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firm or refute these concerns. We chose to select for
WT1 vaccine treatment only those patients with pro-
gressing MDS with excess of blasts, because prevention
or delay of overt leukemia could outweigh the disad-
vantage of inducing cytopenia.

Finally it remains a possibility that the entire T-cell
response to MDS is a side-show, and we should direct
our attention more to myelosuppression by NK cells
shown by Chamuleau ez al.' to be strongly and specifi-
cally cytotoxic to MDS cells and perhaps in some
patients (e.g. non-responders to ATG) responsible for
myelosuppression and immune surveillance. In conclu-
sion, the relationship between the immune system,
marrow suppression and MDS remains confusing.
Comprehensive studies in a large group of patients as
performed by Chamuleau et al. are critical steps for-
ward in trying to establish a global view of competing
mechanisms contributing to the two major outcome
determinants of MDS — marrow failure and leukemic
progression.

John Barrett is Chief of the Allogeneic Stem Cell
Transplantation section of the Hematology Branch of the
National Heart Lung and Blood Institute, National Institute

of Health. Elaine Sloand is a senior investigator, Hematology
Branch of the National Heart Lung and Blood Institute, USA.

References

1. Chamuleau MED, Westers TM, van Dreunenl,
Groenland ], Zevenbergen A, Eeltink CM, et al. Immune
mediated autologous cytotoxicity against hematopoietic
precursor cells in patients with myelodysplastic syndrome.
Haematologica 2009;94:496-506.

2. Okada M, Okamoto T, Takemoto Y, Kanamaru A,
Kakishita E. Function and X chromosome inactivation
analysis of B lymphocytes in myelodysplastic syndromes
with immunoﬁ;gical agnormalities. Acta Haematol 2000;
102:124-30.

3. Mufti G, List AF Gore SD, Ho AYL. Myelodysplastic
Syndrome. Hematology 2003;2003:176-99.

4. Stadler M, Germin, %, Kliche KO, Josten KM, Kuse R,
Hofmann WK, et al. A prospective, randomised, phase II
study of horse antithymocyte globulin vs rabbit antithymo-
cyte globulin as immune-modulating therapy in patients
with low-risk myelodysplastic syndromes. Leukemia
2004;18:460-5.

5. Kordasti SY, Ingram W, Hayden ], Darling D, Barber L,

Afzali B, et al. CD4+CD25high Foxp3+ regulatory T cells in
myelodysplastic syndrome (MDS). Blood 2007;110:847-50.

6. Kochenderfer JN, Kobayashi S, Wieder ED, Su C, Molldrem
JJ. Loss of T-lymphocyte clonal dominance in patients with
myelodysplastic syndrome responsive to immunosuppres-
sion. Blood 2002;100:3639-45.

7. Hamblin TJ. Myelodysplasia. Br ] Hosp Med 1987;38:558-
61.

8. Tichelli A, Gratwohl A, Wuersch A, Nissen C, Speck B.
Antilymphocyte globulin for myelodysplastic syndrome.
Br ] Haematol 1988;68:139-40.

9. Molldrem JJ, Jiang YZ, Stetler-Stevenson M, Mavroudis D,
Hensel N, Barrett AJ. Haematological response of patients
with myelodysplastic syndrome to antithymocyte globulin
is associated with a loss of lymphocyte—mediatef inhibi-
tion of CFU-GM and alterations in T-cell receptor Vbeta
profiles. Br ] Haematol 1998;102:1314-22.

10. Sloand EM, Wu CO, Greenberg P, Young N, Barrett J.
Factors affecting response and survival in patients with
myelodysplasia treated with immunosuppressive therapy:. ]
Cﬁ]n Oncol 2008;26:2505-11.

11. Sloand EM, Mainwaring L, Fuhrer M, Ramkissoon S,
Risitano AM, Keyvanafar K, et al. Preferential suppression
of trisomy 8 compared with normal hematopoietic cell
growth by autologous lymphocytes in patients with tri-
somy 8 myelodysplastic syndrome. Blood 2005;106:841-
51.

12. Chen G, Zeng W, Miyazato A, Billings E, Maciejewski JP,
Kajigaya S, et al. Distinctive gene expression profiles of
CD34 cells from patients with myelodysplastic syndrome
characterized by specific chromosomal abnormalities.
Blood 2004;104:4210-8.

13. Oka Y, Tsuboi A, Murakami M, Hirai M, Tominaga N,
Nakajima H, et al. Wilms tumor gene peptide-based
immunotherapy for patients with overt leukemia from
myelodysplastic syndrome (MDS) or MDS with myelofi-
brosis. Int ] Hematol 2003;78:56-61.

14. Sloand EM, Pfannes L, Chen G, Shah S, Solomou EE,
Barrett J, Young NS. CD34 cells from patients with trisomy
8 myelodysplastic syndrome (MDS) express early apoptot-
ic markers but avoid programmed cell death by up-regula-
tion of antiapoptotic proteins. Blood 2007;109:2399-405.

15. Ying L, Marino J, Hussain SP, Khan MA, You S, Hofseth AB,
et al. Chronic inflammation promotes retinoblastoma pro-
tein hyperphosphorylation and E2F1 activation. Cancer Res
2005;65:9132-6.

16. Goodman JE, Hofseth LJ, Hussain SP, Harris CC. Nitric
oxide and p53 in cancer-prone chronic inflammation and
oxyradical overload disease. Environ Mol Mutagen 2004;
44:3-9.

17. O’Sullivan JN, Bronner MP, Brentnall TA, Finley JC, Shen
WT, Emerson S, et al. Chromosomal instability in ulcera-
tive colitis is related to telomere shortening. Nat Genet
2002;32:280-4.

18. Svendsen LB, Sendergaard JO, Hegnhej ], Hejgard L,
Lauritsen KB, Biilow S, et al. In vitro tetraploidy in patients
with ulcerative colitis. Scand ] Gastroenterol 1987;22:601-5.

Cord blood transplantation: state of the art

Eliane Gluckman and Vanderson Rocha

Eurocord APHP and University Paris VII, Hospital Saint Louis, Paris, France.
E-mail: eliane.gluckman@sls.aphp.fr. doi:10.3324/haematol.2009.005694

can be curative in a large variety of selected
Lmalignant and non-malignant diseases. Cord
blood is an unlimited source of hematopoietic stem cells
for allogeneic hematopoietic stem cell transplant.
Umbilical cord blood transplantation (UCBT) has
extended the availability of allogeneic HSCT to patients
who would not otherwise be eligible for this curative

I Y ematopoietic stem cell transplantation (HSCT)
=

approach. Since the first human cord blood transplant
performed twenty years ago,' cord blood banks (CBB)
have been established for related or unrelated UCBT
with more than 400,000 units available and more than
20,000 umbilical cord blood transplants performed in
children and in adults. UCB has many theoretical
advantages due to the immaturity of newbom cells.
UCB hematopoietic progenitors are enriched in primi-
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tive stem/progenitor cells able to produce in vivo long-term
repopulating stem cells. The properties of UCB cells
should compensate the relatively low number of cells
contained in a single umbilical cord blood and, through
rapid expansion, reconstitute myeloablated patients.
Despite the capacity for cord blood cell expansion, clin-
ical results showed that hematopoietic recovery was
delayed after UCBT; engraftment was associated with
the number of nucleated and CD34 cells infused and the
number of HLA differences.*® As acute graft-versus-host
disease (GVHD) is an early event after allogeneic BMT
and is in part triggered by cytokine release, it is reason-
able to postulate that UCBT induces less frequent and
less severe acute and chronic GVHD than adult HSCT
which contain a higher number of activated T-cells.
These properties should lead to less stringent criteria for
HLA donor-recipient selection. In comparison with
other sources of allogeneic HSCT, UCB offers substan-
tial logistic and clinical advantages such as (i) significant-
ly faster availability of banked cryopreserved UCB units,
with patients receiving UCB transplantation in a median
of 25-36 days earlier than those receiving BM;* (ii) exten-
sion of the donor pool due to tolerance of 1-2 HLA mis-
matches out of 6 (higher HLA mismatched is associated
with lower probability of engraftment); (iii) lower inci-
dence and severity of GVHD; (iv) lower risk of transmit-
ting infections by latent viruses; (v) lack of donor attri-
tion; (vi) lack of risk to the donor, and finally (vii) higher
frequency of rare haplotypes compared to bone marrow
registries, since it is easier to target ethnic minorities.

Clinical results of cord blood transplant

In a CIBMTR Eurocord study, comparing pediatric BM
and CBT from HLA identical sibling, UCBT was associ-
ated with delayed granulocyte and platelet engraftment,
reduced acute and chronic GVHD and same survival.
This was the first analysis which demonstrated, unam-
biguously, that GVHD was reduced when CB cells were
used instead of BM even when it was provided by chil-
dren.® This first study was the basis for advocating the
use of mismatched UCBT and triggered the develop-
ment of unrelated cord blood banks.

The second step was the demonstration that unrelat-
ed CBT could be used in all current indications of allo-
geneic HSCT including malignant and non-malignant
diseases in children and in adults.

In children with malignant diseases, two studies com-
pared the outcome of unrelated UCBT and BMT.
Eurocord published a study comparing the outcome of
matched unrelated BMT (HLA 6 out of 6) either unma-
nipulated or T depleted to mismatched UCBT. Results
showed that after UCBT, engraftment was delayed,
GVHD was reduced similarly to T-cell depleted BMT;
relapse was the same as was leukemia free survival.’
Eapen M et al. compared outcomes of 503 children with
acute leukemia given an unrelated mismatched UCBT
with 282 unrelated BM transplant recipients (116 HLA
allele matched 8 out of 8). HLA allele mismatched BM
recipients had more acute and chronic GVHD without
decreasing leukemia free survival (LFS). Importantly,
they found that even using an allele matched BM donor,
LFS was not statistically different from one or 2 HLA dis-

parate UCBT and that an HLA matched UCBT recipient
had better outcomes compared to HLA allele matched
BM recipients. However, an increased transplant related
mortality was observed in children transplanted with a
low CB cell dose (<3x10/kg) and 1 HLA disparate CB
graft or in children given a 2 HLA disparate UCBT inde-
pendently of the cell dose infused. Interestingly, use of 2
HLA mismatched UCBT was associated with lower inci-
dence of relapse.

The same studies were performed in adults with
malignancies. The Eurocord study compared adults with
acute leukemia receiving either a matched unrelated
bone marrow transplant (HLA 6 out of 6) or a mis-
matched cord blood transplant. Results showed that,
despite a delay of engraftment, CBT gave a similar
leukemia survival to BMT.? In the same issue of the jour-
nal CIBMTR and NYCBB showed that, in adults with
malignancies, CBT gave the same LFS survival to 1 anti-
gen mismatched UBMT.” At the same time, a Japanese
study showed that CBT gave better results than MUD."
In a meta analysis combining the published studies, 161
children and 316 adults undergoing UCBT (mostly 1 or
2 antigen-mismatched), along with 316 children and 996
adults undergoing UBMT (almost entirely fully matched
with the recipient), were analyzed. T-cell depleted
UBMT was excluded; where data were available, only
fully matched UBMT was used in the analysis. Pooled
comparisons of studies of UCBT and UBMT in children
found that the incidence of chronic GVHD was lower
with UCBT, but the incidence of grade III-IV acute
GVHD did not differ. There was no difference in 2-year
overall survival in children when studies were pooled.
For adults, there was no statistical difference between
transplantation-related mortality (TRM) and LES."
Recently, Eurocord and CIBMTR performed a study
comparing the outcome of unrelated HLA matched or 1-
2 antigens mismatched bone marrow (n=364) or G-CSF
mobilized peripheral blood (n=728) to mismatched cord
blood transplant (n=148) in adults with acute leukemia.
In multivariate analysis, in UCBT, TRM was higher but
relapse rate and GVHD were lower resulting in the same
LFS compared to the other sources of stem cells (unpub-
lished results)."” The results of these comparative studies
and the meta-analysis considered together showed that
(i) UCBT is feasible in adults when a cord blood unit
contains a higher number of cells and should be consid-
ered an option as an allogeneic stem cell source for
patients lacking an HLA matched bone marrow donor;
(ii) despite increased HLA disparity, UCB from unrelated
donors offers sufficiently promising results to matched
UBM in adults with hematologic malignancies leading to
the conclusion, as in children, that the donor search
process for BM and UCB from unrelated donors should
be started simultaneously, especially in patients with
acute leukemia, where the time factor is crucial.

Cord blood bank development

The progress in the field of umbilical cord blood trans-
plantation is paralleled by the huge interest in establish-
ing and developing cord blood banks worldwide. Today,
more than 400,000 cord blood grafts are available in
more than 50 cord blood banks www.bmdw.org.
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These banks play an important role in the process of
cord blood transplantation. A survey of the
International Bone Marrow Transplant Registry
(CIBMTR) estimates that after 1998, 20% of stem cell
transplants performed in young patients (<20 years old)
are cord blood transplants (IBMTR Newsletter). In
Japan, nowadays approximately 50% of HSCT from
unrelated donors are being performed with cord blood
cells. This development is due to the organization of
international registries for outcome data collection
named Eurocord www.eurocord.org and CIBMTR
wiww. cibmtr.org, and of cord blood bank networks named
Netcord www.netcord.org and NMDP www.nmdp.org.

Eurocord is an international registry which operates
on behalf of the European Blood and Marrow
Transplant group (EBMT), which includes European and
non-European centers (more than 180 transplant centers
in 35 countries), all performing either related or unrelat-
ed cord blood transplants. It works in close collabora-
tion with EBMT and Netcord banks to collect clinical
data and follow patients transplanted in or outside
Europe with Netcord units. The Netcord group was
established in 1998 to provide good practice in umbili-
cal cord blood storage, facilitate donor search, improve
the quality of the grafts, standardize excellence criteria
on an international scale and importantly establish pro-
cedures for bank accreditation in collaboration with
FACT (Foundation on Accreditation in Cell Therapy).
National regulatory agencies and transplant centers are
aware of the need for international standards for cord
blood collection, processing, testing, banking, selection
and release.

All the practical aspects of cord blood banking, such
as mother informed consent, collection techniques,
labeling and identification, infectious disease and genet-
ic disease testing, HLA typing, methodology of cell pro-
cessing, cryopreservation, transportation and release
have been extensively published. All these aspects are
detailed in the last version of the Netcord-FACT
Standards (wiww.factwebsite.org).

Currently, there are increasing numbers of interna-
tional exchanges of cord blood units. For example in
France, from January to October 1st 2008, out of an
inventory of 6,586 units collected in 3 cord blood banks,
290 units were released: 115 for French patients and 59
for patients abroad. During the same period 175 (65%)
were exported abroad from France (Source Biomedicine
Agency). As has been described by Querol S et al.”, in
this issue of this journal, the optimal number of units is
currently estimated at 50,000 for a population of 60 mil-
lion inhabitants. Of course, this number should increase
in relation to the number and origin of ethnic minorities
in each country and the current need to select cord
blood with the highest number of CD34" cells and no
more than 2 HLA mismatches. As the number of cord
blood units is increasing, it appears that it is necessary
to improve the quality of the units for cost efficient
management of the banks. The optimal number of cord
blood units is not really known but should approach 9
per 100,000 inhabitants. Most banks prefer to collect
only the largest units of more than 70 mL in order to
obtain at least 3x10” nucleated cells/kg. The effect of

increasing the inventory from 50,000 to 300,000 for
finding a matched cord blood with a minimum cell dose
of 2.3x107/kg increases the chance of finding a donor by
19% for children and 10% for adults." The current rec-
ommendations are to choose:

e cord blood units with <2 HLA disparities and
>2.5x10'nucleated cells/kg or 22x10° CD34* cells/kg;

e in non-malignant disease where the risk of rejection
is higher the dose should be increased and one must
avoid units with less than 3.5x10"NC/kg and 2 or more
HLA incompatibility. If there is no single unit with these
characteristics look for 2 units with a combined total
dose of 23x10” NC/kg and if possible not more than 1
HLA difference between the 2 units and the patient.

Other types of cord blood banks have been estab-
lished such as sibling donor cord blood banking or
autologous (or commercial family CB banking) where
there is no existing family indication for HSCT. There
are 2 types of CBB, public and private according to their
economic interest and financial support and 3 types of
CBB according to the type of donation and use, unrelat-
ed, sibling donor or autologous CBB. Unrelated donor
transplantation programs employ public banks as their
source of donor cord blood units (CBU). These CBUs
are donated on a volunteer basis by women delivering
healthy babies at term. Private Banks, which are for-
profit entities, store directed donations collected by obste-
tricians from babies born into families who intend to
use the cord blood for the baby from whom it came
(autologous donation) or for another family member in
need of future transplantation therapy.

Future of cord blood transplant

Cord blood transplant needs to meet several new
challenges:

e improving the speed of HSCT engraftment and
decreasing transplant related mortality. Several possibil-
ities are being investigated: (i) increase the donor pool to
decrease the number of HLA mismatches. In the small
group of patients who received a 6/6 HLA matched cord
blood transplant engraftment is improved, GVH is
reduced and survival seems better compared to HLA
matched unrelated BMT; (ii) double cord blood trans-
plants: results show better engraftment, more GVH and
less relapse compared to patients receiving a single
CBT;" and (iii) intrabone infusion shows better platelet
engraftment and lower incidence of acute GVHD com-
pared to IV infusion (Frassoni F and Rocha V for
Eurocord submitted EBMT, 2009). Other methods are
currently being investigated such as ex-vivo expansion
with cytokine cocktails or homing factors.

e use of cord blood for non-hematopoietic trans-
plants. Non-hematopoietic stem cells have been isolat-
ed from cord blood and placenta. These cells can be
grown and differentiate in various tissues including
MSC, bone, cartilage, liver, pancreas, neurones,
endothelial cells, muscle, keratinocytes etc... They have
an advantage over other sources of stem cells, embryon-
ic stem (ES) cells or induced pluripotent stem cells (iPS),
because the supply is unlimited, they can be used in
autologous or allogeneic situations, they need minimal
manipulation, and they raise no ethical concerns. Future
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studies will in the near future test the potential of cord
blood cells for the treatment of several diseases includ-
ing, among other possibilities, diabetes, arteritis, burns,
neurological disorders and myocardial infarction.

Professor Eliane Gluckman is Past Head of the Hematology
Bone Marrow Transplantation Unit, Hospital Saint Louis,
Paris and currently Professor Emeritus of University Paris VII,
Director of Eurocord, and President of the European School of
Haematology. Dr. Vanderson Rocha is Scientific Director of
Eurocord, Chair of the Acute Leukemia Working Party of
EBMT and medical assistant of the HSCT unit at Hopital Sant
Louis, Patis University 7, France.
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term recently proposed by the World Health

Organization to cover the spectrum of malignant
disorders previously described as therapy-related
myelodysplastic syndrome (t-MDS) or therapy-related
acute myeloid leukemia (t-AML). t-MN is a well recog-
nized clinical syndrome occurring as a late complication
following cytotoxic therapy.”® The term therapy-related
leukemia is descriptive and based on a patient’s history
of exposure to cytotoxic agents. Although a causal rela-
tionship is implied, the mechanism remains to be
proven. These neoplasms are thought to be the direct
consequence of mutational events induced by cytotoxic
therapy, or via the selection of a myeloid clone with a
mutator phenotype that has a markedly elevated risk for
mutational events. Several distinct clinical and cytoge-

Therapy-related myeloid neoplasm (t-MN) is the

netic subtypes of t-MN are recognized and closely asso-
ciated with the nature of the preceding treatment. The
latency between the primary diagnosis and therapy-
related disease ranges between a few months to several
years, depending in part on the cumulative dose or dose
intensity of the preceding cytotoxic therapy, as well as
the exposure to specific agents. The majority of patients
have clonal chromosome abnormalities in their bone
marrow cells at diagnosis. A spectrum of morphological
abnormalities is observed.*” There is a continuum in the
percentage of marrow blasts from t-MDS to overt acute
leukemia, and rapid progression from the former to the
latter. Thus, it is reasonable to consider this as a single
clinical syndrome. The clinical course is typically pro-
gressive and relatively resistant to conventional therapies
used for leukemias arising de novo.
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