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The influence of different non-myeloablative conditioning regimens on clinical outcome remains undefined.
We retrospectively analyzed the hematopoietic reconstitution, graft-versus-host disease (GVHD), and quality
of life (QOL) in 56 patients with hematologic malignancies who underwent non-myeloablative stem cell trans-
plantation (NST) with a conditioning regimen based on anti-thymocyte globulin (ATG), followed by donor lym-
phocyte infusion (n=24), or Fludarabine (FLU) (n=32). Hematopoietic stem cells were derived from low-resolu-
tion HLA-matched identical sibling donors.

The blood type transformation and platelet reconstitution presented significantly earlier in the FLU group than
the ATG group (P<0.05). Within 100 days post-transplantation, the incidence of grade I-IV acute GVHD was sig-
nificantly lower in the ATG group than the FLU group (P<0.05). After 100 days post-transplant, extensive chron-
ic GVHD (cGVHD) was more prevalent in the ATG group than the FLU group (P<0.05). There were lower cumula-
tive risk of relapse and higher non-relapse-related mortality in the ATG group, but better QOL in the FLU group
within 24 months, and no difference in 3-year disease-free survival (DFS) or overall survival (OS) between the
2 groups (P>0.05).

The FLU-based conditioning regimen improved hematopoietic reconstitution and decreased extensive cGVHD,
but there was no difference in 3-year DFS or OS between the 2 groups.
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Background

Hematopoietic stem cell transplantation (HSCT) is preced-
ed by a myeloablative conditioning regimen of chemother-
apy or irradiation to eliminate hematopoietic and immuno-
logic function, suppress diseased immune tissue, and reduce
graft-versus-host disease (GVHD), followed by donor hema-
topoietic stem cell engraftment, reconstitution of hemopoie-
sis, and immunology. However, complete ablation of the host
hematopoietic system renders patients susceptible to infec-
tion. More recently, non-myeloablative conditioning regimens
have been developed to reduce preparative regimen toxicity,
widening the patient group in which HSCT can be safely ap-
plied [1]. Non-myeloablative HSCT (NST) employs a condition-
ing regimen of intensive immunosuppressants to promote do-
nor cell implantation and eradicate abnormal hematopoietic
and tumor clones [2-5]. Reduced-intensity conditioning regi-
mens in NST lead to donor-recipient immunological tolerance
and was found to be associated with delayed acute GVHD
(aGVHD) [6,7]. GVHD is the major complication with chron-
ic GVHD (cGVHD) as a major cause of death after allogeneic
HSCT (allo-HSCT) [8,9].

Over the past decade, there have been few reports of clinical
comparisons between non-myeloablative conditioning regimens
or reduced-intensity conditioning (RIC) regimens. Patients re-
ceiving RIC today are often those for whom transplantation
was not an option a decade ago [10], and few prospective
comparative trials have been conducted in this population.

Recently, anti-thymocyte globulin (ATG) and the chemotherapeu-
tic agent Fludarabine (FLU) have become the most commonly
used immunosuppressants in non-myeloablative conditioning
regimens. ATG has been administered as part of the conditioning
regimen successfully combating GVHD in combination with post-
transplant administration of glucocorticoids [11,12]. However,
ATG can cause many adverse complications and, more recent-
ly, FLU has been employed to preserve the graft-versus-leuke-
mia effect, and promote donor stem cell engraftment [13]. In
a prospective randomized study, Blaise et al. compared 2 dif-
ferent popular conditioning regimens and determined that ad-
ministration of FLU with oral busulfan and rabbit ATG was as-
sociated with greater disease control than FLU with total body
irradiation [14]. However, due to the higher non-relapse mor-
tality (NRM) associated with busulfan and ATG, this did not
translate into better overall or progression-free survival [14].

Objective

In this study, we retrospectively compared hematopoietic re-
constitution, GVHD, complications, primary disease relapse,
survival, and quality of life (QOL) in patients treated with non-
myeloablative conditioning regimens based on FLU or ATG. We
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observed that NST based on FLU conditioning resulted in ear-
lier hematopoietic reconstitution, lower aGVHD and extensive
cGVHD incidence, better QOL, higher relapse risk, and lower
NRM in comparison with ATG-based conditioning NST followed
by donor lymphocyte infusion.

Material and Methods

Clinical data of donors and recipients

We retrospectively studied patients undergoing allo-HSCT for
hematologic malignancies in the Department of Hematology
of Guangzhou First People’s Hospital, Guangzhou Medical
University and the Department of Hematology of Nanfang
Hospital, Southern Medical University between January 1, 1999
and May 31, 2011. No patient with liver, kidney, or heart dys-
function or older than 50 received myeloablative conditioning.
In order to study a homogenous cohort, we also excluded pa-
tients who received allo-HSCT twice, and those who received
chemotherapy for a relapse subsequent to allo-HSCT. Apart
from chronic myeloid leukemia (chronic phase) and myelofi-
brosis, all patients underwent transplantation during their first
complete hematological remission period. Patients with CML
(chronic phase) and primary myelofibrosis were not treated
before transplantation.

Donor hematopoietic stem cells were derived from low-resolu-
tion serological HLA-matched (6/6 or 5/6 loci) siblings. All do-
nors and recipients were tested for antigen pp65 and antibody
for cytomegalovirus (CMV). Before transplantation, there were
2 and 3 positive cases of CMV-IgG in ATG and Flu groups, re-
spectively. Ganciclovir was used for prophylaxis of cytomega-
lovirus. Ganciclovir combined with human blood immunoglob-
ulin was used to treat cytomegalovirus infection.

The study protocol received approval from the Ethics
Committees at each center (Guangzhou First People’s Hospital,
Guangzhou Medical University and Nanfang Hospital, Southern
Medical University, 2012-SYL-077). Written informed consents
were acquired from all participants or their families according
to institutional guidelines.

Conditioning regimens

Fifty-six patients received non-myeloablative conditioning reg-
imens based on immunosuppression with either ATG or FLU,
combined with reduced-dose busulfan and cyclophosphamide.
The preparative regimen consisted of rabbit anti-human thy-
mocyte globulin (Pasteur Merieux) (3 mg/kg/dx3 d), or FLU
(30-35 mg/m?/dx5 d), busulfan (injection; 1.6 mg/kg/dx4 d)
or busulfan (capsule; 2 mg/kg/dx4 d), and cyclophosphamide
(60 mg/kg/dx2 d).
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Both regimens were used in both centers according to clini-
cians’ choices during treatment. In Guangzhou First People’s
Hospital, ATG regimen was used for 18 cases while FLU regi-
men was used for 20 cases; in Nanfang Hospital 6 were treat-
ed with ATG regimen while 12 cases were treated with FLU
regimen. No significant time period difference exists for the
choice of regimen.

Mobilization and collection of stem cells

For bone marrow only graft, bone marrow was collected with-
out G-CSF-mobilization and was infused. For peripheral blood
graft, donors received subcutaneous injections of 5 pg/kg G-CSF
once a day for 5 consecutive days. Peripheral blood stem cells
were collected and infused on the fifth day. For graft with both
bone marrow and peripheral blood, donors received consecu-
tive subcutaneous injections of 5 pg/kg G-CSF once a day for
5 days. Bone marrow was collected and infused on the fourth
day. Peripheral blood stem cells were then collected and in-
fused on the fifth day.

GVHD prophylaxis

For prophylaxis of GVHD, CsA and methotrexate (MTX) were
administered. MTX was administrated at 15 mg/m? (+1d),
and 10 mg/m? (+3d, +6d, +11d). For patients receiving ATG,
CsA was administered by intravenous infusion over 16 h at
3 mg/kg/d. When patients were able to eat, they were giv-
en 3-5 mg/kg/d CsA orally, divided into 2 doses per day, to
maintain a trough plasma concentration of 0.1663-0.3326 pM
(1 pM=1201.9 pg/L). In contrast, for patients receiving FLU,
when the donor stem cells were engrafted at 3 weeks post-
transplantation, CsA was reduced to a dose of 2.5 mg/kg/d,
and then adjusted to maintain a trough plasma concentration
of 0.0832-0.1633 pM. When aGVHD did not occur, the CsA
dose was reduced after 2 weeks to 1 mg/kg/d, and then ad-
justed to maintain a trough concentration below 0.0832 pM.
If GVHD did not occur, CsA dose was gradually tapered and
stopped. When GVHD occurred, the CsA dose was increased
or low-dose methylprednisolone (<160 mg/d) or mycopheno-
late mofetil was added for 1-2 weeks.

Donor lymphocyte infusion

If mixed chimerism was achieved without GVHD in the ATG
group, patients received the first donor lymphocyte infusion at
4 weeks post-transplant. According to the escalated-dose reg-
imen, donor lymphocyte infusion was carried out at intervals
of 20-30 days, 2 to 9 times. Before donor lymphocyte apher-
esis, donors received mobilization with G-CSF at 5 pg/kg/d for
3 consecutive days.

CLINICAL RESEARCH

Methods of detecting chimerism

Whole peripheral mononuclear cells were used for chimera
analysis. Donor cells were DNA fingerprinted, and sex chromo-
some and RBC typing was performed twice weekly post-trans-
plantation. Recipient-to-donor cell ratio was quantitatively as-
sessed by fluorescent short tandem repeat [15] weekly in the
second and third month after transplantation, and then once
every 2 weeks until patients achieved FDC.

Evaluation of hematopoietic recovery

We recorded the time at which patients achieved an ANC
>0.5x10°/L, and a platelet count >20x10°/L and >50x10°/L in
peripheral blood. When the level of hemoglobin exceeded 70
g/L and the platelet count reached >20x10°/L, infusions of
red blood cells (RBC) and platelets were ceased. The infused
volumes of RBC and platelets were calculated after trans-
plantation conditioning. The profile of peripheral blood post-
transplant was measured every day until ANC>0.5x10°/L and
BPC>50x10°/L for hematologic recovery.

Evaluation of graft-versus-host disease

GVHD was evaluated according to classic and NIH criteria [15].
We first evaluated aGVHD according to the 1994 consensus
conference on aGVHD grading [16]. cGVHD was further sub-
categorized as limited (involving only localized skin and/or
hepatic dysfunction) or extensive, according to the Seattle
criteria [17]. The latter category included generalized or local-
ized skin and/or hepatic dysfunction; liver histology indicat-
ing chronic active hepatitis; bridging necrosis or cirrhosis; eye
dryness: Schirmer test <5 mm; lip mucosa biopsies indicating
mild dysfunction of salivary glands and oral mucosa; and oth-
er organ dysfunctions [17].

aGVHD may present after 3 months and manifestations of
aGVHD and cGVHD can be present simultaneously [6,18]. We
further analyzed GVHD 100 days post-transplant according to
NIH criteria [19]. Briefly, aGVHD is defined as the absence of
diagnostic or distinctive features of cGVHD. Therefore, aGVHD
includes classic aGVHD occurring within 100 days after trans-
plantation and persistent, recurrent, or late aGVHD (features
of aGVHD occurring beyond 100 days). Categories of cGVHD
include classic cGVHD (without features or characteristics of
aGVHD) and an overlap syndrome in which diagnostic or dis-
tinctive features of cGVHD and aGVHD appear simultaneously.

Mouth ulcers caused by conditioning drugs and agranulocy-
tosis at early stage after transplantation were rarely seen af-
ter 100 days post-transplant, and therefore was excluded due
to our method of comparing GVHD complications in the ATG
and FLU groups.
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Follow-up and quality of life

We evaluated the relapse rate of primary disease, infection,
survival, and QOL (according to the Karnofsky criteria) at 6,
12, and 24 months after stem cell transplantation.

Overall survival (OS) was defined as survival from first day af-
ter transplant to the final visit (follow-up term).

Statistical analysis

All statistical analyses were performed with SPSS15.0 soft-
ware (IBM SPSS Inc., Chicago, US). Data found to be normally
distributed are expressed as mean +SD. For comparison be-
tween 2 groups, the independent samples t/t’-test was used.
Non-normally distributed data were expressed as median,
lower, and upper quartiles (P50, P25, P75). The non-paramet-
ric Mann-Whitney U test was used for comparison between
groups. Categorical data are shown as frequency (f) and con-
stituent ratio or percentage, analyzed by the Pearson chi-square
test. Four-fold table data were switched to Fisher’s exact test
method. Survival times are shown as mean and 95% confi-
dence interval (Cl). Kaplan-Meier survival curves were calcu-
lated for long-term survival, and compared using the log rank
test. Data were censored for patients alive at their last follow-
up visit. A P value <0.05 was considered significant.

Results

Baseline clinical characteristics of studied subjects

The demographic and clinical characteristics of all patients are
presented in Table 1. Apart from those diagnosed with chron-
ic myeloid leukemia and myelofibrosis, all patients underwent
transplantation during their first complete hematological re-
mission period. There was no significant difference in patient
age, sex, diagnosis, HLA mismatch, sex match, or ABO match
between patients receiving FLU and ATG.

Post transplantation peripheral blood profile and infusion
of blood components

The post-transplantation peripheral blood profiles of all pa-
tients and volume of infused RBCs and blood platelets are listed
in Table 1. The lowest white blood cell count was significantly
lower in the FLU group than in the ATG group (P=0.0242), the
peripheral blood platelet count exceeded 50x10°/L earlier in
the FLU group than in the ATG group (P=0.0111), and the vol-
umes of infused RBCs and platelets were lower in the FLU group
than in the ATG group (P=0.0303 and P=0.0010). However, the
time at which the absolute neutrophil count (ANC) exceeded
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0.5x10°/L post-transplantation did not differ significantly be-
tween the 2 groups (P=0.5687).

Transformation of blood type and chimerism

Median ABO blood type transformation occurred significantly
earlier in the FLU group (45 days post-transplantation) than
in the ATG group (90 days post-transplantation) (P=0.019)
(Table 2).

All patients achieved successful engraftment of donor stem
cells, and we observed no conditioning-associated mortali-
ty within 100 days post-transplantation. All patients treated
with FLU achieved a chimeric ratio of 95-100% donor-to-re-
cipient cells within 30 days, and all achieved full donor chime-
rism (FDC) within 45 days post-transplant. However, 30 days
post-transplant, patients treated with ATG achieved a chime-
rism ratio of only 50-80%, and the median time to achieve
FDC was 120 (135+105) days (Table 2).

Graft-versus-host disease

As shown in Table 3, 4 (16.7%) patients in the ATG group and
16 (50.0%) patients in the FLU group were diagnosed with
aGVHD within 100 days after transplantation (P<0.05, Table 3);
however, after 100 days there was no significant difference in
the fraction of patients in each group diagnosed with acute,
classic cGVHD, or overlapping GVHD, according to the new
NIH criteria (P>0.05) [19]. A significantly higher fraction of pa-
tients treated with ATG (37.5%) than FLU (9.4%) experienced
extensive cGVHD (P=0.019), but fewer patients treated with
ATG (12.5%) experienced oral complications of GVHD than pa-
tients treated with FLU (43.8%) (p=0.018).

Other complications

We observed the hepatic toxicity in the course of condition-
ing. As shown in Table 3, although the incidence of liver dys-
function was no statistical difference in the 2 groups (41.7%
vs. 68.8%, p=0.058), the incidence of elevated total bilirubin
level in the ATG group was significantly higher than that of the
FLU group (50.0% vs. 18.8%, p=0.021<0.05). The incidence of
sever infection, including pulmonary aspergillosis, interstitial
pneumonia, cytomegalovirus infection or septicemia, in the ATG
group was higher than that of the FLU group (50% vs. 25%,
p=0.024). One (3.1%) and 3 (8.3%) patients had complicated
EB virus-associated post-transplant lymphoproliferative dis-
ease (PTLD) in the FLU and ATG group, respectively, and there
was not statistically significant difference (p=0.565).
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Table 1. Patient demographic and clinical characteristics.

Immunosuppressant

Characteristics

Age (years, range) 45 (10-55) 44 (13-57) 0.353

Platelet OMEESES 6.4+2.5* 0.0010

FLU — fludarabine; ATG — anti-thymocyte globulin; DLI — donor lymphocyte infusion; HSCT — hematopoietic stem cell transplantation;
HLA — human leucocyte antigen; MNC — mononuclear cell; CML — chronic myeloid leukemia; PB — peripheral blood; BM — bone marrow;
NHL - non-Hodgkin lymphoma; RBC — red blood cell; NSCT — non-myeloablative stem cell transplantation; BPC — blood platelet count;
WBC — white blood cell; ANC — absolute neutrophil count. * 0.05>P>0.01, ** P< 0.01.
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Table 2. The transformation of ABO Blood group (day) [P, (P,,, P,.)].

Groups

ATG group (n=24)

FLU group (n=32)

Transformation of ABO Blood group
[day’ PSO (PZS’ P75)]

90 (45, 300)

45 (35, 60)*
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FDC within 30 days (n,%)

32 (100)**

FDC — full donor chimerism. Note: In comparison to ATG group, * 0.05>P>0.01, ** P<0.001.

Table 3. Graft-versus-host disease following non-myeloablative stem cell transplantation.

Classification of GVHD

ATG group (n=24)

aGVHD within 100 days (n,%)

FLU group (n=32)

GVHD - graft-versus-host disease; cGVHD — chronic GVHD; aGVGD — acute GVHD; PTLD — post transplant lymphoproliferative
disease. Note: In comparison to ATG group, * P<0.05. # Sever infection including pulmonary aspergillosis, interstitial pneumonia,

cytomegalovirus infection or sepsis.

Follow-up of survival

As shown in Figure 1, the overall survival (OS) expectation of
67.1 months (95% Cl, 53.8-65.3) in the ATG group did not differ
significantly from the 77.0 months (95%Cl, 65.8-80.5) (P>0.05)
in the FLU group. The 60.5 months (95% Cl, 55.2-71.3) dis-
ease-free survival (DFS) expectation in the ATG group did not
differ significantly from the 72.1 months (95% Cl, 65.4-78.3)
(P> 0.05) in the FLU group.

Non-relapse-related mortality (NRM) was significantly less fre-
quent in the FLU group than in the ATG group (P<0.05). The
primary relapse rate was significantly higher in the FLU group
than in the ATG group (P<0.05) (Table 4). NRM was mainly at-
tributed to severe infections, including pulmonary aspergil-
losis, interstitial pneumonia, and cytomegalovirus infection.

In 10 recorded relapse cases, 1 case occurred in the ATG group
at the stage of mixed chimerism. Complete remission and full
donor chimerism was achieved after chemotherapy and do-
nor lymphocyte infusion. All the other cases were in the FLU
group. At the time of relapse, 3 cases had complete recipient
chimera. Hematologic remission was achieved after chemother-
apy. Another 3 cases had mixed chimerism. After chemothera-
py and donor lymphocyte infusion, 1 case achieved complete
hematologic remission and full donor chimerism. The other 2
cases failed to achieve remission.

We scored QOL according to the Karnofsky criteria at 6, 12,
and 24 months after HSCT (Table 4). Although QOL scores did
not differ significantly between the 2 groups at 6 months post-
transplant, scores were higher in the FLU group at 12 and 24
months after transplantation (P<0.05, P<0.01), and QOL scores
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Figure 1. (A, B) Overall survival (OS) and disease-free survival (DFS) following non-myeloablative stem cell transplantation (n=56).
Twenty-eight patients with hematologic malignancies underwent non-myeloablative stem cell transplantation (NST) based
on an ATG conditioning regimen followed by DLI, and the other 32 patients underwent reduced-intensity conditioning based
on a FLU conditioning regimen followed by low-dose cyclosporine A.

Table 4. Relapse, quality of life and mortality in the two groups.

Paramater ATG group (n=24) FLU group (n=32) P Value
Rate of relapseand  NRM 8 33 R e o013
NRM (n (%)) Relapse rate 1 (4.15) 9 (28.13)* 0.032
th 75.6+14. 78.5+16.5 0.4974
Quality of life after 6mons ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 6_ ,,,,, 6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = 6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9 ,,,,,,,,,,,,,,,,
transplantation 12 months 65.6+15.6% 80.5+17.5** 0.0017
(mean +5D) 24 months 60.6+15.6% 82.5£17.5% 0.0001

NRM — non-relapse-related mortality; * P<0.05 in comparison to ATG group; ** P<0.01 in comparison to ATG group; # 0.0265 and

# P=0.0012 In comparison to 6 months.

in the ATG group declined between 6 and 12 and 6 and 24
months (P<0.05, P<0.01) (Table 4).

Discussion

We retrospectively studied 56 patients who underwent allo-
HSCT for hematologic malignancies and we compared hema-
topoietic reconstitution following immunosuppressant condi-
tioning with either FLU or ATG, combined with reduced-dose
busulfan and cyclophosphamide. We observed no regimen-
related mortality. All patients achieved successful engraft-
ment. At an early stage post-transplant, mixed and FDC were
achieved in both the ATG and the FLU groups. The FLU regi-
men achieved earlier hematopoietic reconstitution, lower inci-
dence of aGVHD within the first 100 days post-transplant, and
extensive cGVHD, better QOL, higher relapse risk, and lower
NRM in comparison with the ATG regimen. Although the FLU
regimen achieved faster hematopoietic reconstitution, it was

associated with a relatively high incidence of severe aGVHD
within 100 days and a higher rate of relapse than the ATG reg-
imen. In contrast, the ATG regimen was associated with high-
er NRM rate and therefore did not translate into better over-
all or disease-free survival.

During pretreatment, we discovered pretreatment-related
toxicity. Although the incidence of liver dysfunction in the 2
groups was considerable, the incidence of elevated total bili-
rubin level in the ATG group was significantly higher than that
of the FLU group.

RBC and platelet counts both decreased significantly in patients
treated with ATG, but patients treated with FLU achieved recov-
ery of platelet count earlier than those in the ATG group, and
patients treated with FLU required infusion of less RBC and
platelets. This observation may reflect FDC occurring at an ear-
lier stage in patients treated with FLU, and may also be related
to the previously described impact of ATG on the platelet and
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RBC requirements during RIC before allo-HSCT [20]. Although
complete chimerism occurred far later in the ATG group, hema-
topoietic stem cells of both donor and recipient collaborative-
ly performed hematopoiesis under conditions of immunolog-
ical tolerance. As a result, there was no significant difference
in the time taken for the peripheral blood profile to recover.

Mattsson et al. reported that severe aGVHD occurred less fre-
quently in patients who gradually converted to FDC[21]. In our
sample, aGVHD and severe aGVHD within the first 100 days
post-transplant also occurred less frequently in the ATG group
than in the FLU group, perhaps due to the early mixed chime-
rism achieved by the ATG group in contrast to the full chime-
rism observed in the FLU group.

Recently, other research groups have reported that although
the incidence of grade Il to IV aGVHD in NST was lower than in
conventional HSCT, there was no significant difference in the
incidence of GVHD after 100 days [6]. Mixed chimerism after
NST was associated with primary disease relapse. When con-
ventional donor lymphocyte infusion was used, primary dis-
ease relapse decreased. However, donor lymphocyte infusion
after NST resulted in increased cGVHD pseudomorphs [22].

We analyzed the GVHD features 100 days after transplant and
found that the incidence of aGVHD, classic cGVHD, and overlap
GVHD did not significantly differ between patients treated with
FLU and ATG; however, the incidence of oral GVHD was signif-
icantly higher in patients treated with FLU than ATG. The oral
GVHD was resolved by increasing cyclosporine (CsA) dose and
administration of glucocorticoid and mycophenolate mofetil.

One study indicated that the incidence of GVHD, especially
cGVHD, correlated with the graft-versus-leukemia effect after
allo-HSTC [23]. We observed a lower relapse rate in the ATG
group, indicating that a strategy of NST followed by donor
lymphocyte infusion achieved a stronger graft-versus-leuke-
mia or tumor effect following administration of ATG than FLU.

The influence of cGVHD on NRM remains controversial. Vigorito
et al. conducted a large-scale clinical study of allo-HSTC and
reported that survival, NRM, and systemic immunotherapy
were not correlated with the clinical features of cGVHD [24].
However, prolonged immunosuppressant use for late aGVHD
was correlated with NRM. Persistent cGVHD or aGVHD beyond
100 days post-transplant were both independent predictors
for poor survival [24]. Beyond 100 days after transplant, we
observed no significant difference in the incidence of aGVHD
or cGVHD between patients treated with ATG and FLU. There
was also no difference detected in overall survival (OS) expec-
tations between the 2 groups, as would be expected according
to the similar persistent GVHD [25]. Refractory GVHD compli-
cated by donor lymphocyte infusion resulting from prolonged
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immune suppression increased infection and mortality in the
ATG group. In this study, NRM was more common in the ATG
group than in the FLU group because of higher sever infec-
tion such as pulmonary aspergillosis, interstitial pneumonia,
cytomegalovirus infection, or septicemia in the ATG group,
but more patients died of primary diseases in the FLU group
than in the ATG group. It is well known that EBV reactivation
is frequently observed after ATG administration. As in the FLU
group, the ATG group was also susceptible to EB virus-associ-
ated post-transplant lymphoproliferative disease (PTLD), but
a statistically significant difference was not found because of
the small sample size of this study. Three-year DFS and OS did
not differ significantly between these groups, possibly as a re-
sult of the 2 risk factors offsetting one another.

Few previous reports have described long-term QOL of HSCT
patients. Some studies suggested that the QOL of patients re-
ceiving RIC stem cell transplantation was superior to that of
those who underwent myeloablative allogeneic and autolo-
gous HSCT [26-28], but systemic comparison of QOL in differ-
ent NST strategies was not reported. In the present study we
compared QOL between patients treated with ATG and FLU af-
ter stem cell transplantation according to Karnofsky scoring cri-
teria. After 6 months, no statistically significant difference be-
tween the 2 groups was observed. Despite a lower incidence of
primary disease relapse in the ATG group at 12 and 24 months,
the QOL scores of patients in the FLU group were superior to
those of the ATG group. In the ATG group, the higher incidence
of severe infection, GVHD, and NRM may have been offset by
the higher incidence of mortality resulting from primary dis-
ease relapse in the FLU group. This observation agrees with a
previous study that reporting that refractory late aGVHD and
c¢GCHD may have compromised attitude and behavior, increas-
ing NRM and decreasing QOL scores at 12 and 24 months after
transplantation [29]. We also observed lower scores at 12 and
24 months than at 6 months post-transplant in the ATG group.

Conclusions

The conclusions of this small experimental study are limited
by the retrospective nature of the study and the limited sam-
ple size. Due to analysis of only a few patients at 2 sites, the
study was insufficiently powered to make broad generaliza-
tions about the applicability of any observed differences be-
tween the groups to a larger sample. In summary, the ideal
conditioning regimen before allo-HSCT has not yet been estab-
lished. We attempted to develop novel RIC or non-myeloabla-
tive conditioning (NMAC) strategies capable of reducing the
incidence and severity of GVHD without compromising the ben-
eficial impact of graft-versus-leukemia activity or immune re-
constitution after transplantation, and to improve long-term
DFS and QOL in patients with hematologic malignancies. The
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FLU regimen achieved faster hematopoietic reconstitution,
but was associated with a relatively high incidence of severe
aGVHD and a higher rate of relapse than the ATG regimen. A
recent report showed that, acute rejection rates, renal func-
tion, CMV infection, and the adverse effects of low-dose rab-
bit-ATG induction may be superior to high-dose rabbit-ATG in-
duction therapy in renal transplantation [30]. Use of low-dose
ATG effectively improved the survival rate for the partially-
matched unrelated stem cell transplantation because the use
of ATG lowered the cumulative incidence of sever acute GVHD
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chronic GVHD [31]. The sample size in these study was prob-
ably too small and lacked homogeneity. To explore a better
balance between efficacy and complications of immune-sup-
pressants in conditioning regimens, we conclude that further,
larger clinical trials of improved regimens will be required to
establish a successful conditioning regimen.
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