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ABSTRACT
To evaluate the potential of allogeneic he poietic cell tr
conditioning regimen (RIST) for the treatment of patients with h
retrospectively reviewed the medical records of 132 patients (89 lcukermn or myeludy:pluuc syndrome, 40
malignant lymphoma, and 3 others) who received conventional myeloablative HCT (CST, n = 52) or RIST
(n = B0). 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 I1-1V 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
RIGT is cumporable to that associated with CST. RIST appears to be feasible for the treatment of hematologic
g ies not in remission
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INTRODUCTION

Allogeneic  hematopoietic  cell  transplantation
(HCT) has the potential to achieve long-term cure of
hematologic malignancies by pretransplant condition-
ing and a graft-versus-leukemia/lymphoma (GVL) ef-
fect. It has been well established that the disease status
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at the ume 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 notin
remission. Thercefore, conventional stem cell trans-
plantaton (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 opton 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 ro these patients undergoing HCT,
on the assumpton that RIST would be better roler-
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 patients 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 stll remains controversial whether
RIST is feasible for patients not in remission, al-
though small pilot studies have shown that RIST was
unsuceessful for advanced hematologic malignancies
[3,10-14]. To address this issue, we retrospectively
analyzed 132 patients who were not in remission at the
tume 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 to December 2004, Patients 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-
eyte 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 condigoning regimens used in CST included
the combination of cyclophosphamide (CY; 60 mg/kg
i.v. daily for 2 days) and fractionated 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. Patents 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 aral BU
[15] with (n = 27) or without (n = 53) 4 Gy TBI In
Japan, only bone marrow is permitted as a stem cell
source in transplantation 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. Inital 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 transplantation
was left to the discreton of the attending physicians.

All patients received ciprofloxacin (200 mg orally 3
times daily) for bacterial prophylaxis until neutrophil
engraftment. Fluconazole (100 mg once daily) was ad-
ministered for fungal prophylaxis. Patients who had pos-
ive serologic test results for herpes simplex virus or
varicella zoster virus received prophylactic low-dose acy-
clovir undl the cessaton of immunosuppressive agents
[17). Prophylaxis against Pnewmocystis jiroveci infection
was provided with trimethoprim-sulfamethoxazole from
the first day of conditioning to day —3 of transplanta-
tion, and from day 28 undl day 180 or the cessation of
immunosuppressive agents. Patients were monitored
with weekly eytomegalovirus (CMV) pp63 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. Pretransplantaton comorbidi-
ties were determined by the HCT-specific comorbid-
ity index (HCT-CI) [20] with a minor modification
[21]. Neutrophil engrafunent was defined as the first
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Table ). Patiemt Characteristicr

CcsT RIST P-Value
Mo. of patients 52 80
Sex, male/ffemale biirdd 50130
Median age, years (range) 40 (3-55) 53 (20-68) <.0l
Disease status at conditioning, N (%)
AML 20 (38) 15 (19)
Relapse | 12 [}
Relapse =2 5 5
Primary refractory 3 4
MDS (including overt AML) 15 (29) 24 (30)
Relapsa | 1 r
Untreated 6 1"
Primary refractory 8 11
ALL 5(10) 2(3)
Relapse | 4 I
Relapse 2 | ]
cML 5(10) 3(4)
Accelerated phase 3 0
Blastic crisis 2 3
NHL 7(13) 33 (40)
Relapse | 1 [
Relapse =2 1 6
Primary refractory 3 1
Others® L] 1 (4)
Chemotherapy within 2 months before HCT, N (%) 33 (63) 52 (65)
Leukemia/MDS 30 1
Lymphoma 3 26
Others* ] 3
HCT-Cl score, N (%) 03
0 33 (63) 28 (35)
1-2 oz 31 (39)
=1 B (16) 21 (26)
Conditioning regimen, N (%)
TBUCY 34 (85) 0
BUICY 13 (15) 0
Fludarabine-based (= TBI){ o &8 (85)
Cladribine-based (= TBI) 0 12 (15)
Others 5 (o) L]
Doner type, N (%) A
HLA-matched related donor 17 (33) 41 (51)
HLA-mismatched related donor 5(%) T
Unrelated donor 30 (58) 32 (40)
Stemn cell source, N (%) <.01
G-CSF maobilized PBSC 21 (40) 49 (61)
BM 27 (52) 20 (25)
cB 4 (8) AN{L)]
GVYHD prophylaxis, N (%) =<.01
Cyclosporine§ 1 (2) 51 (65)
Cyclosporine/MTXY 49 (94) 28 (35)
Tacrolimus 1 (2) L]
Tacrolimus/MTX 1(2) 0
Prior HCT, N (%) 4 (8) 8 (10) 45

CST indicates conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; AML, acute myelogenous leukemia;

MDS, myelodysplastic syndrome; ALL, acure lymphoblastic leukemia; CML, chronic myelogenous leukemia; NHL, non-Hodgkin's
ion=specific comorhidity index; TBI,
roral-body irradiation; CY, eyclophosphamide; BU, busulfan; HLA, human leukocyre antigen; G-CSF, granulocyre colony-stimularing
factor; PBSC, peripheral blood stem cell; BM, bone marrow; CB, cord blood: GVHD, graft-versus-host disease; MTX, methoterexate.

lymphoma: HCT, h

*Others included | chronie lymphocytic leukemia and 2 multiple myeloma parients.

t Twenty-three patients received 4 Gy TBL
tFour patients received 4 Gy TBL
§Including 7 with antithymocyte globulin,
Fincluding 10 with antithymocyre globulin

e cell transplantation; HCT-CI, h
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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 % 10%/L
and a platelet count >100 X 10%/L in leukemia/MDS
patients, and according to the International Work-
shop Critenia [25] in lymphoma patients.

Statistical Analysis

The endpoints of the study were progressive dis-
case/relapse (PD), NRM, overall survival (OS), and
progression-free survival (PFS). OS, NRM, and PD
were defined as the time 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-Meier method [26]. NRM and PD were
estmated by the cumulatve 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 nme across patient subgroups.

Multiple Cox regression models were used for
multvariate 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 time of HCT (contnuous), HCT-CI (0, 1-2, 3 or
more), conditioning (CST, RIST), donor (HLA-
matched related, HLLA-mismatched related or unre-
lated), discase type (leukemia/MDS, lymphoma), and
chemotherapy within 2 months before HCT (yes, no).
Logistic 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, elevation) before HCT were included for the
analysis of CR in patents with leukemia/MDS and
those with lymphoma, respectively. We considered
2-sided P-values of <.05 to be statistically significant.
Staristcal 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 populaton 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
transplantation 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 | 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 patents in bone marrow
and 7 patients in peripheral blood) in both groups
were similar (CST 29%, RIST 30%). In patents 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 duration of follow-up in surviv-
ing patients is 1123 days (range: 367-2044 days) in the
CST group and 899 days (range: 334-1961 days) in
the RIST group. Neutrophil engraftment was ob-
served in 48 patients (92%) and 75 patients (94%), at
a median of 17 days and 12 days, respectively. En-
graftment was not confirmed in the remaining 9 pa-
tients because of death or PD within 28 days after
HCT. The incdences of grade 11-TV and grade I11-1V
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 probabilities of achieving CR as the best re-
sponse were similar after CST and RIST (77% and
64%, respectively) (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 rato
[OR] 1.11, 95% confidence interval [CI] 0.40-3.07,
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Table 2. Cloucal Conrse and Response

CST (N =52) RIST (N = 80)
Median follow-up of
surviving
patients, days 1123 (367-2044) B899 (334-1961)
Engraftment of
neutrephils,
N (%) 48 (92) 75 (94)
Median day (range) 17 (10-35) 12 (5-43)
Acute GYHD, N (%)
Grade -1V 26 (50) 40 (50)
Grade lli-IV 12 (23) 22 (28)
CR*, N (%) 40 (717) 51 (64)
Leukemia/MD5S (n =
89), CR/total 35/45 35/44
Lymphoma (n = 40),
CRitotal sn 14/33
Causes of NRM, N (%) 15 (29) 26 (33)
GYHD ] 1]
Infection
fungus L] 4
CcMY 0 I
bacterial 4 7
Interstitial
pneumenitis 2 I
Otherst - ] 2
CST indicates c wnal stem cell o | ion; RIST, re-

duced y stem cell transpl GVHD, grafi-versus-
host disease; MDS, myelodysplasue syndrome; CR, complete
Y NRM, nonrelapse mortality; CMV, cytomegalovirus.
*CR as the best response after transplantation.
1Others included acute myocardial infarction, subarschnoid hem-
orthage, and pul y alveolar h hage in the CST
group, and cerebral hemorrhage and unknown in the RIST

group.

P = 84) or in those with lymphoma (OR 0.29, 95%
Cl 0.05-1.75, P = .18). In the leukemia/MDS pa-
tents, those who received chemotherapy within 2
months before HCT (OR 0.32, 95% C1 0.09-1.05,
P = .06) and transplant from donors other than an
HLA-matched relative (OR 0.28, 95% CI 0.08-1.06,
P = 06) tended to have a lower CR rate, whereas the
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Figure |. Cumulative incidence of PD. The 2-year probabilities of
PD in the CST (51%) and RIST (49%) groups were not signifi-
cantly different (P = 76).

blast percentage (220%) of bone marrow or periph-
eral blood was not associated with the CR rate. In
lymphoma patients, chemotherapy within 2 months
before HCT was the only factor that was significantly
associated with a low CR rate (OR 0.04, 95% CI
0.005-0.40, P =< 01), whereas serum LDH elevation
did not influence the CR rate.

As shown in Figure 1, the cumulative incidence of
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. Mulu-
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. Logimic Analysis of CR Rate in Lenkennia/MDS and Lympboma Paticnts

Leukemia/MDS (N = 89)

Lymphoma (N = 40)

Odds Ratio (75% CI) P Odds Ratio (95% CI) P
HCT-CI 0 1.00
1-2 1.44 (0.43-4.87) 56 333 (0.66-16.7) A4
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 111 (0.40-3.07) B4 0,29 (0.05-1.75) 18
Donor Alternative® 0.28 (0.08-1.06) 06 0.95 (0.26-3.42) 53
Chemotherapy within 2
months before HCT Yes 0.32 (0.09-1.05) .06 0.04 (0.005-0.40) <.0l
Blastst =10% 0.62 (0.21-1.80) B8
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, lictate dehydrogenase; CI, confidence interval

*Non-HLA-marched related donor

1 Rlast counts in bone marrow (N = 82) or peripheral blood (N = 7).
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Table 4. Multrvariate Anakysis of PD. NRM, 0S, and PFS in All Patients
PD NRM os PFS
Covariates® N HR (95% CI) P HR (95% CI) P HR (95% Cl) P HR (95% CI) P

Conditioning

csT 52 1.00 1.00 100 .00

RIST 80 0.91 (0.53-1.55) | 0.99 (0.51-1.96) 59 0.95 (0.60-1.51) .83 0.95 (0.63-1.43) J9
HCT-CI score

o &5 1.00 1.00 .00

1-2 38 3.25 (1.43-7.40) <.0l 1.76 (1.08-2.89) .02

3 or more 29 6.61 (2.88-152) <.01  2.62 (1.51-4.56) <.01  1.63 (1.02-1.62) .04
Donor

MRD 58 .00 1.00

Alternativet 74 2.77 (1.39-5.54) <.01 1.80 (1.15-2.82) .0l

Chemotherapy within
1 months before

HCT
No 47 1.00
Yes 85 31.93 (1.97-1.83) <.01

1.00
2,23 (1.44-3.45)

1.73 (1.10-2.72) 02 <0l

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 mransplan-
tation-specific comorbidity index; MRD, HLA-matched related donor; HC'T, hematopoietic cell ransplantation,

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

1 Non-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 infecton (Table 2). More pauents
died of fungal infection in the RIST group compared
to the CST group, but the 2-year probabilities of
NRM were not significantly different (36% and 38%,
P = 50, Figure 2 ). A Cox regression analysis was
performed to identify factors associated with NRM.
Multivariate analyses in all padents showed that a
higher HCT-CI score (1 or more) and transplant from
an HLA-mismatched related or unrelared 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 padents. 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 alternauve 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 0S; 28% and

Table 5. Multivarvuate Analysis of Outcomes after HCT m the CST and RIST Groups

CST (N = 52) RIST (N = 80)
Covariates HR (95% CI) P HR (95% CI) P
PD Ch apy within 2 ths before HCT NS 6.16 (2.15-17.7) <0l
NRM HCT-CI (1-2) 4.48 (1.16-16.0) .02 NS
HCT-CI (3 or more) 10.2 (2.91-35.7) <.01 2.41 (1.14-5.10) .02
Alternative donor* NS 4.63 (1.96-10.9) <.01
os HCT-CI (1-2) 1.69 (1.13-5.90) ol NS
HCT-CI (3 or more) 4.84 (1.97-11.9) <.01 NS
Alternative donor® NS 3.04 (1.73-5.15) <0l
PFS HCT-CI (3 or more) 2.26 (1.01-5.04) 04 NS
ct herapy within 2 ths 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; H R, hazard ran;
CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; HCT, hematopoietic cell ransplantation;
HCT-Cl, hematopoietic cell transplantation-specific comorbidity index; N§; 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 patients who developed grade TII-TIV
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 probabilites 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).

Multivariate 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 berween the CST and RIST groups. Discase type
(leukemia/MDS or lymphoma) was not a significant

L] PeO e
=
N wl
B
E o CST(n=52)
o
FIST (n=30)
(1]
T T L3 T T T T
0 1 3 i ) 4 3 [ 1
Fosn afles HCT

Figure 3, Estimated OS according to the conditioning regimen.
The 2-year probubilities of OS in the CST (31'%) and RIST (38%)
groups were not significantly different (F = 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 esimated rates of NRM,
PD, OS, and PFS in the RIST group were not signif-
icantly different from those in the CST group even
though the patients who received RIST were signifi-
cantly older and had significantly higher HCT-CI
scores than those who received CST. Several reports
have described a similar OS rate in older patents 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-
tents with MDS/AML.,

In this study, discase 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
o 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
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Figure 4. Fstimared PFS according 1o the conditioning regimen.
The 2-year probabilities of PFS in the CST (28%) and RIST (29%)
groups were not sigmfu‘;mly differem (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 patients 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-
vents 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 negative 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 discase 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
hone marrow or peripheral blood and serum LDH
level elevation did not have a significant impact on the
CR rate in lenkemia/MDS and lymphoma patents,
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 conwibuted 1w less NRM
[1,4,5,9,27,31-34]. There are several possible explana-
tions 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 condivoning (RIC) we used was more
toxic than “truly nonmyeloablative” conditioning. Fi-
nally, we tapered immunosuppressive medications
rapidly, especially in the RIST group, in an attempr to
induce a more potent GVL effect, which resulted in
more severe GVHD and subsequent infectious com-
plications. However, our data showed that grade TII-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 comorbidites 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 comorbidites
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 mransplantaton.

Transplant from an alternative donor was another
prognostic factor for NRM and OS in this smdy,
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 Daonor
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
sertings.

In 27 patients who had all of these risk factors (ie,
chemotherapy within 2 months beore HCT, HCT-CI
score of | 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 berween the CST and RIST
groups (data not shown). Therefore, the indications
for transplantation in patients with multiple 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 condition-
ing regimen were not entirely comparable between
the 2 groups, that is, patent 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



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 utlity 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 comorbidides.
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