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ABSTRACT

Umbilical cord blood has been widely used to treat both malignant and non-malignant hematological diseases for over 30 years. During this 
time, more than 40 000 successful hematopoietic stem cells (HSCs) transplantations of umbilical cord blood have been performed. However, 
today in Ukraine there is no public umbilical cord blood bank established for unrelated HSCs transplantation to patients with oncohematologi-
cal diseases (both children and adults). In this regard, the HSCs units must be purchased abroad or the patients are sent to foreign clinics for 
high-cost treatment.

The establishment of a public umbilical cord blood bank in Ukraine would help in a short time to meet the needs of patients with oncohema-
tological diseases for donor of HSCs for unrelated transplantation and save significant funds for the treatment of patients abroad. According 
to the experience of the world’s leading oncohematological centers, when it is impossible to find either a related or haploidentical donor or 
unrelated transplant in all available registries, the search continues in the registers of public cord blood banks and an umbilical cord blood unit 
that matches the criteria is usually found. The optimal choice of umbilical cord blood unit is crucial to maximize the likelihood of successful 
transplant engraftment and recipient survival after the transplantation, so the criteria for cord blood unit selection for unrelated transplantation 
are a bit broader than those used when matching donor-recipient pairs.

The review presents the main criteria for cord blood unit selection according to the assessment of its quality, cell dose, HLA matching for 
unrelated transplantation to recipients of different age groups in accordance with international guidelines developed by the National Marrow 
Donor Program (NMDP), Center for International Blood and Marrow Transplant Research (CIBMTR), in collaboration with the NMDP Council 
Advisory Group, as well as in accordance with the American Society for Transplantation and Cellular Therapy (ASTCT) and the Seventh Edition 
of the NetCord-FACT International Standards for Cord Blood Collection, Banking, and Release for Administration.
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REVIEW

Every year, thousands of patients around the world are diagnosed 
with diseases that need treatment by hematopoietic stem cell (HSC) 
transplantation. Traditionally, their source is bone marrow (BM) or pe-
ripheral blood from a related or unrelated donor. However, according to 
the World Marrow Donor Association (WMDA), 10 000 – 15 000 patients 

a year cannot find a matched donor from the millions of donors included 
in the global database. Other patients do not have enough time to find 
an unrelated adult donor due to the rapid progression of the disease. In 
these cases, umbilical cord blood (CB) may be an alternative to bone 
marrow or peripheral blood HSCs transplantation. [1].
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In 2020, 293 457 children were born in Ukraine, and each newborn 
child is a potential donor of umbilical cord blood without any risk to 
his/her health and the health of his/her mother [2]. Thus, with a state 
program and proper organization of the process, Ukraine could store 
about 290 000 doses of umbilical cord blood in a specialized cryobank 
in just one year, and in 5 years this number could be about 1 500 000 
units. This number of CB units with high content of HSCs, typed for the 
Major Histocompatibility Complex (MHC) antigens known as the human 
leukocyte antigens (HLA) in accordance with international standards 
and included in the State Information System for Hematopoietic Stem 
Cell Transplantation, could be available at any time to save citizens of 
Ukraine suffering from oncohematological diseases. Preservation of 
umbilical cord blood in a specialized (public) donor cryobank and their 
selection for transplantation in patients with oncohematological dis-
eases is extremely necessary for Ukraine, as at present there are only 
2 609 potential donors in the Ukrainian Bone Marrow Donor Register 
organized by charitable foundation [3].

The establishment of a specialized public umbilical cord blood bank 
during the COVID-19 pandemic, when strict restrictions to free move-
ment of people have been imposed and continue to be strictly enforced 
in many countries that are members of the International Bone Marrow 
Registry, is particularly relevant and supported by Worldwide Network 
for Blood & Marrow Transplantation (WBMT), Center for International 
Blood and Marrow Transplant Research (CIBMTR) [4]. Whereas there is 
a high probability that the found donor will not be able to donate stem 
cells due to restrictive measures or disease. Considering the fact that 
since 1991 Ukraine has had a very high negative population growth – 
from 1990 to 2020 the country’s population decreased by 9 823 700 
people, which exceeds the population of the neighboring Republic of Be-
larus [5] – the struggle for the life of every able-bodied citizen becomes 
especially relevant [2].

Umbilical cord blood has been accepted as an alternative source 
for HSCs transplantation for the treatment of both non-malignant and 
malignant hematological diseases in pediatrics and in adult patients  
[6, 7]. Due to the immaturity of the immune system at birth, the number 
of active alloreactive T-cells in cord blood is minimal. Thus, after CB 
transplantation, the incidence and severity of both acute and chronic 
graft versus host diseases (GVHD) are much lower compared to other 
sources of HSCs [8], however, the recovery of the immune system is 
delayed and the risk of infection increases. The use of CB as an allograft 
allows less stringent HLA donor-pair matching criteria to be applied to 
its donor units and expands access to transplantation to recipients for 
whom a matched donor cannot be found. This is especially relevant for 
those patients who are members of racial and ethnic minorities, whose 
potential donors are still underrepresented in international registries [9].

THE CURRENT STATE OF CORD BLOOD BANKS AND THE USE  
OF CORD BLOOD STEM CELLS IN THE WORLD
More than 30 years have passed since the world’s first transplanta-

tion of CB as a source of HSCs to a patient with Fanconi’s anemia was 
performed by Eliane Gluckman. The results of this transplantation and 
subsequently developed protocols of successful cryopreservation for fur-
ther use on demand, contributed to the creation of umbilical cord blood 
banks in the early 1990s, in particular, the field of the preservation of 
newborn HSCs in cryobanks [10, 11].

Newborn HSCs banking covers state umbilical cord blood banks that 
store CB units for the use by unrelated recipients; private banks that keep 
CB for further use by the donor or his first or second degree relative; 
hybrid banks that offer combined services [12]. Today, public and hybrid 
cryobanks worldwide store more than 800 000 units of cryopreserved 
CB, HLA-typed and WMDA-registered, and more than 5 million non-HLA-
typed CB in private cryobanks [13, 14]. There are 131 public CB banks 
from 41 countries in the international register of WMDA, while none is 
from Ukraine. Since the first CB transplantation in 1989, more than 50 000 
transplantations have been performed. In 2018, about 21 % of CB units 

were transferred for transplantation between WMDA member countries 
under an exchange program. In France, between 1994 and 2005, 63 % of 
transplanted CB units were obtained by exchange from foreign cryobanks. 

It should be noted that WMDA registry services to search for and 
obtain a single CB unit will cost Ukraine from 500 000 to 750 000 UAH, 
which is cheaper than the cost of obtaining a bone marrow unit or peri-
pheral blood HSCs from this register. At the same time, in Ukraine the cost 
of procurement and storage of one CB unit would be ten times cheaper, 
as there are cryobanks in the country, in particular the Cryobank of the 
Institute of Cell Therapy (Kyiv), which has highly qualified staff, techno- 
logy and necessary material and technical base [15, 16]. With the adoption 
of the relevant state program of financing this area, a public bank of donor 
umbilical cord blood could work in Ukraine as well.

In the medical scientific community there is a significant interest in 
the study of CB as a therapeutic tool in the treatment of not only hemato-
logical pathology, but also for the treatment of more than 80 diseases, in-
cluding congenital immunodeficiencies and certain metabolic syndromes 
[6]. In the mid-2000s, clinical studies began on the effectiveness of CB 
use in patients with neurological pathology. Pilot and clinical trials invol-
ving pediatric patients with conditions such as hypoxic-ischemic enceph-
alopathy, cerebral palsy, autism spectrum disorder and acquired hearing 
loss have confirmed the safety and efficacy of cryopreserved autologous 
and allogeneic CB [17-22]. A phase I clinical trial also confirmed the safe-
ty and appropriateness of allogeneic unrelated umbilical cord blood in 
adult patients with ischemic stroke [23]. To date, clinical trials are investi-
gating the effects of the use of HSCs obtained from umbilical cord blood, 
in particular for immunotherapy using chimeric antigen receptors, which 
opens new horizons for the use of CB units [24].

Based on the potential therapeutic value, high proliferative activity, 
lack of ethical contradictions and reduced risk of exposure to viruses and 
environmental toxins on neonatal stem cells, compared with cells from 
adult tissues, numerous CB banks have expanded the range of tissues for 
cryopreservation: umbilical cord, placenta, amniotic fluid and amniotic 
membrane. These tissues are a rich source of multipotent mesenchymal 
stromal cells (MMSCs) and progenitor cells, which are effectively used in 
the treatment of various diseases [10]. Except for amniotic fluid, which 
is obtained during routine amniocentesis, the above tissues are collected 
non-invasively after the childbirth or usually disposed as medical waste. 
Cryopreservation of several perinatal tissues from the same donor is pos-
sible [25]. Such services are also provided by Ukrainian umbilical cord 
blood banks, such as Cryobank of the Institute of Cell Therapy [16], which 
actively conducts clinical trials using MMSCs of the placenta and umbili-
cal cord for the treatment of various diseases, including ischemic cardio-
myopathy, knee osteoarthritis, severe COVID-19 [26].

At the end of 2020, the population of Ukraine was 41 670 812, respec-
tively, the need for allogeneic HSCs transplantation (HSCT), taking into 
account European experience, may be more than 1 000 such transplanta-
tions per year. However, according to the Ministry of Health of Ukraine 
in 2020, a total of 204 bone marrow transplantations were performed in 
Ukraine, only 4 of them were allogeneic, i.e. 250 times less than the po-
tential need [2, 27]. Maximum HLA gene compatibility is required to per-
form allogeneic HSCT from an unrelated donor. The distribution of HLA 
genotypes has racial and national characteristics [28, 29]. In Germany, 
the number of donors is 8 million, while the probability to find a fully 
matched donor for Germans is about 

70 %, and the probability to find a donor for a patient of another 
nationality in this register is much lower and, for example, for Asian resi-
dents it is only 5 % [30].

In 2017, 22 863 HSCTs were performed in the United States, 58.7 % 
autologous, 18.7 % related and 21.8 % unrelated ones. In terms of 10 
million population, this is more than 280 allogeneic transplantations per 
year. Out of 4 972 unrelated HSCTs, 628 transplantations of unrelated CB 
were performed, which is 13 % [31, 32]. In the Russian Federation, 28.7 
thousand people are diagnosed with the tumors of lymphoid and hema-
topoietic tissues annually [33]. Approximately one-sixth of these patients 
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require allogeneic HSCT, but only 25-30 % of patients have HLA-identical 
sibling [34]. For the rest of the patients it is necessary to search for an un-
related donor or, in his absence, to conduct haploidentical HSCT. A total 
of 606 allogeneic HSCTs were performed in Russia in 2018, amounting to 
41.3 per 10 million people, while in some European countries, including 
Italy and Germany, this number in 2018 was more than 300 allogeneic 
HSCTs. [35-37]. In Japan, more than 1 300 recipients were transplanted 
with CB in 2017, and the total number of CB transplantations for the entire 
previous period up to and including 2017 reached 15 544, which is almost 
one third of the total number of CB transplantations performed worldwide. 
The average body weight of a Japanese people is less than that of Euro-
peans and North Americans, and this index is a factor that influences the 
probability of finding a matching CB unit by the ratio of the total number 
of nucleated cells in the unit to the recipient’s body weight. As a result, the 
vast majority of European and North American recipients with relatively 
high body weight were transplanted with two CB units from different do-
nors. Since 2005, the number of adult recipients transplanted with two 
CB units in Europe has exceeded the number transplanted with single CB 
units [36], while almost all CB transplants in Japan are single. In addition, 
the number of CB transplantations in Europe and the United States has 
recently declined [38]. This is not due to the results of comparative clini-
cal studies between the effectiveness of CB and stem cell transplantation 
from other sources, but it is a consequence of increased medical costs 
directly related to the transplantation of two CB units and the expansion 
of haploidentical transplantation with cyclophosphamide prescription in 
post-transplantation period (Haplo-PT-Cy) [39].

According to the analysis conducted by Japanese scientists, the rea-
son for the decrease in the number of CB transplantations in recent years 
in North America and Europe is not due to the low efficiency of umbilical 
cord blood transplantation as a method, but to the relatively high body 
weight of patients in these regions, for whom one CB unit per kilogram 
of their weight is not enough [36, 38, 39]. The achievements of scientists 
in the field of methodological approaches to increase ex vivo a sufficient 
number of progenitor cells and HSCs from one CB unit give hope for the 
active implementation of these methods in clinical practice after the com-
pletion of all phases of ongoing clinical trials [40-45]. Given this fact, it is 
possible that the method of unrelated transplantation of cord blood HSCs 
grown ex vivo will be more widely used in Europe and North America, 
given its high clinical and cost-effectiveness.

Probability to find an HLA-matched donor for Ukrainian patients in 
the unified national registry of hematopoietic stem cell donors (which 
should include a registry of potential donors of bone marrow HSCs, a 
registry of units stored and typed by HLA antigens from public donors in 
public banks), may be many times higher than in many foreign registries, 
in which donors belong to other ethnic groups and may differ significantly 
in HLA antigens from the donors of Ukrainian (Slavic) population and oth-
er populations living in Ukraine. A number of authors have shown that the 
survival of patients whose allogeneic HSCT was performed from a donor 
from the national registry is higher than that of patients whose transplan-
tation was performed from donors from foreign registries [46-48].

In accordance with global practice, umbilical cord blood is donated 
to the donor public bank with the informed consent of the mother on a 
voluntary and unpaid basis. Unlike private (family) umbilical cord blood 
banks, where CB units are stored only for personal use on a paid basis, 
any citizen of Ukraine with oncohematological diseases will be able to 
obtain a unit from a donor bank, provided it is matched by HLA antigens.

The correct choice of CB unit is crucial for its successful engraftment 
and survival of the recipient after transplantation. Greater availability of 
high-quality CB units with high cell content has contributed to improved 
CB transplantation outcomes in recent years [10, 28, 46, 49-51]. However, 
choosing the optimal umbilical cord blood unit for a particular patient can 
be difficult because a number of CB characteristics need to be considered. 
Each developed country has identified clear criteria for selecting a CB 
unit as a source for unrelated HSCs transplantation. An example, for the 
creation of Ukrainian recommendations for the selection of the optimal  

CB unit would be the following recommendations of the American Soci-
ety for Transplantation and Cellular Therapy (ASTCT) [49], according to 
which certain criteria must be met when choosing a CB unit as a cell graft 
[24, 52-61].

CRITERIA FOR THE MINIMUM NUMBER OF CELLS IN ONE UMBILI-
CAL CORD BLOOD UNIT FOR ITS SUCCESSFUL ENGRAFTMENT
The minimum threshold values for total nucleated cells (TNCs) and 

content of CD34+ hematopoietic cell for single-unit CB transplants vary by 
country and additional factors such as HLA overlap and which diseases, 
malignant or non-malignant, have become indicative of HSCT.

The minimum dose of TNCs
The minimum TNCs dose > 2.5•107/kg of recipient weight [52, 55, 

62] is used in the United States based on studies showing successful 
CB transplant engraftment, low transplant-related mortality, and higher 
survival at a cell dose higher than the specified threshold [63-65]. The 
United Kingdom and Europe suggest a minimum dose TNCs > 3.0•107/kg 
for a single CB transplantation [53-54, 66] based on studies that have 
shown that a dose of TNCs which excesses this threshold has been as-
sociated with reduced mortality [67, 68]. Japan has adopted a lower dose 
threshold of TNCs 2.0•107/kg [56, 69] to expand access to single-dose CB 
transplantation. This decrease in the number of cells is due to the fact that 
the Japanese have lower average body weight and height than citizens of 
the United States and Western Europe.

The use of TNCs doses that significantly exceed the accepted mini-
mum threshold values of TNCs (from 2.0 to 3.0•107/kg), promotes better 
engraftment of the CB transplant and is accompanied by lower mortal-
ity, especially with a significant difference in HLA antigens [64, 69-72].  
Higher minimum TNCs thresholds (e. g. TNCs ≥ 4.0-5.0•107/kg) are rec-
ommended for CB doses for non-malignant diseases. In non-malignan-
cies, the relationship between the effect of TNCs dose and the level of HLA 
matching on graft quality and engraftment rate is less clear. This may be 
due to insufficient knowledge of both the nature of these disorders and 
how the results of previous treatment affect the results of transplantation, 
as well as the relative lack of data on methods and results of treatment of 
such patients compared to malignant hematological pathologies.

For example, patients with hemoglobinopathies before the need for 
transplantation of HSCs from bone marrow, peripheral or umbilical cord 
blood, did not receive any course of chemotherapy in the previous period 
of treatment, and after pre-transplant myeloablation have bone marrow 
with a higher cell count and less pronounced immunosuppression than 
patients with hematologic malignancies. At the same time, due to the 
large number of blood transfusions in the anamnesis, such recipients are 
more likely to have antibodies to HLA. Considering all the above, in non-
malignant diseases, parameters such as compliance with the cell dose per 
kilogram of body weight of the recipient and a high level of HLA matching 
are critical predictors of the result, which requires a higher cell dose than 
malignant diseases [53, 54, 73-78].

The minimum dose of CD34+ cells
To date, the minimum allowable threshold for the number of CD34+ 

cells in the CB unit has not been established yet. However, it is known that 
the dose of CD34+ cells is the most important factor in the restoration of 
hematopoiesis [56, 57, 59, 70, 79, 80-82]. However, according to some 
studies, there is no direct relationship between the number of transplant-
ed CD34+cells (based on body weight) and the survival of recipients in the 
post-transplant period [56, 59, 70, 79].

Existing in the United States [52, 55] and updated Eurocord guide-
lines [24] allow a minimum dose of CD34+ cells 1.5•105/kg body weight 
of the recipient when transplanting a single CB unit. Currently, the ASTCT 
recommends a higher minimum dose of CD34+ cells to alleviate pro-
longed cytopenia after transplantation [49]. If the minimum number of 
cells in one CB unit is insufficient, consideration should be given to trans-
planting two CB units from different donors, or using one of the effective 
methods of increasing the number of CB cells ex vivo, or using another 
cell product [24].
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METHODS OF INCREASING THE NUMBER OF STEM CELLS IN A CB 
UNIT EX VIVO FOR SINGLE-DOSE TRANSPLANTATION
The increase in the number of stem cells and progenitor cells of CB ex 

vivo in order to solve the problem of limiting the transplantation of one CB 
unit with low content of HSCs has been studied for a long time [40-43]. A 
number of methodological approaches are used to achieve the quantita-
tive quality of CB transplant [44].

Delaney et al. showed that rapid recovery of the myeloid lineage after 
CB transplantation was made possible by Notch-mediated expansion of 
human CB progenitor cells ex vivo and infusion of cord blood together 
with another CB unit from which HSCs were expanded ex vivo. Their use 
helped to reduce the recovery time of neutrophils by an average of 10 
days compared to the transplantation of two conventional CB units from 
different donors [45]. In addition, the efficiency of using a CB unit, which 
insufficient number of progenitor cells and HSCs was increased ex vivo 
and cryopreserved – the so-called “off-shelf unit”, which is prepared in 
advance and does not require any time to cultivate HSCs for their expan-
sion is still being studied (NCT01690520).

There is evidence that due to the use of a culture of mesenchymal 
stromal cells (mesoblasts) the engraftment of the CB graft is faster than 
in its absence [40]. Possibilities of increasing the number of progenitor 
cells and HSCs in a CB unit ex vivo using means of enhancing the directed 
migration (homing) of umbilical cord blood cells into the bone marrow are 
also described. In addition, there are encouraging results using direct in-
jection of a CB unit into the bone marrow or co-infusion of CB with a hap-
loidentical graft (BM or peripheral blood HSCs) deprived of T-cells [44].

It has been shown that the addition of nicotinamide together with cy-
tokines that stimulate hematopoiesis in the culture of hematopoietic pro-
genitor cells derived from the CB increases primitive CD34+CD38– cells, 
enhances their homing to the bone marrow and increases the engraft-
ment potential of CD34+ cell cultures [83]. These properties of nicotin-
amide were used to develop the cell product NiCord – a product of ex vivo 
cultured progenitor cells and HSCs obtained from the fraction of CD133+ 
cord blood cells. The product is designed specifically to address the 
problems associated with delayed graft engraftment due to low TNCs and 
CD34+ cells content when transplantation to an adult with relatively large 
body weight is required. It should be noted that NiCord was developed as 
a separate graft. It differs from other cord blood products with increased 
ex vivo number of progenitor cells and HSCs because T-cell fraction from 
the thawed CB unit is pre-separated, cryopreserved and stored for the 
period of culturing of this unit ex vivo until the simultaneous introduc-
tion of both cell types – an increased number of progenitor cells and a 
cryopreserved fraction of T-cells. The use of NiCord reduces the recovery 
time of neutrophils, which averages 11.5 days, while the average recovery 
time of neutrophils after myeloablative HLA-identical allogeneic BM trans-
plantation is 20 days, and after HLA-identical mobilized transplantation of 
peripheral blood HSCs it accounts for 15 days [79]. This reduction in the 
recovery time of blood neutrophils contributes to a significant reduction 
in bacterial infections in recipients during the first 100 days after trans-
plantation compared with patients receiving HSCs from peripheral blood 
or BM [85-87].

The study «Evaluation of the safety and efficacy of NiCord transplan-
tation to patients with malignant hematological pathology» showed that 
cell transplantation is safe and effective to reduce the time of hematopoi-
esis restoration; it does not require co-infusion of the second CB unit from 
another donor and provides stable hematopoiesis for more than 7 years 
[88, 89]. A retrospective study of a cohort of patients receiving standard 
myeloablative CB transplantation showed that NiCord recipient group had 
a lower tendency to develop severe acute GVHD, lower recurrence-free 
mortality, and fewer severe relapses [88].

A lot of adult recipients require two CB units to provide adequate 
number of HSCs and progenitor cells for reliable engraftment. Therefore, 
in most countries, transplantation of two CB units is introduced into clini-
cal practice [90, 91]. However, the addition of a second unit of CB sig-
nificantly increases the cost of transplantation, which is associated with 

delayed platelet recovery and a higher incidence of chronic GVHD [62]. 
NiCord, if it is demonstrated in a phase III clinical trial comparing the ef-
ficacy of a standard CB transplantation after myeloablative therapy, may 
eliminate the need for a second CB transplantation when the cellularity 
of the first CB unit before the increase of its HSCs ex vivo is insufficient 
for a particular recipient. In addition, NiCord technology allows the use 
of CB units for adult patients that cannot otherwise be used owing to 
the excessive risk of graft insufficiency due to a deficiency in stem and 
progenitor cells.

But, despite some success and prospects for the application of the 
above technologies, they remain experimental and it is not yet possible 
to draw definitive conclusions about their reproducibility, cost-effective-
ness, long-term  results, so they need further study [24, 88].

INDICATIONS FOR THE USE OF THE SECOND CB UNIT FROM ANOTH-
ER DONOR AND THE CRITERIA FOR ITS SELECTION 
For patients who lack the number of cells from one CB unit, trans-

plantation of two CB units from different donors should be considered. 
It was found that two CB units, each of which has insufficient number of 
cells for single-dose transplantation, can be successfully combined into 
one graft [92, 93]. Two randomized clinical trials of myeloablative therapy 
followed by CB transplantation in children and young adults have shown 
that the addition of the second unit is not beneficial if the cellularity of the 
first one is adequate by the above criteria. These findings suggest that 
transplantation of two CB units should be avoided in patients for whom a 
single CB unit with an adequate amount of TNCs is suitable after donor/
recipient HLA matching [62, 66].

However, the other two trials used different criteria for the minimum 
amount of TNCs, which did not take into account the dose of CD34+ cells 
and the matching of 8 HLA alleles. Moreover, caution should be exercised 
in extrapolating these findings to adults who are more likely to receive 
low-intensity conditioned chemotherapy and, therefore, may benefit from 
a “graft-versus-leukemia” effect enhanced by transplantation of two CB 
units [92, 93]. The use of two CB units also increases the probability that 
at least one of the two CB units will have optimal engraftment [49].

Minimum doses of TNCs and CD34+ cells in a CB unit for the trans-
plantation of two CB units
The doses of TNCs and CD34+ cells are important for the trans-

plantation of two CB units [69, 94-99]. According to the guidelines of 
ASTCT, Eurocord, and the United Kingdom, the TNCs dose ≥ 1.5•107/kg 
body weight of the recipient and the dose of CD34+ cells ≥ 1•105/kg body 
weight of the recipient for each CB unit for two-dose transplantation are 
generally accepted. They were adopted as minimum thresholds to make 
transplantation for most patients more accessible [24, 49, 53-55]. How-
ever, a higher minimum dose of CD34+ is now recommended for each CB 
unit (Table 1) [49].

When transplanting two CB units, the cells of one of them become 
dominant and provide long-term hematopoiesis, but, when selecting 
these units, it is impossible to predict which of them will dominate [98]. 
Considering all the above, the characteristics of both units are equally 
important and the same selection criteria should be applied to each of 
them [49]. In the absence of a matched donor of BM or peripheral blood 
HSCs in the registry, and if the bank has a well-matched HLA donor but a 
CB unit with low cellularity and is unable to find an adequate pair for trans-
plantation of two CB units, a combination of transplantation of this well 
HLA matched CB unit with low-cellularity and HSCs of peripheral blood 
obtained from a haploidentical donor should be considered

Combined transplantation of cells from a haploidentical donor  
and a unit of unrelated umbilical cord blood (Haplo-Cord)
This approach combines the use of a smaller dose, but a qualitatively 

matched unrelated CB unit together with mobilized CD34+ peripheral blood 
cells from a haploidentical donor. In this case, early engraftment and resto-
ration of hematopoiesis is achieved due to haploidentical donor cells, which 
subsequently provide the opportunity for stable and long-term engraftment 
of an unrelated CB unit. This approach, using both myeloablative regimens 
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Notes: * – CB units with an adequate dose of CD34+ cells, but which do not meet the criteria for the minimum dose of TNCs, can be considered as candidates for 
transplantation if the ratio of CD34+/TNCs is in the acceptable range. For such CB units it is necessary to take into account the accreditation of the CB bank, the quality 
of processing and the year of cryopreservation.

STEP ACTION COMMENTS

1 Enter the high resolution HLA profile of 
the patient, body weight (kg) in a special 
program for searching CB units and 
perform sorting of suitable units.

2 options for the initial CB units search:
a) to sort by a higher dose of CD34+ cells or TNCs (better HLA matched units will be below the list at 
this time);
b) sort by HLA (units with lower cellularity will be higher on the results page).
Note: sorting by 8-allele HLA matching is based on the highest match level

2 Exclude CB units with low-dose of TNCs 
from the search

Minimum dose of TNCs:
•	 for the transplantation of one CB unit: 2.5•107/kg;
•	 for the transplantation of two CB units: 1.5•107/kg for each CB unit.

Note: The highest minimum dose for TNCs is recommended (step 9).

3 Exclude CB units with low-dose of 
CD34+ cells from the search*

The minimum dose of CD34+ cells:
•	 for the transplantation of one CB unit: 1.5•105/kg; 
•	 for the transplantation of two CB units: 1.0•105/kg for each CB unit.

Note: The highest minimum dose of CD34+ cells is recommended (step 9).

4 Exclude from the search the units that 
have a low level of HLA matching

Matching of at least 6 loci (antigen-level typing for HLA-A, -B, allele-level typing for -DRB1):
•	 choice of CB units by at least 4 loci out of 6;
•	 matching of at least 8 alleles (HLA-A, -B, -C, -DRB1);
•	 choice by at least 4 loci out of 8.

5 Exclude old CB units from the search Units saved 15 or more years ago are excluded from the search.
Note: If necessary, old units can be included in the search.

6 Exclude from the search units with non-
standard volume of cryopreservation 
media and/or with a high content of 
erythrocytes

Optimal CB unit volume: 24-28 mL (1 bag) or 48-54 mL (2 bags of 24-28 mL each)
Note:

•	 If the unit volume is 30 mL, make sure that it is free of erythrocytes (programmatically filter such  
a sample if erythrocytes are present in large quantities).

•	 Rarely, unit volumes are counted without ~ 5 mL of DMSO (19 to 21 mL). If so, check the correct 
cryopreservation medium volume.

7 Exclude from the search units from CB 
banks that are not FACT accredited

Priority is given to banks with FACT accreditation to optimize the quality of samples.
Note: The possibility of avoiding cooperation with some banks (for example, banks unknown to the 
transplant center) is being considered.

8 Sort CB units
If the search is complicated, the above 
filters (exclusion criteria) can be 
reduced or alternative stem cell sources 
can be considered.

Two options for sorting selected CB units:
1.	 Sorting of CB units by CD34+ cell number (from the highest to the lowest)* or
2.	 Sorting of CB units by HLA 8-allele matching level if complete 8-allele data of a CB unit in a high-

resolution are entered in the search system or by predictions generated by the Haplogic software 
package developed by NMDP [211]):
•	 Evaluate the sorted CB units matched by 8 out of 8 HLA alleles by the number of CD34+ cells from 

the highest to the lowest.
•	  Repeat the search by matching a CB unit and a recipient by 7 out of 8, 6 out of 8, 5 out of 8, 

4 out of 8 HLA alleles (for each matching level, each time evaluate the suitability of CB unit for 
transplantation by the presence of an adequate dose of cells).

9 Revise and select CB units for 
confirmatory typing by HLA.
It is desirable that the software product 
for the selection of a donor-recipient 
pair allows you to store and keep in a 
specially created folder for a particular 
recipient data on selected CB units.
In this folder it is necessary to save and 
reserve compared and selected CB units 
until the final decision on the use of a 
particular CB unit (so that at the same 
time these pre-selected units could not 
be reserved for another recipient, in 
case a transplant coordinator performs 
the search for a unit with a similar 
genotype in the other transplantation 
center).
Transplantation will require 1-2 basic CB 
units and 1-2 reserved ones.

Cell dose, HLA match level, and CB unit quality should be considered.
1.	 Select from 4 to 6 (if possible) units with an adequate dose of TNCs and CD34+ cells/kg of recipient 

weight and sufficient HLA match.
2.	 Evaluate the characteristics and DSA titers (if there are any).

Notes:
•	 The software should find CB units with all possible minimum threshold doses of cells and cover all 

potentially acceptable CB units.
•	 It is now recommended to select units with higher doses of cells:
•	 For the transplantation of a single CB unit: TNCs dose ≥ 3.0•107/kg  

and CD34+ cell dose ≥ 2.0•105/kg. 
•	 For the transplantation of two CB units for each CB unit it will be enough: the dose of CD34+  

cells ≥ 1.5•105/kg.
•	 If CD34+/TNCs ratio is unexpectedly high (≥ 1.5 % to 2 %), the indicated dose of CD34+ cells should 

be rechecked.
•	 At present, there is no clear data on how to decide whether to choose a CB unit with high cellularity 

and low HLA matching, or, conversely, with high HLA matching and low cellularity, if there are no 
such samples with both satisfactory parameters.

•	 If all selected CB units have a low dose of cells, it may be necessary to select CB units that do not 
match all 8 HLA alleles to find a CB units with an acceptable dose.

•	 HLA matching can be optimized if multiple CB units with a high dose of cells are available.
•	 For the patients with malignant hematological diseases, CB units that match by HLA very well  

(i.e. 8 out of 8 HLA alleles) can be avoided to reduce the risk of recurrence.
•	 For the patients with non-malignant hematological diseases, both the cell dose and HLA matching 

should be optimized.
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and low-intensity conditioning regimens, has shown a reduction in infec-
tious and immunological complications. In addition, it may be useful for 
adults with a limited number of unrelated donors and the presence of 
matching unrelated CB units with low cellularity, but with an available 
haploidentical donor, which allows to use of a single unrelated CB unit 
[100-102].

Due to the improvement of the methods of maintenance immunosup-
pressive therapy in the post-transplant period, the method of haploidenti-
cal transplantation has become widespread. We will present below the 
data from clinical studies comparing the effects on two-year survival of 
recipients after haploidentical transplantation and CB transplantation.

When comparing the results of clinical trials using unrelated CB and 
BM from HLA-haploidentical relatives, no statistically significant differ-
ence was found between the effects of sources of donors on two-year 
survival without disease progression (NCT01597778). The authors con-
cluded that both sources of donors are expanding patients’ access to 
transplantation under the low-intensity conditioning protocol. At the same 
time, analysis of secondary endpoints, including overall survival, favors 
haploidentical BM donors for adult recipients [103].

Duihong Li et al. (2020) after a retrospective analysis of the results of 
the treatment of 102 children and 1 311 adults who underwent CB trans-
plantation and 94 children and 915 adults who underwent haploidentical 
transplantation of BM or peripheral blood HSCs, found that the number of 
cases of chronic graft-versus-host reactions and disease-free survival for 
two years did not differ significantly. Two years later, there was no differ-
ence in the number of relapses, recurrence-free survival and disease-free 
survival. The authors concluded that both CB transplantation and hap-
loidentical BM or peripheral blood HSCs transplantation are equivalent 
effective treatments for adult patients for whom an HLA-matched bone 
marrow donor or peripheral blood HSCs were not found [104]. 

EVALUATION OF DONOR/RECIPIENT PAIR MATCHING BY HLA
Eurocord criteria for umbilical cord blood sampling are more strin-

gent and require:
•	 High resolution HLA typing of recipients and CB units by HLA-A, 

-B, -C and -DRB1;
•	 To avoid CB units with more than two HLA mismatches and 

avoid HLA-C mismatches;
•	 Transplanting two CB units, it is not necessary to perform HLA 

matching between units.
According to Eurocord, the dose of cells in the CB unit(s) should cor-

respond to the body weight of the recipient; HLA matching should be per-
formed depending on the indications before transplantation:

1. In non-malignant diseases, the dose of cells should be increased 
(> 5.0•107 TNCs/kg) and the best HLA matching found. If the criterion of 
the minimum number of cells in one CB unit is not reached, it is necessary 
to consider transplantation of two CB units for non-malignant diseases 
as well.

2. For patients with high body weight, a CB unit should first be selected 
according to the criteria of the number of cells, and then – according to the 
level of HLA matching.

Whenever possible, recipients should be screened for antibodies to 
HLA. CB units against which recipients have donor-specific antibodies 
(DSA) should be avoided. This is especially true for recipients with malig-
nancies due to the risk of rejection. CB units from FACT or FDA-accredited 
umbilical cord blood banks should be preferred. It is mandatory to select  
a CB unit with satellite tubes for matching the donor-recipient pair.

If there are several CB units that simultaneously meet the above Euro-
cord criteria, the best one is selected according to the following parameters:

1. Matching by ABO system.
2. Taking  the absence of NIMA (non-inherited maternal antigen) and KIR 

(killer cell immunoglobulin-like receptor); it should be noted that there are 
insufficient data to select units based on NIMA or KIR-L (KIR ligand) status.

3. CB units with a high content of erythrocytes should be avoided, or 
used only if there are no units deprived of erythrocytes.

4. The volume of the cryopreserved unit should be considered if further 
dilution is required after thawing.

5. It is desirable to choose units that were cryopreserved lately, as they 
are more likely to be stored according to the optimal protocols of CB banks.

If the minimum number of cells in one CB unit is insufficient, consi-
deration should be given to transplanting two units, as well as inviting the 
patient to participate in a clinical trial examining the use of a CB unit with 
increased ex vivo stem cell number or adding another cell product to a CB 
unit, such as CD34+ haploidentical donor cells [24, 100-102].

RECOMMENDATIONS FOR HLA TYPING FOR PATIENTS AND ADULT 
DONORS IN ACCORDANCE WITH THE NATIONAL MARROW DONOR 
PROGRAM (NMDP) AND THE GUIDELINES OF THE CENTER FOR 
INTERNATIONAL BLOOD AND MARROW TRANSPLANT RESEARCH 
(CIBMTR)
The analysis of scientific and clinical data has shown that determi-

ning the antigen recognition domain (ARD) for classical HLA loci re-
duces mortality and morbidity after transplantation. Therefore, NMDP 
specia-lists have developed and posted on a specialized Internet resource  
(http://hla.alleles.org) HLA nomenclature, which allows not only to match 
the donor-recipient pair by high resolution HLA, but also to take into ac-
count alleles that encode the same amino acid sequence in ARD [105, 106].

This nomenclature based on DNA analysis methods has four numeric 
fields (for example, A*02:01:01:01). Allele typing, also called high-resolu-
tion typing or 2-field typing [106], distinguishes between HLA genes encod-
ing cell surface proteins that differ in the amino acid sequence of the ARD 
[107]. ARD is an active part of the HLA molecule that binds peptide antigens 
and interacts with T lymphocytes and natural receptors of killer cells [109].

Other designations that indicate ARD identity include G (A*02:01:01G 
indicating nucleotide sequence identity in the ARD exons) and P 
(A*02:01P indicating protein sequence identity in the ARD) nomencla-
tures. Both G and P groups of alleles can also be represented as mul-
tiple allele codes that are provided and offered to consider by the NMDP.  
A description of the alleles included in a specific code can be found at 
https://hml.nmdp.org/MacUI. 

For comparison, there are the requirements for the level of HLA 
matching for donors of BM or peripheral blood HSCs (according to the 
recommendations of the NMDP) before transplantation. Thus, patients 
and donors should be typed by high-resolution DNA genotyping for 
HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DPB1 loci [52]. Other loci 
(e.g., HLA-DQB1, HLA-DRB3/4/5, HLA-DQA1, and HLA-DPA1) have not 
been shown to have significant effects on survival alone; however, their 
identification may help to develop an effective transplant-finding strategy 
among several similar donors for a recipient sensitized to HLA to avoid 
the potential risk of graft rejection [110, 111]. 

NMDP RECOMMENDATIONS FOR HLA TYPING FOR CB UNITS
CB units should be typed by high-resolution DNA genotyping for HLA-

A, HLA-B, HLA-C and HLA-DRB1 [55]. The donor-recipient pair matching 
software developed by NMDP performs it in high resolution and takes into 
account DQB1 and DPB1 [49].

DETERMINATION OF A CB UNIT FOR THE SELECTION OF A DONOR-
RECIPIENT PAIR ACCORDING TO THE RECOMMENDATIONS OF THE 
ASTCT (2020):
•	 preliminary assessment is performed by 6 HLA loci (antigen- 

level typing for HLA-A, HLA-B; allele-level typing for HLA-DRB1);

Table 1. Possible step-by-step algorithm for finding a cord blood 
unit for implementation in specialized software for finding a donor-
recipient pair in the State Information System of Hematopoietic Stem 
Cell Transplantation and in the «Ukrainian Register of Bone Marrow 
Donors» based on the recommendations of the American Society for 
Transplantation and Cellular Therapy (ASTCT) [38].
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•	 complete comparison is performed by 8 HLA loci (allele-level 
typing for HLA-A, -B, -C, -DRB1) [38].

MINIMAL REQUIRED HLA MATCHING IN THE DONOR/RECIPIENT PAIR
HLA matching by 6 loci: antigen-level typing for HLA-A, HLA-B, 
allele-level typing for HLA-DRB1
The CB unit/recipient HLA matching is based on antigen-level  

typing for HLA-A, -B typing, while in most countries HLA-DRB1 is recom-
mended allele-level typing (HLA matching by 6 loci) [55, 112], except for 
Japan, which considers it sufficient to determine all 6 of the above loci by 
antigen-level typing, not allele [113]. The minimum matching requirement 
of 4 out of the 6 loci has been widely recognized when comparing the 
donor-recipient pair for HLA [24, 52, 53-55, 62, 63, 112, 113].

At CB transplantation in the case of malignant hematological di- 
seases, HLA mismatching is associated with poor engraftment, as well 
as an increased risk of GVHD and post-transplant mortality [56, 57, 113, 
114-116]. Whereas, the above mentioned mismatch reduces the risk of 
recurrence [56, 113, 114, 116]. Low levels of matching by 6 HLA loci 
were associated with poorer post-transplant survival in one group of CB 
transplantation studies [30, 57, 63, 116], but were not detected in other 
studies [65, 70, 113, 114, 117, 118]. According to some authors, the 
negative impact of HLA mismatch on post-transplant survival is limited 
to children [69].

HLA matching by allele-level typing for HLA-A, HLA-B, HLA-C, HLA-
DRB1 (matching by 8 out of 8 HLA alleles)
Currently in Europe [24], Great Britain [53] and the USA [52, 62] it 

is necessary to perform allele-level typing at least 8 loci of HLA-A, -B, 
-C, -DRB1 (8-allele level of HLA matching). In malignancies, a higher 
mismatch of CB unit by 8 alleles of HLA was associated with poorer 
engraftment, an increased incidence of acute GVHD, and an increase in 
post-transplant mortality, but with a lower recurrence rate [67, 70, 119]. 
The deterioration of survival was observed only when matching less than  
4 alleles out of 8 by HLA [42, 67], or less than 5 alleles out of 8 by HLA in 
children [70]. It is recommended to avoid CB units that match less than  
4 out of the 8 HLA alleles [52, 55], if possible.

HLA matching of two CB units from different donors, if transplantation 
of one unit is not possible 
To date, the recommendations for the minimum match of 6 HLA loci for 

each of the two CB units are the same as for the transplantation of only one 
unit, as it is never known which of the two transplanted units will be domi-
nant in the recipient’s body. A number of clinical studies have not shown ei-
ther harmful effects or the benefit of matching of higher than by 6 out of the 
8 HLA alleles on the survival rate after the transplantation of two CB units 
[99, 120-122]. Therefore, the requirement for minimal donor/recipient pair 
matching by 8 out of the 8 HLA alleles (8/8) is not clearly established for the 
transplantation of two CB units. There is no need to perform HLA matching 
of one CB unit with another during two-dose transplantation [123].

CORD BLOOD TRANSPLANTATION FOR NON-MALIGNANT HEMATO-
LOGICAL DISEASES
During cord blood transplantation for non-malignant diseases, it is 

recommended to use CB units with maximum matching by HLA alleles, as 
this affects the best results of post-transplant survival [124-126]. There is 
no convincing evidence that matching by 10 or 12 alleles has a better ef-
fect on the final result of transplantation [56, 67, 68, 71, 127-132]. It does 
not make sense to detect non-inherited maternal antigens or inherited 
paternal antigens (IPA) in most patients [49, 133-136]. 

PECULIARITIES OF THE FORMATION OF THE POTENTIAL BM AND 
PERIPHERAL BLOOD HSCS DONOR BASE
A retrospective analysis of the NMDP found that almost 50 % of re-

gistered donors were unavailable due to inability to contact them or the 
changes in their personal circumstances [143]. In addition, the level of 
donor availability varies and depends on which of the international regis-
tries they are in.

In this regard, there is a need to form a new interaction with BM and 
peripheral blood HSCs donors entered in the register, namely: to include 
in the donor’s information letter the date of last contact with him and the 
date of reaffirmation of the desire to be a donor to help transplant cen-
ters make donor choice more likely. It is important that centers find mul-
tiple adult donors or suitable CB units, given the likelihood of the donor’s 
health deteriorating, which could significantly affect the timeliness of the 
donation. While storing CB in a cryobank makes it possible to get it when 
needed as quickly as possible.

THE INFLUENCE OF RACE/ETHNICITY ON THE PROCESS OF FINDING 
A MATCHED DONOR-RECIPIENT PAIR
The level of availability (likelihood of matching) of BM and peripheral 

blood HSCs donors very often depends on what race and/or ethnic group 
they belong to. These circumstances are especially important for ethni-
cally diverse groups, particularly in multinational Ukraine. By filling up a 
Ukrainian public cord blood bank, it will be much easier to store up CB 
units from small ethnic groups after carrying out appropriate explanatory 
work with women in labor.

HLA alleles and haplotypes are distributed with varying frequency 
among different racial/ethnic groups [9, 138, 139]. Low-frequency HLA 
alleles are more common in the general population in individual hap-
lotypes, as well as in other HLA alleles from the ancestral racial/ethnic 
group shared between the recipient and the donor. The NMDP HapLogic™ 
donor-recipient matching algorithm takes race and ethnicity into account 
when predicting the probability of a high-resolution match, so centers 
should try to accurately obtain and enter this patient data for search [52].

CORD BLOOD UNIT QUALITY ASSESSMENT ACCORDING TO NMDP 
AND ASTCT RECOMMENDATIONS
The quality of a CB unit is determined by the standard operating pro-

cedures for sample preparation, approved by the cord blood bank, and 
it is influenced by the methods of processing and cryopreservation. The 
purpose of the evaluation is to select high quality CB units with the maxi-
mum number of living cells after thawing, which subsequently affects 
engraftment. For this purpose, it is necessary to adhere to certain norms, 
which is possible under the condition of standardization of cord blood 
storage in appropriate cryostorage of accredited and licensed banks.

Standardization of cord blood processing and cryopreservation me-
thods in specialized banks is crucial to ensure consistent quality of CB units 
and reliability of test results before and after thawing [60]. Accordingly, CB 
units from banks accredited by the Foundation for the Accreditation of Cel-
lular Therapy (FACT) should be given priority in selection [55, 117].

In the United States, a license from the Food and Drug Administration 
(FDA) confirms the high quality of CB units. FDA regulations ensure the 
safety, identity, engraftment potential and purity of the product, and en-
sure that all stages from collection to release of the CB unit are rigorously 
monitored and the results meet predetermined standards. CB units from 
banks that have not passed FACT or FDA licensing procedure, but were 
prepared in accordance with the recommendations of these structures, 
are also acceptable for use [124].

The volume of a cryopreserved CB unit
Most automated systems for cord blood processing provide a stan-

dardized final volume of cell suspension (approximately 25 mL with di-
methyl sulfoxide solution or 50 mL in two 25 mL collection bags). There 
are non-standard volumes of cryopreservation medium that are associ-
ated with lower viability after thawing – such specimens have a lower 
engraftment potential [60, 140]. In CB units with unusually large volumes, 
a large number of erythrocytes are very common. Their use is not recom-
mended due to the high probability of serious post-transfusion reactions 
[124, 141].

It has been proven that thawed cryopreserved CB units after many 
years in liquid nitrogen retain good cell survival and the potential for 
transplant engraftment [60, 142-144]. However, most centers take the 
age of CB units into account when selecting, as banking practices have 
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improved over time and units collected over the last 10-15 years have 
been tested and stored according to more optimized protocols than those 
previously collected.

The viability potential of a CB unit after thawing
According to NetCord-FACT, the minimum viability of thawed CD34+ 

hematopoietic cells unit should be ≥ 70 %. However, at other conditions 
being equal, preference for transplantation is given to CB units with a 
higher minimum viability of CD34+ cells ≥ 80 % according to flow cytom-
etry. If possible, units with less cell viability should be avoided.

Other quality indicators of a CB unit
After receiving a CB unit for transplantation from any cryobank im-

mediately prior to transplantation, it should be verified by confirmatory 
HLA typing (or similar analysis using DNA diagnostic methods) of the 
accompanying satellite tube. The suitability of the samples is based on 
the assessment of possible risk factors in the mother and the screening 
of markers of her infectious diseases. CB units from donors that do not 
meet certain criteria can be used based on the FDA’s requirements to 
Urgent Medical Need. The potential risk of refusing to use a particular CB 
unit should be weighed against the potential benefit of its transplantation 
to other CB units or treatment options.

THE USE OF CB UNITS AGAINST WHICH THE RECIPIENT  
HAS DONOR-SPECIFIC ANTI-HLA ANTIBODIES ACCORDING  
TO THE RECOMMENDATIONS OF THE ASTCT (2020)
The effect of DSA on the engraftment of a CB unit after transplanta-

tion in patients with hematological malignancies is controversial. How-
ever, there are data to look out for [54, 145-148], as some [149, 150] but 
not all studies show that the presence of DSA increases the risk of graft 
rejection:

•	 DSA titer, specificity to a particular locus and their ability to 
bind complement, as well as the dose of transplanted cells 
should be considered in each case [151, 152].

•	 Additional important factors include diagnosis and prior immu-
nosuppressive therapy of the recipient and the planned inten-
sity of conditioning, as they also affect the potential for graft 
rejection.

•	 Taking into account the presence of DSA should not significant-
ly affect the choice of a CB unit, if such a unit has a sufficient 
number of cells.

•	 The algorithm for reducing the number of antibodies is not 
standardized, so it does not guarantee transplant engraftment.

•	 In CB transplantation, recipients with non-malignant diseases 
should avoid units against which DSA have been found [49].

FACTORS THAT SHOULD NOT BE CONSIDERED WHEN CHOOSING  
A CB UNIT
According to the recommendations of the ASTCT (2020), in contrast 

to the guidelines of Eurocord (2019), when choosing a unit of umbilical 
cord blood we should not take into account:

•	 Matching by ABO system. Mismatch by ABO system has not 
been established as a determinant of reduced survival in CB 
transplantation [152-156].

•	 KIR typing. The importance of typing immunoglobulin-like re-
ceptors (KIRs) in cells remains uncertain, so it may not be taken 
into account when selecting units [157-162].

•	 The presence of nucleated erythrocytes in the sample, sex or 
origin of the donor.

POSSIBLE STEPS FOR CHOOSING A CORD BLOOD UNIT
The step-by-step algorithm for finding a CB unit shown in Table 1 

can be integrated into the State Information System of Hematopoietic 
Stem Cell Transplantation (during its creation or as a modernization) 
and in the «Ukrainian Register of Bone Marrow Donors» [49]. Trans-
plantation centers have the right to modify the selection stages accord-
ing to their experience and specific needs. At present, there is no clear 
understanding what the priority is, a cell dose or HLA match level, for 
the choice of a CB unit for transplantation. While some studies have 
evaluated the relative importance of the TNCs dose and the presence 
of a match between 4 and 6 out of 6 HLA alleles [110, 117], there are 
insufficient data on the relative importance of the CD34+ cell dose versus 
the 8-allele HLA match [70].

When selecting from multiple CB units, the first ones should be se-
lected the units with the optimal cell dose and/or HLA match, and only 
as a last resort with the minimum acceptable values.

Among recipients (most children and some adults with common 
haplotypes) who nave multiple suitable CB units with high cell doses 
(e.g., TNCs ≥ 3.0•107/kg and CD34+ ≥ 2.0•105/kg), better compatibility by 
HLA can be identified as a priority. Conversely, for most adults and some 
older children, selection of a CB unit(s) by cell dose may have a priority 
over HLA matching selection, and transplantation of two CB units may 
be required. For recipients for whom it is difficult to find a CB unit, the 
priority is given to selection for an adequate dose of cells, even when 
this unit has a low level of HLA matching.

Recipients with hematological malignancies, other things being 
equal, should avoid transplanting CB units with a high level of HLA 
matching (matching 8 out of 8 HLA alleles) due to an increased risk of 
underlying disease relapse [70, 119]. At the same time, in patients with 
non-malignant diseases, a high level of HLA matching is very important 
for successful transplant engraftment [125].

Threshold doses of TNCs and CD34+ cells should be considered and 
CB units used where appropriate doses exceed the minimum for each 
threshold to minimize the risk of graft failure and to avoid prolonged 
post-transplant cytopenia.

Considering all the above, the choice of a CB unit for a successful 
transplantation leaves a lot of unresolved issues, which are currently 
difficult to unambiguously answer to. The importance of one or another 
criterion for the selection of a quality CB unit is determined taking into 
account many factors that cover a wide range of indicators of both the 
donor (we are talking about the mother) and the recipient.

The most common questions concern the options for the selection 
of units by certain parameters, namely: the priority of selection by cell 
dose or level of HLA matching; in which case to use one CB unit for 
transplantation, and in which – two. The question of safe transplantation 
of CB units with a low initial dose of cells, but with a high level of HLA 
matching remains open.

Thus, since the frequency and severity of acute GVHD after cord 
blood transplantation is much lower than in the case of BM or peripheral 
blood HSCs transplantation [8], this allows less stringent criteria to be 
applied to HLA donor-recipient pairs for CB units sampling and expands 
access to transplantation for patients for whom it is not possible to find 
a matched donor of bone marrow HSCs or peripheral blood. This is es-
pecially true for those recipients who are representatives of racial and 
ethnic minorities, potential donors of which are still underrepresented in 
international registers [9].
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