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Abstract: The procedures for collecting voluntarily and freely donated umbilical cord blood
(UCB) units and processing them for use in transplants are extremely costly, and the capital flows
thus generated form part of an increasingly pervasive global bioeconomy. To place the issue in
perspective, this article first examines the different types of UCB biobank, the organization of
international registries of public UCB biobanks, the optimal size of national inventories, and the
possibility of obtaining commercial products from donated units. The fees generally applied for
the acquisition of UCB units for transplantation are then discussed, and some considerations are
proposed regarding the social and ethical implications raised by the international network for the
importation and exportation of UCB, with a particular emphasis on the globalized bioeconomy
of UCB and its commerciality or lack thereof.
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Context
The use of umbilical cord blood (UCB) as a source of transplantable hematopoietic
stem and progenitor cells was proposed in 1982 by Hal Broxmeyer in a private meet-
ing with Edward A. Boyse and Judith Bard, which led to the foundation of Biocyte
Corporation.'

UCB stem cells were first successfully used for clinical purposes in 1988, when a
team of doctors led by Eliane Gluckman performed a transplant on a 5-year-old suf-
fering from Fanconi’s anemia.? Since then, the efficacy of transplants of UCB stem
cells for both malignant®# and nonmalignant®® diseases has been amply demonstrated:
transplants of UCB stem cells can be used to treat acute”!® and chronic'' leukemias,
lymphomas,'? myelodysplastic syndromes,'* thalassaemia,'* Fanconi anemia,'® and
other bone marrow failure syndromes, immune deficiencies,'® and metabolic/storage
diseases."’

Since the first transplantation of umbilical cord blood, more than 20,000 UCB
transplants have been performed worldwide. '

The use of UCB is further boosted by the technique of double UCB transplants.
One of the limits to UCB transplants arises from the fact that only about 10% of banked
UCB units contain enough cells to treat an adult, a problem that can be overcome by
combining two units. This approach was proposed by the team led by John Wagner at the
University of Minnesota, and the first trial began in 1998. In 2005, the group reported
the results achieved in the first 23 recipients treated with double UCB transplants.?*!
Since then, other groups have confirmed the efficacy of this technique.?>?
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Storage of UCB: types of biobank

Storage of UCB is generally recommended for allogeneic use
(ie, for a person other than the individual from whom it was
collected) for philanthropic purposes, in public banks; for the
benefit of the newborn or of a consanguineous child suffering,
at the time of collection or previously, from a pathology for
which the transplant of UCB stem cells is indicated; or for
autologous/directed use in cases of specific pathologies that
are as yet undetected, for which there is proven scientific
evidence for its potential use, including clinical research.

There are four main types of UCB bank.

Publicly accredited nonprofit UCB banks

The first public UCB bank was established in 1991 at
the New York Blood Center in the United States.?* Other
banks were soon operating in Paris, France; Milan, Italy;
Dusseldorf, Germany, and elsewhere.?

UCB is sent to public banks after informed parental
consent. Despite numerous differences, the altruistic donation
of UCB can be compared with the voluntary, anonymous, and
unremunerated donation of blood in transfusion services.

Although there are approximately 22 million bone marrow
donors entered in the registries,* for many patients (particu-
larly those of certain racial/ethnic backgrounds), a suitable
donor cannot be identified in the required time. Although a
matched unrelated bone marrow donor can be found for up to
75% of patients of Western European origin, for many other
ethnic groups, this is not the case, with no more than 20%-—
30% finding matches.”” The probability of finding a human
leukocyte antigen (HL A)-matched unrelated donor effectively
depends not only on the required degree and resolution of
the HLA matching but also on ethnic background.” In some
ethnic groups, the incidence of heritable blood-related hemo-
globinopathies is particularly high.? There is thus a substantial
proportion of patients for whom neither a sibling donor nor an
unrelated bone marrow donor can be found,* which was one
of the reasons public UCB banks were established.*!

Public banks are subject to national regulations and may
be accredited for participation in international networks.
International protocols guarantee quality and uniformity. In
2013, the fifth edition of the NetCord-FACT (Foundation for
the Accreditation of Cellular Therapy) international standards
was adopted.** Donated UCB units are transferred to the
cord blood bank and subjected to a series of controls and
tests (minimal cell count, HLA typing, and others) aimed
at characterizing the blood and establishing its suitability
for storage and therapeutic use. Units of blood that meet the
requisites for therapeutic use are submitted to further tests,

and the results are recorded in international registries. These
units then become available to national and foreign transplant
centers throughout the world for allogeneic transplant in
patients needing a hematopoietic stem cell transplantation.

Approximately 90% of the UCB units harvested for stor-
age and subsequent transplantation fail to meet the very strict
criteria for clinical use.*

Once accepted, the UCB sample becomes the property
of the public bank for clinical use (or for research if it is not
suitable for transplantation). Donated UCB is always trace-
able and may therefore be available to the donor should the
need arise unless, of course, it has already been released for
transplant to another patient. As the possibility of a unit being
released over a period of 11 years is about 4%, there is a very
high probability that, should a donor need a transplant, his or
her own cord blood sample will still be available.**

Private autologous UCB banks

These are commercial facilities that promote the storage of
UCB for preventive purposes; that is, in the event the donor
or a relative should at some point develop a disease that can
be treated by an autologous stem cell transplant (autologous
use) or for use where a neonate is diagnosed, either at birth or
prenatally, with a pathology that is treatable with an autolo-
gous transplant, in which case the UCB is subsequently used
by the person from whom it was collected (directed use).
Units held in private banks remain the property of the child,
under the guardianship of the parents, and are not available
to the public. They may, however, be made available to
other family members, so that most “private” UCB banks
are effectively “private/family” UCBs.

Private banks impose a charge (usually between
US$1,500 and US$2,000) on acceptance of the unit, plus an
annual storage fee (usually between US$90 and US$200).%

At present, the chances of clinical usefulness of autolo-
gous stem cells as a means of prevention are very low, and
storage in private biobanks for possible future autologous
use is not envisaged in the various documents (guidelines,
recommendations, position papers, etc) published on the
subject by most authoritative institutions.*

To date, fewer than ten single case reports have been
published of autologous transplants of stem cells using UCB
from commercial UCB banks.*”*

Numerous studies are available on the probability of
autologous use.’*4*#2 In 2001, Kline estimated this probabil-
ity at between 1:20,000 and 1:200,000,* whereas in 2005,
Pasquini et al. estimated the lifetime chance of needing an
autologous transplant at 1:400.* The discrepancies in these
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estimates depend on the criteria used (age range, disease
spectrum, type of transplant) and range “from a likely over-
stated 1:10,000 to a more realistic 1:250,000”.% A study by
the Italian Associazione Donatori Cellule Staminali noted that
the probability that any of the neonates whose umbilical cord
blood is stored in private banks for autologous use may one
day need a transplant of hematopoietic stem cells is effectively
between 1:75,000 and 1:100,000, or between 0.0013% and
0.0010%.% Most specialists are skeptical regarding purely
private UCB banks, which are seen as making a profit by
offering illusory promises of decidedly improbable benefits
for the child whose UCB is stored.*’ Private storage can even
be seen as damaging the public interest, as it removes from
the international networks resources that could otherwise be
of therapeutic benefit to persons other than the donor.*

It should be remembered, however, that numerous clini-
cal trials involving a variety of diseases are underway. This
means that the scientific picture is in continual flux and that
attitudes toward autologous storage may evolve quickly. As
Webb observed, if further research endorses the efficacy of
UCB in the treatment of cerebral palsy or in other areas of
regenerative medicine, the stance of the scientific commu-
nity regarding private UCB banks could change: they might
become a useful complement to public biobanks, which are
often hampered by financial straits and, at times, by exces-
sively tight regulatory constraints.*

In an opinion issued March 15, 2011, the Comité Italo-
Frangais pour le bon usage du sang du cordon ombilical
(Italo-French Commission for the Proper Use of Umbilical
Cord Blood) stated that the collection and storage of UCB
from healthy newborns for “preventive” purposes, for pos-
sible future autologous use, as practiced by private organi-
zations on a fee-paying commercial basis, is in contrast to
“the general public interest and, in particular, the interests of
patients with oncohaematological, genetic haematological,
immunological or dysmetabolic diseases that can be cured
in the majority of cases with allogeneic transplants of
haematopoietic stem cells and not with autologous cells,
and who thus need a vast pool of altruistic donations from
which to draw HLA-matched donors”.> In its Position
Statement on Cord Blood for Autologous Use, NetCord
states: “Since the therapeutic benefit of allogeneic cord
blood transplantation has been convincingly demonstrated,
NetCord primarily promotes banking for allogeneic stem
cell transplantation. Banking for autologous purposes may
be considered if such storage is part of a program whose
primary mission is the use of cord blood units for allogeneic
stem cell transplantation.”!

Notwithstanding this, private biobanks are expanding
rapidly both in size (ViaCord, which in 2000 stored only a
few thousand UCB units, held over 300,000 units in 2013)
and in number. It is estimated that in 2011, approximately
1 million UCB units were stored in more than 130 private
UCB banks worldwide.>? Private biobanks are present in
numerous countries, with the exception of some countries,
such as Italy,®* where they are banned.*® However, banks
based in countries in which they are allowed often operate
local agencies in countries where they are not, offering to
export and store units abroad on a fee-paying basis. The
high number of units stored in private banks is also linked
to the fact that these facilities apply less stringent criteria for
acceptability (particularly regarding the number of cells and
their viability, clonogenic capacity, and sometimes, sterility)
than do public banks, which are regulated by international
quality standards. There is consequently a risk that units
stored in private banks may be of low quality or low yield.*
The fact that private UCB banks do not generally invest in
research and are inevitably in competition among themselves
is a further cause for concern.

There are, nonetheless, many reasons why parents still
choose to pay for private storage.*® Rosenthal et al and Smith
identify three reasons in particular: a tendency for many par-
ents to consider it a form of insurance against future illness;
the fact that some parents may choose to store UCB cells in
response to natural parental anxiety and concerns regarding
their children’s health, plus their innate desire to offer them
whatever protection is available; and finally, some parents
may be seeking some sense of control in a setting in which
control is often hard to find.*®

Related family UCB banks (by kinship)

“Directed” storage can be an important resource for newborns
or family members suffering from pathologies for which
treatment with UCB stem cells is scientifically proven and
clinically appropriate.*® This approach is clinically indicated
and validated, in particular, in families where the mother is
pregnant and has an existing child, or a known risk of having
a child, affected with a disecase that can be treated through
transplantation of allogeneic HLA-compatible hematopoietic
stem cells.*

Although in the case of public UCB banks all healthy neo-
nates are potential donors, family-directed banking implies
a more focused approach to identifying the few candidates
to benefit from cord blood collection.’’

Although the total number of directed UCB units stored
is unknown, it is small in comparison with those in either
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allogeneic public banks or autologous private banks.*® Few
countries have a centralized program for family-directed UCB
harvesting and storage. Private UCB banking for family use
is mainly a spin-off from autologous banking. Occasionally
a sibling may benefit from this form of banking.

In countries in which direct banking programs do exist,
it is usual to establish official lists of recognized indications
for which the transplantation of hematopoietic stem cells has
been proven to be effective and for which the harvesting of
directed UCB is appropriate.

In Italy, for instance, the Ministry of Labor, Health and
Social Policies issued a list, which was drawn up by the
Gruppo Italiano per il Trapianto di Midollo Osseo, Cellule
Staminali Emopoietiche e Terapia Cellulare (Italian Group
for the Transplantation of Bone Marrow, Haematopoietic
Stem Cells and Cell Therapy) and annexed to the ministerial
decree of November 18, 2009.5

Family-directed UCB transplantation has several advan-
tages over unrelated UCB transplantations, including greater
likelihood of survival, decreased graft-versus-host disease,
and the opportunity to recollect bone marrow cells from the
same donor in the event of relapse or rejection.>

It is therefore to be hoped that the numbers of family-
directed UCB banks will increase.’

Hybrid private—public UCB banks

Other types of blood banks also exist,*? for example, hybrid
private—public facilities, although they are not numerous.
Some of these banks divide the UCB into two parts, one
of which is stored privately for autologous or related use
and the other of which is donated to the public network.
The challenge facing these banks is to combine the known
potential of public-sector allogeneic storage with the pos-
sible, albeit currently remote, applications of autologous
storage in specific fields of regenerative medicine. It is hoped
that in the future, treatments may be found for tissues or
organs damaged by degenerative diseases. One of the more
interesting possibilities being studied®® is the use of UCB
stem cells for functional neuroregeneration in children with
cerebral palsy.>*%

One hybrid private—public facility is Virgin Bank, estab-
lished by Richard Branson.®! The system adopted envisages
the storage for autologous use for regenerative medicine of
20% of the blood sample, with the remaining 80% being
passed to the public network of registries. This scheme has
aroused interest in several quarters.®

Another example of a hybrid model is StemCyte, which
offers both private and public UCB storage. The former holds

units for private use (family-directed), whereas units held in

the latter are available to the general public.

Some private banks store UCB for autologous use while
simultaneously creating links with networks managed
by universities and public institutions. In some nations
(eg, Spain), public banks will store UCB for autologous
use, but on the condition that it is made available if
requested for a patient unrelated to the donor’s family.%3-64
Another model of hybrid UCB bank allows parents to
donate UCB to public banks while retaining ownership
rights for a specified period sufficient to cover the eventual
needs of the child.*

The attitude to hybrid UCB banks is one of caution:
“Discussion about the development of hybrid [cord blood
banks] models that could combine efforts to support
all banking activities is the subject of intense controversy
because of ethical, scientific, regulatory, economic and
social concerns.”*

The World Marrow Donor Association has published
a paper on the subject. The association recommends that
“where the operator of a public bank also has a private
banking operation or where it affiliates with a private
bank ...:

1. Banked Cells intended for public use must meet all regu-
latory and accreditation standards ....

2. Banked Cells collected solely for private use should not
be stored with Banked Cells that may enter the public
inventory unless they meet all regulatory and accredita-
tion standards at the time of processing and storage.

3. Joint marketing must clearly identify the current scientific
understanding of the use of the Banked Cells in both
public and private use ....

4. Any claims of accreditation should clearly identify to
which parts of the operation the accreditation applies ....

5. Informed consent should fully disclose the timing and
circumstances upon which the Banked Cells would con-
vert to public use.

6. Banked Cells listed for public use should be fully con-
sented for public use and not be subject to further consent
from the donating family once they are placed in the
public inventory ....

7. Banked Cells not consented for eventual public use at the
time of collection should never be placed into the public
inventory.”%

Some form of public—private partnership could bring
financial support to the public biobank network, which is
frequently underfunded, but the difficulty lies in identifying
a suitable model.®
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International registries and networks
Accredited public UCB banks are linked to national registries.
In the United States, for example, the federal government
enacted legislation in 2005 to support the National Cord
Blood Inventory, which is a registry of publicly available
UCB units.®’

National registries are linked, in turn, to international
registries, which permit identification of the most suitable
sample for each patient requiring a transplant.

The international standards with which all biobanks
linked to the registries must comply are necessary to guar-
antee not only that products meet international best-practice
standards but also the efficiency of the administrative pro-
cedures needed to organize the registries and source UCB
units for transplantation.

The search for UCB units is usually set in motion by
either a hematologist or an oncologist through referral to a
transplant center. The search usually initiates in a domestic
registry network before being extended to international
networks, as the acquisition of UCB units from a foreign
country inevitably implies increased costs.

UCB registries thus function as a hub linking donors,
recipients, clinics, biobanks, and regulatory agencies.

The size of each registry is naturally of crucial
importance: the larger the number of units registered, the
greater the probability of finding a clinically useful match
between donor and recipient.

The leading international registries are listed in Table 1.

Optimal size of UCB banks

Various studies have estimated the number of banked UCB
units required to meet the needs of a given population.
To decide how many UCB units should be included in an
inventory, the benefits in terms of the greater numbers of
transplants and life-years gained must be weighed against the
costs involved. Identifying the appropriate size of national
inventories is thus crucial not only for clinical reasons
(to ensure a match between supply and demand) but also for
reasons of economic sustainability.

In 2005, the Committee on Establishing a National Cord
Blood Stem Cell Bank Program commissioned an extensive
study,®® and more recently, Querol et al used a sophisti-
cated method to show that high probabilities of good HLA
matches (5/6) can be achieved with an inventory of around
1 or 2 units per 1,000 population. The authors analyzed
the characteristics necessary to define the optimal size of
a national UCB bank for the United Kingdom, estimating
that the development of a national inventory of 50,000 units

Table | Main international networks and registries

Registries

Bone Marrow Donor Worldwide (https://www.bmdw.org)

e One of the first and largest such organizations, founded in Leiden in
1988.

e A voluntary cooperative organization designed to provide a
centralized database of bone marrow donors and available UCB units.

e In January 2014, the organization included 72 stem cell donor
registries from 52 countries, and 48 UCB banks from 33 countries,
for a total of more than 600,000 registered UCB units.

Center for International Blood and Marrow Transplant Research (http://

www.cibmtr.org)

e Includes the National Bone Marrow Donor Program, the Autologous
Blood and Marrow Transplant Registry, and the former International
Bone Marrow Registry.

e Collects data on recipients of allogeneic blood and bone marrow
transplants worldwide and on autologous blood and bone marrow
transplants performed in North and South America.

NetCord Foundation (http://www.netcord.org)

e Nonprofit organization founded in 1998.

e Promotes studies and research on the collection, processing,
characterization, preservation, and ex vivo expansion of placental
blood for clinical cellular therapy on an international level.

In January 2014, the foundation comprised 2| member, three
associate member, eleven provisional member, and three corporate
member UCB banks from 21 countries.

e UCB banks participating in NetCord account for more than half the
UCB preserved in public facilities worldwide.

The foundation cooperates with the Foundation for the Accreditation
of Cellular Therapy (FACT) to formulate international standards.
EUROCORD (http://www.eurocord.org)

e Nonprofit organization established in 1996 by the European Group

for Blood and Marrow Transplantation.

e Promotes research, training, information, standardization, quality
control, and accreditation of facilities in the field of hematopoietic
stem cell transplantation.

Abbreviation: UCB, umbilical cord blood.

with a cell dose threshold of 1,250 million nucleated cells
per UCB unit would yield a 59%-83% probability of find-
ing at least one unit (median number, nine units) within the
5/6 HLA match category for patients with a body weight of
50 kg. An inventory of 50,000 units in the United Kingdom
would cost £68 million. The authors concluded that a bank
containing 50,000 units would be optimal for the United
Kingdom and that larger banks would only marginally
increase the chance of finding suitable units.® Inventories of
50,000-100,000 units would thus be suitable for European
countries with larger populations.™

UCB as a source of blood-

derived products

Donated UCB units can also be used to obtain products that
are (at least potentially) marketable. Units that are unsuitable
for storage and transplantation can, in fact, potentially be used
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for research purposes’" or for the preparation of blood-derived
products, particularly platelet gel,”” subject to the consent
of the parents who donated the sample. This aspect is not
without significance if we consider that more than 90% of
donated cord blood units are unsuitable for preservation for
purposes of transplantation (eg, because they contain too
few cells) or become unsuitable at some time (eg, through
deterioration). The chance to prevent this biological resource
being wasted can thus be transformed into an opportunity to
increase the value of the altruistic gesture of donation,” or
even a source of gain.

Platelet gel is a blood-derived product obtained by aggre-
gating concentrated platelets with calcium and biological
or pharmacological proaggregation factors and is applied
topically. Thanks to its plasticity and ease of modeling at the
site of application, this preparation promotes and accelerates
the repair of both cutaneous and bone tissues. It is used in
maxillofacial surgery, orthopedics, and the treatment of tor-
pid cutaneous ulcers. On account of its reparative properties,
the potential uses of platelet gel have expanded steadily into
different fields, including aesthetic surgery and medicine.™

Because UCB is donated for philanthropic purposes, the
exploitation for profit of platelet gel or other products derived
from UCB could raise concerns. This problem could be
avoided if these blood-derived products were used within the
same health care facilities in which the units were harvested
and did not enter any kind of commercial network.

It would naturally be necessary to include appropriate
information on the relevant informed consent forms and to
give parents the option both to refuse consent to the use of
cord blood for the preparation of blood-derived products and
to place restrictions on its use, such as limiting the use of
platelet gel for therapeutic, but not cosmetic, purposes.

Costs and sustainability
of public UCB biobanks

The costs for each unit of UCB released from international
networks for transplantation purposes have been estimated
by various authors. The calculations used different settings
and parameters (eg, inventory size, numbers of biobanks,
duration of storage, percentages of release, etc) and consid-
ered the expenses incurred in the various phases (eg, labor
costs, reagents and diagnostics, disposables, depreciation and
maintenance, laboratory tests, overheads).

One of the earliest of these studies was published by
Sirchia et al” and estimated the fees per UCB unit released for
transplantation that would allow cost recovery after 10 years.
The authors considered three possible models with varying

numbers of UCB banks and inventory sizes and took five
UCB units per 1 million population per year as the rate of
use for transplantation. This equates to an annual requirement
of 280 units for Italy (which is approximately four times the
actual figure normally reported). The figures they obtained
were $15,061, $12,666, and $11,602, respectively, for inven-
tories of 1,500, 5,000, and 10,000 units.”™

A more recent study by Howard et al estimated that the
fee per released unit varies between $15,336 (for an inven-
tory of 50,000 UCB units) and $92,675 (for an inventory of
300,000 units).5®

A third economic study is to be found in the Spanish
Plan Nacional de Sangre de Cordon Umbilical.” This study
concluded that the minimum cost for each UCB unit is
€1,300 ($1,760) for collection and processing and €40/year
($65/year) for storage. These costs are based on a 50% discard
rate, although in fact the figure is usually higher, with con-
sequently higher costs. A discard rate of 65% raises the cost
to €1,600 ($2,170), and when the discard rate rises to 80%,
the cost rises to €1,900 ($2,580). The cost for an inventory
of 50,000 units with a discard rate of 50% thus amounts to
about €65 million ($84 million). In the latter case, assuming
the release of about 200 units/year, the cost of each unit is
around €20,000.7

A more detailed study was performed by Bart, who
compared unrelated donor UCB and adult stem cell
procurement.>* The two processes are, of course, different
(UCB units are harvested and cryopreserved at the time of
collection, whereas adult donors are recruited for HLA typing
only). Bart considered the procurement fees of the leading
registries (Bone Marrow Donors Worldwide, World Marrow
Donor Association, and Swiss Foundation Blood Stem Cells)
for 2009 and calculated an average figure for each world
region. The result was a cost of $34,200 in the Americas,
$24,300 in Europe, and $20,600 in the Asia-Pacific region.
Considering that in 2009 the numbers of UCB units used was
1,702 in the Americas, 815 in Europe, and 1,232 in the Asia-
Pacific region, the total expenses for the three zones were,
respectively, $58,208,400, $19,804,500, and $25,379,200.
Bart then compared the costs for the three main sources of
hematopoietic stem cells (UCB, bone marrow, and periph-
eral blood stem cells), using the estimates of Sirchia et al”
and Howard et al®® for UCB and those of Kollman et al”’ for
bone marrow (Kollman et al used data from the US National
Marrow Donor Program and calculated total costs for the
recruitment of a new donor of between $115 for white persons
and $141 for non-Caucasians). Bart applied these authors’
models to various scenarios (eg, inventories of different
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sizes and “returns of inventory”) to obtain an overall picture
of worldwide costs for “stem cell products” and compared
UCB, bone marrow, and peripheral blood stem cells. To do
this, he multiplied the available products (UCB units banked
and registered adult donors) by the average costs per prod-
uct, together with the costs of provided products (provided
UCB versus bone marrow or peripheral blood stem cells)
multiplied by the cumulative total number.

The “price per product” (PPP) was calculated by divid-
ing the total cost by the number of products delivered. Bart
called this a “system-based” approach (ie, the costs were
all incurred by a single health system) and then considered
an “institution-based” scenario in which the costs for deliv-
ered products were regarded as profits and subtracted from
the total cost of building up an inventory. For the period
1999-2009 (or 1997-2009 in the case of adult stem cells),
Bart estimated, for the “health system” approach, both total
costs for cord blood of between $6.8 and $25.5 billion (during
the period 1999-2009), which, when divided per product
provided, give unit costs of $318,890 and $1.19 million
per product, and total costs for adult stem cell donation of
between $4.2 and $5.8 billion, which, divided by cumulative
donations, give a unit price of between $47,638 and $65,681
per product provided (for bone marrow and peripheral
blood stem cells, respectively). When an “institution-based”
approach, which is more realistic than the “health-system”
approach, is applied, the price differential between cord
blood and adult stem cell products falls approximately within
the same range. The data elaborated by Bart indicate a con-
siderable difference between the costs for UCB and adult
stem cells (from bone marrow or peripheral blood), which
is, among other factors, because the vast majority of stored
UCB units are never used for transplants.

Taken together, these studies reveal the variability in
fees that biobanks receive for the release of blood units to
transplant centers. At this time, the fee is approximately
$25,000. However, these costs can rise considerably; in the
United States, for instance, the figure is generally around
$40,000.*

The costs rise further if we consider that in a growing
number of cases, patients receive multiple transplants to
increase the likelihood of therapeutic success.”

The whole issue of costs should nonetheless be con-
sidered in a broad perspective: It should not be forgotten
that engraftment with UCB takes longer (21-35 days) than
engraftment with cells taken from an adult donor (20 days),
thereby implying possibly higher hospitalization costs.*
The total expense should also consider the overall long-term

survival of the patient and the possibility that a patient treated
with a less-expensive procedure may relapse more quickly.

All of these considerations apply in the public system,
which is often subsidized. In the United States, for instance,
public UCB banking is financed through a combination of
government grants, private donations, and the fees received
for UCB units released for transplant purposes. The pres-
ent US financing system was established in the Stem Cell
Therapeutic and Research Act of 2005 and renewed in 2010,
and in 2005, the US Congress granted $79 million “to assist in
the collection and maintenance of 150,000 new units of high-
quality cord blood to be made available for transplantation”.”
In Switzerland, the Swiss Foundation Blood Stem Cells
implemented a program to expand the UCB inventory from
1,000 to 4,000 units. The cost (between Swiss franc 500,000
and Swiss franc 900,000, or $554,000 and $997,000, per year)
was borne by the foundation.?

The challenge is to reduce the costs of the whole process
of UCB banking (harvesting, processing, storage) without
compromising quality and safety levels. Unfortunately, this
is an extremely difficult goal to achieve.

Although this article is concerned with the bioeconomic
aspects of public UCB banking, it is worthwhile mention-
ing a few data regarding the costs involved in private UCB
banking, where profit is the stated objective. According to
BCC Research in Wellesley, Massachusetts, private UCB
banks earned $4.5 billion worldwide in 2010.%

Kaimal et al used “decision analysis” to study the costs
involved in private UCB banking. This method tracks
hypothetical groups of people and permits a comparison
of the expected costs and health benefits of two strategies
(private UCB banking and no banking). Assuming a cost of
$3,620 for UCB banking storage over the course of 20 years,
a 0.04% chance of requiring an autologous stem cell trans-
plant, a 0.07% chance of a sibling requiring an allogeneic
stem cell transplant, and a 50% reduction in the risk of
graft-versus-host disease if a sibling uses banked UCB stem
cells, private banking costs an additional $1,374,246 for each
life-year gained. The authors conclude that private UCB
banking is not generally cost-effective, except for families
with a child who has a very high probability of needing a
stem cell transplant.®

From donation to global
bioeconomy

A globalized bioeconomic network
Although many UCB registries originated at local level,
where “local” may cover an entire nation, they are now at
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the center of a network linking donors, clinicians, banks,
regulatory agencies, and recipients. Size is a crucial factor for
registries: The larger they are, and the more heterogeneous
their inventories, the greater the probability of finding a clini-
cally useful match between donor and recipient.

The global network within which UCB and capital
move can be considered an example of “tissue economy”®!
made possible by vast infrastructures and complex orga-
nizational systems. The movement of blood units can be
included in what Esposito called a nascent “immunitary
paradigm”, in which politics, biology, and the economy
are ever more closely interwoven.®% According to Brown
et al, the emergence of the UCB banking sector has come
about in parallel with the process of globalization and
with previously unknown levels of ethnic migration and
the heterogenization of populations that were formerly
more homogeneous and foreshadows the “economisation
of life in the international cord blood market”.3* In other
words, registries may contribute to the creation of a mul-
tidimensional “immunitary community” that is not only
clinical but also economic.

Esposito points out that immunitas and communitas have
a common etymological root in munus, the literal meaning of
which is “gift” or “obligation”. Communitas expresses a rela-
tionship and a link of reciprocity, whereas immunitas denotes
a resistance to reciprocity, a defense and a protection against
what is external. In legal and medical usage, “immunity” is a
form of exemption or untouchability denoting defense and pro-
tection that is, thus, in contrast to an exchange or relationship.
Esposito nevertheless suggests that although immunitas is a
“power to preserve life” directed toward defending it, it can also
lead to new forms of circulation,*® of which the transplantation
of cells, organs, and tissues is an example.

However, this global movement is not uniformly distrib-
uted, and discrete “bioeconomic regions” can be discerned.®
One of the key reasons for this unevenness is undoubtedly
organizational, as seen in regional differences in the organiza-
tion of the childbirth centers in which blood is harvested, the
biobanks in which it is stored, and the networks of biobanks
that make it available. Another reason, in some regions, is
associated with the presence of ethnic minorities. Most UCB
banks were initially established to address the problem of a
disproportionately high percentage of Caucasian populations
in bone marrow registries.?* Increasing migration, meanwhile,
is leading to a gradual redistribution of genetic characteristics,
and the heterogeneity of populations calls for greater access to
UCB units that can be used worldwide. Several nations have
included provisions to encourage the harvesting of UCB from

key minorities in their cord blood collection procedures. The
international dimension is decisive, among other things, in
contributing to the biovalue of UCB because of the need for
access to widely dispersed immunotypes.

A few figures on the release, destination, and use of UCB
allows a comparison between imports and exports and reveals
the irregularity in movements. In some nations, exports clearly
outnumber imports. In Australia, Belgium, and Germany, for
example, more than 80% of the total units traded are exported,
and in other nations, such as France and the United States,
approximately 70% of traded units are imported.® Whether
anation is self-sufficient or needs to import units reflects not
only the level of local organization but also on the homoge-
neity of its population. Many Southeast Asian countries, for
example, are self-sufficient, probably because of the relative
homogeneity of their populations. Nor are strong exporting
countries necessarily self-sufficient. In the United Kingdom,
for instance, exports outnumber imports, but import costs
are higher. It is estimated that the United Kingdom has the
second highest percentage of rare immunities (41%) across
global registries.®’

This lack of homogeneity may tarnish the model of
“community” described earlier: “The international trade in
cord blood is not necessarily a freely given expression of com-
mon community.” Instead, it represents a form of protection
through which the trade’s participants protect themselves
from the vulnerability generated by their dependence on the
importation of premium goods.* These inconsistencies are
being addressed through improvements in organization.

The thin line between unremunerated

donations and trade
The fees charged for the release of UCB units for transplanta-
tion frequently exceed the actual outlay incurred by biobanks
for storage and preservation. The international dimension
contributes to the economic value of UCB, as it enables
biobanks to include indirect costs beyond those incurred
in harvesting and storage in the charges applied when cord
blood is released in the global marketplace. This is justified
on the basis that these services should be able to offset their
costs and receive some compensation for the economic risks
and the financial burden incurred in the process of collecting
and storing blood samples.®

Although the system is based on donations and altruism,
the transactions described here could be seen as a form of
masked commerce. This would violate the principle of non-
commerciality of the human body or its parts that is enshrined
in several respected documents such as the World Health
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Organization’s “Guiding Principles on Human Cell, Tissue
and Organ Transplantation” (resolution WHA 63.22), which
states: “Cells, tissues and organs should only be donated freely,
without any monetary payment or other reward of monetary
value. Purchasing, or offering to purchase, cells, tissues or
organs for transplantation, or their sale by living persons or
by the next of kin for deceased persons, should be banned.”**
Under the heading “Prohibition of financial gain”, Article 21 of
the Convention for the Protection of Human Rights and Dignity
of the Human Being with Regard to the Application of Biology
and Medicine: Convention on Human Rights and Biomedicine
similarly states that, “The human body and its parts shall not,
as such, give rise to financial gain.”® In addition, Article 3.2
of the Charter of Fundamental Rights of the European Union
likewise affirms “the prohibition on making the human body
and its parts as such a source of financial gain”.

This does not, however, prevent the existence in several
states that are signatories to these and other documents pro-
hibiting trade of the human body or its parts, not only of regu-
lations that allow the sale and purchase of cells and tissues,
but also of official tariffs for such transactions. Public-sector
hospitals in these states may legally sell biological samples
to industrial concerns.”!

These considerations are not intended to call into question
the foundation of a system based on the voluntary, unremu-
nerated donation of UCB (namely, a gesture of altruism),
but it must be recognized that even in systems founded on
unpaid and voluntary donations, the transfer of cells, tissues,
blood, and organs from one country or continent to another
generates the movement of not inconsiderable sums of
money; as a consequence, there is an inevitable “impact of
commercialization” in this field.*?
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