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UMBILICAL CORD BLOOD BANKING

This is the second edition of the Scientific Opinion Paper on Umbilical Cord Blood Banking. It
replaces the previous version published in October 2001.

1. Background

Since 1996, UK cord blood banking of haemopoietic stem cells (HSC) from umbilical cord blood has
been undertaken largely by NHS facilities within the National Blood Service (NBS), funded initially
through research and development funding'? and currently through the Department of Health. Women
in selected maternity units in the UK are approached during the antenatal period and offered the option
to donate cord blood to the NHS Cord Blood Bank (NCBB). Appropriate consent is obtained by
trained NBS staff and the blood is collected by trained NBS operatives. These donations are sent to the
NCBB for processing and storage for future potential use in unrelated transplantation, in a similar way
to bone marrow donations. The donations are tested for a variety of parameters including markers of
infection and for their tissue types (human leucocyte antigen, HLA). The tissue types of both unrelated
cord blood and bone marrow donors are available for search for matches for any patient, anywhere in
the world, for those who may require HSC transplantation. This established non-directed or altruistic
cord blood banking service is to be distinguished from directed family or autologous cord blood
storage now being offered commercially by a number of companies trading in the UK.

Commercial services offer mothers the opportunity to store their own baby’s cord HSC long-term, in
case that child or his/her siblings ever develop a metabolic, immunological or haematological disease
that could only be treated by autologous or related cord blood stem cell transplantation. In addition,
with the promise of stem cell therapy for cure or amelioration of degenerative diseases, commercial cord
blood banks have added this potential benefit to the rationale given for personal storage of cord blood.

Adpvertising leaflets are distributed to antenatal clinics, to assisted conception units and to doctors’
surgeries and there is also considerable advertising in women’s magazines and on the worldwide web.
The promotional literature for private cord blood banking appears persuasive: ‘stem cells can only be
collected at the time of birth’; ‘unimaginable possibilities’; ‘a once in a lifetime opportunity’ that is
‘like freezing a spare immune system’; ‘saving the key components to future medical treatment’;
‘saving something that may conceivably save his or her life someday’.

Clinicians have been approached directly by these banks but, like midwives, they are also being
confronted with this issue by parents who request that their baby’s cord blood be collected at the time
of delivery and transported for storage. The aim of this revised document is to provide advice on the
scientific basis behind umbilical cord blood storage, current clinical use, the safety and legal
implications of collection, the dilemma between personal and altruistic cord blood storage and on the
likely utility of cord blood stem-cells in the future.
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2. What does umbilical cord blood contain?

Cord blood contains HSC. These proliferative cells are about one log fewer in number than can be
obtained from bone marrow or peripheral blood HSC donation, but they have greater proliferative and
colony forming capacity, and are more responsive to some growth factors. Also because they are more
‘naive’ than proliferative cells from bone marrow, they seem to produce fewer complications associated
with some aspects of HSC transplantation (see page 4).}

In the future, cord blood might be a useful source of stem cells other than haemopoietic precursors.
Reports suggest that not only are mesenchymal and neural precursor cells present but that some cord
blood cells, present in extremely low frequency, may have the capacity to develop into many different
lineages including cartilage, fat cells, hepatic and cardiac cells.* Research is still at an early stage and
despite the amount of interest in the field,’ the therapeutic role for such cells remains speculative.

3. Sources of cord blood for storage
3.1 Non-directed donations

The use of allogeneic HSC is limited by the need to find an HLA-compatible donor. For those patients
who need a bone marrow transplant with no suitable family member or unrelated bone marrow donor,
cord blood banks have been set up alongside registries of bone marrow donors to facilitate matching
(Bone Marrow Donors Worldwide http://www.bmdw.org). Over ten million bone marrow donors and
cord blood units have been registered. In the UK there are three registries (Anthony Nolan, Welsh
[WBMDR] and British Bone Marrow Registry [BBMR]) with over half a million registered donors. The
BBMR administered by the NBS also on behalf of the Northern Ireland and Scottish Blood Services,
holds HLA data on around a quarter of a million bone marrow donors and over 7000 cord blood
donations collected and stored by the NHS Cord Blood Bank at Edgware, and participates in a global
collaboration to find matches for patients in the UK and overseas.

The Netcord Foundation (https://office.de.netcord.org/index.html) is another organisation that provides
search mechanisms and guidance on standards for affiliated cord blood banks. There are currently more
than 85 000 cryopreserved cord blood units available through Netcord for clinical use.

In the UK, non-directed cord blood collection for banking for the NHS Cord Blood Bank is undertaken
only at certain hospitals: Northwick Park Hospital in Harrow, Barnet General Hospital in Barnet and
The Luton and Dunstable Hospital NHS Trust in Luton. Other sites are under evaluation or
development. These hospitals have been selected for the ethnic variety of the local population; ethics
permission has been granted and a service level agreement is in place. A good ethnic mix will increase
access to transplantation for patients from ethnic minorities, because tissue types vary between
populations. Currently only 3% of bone marrow donors are from minority groups, whereas 40% of the
NCBB’s donations are from these groups.® Other university or blood services have banked smaller
numbers of donations from the Royal Victoria Infirmary in Newcastle upon Tyne and the Mater
Hospital Trust in Belfast. The Newcastle bank is not currently collecting but may do so again.

3.2 Directed donations in at-risk families

Some transplant centres recommend cord blood collection and storage from siblings born into a
family where there is a known genetic disease amenable to HSC transplantation.” If the cells are
HLA-compatible, they may be used for the affected child. If not, they may be useable for a future
HLA-compatible sibling. If the newborn child itself develops the disease, its own cord HSC may in future
be useable as a vehicle for somatic gene therapy, when these techniques have been fully developed. The
use of in vitro fertilisation with preimplantation genetic diagnosis to provide a ‘saviour sibling’ has been
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the subject of ethical and legal controversy but is now allowed under UK law on a case-by-case basis
with appropriate licensing from the Human Fertilisation and Embryology Authority (HFEA). As yet, no
UK preimplantation genetic diagnosis service provides the facilities to undertake the appropriate HLA
typing in conjunction with the embryo biopsy and those cases that have been undertaken have had their
full treatment in the USA or the biopsied cells have been sent abroad for testing.

Cord blood can also be stored from siblings of a child with an acquired disease who may require HSC
transplantation. However, improvements in chemotherapy mean that transplantation in childhood
leukaemia, one of the main uses for related cord blood banking, is used less frequently, as over 80% of
cases are ‘cured’ by chemotherapy. Related cord blood transplants have good outcomes when they are
undertaken but the use of such donations means that related cord blood may need to be stored for a long
period of time, perhaps decades, before they are needed, if ever. Such cord blood collections are normally
initiated by the clinician caring for the sick potential recipient making appropriate arrangements with
the NHS Cord Blood Bank but individual departments in hospital haematology units may also undertake
this type of storage.

3.3 Directed donations in low-risk families

It is difficult to estimate the likelihood that a directed donation from a low-risk family would be used. Many
of the projected usages of non-haemopoietic stem cells remain speculative and subject to research yet to be
undertaken. At present, much more research is needed, including clinical trials, on the use of these cells in
the treatment of non-haemopoietic disorders, before any realistic estimate can be made as to the potential
use of umbilical cord stem cells in cellular therapy and regenerative medicine and on the utility of directed
donations. Few of commercially banked units have been used in transplantation but this number is likely
to increase, as more become available for this purpose and as the population of those donating ages.’

4. Clinical use of umbilical cord blood
4.1 Advantages and disadvantages

The major clinical use of cord blood has been for haematological malignancy in children. A survey from
the International Bone Marrow Transplantation Registry (IBMTR) estimated that since 1998, one-fifth
of stem cell transplants performed for young patients (less than 20 years old) are cord blood transplants,
mostly for acute lymphoblastic leukaemia or acute myelobastic leukaemia."

The availability of cord blood as an alternative to bone marrow as a source of HSC for allogeneic
transplantation has a number of potential advantages for both adults and children in clinical practice in
comparison with other sources of allogeneic haematological stem cells.

These advantages include:

e faster availability: patients on average receive cord blood transplantation earlier than those
receiving conventional bone marrow grafts"

e extension of the donor pool: cord blood transplantation will tolerate a mismatch of tissue types
between donor and the recipient greater than is acceptable with bone marrow or peripheral
blood. In addition, because of the ethnic diversity of donors of cord blood, there is a higher
frequency of non-Caucasoid HLA haplotypes available compared with bone marrow registries

e lower incidence and severity of graft versus host disease

e lower incidence of viral transmission: in particular, cytomegalovirus and Epstein-Barr virus

e lack of donor attrition: bone marrow donors may change their mind over time or may no longer
be available.

There are also disadvantages of cord blood transplantation, including:

e low numbers of haemopoietic progenitor cells and stem cells in each cord blood donation,
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which may cause delayed engraftment. This deficiency is being addressed by the use of multiple
units of cord blood for transplantation, and by efforts to expand the progenitor pool

e lack of availability of subsequent donations of stem cells and/or lymphocytes from the graft
donor in graft failure or disease relapse.

4.2 Cord blood transplants from related donors

HLA-identical sibling cord blood transplantation has been performed almost exclusively in children. The
lower risk of both treatment-related mortality and chronic graft versus host disease makes cord blood
transplantation a particularly successful option for children with haemaglobinopathies.”” Thus,
collection and freezing of cord blood units should be considered strongly in families with a child affected
with haemoglobinopathy or other genetic diseases.

4.3 Cord blood transplants in children from unrelated donors

Cord blood transplants from unrelated donors for children has been associated with sustained
engraftment, a low incidence of graft versus host disease and no higher risk of leukaemic relapse. Cord
blood transplantation is a good therapeutic choice for children with poor-prognosis acute myelobastic
leukaemia who lack a related donor. For children with genetic diseases such as Hurler syndrome, where
the time from diagnosis to definitive treatment is crucial, cord blood transplantation should be
considered strongly.

4.4 Cord blood transplants in adults from unrelated donors

A study of the outcome of HSC transplants from unrelated donors in adults with acute leukaemia,
published in 2004, is encouraging.” Although the number of nucleated cells that were infused from
cord blood in this study was significantly smaller when compared to bone marrow grafting, the
incidence of chronic graft versus host disease, transplant-related mortality, relapse mortality and
leukaemia-free survival were not significantly different between those receiving cord blood compared
to adult donation of HSC.

4.5 Future possibilities in haematological disease

The cell dose of cord blood grafts remains of critical importance for speed of engraftment and survival
after unrelated cord blood transplantation from unrelated donors, particularly in adults. A minimum total
nucleated cell dose of 2.0x107/kg recipient body weight is essential and most centres use a threshold much
higher than this. The median total nucleated cell yield of one cord blood unit is 1x10°. Thus, a single,
autologous unit is unlikely to be adequate for any individual over 50 kg. Future research needs to focus
on expansion of the pool of donors and strategies to augment the dose of HSC ex wvivo, including
transplantation of multiple cord blood units.'*"

4.6 Non-haematopoietic uses

There is substantial speculation about the use of cord blood non-HSC in treatment of a variety of acute
and chronic conditions but there is increasing evidence of the use of fetal-derived stem cells in the
treatment of neurological disease'® and a number of preclinical studies in animal models, which suggest
an improvement in cardiac function following infusion of umbilical cord stem cells for acute myocardial
infarction.”" There has also been a report of the infusion of cord blood stem cells in a patient with
longstanding spinal injury.” Commercial cord blood banks are citing such preliminary research as
further potential uses in their literature. In addition, websites are now offering cell therapy using cord
blood cells ahead of formal clinical trials.
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5. Practical implications of collection of cord blood
5.1 Logistical issues

There are a number of practical issues that give cause for concern. A considerable logistic burden is
imposed on the obstetrician, the midwife and the hospital involved in a request for personal umbilical
cord blood storage:

@ The consent procedure and associated paperwork place an additional load on already-
overstretched midwifery staff.

® The collection procedure must be undertaken either during the third stage (while the placenta
remains in utero) or shortly thereafter, a time where there is a risk of post partum haemorrhage
and when both mother and baby require one-to-one care.

® There is pressure to ensure a sufficiently large volume is collected, since the likelihood of
successful transplantation of cord blood HSC is related to the volume and cell dose collected.

® The cord blood can become contaminated with bacteria during collection unless stringent
precautions are taken to avoid this.!

® The use of midwifery or medical staff for cord blood collection may distract them from the care
of other mothers and babies.

Samples might be incorrectly labelled or packed for shipping — although most companies provide
appropriate kits and may also arrange a courier service to speed time to processing, another factor
influencing successful stem cell harvest. Validation of storage prior to transportation (and subsequent
transportation conditions) is essential to prevent loss of viability of cells during his phase.

Cord blood collection could jeopardise the mother’s or the baby’s health:

e if the normal practice for managing the third stage is altered or delayed to promote successful
cord blood collection, e.g. withholding controlled cord traction in the presence of a postpartum
haemorrhage or maternal risk factors such as severe pre-eclampsia, in an attempt to maximise
the volume collected with the placenta still iz utero

e if routine maternal or neonatal observations are neglected, or paired arterial and venous
umbilical blood samples for blood gas status are overlooked or delayed.

The logistic burden of collection inevitably interferes with the accoucheur’s attention, when it should be
focused on minimising adverse neonatal outcome and postpartum haemorrhage. Some commercial
banks suggest instead that no medical background is needed and that the birth partner can take the
blood; this seems likely not only to jeopardise the adequacy of collection but also to lead to an infection
risk from unskilled collection and blood dispersal. There are data to demonstrate that bacterial
contamination rates fall with experienced trained staff undertaking collection.’

Some specific issues in the third stage warrant attention:

® Prematurity. Early cord clamping appears to be disadvantageous to the preterm infant. Preterm
babies are at risk of anaemia and haemodynamic instability. From a systematic review of seven
randomised controlled trials there is some evidence that 30-120 seconds delay is associated with
fewer transfusions for anaemia and fewer intraventricular haemorrhages.*

® Nuchal cord. Cord around the neck may need to be released or cut early to allow delivery. There
should be no pressure on attendants to avoid cutting the cord.

e Caesarean section. Standard practice at caesarean delivery is to clamp the cord immediately and
pass the infant to an attendant, then deliver the placenta, usually by cord traction but sometimes
manually, and proceed to repair the uterine incision. Rapid action minimises maternal blood loss
from surgery. Undue delay to effect collection or any delay where there is increased risk of
haemorrhage would be inappropriate.

® Maternal-infant contact. It is important that cord collection does not interfere with immediate
skin-to-skin contact of mother and baby and putting the infant to the breast. This is really a
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matter of midwife priorities but any change would be avoided if a third party collected blood
from a delivered placenta.

@ Multiple pregnancy. The logistical burden of collection increases substantially at twin and high-
order multiple deliveries, when the accoucheur’s attention has to be even more focused on
minimising adverse fetal outcome and postpartum haemorrhage. Identifying which cord blood is
associated with which infant in non-identical multiple births is necessary if the cord is for
autologous use and would require tissue typing or other matching techniques which not all
commercial cord blood banks undertake.

The above difficulties apply predominantly to directed donations in low-risk families. For high-risk
families, one-off arrangements will usually be made in advance and the delivery room staff will be aware
of the importance of collection and the risk—benefit balance may differ from routine directed commercial
storage collection. For altruistic non-directed donations, there is no pressure to ensure collection from
any individual delivery.

An example of good practice is that used by NHS Cord Blood Bank, where cord blood is collected
aseptically after delivery of the placenta by trained NBS staff within the delivery unit but outside the
delivery room."* This ensures privacy for the mother and removes any conflict between care of the
mother and baby pair and the collection of cord blood. Donor mothers are interviewed antenatally to
obtain written informed consent to use the cord blood for any patient who needs it, for testing for
microbiological markers both current and future, and to ensure the mother meets with specific donor-
selection criteria set by expert advisory groups.

5.2 Timing of cord clamping

There is considerable debate about the optimal time for cord clamping after delivery. Apart from evidence
against early clamping in premature babies, there are no randomised trials in industrialised countries of
early versus delayed clamping at term, although trials are in progress and a Cochrane review is awaited.
The available controlled studies report a decrease in neonatal haematocrit with early clamping and a 12%
decreased risk of hyperbilirubinaemia.”® In developing countries, randomised trials show a decrease in
haematocrit at 3 months with early clamping, although caution is urged because of statistical
heterogeneity and high loss to follow up.** Delayed cord clamping may thus be advantageous where iron
deficiency is endemic and associated with developmental disadvantage if untreated.” This is less likely to
apply to the general healthy UK population, although it may be relevant to subpopulations of deprived or
recent immigrant women and those with anaemia. A systematic review concluded that there was no clear
evidence for defending any of the modalities for cord clamping in full-term newborns.*

6. Legal and ethical issues
6.1 Legal implications of parental requests to take cord blood

The point at which the fetus becomes a person legally is when it emerges fully from the mother’s body.
Until that moment, the doctor is bound to respect the autonomy of the mother and she has an unfettered
right to consent to everything that is done to her body. Once the child has fully emerged, the parents’
right to dictate what shall be done to the child is coterminous with the child’s best interests. The parents
cannot demand that anything be done to the child that may have the effect of putting the child at risk,
unless it is in the best interests of the child. This applies to the birth attendants as it does to the
paediatrician. However, legally, the placenta is part of the body of the mother rather than the child.
Either parent is competent to consent to anything done to or for the baby but only the mother can
consent to anything done to her own body, including cord blood collection.

At the same time, professionals attending the mother in labour owe her a professional duty to meet her
reasonable wishes. This means that if she wishes to have cord blood collected and the professional is
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satisfied that it can be done safely in the circumstances, the attendants should assist. However the words
‘safely in the circumstances’ have to be interpreted broadly: the mother cannot demand that staff be
made available specifically for the purpose or that other patients should be put at risk by being left
unattended. It would be wise for hospitals providing obstetric services to have a clear policy on this issue
and to make it available to patients. Where hospitals believe that they will be able to provide this service
safely to those who demand it, we suggest that they should make it clear to prospective parents that this
agreement will be conditional upon the clinical and logistical demands on the service locally at the time.

6.2 Whose blood is it?

The issue of whose owns cord blood has yet to be tested in the courts. On one hand, it has been suggested
that the cord blood sample is more likely to be the property of the child on the basis that it is
developmentally, biologically and genetically part of the child.?** On the other, it might be proposed that
it is more likely that the sample is the property of the mother once the cord is cut: e.g. the mother’s
unfettered right to consent to what is done to her own body means that once the cord is cut she is free
to refuse to consent to the removal of the afterbirth. Legal rights of property are not generally founded
on genetic identity. The cord blood consigned to storage may be the subject of a gift from the mother to
her child depending on the terms of the consignment. If right, this raises further issues as to the use of
the products deriving from the sample taken.

If it is declared to be stored for the child’s use then, until the time of majority, it will be held on trust for
the child and its use may be seen as a right to be exercised in the best interests of the child by the trustee,
who will probably be the mother, subject to the determination of the court in case of dispute. Directed
donation for a sibling may be regarded as being in the best interests of the family and, thus, of the child
from whose placenta it was taken. Once the child attains the age of 18 years, any trust will come to an
end and the use of the stored cord blood will be decided by the individual described by the consignment
contract as being the beneficial owner.

Cord blood donated to a bank raises different issues. Here, the decision to donate a product for use by
other individuals is made by the mother and the cord blood, being taken from the maternal side of the
clamp, is not part of the independent child’s body. It is donated to the community and the decision to do
so by the mother is made in the best interests of the society of which she and her child are members.
Privacy is of special concern, since the source of the blood is the newborn, and it is widely agreed that
it would be inappropriate to perform any genetic tests on the blood that would not be directly in the
interests of the child until he or she is 18 years of age or is able to make such decisions.?**” Whether or
not the child at majority has any rights over their cord blood donated and stem cells stored in a bank by
their parent has not been tested; however, it seems likely that they will be taken to have been the subject
of a gift from the mother to the bank at the time of harvesting.

6.3 Public versus private banking

There has been debate about whether it is appropriate or necessary for individuals to store their child’s
cells in private commercial stem cell banks.***-** While acknowledging the pressure on parents to do the
best for their child, there are cogent arguments against the necessity of private banking:

® The individual’s chances of using personal cord blood for haematopoietic disorders before
the age of 20 years is low; estimates used vary from 1/20000% to 37/100000 (i.e. 1/2700).%
However, it is not clear how many of those 37 people’s needs could be met from allogeneic
sources.

® There are alternatives to directed cord blood banking for those who require transplantation
through international cord blood banking and bone marrow registries resources.

® Own cells may be inappropriate in conditions where the disease has a genetic origin, including
some leukemias, and patients would be better served by a source other than their own-banked
cells.
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As a result, autologous low-risk commercial storage is unlawful in Italy and discouraged in some other
European states. In 2004, the European Group on Ethics in Science and New Technologies advised
European Commission that: “The legitimacy of commercial cord blood banks for autologous use should
be questioned as they sell a service, which has presently, no real use regarding therapeutic options. Thus
they promise more than they can deliver. The activities of such banks raise serious ethical criticisms’. The
Group did not go as far as recommending banning this activity but they also recommended that: ‘any kind
of advertising made by commercial cord blood banks in the media, including on the Internet, must be
adequately controlled by public authorities’. They recommended that ‘support for public cord blood
banks for allogeneic transplantations should be increased and long-term functioning should be assured’.**

In Canada, the Fetal Medicine Committee of the Society of Obstetrician and Gynaecologists
recommended that Canada should establish registration, regulation and accreditation of cord blood
collection centres and banks and that commercial cord blood banks should be carefully regulated.*

In the USA, on the recommendation of the Institute of Medicine of the National Academies, Congress
voted US$77 million for the establishment of a National Cord Blood Stem Cell Bank Network.*

The RCOG strongly supports the concept of an NHS Cord Blood Bank for allogeneic storage of donated
cord blood and would like to see it well funded. However, it remains unconvinced of the benefit of
personal commercial banking for low-risk families. It is our view that if undertaken, advertising
literature for commercial cord blood banks should be fair and informative and pricing structures
transparent. Blood should be collected safely and in accordance with the EU Directive on Tissue and
Cells 2004/23/EC* and should be stored only in facilities licensed by the Human Tissue Authority
(www.hta.gov.uk/regulation). Where blood collection is arranged and undertaken in NHS facilities, full
economic costs should be recovered.

7. RCOG advice and recommendations

Use of HSC obtained from umbilical cord blood has become an established alternative to bone marrow
transplantation, especially in haematological, immunological and metabolic storage disorders in children
and young adults. Storage of cord blood for therapeutic purposes will require a licence from the Human
Tissue Authority under terms of the Human Tissue Act.*

1. Collection of non-directed donations and directed donations for at-risk families are acceptable
procedures through established public sector cord blood banks. There is still insufficient evidence
to recommend directed commercial cord blood collection and stem-cell storage in low-risk
families.

2. Future non-haematopoietic stem cell use is still speculative but it is understandable that some
patients who can afford to do so may wish to avail themselves of commercial services offered.
However, if this is done, it needs to be undertaken safely and will be dependent on the resources
of the hospital in which the birth takes place.

3. Each NHS trust or hospital providing intrapartum care needs to develop its own policy on how
to respond to prenatal requests for cord blood storage through commercial providers, including
full economic cost recovery. Because some patients may incur financial obligations by registering
with commercial providers before telling their doctors, we advise that this policy should be made
available to prospective patients at an early stage. Written advice setting out the hospital’s policy
should be made available to all patients when they book for maternity services.

4. The RCOG offers the following specific recommendations to NHS trusts who do decide to
support cord blood collection:

a. There should be no alteration in ‘usual management’ of the third stage.
b. To maximise safety for the mother and infant, collection should be made from the ex utero
separated placenta.
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c. Collection should be by a trained third party (that is, not by the attending obstetrician or
midwife) using methods and facilities appropriate to meet the European Tissues and Cells
Directive.

d. The service should not be made available in cases where the attending clinician believes it to
be contraindicated: this will be likely to include all premature births and cases where there
appear to the attendants to be specific contraindications, such as nuchal cord or maternal
haemorrhage.

e. The details of the hospital’s policy should be made available to all patients.

5. The NHS should consider an improved funding infrastructure for unrelated non-directed cord
blood banking in the UK and directed donations for families with genetic disorders or for families
with a member with an acquired disease treatable by HSC transplantation, in order to provide a
broad coverage and equitable access for those in need of the benefits that stem cell
transplantation can achieve now and those that may be available in the future.

6. The RCOG recommends that research be performed to understand better the short- and long-
term neonatal effects of third-stage practices.

References

1.

o)

10.

11.

12.

13.

14.

1. Armitage S, Warwick R, Fehily D, Navarrete C, Contreras M. Cord blood banking in London: the first
1000 collections. Bone Marrow Transplant 1999;24:139-45.

Proctor SJ, Dickinson AM, Parekh T, Chapman C. Umbilical cord blood banks in the UK have proved their
worth and now deserve a firmer foundation. BMJ 2001;323:60-1.

Gluckman E. Hematopoietic stem-cell transplants using umbilical-cord blood. N Engl ] Med
2001;344:1860-1.

Kogler G, Sensken S, Airey JA, Trapp T, Muschen M, Feldhahn N, et al. A new human somatic stem cell
from placental cord blood with intrinsic pluripotent differentiation potential. | Exp Med
2004;200:123-35.

McGuckin CP, Forraz N, Baradez MO, Navran S, Zhao J, Urban R, et al. Production of stem cells with
embryonic characteristics from human umbilical cord blood. Cell Prolif 2005;38:245-55.

Armitage S, Sheldon ], Pushpanathan P, Ellis J, Contreras M. Cord blood donation, testing and banking:
a guide for midwives. Br | Midwifery 2006;14:6-9.

Hows JM. Status of umbilical cord blood transplantation in the year 2001. | Clin Pathol 2001;54:428-34.
Gluckman E, Broxmeyer HA, Auerbach AD, Friedman HS, Douglas GW, Devergie A, et al. Hematopoietic
reconstitution in a patient with Fanconi’s anemia by means of umbilical-cord blood from an HLA-identical
sibling. N Engl ] Med 1989;321:1174-8.

Brunstein CG, Wagner JE. Umbilical cord blood transplantation and banking. Annu Rev Med
2006;57:403-17.

Rocha V, Sanz G, Gluckman E; Eurocord and European Blood and Marrow Transplant Group. Umbilical
cord blood transplantation. Curr Opin Hematol 2004;11:375-85.

Barker JN, Krepski TP, DeFor TE, Davies SM, Wagner J E, Weisdorf DJ. Searching for unrelated donor
hematopoietic stem cells: availability and speed of umbilical cord blood versus bone marrow. Biol Blood
Marrow Transplant, 2002;8:257-60.

Gluckman E, Rocha V, Boyer-Chammard A, Locatelli F, Arcese W, Pasquini R, et al. Outcome of cord-
blood transplantation from related and unrelated donors. Eurocord Transplant Group and the European
Blood and Marrow Transplantation Group. N Engl | Med, 1997;337:373-38.

Rocha V, Labopin M, Sanz G, Arcese W, Schwerdtfeger R, Bosi A, et al. Acute Leukemia Working Party
of European Blood and Marrow Transplant Group; Eurocord-Netcord Registry. Transplants of umbilical-
cord blood or bone marrow from unrelated donors in adults with acute leukemia. N Engl | Med
2004;351:2276-85.

Bornstein R, Flores Al, Montaban MA, del Rey M]J, de la Serna ], Gilsanz F. A modified cord blood
collection method achieves sufficient cell levels for transplantation in most adult patients. Sterz Cells
2005;23:324-34.

[ SAC Opinion Paper 2 (revised) 9of 1]




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rachael E Hough, Ajay ] Vora, John E Wagner. Innovative strategies to improve outcome of unrelated
donor umbilical cord blood transplantation. Bloodmed 2005 [www.bloodmed.com/400000/default.asp].
Dunnett SB, Rosser AE. Cell therapy in Huntington’s Disease. NeuroRx 2004;1:394-405.
[www.pubmedcentral.gov/articlerender.fcgi?tool=pubmed&pubmedid=15717043].

Kim BO, Tian H, Prasongsukarn K, Wu J, Angoulvant D, Wnendt S, et al. Cell transplantation improves
ventricular function after a myocardial infarction: a preclinical study of human unrestricted somatic stem
cells in a porcine model. Circulation. 2005;112(9 Suppl):196-204.

Leor J, Guetta E, Chouraqui P, Guetta V, Nagler A. Human umbilical cord blood cells: a new alternative
for myocardial repair? Cytotherapy 2005;7:251-7.

Broxmeyer, HE. Biology of cord blood cells and future prospects for enhanced clinical benefit.
Cytotherapy 2005;7:209-18.

Kang KS, Kim SW, Oh YH, Yu JW, Kim KY, Park HK, ez al. A 37-year-old spinal cord-injured female
patient, transplanted of multipotent stem cells from human UC blood, with improved sensory perception
and mobility, both functionally and morphologically: a case study. Cytotherapy. 2005;7:368-73.

Rabe H, Reynolds G, Diaz-Rossello J. Early versus delayed umbilical cord clamping in preterm infants.
Cochrane Database Syst Rev 2004;(4):CD003248.

Lasky LC, Lane TA, Miller JP, Lindgren B, Patterson HA, Haley NR, ef al. In utero or ex utero cord blood
collection: which is better? Transfusion 2002;42:1261-7.

van Rheenen P, Brabin BJ. Late umbilical cord-clamping as an intervention for reducing iron deficiency
anaemia in term infants in developing and industrialised countries: a systematic review. Ann Trop
Paediatr 2004;24:3-16.

Lainez Villabona B, Bergel Ayllon E, Cafferata Thompson ML, Belizan Chiesa JM. [Early or late umbilical
cord clamping? A systematic review of the literature]. An Pediatr (Barc) 2005;63:14-21 [in Spanish].
Idjradinata P, Pollitt E. Reversal of developmental delays in iron-deficient anaemic infants treated with
iron. Lancet 1993;341:1-4.

Annas GJ. Waste and longing - the legal status of placental-blood banking. N Engl | Med
1999;340:1521-4.

Munzer SR. The special case of property rights in umbilical cord blood for transplantation. Rutgers Law
Rev 1999;51:493-568.

Marshall E. Cord blood: clinical promise, ethical quandary. Science 1996;271:586-8.

Zilberstein M, Feingold M, Seibel MM. Umbilical-cord-blood banking: lessons learned from gamete
donation. Lancet 1997;349:642-3.

Burgio GR, Gluckman E, Locatelli E. Ethical reappraisal of 15 years of cord-blood transplantation. Lancet
2003;361:250-2.

Ecker JL, Greene ME. The case against private umbilical cord blood banking. Obstet Gynaecol
2005;105:1282-4.

Gunning J. Umbilical Cord Cell Banking: A Surprisingly Controversial issue. Cardiff: Cardiff Centre for
Ethics, Law and Society; 2004 [www.ccels.cf.ac.uk/literature/publications/2004/gunningpaper.pdf].
Johnson FL. Placental blood transplantation and autologous banking—caveat emptor. | Pediatr Hematol
Onco 1997;19:183-6.

Ethical aspects of umbilical cord blood banking: Opinion of the European Group on Ethics in Science and
New Technologies to the European Commission. No. 19 16th March 2004 [http://europa.eu.int/comm/
european_group_ethics/docs/avis19_en.pdf].

Armson BA. Maternal/Fetal Medicine Committee, Society of Obstetricians and Gynaecologists of Canada.
Umbilical cord blood banking: implications for perinatal care providers. | Obstet Gynaecol Can
2005;27:263-90.

Committee on Establishing a National Cord Blood Stem Cell Bank Program, Emily Ann Meyer, Kathi
Hanna, and Kristine Gebbie, editors. Cord Blood: Establishing a National Hematopoietic Stem Cell
Bank Program. Washington, DC: National Academies Press; 2005 [www.nap.edu/catalog/11269.htm].
Directive 2004/23/EC of the European Parliament and of the Council of 31st March 2004 on setting
standards of quality and safety for the donation, procurement, testing, processing, preservation, storage
and distribution of human tissues and cells. Official Journal of the European Union 7.4. 2004
[http://europa.eu.int/eur-lex/pri/en/oj/dat/2004/1_102/1_10220040407en00480058.pdf].

Human Tissue Act 2004 [www.opsi.gov.uk/acts/acts2004/20040030.htm].

[ SAC Opinion Paper 2 (revised) 10 of 11]




Additional reading

Gunning ]. Umbilical cord cell banking-implications for the future. Toxicol Appl Pharmacol
2005;207(2 Suppl):538-43.

This opinion paper was produced on behalf of the Royal College of Obstetricians and Gynaecologists by:

Professor Peter Braude MA PhD FRCOG DPMSA FMedSci, Chairman of the RCOG Scientific Advisory Committee, Head of the
Department of Women’s Health, King’s College London at Guy’s King’s and St Thomas’ Hospitals, London; Dr Susan Bewley MA
MD FRCOG, Consultant Obstetrician/Maternal Fetal Medicine, Guys & St Thomas’ Foundation Trust, London; Dr Melanie Davies
MA MRCP FRCOG, Consultant Obstetrician and Gynaecologist, University College Hospital, London; Professor Nicholas M Fisk
PhD FRCOG FRANZCOG DDU, Professor of Obstetrics and Fetal Medicine, Imperial College London, and Honorary Consultant
Obstetrician, Queen Charlotte’s and Chelsea Hospital, Hammersmith Hospitals Trust, London; Ms Sophie Forsyth

RCOG’s Consumer Forum, London; Ms Janet Fyle MA RGN, RM, Professional Policy Advisor, Royal College of Midwives,
London; Dr Jennifer Gunning, Senior Research Fellow and Coordinator, Cardiff Centre for Ethics, Law & Society, Cardiff Law
School, Cardiff; Dr Charles ] Hunt BSc (Hons) PhD, UK Stem Cell Bank, National Institute for Biological Standards and Control,
London; Mr Bertie Leigh FRCOG ad eundem, Hon FRCPCH, Solicitor, London; Professor Ghulam J Mufti DM FRCP FRCPath,
Professor of Haemato-oncology & Head of Department, Department of Haematological Medicine, King’s College London at Guy’s
King’s and St. Thomas’ Hospitals, London; Dr W Hamish Wallace MD, FRCP, FRCPCH, Consultant Paediatric Oncologist, Royal
Hospital for Sick Children, Edinburgh; Dr Ruth Warwick FRCP FRCPath, National Blood Service Consultant Haematologist and
Specialist in Tissue Services, London, CEO of Cord Blood Charity; Dr Helen A Spoudeas DRCOG, FRCP, FRCPCH, MD,
Consultant / Honorary Senior Lecturer in Paediatric Endocrinology, University College and Great Ormond Street Hospitals,
London;

and peer reviewed by:

Dr Sue Armitage, Head of NHS-Cord Blood Bank, National Blood Service, Dr C Navarrete, National Head of H&I/PGI & BBMR,
National Blood Service and Scientific Director for the Cord Blood Bank; Dr D Pamphilon, Lead Consultant for H&I and Stem Cell
Immunotherapy, National Blood Service, London; Mr Adrian McNeil, Chief Executive, Human Tissue Authority, London; Dr
Rachael Hough BMedSci BMBS MRCP MRCPath MD, Consultant Haematologist, University College Hospital, London; Professor
J A Madrigal MD PhD FRCP FRCPath DSc, Scientific Director & Professor of Haematology, Anthony Nolan Research Institute,
Royal Free & University College Medical School, London; Dr Janet M Rennie MA MD FRCP FRCPCH DCH, Consultant and
Senior Lecturer in Neonatal Medicine, Elizabeth Garrett Anderson Obstetric Hospital, University College London Hospitals,
London; Dr Ben Stenson MD FRCPE FRCPCH, Consultant Neonatologist, Simpson Centre for Reproductive Health, Royal
Infirmary of Edinburgh.

The final version is the responsibility of the Scientific Advisory Committee of the RCOG.

Valid until June 2009
Unless otherwise indicated

[ SAC Opinion Paper 2 (revised) 11 of 11]




