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Table 5§ Clinical outcome of patients with fascitis and myositis
Patient Onset Onset of Treatment for Treatment Alive or Survival Remained
o, (days chranic Sasciitis or response dead (days from disability
from SCT) GVHD [days my ot angl )
fram SCT)
Fasctitis:
1 212 212 PSL, FK506 Improved with Alive 1464 Joint contraciure
disability
2 678 132 PSL, FK506 Improved with Alive 20 loint contracture
disablity
3 728 T8 PSL, CsA Improved with Alive s Joint contracture
disability
4 939 164 PSL, CsA, MMF Improved with Alive ilé Joint contracture
disability
L} 1044 146 PSL, FK306 Improved with Alive 1000 Joint contrcture
disability
& i 165 PSL, FKS504, AZP, MMF Progressive Dead 137 NA
7 1410 122 PSL, FK506, AZP Progressive Dead 59 NA
8 1726 789 PSL, MMF Resolved Alive 610 None
Median 991 165
M youniric
6 124 12 PSL, CsA Resolved Alive 358 None
5 273 273 CsA Resolved® Alive 4064 None
4 380 380 PSL Resolved Alive 1398 None
L] 432 116 PSL, CsA Improved with Alive 3083 Muscle atrophy
disability
1 600 110 PSL, CsA Resolved Alive 2648 None
3 721 276 PSL, CsA Resolved Alive 2010 None
7 789 141 PSL, FK506 Improved with Alive 1348 Spine deformity
disability due to muscle
atrophy
2 1o 591 PSL, CsA Resolved Alive 968 Mone
9 1548 100 PSL, FK506 Resolved Alive 846 None
Median 660 141
Abb 1 AZP = hiof MMF = mycopl late mofetil; PSL = prednisolone.

“Patient $ with myositis had a recurrence of myositis afler tapering off CsA, bul it resolved by restarting CsA *°

samples showed that the fascia were thickened and
loosened, and some showed fibrosis, A patchy lymphocyte
infiltration was found on the fibrotic fascia or small
aggregates were seen around capillaries (Figure 2a). Im-
munostaining of CD4 and CD$ antigens revealed that the
infiltrating lymphocytes on the fascia were predominantly
CD8+ T cells, and the CD8:4 ratio was generally 10:3
(Figure 2b and c). No patient had deep sclerodermatous
change but some patients demonstrated mild lymphocyte
infiltration in the epidermis and dermis.

The laboratory data at onset showed a slight elevation of
C-reactive protein (=0.3mg/mg/dl) in three patients. An
cosinophilia = 5% was observed in two patients. The serum
creatinine phosphokinase level was normal in all cases. In
four cases, antinuclear antibodies were positive. Anti-Jo-1
and anti-Scl-70 antibodies were negative in the lested
samples.

Preceding chronic GVHD manifestations occurred in six
patients, regardless of the ume of onset of fasciitis, The
most common organ damage mvolved Jung complications
in five patients and sicca syndrome in five patients (Table 2).
The lung diseases included BO in four patients, BO
organizing pneumonia (BOOP) in one patient, and inter-
stitial pneumonia in one patient.

The immunosuppressive therapies were intensified or
restarted for fasciitis in all patients. Six patients responded
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to the therapy, but five patients had long-lerm disability
such as joint contracture or indurations of skin. Two
patients had progressive disease in spile of exlensive
immunosuppressive treatment and died of disseminated
aspergillosis and of multiple organ failure. As of August
2006, six patients were alive and the 5-year survival after
developing fasciitis was 50.0%, according to Kaplan—
Meier's analysis (Figure 3).

Clinical manifestations and treatment outcome of the
patients with myositis

Myositis developed after 124-1548 days (median, 660 days)
after SCT. The main clinical manifestations were myalgia in
eight patients, muscle weakness in five patients, swelling in
five patients and fever in four patients (Table 4). The
aflected siles of myositis were the upper arms in five
patients, forearms in four patients, thighs in seven patients,
legs in five patients and the trunk in three patients. The
symptoms were symmelrical in all patients.

An MRI scan showed high intensity in muscle in far-
suppressed T2 weighed image (Figures le and d). A muscle
biopsy, including fascia, was undertaken in six palients.
The representative findings were necrosis and reconstruc-
tion of muscle cells, irregularty in muscle fibers, interstitial
fibrosis and lymphocytic infiltration surrounding the
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Table & Risk factors for develomng {ascuus
Factor N Univariate analy s Multivariate analysis
HR (95% CP) P-valu¢ HR (95% CI*) P-vaha
GVHD prophylaxi
CsA-based 1527 Lo
FK.506-based 76 3.54 (0.84-14.94) 0% NS
Others (3} 0 0.9
Stem cell source
BMT 1373 1.0 L0
CBT 176 0 0.9%6 0 0.986
PBSCT 418 7474 (1.77-31.53) 0.006* TAT (L.7T7-31.53) 0.006*

Abbreviations: CBT = cord blood transplantation; HR = hazard ratio

muscle fibers and interstitium (Figure 2d). The lymphocytic
infiltration was more predominant in the endomysium than
in the perimysium. Immunostaining of CD4 and CDS
revealed that the CD8 + T cells were dominant, with a
CD8:4 ratio of approximately 2:1 (Figures 2e and f).
Electromyography was examined in seven of nine patients
and showed myopathic changes. The serum C-reactive
protein was elevated in eight of nine patients, Three
patients had cosinophilia (=5%) and eight patients
had elevated transaminases. All patients had elevated levels
of creatinine phosphokinase (maximum, 4864 U/l).
Rheumatoid factor and antinuclear antibodies were present
in two cases. Anti-Jo-1 and anti-Scl-70 antibodies were
negative.

All patients had preceding chronic GVHD manifesta-
tions other than myositis. The main symptoms of chronic
GVHD involved the oral mucosa in five patients, the skin
in five palients, sicca syndrome in four patients and liver
disease in four patients.

All patients responded to immunosuppressive treatment.
One patient relapsed after tapering the immunosuppressive
treatment, but was successfully treated by increasing
the immunosuppression.”™ As of August 2006, all pauents
are alive. Two patients had residual disabilities, which
included muscle atrophy and deformity of vertebrae caused
by muscle weakness. The overall survival rate after the
onset of myositis was 100% (Figure 3).

Risk factors for developing fasciitis and myositis

Related PBSCT was a significant risk factor for developing
fasciitis in comparison with BMT by multivariate analysis
(the hazard ratio; 7.474, P=0.006; Table 5). There were no
other significant risk factors for developing fasciitis such as
a conditioning regimen or acute GVHD, although GVHD
prophylaxis with FK506 was a significant factor in
univariate analysis (Table 6). For myositis, there were no
significant risk factors in univanate analysis (data not
shown),

Discussion
In this study, the 5-year cumulative incidence of fasciitis

and myositis by chronic GVHD was 0. 55 and 0.54%,
respectively, which were lower than those of previous

reports. Janin et al.” reported that 14 out of 475 patients
(2.9%) who underwent Allo-BMT from an HLA-identical
sibling donor developed fasciitis. Parker et al'® also
showed that the rate of polymyositis among patients who
developed chronic GVHD after Allo-BMT from a sibling
donor was 3.4%. In this study, only one patient, who
underweni R-BMT from an HLA-single locus mismatched
donor, developed fasciitis out of 645 R-BMT recipients. No
one with R-BMT from an HLA-identical donor developed
fasciitis and only two patients of 732 UR-BMT recipients
developed fasciitis. We had no fasciitis or myositis in the
cord blood transplantation recipients.

For fasciitis, R-PBSCT was a significant risk factor
compared to other stem cell sources, and no risk factors
were found for myositis. Flowers et al™ reported that
chronic GVHD after PBSCT might be more protracted and
more refractory than after BMT. They also reported that
skin involvement was more frequent in PBSCT recipients
than in BMT recipients. It is interesting that R-PBSCT
patients were also associated with the development of
fasciitis as well as skin involvement, even though the
mechanisms are unknown.

As compared with westerners, the incidence of chronic
GVHD in Japanese is lower and its manifestation is slightly
different.*** Atsuta et al* reporied that prognostic scoring
systems, which were developed on the basis of clinical
findings for western patients, did not produce an effective
categorization for Japanese patients. The proportion of a
progressive type onset of chronic GVHD in Japanese
patients is much lower than that in western countries, and
the extent of cutaneous chronic GVHD was also different.”’
This may be explained by the great genetic homogeneity of
the Japanese population. However, because of the retro-
spective nature of this study, there is a possibility that mild
form of fasciitis and scleroderma might have missed,
thereby , underestimating their madence.

In fasciitis and myositis, CD8 + T cells were predomi-
nantly infiltrated in both fasciitis and myositis, Kojima
et al® reported the clonal expansion of limited T-cell
clonotypes in affected muscle of post-transplant myositis
patients. The alloreactive T cells may expand in muscle or
fascia through stimulation by limited kinds of antigens. If
fasciitis or myosilis is suspected, a deep biopsy including
skin, subcutancous fal, intermediate septla, fascia and
muscle should be performed for proper diagnosis. How-
ever, it might not be mandatory for making a diagnosis of
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fasciilis or myositis, because an MRI scan is useful in the
context of other symptoms and climecal and laboratory
data, and it can effectively confirm the affected lesions.

Almost all patients with fasciitis or myositis were
complicated with other manifestations of chronic GVHD,
but there were different tendencies regarding the involved
organs among the patients with fasciitis and myositis. In
patients with fasciitis, lung discase (BO) and sicca
syndrome were more frequent than oral and skin involve-
ment. Pulmonary complications will affect the patient's
prognosis, because they can cause severe respiratory failure.
So the fact that patients with fasciitis tend to have
pulmonary complications might be related to their poor
prognosis. Some authors reported severe respiratory failure
caused by weakness of respiratory muscles in patients with
myositis,”**¢ but we had no myositis patients with
respiratory failure.

Previous reports have indicated that steroid treatment
generally worked well for patients with eosinophilic
fasciitis.**” On the other hand, fasciitis caused by chronic
GVHD often seemed to result in functional disabilities such
as skin tightness, severe joint stiffness and joint contracture,
despite continuous steroid therapy and other immunosup-
pressive treatment for chronic GVHD.” In myositis, some
reported cases showed a recurrence with either a reduction
or cessation of immunosuppressant therapy.'® '*?° One of
our patients also had recurrent acute myositis afler CsA
was tapered, and achicved a second remission of poly-
myositis with CsA.*® We need to recognize that both
fasciitis and myositis caused by chronic GVHD can
result in disabilities that reduce the patient’s QOL.
We have to make an carly diagnosis and promptly treat
fasciitis and myosilis to prevent the progression of the
complications.

In conclusion, we identified the incidence of fasciitis and
myositis as chronic GVHD manifestations according o
various stem cell sources and found that R-PBSCT was a
significant risk factor for fasciitis. Because the treatment
response for myositis was fairly good, an early diagnosis by
a biopsy, which includes fascia and muscle or MRI, and
prompl treatment are important to prevent impairment of
the patient’s QOL with persistent disability.
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Development of varicella after allogeneic cord blood
transplantation in a varicella zoster virus seropositive patient

YOSHINOBU AISA', TAKEHIKO MORI"?, KYOKO YAMAMOTO’, YUJIRO TAKAE’,
JUN KATO'"?, YASUO IKEDA' & SHINICHIRO OKAMOTO'

From the ' Division of Hemazology, Department of Medicine, > Novaras Pharma Program for the Clinical Therapeutics of

H logie Mahg

Dear Sir

Cord blood (CB) has been established as 1 of the
stem cell sources for both adult and pediatric
patients requiring allogeneic hematopoietic stem
cell rransplantation (HSCT) [1,2]. The most com-
mon life-threatening complication after CB trans-
plantation (CBT) is infection, mostly bacterial
infection. The high incidence of bacterial infection
after CBT can be explained by the delayed neutro-
phil engraftment particularly in adult patents [3,4].
Furthermore, several investigators and we have
reported a notably high incidence of viral infection
after CBT as well as cytomegalovirus and human
herpes virus type-6 [5,6]. A high incidence of viral
infection is considered artributable to the absence of
antigen-specific T-lymphocytes in cord blood [5-7].
Because of the exclusive component of naive T-
lymphocytes in cord blood, a primary infection of
varicella zoster virus (VZV) could occur more
frequently after CBT than HSCT using other stem
cell sources, However, most of the reported infection
of VZV is its reactivation causing herpes zoster, as in
other types of HSCT [8]. These observations could
be explained by the recipient’s residual humoral
immunity or the transferred immunity from the
donor. Speaific IgG is generally used as a useful
parameter of the host’s defense against primary VZV
infection, varicella, even in HSCT recipients [9].
Therefore, the recipients of HSCT at risk for
developing varicella are identified according to their
VZV serostatus [9). In contrast to this general

ies, and * Deparmment of Dermazology, Keio Unswersity School of Medicine, Tokyo, Fapan

practice, we have experienced a patient who devel-
oped varicella after CBT despite the fact that the
patient possessed a high titer of anti-VZV IgG.

A 33-y-old male with acute myelogenous leukemia
(AML) underwent CBT from a human leukocyte
antigen (HLA)-mismarched unrelated donor. The
conditioning regimen consisted of total body irradia-
tion (12 Gy), cytarabine (8 g/m?®), and cyclopho-
sphamide (120 mg/kg). Before transplantation, he
was positive for anti-VZV IgG, with an index of 43.0
by enzyme-linked immunosorbent assay (ELISA;
posiive index =2.0). Cyclosporine A (CsA) and
short-term methotrexate were used as a prophylaxis
for graft-versus-host disease (GVHD). His posi-
transplant course was complicated with acute
GVHD involving the skin and gastrointestnal tracr,
which was successfully treated by adding predniso-
lone to CsA. He did nor develop chronic GVHD,
and CsA was discontinued 7 months after CBT. One
y after CBT, 2 relapse of AML was observed, and 2
courses of high-dose cytarabine were given. 28 d
after the second course of high-dose cyrarabine,
mulriple vesicular skin eruprions appeared over the
upper and lower exrremities, and over the trunk and
head without pain or paresthesia. A Tzanck smear
from the vesicle showed multinucleared giant cells,
the sign of herpes virus infection. Based on these
findings, varicella was diagnosed and intravenous
acyclovir was given for 14 d in combination with
intravenous immunoglobulin. All the eruptions had
dried out by the completion of this treatment. At the
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onset of varicella, anti-VZV IgG remained positive
(index 17.0 by ELISA described above), and anti-
VZV IgM was negative.

In general, serum specific IgG, or serology, is used
for the evaluaton of ant-VZV immuniry [9,10].
However, cell-mediated immunity is considered to
play a more important role in the host defense than
humoral immunity, possibly because VZV is cell-
associated during active infection [10]. Cell-
mediated immunity for VZV can be evaluated by
some assays such as lymphocyte proliferation in
response to VZV anrigen, cytoroxicity and enzyme-
linked immunosorbent spot forming cell assay,
although these assays are only available for use in
research laboratories. Since both humoral and cell-
mediated immunity are closely related and not
discrete, humoral immunity reflects the host’s im-
munity against VZV. Therefore, serology has been
widely used as the key to decide whether or not
measures should be given at the exposure to VZV,
both in healthy individuals and HSCT recipients [9].
The VZV serostatus of donors of HSCT other than
CBT is generally positive, since they arc usually
immunized by primary VZV infection (varicella) or
vaccination. However, in the setting of CBT, the
donors are exclusively VZV-seronegative, and the
graft lacks T-lymphocytes against VZV. Thus, if a
recipient stll possesses residual humoral immunity,
he or she could be a VZV-seropositive patient but
not have specific T-lymphocytes responsive against
VZV after CBT. This discrepancy between humoral
immunity and cell-mediated immunity might mis-
lead physicians, and might explain the mechanisms
for the development of varicella in our VZV-seropo-
sitive patient after CBT.

Although serology is still an important parameter
1o evaluate the suscepribility to varicella, ransplant
physicians should recognize the possibility of the
development of varicella afier CBT even if the
recipients are VZV-seropositive. In the case of
exposure 1o VZV, CBT recipients should be con-
sidered as candidares for prophylactic therapy such
as intravenous immunoglobulin or acyclovir admin-
istration regardless of the recipient’s serostatus.

Varicella after cord blood mransplantanion 685
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Abstract: To assess infectious complications associated with chronic
graft-versus-host disease (cGVHD) after allogeneic hematopoietic stem
cell transplantation (HSCT) with reduced- and conventional-intensity
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regardless of whether the patient received RIC or CIC.

Infectious complications contribute to morbidity and
mortality following allogeneic hematopoietic stem cell
transplantation (HSCT). Well-known factors affecting sus-
ceptibility to infections include donor type, conditioning
regimen, development of graftversus-host disease
(GVHD), and environmental factors. Reduced-intensity
conditioning (RIC) regimens are thought to lower the risk
of infections because they involve relatively little damage
to vital organs (1). However, our experience indicates that
with both RIC and conventional-intensity conditioning
(CIC) regimens, the incidence of bacterial infections during
neutropenia and Aspergillus infections is high after al-
logeneic HSC'T (2, 3). Thus, it appears that RIC alone is not
sufficient to improve the safety of allogeneic HSCT.

GVHD and the treatment of GVHD with immunosup-
pressive drugs are also well-known predominant risk

conditioning regimens (RIC, n = 91; CIC, n = 54, respectively), we
retrospectively analyzed data from 145 consecutive patients with
¢GVHD after allogeneic HSCT from a human leukocyte antigen-
matched related or unrelated donor. In the present retrospective
analysis, 57% (83/145) of patients with ¢cGVHD developed infections, Tl + 81 33542 7511
with a mortality rate of 27% (22/83). The incidences of bacteremia

(n = 28), central venous catheter-related infections (n = 11), bacterial
pneumonia (1 = 4), invasive aspergillosis (# = 7), and adenoviral
hemorrhagic cystitis (n = 8) were significantly higher in patients with
prednisolone dose >1mg/kg at the time of diagnosis of cGVHD. The
present results suggest that infections associated with cGVHD,
especially after high-dose prednisolone, are predictive of poor outcome
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factors for the development of opportunistic infections
(4-6). In the case of acute GVHD, inpatients can be given
comprehensive prophylaxis, including environmental con-
trol, to prevent infections over the short term. In contrast,
chronic GVHD (cGVHD) is most often a late complication of
allogeneic HSCT, and is usually treated on an outpatient
basis, Consequently, the resources that can be used to
control infections in patients with cGVHD are limited, and
prophylaxis should be considered as a long-term approach,
taking into account the safety and emergence of drug-resis-
tant pathogens. In Japanese patients, the incidence of
¢GVHD after allogeneic HSCT is reportedly as high as
50%, with 20% of those who develop cGVHD contracting
concurrent infections (7). At present, more transplantation
procedures are being performed with peripheral blood
stem cell (PBSC) products, in older patients, and with
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unrelated donors. The available evidence suggests that all
of these factors would result in greater numbers of patients
with ¢GVHD. Thus, management of cGVHD is one of the
greatest challenges to physicians practicing HSCT.

In the present study, we evaluated infectious complica-
tions associated with cGVHD 1n patients who received an
RIC or a CIC regimen before undergoing PBSC transplan-
tation (PBSCT) from a human leukocyte antigen (HLA)-
matched relative (related PBSCT) or bone marrow trans-
plantation (BMT) from an HLA-matched unrelated volun-
teer (unrelated BMT).

Patients and methods

Patient characteristics

We retrospectively analyzed data from 145 consecutive adult
patients with hematologic malignancies who had received
allogeneic HSCT with an RIC (n = 91) or CIC (n = 54) regi-
men between January 2000 and December 2004 at our insti-
tution. All of these 145 patients had sustained engraftment,
had survived for > 100 days following transplantation, and
had developed cGVHD. The following types of patients were
excluded: patients who suffered from disease progression
before the development of cGVHD and received donor lym-
phocyte infusion, and patients with a history of previous al-
logeneic HSCT. Significant differences were observed be-
tween the RIC and CIC groups in terms of the age of the pa-
tients and donors, the gender of the patients, diagnosis,
disease risk (8), time from diagnosis to transplantation, do-
nor type and source of stem cells, and GVHD prophylaxis.
The patient characteristics are summarized in Table 1. Tvp-
ing for HLA-A, -B, and -DR antigens of the donor and recip-
ient was performed using low-resolution DNA typing. The
frequency with which allogeneic PBSCT is performed in
Japan has been increasing since it became eligible for reim-
bursement from health insurance organizations in the year
2000, and our banking system only approves donation of
bone marrow. The clinical characteristics of cGVHD, includ-
ing use of immunosuppressive drugs at diagnosis and ini-
tial treatment, are summarized in Table 2. The present
study was approved by the Ethics Committee of our institu-
tion, and all 145 subjects provided informed consent.

Conditioning regimen and supportive care

The CIC regimen consisted of cyclophosphamide (CY,
120 mg/kg), in combination with either 12Gy total-body
irradiation (TBI, n=25) or busulfan (BU, 16mg/kg;
1 = 29). The RIC regimen consisted of BU (8 mg/kg) in com-
bination with either fludarabine (Flu, 180 mg/m? n = 70)
or 2-chlorodeoxyadenosine (2-CdA, 0.66 mg/kg; n = 21); 14

Yamasaki et ak Infections associated with chronic GVHD

patients received either anti-thymocyte globulin (ATG, 5-
10mg /kg; n = 6) or 4 Gy TBI (n = 8). All patients received
cyclosporine (CSP, 3mg/kg/day; n=137) or tacrolimus
(TAC, 003 mg/kg/day; n=8), with (n =78) or without
{n = 67) short courses of methotrexate (MTX; related PBS-
CT, 10mg/m? on day 1, and 7 mg/m” on days 3 and 6; unre-
lated BMT, 10mg/m* on days 3, 6, and 11) as GVHD
prophylaxis. All patients received prophylactic ciprofloxa-
cin (200 mg orally 3 times daily) for prevention of infections
until neutrophil recovery. Trimethoprim-sulfamethoxazole
(80 mg of trimethoprim once daily) was administered for
the prevention of Prewmocystis pneumonia and encapsulat-
ed bacterial infection, from the first day of the conditioning
regimen until day 3, and fromday + 30 until 6 months after
transplantation, or for prolonged periods in patients with
cGVHD. Patients also received oral or intravenous flucona-
zole (100mg once daily) for prevention of infection by
Candida species, and low-dose acyclovir (600 mg until en-
graftment, and then 100 mg/day orally), starting at the same
time as the conditioning regimens and continuing until ces-
sation of administration of immunosuppressive drugs (9).
Cytomegalovirus (CMV) antigenemia was monitored week-
ly until cessation of the administration of immunosuppres-
sive drugs, Testing for CMVantigenemia consisted of direct
immunoperoxidase staining of leukocytes with a per-
oxidase-labeled monoclonal antibody. Quantitative real-
time polymerase chain reaction was not performed.

Definition of outcome

Patients with grades II-1V acute GVHD were treated with
prednisolone (PSL) according to a standard regimen (10).
Chronic GVHD was assessed and graded according to the
standard criteria (11). The diagnosis and staging of ¢cGVHD
were also assessed according to the working report pub-
lished by the National Institutes of Health Consensus
Development Project (12). Relapse was defined either by
morphologic evidence of the disease in the peripheral
blood, marrow, or extramedullary sites, or by recurrence
and persistence of pre-transplant chromosomal abnormali-
ties in cytogenetic analysis of the marrow cells.

Infectious complications

A documented infection was defined as signs and symp-
toms associated with microbiological documentation of a
pathogen from the site of infection. Culture-documented
bacteremia, fungemia, or viremia was considered to be a
definite infection, regardless of symptoms. On the other
hand, clinical infection was defined as signs or symptoms
consistent with an infection, but without microbio-
logical confirmation. Central venous catheter (CVC)-related

2008: 10: 262-259 253

— 108~




Yamasaki et al: Infections associated with chronic GVHD

RIC (n = 91) CiC{n = 5‘]

55 (26-68) 37(18-53)
50 {(17-69) 34 (19-54)
57'/34 22/32

19 10

27(9)

7

7

ik

36

3

14/77

Donor type and source of stem cells
Related PBSC/Unrelated BM
GVHD prophylaxis
CSP orTAC alone/MTX with CSP or TAC
Acute GVHD grade II/lil/IV
Median onset day (range) of grades lI-IV acute GVHD”
Prior use of PSL for acute GVHD

u5-<:.o/1.o-<2.ox > 2.0mg of PSL/Kg 5/34/18
R ive d following cGVHD 16

Cause of death 30
Infection 152
Chronic GVHD g*

Lungs/gastrointestinal tract/MOF/Others” 3/1/3/2
Others'® 3 6

Progression 8 2
Median follow-up {range), (months) 39(5-73) 45 {15-79)

*Number of patients, unless indicated otherwise.
“Others = mmmm-umwmmucmummmcnmmmummm 1)
*Patients who were considéred standard risk with a diagnosis of AML + MDS or AML, or ALL in first pl i CML in first phase, or
untreated mmlnumuotmmmmmmmm
"I'lmefmmdiwwtr
KPSmevumedhefmmemdtmmuﬂmrﬂmmﬂmmmmwmmypmwmmmtmm
Hcfsumwﬂlmtwbefmthestmdthewﬂtbdm £ and was gr to hematopoletic cell transplantation-specific comorbidity
Iindex (ref, 8).
Time from occurrence of grades Il-IV acute GVHD to transplantation.
"T(!alrnni:a:ofpaﬂmtudlﬂmbemuse&paﬁams{m&0&3JMMWHIMWMMGVHD
' hers = renal {n = 1) and liver (n = 1).
= RIC: cerebral infarction (1 = 1), dary h n=1) dary allogeneic cord biood stem cell

ummmmmc;aﬁmcamlgfammm ncembrannfmrmnsn ndn.(-mda.mdh'nemulld nia {n = 1), infecti ]

otherapy (1 =1), icide (n = 2),
RIC, reduced-intensity regimen; CIC, conventional-l ity regimen; AML, acute my leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid
leukemia; ALL, acute lymphoblastic leukemia: ML.mahanamlrmphwnu mscmmmmmmceu BM, bone marrow; CSP, cyclosporine; TAC,
tacrolimus; MTX, methotrexate; GVHD, graft-versus-host disease; PSI cGVHD, ch graft-versus-host disease; MOF, multipie organ failure.

Table 1
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Ciinical characteristics of cGVHD
RIC cic P

Median onsat day (range) 100 (79-479) 109(93-348)
Limited fextensive 5/86 1/53 0.41
De novo/quiescent,/progressive 27/38/26 24/9/21 016
KPS scare 1/2/3 61/16/8 48/2/2 0.045
Skin score 1/2/3 27/33/8 17/12/3 015
Mouth score 1/2/3 40/29/3 23/9/1 087
Eyes score 1/2/3 30/14/7 15/9/1 038
Gastrointestinal tract score 1/2/3 28/4/12 19/1/7 0.84
Liver score 1/2/3 7/23/44 6/13/24 089
Lungs score 1/2/3 6/8/4 B/T/1 026
Joints aind fascia score 1/2/3 13/2/0 8/6/1 013
Genital tract score 1/2/3 1/0/0 0/0/0 099
Eosinophilla > 0.5 =« 10°/1L 30 22 037
Platelets <100 » 1071 26 20 036
Others” 5 2 039
Immunosuppressive drugs at diagnosis of cGVHD

CSA/TAC 66/3 37/3 076

<05/05-<1.0/1.0-<20/ > 20mg of PSL/KE 17/9/11/2 9/2/3/1 057
Initial treatment for cGYHD

Addition of increased dose of CSA/TAC 68/7 41/4 099

<08/08-<1.0/10-<20/ > 20mgof PSL/kg 1B/14/15/4 10/7/6/2 o4
Median foliow-up from diagnosis of cGVHD (range) (months) 39 (5-73) 45 (15-79) 0.26

“Time from occurrence of ¢GVHD to transplantation.

“Othars = pleural effusion {n = 4), pericardial effusion (n = 3), ascites (n = 3), and polymyositis (n = 11

RIC, reduced-intensity regimen; CIC, conventional-intensity regimen; cGVHD, chronic
cyclosporine; TAC, prednisolone.

tacrolimus; PSL,

graft-versus-host disease; KPS, Karnofsky performance status; CSP,

Table 2

infections consisted of exit site infections without bacter-
emia. Bacterial pneumonia was included in the category
of definite infections, and was diagnosed by chest x-ray ex-
amination or computed tomography (CT) and identification
of a bacterial pathogen on culture of sputum, bronchoalve-
olar lavage fluid, pleural fluid, or blood specimen. Fungal
infections, including proven or probable invasive fungal in-
fections, were diagnosed by identification of a fungal
pathogen on culture or Aspergillus antigen and CTexamin-
ation according to consensus criteria (13). Pneumonia of un
known origin was included in the category of undefined
pneumoniae, which were diagnosed by chest x-ray and/or
CT There was no significant difference in CMV serostatus
between the RIC and CIC groups (data not shown). A poly-
microbial infection of 1 organ or several adjacent
organs was considered to be a single infection, Death
associated with a documented infection was defined as
the death of a patient with findings consistent with an
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infection, or as detection of the pathogen in an autopsy
specimen.

Statistical analysis

Comparisons of variables were performed using the
2-tailed Fisher exact test or the y° test. Continuous
variables were compared by the Mann-Whitney ['test.
All Pvalues were 2-sided, and the type | error rate was
fixed at P<0.05.

Transplant outcomes

The transplant outcomes are summarized m Table L
Twenty-two patients (RIC, » = 15; CIC, n = 7) died of infec-
tions, of whom 8 patients (RIC, n = 5; CIC, n = 3) died of

e
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hoth infections and chronic GVHD, with ¢cGVHD at a medi-
an follow up of 40 months from transplantation (RIC, 39 vs.
CIC. 45 months). The median onset of cGVHD was 112 days
(RIC, 100 vs. CIC, 109 days), and 47 patients (RIC, n = 26,
CIC, n = 21) developed progressive-type cGVHD at a medi-
an follow up of 32 months from diagnosis of cGVHD (RIC,
39 ys. CIC, 45 months). The severity of the Karnofsky per-
formance status (KPS) score was significantly greater in
the RIC group (P = 0.045),

Infectious complications

A total of 134 infectious episodes occurred in 83 patients
(RIC, 51 vs. CIC, 32; P = 0.73), as shown in Table 3. Of these,
28 patients (RIC, 18 vs. CIC 10; P = 0.83) developed bacter-
emia, the causative organisms (43 positive cultures) of
which are summarized in Table 4. Gram-positive bacter-
emia (27 positive cultures) was more common than gram-
negative bacteremia (16 positive cultures). The bacteremia
was caused by 2, 3, and 4 types of organisms in 4,4, and 1
patient, respectively, The incidence of bacteremia was sig-
nificantly higher in patients with the following factors:

c¢GVHD including progressive types (n = 15, P = 00027),a
KPS score >2 (n =11, P=0.0062) and a gastrointestinal
(GI) score >2(n =13, P<00001); PSL dose >1mg/kg at
the time of diagnosis (n = 9, P = 0.00090) and for the initial
treatment of cGVHD (n = 11, P = 0,0050). CVC-related infec-
tions (n = 11) were caused by Staphviococcus epidermidis
(n = 4), Staphylococcus species (n = 2), Stenotrophomonas
maltophilia (n =2), Acinetobacter wooffii (n=1), Coryne-
bacterium species (n = 1), or methicillin-resistant Staphylo-
coccus aureus (MRSA, n = 1). The incidence of CVC-related
infections was significantly higher in patients with PSL
dose >1mg/kg at the time of diagnosis of cGVHD (n = 4,
FP=0026). Bacterial pneumonia was observed in 4
patients, and the isolated organisms were as follows: Pseu-
domonas aeruginosa (n = 1), Hemophilus influenzae (n = 1),
S. epidermidis (n=1), and Staphylococcus species (n=1),
The incidence of bacterial pneumonia (7 = 4) was signifi-
cantly higher in patients with PSL dose > 1mg/kg at the
time of diagnosis (n = 3, P = 0.0051) and for the initial treat-
ment of cGVHD (n =3, P=0.021). Invasive aspergillosis
(IA) and Candida infections developed in 7 and 3 patients,

respectively. All patients with A had been given >0.5mg
of PSL kg at the time of diagnosis of cGVHD. The incidence

fect plications lated with cGVHD
Total (median onset, range, days) RIC cic P
Bacterial Infections
Bacteremia 28(175,104-1629) 18(5)* 10(2) 0.83
CVC-related 11 (123, 101-1774) 5(0) 6{0) 033
Pneumonia 4(311,101-1045) 3{2) 1(1) 099
Others? 16(302, 102-1065) 7(4) a(2) 011
Fungal infections
Candida infection 3 (128, 101-358) 1(0) 2(0) 0.56
Invasive asperglliosis 7(181,112-1232) 6(0) 1(0) 0.26
Viral infections
Adenoviral hemorrhagic cystitis 8(192,111-538) 5(0) 3(0) 099
CMV colitls 1(343) 00 1(0) 0.37
Cutaneous VZV 18(502, 106-1684) 12(0) 6(0) 0.80
Influenza 4(483, 355-898) 1(0) 3{0) 0.15
Others® 2(133,103-164) 1(0) 1(0) 059
CMV antigenemia 15 (140, 104-448) 11(0) 4(0) 0.42
Pneumoniae of unknown origin 32;293.101—1735] 18 (4) 14 (4) 041
INumber of infectious episodes (number of deaths) is shown.
“0thers = sepsls of unknown origin (4 eplsodes), dermatitis (3 ), hemorrhagic cystitis (2), otitis media (2). meningitis (2}, cholecystitis (1),
mmmm‘é?mmwu{:mmwm 5
©GVHD, chronic graft-versus-host regimen; CIC, conventional-intensity regimen; CVC, central venous catheter; CMV,
Table 3
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of TA was significantly higher in patients with cGVHD
including a GI score >2 (n=4, P=0015), PSL dose
>1mg/kg at the time of diagnosis ( = 4, P = 00037), and
for the initial treatment of cGVHD (n = 7, P<0.0001). Eight-
een patients developed cutaneous varicella zoster virus
(VZV); all responded promptly to acyclovir, Eight patients
developed adenoviral hemorrhagic cystitis (HC); 2
of these 8 patients developed continuously complicated lethal
bacteremia. The incidence of adenoviral HC was significantly
higher in patients with ¢cGVHD including a KPS score >2
(n=5, P=00071) and a GI score >2 (n=4, P=0026),
PSL dose >1mg/kg at the time of diagnosis (n=4,
P=00069); and for the initial treatment of cGVHD (n =5,
P = 00060). De novo CMV antigenemia before or after devel-
opment of cGVHD was observed in 62 and 15 patients,
respectively. Sixteen and 8 patients, respectively, died of bac-
terial infections and pneumoniae of unknown origin.

Discussion

In the present retrospective analysis, 57% (83/145) of pa-
tients with cGVHD developed infections, with a mortality
rate of 27% (22/83). Although the limitations of this study
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were the retrospective study design and the differences in
baseline characteristics in both the RIC and CIC groups,
these results illustrate the importance of establishing more
effective management of infectious complications associat-
ed with ¢cGVHD, which are predictive of poor outcome for
both RIC and CIC regimens.

In patients with cGVHD, the major source of bacteremia
was heterogeneous, gram-positive organisms such as
S. epidermidis and Streptococcus species, which were more
caused by Pseudomonas aeruginosa, including multidrug:-
resistant P aeruginosa, occurred only in patients with
cGVHD involving a Gl tract score > 2. Additionally, Strep-
tococcus preumonia sepsis was a risk factor for non-relapse
mortality, as reported previously (4), and pneumococcal
vaccination of transplant recipients was found to be rela-
tively ineffective in the presence of cGVHD. In other stud-
ies with RIC regimens, the incidence of bacteremia
appeared to be significantly lower than in the present
study, but this may a result of the shorter follow-up periods
in those studies (14, 15). Moreover, 29% (7/24) of the present
patients with cGVHD involving a Gl tract score > 2 had re-
ceived > 2 mgof PSL/kg before developing cGVHD), and all
7 of these patients developed bacteremia. Although 50%
(14/28) of patients with bacteremia received antibiotic
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drugs and all 14 of these patients received intravenous
immunoglobulin to maintain IgG levels at > 400mg/dL
for prophylaxis of encapsulated bacteria and Prewmocystis,
these results suggest that patients with cGVHD having a Gl
tract score =2, especially after high-dose PSL, are more
likely to develop bacteremia than patients with ¢cGVHD
not having a Gl tract score >2. This was probably due to
colonization of the GI tract resulting from translocation in-
to the bloodstream or disruption of the ecologic GI equilib-
rium involving GI bacterial overgrowth (e.g., use of
antibiotic decontamination), increased permeability of the
GI mucosal barrier (e.g., GVHD-induced mucosal damage),
or deficiencies in the host immune defenses (e.g., use of im-
munosuppressive drugs). Thus, a review of strategies for
prevention of bacteremia may lead to improvement of
patient outcomes after allogeneic HSCT. That is, in patients
with cGVHD having a GI tract score >2, restrictions on
the use of broad-spectrum antibiotics may help reduce GI
bactenial overgrowth, including overgrowth by antibiotic-
resistant organisms, resulting from failure of the GI
barrier. In contrast, we recognize the difficulty in identify-
ing bacteremia using culturing blood. Our patients
were immunocompromised hosts who presented with
undifferentiated fever; therefore, blood culture results
were often delayed well into the course of empirical
therapy. There is a need to develop suitable strategies
for screening of bacteremia associated with ¢GVHD in
patients who receive allogeneic HSCT with either RIC or
CIC regimens.

Most of the present patients with cGVHD who developed
Candida infection or 1A received >05mg of PSL/kg be-
fore developing cGVHD and the incidence of A was signifi-
cantly higher in patients with ¢cGVHD having a GI score
> 2, especially after high-dose PSL. The number of patients
with fungal infections was small, but high-dose PSL may
be effective for improving the prophylaxis for such infec-
tions. Furthermore, the duration of prophylaxis still re-
mains unclear as randomized clinical trials have yet to be
conducted.

All the present patients with adenoviral HC developed
grades [1-1Vacute GVHD and received PSL for GVHD ther-
apy, which differs considerably from what has been report-
ed previously(16). The incidence of adenoviral HC was
significantly higher in patients with ¢<GVHD having a
KPS score >2, a Gl score >2, and high-dose PSL at the
time of diagnosis and for the initial treatment of cGVHD.
Although the present study was limited in its ability to de-
tect risk factors for adenoviral HC, because of low patient
numbers and lack of prospective investigation of viral in-
fection, the present results suggest that patients who
receive high-dose PSL before and after developing cGVHD
should be frequently checked for abdominal and urinary
symptoms, and that urinary tests should be regularly

performed during ongoing use of immunosuppressive
drugs. In addition, we identified only 1 patient with cGVHD
who suffered from CMVceolitis, indicating that it isuseful to
monitor and treat CMVantigenemia intensively in patients
receiving immunosuppressive drugs, especially before de-
velopment of cGVHI. In contrast, 12% of the present pa-
tients with ¢GVHD developed cutaneous VZV with a
median onset of 502 days (range, 106-1684), despite low-
dose acyclovir prophylaxis during at least the first year af-
ter allogeneic HSCT. Nonetheless, there were no cases of
breakthrough VZV infection. This suggests that low-dose
acyclovir prophylaxis effectively prevented breakthrough
VZV infection, but that reestablishment of antiviral thera-
py was needed to protect against cutaneous VZV in pa-
tients with cGVHD.

In summary, the present data indicate that infections as-

sociated with cGVHD, especially after high-dose PSL, are
predictive of poor outcome, whether RIC or CIC is used.
Accordingly, there is a need for clinical trials to develop
new strategies for screening and prevention of infections
associated with ¢cGVHD in patients who receive allogeneic
HSCT with either RIC or CIC regimens.
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Abstract To review a current experience of unrelated
bone marrow transplantation (BMT) with reduced-intensity
conditioning (RIC) regimens, we conducted a nationwide
survey with 77 patients (age, 25-68 years). The backbone
RIC regimen was a combination of fludarabine or cladri-
bine, busulfan or melphalan and total body irradiation at
2-4 Gy. Five patients died early, but 71 (92%) achieved
initial neutrophil recovery. Thereafter, 36 patients (47%)
died of therapy-related complications, 23 (30%) of whom
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died within day 100. Grades I1-IV acute graft-versus-host
disease (GVHD) occurred in 34 of the 68 evaluable patients
(50%). In a multivariate analysis, a regimen containing
antithymocyte globulin (ATG) was significantly associated
with a decreased risk of acute GVHD (P = 0.041). Thirty-
three patients are currently alive with a median follow-up of
439 days (28-2002 days), with an OS of 50% at | year. In
conclusion, unrelated BMT with RIC regimens can be a
curative treatment in a subset of patients.
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1 Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a possible curative approach for patients with various
hematologic malignancies. Recently, the application of
reduced-intensity conditioning (RIC) regimens, mostly
incorporating fludarabine as a backbone agent, has been
explored for patients whose age or concomitant medi-
cal conditions contraindicate the use of conventional
myeloablative regimens [1-3]. Since only 30-40% of
patients have an appropriate family donor available [4], the
establishment of an unrelated donor transplantation pro-
gram with RIC regimens is urgently needed.

Graft rejection, regimen-related toxicities and graf-
versus-host disease (GVHD) have been the major problems
in unrelated HSCT with RIC [5-13]. In unrelated trans-
plantation, engraftment is influenced by the source of stem
cells and superior results have been observed with periph-
eral blood stem cells (PBSC) compared to bone marrow (9,
14]. Nevertheless, PBSC has not yet been approved as a
graft source for unrelated transplantation in Japan [15]. The
level of regimen-related toxicities directly depends on the
intensity of the regimen, and the incidence of GVHD
increases with unrelated donors compared to related donors.
Although attempts have been made to overcome these
problems, a suitable procedure for unrelated bone marrow
transplantation (BMT) with RIC regimens has not yet been
established. To accumulate further expertise, we conducted
a nationwide survey of Japanese patients with hematologic
malignancy who had undergone BMT from an HLA-mat-
ched or -mismatched unrelated donor with RIC regimens.
Although the present data were obtained from a limited
population of patients, these findings may show a current
status of unrelated BMT with RIC.
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2 Patients and methods
2.1 Data sources

This survey collected the data of 77 consecutive patients in
17 participating hospitals who received unrelated BMT
with RIC for hematologic malignancies between 2000 and
2004. Data were derived from questionnaires distributed to
each hospital. Additional questionnaires were sent to con-
firm the follow-up data, including the occurrence of
GVHD. The minimum data required for inclusion of a
patient in this study were age, sex, histological diagnosis.
status at transplant, donor information, conditioning regi-
men, date of transplant, donor chimerism status, therapy-
related complications, date of last follow-up, disease status
at follow-up, date of disease progression (PD)/death and
cause of death.

This study was approved by institutional review board of
each individual center. All patients provided written
informed consent according to the Declaration of Helsinki.
Unrelated donors provided consent through the Japan Mar-
row Donor Program as part of its standard procedures. The
indications, conditioning regimens, management of GVHD
and supportive care for BMT were left to the discretion of
each institution. Patients who had previously received
allogeneic HSCT and those younger than 20 years were not
included. Patients younger than 50 years who had organ
dysfunction and/or have previously received high-dose
chemotherapy with autologous HSCT were also included.

2.2 Definitions

RIC regimens were defined as previously reported [6. 9,
10]. and conditioning regimens that included either beyond
4 Gy of total body irradiation (TBI), 8 mg/kg of busulfan
or 140 mg/m® of melphalan were excluded from the study.
Alleles at the HLA-A, -B, and -DRBI loci were identified
by middle-resolution DNA typing as described previously
[16]. Risk status at transplantation was categorized as
either standard risk or high risk. Standard-risk diseases
included acute leukemia in first complete remission,
chronic myeloid leukemia in first chronic phase, and
refractory anemia of myelodysplastic syndrome (MDS).
Other diseases were categorized as high-risk disease. Graft
failure was analyzed in patients who survived more than
28 days posttransplant according to the criteria reported by
Petersdorf et al. [17]. Briefly, the definition included failure
of the absolute neutrophil count {ANC) to surpass 500/mm’
before relapse, death or second transplantation, as well as a
decrease in the ANC to less than 100/mm” on at least three
consecutive determinations with a finding of severe hypo-
plastic marrow. The degree of donor chimerism among
peripheral blood T cells was assessed several times
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between day 28 and day 100 after HSCT using fluores-
cence in situ hybridization (FISH) to detect X and Y
chromosomes for recipients of grafts from sex-mismatched
donors, and polymerase chain reaction-based analyses of
polymorphic microsatellite regions for recipients of sex-
maiched or sex-mismatched transplants. Mixed chimerism
was defined as the detection of 5-90% of donor cells in the
peripheral blood. Acute and chronic GVHD were graded
according to the consensus criteria [18, 19]. Patients who
survived 100 days were evaluable for the assessment of
chronic GVHD. Overall survival (OS) was measured as the
time from the day of transplantation until death from any
cause, and progression-free survival (PFS) was the time
from the day of transplantation until PD/relapse or death
from any cause. Patients who died from transplantation-
related causes were classified as non-relapse mortality
(NRM) regardless of their disease status.

2.3 Suatistical analysis

The primary endpoint of this study was OS and chimerism.
The secondary endpoints were PFS, NRM, PD, and the
incidence of acute and chronic GVHD. Descriptive statis-
tical analysis was performed to assess patient baseline
information. Patients were divided into two groups: age 60
or above and less than 60. OS and PFS were calculated
using the Kaplan-Meier method. The cumulative incidence
of acute GVHD was calculated using the method described
by Gooley et al. [20] to eliminate the effect of competing
risks. The competing event for acute GVHD was defined as
death without grades 11-1V acute GVHD. For each end-
point, a Cox proportional hazard model was used for
univariate and multivariate analyses. The factors included
in the analysis were HLLA disparity (mismatch vs. identical),
recipient age (age 60 or above vs. less than 60), use of TBI
(yes vs. no), use of ATG (yes vs. no), diagnosis of AML
(yes vs. no), risk status (high vs. standard) and acute GVHD
(H-1V vs. 0-I). Acute GVHD in the model was treated as a
time-varying covariate. We defined statistical significance
as a P value less than 0.05. All statistical analyses were
performed using STATA version 8 (College Station, TX).

3 Results
3.1 Patients and diagnoses

The patients’ characteristics are listed in Table 1. The
median age of the patients was 54 years (range, 25-68 years)
as a whole. Twenty-one patients (27%) had acute myeloge-
nous leukemia (AML), 2 (3%) had acute lymphoblastic
leukemia, 5 (7%) had chronic myeloid leukemia, 20 (26%)
had MDS or myeloproliferative disease (refractory anemia,

n = 8, refractory anemia with excess blasts, n = 9; others,
n = 3), 19 (25%) had non-Hodgkin lymphoma (follicular
lymphoma, n = 12; diffuse large B-cell lymphoma, n = 4;
mantle cell lymphoma, n = 2; peripheral T-cell lymphoma,
unspecified, n = 1), 7 (9%) had adult T-cell leukemia/lym-
phoma, and 3 (4%) had multiple myeloma. Sixty-three
patients (82%) had high-risk disease at the time of allogeneic
BMT.

3.2 Conditioning regimens

Conditioning regimens are shown in Table 2. None
received ex vivo T-cell depleted transplantation.

3.3 HSCT procedure and supportive care

Forty-seven patients (61%) were transplanted from a mat-
ched, 24 (31%) were from a | allele-mismatched, and 6
(89%) were from a 2 or 3 allele-mismatched unrelated
donor. All patients received bone marrow as a source of
stem cells. The prophylaxis of GVHD was either cyclo-
sporine- or tacrolimus-based. Thirty-nine patients (51%)
received cyclosporine with methotrexate, including five
patients who received an ATG-containing preparative
regimen, Nine patients (12%) received cyclosporine alone,
including five patients who received ATG. Each patient
received cyclosporine with mycophenolate mofetil and
cyclosporine with prednisolone, respectively. Twenty-five
patients (33%) received tacrolimus with methotrexate,
including one patient who received ATG. Two patients
(3%) received tacrolimus alone, including one who
received ATG. Granulocyte colony-stimulating factor was
administered intravenously from day +1 or +6 until neu-
trophil engraftment in all patients.

3.4 Engraftment and chimerism

Five patients died before the engraftment evaluation, with a
median survival time of 15 days (range, 2-17 days). Sev-
enty-one patients (92%) achieved initial neutrophil
recovery, but three patients (two AMLs and one MDS)
later experienced secondary graft failure; one each with
AML and MDS after unrelated BMT from an HLA-1
allele-mismatched donor received a second transplantation
when they failed to achieve subsequent complete donor-
type chimerism, but both died of infectious complications.
The other patient with AML after unrelated BMT from an
HLA-6 allele-maiched donor achieved initial complete
chimerism, but later developed secondary graft failure
upon the administration of ganciclovir for cytomegalovirus
antigenemia. However, this patient achieved the sponta-
neous recovery of autologous marrow function and is
currently surviving beyond 2,000 days.
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Table 1 Patiem characteristics

Variahle Younger than 60 years 60 years or older
(n = 60) (n=17)
Patient age (range, median) 25-59, 52 60-68, 63
Disease
Acute myelogenous leukemia 16 (27%) 5(29%)
Acute lymphoblastic leukemia 2(3%) 0
Chronic myeloid leukemia 5 (8%) 0
Myelodysplastic syndrome or myeloproliferative 12 (20%) 8 (47%)
disease
Malignant lymphoma 16 (27%) 3 (18%)
Adult T-cell leukemia/lymphoma T (12%) 0
Multiple myeloma 2 (3%) 1 (6%:)
Risk status
Standard 13 (22%) 1 (6%)
High 47 (78%) 16 (94%)
HLA disparity
Matched 37 (62%:) 10 (59%)
One-mismatched 19 (32%) 5 (29%)
Two or more mismatched 4 (T%) 2 (12%)
Donor-recipient sex match
Male-male 20 (33%) L1 (65%)
Male-female 16 (27%) 2 (12%)
Female-male 9 (15%) 4 (24%)
Female—female 15 (25%) 0
GVHD prophylaxis
HLA Human leukocyte antigen, Cyclosporine + methotrexate 38 (63%) 10 (59%)
GVHD graft-versus-host disease Tacrolimus + methotrexate 21 (35%) 6 (35%)
* The data of two patients were Onthers 1(2%) | (6%)

excluded because infused
nucleated cell dose was

(% 10%/kg, range)
unknown

Median nucleated cell dose infused

2.80 (0.39-5.52)" 2.92 (0.76-4.30)

Chimerism was evaluated in 68 patients (88%), with
short tandem repeats analysis (n = 52), variable number of
tandem repeats analysis (n = 5) and FISH analysis in the
case of sex mismatch (n = 11). Complete donor chime-
rism was confirmed in 58 (85%) within day 100, Mixed
chimerism was confirmed in nine patients (13%), but two
later reverted to recipient type. One patient failed to
achieve donor-type chimerism due to disease relapse on
day 20. The incidence of complete donor chimerism was
similar in those younger and older than 60 years (85 and
86%), with a similar incidence of mixed chimerism
(15 and 14%). No patients received donor lymphocyte
infusion.

3.5 GVHD

Acute GVHD occurred in 41 of the 68 evaluable patients
{60%), grades I1-1V in 34 (50%) and grades ITI-1V in 14
patients (21%). Chronic GVHD occurred in 26 of the 42
evaluable patients (62%), with extensive type in 23 (35%).
The incidence of grades I1-1V acute GVHD was the same

€) Springer

in patients younger and older than 60 years (50%). The
incidence of grades III-1V acute GVHD (22 and 14%) and
extensive chronic GVHD (56 and 50%) was similar. In
unrelated BMT, from HLA-6 allele-matched (n = 40),
HLA-1 allele-mismatched (n = 23), and HLA-2 or 3
allele-mismatched (n = 5) donors, grades II-IV acute
GVHD occurred, respectively, in 18 (45%), 10 (43%) and 3
patients (60%), and chronic GVHD occurred in 15 (38%), 9
(39%) and 2 patients (40%). In univariate and multivariate
analyses, an ATG-containing regimen was significantly
associated with a decreased risk of the onset of grades
II-IV acute GVHD (data not shown).

3.6 Survival

Thirty-three patients are currently alive with a median
follow-up of 439 days (28-2,002 days), with an OS of 50%
at 1 year and 46% at 2 years. The OS of patients younger
than 60 years was 49% at 2 years (95% confidence interval
[Cl], 34-62%), and this could not be defined in older
patients (95% CI, 15-45%). Patients younger than 60 years
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Table 2 Conditioning regimens

Conditioning regimens

Younger than 60 years 60 years or older

(n = 60) (n=17)
TBl-containing
Fludarabine 180 mg/m” (or cladribine (.66 mg/kg), oral busulfan 8 mg/kg, TBI 4 Gy 30 (50%) 6 (35%)
Fludarabine 125-180 mg/m’, melphalan 80-140 mg/m°, TBI 4 Gy 5 (8%) 3 (18%)
Fludarabine 180 mg/m” (or cladribine 0.66 mg/kg), oral busulfan 8 mg/kg, TBI 2 Gy 2 (3%) 0 (0%)
Fludarabine 180 mg/m’, TBI 4 Gy 0 (0%) 1 (6%)
ATG-containing
Fludarabine 180 mg/m’ (or cladribine 0.66 mg/kg), oral busulfan 8§ mg/kg, ATG 5(8%) 4 (24%)
Fludarabine 180 mg/m®, cyclophosphamide 60 mg/kg, ATG 1 (2%) 0 (0%)
Fludarabine 180 mg/m°, ATG 1 (2%) 0 (0%)
TBI and ATG-containing
Fludarabine 180 mg/m’, oral busulfan 8 mg/kg, TBI 4 Gy, ATG 1 (2%) | (6%)
Non-TBI and non-ATG
Fludarabine 180 mg/m”, oral busulfan 8 mg/kg 6 (10%) 2(12%)
Fludarabine 125-180 mg/m°, melphalan 140 mg/m” 5 (8%) 0 (0%)
Fludarabine 180 mg/m°, oral busulfan 8 mg/kg, cyclophasphamide 60 mg/kg 2 (3%) 0 (0%)
Fludarabine 180 mg/m’, oral busulfan 8 mg/kg, thiotepa 10 mg/kg 1 (2%) 0 (0%)
Fludarabine 180 mg/m’, cyclophosphamide 60 mg/kg 1 (2%) 0 (0%)
TBI Total body irmadiation, ATG antithymocyte globulin (ATG-Fresenius 10 mg/kg or thymoglobulin 5 mg/kg)
tended to show better survival than older patients & NRM
(P =10.124). The HLA disparity (match vs. mismatch), =1 — e <60yens
TBI vs. non-TBI, ATG vs. non-ATG-containing regimen, S o= Sy
and disease category (AML vs. MDS or myeloproliferative ST
disease vs. lymphoid malignancies) was not significantly s - Py Doy
associated with OS (data not shown). Patients with stan- S
dard risk tended to show better survival than those with semie s o
high risk (P = 0.129). In univariate and multivariate 31
analyses, no variables were significantly associated with
0S (data not shown). i
3.7 NRM and PD =E - . p=0.081

12 24 36 48

Thirty-six patients (47%) died of therapy-related compli-
cations, with a cumulative incidence of NRM at 1 year of
43% (95% CI, 31-56%). Of the patients who died of
therapy-related complications, 23 (30%) died within day
100 of transplantation and 13 (17%) died thereafter. The
NRM at 1 year in patients younger and older than 60 years
was 38% (95% Cl, 25-53%) and 61% (95% CI, 36-85%),
respectively, as shown in Fig. 1. The causes of NRM were
infection (23%), regimen-related toxicity (14%) and
GVHD (9%). GVHD-related mortality was found in 26%.
Infection was the major cause of death in patients younger
than 60 years. Regimen-related toxicity, mainly pulmonary
complications, was the major cause of treatment failure for
patients older than 60 years. In univariate and multivariate
analyses, no variables were significantly associated with

Months after transplantation

Fig. 1 Non-relapse monality stratified according to patient age,
younger or older than 60 years

NRM (data not shown). Relapse or progression of primary
disease after unrelated BMT with RIC regimens was
observed in 13 patients (17%; 10 patients younger than
60 years and 3 older than 60 years). There were no
relapsed patients after transplantation in standard risk
group. The incidence of death due to relapse or progression
of primary disease was 14%. In univariate and multivariate
analyses, no variables were significantly associated with
PD although patients with grades II-IV acute GVHD
showed a relatively lower incidence of PD (data not
shown).
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4 Discussion

This report reviews the current experience of unrelated
BMT with RIC regimens in Japan, with particular focus
on the risk factors for engraftment, GVHD, NRM, sur-
vival and PD. Although the engraftment rate has been
reported to be lower when RIC unrelated transplantation
was performed with bone marrow compared to peripheral
blood cells [9, 10], we observed that sustained engraft-
ment was achieved in 99% of evaluable patients, with
complete donor chimerism confirmed in 85%. The inci-
dence of graft failure was not different from that in RIC
transplantation from related donors in Japan: 3.7% in
recipients with an HLA-matched donor and 5.7% in those
with a 1-locus-mismatched donor [21]. Complete donor
chimerism in our study was comparable with that reported
from the National Marrow Donor Program (85 vs. 84%)
[22]. In our study, two-thirds of patients successfully
received 2—4 Gy TBI-containing regimens, which were
aimed at the enhancement of engraftment, as suggested in
a previous report with patients with aplastic anemia [23],
while 2 of the 12 patients who received an ATG-con-
taining regimen had late graft failure, similar to a previous
report which noted an incidence of 19% [5]. It has been
reported that the Japanese population is more homogenous
than others in terms of the distribution of HLA. Thus, it
would be possible that the impact of minor HLA dispar-
ities on engraftment may become prominent after RIC
transplantation.

Despite the observed satisfactory engraftment rate, we
confirmed a high NRM rate (47%) after unrelated BMT
with variable RIC regimens, due mostly to GVHD-related
complications, including infections under steroid therapy,
as previously designated by Wong et al. [10]. On the other
hand, the incidence of death due to relapse or progression of
primary disease was low (14%). Hence, successful pro-
phylaxis and treatment of GVHD is particularly important
in this procedure, and studies with ATG [5, 24] or ale-
mtuzumab [25-27] have reported encouraging results,
Although the number of patients was still small, in our study
an ATG-containing regimen resulted in a decreased inci-
dence of acute and chronic GVHD, despite the use of a
lower dose (ATG-Fresenius 10 mg/kg or Thymoglobulin
5 mg/kg) than reported elsewhere. This study showed that
age older than 60 years tended to be associated with a
higher risk of NRM after unrelated HSCT with RIC regi-
mens, though this relation was not statistically significant in
a multivariate analysis. This finding, however, is limited by
the small sample size. Additional use of ATG may reduce
the incidence of GVHD-related NRM even in older patients
but ATG should be carefully incorporated since about 20%
of patients who received an ATG-containing regimen
developed late graft failure in our study.
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This study suggested that the onset of grades 1I-IV acute
GVHD was associated with a lower incidence of PD,
although this was not statistically significant in a multi-
variate analysis. possibly due to the small sample size.
However, GVHD in turn resulted in a higher incidence of
NRM, and a desirable graft-versus-leukemia or lymphoma
effect would be offset, particularly in older patients [10,
28]. Hence, our observation echoes the warning that the
intentional induction of GVHD should be avoided,

Compared to the long-term follow-up data after unre-
lated HSCT with RIC from the NMDP reported by Giralt
et al. [22], our NRM at 1 year was worse (43 vs. 30%), but
OS was likely to be better (50% at 1 year and 46% at
2 years vs. 44% at 1 year. 28% at 3 years and 23% at
5 years). In their report, disease stage, performance status,
stem cell source, HLA matching, and timing of transplant
were the most important prognostic factors for survival
after RIC unrelated donor transplantation. This study sug-
gested that high risk and HLA-mismatched patients were
associated with worse OS, although this was not statisti-
cally significant in the multivariate analysis. Interpretation
of these results, however, should be careful because of
relatively short period of follow-up and the small sample
size in our study. Although high risk patients was 82%, rate
of relapse were unexpectedly low in our study. This might
be due to earlier mortality, which precludes estimate of
relapse rate. Alternately, more patients (60%) received
more intense conditioning composed of 8 mg/kg of
busulfan or 80-140 mg/m® of melphalan and 4 Gy TBI in
our study.

In conclusion, we confirmed that unrelated BMT with
RIC regimens can be a curative therapeutic option in a
subset of patients with advanced hematologic malignancy,
but at the expense of a high risk of severe complications
and NRM. The incorporation of low-dose TBI may be
advantageous for enhancing engraftment, and a suitable
prophylaxis for GVHD still remains a primary target of
clinical research. Based on the observed data, a prospective
trial is currently underway to determine the value of a
lower dose of ATG (ATG-Fresenius 5 mg/kg) to be added
to the combination of fludarabine and busulfan.
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