLA-mismatched related or unrelated donor (al-

ternative donor) were associated with an increased risk
of NRM (Table 4). After adjusting for these variables,
the intensity of conditioning (CST or RIST) did not
influence the rate of NRM in any of the patients. A
subset analysis revealed that a higher HCT-CI score
(1 or more) was associated with increased NRM in the
CST group, but not in the RIST group (Table 5). In
contrast, transplant from an alternative donor was
associated with increased NRM in the RIST group,
but not in the CST group.

Survival

The 2-year probabilities of OS and PFS were not
significantly different between the CST and RIST
groups 31% and 38%, P = .98, for OS; 28% and

Table 5. Multivariate Analysis of Outcomes after HCT in the CST and RIST Groups

CST (N = 52) RIST (N = 80)
Covariates HR (95% CI) P HR (95% CI) P
PD Chemotherapy within 2 months before HCT NS 6.16 (2.15-17.7) <.01
NRM HCT-CI (1-2) 4.48 (1.26-16.0) .02 NS
HCT-CI (3 or more) 10.2 (2.91-35.7) <.0l 2.41 (1.14-5.10) .02
Alternative donor* NS 4.63 (1.96-10.9) <.01
oS HCT-CI (1-2) 2.69 (1.23-5.90) .0l NS
HCT-CI (3 or more) 4.84 (1.97-11.9) <.0l NS
Alternative donor* NS 3.04 (1.73-5.35) <.0l
PFS HCT-CI (3 or more) 2.26 (1.01-5.04) .04 NS
Chemotherapy within 2 months before HCT 2.10 (1.05-4.19) .03 2.10 (1.19-3.70) .01
Alternative donor* NS 1.79 (1.06-3.00) 03

PD, indicates progressive disease or relapse; NRM, nonrelapse mortality; OS, overall survival; PFS, progression-free survival; HR, hazard ratio;
CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; HCT, hematopoietic cell transplantation;
HCT-CI, hematopoietic cell wransplantation-specific comorbidity index; NS; not significant.

*Non-HLA-matched related donor.
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Figure 2. Cumulative incidence of NRM. The 2-year probabilities
of NRM in the CST (36%) and RIST (38%) groups were not
significantly different (P = .50).

29%, P = .89, for PFS), as shown in Figure 3 and
Figure 4. The 2-year probabilities of PD, OS, and
PFS were not significantly different between patients
who developed grade III-IV aGVHD and those who
did not (37% and 44%, P = .39, for PD; 33% and
50%, P = .07, for OS; 27% and 41%, P = .24, for
PFS). On the other hand, the 2-year probability of
NRM in patents who developed grade III-IV
aGVHD was significantly higher than that in those
who did not (56% and 21%, P = .004). We also
evaluated outcomes in patients who had AML or
MDS (CST, n = 35; RIST, n = 39). There was no
significant difference in the 2-year probabilides of PD
(50% and 51%), OS (37% and 33%), and PFS (34%
and 22%) between the CST and RIST groups. On the
other hand, the 2-year probability of NRM in the
RIST group was significantly higher than that in the
CST group (52% and 23%, P = .03).

Muldvariate analyses in all patients showed that a
higher HCT-CI score (1 or more) and transplant from
an alternative donor were associated with poor OS,
and patients who received chemotherapy within 2
months before HCT were associated with poor OS
and PFS (Table 4). After adjusting for these variables,
the risks of OS and PFS were not significantly differ-
ent between the CST and RIST groups. Disease type
(leukemia/MDS or lymphoma) was not a significant

P=0.3¢
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Figure 3. Estimated OS according to the conditioning regimen.
The 2-year probabilities of OS in the CST (31%) and RIST (38%)
groups were not significantly different (P = .98).
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factor for OS or PFS. Furthermore, subset analyses
revealed that a higher HCT-CI score (1 or more) was
associated with poor OS and PFS in the CST group,
but not in the RIST group (Table 5). In contrast,
transplant from an alternative donor was associated
with increased NRM in the RIST group, but not in
the CST group. Patients who received chemotherapy
within 2 months before HCT had a poor PFS in both

groups.

DISCUSSION

Our results suggest that the antileukemia/lym-
phoma effect of RIST might be comparable to that of
CST for hematologic malignancies that are not in
remission. We found that a higher HCT-CI score and
transplant from an alternative donor were associated
with increased risks of NRM and poor OS, and pa-
tents who received chemotherapy within 2 months
before HCT because of the acceleration of disease
progression were associated with increased risks of
PD, poor OS, and PFS. The estimated rates of NRM,
PD, OS, and PFS in the RIST group were not signif-
icanty different from those in the CST group even
though the patients who received RIST were signifi-
cantly older and had significantdy higher HCT-CI
scores than those who received CST. Several reports
have described a similar OS rate in older patients who
underwent RIST and CST because the lower NRM
rate was offset by a higher PD [5,27,28]. In contrast,
Scott et al. [7] found no significant differences in OS,
PFS, PD, or NRM between CST and RIST in pa-
dents with MDS/AML.

In this study, disease response to the transplanta-
tion procedure was similar between the CST and
RIST groups when the CR rate is considered the best
response, as were the rate and timing of PD. Whereas
some reports have shown that PD after HCT was
increased in patients who underwent RIST compared
to CST [3,5,11], others have found no significant
difference [6-8,29]. This discrepancy might result
from the differences in disease status at the time of

P=0.89
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Figure 4. Estimated PFS according to the conditioning regimen.
The 2-year probabilities of PFS in the CST (28%) and RIST (29%)
groups were not significantly different (P = .89).
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transplantation and the intensity of the conditioning
regimens. In our study, the median percentage of
blasts in leukemia/MDS patients and the distribution
of serum LDH levels in lymphoma patients were com-
parable between the CST and RIST groups. The
proportion of patents who required chemotherapy
within 2 months before HCT was similar in the 2
groups. Overall, the risk of disease progression was
comparable. The lack of a significant difference in PD
between the CST and RIST groups in our study may
be because the reduced-intensity regimens used in our
study were more intense than those in previous re-
ports. Nevertheless, our results suggest that RIST has
a comparable antileukemia/lymphoma activity through a
GVL effect compared to CST.

Our study found that chemotherapy within 2
months before HCT was the only factor that signifi-
cantly predicted a lower CR rate in lymphoma pa-
tients and tended to be associated with a lower CR
rate in leukemia/MDS patients. Furthermore, chemo-
therapy within 2 months before HCT was also asso-
ciated with a worse prognosis not only with regard to
PD but also for OS and PFS. A subset analysis showed
that this negatdve impact of recent chemotherapy was
only seen in RIST patients, and not in CST patients,
which suggests that the tempo of the progression of
the disease before HCT is especially important in
RIST patients. Wong et al. [30] reported that high
peripheral blast counts (=30%) in patients with AML/
MDS were associated with poor event-free survival
and OS after HCT regardless of the conditioning
regimen. In our study, however, =20% of blasts in the
bone marrow or peripheral blood and serum LDH
level elevaton did not have a significant impact on the
CR rate in leukemia/MDS and lymphoma patients,
respectively.

In our study, there was no significant difference in
NRM between the CST and RIST groups, which was
in contrast to previous reports showing that reduced-
intensity regimens were associated with less organ
damage, and thus contributed to less NRM
{1,4,5,9,27,31-34]. There are several possible explana-
dons for this discrepancy. First, the patients who re-
ceived RIST were older and had a higher HCT-CI
score than those in the CST group. Second, the re-
duced-intensity conditioning (RIC) we used was more
toxic than “truly nonmyeloablative” conditioning. Fi-
nally, we tapered immunosuppressive medications
rapidly, especially in the RIST group, in an attempt to
induce a more potent GVL effect, which resulted in
more severe GVHD and subsequent infectious com-
plications. However, our data showed that grade ITII-IV
aGVHD did not contribute to a reduction in the rate of
PD or to an overall improvement in survival, which was
consistent with a previous report [14], although a high
rate of NRM in patients with severe aGVHD may have
masked its competing event (ie, PD).
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We confirmed that HCT-CI was a significant risk
factor for NRM and OS in patients not in remission.
HCT-CI has recendy been introduced to evaluate
pretransplant comorbidities in HCT recipients, which
predict well NRM and OS after allogeneic HCT [20].
In this study, the proportion of patients who were not
in remission and were associated with comorbidities
was 53%, which was higher than the value (42%) in
our previous report [21], probably because these pa-
tients tended to be heavily pretreated and were forced
to pursue HCT in the hope of a rare cure. Interest-
ingly, this negative impact of HCT-CI was only seen
in patients who underwent CST, and not in those who
underwent RIST. Our data imply that RIC may be
preferable in patients with hematologic malignancies
not in remission and with a high HCT-CI score by
reducing early NRM after transplantadon.

Transplant from an alternative donor was another
prognostic factor for NRM and OS in this study,
which is consistent with previous reports [12,35-38].
Furthermore, an increased risk of NRM and OS as-
sociated with alternative donors was observed only in
patients who underwent RIST. There are several pos-
sible explanations. First, the Japan Marrow Donor
Program allows the donation of bone marrow, but not
PBSC, from volunteer donors, which has been re-
ported to be associated with poor engraftment and
worse outcomes after nonmyeloablative stem cell
transplantation [13]. Second, our conditioning regi-
men including low-dose TBI for RIST from an alter-
native donor was more toxic than that for RIST from
an HLA-matched related donor. Further studies are
required to establish optimized conditioning regimens
and GVHD prophylaxis for RIST in unrelated pair
settings.

In 27 patients who had all of these risk factors (ie,
chemotherapy within 2 months beore HCT, HCT-CI
score of 1 or more, and transplant from an alternative
donor), the 2-year probabilides of NRM, PD, and OS
were 56%, 44%, and 21%, respectively, with no sig-
nificant differences between the CST and RIST
groups (data not shown). Therefore, the indications
for transplantation in patents with multple risk fac-
tors should be carefully determined.

This study has several inherent limitations. First,
the eligibility requirements for CST and RIST were
different. Most patients who received RIST were con-
sidered ineligible for CST because of age or comorbid
conditions. Second, factors other than the conditon-
ing regimen were not entirely comparable between
the 2 groups, that is, patient age, underlying diagnosis
(leukemia/MDS and lymphoma), donor selection,
stem cell source, and GVHD prophylaxis. Third,
some of the conventional cytoreductive conditioning
regimens we used (ie, use of oral BU and lack of its
pharmacologic monitoring) may no longer be consid-
ered optimal. Fourth, because the reduced-intensity
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regimens used in our study were more intense than
those in previous reports, our data may not be gener-
alized to the concept of “reduced-intensity regimen”
and there may be circumstances where PD would be
more marked. Finally, the follow-up of patients in this
study was too short to draw any definite conclusions.
Nevertheless, the observed data may still be useful in
evaluating the impact of RIST on disease control in
patients suffering from a higher risk of disease pro-
gression after transplantation.

In conclusion, our results suggest that the antileu-
kemia/lymphoma effect associated with RIST might
be comparable to that of CST for hematologic malig-
nancies not in remission, particularly when patients do
not require chemotherapy within 2 months before
HCT or they had a higher HCT-CI score. To deter-
mine the ultimate utility of specific conditioning reg-
imens, controlled prospective trials are needed, with
enrolled patients being stratified according to disease
activity, hematopoietic stem cell source, and associ-
ated comorbidities.
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