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Abstract The Japan Cord Blood Network was established in 1999 and 8 institutions from
the Kyushu Hematology Organization Study Group had performed cord blood transplanta-
tion (CBT) 67 times on 62 patients with advanced hematological malignancies from 1999
to 2004, which included acute and chronic leukemias in 34 patients, non-Hodgkin’s
lymphoma in 14, adult T-cell leukemia in 11 and others in 3 patients. The median age
was 44 and disease status was no remission on 50 patients prior to CBT. Myeloablative
conditioning regimens were used in 27 patients while 35 patients received non-myeloab-
latives. Engraftment could not be determined in 25 patients and the median survival time
was 70 days. Thirteen patients were alive from 288 to 1277 days and 49 had been expired.
The causes of death were the underlying disease in 19 patients, severe infection in 14 and
graft-versus-host disease in 3 and miscellaneous in the remaining patients. This retro-
spective study shows that some patients with far-advanced hematological malignances
could be successfully treated with CBT at the expense of many early deaths due to early
relapse and severe infection. It is of importance that the appropriate indication for CBT
should be discussed between transplant experts and patients and their families in each
case.
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Introduction

The Japan Cord Blood Network was
established and began to distribute cord
blood to the transplant centers throughout
Japan for undertaking unrelated cord blood
transplantation (CBT) since February 1999.
Up until November 2005, 2704 CBT has been
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performed and recently 1-2 cases/day is
being transplanted to the patients who could
find HLA-matched or one to two mismat-
ched cord blood?.

Here in southwestern district of Japan
adult T-cell leukemia/lymphoma (ATL)
related to human T-lymphotropic virurs 1
(HTLV-1) is commonly seen?, and in fur-
ther south of Kyushu island like Kagoshima
or Okinawa, nearly a half of lymphoid
malignancies belong to ATL. ATL is a
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known lymphoid malignancy which is quite
resistant to standard treatment for malig-
nant lymphoma, and only some selected
patients have experienced a long-term sur-
vival after very extensive chemotherapy
and/or allogeneic hematopoietic stem cell
transplantation (SCT)?.

The median age of ATL patients is close
to 60 years and they rarely enter into a
durable remission. Therefore, it is hard to
get a good candidate for SCT in ATL
patients. However, because of the encour-
aging SCT results for ATL®, some institu-
tions have challenged to do CBT on ATL
patients who are not in good remission, but
otherwise just have to wait for dying of
progressing disease.

Many members of Kyushu Hematology
Organization for Treatment Study Group
(K-HOT-SG) working in the Kyushu Island
have performed SCT for years and experi-
enced CBT as well?.

We decided to do retrospective analysis
on CBT to evaluate the treatment results
including ATL, since cord blood is a useful
stem cell source, but since available cord
blood is limited in numbers, it is our task to
use them effectively for the proper and in-
dicated patients.

Patients and Methods

Inquiries about age, gender, underlying
diseases, disease status at the time of CBT,
previous SCT, performance status (PS)
before and after CBT, the interval between
the onset of underlying disease and CBT,
date of CBT, conditioning regimens, either
myeloablative or non-myeloablative SCT,
the number of nucleated cells and CD34*
cells in the supplied cord blood, success of
engraftment, outcome, cause of death, acute
and chronic graft-versus-host disease
(GVHD) and costs of CBT, were sent to the

23 members of K-HOT-SG.

Since there is a lot of controversy with
regard to indications for CBT, the members
of K-HOT-SG were also asked to answer
the questionnaires on the patients who
would be a suitable candidate for CBT, i.e.
underlying disease, disease status including
remission or relapse, conditioning regimens
and prophylaxis for GVHD. They can
choose over 2 disease status for indication
to do CBT.

Results

The first CBT was performed in this
group in December 1999 and the last patient
for this analysis was transplanted in Octo-
ber, 2004. The number of patients trans-
planted had increased as the year passed.
Clinical data for a total of 62 adult patients
were sent back to the K-HOT office from 8
institutions. A total of 67 CBT was under-
taken on 62 patients among whom 5 patients
had CBT twice because of poor engraftment
in 4 patients and relapse in 1. The treat-
ment results on these 5 patients were anal-
yzed after the second CBT was performed.
The median age was 44 years ranging from
16 to 73 with 37 males and 25 females. The
underlying disease includes acute
myelogenous leukemia (AML) in 18, acute
lymphocytic leukemia (ALL) in 11, ATL in
11, non-Hodgkin’s lymphoma (NHL) in 14,
multiple myeloma in 2, and myelofibrosis in
1 (Table 1).

Out of 62 patients, 12 were in the remis-
sion status at the time of CBT. Among
patients in no remission, there were 6
patients who had had autologous peripheral
blood SCT and 4 patients with allogeneic
SCT. The performance status (PS) prior to
CBT was PS0-1 in 42 patients, PS2 in 15,
PS3in 4 and PS4 in 1. The median interval
from the onset of disease to the time of CBT
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Table 1 Background patients’ characteristics

Table 2 Results of Cord Blood Transplantation

Cheracteristics characteristics
No of patients 62 No of patients 62
Median age (range) 44 (16~73) Conditioning
Male/female 37/25 myeloablative 27
Disorders non-myeloablative 35
AML 18 (TBI 42)
ALL ) 11 No of MNC (median) 2.5%X107/kg
CML 5 (range) (1.2-9.0%107/kg)
NHL 14 No of engraftment 37
ATL 11 Neutrophil recovery 20 days (9-45)
MM 2 = 500/l
MF 1 Thrombocyte recovery 41 days (2-90)
Disease status > 20 x 10%/ul
CR 12 No of death 48
non-CR 50 Alive 14
Previous SCT Acute GVHD
auto PBSCT 6 0 18
Allo-SCT 4 I 6
PS prior to CBT II 11
0-1 42 11 3
2 15 IV 3
3 4 Chromic GVHD
4 1 0 11
Median interval between 10 mo Limited 2

onset of disease and CBT

AML : acute myelogenous leukemia, ALL:
acute lymphoblastic leukemia, CML :
chronic myelogenous leukemia, NHL : non-
Hodgkin’s lymphoma, HL: Hodgkin
lymphoma, ATL: adult T-cell leukemia,
MM : multiple myeloma, MF : myelofibrosis,
CR: complete remission, SCT : stem cell
transplantation, PBSCT : peripheral blood
stem cell transplantation, PS: performance
status, CBT : cord blood transpalantaiton

was 10 months ranging from 4 months to 5
years.

The conditioning regimen for conven-
tional SCT consisted of busulfan and cyclo-
phosphamide (Bu/CY) or CY + total body
irradiation (TBI), while fludarabine and
CY + TBI were used in most of the non-
myeloablative SCT. The prophylaxis for
GVHD is short course of methotrexate and

PS for 14 surviving
patiens after CBT

0 12
1 2
Cost of CBT ¥350(81~1300) X 10*or

$30 (6.9~110) x10°

TBI : total body irradiation, MNC : mononu-
cleated cells
GVHD: graft vs host disease, PS: perfor-
mance status

cyclosporine A or FK506 as used in SCT
from other stem cell sources®.

The median number of mononucleated
cells in CB was 2.5%107/kg ranging from 1.
2 to 9.0 x 107/kg, while that of CD34 posi-
tive cells were 1.0X10°/kg in 16 patients
examined.

Engraftment of the cord blood was con-

firmed on 37 patients. It took 20 and 41
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days for neutrophil and thrombocyte counts
to become higher than 500/x1 and 20x10%/ 1,
respectively. The remaining patients suf-
fered from severe complications prior to
noticing engraftment or apparent engraft-
ment failure in 2 patients. So far 13
patients had been alive for the median of
339 days ranging from 288 days to over 3
years. The rest of patients had been
already expired. The cause of death was
uncontrollable underlying malignant disease
in 19 patients, but 6 patients died of
regimen- related toxicity or veno—-occlusive
disease (VOD) of the liver.
tion or pneumonia contributed to death in 14
patients. The cause of death was thought
to be GVHD in 2 and thrombotic microan-
giopathy (TMA) in 1 patient. The remain-
ing 7 patients died of multi~organ failure
and miscellaneous causes. The overall
median survival time was 70 days ranging
from 6 to 1470 days after CBT (Fig. 1).

Systemic infec-
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K. Tamura et al.

Since K-HOT-SG is working in the
endemic area of ATL, eleven ATL patients
treated with CBT were analyzed separately.
The median age was 56 ranging from 39 to
61 years with 3 females and 9 males. Only
2 patients were in good remission prior to
CBT. The myeloablative conditioning reg-
imens were given to 2 patients, while 9
patients received non-myeloablatives.
Two patients underwent CBT twice and one
of them has been alive for more than 1.5
years. The remaining patients died of
underlying disease in 5 patients and infec-
tion or other events in 5 patients, respective-
ly.

Acute GVHD was observed in 24 patients
at grade of 0-I and 17 at grade =2. Limited
extension of chronic GVHD was recorded
on 2 patients among 29 patients who sur-
vived over 100 days. For the 13 surviving
patients after CBT, performance status was
0 in 12 patients and 1 in 1 patient (Table 2).
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Days after cord blood transplantation

Fig. 1 The survival curve after cord blood transplantation by
the Kaplan-Meyer’s method.
The median survival time is 70 days for all patients.
The 9 out of 12 patients in good complete remission has
been alive for over 472 days in good condition up until
this survey was performed, and the median survival of
those transplanted in no good remission or relapse was
only 50 days after cord blood transplantation.
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The cost for CBT was recorded on 17
patients, and it cost less than 2 million yen
on 11 patients, while the remaining 6 needed
more than 4.2 million yen and one patient
used 13 million yen to finish one course of
CBT.

The questionnaires regarding indications
to do CBT were sent to the 21 members of
K-HOT-SG and 15 institutions responded to
them. The indications were classified
according to the risk group among
hematological malignancies and underlying
disease status including remission status
and sensitivity to chemotherapy.

The members of K-HOT-SG consider
that CBT is indicated when the patients are
in the following conditions; 2nd remission
or successive remission in good to moderate
risk of acute leukemia, 1st remission - in
poor-risk acute leukemia. For CML, first
chronic phase is considered to be an indica-
tion for CBT in 1 institution, CML in trans-
formation in 4, crisis in 4, and second
chronic phase in 9 institutions. Myelodys-
plastic syndrome (MDS) is a wide range of
disease. Nine institutions offer CBT for
refractory anemia with excess of blasts, 8
do for chronic myelomoncytic leukemia,
and transformation into AML is considered
for CBT in 13 hospitals. Nine institutions
offer CBT for severe aplastic anemia which
is dependent on transfusion or refractory to
other treatment modalities. Second or suc-
cessive remission in malignant lymphoma,
relapse after autologous SCT for multiple
myeloma, and 1st or second remission for
ATL is thought to be indication for CBT,
but childhood solid tumors are not consid-
ered to be suitable for CBT.

Discussion

The members of K-HOT-SG have been
engaged in not only conventional SCT but

also CBT. The underlying disease status
for CBT was usually bad and therefore, 18
patients could not survive early post-trans-
plant complications and died within 30 days.
For those who got over 30 days, the follow—
up period was still short and it is hard to tell
that the surviving patients could make it for
the longer period of time. There were,
however, 6 patients in relapse or CML in
transformation who were alive for over 1
year after CBT.

The patients in relapse were usually resis-
tant to salvage treatment. Although lon-
ger follow-up is needed, these patients
might have benefited from CBT or other-
wise they probably lost their lives for a
short period of time. This suggests that
there are a small number of patients with
relapsed or refractory hematological dis-
orders who may enter into good and durable
remission with CBT. This is supported by
others’ experience. The survival curve in
mismatched CBT for leukemia is reported
to be comparable to that of mismatched
bone marrow transplantation, i.e. 269 sur-
vival at 3 years by the International Bone
Marrow Transplant Registry (IBMTR) and
the National Cord Blood Program (NCBP)?,
and 3694 survival at 2 years according to the
European Blood and Marrow Transplant
Group (EBMT), respectively®.

Unfortunately a large number of patients
in a high risk for relapse suffered from
progressive underlying disease leading to
early death. In addition, not only early
relapse but also repeated aggressive prior
treatment for recurrent disease gave rise to
developing severe complications like life-
threatening infections, VOD or other treat-
ment-related toxicity associated with CBT.
Because CBT is associated with a high inci-
dence of engraftment failure and engraft-
ment is much slow in CBT as compared
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with SCT from other stem cell sources,
there is an inherent problem with develop-
ing severe infection which often leads to
death.

In the southwestern district of Japan
where the hospitals of K-HOT-SG are
located, ATL is commonly seen in the
hematological department. Eleven ATL
patients were enrolled in this study and 1
patient has had durable remission. The
number of patients is too small to draw any
conclusion, but a portion of ATL patients in
good condition could be treated successfully
with CBT.

Thus this retrospective analysis on 62
patients with advanced hematological
malignancies indicates that a small number
of patients would benefit from CBT, but the
results have not been as good as expected.
Since the number of cord blood reserved in
the cord blood banks is limited, indications
for CBT should be discussed sincerely with
professional staff in one’s own institution,
patients and their family members, and even
transplant physicians in other institutions.
We must also realize that cord blood has
been collected from volunteered pregnant
women and many medical personnel are
involved in collecting cord blood from the
umbilical vessels with no additional person-
nel’s or financial support regardless of
working hours.

Indications for CBT proposed by mem-
bers of K-HOT-SG appear to be reason-
able. Early death due to poor engraftment
or regimen-related toxicity should be avoid-
ed as much as possible. Absolute resis-
tance to treatment for underlying disease,
old age, poor general condition with PS=2,
liver, kidney, pulmonary and other visceral
organ disturbance preclude any aggressive
treatment including SCT.

Recently reduced-intensity or non-

myeloablative stem cell transplantation
(NMSCT) has been introduced to the clini-
cal practice. Miyakoshi et al” presented
successful engraftment after reduced inten-
sity umbilical cord blood transplantation
for adults with advanced hematological
diseases. In this setting, conditioning regi-
men is too mild to kill all the tumor cells,
but instead graft-versus tumor (GVT) effect
is expected to control the disease. Many
patients in the present study were in relapse
and carried large tumor burdens. In this
case they are not probably a good candidate
for NMSCT since tumor would re-grow
rapidly before GVT effects are set on. It
agrees our treatment results that all the
long-term survivors in no remission of the
underlying disease prior to CBT had exclu-
sively received extensive conditioning regi-
mens, while mild conditioning was able to
maintain complete remission in 4 of 9 sur-
viving patients who had been in remission
prior to CBT.

In conclusion, CBT is feasible in patients
with advanced hematological malignancies
and age of over 70, but only a limited num-
ber of patients are able to enjoy long
durable remission. Since CBT has been
introduced to the clinical practice recently,
we need to experience more under a clinical
study and learn who is suitable for CBT. It
can be undertaken not necessarily within a
strict protocol study but in a well-designed
practice. However, prospective registry of
such patients should be considered in the
national groups, e.g. the Japan Society for
Hematopoietic Cell Transplantation.
When it works and any problem arises in
CBT cases, then such information can be
distributed to the members and subsequent-
ly feedback to the problem cases. Then it
is believed that the outcome will be gradu-
ally improved with some learning curve.
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