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Abstract

The following commentary was developed by the National Marrow Donor Program Cord Blood Advisory Group and is
intended to provide an overview of umbilical cord blood (UCB) processing, summarize the current state of potency assays used
to characterize UCB, and define limitations of the assays and future needs of the cord blood banking and transplant commu-
nity. The UCB banking industry is eager to participate in the development of standardized assays to uniformly characterize
cellular therapy products that are manufactured in a variety of ways. This paper describes the desired qualities of these assays
and how the industry proposes to co-operate with developers to bring relevant assays to market. To that end, the National
Marrow Donor Program (INMDP) Cord Blood Bank Network is available to serve as a resource for UCB testing material,
research and development consulting, and product/assay testing in an accredited UCB manufacturing environment.

Key Words: wumbilical cord blood banking, umbilical cord blood potency assessment, umbilical cord blood processing, umbilical cord

blood transplantation

Introduction

As the umbilical cord blood (UCB) banking com-
munity moves towards United States Food and
Drug Administration (FDA) licensure, it is critical to
define standardized testing methodologies that can be
employed to characterize UCB, facilitate comparison
of UCB between UCB banks, and assess potency prior
to clinical use. The methodologies used currently have
strong intralaboratory correlation, i.e. UCB evaluated
within a UCB bank are tested in a consistent fashion
and yield consistent results. However, the method-
ologies and assays can yield highly variable results in
interlaboratory testing settings on identical material.
The UCB banking community could benefit from the
development of new potency assays that are highly
reproducible and correlate with the outcome of inter-
est, predominately hematopoietic reconstitution.
Potency is defined as the specific capacity of a
cellular product to affect a given result. In the case of

UCB, the community is interested in the capacity to
engraft cells in a transplant recipient or to produce
viable cells (e.g. viral or tumor-specific cytotoxic
T lymphocytes or natural killer cells) for manipu-
lation and administration for a desired effect. The
UCB banking industry is eager to participate in the
development of standardized assays to uniformly
characterize cellular therapy products that are manu-
factured in a variety of ways. This paper describes
the desired qualities of these assays and how the
industry proposes to co-operate with developers to
bring relevant assays to market.

History of clinical UCB transplantation

The first successful UCB transplantation (UCBTX)
was performed in 1988 by Gluckman ez al. (1)
in a patient with Fanconi’s anemia. The patient
achieved stable engraftment of donor hematopoiesis
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and survived without disease relapse (1). Because
of the concern that UCB might not contain suf-
ficient numbers of cells to engraft larger children
or adults reliably, initial studies were limited to
children. Three simultaneous studies that extended
UCBTx to adults were reported in 1996 suggest-
ing that cord blood transplantation (CBT) can be
used successfully for this population (2—4). Follow-
ing these early reports, there have been a number
of studies using UCB for transplantation in adults.
As of 2009, it is estimated that more than 20 000
UCBTX have been performed world-wide. In 2009,
more UCBTx were performed than bone marrow
transplants (5).

Public banking of UCB was initiated in 1992 at
the New York Blood Center (New York, NY, USA)
(6-9). Because of the establishment of more pub-
lic banks, the number of UCB units available for
transplantation climbed from 44 000 in 1999 to
452 000 in 2008 (10). Early on, standards for defin-
ing the quality of a UCB unit began to evolve (11).
This included not only defining standards for donor
eligibility, but also for the collection, processing,
storage, transport and transplantation of UCB. Over
the past 18 years, the standards have undergone con-
tinuous modification as new technologies have been
introduced and new information has been collected
to improve the process. However, approximately
15-24% of patients receiving an unrelated UCBTx
do not engraft (12,13). Although there are many
clinical reasons why a patient may not engraft, the
quality of the UCB unit, including potency, is likely
to play a significant role. The potency of a UCB unit
can be negatively impacted at several points in the
manufacturing process, as discussed below.

Table I. Stages at which potency might be lost.

Key steps in cord blood product manufacturing
that could affect unit potency

While donor-specific factors probably impact on the
potency of a UCB unit (14), the collection, process-
ing, distribution and infusion stages may also affect
the potency of this stem cell product, as described in
Table I. Because of the central importance of cell dose
in UCBTZ%, whatever processing technology a labora-
tory chooses, the goal is to achieve maximal recov-
ery of nucleated cells, mononuclear cells, CD34%
cells, colony-forming units (CFU), progenitor cells
and stem cells. Typical UCB processing methods are
described in Table II. In the future, other cell sub-
sets, for example aldehyde dehydrogenase (ALDH)-
bright or very small embryonic-like stem cells (VSEL)
(15,16), may be determined as important too, and
this development may require routine enumera-
tion by processing laboratories. UCB units may be
stored for an indefinite amount of time before use.
Studies have demonstrated that cryopreserved UCB
retrieved after > 15 years of storage can reconstitute
hematopoiesis in NOD/SCID mice in a quantitative
and qualitative manner consistent with freshly iso-
lated UCB (17). While the overall cellular recovery
declines as a result of the freezing process, the overall
potency may be preserved for more than 15 years if
the UCB is maintained below —150°C (17).

Testing of potency at the cord blood bank

The FDA Guidance for Industry (18) defines UCB
potency by parameters measured on the UCB after
processing but prior to cryopreservation. Currently
the FDA recommends evaluation of potency through
assessment of the following i wvirro assays: total

Stage Process

Primary causes of loss of potency

Collection Ex utero or in utero collection UCB (31)

Addition of anticoagulant?

Extremes in temperature during shipment

Shipment to processing laboratory in validated container

with temperature-monitoring equipment
Processing

Liquid nitrogen storage (34,35)

Removal of samples for additional testing needed for unit

selection
Distribution
with temperature monitor

Temporary liquid nitrogen storage at transplant center

Infusion Thawing of unit in 37°C water bath (27)

Volume reduction as described in Table II (32,33)
Cryopreservation with 10% dimethyl sulfoxide (DMSO)

Shipment to transplant center in validated dry shipper

Reduction in cell number during volume reduction (36)

Temperature fluctuations during controlled-rate
freezing, causing intracellular ice crystals (37)

Transient warming during storage

Transient warming during removal of samples

Complete or partial thawing during shipment; exposure
to X-rays during shipment

Transient warming during transfer to temporary storage

Exposure to high concentrations of DMSO over
extended times during thawing (42)

Dilution of product depending on protocol (32,33,38-41)

Infusion into patient

3Anticoagulants commonly used include citrate phosphate dextrose, with or without adenosine (CPD or CPDA-1) or lyophilized heparin
citrate phosphate dextrose, with or without adenosine (CPD or CPDA-1) or lyophilized heparin.
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Table II. Summary of typical public UCB bank processing methods and product attributes.

Additives (what are the typical Final volume Hematocrit RBC volume
Processing method concentrations?) (mL) (%) (mL)
Plasma depletion/reduction ¢. 14% CPD, c. 1% dextran, ¢. 10% =60 <40-90% c. 45
DMSO
RBC and plasma depletion/ 1% Hydroxyethyl starch =25 <10-45% 0.6-12.5

reduction

OR c¢. 14% PrepaCyte, c¢. 14% CPD,

10% DMSO

RBC, red blood cell.

nucleated cell count (TNC), cell viability and CD34
analysis. Additional measurements not specifically rec-
ommended by the FDA include nucleated red blood
cell (nRBC) count, white blood cell (WBC) differ-
ential and CFU. Typically, TNC are measured using
automated hematology analyzers, the CD34 assay is
performed using flow cytometry, and the CFU assay
is accomplished using a methylcellulose-based media
impregnated with cytokines. The CFU assay may be
performed using various cytokines and may enumerate
several cell types of different lineages, yielding granu-
locytes, macrophages, erythrocytes or megakaryocytes.
Usually, a volume of 5-6 mL of whole UCB is available
to carry out these assays. Information from the results
of these assays for the UCB unit is available to trans-
plant centers considering the unit as a stem cell source.

There is increasing evidence that UCB unit
potency should be assessed post-cryopreservation
because events associated with freezing and storage
can affect subsequent cellular viability and over-
all UCB potency. Ideally, assays are performed on
approximately 100 pL found in an attached segment
of the UCB prior to release to a transplant center.
Sample availability for potency assessment has var-
ied over time. Current NetCord-Foundation for the
Accreditation of Cellular Therapy (FACT) standards
(19) require that a minimum volume of at least 200
UL must be stored in at least two segments, with each
sealed and integrally attached to the freezing bag. A
significant problem in using attached segments for
potency assays is that a segment cell viability and
CFU does not uniformly correlate with the UCB unit
(20). The contents of each reference sample must be
representative of the UCB unit as a whole. When a
UCB is requested by a transplant center, one segment
is used for additional histocompatibility testing and, in
some banks, for cell viability and/or potency analysis.
In addition, standards require that additional samples
of a minimum of 2 X 10° nucleated cells should be
stored in at least two vials or additional contiguous
segments, and a minimum volume of 3.6 mL serum
or plasma from a non-heparinized sample should be
stored in at least two vials. Further, storage of suitable
material for preparation of at least 50 ng genomic

DNA is required. Thus each UCB unit has multiple
reference samples available for potency testing (21).

Limitations in assays currently used to
assess UCB potency

A lack of consensus regarding which potency assays
to perform remains an issue within the UCB banking
and transplantation community. The ultimate goal is
to identify a quality-control assay that would always
be able to predict the engraftment capability of the
graft before the cells are infused. Thus potency assays
are performed at the UCB bank either pre- or post-
cryopreservation and/or at the transplant center,
either prior to infusion of the unit or retrospectively.
A number of i vitro assays are performed, including
TNC count, cell viability, nRBC count (22), WBC
differential, CD34 analysis and CFU. The associa-
tion of these i wvitro values with clinical transplant
center outcome was first evaluated by Rubinstein
er al. (23) at the New York Blood Center. Their stud-
ies demonstrated that TNC/kg and total CD34 cells/
kg infused were predictive of engraftment (24).

Various groups have looked into the correlation
between potency measurement using different assays
and their predictability of engraftment. Among these
studies, the measurement of CFU and determination
of percentage CD34 viability using a novel flow cytom-
etry gating strategy in single- and double-UCBTX,
respectively, have been listed as the most significant
predictors of engraftment (25,26). In general, the
association of these quality-control parameters and
engraftment appears to be a continuum: as the num-
ber increases, the chances of engraftment increases.
An absolute minimum number at which no patients
would engraft has not been established. In summary,
there is currently a lack of consensus regarding which
assays should be performed to evaluate potency.

At present, there is a lack of standardization of
potency assays among UCB banks and transplant
centers and issues persist regarding the optimization
of these assays for the varying types of UCB products.
Assays may suffer from laboratory artifacts, especially
when red cell-containing products are being assessed.
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Some nRBC have physical properties (including
low hemoglobin concentration) (27) that make them
similar to lymphocytes, resulting in poor separation
of mononuclear, progenitor and stem cells on tra-
ditionally used gradients (e.g. Ficoll). The proper
optimization and validation of potency assays for red
cell-containing products may include assessment of
the potency assay at various dilutions of the product,
to demonstrate the red cell effect and determine the
optimal test conditions. These studies usually reveal
an improved ability to enumerate cell or colony num-
bers properly at reduced red cell concentrations.

In addition, interlaboratory variability has been
identified as a serious flaw in many recent studies.
The reliability of using these parameters to select a
unit for clinical transplantation is dependent upon
the reproducibility of the results between testing
sites. This is particularly troublesome when discrep-
ancies exist between the results of the UCB bank
and the transplant center receiving the unit. It has
been reported that reasonable reproducibility can be
obtained for TNC results when determined using
automated hematology analyzers (28).

The intralaboratory reliability of CD34 and CFU
analysis is very good. However, proficiency test-
ing results obtained through the National Marrow
Donor Program (NMDP; Minneapolis, MN, USA)
proficiency testing program over the past several
years suggest that there is considerable interlabora-
tory variability for CD34 and CFU assays. Therefore
it is difficult to compare the quality of UCB units
among different banks and between the UCB bank
and transplant center.

In an attempt to address the issue of interlabora-
tory variability, the NMDP has established a profi-
ciency testing (PT) program for all member banks.
The aim of the program is to improve the reliabil-
ity and the interbank comparability of tests used to
characterize and rank UCB units during the search
process (e.g. TNC count, UCB growth assays and
CD347" cell counts). To date, there have been five
separate PT analyses (2006-2010), where samples of
fresh UCB, obtained from one UCB donation, were
shipped to a number of centers throughout North
America. The participants were asked to process the
sample on arrival and measure the following: (a)
TNC count; (b) CFU count; and (c) percentage of
CD34 cells. A brief comparison of all five analyses
is shown in Table III. The coefficient of variation
(CV) for the concentration of TNC decreased sub-
stantially in the January 2010 analysis to 9.8%, a
level consistent with the previous analyses. Two of the
three CFU subset analyses continued to decrease
in variability in 2010 compared with the previous
analyses. For example, the CV for CFU- granulo-
cyte—erythrocyte—-macrophage and megakaryocyte

progenitor (GEMM) were 129%, 100%, 121%,
70%, and 64% in 2006, 2007, 2008, 2009, and 2010,
respectively. The CV for total CFU was consistent
with previous PT analyses. Taken together, these
results suggest that more robust and consistent assays
are required to allow UCB banks and transplant
centers to obtain comparable results for potency.

Expectations for the next generation of assays

UCB products come in many shapes, sizes and com-
positions. In some cases, these characteristics are
linked to the UCB bank providing the UCB unit. In
others, the same UCB bank may distribute multiple
types of products. The transplant center, processing
laboratory, assay developer and any other parties
handling the product must be familiar with the prod-
uct types, the configuration of the cryobags they are
stored in, the types of access ports on the cryobag,
the number of segments on the bag (in order to best
accommodate the storage of and access to the unit
shipped for their patient) and, most importantly, the
proper method to thaw and infuse the particular
product. When developing an assay that could be
useful in predicting UCB potency and/or trans-
plant center outcomes, the developer should ideally
create protocols for testing all types of UCB prod-
ucts. If this is not possible, then the developer must
specify the types of products for which the assay can
be performed.

Expectations for new assay systems

The previous section described the current comple-
ment of assays utilized to qualify a UCB unit for
clinical use, and the observed limitations. The evalu-
ation of TNC (CV 6.1-16.9%) is fairly consistent
in inter- and intralaboratory proficiency testing
(Table IIT). CFU assessments considered indicative
of the engraftment potential of the UCB produce
less consistent results. Next-generation assays must
address the limitations of the current testing systems
in the following areas:

e standardized methodologies

e reproducibility with limited variability between
testing sites

automated testing outputs (objectivity)

high throughput for UCB banks

rapid turnaround time

single sample test for transplant centers.

Assay developers should focus efforts on the develop-
ment of new assay systems that meet the requirements
noted above, but also consider novel approaches to
defining the potency potential of UCB. The existing
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2006 2007 2008 2009 2010
Assay parameter n % CV n % CV n % CV n % CV n % CV
TNC/mL 28 6.1 38 16.8 33 7.5 42 16.9 40 9.8
% CD34™" cells ND ND ND 24 22.9 31 27.8
BFU-E 27 40.6 35 45.5 28 49.2 42 35.2 34 45.4
CFU-GM 29 65 40 54.5 28 50.4 44 42.9 34 29.8
CFU-GEMM 26 129 34 100 27 121.3 41 69.9 34 63.9
Total CFU 28 34.4 37 36.6 28 36.3 42 31.6 41 32.8

ND, not done; 7, number of participating entities; BFU-E, blast-forming units—erythrocyte progenitor; CFU-GM, CFU-granulocyte—

macrophage progenitor.

testing systems either identify a cell-surface marker
that has been tied to hematopoietic stem cells
(CD34) or measure the growth of cells in response
to specific growth factors (CFU). Neither of these
approaches directly measures the quantity or qual-
ity of the hematopoietic stem cells within the stored
UCB product. However, pending further discovery,
the existing surrogates provide an acceptable evalua-
tion of the engraftment/growth potential of UCB.

Validation and implementation of new
assay systems

The gold standard for assay validation is to determine
the new system’s correlation with an existing test and,
if no current test exists, correlate with the transplant
center’s outcome of interest (18,29). All assessments
should include a statistical evaluation of reliability,
which is the measurement variability attributed to dif-
ferent UCB units relative to the total measurement
of variability (including the variability from UCB unit
to UCB unit, and inter- and intralaboratory variabil-
ity). A test should have a target reliability of 80-90%
to support comparisons across UCB units, test runs
and laboratories. Below are issues that should be
considered in the validation process.

e Define expectations/intended uses of the test as
it relates to the type of samples to be evaluated.
Consider the: impact of various anticoagulants
and additives in the product; age of testing
material; type of testing material, i.e. fresh ver-
sus post-thaw, plasma- and red cell-depleted
versus plasma-depleted; matrix of the product,
i.e. the biologic features in the product that may
impact the assay, either through enhancement
or inhibition; sample concentrations and limits
of detection.

e Evaluate/verify that the test performance is not
affected by the different types of samples as
defined above.

e Determine/verify the stability of the test end-point
and impact of temperature and time on testing.

e Determine the test reliability within intra- and
interlaboratory evaluations. Define the test reli-
ability requirements and determine the appro-
priate sample size to confirm. Perform parallel
testing for validation against existing assays to
measure equivalence and quantify benefits of
the new system.

The evaluation methods and documentation require-
ments for new assays introduced to the manufacturing
process for licensed products must meet the specifi-
cations dictated by the accreditation and regulatory
agencies. The US FDA requirements for licensing
addresses the acceptance criteria for potency assay
validation and other assays for inclusion in a biolog-
ics licensure application (BLLA) (30). In addition, it is
important that any new assay system produce results
that correlate with assessments performed previously
on cryopreserved UCB. UCB suitability for a par-
ticular patient is currently assessed based on the
degree of HLLA match and the cell dose determined
primarily by TNC.

NMDP Cord Blood Bank Network: a resource
for assay and instrument evaluation

The NMDP serves as the Cord Blood Coordinating
Center under the C. W. Bill Young Cell Transplan-
tation Program and has developed a network of
leaders in public UCB banking and transplantation
in North America. The network has a broad geo-
graphical distribution and employs diverse methods
of UCB collection and processing. This network can
provide support for assay development in a number
of ways (Table IV).

First, the network can provide access to UCB units
for test development and validation. The research
units are predominately composed of UCB that does
not qualify for storage because of low volume or cell
counts, but is suitable for laboratory evaluation. The
material is available as fresh or cryopreserved units
and can be tailored to the needs of the request. For
example, UCB can be prepared in multiple segment
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Table IV. Support provided by the NMDP Cord Blood Bank
Network.

Contractual Access to centralized contract and payment

aspects system

Technical Access to research UCB units tailored for assay
aspects development and validation from FACT/

AABB-accredited manufacturers

Access to UCBTx experts to act as consultants
in assay and validation design

Access to UCB bank processing laboratories to
perform assay validation

Assistance with statistical modeling and data
interpretation

AABB, American Association of Blood Banks.

aliquots to simulate the testing of segments at the
time of UCB release for transplant.

Second, the network can provide a source of
information on UCB banks, transplant centers and
UCB experts who may be available to serve as con-
sultants at all stages of the assay design, development
and validation process.

Finally, once an assay is ready for testing, the
NMDP Cord Blood Advisory Group has developed
a process to assist assay and instrument developers
with the validation of their products through the
NMDP Cord Blood Bank Network. The goal of
the process is to provide access to a dedicated net-
work of UCB unit-processing laboratories and UCB
bank. The network utilizes a centralized contracting
mechanism for rapid deployment and implementa-
tion of assay validation in a controlled environment
to manufacturer protocol specifications. The network
is available to assist with all phases of product devel-
opment that support the expectations for new assay
systems and instrumentation as outlined above. The
NMDP UCB bank network provides:

e access to established high-quality accredited
UCB unit manufacturers

e centralized contract and payment management

e assistance with study design, statistical modeling,
data analysis and interpretation.

The network may be accessed by contacting
the NMDP at www.marrow-donor.org/ CONTACT/
Submit_a_Question/index.html.

Summary

Fifteen to 24% of patients receiving UCBTx do not
engraft. One potential cause of engraftment failure
is a loss of reconstituting hematopoietic stem cell
potency that may have occurred at some stage during
UCB collection, processing, storage, shipment and
infusion. The best measure of potency is still unclear

and current assays are limited by a lack of consistency
among laboratories performing the assays. Potency
assays available to UCB banks as they evaluate
their products both pre- and post-cryopreservation,
and to transplant centers as they monitor the UCB
units they have received for infusion, are needed to
address these critical questions. The NMDP Cord
Blood Advisory Group can assist in the development
of assays by providing resources in terms of UCB,
expertise and access to a network for testing assays,
once developed, in the field.
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