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Table 1 Blood KS evaluated by LC/MS/MS in healthy controls (SD, standard deviation)

Age group Number Data Age (years) Gal GleNAc Gal(6S) GlcNAc Total Gal GleNAc Gal(6S) GlcNAc
(6S) (ng/ml)  (6S) (ng/m) (ng'ml)  (6S) (%) (68) (%)

X<2 50 Average 0.5 2.2 0.4 2.6 85.7 14.2

SD 0.5 0.7 0.2 0.9 4.5 4.6
2<x<5 25 Average 33 2.1 0.5 2.6 82.5 175

SD 1.0 0.7 0.2 0.8 3.7 3.7
5<x<10 8 Average 15 1.8 0.4 22 82.6 17.3

sSD 1.7 0.6 0.2 0.8 4.7 5.0
10<x<15 7 Average 124 24 0.5 29 82.2 17.6

SD 1.5 0.7 0.1 0.8 2.1 22
15<x 37 Average 34.4 1.2 03 1.5 76.4 23.6

sD 13.1 0.5 0.1 0.6 4.0 38
All ages 125 Average 12.1 2.0 0.4 23 86.7 18.3

SD 16.3 1.0 0.2 0.9 285 6.1

KS values in 5 of 19 (26.3%) MPS IIl patients, 3 of 6
(50%) MPS V1 patients, 1 of 6 MPS VII patients, and 2 of
11 (18.2%) ML patients were above the mean + 2SD of the
age-matched controls (Fig. 2).

Composition in KS The compositional ratio of Galfl
(6S)—4GIcNAc(6S) to GalB—s4GIcNAc(6S) in KS de-
rived from the blood samples of MPS IVA patients was
compared, since it was expected to be reflected by a
deficiency of GALNS enzyme, which digests at the C-6
position of sulfated galactose. For the healthy control
newbom infants, the ratio of Galf31(6S)—4GIcNAc(6S)
was 10.6%, and it rose between the ages of 0 and 2 years
(mean 16.3%) and the concentrations stayed relatively

constant until they reached 15 years. After 15 years, the
compositional ratio of Galf1(6S)—4GIcNAc(6S) in-
creased to 23.6% and stabilized thereafter. In all ages, the
ratio of GalB1(6S)—4GIcNAc(6S) was significantly higher
in patients with MPS IVA than in healthy controls (mean
22.7% vs 18%, P<0.001) (Tables 1 and 2, Fig. 2),
suggesting that KS at the C-6 position of galactose is more
sulfated in patients. When control subjects and MPS IVA
patients in each age range (2-5 years, 5-10 years, 10—
15 years, and over 15 years) were compared, their ratios of
Galp 1{6S)—4GIcNAc(6S) to Galfp —4GlIcNAc(6S) were
as follows: mean 17.5% vs 19.7%; 17.3% vs 21.3%; 17.6%
vs 28.5%; 23.6% vs 23.1%, respectively (Tables | and 2,
Fig. ).

Table 2 Blood KS evaluated by LC/MS/MS in MPS IVA patients (SD, standard deviation)

Data Number Data Age (years) Gal GleNAc Gal(6S) GleNAc Total Gal GlcNAc Gal(6S) GleNAc
(65) (ug/ml)  (6S) (ug/ml) (g/ml)  (6S) (%) (65) (%)
2<x<5 12 Average 27 9.2 22 11.4 80.3 19.7
SD 0.9 5.4 1.4 6.8 3.8 3.8
5<x<10 13 Average 7.8 5.2 1.2 6.4 78.7 213
SD 1.3 4.7 1.0 57 7.7 7.7
10<x<15 9 Average 12.8 2.5 0.7 32 71.5 28.5
SD 1.8 2.0 0.2 2.2 14.4 14.4
15<x 15 Average 30.0 1.7 0.5 2.1 76.9 23.1
SD 16.0 1.1 03 1.3 7.2 7.2
All ages 49 Average 14.3 4.6 1.1 57 77.3 22.7
SD 14.1 4.7 1.1 58 8.8 8.8
Severe 33 Average 12.8 59 1.4 73 79.6 204
SD 13.1 5.5 1.4 6.8 6.9 6.9
" Attenuvated 11 Average 195 1.6 0.5 2.1 719 28.1
SD 19.3 1.8 0.3 2.0 13.1 13.1
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t3.1 Table 3 Blood K8 evaluated by LC/MS/MS in other types of MPS and ML patients (SD, standard deviation)
3.2 Type Number Data Age (years) Gal GleNAc Gal(6S) GlcNAc Total (png/ml) Gal GleNAc¢ Gal(6S) GleNAc
(6S) (ug/ml)  (6S) (ng/ml) (6S) (%) (63) (%)

t3.3 MPS 1 31 Average 8.3 0.7 3.7 77.1 229

134 Sb 9.2 0.3 2.7 6.6 6.5

t3.5 MPS i 28 Average 13.7 3. 1.1 6.0 81.4 18.6

t3.6 SD 93 3.5 0.6 4.1 3.1 2.8

3.7 MPS 11 19 Average 4.6 34 0.8 4.2 §1.4 18.7

t3.8 SD 2.8 22 0.5 2.6 3.2 2.9

t3.9 MPS VI 6 Average 2.7 4.5 1.0 5.5 81.9 18.7

t3.10 SD 22 3.1 0.7 3.7 4.1 4.0

t3.11 MPSVII 6 Average 11.3 25 0.4 29 81.8 18.0

t3.12 SD 13.1 2.5 0.4 28 55 6.4

t3.13 ML 1 Average 1.0 3.5 0.7 4.1 84.9 15.9

t3.14 SD 2.1 3.0 0.7 32 44 30
291  Discussion practicable to obtain biopsy samples from MPS IVA

patients. Alternatively, molecular analysis and standard

292 The accumulation of undegraded KS leads to damage of  enzyme assay are used as diagnostic techniques for MPS
293 cartilage cells, causing systemic skeletal chondrodysplasia ~ IVA. Measurements of KS concentrations in blood samples
294 in patients with MPS IVA. KS, which contributes over 25% should also provide critical information about the clinical
295  of the cartilage GAGs in adults, is one of the most status and prognosis of MPS IVA patients, efficacy of
296  important components in bone. When cartilage proteogly-  therapies and early diagnosis as a biomarker.
297 cans, such as KS, are not degraded properly, they are stored The monoclonal antibody used for sandwich ELISA in
298  mainly in chondrocytes, where KS is synthesized. Patho-  previous studies (Seikagaku, Tokyo, Japan) (Tomatsu et al.
299  histological examinations of the bone and cartilage cellsare 2004, 2005) is known to be specific for Galf1(6S)—
300 useful for the diagnosis of MPS IVA; however, it is not  4GIcNAc(6S); both galactose and N-acetyl-glucosamine
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Fig. 1 Concentrations of blood KS in MPS IVA patients and healthy
individuals, Results from 49 specimens from individuals with MPS
IVA (severe, 33; attenuated, 11; undefined, 3) and 125 from healthy

individuals are plotted with respect to age. Left panel blood, KS of
patients with MPS IVA and healthy individuals. Right panel, ratio of
Galp(6S)—4GIlcNACc(6S) in KS compositions (%)
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Fig. 2 Concentrations of blood KS in patients with MPS types I, 11,
HI, VI, and VII and ML and healthy individuals. Results from 101
specimens from individuals with MPS and ML (MPS 1, 31; MPS 11,
28; MPS III, 19; MPS V1, 6; MPS VII, 6: ML, 11) and 125 from

have to be sulfated (Caterson et al. 1983; Mehmet et al.
1986). Therefore, this analytical method does not provide
complete quantification and qualification of total KS.
Concentrations of KS-derived disaccharides and their
compositions in human samples are measured by the
present LC/MS/MS method. Keratanase II, used for the
digestion of KS, recognizes both Galf31-—4GIcNAc(6S)
and Galp 1(65)—4GIcNAc(6S), in which N-acetyl-glucos-
amine is sulfated. Thus, the current LC/MS/MS method
measures the KS molecules with disaccharides of Galf31—
4GIcNACc(6S) and GalPf1(6S)—4GlcNAc(6S). Although
unmeasured KS could be still present, the best choice is
to use keratanase Il-digested samples, since the enzyme
covers the broadest range of XS saccharides, leading to 10—
100 times higher KS concentration than sandwich ELISA
method.

Our results of KS compositions are of great interest. The
compositional ratio of GalB1(6S)—4GIcNAc(6S) to
Galp —4GIcNAc(6S) in KS derived from blood samples
of patients with MPS IVA was higher than that of the age-
matched healthy controls, except for the group over 15 years
old, reflected by a deficiency of the GALNS enzyme,
which digests at the C-6 position of sulfated galactose.
However, there was no difference in the ratio of Galfl
(68)—4GlcNAC(6S) to Galp—4GIcNAEC(6S) in the group
over 15 years old between healthy controls and MPS IVA
patients. The compositional ratio of Galp1(6S)— 4GlcNAc
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healthy individuals are plotted with respect to age. Left panel, biood
KS of patients with MPS and ML and healthy individuals. Right
panel, ratio of GalP(65)—4GleNAc(6S) in blood KS compositions
(%) in patients with MPS and ML and healthy individuals

(6S) increased even in the healthy controls. KS sulfation
may increase with the patient’s age, although the physio-
logical significance of its increase remains unknown. In this
study we could not clearly correlate between clinical
severity and Galf1(65)— 4GIcNAc(6S) ratio; therefore,
further longitudinal studies of each individual MPS IVA
patient with a different phenotype are needed.

Unaffected healthy young children would be expected to
have a high cartilage tumover, resulting in higher KS level.
Age-dependent changes in KS tumover (Tomatsu et al.
20035; Thonar et al. 1988) showed that blood KS level rose
progressively during the first 5 years of life, remained
elevated until 10-12 years of age, and then declined after
teenage, until it stabilized at the age of 15 years, although
longitudinal data from the individual children are required
to confirm this age dependency. Elongation of the long
bones during growth occurs through a process of endo-
chondral ossification in which new cartilage is continuously
laid down before it is degraded and replaced by bone. The
decreased level of KS after teenage in healthy children is
consistent with the fact that the growth rate begins to
decline during this period.

In the initial progressive stage between ages 0 and
5 years, the mean blood KS concentration in patients with
MPS IVA was the highest. After 10 years of age, the KS
level in most MPS IVA patients declined to near normal or
normal levels. Blood KS levels in MPS IVA could be
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reflected by two factors: (1) maturation-related changes as
observed in unaffected healthy children, (2) the severity of
progressive chondrodysplasia. MPS IVA patients under
10 years old had markedly elevated blood KS levels,
indicating that the progression of cartilage destruction in
most patients is rapid in young age and that KS is released
from cartilage and leached into the circulation. Patients
with high levels of KS in their blood at a young age likely
have the severe form of MPS IVA, where the cartilage is
overloaded with undegraded KS. One may speculate that
the blood concentrations in patients with MPS IVA reflect
the amount of stored KS in cartilage tissues. When the
growth plate has closed or torn, the synthesis of KS in
cartilage will decline. In fact, the destruction of cartilage in
most patients could be completed by teenage, resulting in little
release of KS from the cartilage to the circulation and almost
no place for the synthesis of KS.

We have reported that a newborn infant affected by MPS
IVA showed lower-spine radiographs with anterior beaking
of the lumbar vertebrae as well as minor anomalies on the
phalanges that suggested skeletal dysplasia (Ohashi et al.
2009). Subsequent radiographs showed progression of the
anterior beaking, progressive kyphosis, platyspondyly and
irregularities of the vertebral bodies, which are signs
characteristic of severe MPS IVA disease. Thus, one can
speculate that KS accumulation in bone has already started
before birth and that the KS level could already be elevated
at the newborn stage. To understand this phenomenon of
normalization of blood KS concentration in MPS IVA
patients and to predict when elevation of KS levels will
start, one needs to determine the blood KS levels
sequentially at different ages for the same individuals,
longitudinally.

There are well-known relationships between types of
MPS and specific GAG(s) that accumulate (Neufeld and
Muenzer 2001). Elevation of KS level in blood or urine was
considered to be specific for MPS IV. However, we have
recently demonstrated that patients with MPS and ML,
other than those with MPS IV, had elevated blood KS levels
in addition to the GAGs originating from the respective
enzyme defect (Tomatsu et al. 2005). In this study, we also
confirmed that some of the patients affected by other types
of MPS and ML had elevated blood KS levels. The
mechanism for the secondary elevation of KS remains
unclear, since the cumrent theory on the pathway of KS
metabolism cannot explain this phenomenon,

Most patients with MPS and ML have severe bone
dysplasia, as in MPS IV, Therefore, clevated levels of KS in
the blood of other MPS and ML patients could be related to
underlying bone disease, especially of cartilage tissues, It is
noted that the mean age of patients in this study was
younger in the order ML, MPS VI, MPS I, and MPS 1L
Generally, progressive bone discase is observed in ML,

MPS VI, and MPS I at younger ages than that for MPS 1L
Therefore, elevation of KS in ML, MPS V1, and MPS T was
observed in younger patients, while the elevation in MPS II
was observed even in teenaged or older patients. It is also
noteworthy that most patients with MPS and ML had a
compositional ratio of Galf1(6S)—4GIcNAc(6S) to
Galp —4GIcNAc(6S) in KS similar to that seen in the
age-matched healthy controls, suggesting that the interac-
tion between KS and GALNS in removing the sulfate in the
C-6 position in galactose is not inhibited. Since KS is
synthesized mainly in cartilage, the successful reduction of
KS could provide more specificity for the bone pathology
of MPS discase.

Assessment of urinary KS by LC/MS/MS was out of the
scope of this study. However, preliminary study of urine
samples from patients with MPS IVA has shown that KS
levels were markedly elevated. The KS levels in both MPS
IVA patients and healthy controls were age dependent. In
the controls, the KS levels were highest in newborn infants,
as observed from total urinary GAGs. While the degree of
decline in the urinary KS concentration proportional to age
was equivalent to that of blood KS concentration, urinary
KS level in patients with MPS IVA remained higher than
those of the controls, even after 15 years of age (unpub-
lished data).

In summary, the determination of blood KS concen-
trations by LC/MS/MS should provide a useful tool to
assess clinical status in patients with MPS IVA and to
measure response to treatments such as enzyme replace-
ment therapy, bone marrow transplantation, and gene
therapy as observed in MPS IVA mice treated by enzyme
replacement therapy (Tomatsu et al. 2008b).
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Abstract The Japan Cord Blood Bank Network (JCBBN)
reports the treatment of 22 children with acute myeloid
leukemia (AML) who received umbilical cord blood
transplantation from unrelated donors (CBT) as their sec-
ond hematopoietic stem cell transplantation (HSCT).
Provided by the JCBBN, between February 1997 and
September 2006, 22 patients had CBT as a second HSCT.
In the initial HSCT, eight received autologous, seven
received CBT, and the remaining had allogenic BMT. At
the time of CBT as a second HSCT, seven were in the
second complete remission (CR2), two in the third CR
(CR3), the remaining were not in remission. Reduced
intensity conditioning (RIC) conducted for 10 cases and
myeloablative conditioning (MAC) for 12 cases. The
overall survival rate was 31.3%, 5 years after CBT. Second
complete remission at second transplantation was favorable
prognosis (58.3 + 18.6%, compared with 17.1 £ 10.8%
for the non-CR group. Mortality after CBT as a second
HSCT accounted for 15 cases, 8 from treatment-related
mortality. In conclusion, CBT combined with RIC as
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second HSCT may be useful against a recurrence of AML
in children after the initial HSCT.

Keywords Cord blood transplantation - Hematopoietic
stem cell transplantation - Second transplantation -
Acute myeloid leukemia - Reduced intensity conditioning

1 Imtreduction

Hematopoietic stem cell transplantation (HSCT) remains
the one of curative therapy for patients with high-risk
leukemia. However, relapse remains a significant problem
and is the major cause of post-transplantation mortality.
Patients with relapsed leukemia after HSCT have a very
poor prognosis and the optimal salvage therapy remains an
open question. Second transplantation is often considered
to be the standard of care for a patient with relapsed acute
leukemia after allogeneic transplantation: it can provide a
durable remission for a small number of patients who are
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eligible to receive it [1, 2]. In a report to the International
Bone Marrow Transplant Registry (IBMTR), Eapen et al.
[1] reported overall survivals of 41% at 1 year and 28% at
5 years after a second transplantation for treatment of
relapsed acute and chronic leukemia and Meshinchi et al.
[2] reported a 56% 1-year survival for 25 pediatric patients
who received a second transplant for relapsed acute mye-
logenous leukemia (AML). Of note, younger patients and
those with longer remission intervals had improved out-
comes [3]. In contrast, Radich et al. [3] reported a relapse
rate of 76% and a disease-free survival (DFS) rate of only
10% at 4 years for patients with relapsed AML treated with
a second transplant. A second transplant is limited by the
availability of donors; and co-morbidities related to the first
conditioning regimen may preclude the administration of
another course of high-dose cytotoxic agents.

Recently, for a source of HSCT, umbilical cord blood
(CB) has become available after myeloablative therapy;
and cord blood transplantation from unrelated donor (CBT)
is applied for a second transplantation to treat relapsed
acute and chronic leukemia [4]. Many patients have ben-
efited from CB from unrelated donors since it was first used
several years ago. Even when a suitable bone marrow (BM)
donor is unavailable, CBT can be indicated for patients
with specific entities because of the rapid availability of
stored transplantable units, the absence of risks associated
with donors, and less stringent requirements for HLA
matching between the donor and recipient. However, there
are only a limited number of reports on the frequencies of
CBTs given as the repeat transplants for diverse types of
diseases; and studies have not been conducted on AML
involving children. In this regard, CBT has potential
advantages for patients awaiting for a second HSCT. The
current report from the Japan Cord Blood Bank Network
(JCBBN) details the treatment of 22 patients with AML
who received CBT from unrelated donors as a second
HSCT and explores new and safer treatment approaches for
patients with a scheduled second HSCT.

2 Methods
2.1 Patient characteristics

Primary data and annual follow-up reports were submitted
to the data center of the JCBBN by the transplant center
investigators (for centers, see Appendix). Between Febru-
ary 1997 and September 2006, 22 children with AML had
CBT as a second HSCT. Their clinical characteristics at the
first HSCT and the CBT as the second HSCT are detailed
in Tables 1 and 2, respectively. One of these children was
considered to have secondary AML on the basis of a his-
tory of exposure to chemotherapy. Abnormal karyotypes

were classified in the favorable-risk group if t(8; 21), t(15;
17) or inv(16) was detected. In those patients lacking these
favorable changes, the presence of monosomy 7, 11q23
abnormalities other than 1(9;11), monosomy 5, del(5q),
abnormal 3q, (6; 9) or a complex karyotype as five or more
abnormalities placed them in the poor-risk group. The
remaining abnormalities made up the intermediate-risk
group. In the initial HSCT, 8 of the 22 children received
autologous SCT (7 had BMT and 1 had peripheral blood
stem cell transplantation), 6 received CBT, and the
remaining patients had allogenic BMT. At the time of CBT
as a second HSCT, 6 children were in the second complete
remission (CR2), 2 in the third complete remission (CR3),
while 14 were not in remission. Relapse following HSCT
and UCBT (as a second HSCT) ranged from 39 to 906 days
with a median time of 219 days. Twenty-one out of 22
patients received various chemotherapies in different
institutions before receiving the UCBT.

2.2 Donor registries and selection of grafts

Searches for unrelated CB donors were processed through
the JCBBN, by which over 28,000 CB units were made
available in August 2006. A preliminary search of umbilical
cord blood banks was performed by using the patient’s HLA
phenotype, which was determined by serologic typing for
class I HLA-A and HLA-B antigens and high-resolution
DNA typing for class I HLA-DRBI1 alleles. Preferred UCB
units were those matched at 4 or more of 6 HLA loci and that
contained a minimal count of 2 x 107 nucleated cells per
kilogram of the recipient’s body weight before freezing.
Units of UCB were not depleted of T lymphocytes. The
median cell number of the CBT donors was 3.7 x 107/kg of
the recipient’s body weight (range 2.5-12.2 x 10"/kg). The
CD34% cell was examined in 17 and the median CD347 cell
number of the CBT donors was 1.2 x 10°/kg of the reci-
pient’s body weight (range 0.36-5.9 x 10°/kg). All UCB
were thawed and infused without washing.

2.3 Preparative regimen and prophylaxis
against GVHD

The conditioning regimen and acute GVHD prophylaxis
varied according to the center policy, type of disease, prior
treatment and disease status at the time of a CBT. The con-
ditioning regimen and the GVHD prophylaxis are
summarized in Table 2. The conditioning regimen was
classified into two groups; 10 cases received reduced inten-
sity conditioning (RIC) and myeloablative conditioning
(MAC, including the use of radiation exceeding 10 Gy) was
conducted in twenty cases [5]. After being informed of the
potential risks and benefits of the procedure, the patients or
their parents gave consent to the CBT. Supportive therapy
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Table 2 Profiles of CBT as a Second HSCT
Case NCC CD34 Body HLA HLA Status at  Preparative regimens Classification
#. (x10"/kg) (x10°/kg) weight  disparity disparity UCRBT of preparative
at UCBT GVH HVG regimen
direction  direction
2055  2.69 0.36 21 2 1 no CR  TBI(12) + CY(120) + VP(50) MAC
2336 3.16 0.96 42 0 0 2nd CR  ATG(75) + FLU(150) RIC
2341 1538 592 10.3 1 1 2nd CR  ATG(75) + FLU(100) RIC
2412 6.24 0.42 31 1 1 no CR  BU(16) + LPAM (6.4 mg/kg) MAC
2749 6.36 NA 40 1 0 3rd CR  TBI(8.5) + LPAM(140) + FLU(120) RIC
2771 570 NA 14.5 1 1 2nd CR  TBI(12) + CY(120) MAC
2885  2.67 NA 12 1 1 no CR  CY(60) + CA(375) + FLU(75) RIC
2889 31.11 NA 12 2 2 no CR  TBI(12) + CY(120) + VP(60) MAC
2970 6.00 0.95 27 1 1 2nd CR  TBI(12) + CY(120) + VP(60) MAC
3023 186 0.69 42 0 1 2nd CR TBI(12) + CY(120) MAC
3388  7.47 0.81 375 2 2 no CR  VP(50) + BU(16 mg/kg) + ACNU(400/m?) RIC
3505 398 NA 34 1 0 no CR  TBI(10) + CY(120) + VP(30) 4+ CA(920 mg) MAC
3655 1435 3.88 12.1 1 1 no CR TBI(2) + CY(50) + FLU(200) + Mylotarg 9 mg/m* RIC
3667 262 2.24 38.2 2 2 no CR  BU(21.2) + LPAM(183) MAC
3754 446 0.87 26 2 2 no CR  CY(120) + BU(16) + CA(12 g) MAC
3766  3.83 NA 48 2 2 no CR  LPAM(70) + BU(784/m?) + TEPA(17.6) + FLU(150) RIC
3901 7.69 1.46 25 2 2 2nd CR  TBI(2) + LPAM(90) -+ FLU(160) RIC
3928 876 3.56 30 0 0 no CR  LPAM(140) + BU(8) + FLU(120) MAC
3947 2.58 2.09 14.8 1 1 no CR  TBI(10) + CY(150) + VP(1,500/m?) MAC
4100 450 332 27 1 1 no CR  CY(120) + LPAM(70) + CA(800) + TEPA(300) RIC
4718 4.86 0.80 31 1 1 3rd CR  BU(16) + LPAM(180) MAC
4941 5.19 1.19 42.2 0 0 no CR BU(8) + FLU(125) RIC

NCC nuclear cell count, UCBT unrelated cord blood transplantation, GVH graft versus host, MAC myeloabrative conditioning, CR complete remission,
TBI total body irradiation, RIC reduced intensity conditioning, CY cyclophosphamide, ATG anti-thymocyte globulin, FLU fludarabine, CA cytosine

arabinocide, BU busulfan, TEPA thyotepa, ND not done

differed among the transplant centers. Protocols for pre-
parative regimen and the use of CB from unrelated donors for
transplantation were reviewed and approved by the institu-
tional review boards at the transplantation centers,

2.4 Statistical methods

For this analysis, 1 July 2007 was used as the reference
date (ie., the day on which all centers locked data on
patient outcomes). The outcome end points were neutrophil
recovery, platelet recovery, GVHD, relapse, transplanta-
tion-related mortality (TRM), overall survival (OS) and
DFS. Neutrophil recovery was defined by an absolute
neutrophil count of at least 0.5 x 10°/L for three consec-
utive days, the first of which was used as the recovery day.
Platelet recovery was defined by a non-transfused platelet
count of at least 20 x 10°/L for seven consecutive days.
Acute and chronic GVHDs were diagnosed and graded at
each center according to the standard criteria [6, 7].
Relapse was defined on the basis of morphologic evidence
of leukemia in the bone marrow or other extra-medullary

organs. TRM was defined as any cause of non-leukemic
death after transplantation. OS was the time between
transplantation and death due to any cause. DFS was
defined as the time interval from CBT to the first event,
either relapse or death, during complete remission. These
outcomes were all right-censored. For OS and DFS, the
Kaplan-Meier method provided an estimate of the inci-
dences over time, whereas the Cox models were used to
evaluate the joint influence of patient-, disease- and
transplant-related variables on the outcome. We fit uni-
variate models that contain each of the variables one at a
time. For comparison of group characteristics Fisher’s
exact test was used for univariate testing.

3 Results
3.1 Survival

Seven of the 22 patients survived and are in remission after
CBT as a second HSCT (Table 3). The OS for 5 years after
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CBT as a second HSCT was 31.3% + 10.7%. In univariate
analyses, the following factors were associated with a
favorable prognosis of OS: (1) Status of disease at second
transplantation (58.3 & 18.6% for the CR at second
transplantation, compared with 17.1 &+ 10.8% for the non-
CR at second transplantation; P = 0.025, Fig. 1a); and (2)
date after January 2000 (55.1 £ 13.9% vs. 0.0 & 0.0%,
P =0.01, Fig. 1b). There was a marginally significant
difference between OS when the RIC was used before CBT
as second HSCT (60.0 £+ 15.5%) and those when the MAC
was used (9.7 + 9.1%, P = 0.08, Fig. 2). When conduct-
ing UCBT as a second HSCT due to AML recurrence, it
was found that administration within, or following, a 219-
day period leads to no statistical difference of OS. An
analysis by the Fisher exact test showed that those cases
treated in 1999 or earlier were characterized by a signifi-
cantly larger number of those exposed to radiation therapy
(P = 0.02) and fewer treated with RIC (P = 0.03), com-
pared to those managed in 2000 or later. There was no
difference in the disease status of the two groups at
transplantation (P = 0.6). Among the subgroups, the
5-year OS was 66,7 £ 19.1% in 6 of 22 patients who
received CBT as the first HSCT. By the Fisher exact test,
the transplantation regimen for those treated with CBT at
both the first and second HSCT (including one who
received 2-Gy low radiation treatment) was that with
reduced radiation intensity—RIC or one close to it
(Table 2). On the other hand, there was no significant
difference in OS for those treated with autologous trans-
plantation as a first HSCT and those treated with other
types of HSCT (25.0 & 15.3% vs. 38.1 + 14.1%, respec-
tively, P = 0.64). MAC (including TBI) was conducted for
eight patients who received autologous HSCT.

The DFS for 5 years after CBT as a second HSCT was
23.7 £ 10.1%. In univariate analyses, the following factors
were associated with a favorable prognosis of DSF: (1)
Status of disease at second transplantation (43.8 + 18.8%
for the low risk group, compared with 17.9 & 11.0% for
the high risk group; P = 0.048); and (2) date after January
2000 (45.9 & 14.3% vs. 0.0 = 0.0% P = 0.034). Accord-
ing to the univariate analysis, no significant factor related
to DES was found.

3.2 Engraftment

Four patients died within 1 month after CBT and prior to a
recovery in the neutrophil count and three more patients
succumbed before platelet engraftment. The cumulative
incidence (CI) of peutrophil recovery at day 90 was
69.6 % 9.6%. The median time to neutrophil recovery was
31 days (range 14-90). A univariate analysis proved that
neutrophil recovery was not a significant factor. In the
univariate analysis, there was marginally difference

@_ Springer

neutrophil recovery when prophylactic use of hematopoi-
etic growth factor was present and those when the
hematopoietic growth factor was not used (77.8 = 9.8%
vs. 40,0 & 21.9%, P = 0.07). The association of neutro-
phil recovery with the nucleated cells and the CD347 cell
doses was not statistically significant. The CI of platelet
recovery on day 180 was 39.1 £ 10.1%. A platelet count
of 20,000/ml. was achieved by a median of 180 days
(range 36-180). According to the univariate analysis, no
significant factor related to platelet recovery was found.

3.3 Graft-versus-host disease

Acute GVHD (grade 2 or more) after CBT was conducted
as a second was observed in 12 patients (6 in grade 2 and 6
in grade 3, Table 3). The 100-day cumulative incidence of
acute GVHD (grade 2 or more) was 62.6 & 12.6%.
Treatment with a calcineurin inhibitor plus a steroid was
possible for five patients with acute GVHD grade 3, while
four with grade 1 went into remission of acute GVHD with
conventional first-line steroid therapy without additional
treatment. No patient suffered from acute GVHD grade 4.
No patient-, disease-, or transplant-related factors that
could be associated with the incidence of acute GVHD
were found. Of the nine patients surviving beyond day 100
after CBT as second HSCT, three developed chronic
GVHD. Three patients developed chronic GVHD (1,
extensive; 2, limited).

3.4 Early transplant-related mortality

During the first 100 days after CBT, six patients suc-
cumbed to transplantation-related causes (due to infections,
bleeding and other causes, respectively; Table 3). The
cumulative TRM by day 100 being 24.6 + 9.6%. From the
univariate analyses, there was a marginal difference
between early TRM when methotrexate (MTX) was used
for GVHD prophylaxis (8.8 £ 8.0%) and those when MTX
was not used (49.2 & 17.7%, P = .056). Use of RIC as a
conditioning regimen instead of MAC for UCBT as a
second HSCT did not result in a statistical difference.

3.5 Relapse incidence

Hematologic relapses occurred in five patients after CBT as
a second HSCT. The 5-year cumulative relapse incidence
(RT) was 43.9 % 14.7%. In univariable analysis, no factors
that could be associated with RI were found. There was
marginally difference between relapse rate when an acute
GVHD (grade 2-4) was presented and those when those
was not presented (22.1 £+ 14.1% vs. 75.0 £ 21.0%,
P =0.08). The RI after CBT as second HSCT in those
children presenting poor-risk cytogenetic abnormalities
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Fig. 1 Overall survival a b
according to disease status at 14 4
second transplantation (a) and
time at transplantation (b) 8 4 84
CR at 2nd UCBT
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€ 41 Logrank test P = 0.025 44 Logrank test P = 0017
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2 21
NCR at 2nd UCBT 999 or earlier
0 1 01
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Days after UCBT
was 50.0 3= 25%, compared with 46.1 & 18.9% in the 14
others (P = 0.64).
84
3.6 Causes of death for patients relapsing after CBT RIC 60.0%  15.5% (n=10)
‘ ECE
Fifteen of the 22 patients succumbed after CBT that was %
applied as the second HSCT (Table 3), the main causes 3 o
being TRM in 10, followed by a relapse of AML in 5. & Logrank test P =0.08
GVHD was not the cause of death in any of them. In 5 of
. . . 2 © —_
the 10 patients with TRM, deaths were caused by infections 2 MAC9.7% £ 9,1% (n=12)
(bacterial infections, 3; fungal infection, 1; and unknown, ]
1). One patient died from acute hepatic failure with mon- ©1

ocytosis of unknown origin 341 days after CBT.
Hemorrhagic cystitis, the most frequent complication
related to the second HSCT was not observed in the 22
patients who were treated with CBT as a second HSCT.

4 Discussion

This is the first report on the application of CB for a second
transplantation attempt in children with AML. Relapse of
AML after HSCT remains a significant therapeutic challenge
and is the main cause of treatment failure after HSCT.
According to the results of our study, the survival rate was
higher when recurrent AML was in the second remission
following transplantation, if the conditioning regimen
included no or only low dosage radiotherapy. For recur-
rences following CBT that was applied as the initial
transplantation attempt, the survival rate was 66%. In cases
of recurrences following an autologous or allo-BMT, the
prognosis was poor if the conditioning regimen included a
myeloablative procedure. A second transplantation is often
recommended as the standard of care for a post-transplan-
tation relapse of acute leukemia; but long-term (5-year)
survival subsequent to the procedure was only 6~20% [6, 8].
These results highlight the need for more effective therapies
for AML with a post-transplant relapse. Our observations
suggest that when the CBT is the second HSCT it may be
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Fig. 2 There was marginally difference between overall survival
(OS) when the RIC (reduced intensity conditioning) regime was used
before CBT as second HSCT and those when the MAC (myeloab-
lative conditioning) regime was used (60.0 £ 15.5% vs. 9.7 £ 9.1%,
P =0.08)

beneficial for improving post-relapse survival and may have
a GVL effect for post-transplant relapse.

The results of transplantation conducted in 2000 and
thereafter were generally more satisfactory than those
dated 1999 or earlier. The former were characterized by
less frequently conducted autografts with MAC when the
transplantation was initially attempted, more frequent
application of the RIC regimen at the second transplanta-
tion attempt; and fewer instances of radiotherapy, also at
the second transplantation. The concept underlying HSCT
with RIC in patients with malignant diseases involves a
shift from the paradigm that eradicating tumors requires
myeloablative chemoradiation to the theory that the
donor’s immune cells are utilized for tumor eradication,
relying on an allogeneic graft rather than tumor effects [5].
In 2000, Champlin et al. [9] reported their experience with
RIC-HSCT in adults with malignant diseases. This study
demonstrated that this approach is safe and feasible even in
elderly patients and those with pre-existing comorbidity
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and suggested grafting to counter malignancy effects.
However, there are a relatively few RIC-HSCT studies on
pediatric patients with malignant diseases [10]. Although
the use of the RIC regimen before the second transplants
may expand the applicability of second transplants in a
relapse setting, long-term follow-up is still limited [11-14].
QOur report presents the first long-term result of post-
transplant relapse of childhood AML, in which RIC was
used as a pretreatment prior to CBT as the second HSCT.
In general, the duration of remission after transplantation is
an important factor in determining the prognosis following
recurrences, which has been attested to in the literatures [1,
15]. The necessity for second transplants due to a recurring
disease within 6 months of previous transplants resulted in
higher subsequent relapse rates (80 vs. 25%). For second
transplants performed within 6 months of the first, it was
more difficult to save the recipients of prior allo-HSCT
with second transplants than those receiving a prior
autologous transplant [2]. Unfortunately, the current ret-
rospective survey was not adequate to observe the duration
of remission after the initial transplantation. As far as the
selection of sources of transplants is concerned, CBT has
potential advantages for patients regarding on-time avail-
ability, depending on the condition of the patient, the
absence of donor risks and a low incidence of both severe
GVHD and extensive chronic GVHD, despite the use of
grafts with substantial donor-recipient HLA disparities.

In conclusion, the current data suggest that using CBT asa
second HSCT may be an effective therapeutic option for
children with AML in relapse after an initial HSCT. Those
children with acute leukemias undergoing the second HSCT
are at high risk for developing co-morbidities and may rep-
resent good candidates for standard myeloablative Allo SCT.
CBT combined with RIC may be effective against a recur-
rence of AML in children after the initial HSCT.
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Appendix
Transplant centers

Transplant centers that performed CBT by the JCBBN
coordination and produced follow-up reports are: Division
of Pediatric Oncology, National Cancer Center Hospital,
Tokyo; Division of Hematology/Oncology, Kanagawa
Children’s Medical Center, Yokohama; Department of
Pediatrics, Ibaraki Children’s Hospital, Mito; Division of
pediatrics, Osaka City General Hospital, Osaka; Depart-
ment of Pediatrics, Saitama Medical university, Iruma;

Division of Hematology/Oncology, Saitama Children’s
Medical Center, Iwatsuki; Department of Hematology/
Oncology, Osaka Medical Center and Research Institute
for Maternal and Child Health, Osaka; Department of
Pediatrics, Hamanomachi Hospital, Fukuoka; Department
of Pediatrics, Hirosaki University School of Medicine,
Hirosaki; Division of Pediatric Hematology/Oncology,
Nagoya Red Cross First Hospital, Nagoya; Department of
Pediatrics and Developmental Biology, Tokyo Medical and
Dental University, Tokyo; Department of Pediatrics,
Tottori University Faculty of Medicine, Yonago; Department
of Pediatrics, Faculty of Medicine, University of the
Ryukyus, Nishihara; Department of Pediatric Hematology
and Oncology, Tohoku University School of Medicine,
Sendai; Hamamatsu University School of Medicine,
Hamamatsu; Department of Pediatrics, University of
Occupational and Environmental Health, Kitakyushu;
Department of Hematology-Oncology, Tokyo Metropolitan
Kiyose Children’s Hospital, Kiyose; Department of Pediat-
rics, University of Tokyo, Tokyo; Department of Pediatrics,
Osaka City University Graduate school of Medicine.
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Makoto Yazaki,’ Yoshiko Atsuta,’ Koji Kato,3 Shunichi Kato,4 Shuichi Taniguchi,5
Satoshi Takahashi,® Hiroyasu Ogawa,7 Yasuji Kouzai,8 Takeshi Kobayashi,9 Masami Inoue, 10
Ryoji Kobayashi,’ ! Tokiko Nagamura-Inoue,'? Hiroshi Azuma,'* Minoko Takanashi,'*

' Shunro Kai,'* Masao Nakabayashi,'® Hidehiko Saito'” for the Japan
Cord Blood Bank Network

Incidence and characteristics of early bacterial infection within 100 days after unrelated cord blood transplan-
tation (UCBT) were assessed for 664 pediatric and 1208 adult recipients in Japan. Cumulative incidence of
early bacterial infection at day 100 post-UCBT was 1 1% (95% confidence interval [Cl], 8%-13%) for children
and 21% (Cl, 19%-24%) for adults (P <.0001). Early bacterial infection in adults had a significant impact on
mortality (hazard ratio [HR] = 2.1, Cl, 1.7-2.6; P <.0001), although no significant risk factors were identified.
Multivariate analysis identified older age group (6-10, and 11-15 years versus 0-5 years of age) at transplant
(HR = 2.0and 2.7, CI, 1.1-3.5 and 1.4-4.9; P = .020 and .002, respectively) as an independent risk factor
of early bacterial infection for children. Early bacterial infection in children did not have a significant impact
on mortality when adjusted. Of 315 bacteremia, 74% were caused by Gram-positive microorganisms.
Prneumonia occurred in 39 patients including |3 cases of Stenotrophomonas maltophilia pneumonia. Early bac-
terial infection had a negative effect on survival for adults and the median day of development was 10 days after
transplant, suggesting that the prevention of bacterial infection in the very early post-UCBT phase is important.

Biol Blood Marrow Transplant 15: 439-446 (2009) © 2009 American Society for Blood and Marvow Transplantation
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INTRODUCTION

Infection is 1 of the major causes of morbidity and
mortality for patients undergoing bone marrow trans-
plantation (BMT) and peripheral blood stem cell
transplantation (PBSCT) [1,2]. Recently, use of cord
blood transplantation (CBT) from unrelated donors

has increased for patients who do not have suitable
donors for BMT or PBSCT, vyielding promising
results [3-7]. However, neutrophil recovery has been
significantly delayed in unrelated CBT patents com-
pared to unrelated BMT patients. Bacterial infectdon
remains 1 of the most common problems after unre-

lated cord blood transplantation (UCBT) [5,8-10].
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In this paper, we report the results of our analysis
of early bacterial infections before day 100 following
UCBT in 1872 Japanese patients. We conducted this
analysis to investigate the incidence and dming of
infections, causadve micro organisms, potental risk
factors of infections, and the influence of infection
on outcome.

PATIENTS AND METHODS

Patients

Between September 1997 and September 2005,
2362 UCBT procedures were performed using a single
cord blood (CB) in 175 transplantadon centers with
221 transplantation units supported by 11 CB banks
affiliated with the Japan Cord Blood Bank Network
(JCBBN) in Japan. The subjects analyzed were 1872
patients whose initial clinical report forms (CRFs),
completed 100 days after UCBT, were submitted to
the JCBBN. The clinical protocols for UCBT were
approved by the institutional review board of the
respective institutions. Patients underwent UCBT if
they had no human leukocyte antigen (HLA)-identcal,
I locus mismatched relative or an HLA-matched unre-
lated BM donor could not be identified within 6 to 8
weeks [11]. The patients or their parents gave their con-
sent for UCBT after being informed of the potental
risks and benefits of the procedure. All patients received
conditioning chemotherapy in the sterile unit with
high-efficiency particulate air filtration. The condi-
toning regimen, acute graft-versus-host disease
(aGVHD) prophylaxis and prevention of bacterial
infections varied according to the institute’s policy
and type of disease, although most of the institutions
used oral polymyxin B or fluoroquinolone with
intravenous antibiotics to prevent bacterial infections.

Selection of Grafts

Searches for unrelated CB units were processed
through the JCBBN, where 25,803 CB units were
available in August 2006. Suitable CB in JCBBN was
selected by cell count of nucleared cell before freezing
and HLA compatibility between CB and patients.
Preferred unrelated CB units were those that matched
atleast 4 of 6 HLA antigens, based on serologic typing
for class | HLA-A and HLA-B, antigens and low-reso-
lution DNA typing for class Il HLA-DR and contained
a minimum cell count of 2 x 107/kg nucleated cells of
the recipient’s body weight before freezing.

Bacterial Infections

We analyzed bacterial infections reported in the
JCBBN 100-day CRF with clinical symptoms and
pathogenic micro-organisms were discovered, be-
cause it is not easy to distinguish bacteremia or pneu-
monia without microbiologically documented infection

Biol Blood Marrow Transplant 15:439-446, 2009

from preengraftment fever or capillary leak syndrome
in the early post-UCBT phase.

Early bacterial infecdons were defined as those
occurring within the first 100 days after graft infusion.
If a second episode with the same organism occurred

within 7 days, it was counted as a single-infection
episode [10]. -

Collection of Data

Detailed patientand clinical variables were collected
by the JCBBN CRF. Its 100-day CRFs were submitted
by transplantation centers or units to the 11 CB banks
and checked by a data manager of each bank for missing
data and inconsistent data. After the data cleaning, all
CRFs were submitted from CB banks to the data center
of JCBBN. Annual follow-up for each transplant case is
performed to update the data on engrafunent, relapse,
survival, and complications. The final data set used for
the analyses was fixed in March 2006.

Statistical Analysis

Because preliminary study of all patients revealed
that 16 years of age and older was the sole significant
variable in multivariate analysis, separate analyses
were performed for children (younger than 16 years
of age) and adults (16 years of age and older) to find
the risk factors and to investigate the impact of infec-
tion on survival. All episodes of infection were included
in the analyses to identify causative micro-organisms of
infections. Various clinical factors were evaluated as
potential risk factors for early bacterial infection in
univariate and multivariate analyses combined with
the Cox proportional-hazards regression model. Fac-
tors found to be significant (P < .05) or marginally
significant (P < .1) in univariate analysis were included
in the muldvariate analysis using a forward stepwise
method. The categorization for the analyses of risk
factors was based on the rule that the smaller group
of variable needed to contain at least 10% of the
patients. The proportional hazards regression model
with early bacterial infection as a ime-dependent cova-
riate was used to determine the effect of early bacterial
infection on survival. Survival distributions were esti-
mated with the method of Kaplan and Meier. Probabil-
ides of early bacterial infection were calculated by
means of cumulative incidence curves treating death
without early bacterial infection as competing risks.
Statistical analyses were performed with Stata software
version 9.0 (Stata Corp., College Station, TX).

RESULTS

Characteristics of Patients

Table 1 shows the characteristics of 664 pediatric
(age <16 years) and 1208 adult (age =16 years) patients
who underwent UCBT in Japan. In the child cohort,
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Table |. Characteristics of Pediatric and Adult Patients Who Received Unrelated Cord Blood Transplantation

Variable Child {Age <16) No. Eval (n = 664) Adult (age = 16) No. Eval (n = 1208)

Sex—no. (%)

Male 664 403 (61)* 1208 662 (55)

Female 261 (39) 546 (45)
Age group—no. (%)

0-15 664 664 1208

16-30 270 (22)

31-45 338 (28)

=46 600 (50)
Disease—no. (%)

Acute lymphoblastic leukemia 664 279 (42) 1207 211 (17)

Acute myelogenous leukemnia 151 (23) 490 41)

Adult T cell leukemia 0 65 (5)

Chronic myelogenous leukemnia 8 (1) 69 (6)

Chronic lymphocytic leukemia 0 3

Myelodysplastic syndrome 15 (2) 103 (9
MDS/MPD 20 (3) 7 )

Lymphoma 28 4) 188 (16)

Myeloma 0 32 (3)

Solid tumor 27 “4) 6

Aplastic anemia 14 2) 24 (2)

Immunodeficiency 47 ) |

Metabolic disease 25 “4) 0

Others 50 8) 8 ()
History of previous transplantation—no. (%)

No 664 556 (84) 1208 914 (76)

Yes 108 (16) 294 (24)
Conditioning regimen—no. (%)

Myeloablative 664 545 (82) 1208 579 (48)

Nonmyeloablative 99 (15) 621 (51

Unknown 20 (3) 8 )

Total-bady irradiation 664 350 (53) 1208 928 7

ATG/ALG 664 75 (4] 1208 38 (3)
Prophylaxis against GYHD

Cyclosporine based " 630 401 (64) 1172 846 (72)

Tacrolimus based 199 (32) 312 27)

Others 30 (5) 14 (N

Methotrexate used 630 362 (57) 172 582 (50)

Prednisolone used 630 161 (26) 1172 47 )

Mycophenolate mofetil used 630 2 1172 78 7
Nucieated cell dose/kg body weight—x 1077

Median 664 5.10 1208 253

Range 1.18-24.91 1.02-6.42
HLA compatibility{GVHD direction)}—no./total no. (%) .

Matched 656 162 (25) 1187 129 [t

One-antigen misrnatch 380 (58) 457 (39

Two-antigen mismatch 106 (16) 577 (49)

Three-antigen or more mismatch 8 (1) 24 (2)

MDS/MPD indicates myelodyplasticsyndrome/myeloproliferative disease; ATG, antithymocyte globulin; ALG, antilymphocyte globulin; GVHD, graft-

versus-host disease; HLA, human leukocyte antigen.
*Figures in parentheses show percentages.

108 patients (16%) had a history of previous transplanta-
tion. Myeloablative conditdoning regimen was adminis-
tered to 545 patients (82%). Total body irradiation
(TBI) was administered to 350 of 664 patients
(53%) and 311 of 545 patents (57%) who received
a myeloabalative condition regimen. For GVHD pro-
phylaxis, cyclosporine (CsA)-based prophylaxis was
administered to 401 patents (64%), and tacrolimus-
based prophylaxis to 199 (32%). Methotrexate (MTX)
was used for GVHD prophylaxis for 362 patients
(57%), and prednisolone for 161 (26%). The median
dose of nucleated cells per kilogram of patient’s body
weight was 5.10 x 107. In the adult cohort, 600 patients
(50%) were 46 years old or older, and 294 patients (24%)
had a history of previous transplantation. TBI was

administered to 998 of 1208 patients (77%) and 504 of
579 patients (87 %) who received a myeloabalative condi-
tion regimen, and 621 patients (51%) were given a non-
myeloablative conditioning regimen [12-15]. CsA-based
GVHD prophylaxis was administered to 846 patients
(72 %), and tacrolimus-based prophylaxis to 312 patients
(27%). The median dose of nucleated cells per kilogram
of patient’s body weight was 2.53 x 10.

Incidence and Timing of Early Bacterial
Infection

In the child cohort, 77 patients (12%) developed
early bacterial infection with a cumulative incidence
of 9% (95% confidence interval [CI] 7%-11%) at 50



