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Impact of T Cell Chimerism on Clinical Outcome in 117
Patients Who Underwent Allogeneic Stem Cell
Transplantation with a Busulfan-Containing
Reduced-Intensity Conditioning Regimen
Bungo Saito, Takahiro Fukuda, Hiroki Yokoyoma, Saiko Kurosawa, Toshihiro Takahashi,

Shigeo Fuji, Noriko Takahashi, Kinuko Tajima, Sung-Won Kim, Shin-ichiro Mori,
Ryuji Tanosaki, Yoichi Takaue, Yuji Heike

Within the concept of reduced-intensity stem cell transplantation (RIST) there is a wide range of different
regimens used, and little information is available on the clinical impact of chimerism status in patients condi-
tioned with a busulfan-contining regimen. Therefore, we retrospectively reviewed lineage-specific chimerism
and the subsequent clinical outcome in | |7 patients (median age, 55 years; range: 29-68) who underwent bu-
sulfan-containing RIST. The conditioning regimen consisted of busulfan (oral 8 mg/kg or i.v. 6.4 mg/kg) and flu-
darabine (180 mg/m’, n = 64) or cladribine (0.66 mg/kg, n = 53), with or without 2-4 Gy total-body irridiation
(TBI) (n = 26) or antihuman T-lymphocyte immunoglobulin (ATG; 5-10 mg/kg: n = 31). Chimerism was eval-
uated with peripheral blood samples taken on days 30, 60, and 90 after transplantation by polymerase chain
reaction (PCR)-based amplification of polymerphic short tandem repeat regions. The median follow-up of sur-
viving patients was 1039 days (1 53-2535). The percent donor-chimerism was significantly higher in granulocyte
than T cell fraction throughout the entire course, and the median (mean) values were, respectively, | 00% (96%)
versus 95% (83%), 100% (98%) versus 100% (89%),and 100% (98%) versus 100% (91%) at days 30, 60, and 90
after RIST. In a multivariate analysis, having received <2 types of chemotherapy regimens before RIST was the
only factor that was significantly assoclated with low donor T cell chimerism (<60%) at day 30 (hazard ratio
[HR]: 6.1; 95% confidence interval [CI], 2.1-18.4; P < .01). The median percentage of donor T cell chimerism
at day 30 was 9% (0%-63%) in 5 patients who experienced graft failure, which was significantly lower than that
(97%: 15%-100%) in the rest of the patients (P <.01). No correlation was found between the kinetics of T cell
chimerism and the occurrence of acute or chronic GYHD (aGYHD, ¢GVHD). The stem cell source and the
addition of TBl or ATG were not associated with the degree of T cell chimerism, overall survival (OS) or
event-free survival (EFS). In a Cox proportional hazard model, low donor T cell chimerism of <60% at day
30 was associated with both poor OS (HR: 2.2; 95% CI, 1.1-4.5; P = .02) and EFS (HR: 2.0; 95% CI, 1.1-3.8; P
= .02). In conclusion, we found that 43% of the patients retained mixed donor T cell chimerism (<90% donor)
at day 30, whereas 92% achieved complete chimerism in granulocyte fraction, Low donor T cell chimerism of
<60% at day 30 may predicta poor outcome, and a prospective study to examine the value of early intervention
based on chimerism data is warranted.
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INTRODUCTION

Hematopoietic stem cell transplantaton (HSCT)
with a reduced-intensity conditioning (RIC) regimen
has been increasingly used in patients with hemato-
logic diseases who cannot be candidates for conven-
tional HSCT because of age, medical comorbidites,
or prior failed myeloablatve SCT. Many different
RIC regimens are currently in use, but most of them
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incorporate fludarabine (Flu) as a background agentin
combination with other drugs including cyclophos-
phamide (Cy) [1], melphalan (Mel) [2], busulfan
[2,3], low-dose total body irradiadon (TBI) [4], antith-
ymocyte globulin (ATG) [3], and alemtuzumab [5].

RIC regimens have been investigated in the hope of
reducing toxicity, whereas their engraftment potential
and antileukemia effect rely mainly on the expansion of
donor-derived cells and subsequent immune-mediated
graft-versus-leukemia (GVL) effects [6,7]. In this set-
ting, lineage-specific chimerism analysis to assess the
origin of lymphohematopoietic cells becomes particu-
larly important for identifying patients at risk for graft
failure/rejection, graft-versus-host disease (GVHD),
and relapse or progressive disease (PD) [4,8,9].
Because the posttransplantation chimerism status is
based on a fine balance between the cytotoxicity or im-
munosuppressive potential of the regimen used and the
recipient’s reserve immunocompetence, cach RIC reg-
imen should be evaluated individually for chimerism
kinetcs [1,4,10-13].

Compared with a regimen that includes Flu and
Me, it has been reported that the combination of Flu
and i.v. Bu was associated with improved survival in pa-
tients transplanted in remission, which was more fre-
quently associated with mixed chimerism [2].
However, very little information is currently available
on the clinical impact of lineage-specific chimerism
status in patients who are conditioned with a Bu-con-
wining RIC regimen. Therefore, we examined the cor-
relation between specific patterns of lineage-specific
chimerism and subsequent clinical outcomes.

PATIENTS AND METHODS

Patients and Transplantation Procedures

We retrospectively reviewed the medical records of
117 patients who had various hemarologic malignan-
cies and underwent allogenic HSCT with Bu-contain-
ing RIC at our hospital from January 2000 to
December 2006. The reasons for selecting RIC
regimens included older patient age, medical comor-
bidites, and prior failed myeloablative SCT. The
patients’ characteristics are summarized in Table 1.
The median age of the patients was 52 years (range:
29-68 years), and the hematologic malignancy in-
cluded acute myelogenous leukemia (AML) (n = 23),
AML evolving from a myelodysplastic syndrome
(MDS) (n = 16), acute lymphoblastic leukemia (ALL)
(n = 5), malignant lymphoma (n = 44), MDS (n =
16), chronic myelogenous leukemia (CML) (n = 9),
chronic lymphocytic leukemia (CLL) (n = 1), multiple
myeloma (MM) (n = 1), and atypical CML (n = 2).

The conditioning regimen consisted of Bu (oral B
mg/kg or iv. 6.4 mg/kg) and Flu (180 mg/m’, n =
64) or cladribine (0.66 mg/kg, n = 53), with or without
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Table |. Association between patients characteristics and
donor T-cell chimerism at day 30

T cell chimerism at day 30

Toal <80% =e0%
Charactenstics {n=117) (n=18) (n=99)
Patient age, years
Median (range) 55 (29-68) 57 (35-68) 54 (25-68)
<55 S6 (48%) & (33%) 50 (51%)
=55 &1 (52%) 12 (67%) 49 (49%)
Dhseases type
Acure leukemia 44 (38%) 5 (18%) 39 (39%)
46 (39%) 6 (33%) 40 (40%)
MODSMPD 27 (13%) 7(39%) 20 (20%)
Disease risk
High 91 (78%) 15 (B3%) 76 (77%)
Low 26 (22%) 3(17%) 13 (23%)
Ne. of prior chemotherapy regimens
=21 77 (66%) 6(33%) 71 (72%)
2 40 (34%) 12 (6T%) 18 (28%)
Denor
Unrelated 1227%) 2(1I%) 30 (30%)
Related 85 (73%) 16 (89%) &9 (T0%)
HLA
Match 90 (77%) 15 (83%) 75 (76%)
Mismatch 17 (23%) 3(17%) 24 (24%)
Stem cell source
G-PEMC Bl (69%) 13 (72%) 68 (69%)
Bone marrow 36 (31%) 5 (28%) 31 (31%)
Conditioning regimen
2CdABuy 24 (21%) 4 (22%) 20 (20%)
2CAABUATG 18 (15%) 4(22%) 14 (14%)
2CdA/BUTBI 11 (9%) I (6%) 10 (10%)
Flu/Bu 18 (32%) 8 (44%) 30 (30%)
Flu/Bu/ATG 11 (9%} I (6%) 10 (10%)
Flu/Bu/ATG/TBI 2(2%) 0 (0%) 2(2%)
Flu/Bu/Tal 13(11%) 0(0%) 13 (13%)
Acute leukemia (n= 44): acute myelogenous leukemia (AML: n=23), AML
Iving from a myelodysplstic synd {n=18).and acute lymphoblas-
tic leukemia (ALL: n=5); Lymph (n=48): malignant lymph (44),
chronic i leukemis (CLL: n=1) and multiple myeloma

(MM; n=1); MDS/MPD (n=127): MDS n=16 and MPD including chronic
myelogenous leukemia (n =9) and atypical CML (n=2); G-PBMC indicates
granulocyte colony-sumulating factor-mobilized peripheral blood mono-
nuclear cells; 2CdA. chdribine; Bu, busulfan; Flu, fludarabine; ATG, anti-
human T-lymphocyte immunoglobulin; TBI, total-body irradiation.

2-4 Gy TBI (n = 26) or antthuman T-lymphocyte im-
munoglobulin (Fresenius Biotech GmbH, Germany)
(ATG; 5-10 mg/kg, n = 31).

In Japan, only bone marrow is permitted as a stem
cell source in transplantation from an unrelated
healthy volunteer donor. In the setting of nonmyeloa-
blative SCT from an unrelated donor, the sustained
engraftment rate has been reported to be lower for re-
cipients of bone marrow than for those given granulo-
cyte colony-stimulating factor-mobilized peripheral
blood mononuclear cells (G-PBMC) [14]. Therefore,
low-dose TBI was also added to the conditioning reg-
imen in 25 of the 32 patients who underwent reduced
intensity stem cell transplantation (RIST) from an un-
related bone marrow donor to facilitate engraftment,
Recipients of HLA-mismatched grafts tended to re-
ceive ATG-containing conditioning regimens (20 of
the 27 recipients of HLA-mismatched grafts [74%)]
versus 11 of the 90 recipients of HLA-matched grafts



