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We retrospectively investigated air-leak syndrome (ALS), Introduction

including pneumothorax and mediastinal/s.c. emphysema,

following allogeneic hematopoietic SCT. Eighteen The survival of patients with hematological disorders who
patients (1.2%) developed ALS among 1515 undergoing receive allo-SCT has shown continuing improvement due
SCT between 1994 and 2005 at the nine hospitals to the introduction of various innovative therapeutic
participating in the Kanto Study Group on Cell Therapy. approaches. However, organ dysfunction/damage and
The median onset of ALS was at 575 days (range: infection remain problematic for long-term survivors after
105-1766) after SCT and 14 patients (77.8%) had  SCT, especially those with chronic GVHD (¢cGVHD), and
experienced late onset noninfectious pulmonary complica- such complications affect both their quality of life and
tions (LONIPC) before ALS. Chronic GVHD (¢cGVHD)  survival. Late onset noninfectious pulmonary complica-
was the strongest risk factor for ALS (odds ratio 13.5, tions (LONIPC) are one of the most common manifes-
P =0.013 by multivariate analysis). Repeat SCT, male tations of organ damage during the late phase after
sex and age <38 years at the time of transplantation were allo-SCT,'* and have been reported to be the major cause
also significant risk factors for ALS. Patients with ALS  of death for patients in this phase. Unlike LONIPC, air-
had a significantly worse survival rate than those without leak syndrome (ALS), which includes pneumothorax (PT),
ALS (61.5 vs 14.9% at 3 years; P=0.000). The main  mediastinal emphysema (ME) and s.c. emphysema (SE), is
cause of death was respiratory complications in 8 of the a relatively rare complication of SCT.* Although patients
18 patients. In conclusion, ALS is a rare complication of  with ALS after SCT had a fatal outcome according to some
SCT that is more likely to occur in relatively young male case reports or small-scale retrospective studies, the clinical
patients with cGVHD and/or LONIPC. It is possible that  features of post transplant ALS remain obscure. The
better understanding and treatment of LONIPC may lead  purpose of this study was to clarify the characteristics and
to prevention of ALS. risk factors for ALS after SCT, as well as its effect
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Materials and methods

Patients

We retrospectively surveyed 1515 patients aged >15 years
who received allo-SCT between January 1994 and March
2005 at nine hospitals participating in the Kanto Study
Correspondence: Dr R Sakai, Department of Hematology, Yokohama Group on Cell Therapy (KSGCT) in Japan. Detailed
City University Medical Center, 4-57 Urafune-cho, Minami-ku, clinical data were collected by reviewing the medical

Yokohama 232-0024, Japan. L .
E-mail: sakarika@ urahp.yokohama-cu.ac.jp records of each institution, whereas baseline pretransplant
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Definitions

Air-leak syndrome was diagnosed from chest X-ray films
and/or computed tomography scans as follows: PT was
diagnosed by detection of extra-alveolar air in the left and/
or right hemithorax, ME was defined as the presence of
extra-alveolar air in the mediastinal space and SE was
defined as extra-alveolar air in the s.c. tissue. Iatrogenic
ALS that occurred after procedures such as trans-bronchial
lung biopsy or mechanical ventilation was excluded.
¢GVHD and LONIPC were diagnosed from previously
reported criteria.'®!!

The case report form for ALS patients included the
following information: date of diagnosis of ALS, type of
ALS (described above), initial symptoms (cough, dyspnea
and chest pain), presence of active cGVHD at the onset of
ALS (yes or no), type of cGVHD (limited or extensive),
presence of LONIPC (bronchiolitis obliterans (BO),
bronchiolitis ~obliterans with organizing pneumonia
(BOOP) and interstitial pneumonia (IP)), time from
LONIPC to ALS, immunosuppressive therapy at the onset
of ALS (prednisolone (PSL), CYA, tacrolimus (FK) and
others), treatment of ALS (drain, initiate or increase the
dose of immunosuppressive therapy, decrease the dose of
immunosuppressive therapy, pleurodesis, observation and
others), response to treatment (improved, stable or
worsened), outcome and cause of death.

Statistical analysis

To identify risk factors for ALS, we tested the following
variables by univariate and multivariate analyses: recipient
age and sex, stem cell source, conditioning regimen
(conventional vs reduced intensity), use of TBI, number
of SCT procedures (first vs second or more), GVHD
prophylaxis (CYA based vs FK based), grade of acute
GVHD (0-1 vs II-IV) and ¢cGVHD (none vs limited
or extensive). Comparison of categorical variables was
carried out by the y>-test or Fisher’s exact test, whereas
comparison of continuous variables was performed with
Student’s ¢-test. To evaluate the independence of potential
risk factors for ALS, we performed multiple logistic
regression analysis. In all analyses, P<0.05 was considered
to indicate statistical significance. Survival curves after
the occurrence of ALS were estimated by the Kaplan—
Meier method and the survival of patients with ALS
was compared to that of those without ALS by the
log-rank test, treating the occurrence of ALS as a time-
dependent variable. To determine whether ALS was an
independent poor prognostic factor for long-term survival
after SCT, we performed Cox proportional hazards
analysis including the following variables: recipient age
and sex, disease risk (standard risk diseases were acute
leukemia in the first or second CR, aplastic anemia,
refractory anemia, refractory anemia with ringed sidero-
blasts, CML in the first chronic phase, multiple
myeloma in PR or CR and malignant lymphoma in the
first or second CR, whereas all other diseases/states were
considered to be high risk), stem cell source, type of
conditioning regimen and use of TBI. Statistical analyses
were performed with SPSS software (SPSS Inc., Chicago,
IL, USA).
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Results

Clinical features of ALS

Air-leak syndrome was diagnosed in 18 patients (1.2% of
all patients) after allo-SCT. Table | shows a summary of
the baseline characteristics of these patients. Sixteen
patients were men and the median age was 29.5 years.
Grade 1I-TV acute GVHD occurred in 11 patients (61%)
and all but one patient (94%) had cGVHD. The clinical
presentation and outcome of ALS are shown in Table 2.
The median time of onset was day 575 (range: days
105-1766) after SCT. ALS was classified as PT in seven
patients, ME/SE in six patients and PT combined with
ME/SE (mixed ALS) in five patients. At the onset of ALS,
16 patients had active cGVHD. Before ALS occurred, 14
patients had also experienced LONIPC, including 4 with
BO, 4 with BOOP, 5 with IP and 1 with IP along with
BOOP. At the diagnosis of ALS, LONIPC had resolved in

‘two patients (nos. 5 and 18), but persisted in the remaining
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12 patients. The median time from the diagnosis of
LONIPC to the onset of ALS among the patients who
had persistent LONIPC was 74 days (range: 3-1177 days).
Seventeen patients (94%) had been treated with steroids
and 13 patients (72%) were on steroids at the time of
diagnosis of ALS. Treatment of ALS included drainage in
11 patients and pleurodesis in 3. ALS improved in 12 of
18 patients, remained stable in 2 patients and progressed
despite treatment in 4 patients. The three patients (nos. 7,
12 and 13) who underwent pleurodesis all had progressive
ALS (Table 2). ,

Eleven patients died at a median of 222 days after the
occurrence of ALS (range: 6-944 days). Respiratory
complications were the direct cause of death in eight
patients, including ALS in four, BO in two and IP in two.
Patient 10 did not have LONIPC before the occurrence
of ALS, but BO appeared after improvement of ALS
and became progressively worse. Two nonrespiratory
deaths were attributable to relapse of the primary disease
and one was due to multiple organ failure that was
unrelated to ALS. Among the patients with PT or ME/
SE, seven out of nine who responded to treatment are
still alive, whereas all four patients whose initial therapy

Table 1 Summary of baseline characteristics of the patients with ALS
No. of patients (%) 18 (1.2%)
Sex (male/female) 16/2
Median age (range) 29.5 (16-53)
Primary disease (AML/ALL/CML/ML) 9/5/2/2
Disease status at HSCT (CR or CP/NR or BC) 14/4
Donor source (RBM/UBM/PB/CB) 6/8/4/0
Conditioning (myeloablative/nonmyeloablative) 17/1
TBI or TLI (yes/no) 15/3
No. of SCT (first/second or more) 5/13
GVHD prophylaxis (CYA based/FK based) 8/8
aGVHD (0-1/II-1V) 6/12
c¢GVHD (no/limited/extensive) 1/2/15

Abbreviations: aGVHD =acute GVHD; BC=blastic crisis; CB=cord
blood; ¢cGVHD == chronic GVHD; CP = chronic phase; FK = tacrolimus;
ML = malignant lymphoma; NR=non remission; RBM =related BM;
RPB = related PBSCs; TLI = total lymphoid irradiation; UBM = unrelated BM.
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Table 2 Clinical presentation and outcome of 18 patients with ALS
Patient Time from Type Initial symptoms Active cGVHD  Active Time from  Immuno- Treatment Response Outcome
no. SCT to  of ALS at onset of ALS| LONIPC at LONIPIC  suppression of ALS to therapy (cause
ALS (days) Cough  Dyspnea Chest pain  type of cGVHD  onset of ALS to ALS (days) at onset of ALS of death)
1 1332 PT (one side) + + - Yes/Limit BOOP 264 — Drainage Improved Alive
2 296 ME/SE + + - Yes/Ext BO 36 PSL+FK Observation Improved Alive
3 257 ME/SE — — — Yes/Ext IP 20 — Observation Improved Died (IP)
4 636 PT (both sides) — + - No e —— Drainage Improved Alive
5 600 PT (one side) — - + Yes/Ext (BOOP; PSL+FK Drainage Improved Alive
resolved)*
6 1766 ME/SE - - - Yes/Ext BOOP 170 PSL+CYA Increase IS Improved Alive
7 806 PT (both sides) + + - Yes/Ext BOOP 112 PSL+FK Drainage, Progressed  Died (ALS)
increase IS,
pleurodesis
8 155 PT (one side) + + + Yes/Ext BO 3 PSL+CYA Drainage, Improved Died (primary
increase IS disease)
9 145 Mixed — - — Yes/Ext IP 13 PSL+FK Observation Improved Died (primary
disease)
10 185 PT (both sides) - — + Yes/Ext — PSL+FK Drainage Unchanged Died (BO)
11 163 Mixed — — + Yes/Limit 1P 18 PSL+FK Drainage Improved Died (IP)
12 584 Mixed + + + Yes/Ext BO 170 PSL+FK Drainage, Progressed  Died (ALS)
increase IS,
pleurodesis
13 1378 Mixed + + + Yes/Ext BOOP/IP 1177 PSL+FK Drainages, Progressed  Died (ALS)
increase IS,
pleurodesis
14 105 ME/SE - — - Yes/Ext — PSL+CYA Observation Improved Alive
15 565 Mixed - + - Yes/Ext — PSL+CYA Drainage TImproved Died (MOF)
16 841 ME + + — Yes/Ext BO 170 — Start IS Unchanged Died (BO)
17 209 ME/SE — + - Yes/Ext 1P 23 PSL+CYA Increase PSL Progressed  Died (ALS)
18 1438 PT (one side) - + + No (IP; resolved)* — Drainage Improved Alive

Abbreviations: ALS = air-leak  syndrome; BO = bronchiolitis obliterans; BOOP = bronchiolitis obliterans with. organizing pneumonia; Ext=extensive type; FK = tacrolimus; IP =interstitial pneumonia;

IS = immunosuppressants; Limit = limited type; ME = mediastinal emphysema; mixed = PT with ME/SE; MOF = multiple organ failure; PSL = prednisolone; PT = pneumothorax; SE =s.c. emphysema.

2At the diagnosis of ALS, LONIPC had already resolved.
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Figure 1 OS after the onset stratified according to the type of
ALS. OS of all 18 patients. ~——— OS of patients with PT and
ME/SE (n=13). —+~-— OS of patients with mixed ALS (n=35). Patients

with PT and ME/SE showed better survival than those with mixed
ALS (P=0.017).

failed eventually died of LONIPC and/or ALS. In contrast,
all five patients with mixed ALS died regardless of their
responses to treatment and three of them died of
progressive lung disease.

For all 18 patients, OS at 1 year after the onset of ALS
was 48.5+12.1% and the 3-year survival rate was
18.2£14.6% (Figure 1). Patients with PT and ME/SE
showed better survival than did those with mixed ALS (59.8
vs 20.0% at 1 year and 29.9 vs 0% at 3 years, respectively;
P=0.017; Figure 1). The patients without active LONIPC
at the diagnosis of ALS (»=6) had a higher survival rate
at 3 years than those with active LONIPC (53.3 vs 0%;
P=0.15; data not shown).

Risk factors for ALS

Air-leak syndrome was always diagnosed more than 3
months after SCT in this study, so we compared the clinical
features of patients with or without ALS who survived for
more than 90 days after transplantation (1142 recipients).
According to univariate analysis, ALS was significantly
more frequent in recipients with cGVHD (P =0.001), those
who received a second or subsequent SCT (P =0.043),
younger recipients (P=0.013) and male recipients
(P=0.013; data not shown). We also evaluated the risk
factors for ALS by logistic regression analysis in 1047
recipients, after excluding 95 recipients (8.3%) because
complete data were not available. The median age of the
recipients was 38 years, so we divided them into two groups
aged <38 and >38 years. Chronic GVHD was identified as
the strongest risk factor for ALS (odds ratio (OR), 13.48,;
P =0.013), whereas second or subsequent SCT (OR, 7.91;
P=0.021), male sex (OR, 4.95; P=0.038), age <38 years
(OR, 3.55; P=0.033) and FK-based GVHD prophylaxis
(OR, 3.3; P=0.025) were also identified as independent
risk factors (Table 3).
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Table 3 Multivariate analysis of factors related to ALS
Variable HR 95% CI P-value
Recipient age (3> 38) 355 L11-11.37 0.033
Recipient sex, male 495 1.10-22.36 0.038
Donor source, unrelated 0.62 0.30-1.27 0.19
No. of SCT 22 7.91 1.57-39.91 0.021
Reduced-intensity conditioning 0.22 0.02-2.49 0.219
TBI 0.96 0.26-3.54 0.953
GVHD prophylaxis with FK 3.30 1.17-9.36 0.025
Acute GVHD (grade II-1V) 1.51 0.56-4.10 0.193
Chronic GVHD 13.48 1.75-103.89 0.013
Abbreviation: FK, tacrolimus.
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Figure 2 Kaplan-Meier curves for OS after SCT in patients with
or without ALS. ALS(—) (n=1124). ———- ALS(+) (n=18).
Recipients with ALS showed significantly worse survival after SCT than
those without ALS (P =0.002).

Impact of ALS on OS

The patients with ALS had significantly lower survival rates
(44.7% at 1 year and 14.9% at 3 years) compared with
those without ALS (72.7% at 1 year and 61.5% at 3 years;
P =0.002; Figure 2). We analyzed factors associated with
lower OS among 1079 recipients who lived for more than 90
days after allo-SCT by multivariate Cox regression analysis
(63 patients (5.5%) were excluded because of incomplete
data). ALS was identified as an independent predictor of
worse survival after SCT (OR, 3.468; P=0.001), as was a
high-risk disease status (OR, 2.851; P=10.000) and an age
>38 years (OR, 1.267; P=0.016; Table 4).

Discussion

All forms of thoracic air leak are defined as ALS according
to Franquet er al," including spontaneous pneumo-
mediastinum or pneumopericardium, SE, interstitial
emphysema and spontaneous PT. There have been only a
few reports about ALS associated with SCT. Recently,
Toubai et al.® performed a single-institution retrospective
study and found ALS in 5 out of 213 recipients (2.3%)



Table 4 Multivariate analysis of factors associated with worse OS
after SCT

Variable HR 95% CI P-value
Recipient age (>38) 1.27 1.05-1.54 0.016
Recipient sex, male 0.89 0.73-1.08 0.231
Donor source, unrelated 1.07 0.88-1.30 0.528
Reduced-intensity conditioning 0.75 0.53-1.06 0.105
TBI 0.97 0.75-1.25 0.795
Disease status, high risk 2.85 2.34-3.48 0.000
ALS 3.47 1.63-7.40 0.001

Abbreviation: ALS =air-leak syndrome.

following allo-SCT, whereas Vogel et al.® reported ALS in
7 out of 300 recipients (2.3%). The incidence of ALS in the
present study was slightly lower than in these previous
studies. In this retrospective multicenter study, we tried to
identify the characteristics, risk factors and prognosis of
ALS after SCT, but the following limitations of our study
must be considered. Unrecognized biases might have
influenced the results of this retrospective study, especially
as patients with asymptomatic ALS could not be detected.
All cases of ALS were diagnosed more than 100 days after
SCT in our series. Other studies and case reports have also
shown that this complication occurs more than 100 days
after SCT,*® and all authors have agreed that ALS can be
classified as a late complication of allo-SCT.

We confirmed that cGVHD, second or subsequent SCT,
male sex, age <38 years and FK-based GVHD prophylaxis
were independent risk factors for ALS. Several case reports
have indicated that ALS following SCT is associated with
severe cGVHD or noninfectious pulmonary complications
such as BO.%*1314 In our series, 17 out of 18 recipients with
ALS experienced ¢cGVHD, and this is the first report to
confirm statistically that the occurrence of ALS is strongly
associated with ¢cGVHD. It has also been reported that
cGVHD is a significant risk factor for the development of
LONIPC.'* In this series, most ALS patients also had
LONIPC based on ¢cGVHD. Although the mechanism
leading to chronic pulmonary GVHD is unknown, it is
thought that host-reactive donor T cells cause injury to the
lungs.'* Continuous inflammation due to cGVHD may lead
to fibrotic change of the peripheral airways that decreases
lung compliance. Chronic GVHD appears to cause the
progression of LONIPC, resulting in the occurrence of
ALS. Our recipients who received a second or subsequent
SCT would have suffered pulmonary damage by the
conditioning regimen, which could have contributed to
the development of ALS, although the mechanism of lung
injury differs from that of cGVHD. According to a review
of the literature,®7-!*141617 ALS occurred after SCT in 17
men and 6 women with a median age of 30 years (range:
8-51 years). Our study confirmed by multivariate analysis
that younger (<38 years old) men have a high risk of
developing ALS after SCT. FK-based GVHD prophylaxis
is generally chosen if stem cells are obtained from high-risk
donors for GVHD, such as unrelated or HLA-mismatched
related donors. This might explain the association between
FK-based GVHD prophylaxis and development of ALS in
our study.
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The survival rate of patients after the occurrence of ALS
was significantly impaired (18.2+14.6% at 3 years), and
the prognosis was related to the type of ALS (mixed ALS vs
others). Alveolar rupture can occur because of an elevated
intra-alveolar pressure, following damage to the alveolar
walls, or for both reasons.® The subtypes of ALS reflect the
extent of pulmonary/thoracic tissue damage, rather than
different pathophysiological processes. This may explain
the very poor outcome of mixed ALS. It is well known that
the prognosis of secondary PT in patients with COPD is
worse compared with idiopathic PT because it usually takes
longer to reexpand the lung after a chest tube is inserted
and failure of treatment is common.'® It can be suggested
that the onset of ALS in recipients with LONIPC leads to
more severe lung tissue damage and a poor prognosis.

In conclusion, we were able to identify a subgroup of
SCT recipients with a high risk of developing ALS, namely
younger (<38 years) men with ¢cGVHD, second or
subsequent SCT and/or FK-based GVHD prophylaxis.
As ALS is rare and its etiology is multifactorial, trials of
new treatments are not feasible. A more promising strategy
may be to improve our understanding and treatment of
LONIPC, which should then lead to prevention of ALS.
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Abstract

Objective Several recent studies report that, after allogeneic hematopoietic cell transplantation (allo-HCT),
eosinophilia is a favorable factor for transplant outcomes. However, whether the degree of eosinophilia influ-
ences transplant outcomes is yet to be established.

Methods We studied 144 patients with hematological malignancy who received allo-HCT at our institution.
The stem cell sources were bone marrow in 84 patients, peripheral blood stem cells in 32 patients, and cord
blood in 28 patients. One hundred and twelve patients underwent myeloablative conditioning and 49 patients
had high-risk disease. We performed semi-landmark analysis to examine the influence of eosinophilia.
Results FEosinophilia developed at a median of 47 days after transplantation in 63 patients (44%). The pa-
tients with eosinophilia showed significantly better overall survival (OS) and a lower relapse rate at three
years, compared to those without eosinophilia (66% vs 55%, p=0.04 and 30% vs 50%, p=0.002). On analysis
following division into groups with mild (500-1,500x10%L) and hyper- (>1,500x10%L) eosinophilia, three-
year OS and relapse rates were 68% and 65% (p=0.92), and 31% and 28% (p=0.90), respectively. On multi-
variate analysis, eosinophilia was significantly associated with Tower relapse rates [HR: 0.5 (95% CIL: 0.3-
0.9); p=0.01] and the same trend was preserved in the analysis of the mild and hyper-eosinophilic groups.
Conclusion The results suggest that eosinophilia after allo-HCT was associated with better OS and a lower
relapse rate, regardless of the levels. The mechanism of this effect is still unclear, and requires study of the
pathophysiological process to clarify the relationship between the higher levels of eosinophilia after allo-HCT
and organ infiltration.

Key words: eosinophilia, allogeneic hematopoietic cell transplantation, relapse, overall survival

(Intern Med 51: 851-858, 2012)
(DOI: 10.2169/internalmedicine.51.6726)

eosinophil count that exceeds 500x10%L (2). Three levels of
Introduction severity of eosinophilia have been defined as follows: mild
500-1,500x10°%L, moderate 1,500-5,000x10%L, and severe >

Increased blood eosinophil counts may be caused by 5,000x10%L (2). Hypereosinophilia, which refers to eosino-
many kinds of disease, such as allergy, infection, collagen phil levels above 1,500x10%L, may intrinsically cause tissue
diseases, pulmonary diseases, and malignant disorders (1). and organ damage, regardless of the underlying etiology (2).
In general, the term “eosinophilia” is defined as a blood Recently, several studies have reported that eosinophilia was
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related to better outcomes in allogeneic hematopoietic cell
transplantation (allo-HCT) (3-6). Better overall survival (OS)
in patients with eosinophilia after allo-HCT was shown to
be a result of the lower relapse rates (3), lower non-relapse
mortality (NRM) (4), and both lower relapse rates and
NRM (5). Recently, another study reported that eosinophilia
still affected transplant outcomes in the subgroup of patients
with acute graft-versus-host disease (GVHD) (6), but no ef-
fect was seen in those patients that underwent cord blood
transplantation (7). Previous studies reported that activated
tissue eosinophils were implicated in the pathogenesis of
GVHD (8, 9). Kim et al discussed the possibility that late
eosinophilia might simply be a marker of Th2 cytokine acti-
vation and that activation of the Th2 pathway correlates with
the recovery of humoral immunity, a component in the
pathogenesis of chronic GVHD (5). In addition, unlike mild
chronic GVHD, severe chronic GVHD resulted in poor out-
comes (10). From this perspective, higher eosinophilia may
enhance GVHD and thus worsen the prognosis. However, to
our knowledge, no reports have addressed the question of
the extent to which blood eosinophilia influences the out-
come of allo-HCT. In this study, we therefore investigated
how the existence and degree of eosinophilia after allo-HCT
influenced transplant outcomes.

Materials and Methods’

Patients

We retrospectively evaluated 182 consecutive patients
with hematological malignancy who underwent allogeneic
stem cell transplantation at our institute between January
2004 and April 2011. We excluded 18 patients who died be-
fore neutrophil engraftment, and 12 patients who underwent
haplo-identical stem cell transplantation. We also excluded
eight patients who died or experienced disease relapse or
progression before the median onset of eosinophilia, to al-
low semi-landmark analysis. Ultimately, 144 patients were
included in this analysis.

As it was difficult to obtain informed consent for this ret-
rospective study, we made the context of this study known
to the public by putting up a notice at our hospital and on
our website in accordance with the ethical guidelines for
epidemiological research compiled by both the Ministry of
Education, Culture, Sports, Science and Technology and the
Ministry of Health, Labour and Welfare in Japan. This retro-
spective study was approved by the Institutional Review
Board of our institute.

Transplantation procedures

Myeloablative and reduced-intensity conditioning were
used in 111 and 33 patients, respectively. We used the defi-
nition of conditioning intensity from previous re-
ports (11, 12). Myeloablative conditioning was used in 111
patients, with total body irradiation of 12 Grays in 42 pa-
tients and busulfan (Bu)-based conditioning in 62 patients.

DOI: 10.2169/internalmedicine.51.6726

In contrast, in the 33 patients who underwent reduced-
intensity conditioning, Bu-based conditioning was used in
20 patients, melphalan-based conditioning in 10 patients,
and cyclophosphamide-based conditioning was used in two
patients.

For acute GVHD prophylaxis, cyclosporine A was used
alone in 10 patients, cyclosporine A and short-term
methotrexate (sMTX) were used in 112 patients, cy-
closporine A and mycophenolate mofetil (MMF) were used
in five patients, tacrolimus was used alone in three patients,
tacrolimus and sMTX were used in five patients, tacrolimus
and MMF were used in eight patients, and no treatment was
given to one patient. Antithymocyte globulin was used in
just two patients. In 116 patients transplanted from either a
related peripheral blood stem cell/ bone marrow donor or
unrelated bone marrow donor, 93 pairs (sibling: 33; unre-
lated: 60) were matched for six of six HLA-A, B, and
DRB1 alleles, and 23 pairs (related: 8; unrelated: 15) were
matched for five of six of these alleles. In 28 patients trans-
planted with cord blood, seven pairs were serologically
matched for five of six at HLA-A, B, and DR loci; 20 pairs
were matched for four of six; and one pair was matched for
three of six loci. Acute and chronic GVHD were evaluated
based on established criteria (13, 14). In general, grade II to
IV acute GVHD was treated initially with prednisolone or
methylprednisolone (1-2 mg/kg/day), except for grade II
acute GVHD involving just the skin, following CBT.

Eosinophilia was defined as an absolute eosinophil count
of =500x10%L on microscopy of peripheral blood on at
least two consecutive days after neutrophil engraftment, ex-
cept for eosinophilia that occurred after relapse or progres-
sion of the original disease. We analyzed the influence on
transplant outcome of not only the presence of eosinophilia,
but also the degree of eosinophilia. The group with eosino-
philia (63 patients) was stratified into two groups, the mild
eosinophilia group (peripheral blood eosinophil count: 500-
1,500x10%L, 35 patients) and the hypereosinophilic group
(more than 1,500x10%L, 28 patients) based on the maximum
eosinophil count after transplantation.

Statistics

To compare patient characteristics, the Chi-square and
Wilcoxon tests were used for categorical and metric vari-
ables, respectively. To evaluate the effect of eosinophilia on
OS, relapse, and non-relapse mortality (NRM), we employed
“semi-landmark plots” (5). In patients who developed
eosinophilia, the day of onset after transplant was defined as
the landmark day. On the other hand, in patients who did
not develop eosinophilia, day 47 after transplant, which was
the median onset day for eosinophilia, was defined as the
landmark day. OS, relapse and NRM were calculated based
on the interval from the landmark day. OS analyses were
performed by the Kaplan-Meier method, and a log-rank test
was employed to assess the difference between two groups.
Cumulative incidences of NRM and relapse were analyzed
under the assumption that they represented competing risks,
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Table 1. Patient Characteristics

Eosinophilia- Eosinophlia+ p
No. of patients, n 81 63
Median recipient age at transplantation, years (range) 47(16-69) 42(17-64) 0.28
Recipient sex, n (male/female) 47/34 33/30 0.50
Disease, n 0.19
Acute myeloid leukemia 31 24
Acute lymphoid leukemia/ Lymphoblastic leukemia 14 (Ph+:4, LBL:1) 17(Ph+:7, LBL:1)
Myelodysplastic syndrome 10 8
Chronic myeloid leukemia 4 4
Acute leukemia of ambiguous lineage 1 3
Aggressive Lymphoma 17 4
Adult T cell leukemia/lymphoma 10 3
Diffuse large B cell lymphoma 2 1
NK/T cell lymphoma 1 0
Peripheral T cell lymphoma 2 0
Anaplastic large cell lymphoma 2 0
Indolent Lymphoma 4 2
Follicular lymphoma 3 2
Mantle cell lymphoma 1 0
Chronic active EB virus infection 0 1
Disease status, n 0.12
Standard 49 46
High-risk 32 17
Cytomegalovirus serostatus, n 0.17
Recipient-/Donor- 4 7
Other 77 56
Sex mismatch, n 0.26
Female donor to male recipient 16 8
Other 65 55
ABO blood type incompatibility, n 0.02
Match 35 40
Mismatch 46 23
Stem cell source, n 0.13
Bone marrow 53 31
Peripheral blood 16 16
Cord blood 12 16
HLA matching (at A, B, DR allele), n 0.49
Sibling match 19 18
Other 62 45
GVHD prophylaxis, n 0.30
Cyclosporine A-based 70 57
Tacrolimus-based 11 5
Anti-thymocyte globulin +/- 1/81 1/63 0.85
Intensity of Conditioning regimen, n 0.86
Myeloablative 62 49
Reduced-intensity 19 14
Conditioning regimen, n
Total body irradiation-associated 26 26 0.26
Busulfan-containing 54 34 0.12
Melphalan-containing 7 6 0.85
Fludarabine-containing 32 28 0.55
Acute GVHD, n 0.27
Nil/o 20 17
1 11 9
I 33 18
¢l 15 19
v 2 0
Systemic Steroid therapy, n 0.37
no 31 31
yes 50 32
Chronic GVHD, n 76 (NE:5) 62 (NE:1) 0.88
nil 39 31
limited 14 10
extensive 23 21

Ph+, Philadelphia chromosome-positive; LBL, lymphoblastic leukemia; GVHD, graft versus host disease; NE, not evaluated.

and compared using Gray’s test. For NRM, relapse was the
competing event; for relapse, death without relapse was the
competing event. The Cox proportional hazards model was
used to test the statistical significance of several potential
prognostic factors for OS, NRM, and relapse. Two factors,
acute GVHD and systemic steroid therapy, were treated as
time-dependent co-variates. We defined statistical signifi-
cance as a P value of less than 0.05. Statistical analyses

were performed using R version 2.11.1.

Results

Patient characteristics and eosinophilia

Patient characteristics are summarized in Table 1. The
median age at transplantation was 45.5 years (range: 16-69).
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Figure 1. (a) Overall survival curves for patients with and

without eosinophilia. (b) Overall survival curves for patients
with mild (500-1,500x10%L) and hyper- (>1,500x10¢L) eosino-
philia.

These patients included 55 individuals with acute myeloid
leukemia (AML); 31 with acute lymphoblastic leukemia
(ALL) or lymphoblastic lymphoma (LBL) (ALL: 29, LBL:
2); four with acute leukemias of ambiguous lineage; eight
with chronic myeloid leukemia (CML); 18 with myelodys-
plastic syndrome (MDS); 21 with aggressive lymphoma
(adult T-cell leukemia/lymphoma: 13; diffuse large B-cell
lymphoma: 3; peripheral T-cell lymphoma: 2; NK/T-cell
lymphoma: 1; anaplastic large cell lymphoma: 2); six with
indolent lymphoma (follicular lymphoma: 5 and mantle cell
lymphoma: 1); and one with chronic, active Epstein-Barr vi-
rus infection (CAEBV). We considered the following pa-
tients to be at a standard disease risk: acute leukemia in the
first or second complete remission (CR), CML in the first or
second chronic phase, MDS in the absence of refractory
anemia with excess blasts, indolent lymphoma (any status),
aggressive lymphoma in complete remission, or CAEBV. All
other patients were considered to be at high risk. Of 144 pa-
tients, 63 (44%) developed eosinophilia (Eo+). In the non-
eosinophilia (Eo-) group, ABO blood type matched to a sig-
nificantly lesser degree than in the Eo+ group (43% and
63%, p=0.02). The remaining factors did not differ between
the two groups. The use of systemic steroid therapy (predni-

solone or methylprednisolone=0.5 mg/kg), and the inci-
dence of acute and chronic GVHD were also not signifi-
cantly different between the two groups. There was also no
significant difference in the severity of chronic GVHD (no,
limited and extensive chronic GVHD) between the mild and
hyper-Eo+ sub-groups (p=0.67). The median time of onset
of Eo+ was 47 days (rahge: 21-1,026) after allo-HCT, but
eosinophilia tended to occur later after CBT (81.5 days)
than after BMT and PBSCT (42 and 43.5 days, respectively)
(p=0.05). The median maximum eosinophil count of Eo+
was 1,403x10%L (range: 516-10,010x10%, and there was no
difference among those with BMT, PBSCT, or CBT (1,280,
1,210 and 1,740%x10°, respectively, p=0.47). Of 144 patients,
51 patients (35%) died during the follow-up period and the
median follow-up period of survivors was 1,072 days
(range: 129-2,737) after the landmark day.

Relationship between eosinophilia and overall sur-
vival o

The Eo+ group had a significantly better outcome (3 year
OS: 66% in Eo+ group and 55% in Eo- group, p=0.04)
(Fig. 1). In addition, in the analysis that divided the Eo+
group into mild and hyper sub-groups, outcomes were simi-
lar (68% and 65%, p=0.92). On univariate analysis of OS,
four factors had a significant influence: older age {[HR: 1.3
(95% confidence interval (CI): 1.03-1.6), p=0.03], high-risk
disease [HR: 1.8 (95% CI: 1.1-3.2), p=0.03], Eo+ [HR: 0.5
(95%CI: 0.3-0.98), p=0.04],respectively}, and systemic ster-
oid therapy [HR: 1.9 (95% CI: 1.1-3.3), p=0.03] (Table 2).
On multivariate analysis, only two factors, older age and
systemic steroid therapy, remained significant [HR: 1.3
(95% CI: 1.01-1.6), p=0.04 and HR: 1.8 (95% CI: 1.03-3.2),
p=0.04]. Eo+ showed a tendency toward better OS, although
this failed to achieve significance [HR: 0.6 (95%CI: 0.3-
1.1), p=0.11]. On multivariate investigation that distin-
guished between the mild and hyper-Eo+ sub-groups, both
sub-groups had a better OS than the Eo- group, but not sig-
nificantly so [HR: 0.7 (95% CI: 0.3-1.4), p=0.29 and HR:
0.6 (95% CI: 0.2-1.2), p=0.15, respectively].

Correlation between eosinophilia and relapse or
progression

As with OS, the Eo+ group had a significantly better out-
come (three-year relapse or progression rate: 30% in the
Eo+ group and 50% in the Eo- group, p=0.002) (Fig. 2).
Again, in the sub-analysis of the mild Eo+ and hyper-Eo+
sub-groups, both sub-groups had similar rates of relapse or
progression (three-year relapse or progression rate: 31% in
mild Eo+ group and 28% in hyper-Eo+ group, p=0.90). On
univariate analysis, three factors were significant: female do-
nor to male recipient [HR: 2.6 (95% CI: 1.4-4.7), p=0.002],
high risk of disease [HR: 2.5 (95% CI: 1.5-4.3), p=0.0006]
and Eo+ (HR: 0.4 (95% CI: 0.2-0.7, p=0.002) (Table 2). On
multivariate analysis, these three factors remained significant
[female donor to male recipient: HR: 2.5 (95% CIL: 1.4-4.5),
p=0.003, high risk of disease: HR: 2.4 (95% CIL. 1.4-4.1),
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Table 2. Uni- and Multivariate Analyses of Clinical Risk Factors for OS, NRM, and Relapse

Univasiate Multivariate
Prognostic factor Modell Model 2 Model 3
P HR (95% CI) P HR (95% CI) P HR (95% Cl) P HR (95% CI)
oS
Older age (by 10 years) 0.03 [.3(1.03-1.6) 0.04 1.3(1.01-1.6) 0.16 [.2(0.9-1.5) 0.01 1.4 (1.1-1.8)

Female donor to male recipient 0.07 1.9 (0.9-3.5)

High-risk disease 0.03 1.8(1.1-3.2) 008  1.7(0.9-29) 021 1.5 (0.8-2.7) 0.19 1.5 (0.8-2.8)

Eosinophilia 0.04 05(0.3-098) 0.11 0.6(0.3-1.1)

Mild eosinophilia 0.13 0.6 (0.3-1.2) 029  0.7(0.3-14)
Hyper eosinophilia 0.11 0.5(0.2-1.2) 0.15 0.6 (0.2-1.2)

Acute GVHD, grade Il to IV 0.08 1.7 (0.9-3.0)

Systemic steroid therapy 0.03 1.9(1.1-3.3)  0.04 1.8(1.03-3.2) 0.04 1.9(1.02-3.5) 0.048 1.9(1.01-3.5)

Cord blood transplantation 0.95 1.0 (0.5-2.3)

Myeloablative conditioning 0.24 1.6 (0.7-3.4)

Donor except for HLLA matched sibling donor 03 1.4 (0.7-2.7)

ABO blood type-mismatched donor 0.16 1.5 (0.9-2.6)

Donor and/ or recipient CMV seropositivity 0.24 2.3(0.6-9.5)
Relapse incidence
Older age (by 10 years) 0.40 1.1(0.9-1.3)

Female donor to male recipient 0.002  2.6(1.4-47) 0.003 25(1.4-4.5) 0045 2.0(1.01-3.8) 0.0004 3.1(1.6-5.7)

High risk disease 0.0006 2.5(1.5-43) 0.002 24(14-41) 0.02 2.0(1.1-3.5 0.001 2.6 (1.4-4.6)

Eosinophilia 0.002  0.4(0.2-0.7) 0.01  0.5(0.3-0.9)

Mild eosinophilia 0.02 0.4 (0.2-0.9) 0.05 0.5(0.2-1.01)
Hypereosinophilia 0.02 0.4 (0.2-0.8) 0.07 0.5(0.2-1.1)

Acute GVHD, grade II to IV 0.88 1.0 (0.6-1.6)

Systemic steroid therapy 0.90 1.0 (0.6-1.8) 075 1.1(0.6-1.9)  0.93 1.0 (0.6-1.8) 0.56 1.2(0.7-2.1)

Cord blood transplantation 0.28 0.6 (0.3-1.5)

Myeloablative conditioning 0.76 0.9 (0.5-1.7)

Donor other than HLA matched sibling donor 0.23 1.5(0.8-2.9)

ABO blood type-mismatched donor 0.10 1.6 (0.9-2.6)

Donor and/ or recipient CMV seropositivity 0.19  2.6(0.6-10.6)

NRM

Older age (by 10 years) 0.006  2.1(1.2-3.5) 0.004 2.1(1.2-3.5) 0.01 20(1.2-35) 0.005 2.2(1.1-22.8)
Female donor to male recipient 0.52 0.5(0.1-3.9)

High risk disease 0.63 1.3 (0.4-3.8)
Eosinophilia 0.11 0.4(0.1-1.2)  0.13  0.4(0.1-1.3)

Mild eosinophilia 0.20 0.4 (0.1-1.7) 0.19  04(0.1-1.6)

Hypereosinophilia 0.25 0.4(0.1-1.9) 0.36 0.5(0.1-2.3)
Acute GVHD, grade II to IV 0.03  52(1.2-23.1) 0.02 56(1.3-249) 0.03 9.8(1.3-75.5) 004 5.0(1.1-22.8)
Systemic steroid therapy 0.03  42(1.2-14.9)

Cord blood transplantation 0.25 2.0 (0.6-6.2)
Myeloablative conditioning 0.39 1.9 (0.4-8.4)
Donor other than HLA matched sibling donor 0.54 1.5(0.4-5.3)
ABO blood type-mismatched donor 0.20 2.0 (0.7-5.6)

08, overall survival; NRM, non-relapse mortality; HR, hazard ratio; CI, confidence interval; GVHD, graft versus host disease; RIC, reduced intensity

conditioning; HLA, human leukocyte antigen; CMV, cytomegalovirus

p=0.002) and Eo+: HR: 0.5 (95% CI: 0.3-0.9, p=0.01), re-
spectively]. In the multivariate study of the mild and hyper-
Eo+ sub-groups, both sub-groups had a tendency towards
lower relapse than did the Eo- group [HR: 0.5 (95% CIL:
0.2-1.01), p=0.05 and HR: 0.5 (95% CI: 0.2-1.1), p=0.07].

Infiluence of eosinophilia on NRM

Qutcomes in the Eo+ group were similar to those in the
Eo- group (three-year NRM: 10% in the Eo+ group and
14% in the Eo- group, p=0.22) (Fig. 3). In the analysis that
distinguished mild and hyper-Eo+ sub-groups, each outcome

was also similar (three-year NRM: 10% in the mild Eo+
sub-group and 10% in the hyper-Eo+ sub-group, p=0.98).
On univariate analysis, three factors, older age, grade II to
IV acute GVHD and systemic steroid therapy, were associ-
ated with a significantly higher NRM [older age: HR: 2.1
(95% CI: 1.2-3.5), p=0.006; grade II to IV of acute GVHD:
HR: 5.2 (95% CI. 1.2-23.1), p=0.03; and systemic steroid
therapy: HR: 4.2 (95% CI: 1.2-14.9), p=0.03]. Eo+ showed
a tendency to better NRM, but not significantly so [HR: 0.4
(95% CI: 0.1-1.2), p=0.11] (Table 2). On multivariate analy-
sis, the same tendency was shown. In the multivariate study
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Figure 2. (a) Cumulative relapse incidences for patients

with and without eosinophilia. (b) Cumulative relapse inci-
dences for patients with mild (500-1,500x10%L) and hyper-
(>1,500x10%L) eosinophilia.

that distinguished between the mild and hyper-Eo+ sub-
groups, both groups showed a trend towards lower NRM,
compared with the Eo- group, but significance was not
achieved [HR: 0.4 (95% CI: 0.1-1.6), p=0.19 and HR: 0.5
(95% CI: 0.1-2.3), p=0.36, respectively].

Discussion

In this study, we found that: 1) eosinophilia after allo-
HCT was significantly associated with a lower incidence of
relapse and tended to improve OS, and 2) differences in the
degree of eosinophilia had no influence on the results. To
our knowledge, four studies indicate better outcome after
allo-HCT if eosinophilia is present (3-6). Two previous stud-
ies reported that eosinophilia after allo-SCT correlated with
lower relapse rates (3, 5), and three studies showed that
eosinophilia after allo-SCT was associated with lower
NRM (4-6). On the other hand, one study found no relation-
ship between eosinophilia and transplant outcome (7). Of
these five studies, just two reported median maximum
eosinophil counts, which were 840.5x10%L (3) and 1,180x
10°L (7). However, no study has investigated the relation-
ship between the grade of eosinophilia and transplant out-
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Figure 3. (a) Cumulative non-relapse mortality for patients

with and without eosinophilia. (b) Cumulative non-relapse
mortality for patients with mild (500-1,500x10¢/L) and hyper-
(>1,500x10%L)) eosinophilia.

come, despite the concern that hypereosinophilia may cause
tissue and organ damage, regardless of the underlying etiol-
ogy (2). In this study, therefore, we planned to address this
specific point. We undertook the analysis, taking into con-
sideration the potential for confounding between eosino-
philia and the use of systemic steroids, especially with
GVHD treatment, because eosinophilia is influenced by sys-
temic steroid therapy. The median number of days after
transplantation at which eosinophilia was detected was later
than the median onset of acute GVHD [47 (range: 21-1,026)
versus 19 (range: 3-133) days after transplantation, respec-
tively], and in Eo+ patients with grade II to IV acute
GVHD, many cases showed eosinophilia (33 of 37 patients)
after the occurrence of acute GVHD. Therefore, if anything,
we were concerned about a tendency to underestimate the
incidence of eosinophilia, related to systemic steroid use for
acute GVHD, grades II to IV. However, there was no differ-
ence in the incidence of eosinophilia at any grade of acute
GVHD [none or grade I: 26 of 57 patients (46%); grades II
to IV: 37 of 87 patients (43%)]. We speculate that systemic
steroid use did not necessarily decrease eosinophilia, al-
though it might account for the observed delay. On multi-
variate analysis, we included systemic steroid use in order to

856

178



Intern Med 51: 851-858, 2012 DOI: 10.216%/internalmedicine.51.6726

analyze its influence on eosinophilia, so as to compensate
for potential confounding effects. As a result, we believe we
were able to minimize the influence of confounding effects
in this study.

One previous study reported that there was no correlation
between eosinophilia and transplant outcome in CBT (7).
However, in the present study, we also found favorable out-
comes in CBT, as with BMT and PBSCT (data not shown);
we therefore included cases with CBT in this analysis. We
cannot easily explain why our results differ, but outcomes
may depend on differences in transplant conditions, such as
patients’ ages, disease status, conditioning regimens, and the
timing of systemic steroid therapy.

Eosinophilia after allo-SCT may reflect the recovery of
Th2/Tc2 cells. Th2 cytokines including IL-4, IL-5 and IL-10
are produced by CD4 Th2/ CD8 Tc2 cells and appear to be
important in the process of chronic GVHD (15), which was
reported to be related to graft-versus-tumor (GVT) ef-
fect (16). Therefore, eosinophilia after allo-HCT may lead to
fewer relapses and improved OS via the activation of the
GVT effect. The present study also showed that eosinophilia
after allo-HCT was associated with a trend towards lower
NRM, although not significantly so. Th2 pathway activation
possibly causes a decline in Thl pathway activity, which
plays an important role in the deleterious effects of acute
GVHD, and thereby correlates with lower NRM (3-5).

Regarding the degree of eosinophilia, our results showed
no difference between the mild and hyper-eosinophilia sub-
groups as regards both transplant outcome and severity of
acute and chronic GVHD. In their review, Roufosse and
Weller discuss that we should watch and wait if hy-
pereosinophilia is asymptomatic, and that we must look for
organ involvement at regular intervals and thereby determine
the clinical urgency for use of an eosinophil-lowering
agent (2). Another study determined that the extent of tissue
eosinophilic infiltration varies and usually does not correlate
with peripheral blood eosinophilia (17). Moreover, several
studies reported an inhibitory effect of calcineurin inhibitors
on eosinophilic infiltration (18-20). We speculate that where
there is blood eosinophilia after allo-HCT, tissue infiltration
may not correlate well with higher blood eosinophilia be-
cause of the use of immunosuppressive drugs. Further con-
sideration of organ infiltration is needed to make a clinical
decision as to whether we should use steroids to treat
marked and persistent eosinophilia after transplantation.

This study has the following limitations: 1) it is a retro-
spective study from a single institution; 2) the patients en-
compass a variety of diseases, disease statuses, donor
sources, conditioning regimens and approaches to GVHD
prophylaxis.

In conclusion, eosinophilia after allo-HCT may be associ-
ated with better OS and a lower relapse rate, regardless of
the extent of eosinophilia. Higher degrees of eosinophilia
may not have an adverse influence on transplant outcome.
Further studies are necessary to clarify the relationship be-
tween the degree of blood eosinophilia and organ infiltration

after allo-HCT, with investigation of the pathophysiological
processes involved.
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Unrelated Peripheral Blood Stem Cell Harvest—Current Status and Future Direction—
Masayuki Hino |

Department of Hematology, Osaka City University Graduate School of Medicine

Sumsnary Allogeneic peripheral blood stem cell transplantation (PBSCT) as well as allogeneic bone
marrow transplantation (BMT) is a curative treatment strategy for patients with hematopoietic
disorders. PBSCT is associated with more rapid hematopoietic recovery than BMT. Although PBSC
harvest is feasible without the risk of anesthesia or invasive multiple bone marrow aspirations, the
other concern is the short-term and long-term safety. In a nation-wide prospective survey of the Japan
Society for Hematopoietic Cell Transplantation and other worldwide registry data, PBSC harvest was
mostly tolerated as well as BM collection. Since the first unrelated PBSCT in 2011, 4 transplants have
been performed. Both patients and donors have more therapeutic options by the use of PBSC for
unrelated donor transplantation. However, some problems (work-sharing, apheresis center, manage-
ment of post-transplantation, cryopreservation, etc.) should be solved.

Key words : peripheral blood stem cell harvest, unrelated, Japan marrow donor program, granulocyte

colony-stimulating factor, apheresis center

L& U & K&

ERSMEAMIZERE (PBSCT) QBRI BMT)
XY 204EH F 0B 1990 BACE LD SFBN LR
RISHA TN, DHPETD 20004 4 B & b FREE
BoEm A AR SN BB EESOLERET
21992 E X W HEDFALNLE) I L THFEEROR
Mgy —2 & LTERL, 2011 0 RAE LIRS
HEZA&OEEFATE, I N — 0EEEAT R
i ERALCnE (K1), JFEm#EEBE PBSCT
WCELTE, REESIN Y2 (NMDP) T 1999 48 &
DBEIRAL, 2010 4EDFEN T 18 U LD B A DIEM
BEF—DPoOBBD 6% 2 HDLLICE-THEY
(B 2)?, World Marrow Donor Association (WMDA)
DF—&TH 1998 E LI, FEi#HE BMT 2549 3,000
Bl/ETHZE LTV AOEI L, JEM#E PBSCT %

EITHMLTBY?, ERERE LTHLINTYA.

—%, DbOPETE V-0l EERL, F
M8 P —~OBBERICOWTIREE LRSI 2 S
NT&L, ARSEMMRBEZERICBT S 10FICH
B FF—730—7 v THEOHRIRHIHOH
EVRSEERICBTERRIICE 2 OTIEEw

HET 7 x W A¥ESHEE 31535 (2012)

181

ZEMHER SN, FRHBMELENE (PBSCT £EH
&), BAEMAEBIESS, HAunm - Al sme
&, EEFERFEMARET VX —REBETY -
HWTZEEEZE [ AR RAN M BT RE4E % JR Mg 8 CT
YGEHEORSE, EE, HARWIRICET A8 I
(BRH—HR) 250 UMM 217 - 7248, 2010 4
10 A LY BRICHFIBREMBRNEZERL L2 V) —D
AHEFHITL, FEMS PBSCT PRGBS h, 1HHES
2011 FE 3 AICEH s, BaEEOE M~ L
THERAIEARE N, 20124EF 4 B T2 4 PIHER
ENTn5b. .

2. FHOBWRERY =271

EMEHE BT 5 P —i, BEE, BdE
BIEBERLRS V54 T Thbld, ®#elid+
SEEL, £/, BEST CICHEEFICERTES
IHWEEFBDPRICTALERD L. ARG
BAESESB L HARDL - MEHERESIC X o TR,
WET S he (AR SO D D/#EAR
F = b ORI MR E - RIUCETAH4 FS
AV B4R 2D LI, BRAVITIEESICHK
LWEECT RFLEMERR<=27 V] (WE

209



1200 1~

1000

800

600

400

200

Im#gPBSCT

m&smT

2000 01 02 03 04 05 06 07 08 09 10
1 bHIEORMRY — RIS EROHE

5,500

5,000

4,500

CBT

4,000

3,500

3,000

2,500

uPBSCT

2,000

1,500
1,000
500

"$3 '59 '90 "9 '92 '03 '94 96 'S5 ‘97 98 '99 ‘00 '01 02 ‘03 "4 '05 05 0T ‘08 09 *10
2 NMDP Opdliigy — XBIFEMBBIEF R OM#ES

B O % PERE L, <A Eo T IR LA SRS I #Hfa
BREAFEBE LTV,

21 HEREBE

F1ICERH S Y 7 TED RS MR 22
FHRMEZIRT. MFEPSOBHBCN LT FF—ZEFR
BEFWPLLERTHA PEYy PEFERL, 2012
FE4ARARBETIOMBVBREINT VSR, £125F72
RYZWEHIRCTH A, FFr—0ReEEEEL, DE

RAHBE T RE R BRI 2 b I T CwE 2D, T

TO FF—H R AR Z BIRTE by Tl
v, BNV O EHRE (160 iERR 207 ER) %
RIS, WIEEPEASEM L MR RmET v — F O E
u%ﬁ,lﬁﬁﬁﬁ@%)kléa REMEZO&
H, BICEMOEHED, FIGERSHEZ L wkKERE
@fé%.ﬁ&,%ﬁ%%%?%%&@%ﬁ%%w?

210 HE7 7Ly A%

182

F1 FRMEERRA BRI R

1. JMDP O3Eifiigs 5 MiRubee s kit & DL 3Rt
B2 01230 A sl

2. [(ED) MIERMInMSARBHOLDOREAY ;-5
LOFMMEBIAIE - BBl T 544 F34 ] (BR
EMARBEMESR) OEEROEKEZK-T L,

3. MBI CD34 B A E C & AEMNSHIE IR T

WA E.

4, MERRICBWTTREO(1)(2)%&Hd o L.
(1) BETHM MBI 2 30 FIBL LR L Tw
LEMPRNHEEERL 25 L.
B B VLB E IR & 10 I LR L €
VA EMZRRIMEE & 2 0, »ofifks LTdi<
L& LRI MR & 30 ML EETF LS EH T
52T 8,
(2) Tioa b OWFhrikElTl.
a. BFE 2 ELPHRE BRI Z s AL (93
3PP ERFADE) EHL TR E.
b. @3 1 EBICHM BRI R 3L (5%
2HIPEEEADPS) ELTnwEZ L,

£MEEE 31%3% (2012



%2 G-CSF Ol - it
o BRI AR e
i e s G-CSF #5135

, - 50% Wl

Wi R ‘ 2A BRI & R IE, B
o 50% Wt

CUB LG 4 24 WAL & RPN, S5
R B0 S A KERRRRT =3 P
g LR 2~5 BB 2 50% ikt
24 FERC 6 EILL L IBIE =3 RS
50% WA

RS b LB E M #95 - BIRE

24 REgE S IR L, #E5PIE

H(FT-TyF-FA47] TEHAZIRTVEY, &
BNy o7 vy — PRETCIIMBEAREY 2~3 4
L2 niiggd & <, HRc & - TIHERREIOR
B L AER ST ThA2WiERbH 5. Fr—o%
W EZB LA, DIBEORIEEZMEL TS
(L ELRETH LY, MFEDd L IZEROERMMmE:
B ORSRNEROE Y 74 ¥ 72 BRI
TAFoTVBEEZHIT48% Lk, £ Ok
TREMICEEIS PP T AR b A, i,
ML L TH ALBIPMMO LT 72 b
VAF—ADPHEELTWBEETARIFEAER L, K
HMEIa R OUHEIER 2 8T, PABTES
RIEREDRE LT, ZICEMEAREICRT 5
BIBD, XSHWEL AT LEFREINTVE, D
X3 BBIRD S, REMEBHIEREO Y v & —1b, #
BALPEAERCH B, EEIHFET S M —0FE
PrEETEEERCRELWRETH S, 5%, 7
T LY ALY S -OERITET T, HARTFMAE
YV I RO EEOBRTVLETH .

2.2 BERMHEEE

For— OEFITERERN & BT 20~55m & L,
BWEAEMG [P -8t EsiE | oo Tl
BEZBEBOEMTHERT . £ 0EEIE, BHR
R, SRAEIsaRIIcBTh 5%, BRIV EE
RRPEEBHER &I BRI DOBE O AR EK &
METAEE T, i, IBEEFEESY GCSF BAN
WHEBT UAF—2 L TH HERERCIEIFHRET
& s B — KRR R OB E& 0 AR E
MEWKETAHEETH L.

2.3 EHMEHRES

G-CSF 05 % B TIT D P AR TIT ) 24, F
F—OERHBOBFEEERL, BHr ORI

HAET7 7 x by AS&ME

183

WFd 5. G-CSF (74 V75 AF A 400 ug/m? %7213
V7S5 AF 5 10ug/kg) 2 1H1IEE 2258
THEARTEST 5. BHHEREA 50,000/uL 2B Z 1-
BAE 50% BB L, 75000/uL #8x FBAEHkS
%. I/NREAS 100,000/4L % 8] o 72341 50% iRE
L, 50,000/ul ZWo/G&iddhibd 5. BHIAER
Grade 4 DEHEPLEBIHBE LB EIZ50% KE L,
EA - B WIES D RE, PiEE21F9 (2).
GCSF#EWC LV MEPEXRL, BRELAHEED D
5 e bEER Traube ZA DTS, LEIRLT
JEER T o — CRERR T 5.

2.4 EAEMmEREERERR

GCSF#%5- 4 F/i5 HEHICMBRGHEE > Hwv
T7 72 LY AZENTA. GCSF #4530 51
— @I RERIERA L, 1 BERICEE, TokiE
ey, 4a~8BHRBIY—2 e hbhD, 77z
L ABiAE G-CSF #5.% 3 IR AEATE Z LW,

(1) 77V RAEHEHEAE LT ACD-AHE
v, MR EEL TTH . FEIEE M-l
WA EROMEFPEERSEE, Fr—FE8iEThs
2, HARLEBLEVWEAE, KMERCT7 7R %:
79, 2B, BEEPET 254, BFHOS TNV
V=R  AF—FNEERTS.

(2) BEOL-DoMAHEMBFERITIBESH 200
mL/kg (EBRE 250 mL/kg), IM¥E#EE 50~80 mL/
STHEIMERET Y, LELZHRBEZRRTS. 77
Ly ADFTERERIG 3~4 BEET#R e 2 5. JEME N
F—DFE, T7x VY ARRLTEMFEHERL,
ME RS, 7 VEEhE, TEIR, EME
R, EHETOHMm - WER &OAPHEICHLOER
zi9.

(3)

31%3% (2012)

TR-H L PAM)—2HAWCHBRK

211



CD34 B ENEL, BERESHD 20x10°MH
ZEESL, THERELRZWEAIZ2 HE TN Y
5. BHE OB B P44 % poor mobilizer $ 0.5%
BEASNDY, 3 HUEOFRIUIATL RV,

2.5 REOEH

BETE 5 CD34 BHEAMRE % G-CSF #5-5iicd
SHLHFMUTHIEEEETH D, MBEOHEIE
poor mobilizer {24 2 C, FHIRTALE BHaA LTI R
eI 2 BRAL L, HURRAE L CHlia B MERR L T
LEMET BHERR D B v A, B RIRERAR AL E R A

BICHRIEATY, HHEET, BHELTWAERDS D,

R CBEIEE - o Ty, NMDP T —#iyici
S TICBERTF LT WA, BT, BN
Y TREMBHEOESELH Y, FEEREEFRD
Twipwgs, LERDEFRICEZLEGEE, —8%
HRERAEL, N — U SoSEREREE (DLD) 74 &8
THIENTEETH A, ORI, BARID - #Ea
BREESB L CAASIMABHEERCIVEESL
7o [BePnic B 2 Mg LB O/ 0esk | % #F
THIENEYTH LY, 2B, @EETHILE, F
F il ko TR 2 5740 L B OB RS
h, BEWCE o TRRIRELRED [472N0AH 4]
TREL, RAPDILI VI OBENRETR B
W, WHIZAD vy +PSHHEELHD. LiL,
ENLBHMO—EBEHINT, BESIATHEIL
BHEHETDHY, Fr—0FEBLTERICLEVEEICD
W, BHZEDEBORE D W TRET 5 LE
Bhsb,

~: (d:
U

3. FT—HEER

F 35 A B R M2 & O 5k — A — P2 2000 4E 4
H~20054 3 AORMEPBSCT Fy—T40—7 v
THEEL L HEEFSHRE (2001049 A 13 HHEAE),
2005 4E 4 B U o migEmEsiMa Fr—7ru—7
y VRERLIIEEFLME Q012448 24 HHE
1) PAREERTWwASY,

31 EHEEEf

HAS MBS GCSFRT7 72 b R
EDEEBBICHDY 2RI 2 A AUAICEZ
LEEFEFZELLTITHIHTEILTHS. &b
Z O HMERS T 19 RE s, 195 /ul %
TERTLA6s 5. M/MME2Y 80,000/ul & 1 % #EA
L4, BOSIMMEINEEZER LT F -2
ETHIENET L, T2, SOX)RBEE, 2

212

HEO7 72l Y AL % PBSC IO % 5%
THULEND .
B O /NS 585 E (RERFERBRTE

i) FUTIRT.

184

(1) SHEANy 7% EHEEAKTPBSC Ny 7
EERT 5.

(2) LG &ms (39 300~1,100G) 4~5 4,
20~24C

(3) ZmihEmdE (PRP) &Ly b (Mi/ME
P oMk - BT ORMmER) 1 oHE.

(4) Ny ZZ25HAY ¥ FIiohiT kiE (PRP) %
oy FAR A A ol

(5) PBSC @y 7% B b A sl 2 3
WS T RERIRIE 5T 5.

T, T L YAEID DL LT, REMR
AT S vy Mg BLEEEFE LTHY A
ACD-AHIT X %), MEIRH, BESOEHNRA,
HF =T VS, EREOETHME ESHE SRS,
EH N AR, DV T Y AEOEREL ()
IVEEA N YT A 5~10mL/hr) 2 & o TTFRT R
THEYD, 77zl Y ARRFF—DBEEL 51T
o THEEROIEBICED, BT s & 2.0
BB EVIFETHY, EMICL2ERERISRD
bhb., Fiz, GCSFH#FG2FILLR T hiER o %
W REELBERERINE SNEY, PR
S0, FEEN, BIEMERIZ, SEECE SRR L
T ERAEDER BH|EINTHAE (R3I).

WAV, R IMEREEUC X B M — o ef]
A, BART L CRERSE, R4, Oz,
TERETF I, $ERRIMIREM 2 54 VA, OEEDS
WCHEATR G REIC L 26 HED B0 12 FIHRE S
nNTBY, B, SEPTIRTEL: CORHERH
LTWBEIEEELFETL. 3510, HMROAE:
B CIEEAWR L ERA D HE SN TV EY, bif
ETIEHEDH A4 FI4 VSBFsh, HEigkiEd
Bis s &% Fr—liifRomaEE&0RAELRD
Lz, @PNEAREIMRBEEECESEN, #
WEEAMETA FI4 Y2 BE L2z FF— i L Tid,
RO/ D DAEDLEI L AIELEBERTTOTS
BPFLHY, Fr—0RTHEEREI > Thiv,

BEREREEL LT, S, MiE, B, B
., ME R, HAdE HFEEEY (GOT, GPT,
LDH, ALP L&), &5, I, B, IR, Z8,
B, PEEUR, BE, REMELR, W LTz

AAT7 7= Ly AEEgERE 31435 (2012)



23 2000F48252005F3FxTUERENRARBEES N F—F
Bt 24— ICRE S h 2 MGERRENSERER N - —0ngs
BRI b - RN E R EEE

BB 19 (/3,264=058%)
WAL (2)
OIERERE (4)

Mk, LEEER, &5
CHETME (4
BEEOE/Am (B4
ERERI IR MARAE
IREIEZE A/ RSEE (GBAY)
BMFE IR LeE (5)
HEBIIR AV =7 (B4
e H %S

WED G-CSF &F AP HBE L

FHEH HRH
Day 3~Day 256 Day 6~Day 70
Day 2~Day 4 Day 4~Day 6
Day 7 - Day 9
Day 23 Day 48
Day 4 Day 25
Day 14 — '
Day 2 Day 19
Day 2~Day 7 Day 12~Day 32
Day 3 Day 5
Day 7 Day 62
Day 8 Day 16

() PHIHEREL

Fd REMBGARRE N>~ CH U IFETER (TTHEHN

Eif St b13| BRI
biliE 61 RBWW4B% e BE, SERER
filik< 57 8% A 24 DA JzEH
mgk 645 BEXRTR B AEEE FEBMRE R

B/ O73R BOWES i o 9 R BIIE, $ldE
mig  67TH: H2H#% TR T @ LHBAESE, KENIRM ST
M 475 GCSF#54HE FERFRMIRIE R AR SRR R
Mg REE GREE ETHIRER e
m#g 50 AF—FEER ZERER (BRI R)
ik 43/ B (BRI 15 BBEC) 1LFIE i
il 528 B GREL17 BHET) Mgk 23y
M  27E FREUE DR I R)
g 218 AT — T ARARE Wil (B )

LS, CRPEERLEPHEZINLTHEY,
b GCSF#HERTH2~3 HUNTHEETS. G
CSFHEICINVEL DN —TEREILEERAT S
—BETTELINT I 72 VEOEBRTHIGTRET
B, 1L, TAYY VERBERETRE TR,
32 HEBNEEEER
FEHICHLCREFETEICI 2 DOPREED B
B 728, G-CSF #5504 merfl i & o FEH
FEFBELPITAILIEEMTH 205, HREBKROF
MR e LT 56 R HEINLTwsE. 203 b, %
Btk 14 4 A BICHRE L A2%EREs LmoEY
% G-CSF & ORI REHMHEMBE I/, BAREm
RifaghZald [REVREFNNEZES] 2REL,
FMEROD Y FH, EHROLBEEASR, BHEK
DWTHEW ThbN:. TOHE, ZOFEMCBITS

BAET 7 = b ¥ RELHEE

185

G-CSF & BULRFRE D RRBRIZOWTHE, TRESE
W4EEHH G-CSF 235 L7220 THIMR A RET 5
TR IESEMITIEE Z bk n, BEIETFETA
ZEETELRV] v RBAREN. FOBDOD
PEORETHE, BMFF—-CTomEEERER
2/5,921 ) (B 2 B1), RAMEMR K — ik
173262 % (HIE 168 THEZRZR VWSO LEZ
Siviz. RE NMDP @ IEiMm#5F Ay mlg K —
2408 BIOHFAE T b MTNEF HBE Y ¥ M HIREDS
1Bl & B FEtE B IR O B/EIE kDo 7275, Mg
Fr—o0a&flfEEbPEDAC 22072720, Ko-
dera bDORRICLLV I —w oy NEFHBHEES
(EBMT) % Al 51,024 Bl 5 BFT 24T bt
TRESR, B R — 27,770 A 8 60T e R
(AML & 2 B0), seMgfmEsiify k4 — 23,254 A 12

31%3% (2012) 213



Pl IR E S (AML 3 140) #%84ELTEBY,
BB ¥ — Tk 04710000 A4E, RASMmEEME K —
Tl 1.2/10,000 A EFHE S RY. FiB L UG
W&o TIMEEREESERIELSL (20~24 KT
0.9/10,000, 30~39 & T 1.3~1.6/10,000 A%, 55~59
T 6.3/10,000 AE) A, —ROFBERL D VEMET
otz Dbds, BRBRIE L CRM SRR
BERIIZCBWCHICHIMR R CORBEFEL A L d%
WEDERICE W, VAZHFDHLETIHREDD
HaH., SHLICEHoOBEBCE L CEREETHEZ L
26, %L FF—D7+u—7 v TMEHPEETDH
5.

4, A—F 4 x—h

41 I-F1%—bFOFKO

FI— OB RIERE - RABIMEHIRR D 2 DDF %k
KOWTHBL, Fr—0HHEEX2EEL>D, B
FERE S TRBOBHNETEL LI RVATFLEHEE
TAHILPLETHL, BERREEIME &I GVL
PEBPLELET, BYEGVEHD 0L h P WwEHE
WMEHRETLL P WERDNREY, FIr—ItBE
DERE (BMT » PBSCT ) 32 EA/IEICLY,
Fr—oBBHFEczsREbBEEshTEBh, F
F—BEREFLETNY 2R EIPERERL, 20HK
ERHNIEL AT LB TH L SN/, BED
O—F4 7= MOBBERZLUTOLICTLDLNS.
(1) Fr—B8H8cE, Fr—i@Riy —20%
Bh @R L.

(2) BEBGHICE, BEIBEUZHETS.
(3) MRHREBROBI, I—F 42 —F—iF
F— 2B iR - PBSC REOW IOV TR 24T
2T FF—FHE LR WREFERSH S & CHEaE
LTHBL., ZOBET, BEMNOEEZ—EICFF—
IEZAZ L LAZVY, FF—3BEHEOEZZMY
e ESIPERCT, FEXRGNEINEELS.
BEOEENEDLLIWRERD S HFHPT 5.
(4) Fr—EERC, BEIZFF—-0BR &

ZLaVWREFERHZ L)) BIT, EREE

BE XL TRERT).

(5) BREAZEHCIE, Fr—»a 1Tz sk
HEOAFHL, FRICOVWTEALREORE S
HERT5H, BRAEZOEEIFEINE LTRDR,

BIAE F T 8 Bl RA MR M S SE I & 7z 7,
WTR D EHBHICTBHIICES £ ToBIRE

214

186

MELTWa, 2720, FHEmBANERIGEENRE)
FHTERL, HRLihd FF—3ZRENTHY, B
EHHW PBSCT BEME CEBMTFE, D, BMT &
PBSCT O ELELLFMELTWwWB I E, HLAT7 UV
TNy FTHAHIE, N —d R ERICERE
WEETH D EVERER Y, FhDANE, fERED
DEROIBDA—F A 2 —bEib.

42 SRR L KM RO LR

B RERE & R AR Zh T haed &k 5
PHT, FEEHIELZ-TEBY, FF—0BEEE
ST 52 L ETE R, RAENZEEE, 2l
B KT 225, BHRNOE D » ML, RIS,
BT COBBIEWY. 72, FIRCREY 57—
FNEBAT AR TE, FICEEFF—CRERR
EORBPREDBE, —F, RIEMBMBRETE, &
BRIREE T 3~4 IR D T 0 OIBUSK § 2 B 72 X
VA, REEFLLFF—bHDH. Fiz, BERT
DR EEE LS, P2 BTRBERICTS v F
T 7w RAERBATHLERD BN, HleHeitEo
BIREAMVARRB EEbRSE, B, FEME S
— BT EREERIL & R IR ER I B3 % SF-
36 & WA BENEFEB STV S,

5. FF—H20XAh—FES

BNV 7O FF =R ATMOTOBREICEHPE
IS ZRET AR VT4 7Th3. 2O [#
OO FHooBEE, BEVWOTSITANY—
FRELRVE ) CELRLZTBHLOARED 2 FHRICE
TIENTEL, LAL, BriERORD, ERC
Fr—iCBILOFHITE { O3 50% BB L7,
RKp—3 2 A% — PR, BRECEDLF—ADR
BHEREZFEZTLREsTWE Fr—EHog%
BAE) LihE o, BIMEROR S v 7L LT, &
L TWAZniz Fr—0FIL, BRETEY Y2 X
A—-FEBELTA. Ik BHGEOoRsy 7L
T, B % ST 5 BEORDITEHR LR Mm%
REFLTL B S o2 FFr—0F i, FRitRoE®E
BIlFHKE Lo, B - FF—DT ANV —%
BELEZVWEIIKFF—OFKELTL LS. TR
2349 H 15 H 517 @ [MONTHLY JMDP/* iz,
[BFEEZRONV-NVERIIODWT  BHEBEROE
i - BRAY v 7OBABE TN F—OFICBFEEE2Z
222 254013, SHEEE ST ICRIER
Ay TNEEBELVWAZWTHVERA (BFEK

AA7 7 Ly AR 314835 (2012)



