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Hematopoietic stem cell transplantation (HSCT) pro-
vides potential curative treatment for a wide range of
potentially fatal hematological diseases. The number
of patients treated with HSCT has greatly increased
in the past four decades, accompanied by steady im-
provement in results. Ideally, HSCT is performed with
stem cells collected from an HLA compatible sibling,
but this is not always possible, as only about 30% of
patients will have this donor. The expansion in alter-
native sources of donor stem cells, together with the
advent of reduced intensity conditioning regimes
(RIC), contributed to the increase in the number of
HSCT in general and in transplantation with unrelat-
ed donors in particular. Advances in HLA typification
have facilitated improved donor selection, which, in
turn, has improved the outcome of HSCT with un-
related donors, so that survival is now approaching
transplantation with related donor.

In addition, the improved safety of haploidentical
transplantation with modern approaches, such as
post-transplantation cyclophosphamide (PTCy), has
led to an increase in the use of haploid donors.

The selection of a donor is a critical element that
contributes to the success of HSCT. Considering HLA
compatibility as the most important criterion in this
choice, other factors can influence the outcome of
the transplant, such as age and sex of the donor, par-
ity in the case of female donors, ABO compatibility
and CMV serological status.

AGE

As older patients are eligible for HSCT, older siblings
are increasingly being proposed as related donors.
This data has been extensively studied because it is
known that older donors are more likely to exhibit in-
determinate potential clonal hematopoiesis (CHIP),
and this has been associated with an increased risk
of hematological malignancies [1,2,3].

In 2015, Andrew R et al demonstrated that there was
no difference in transplant-related toxicity and con-
cluded that graft from donors older than 60 years did

not adversely affect the results of the allogeneic BMT
when compared with graft from younger donors. No
significant difference was observed in neutrophil and
platelet recovery time, except for an average delay of
1.3 days in neutrophil recovery between patients un-
dergoing myeloablative transplantation with older
donors (P = 0.04). Myeloablative and non-myeloab-
lative transplant recipients with older sibling donors
had significantly lower grade II-IV GVHD than recipi-
ents with younger unrelated donor grafts. The rates
of grade Ill-IV acute GVHD, chronic GVHD and TRM
for recipients with older donors were not significant-
ly different from recipients with younger donors. [4]

These data have been controversial in the literature.
In a study by Kollman et al, donor age under 30 years
was associated with a 30% incidence of acute GVHD
compared to 34% in patients with donors over 30
years (p = 0.005). The improvement in survival was
also observed in younger donors aged 18-30, 31-45
and 45 years old, being associated with an overall
survival (OS) in 5 years of 33%, 29% and 25%, respec-
tively (p =0, 0002). [5]

In a 2015 study with HLA-compatible donors, sib-
ling donors over 50 were associated with a 3 years
OS of 54% compared to 72% in URDdonors under 50
(p <0.0001). TRM and relapse occurred in 20% and
39% of transplants from donors over 50 years-old,
compared with 8% and 28%, respectively, after the
younger donor transplant (p = 0.03). [6]

However, these data were not confirmed by Shaw B
et al. analysing a cohort of URD transplantation. Do-
nor age was not associated with recurrence and when
tested as a continuous variable, it was also not associ-
ated with risk of relapse (HR, 1.004; 95% Cl, 0.99-1.01; P
= 0.20). The only donor characteristic associated with
a lower risk of recurrence was the transplantation of
female multiparous donors compared to male donors.
[7]1 However, In the same study, donor younger age
was associated with better survival, with 2 year-survival
3% better when a donor 10 years younger is selected.
These results support previous studies that suggest pri-
oritizing a younger 8/8 HLA compatible donor. [7]
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The use of younger donors was also associated with
higher doses of cells in the graft, betterimmunologi-
cal reconstitution and easier collection. [8]

The donor's older age was also associated with an in-
crease in acute GVHD, but not in chronic GVHD. The
higher rates of grade 2 to 4 acute GVHD observed
after transplantation of grafts from older donors can
be explained by the replacement of naive T cells with
memory T cells as the immune system ages in older
donors.[9]

In the context of Haplo-HSCT, the main criterion
continues to be the absence of anti-HLA antibodies
directed against the donor present in the recipient
serum (DSA - Donor Specific Antibodies). In the case
of positive DSA research and in the absence of an al-
ternative donor, there are desensitization protocols.
The other criteria are impossible to prioritize: age,
sex, CMV and blood type. [10]

SEX

The impact of the difference between the sex of the
donor and the sex of the recipient is still controver-
sial. The selection of a male donor has been reported
in some studies to be a factor with a positive impact
on overall survival, regardless of the recipient's gen-
der [11,12] and many studies show worse prognosis
when the donor is female and the recipient is male
[13-20]; however, new studies have shown that
there are many other factors that influence these
outcomes such as female donor parity [5], the type
of conditioning used [13) and the number of cells
collected [21].

Several authors credit the higher incidence of chron-
ic GVHD in transplants performed with female do-
nors to male donors to the immune response against
minor histocompatibility antigens present on the
Y chromosome of male recipients (HY antigens)
[19,22-25], and other authors believe that this effect
it is even more intense in the case of donors who
have been pregnant with male fetuses or received
transfusions from male donors and therefore have
already been exposed to HY antigens [26-28]. Cope-
lan et al, on the other hand, reported that the high-
er incidence of chronic GVHD in male patients who
received cells from female donors was protective
due to a lower incidence of relapse of the underlying
disease [29]. Studies with a small number of individ-
uals included suggest that, in the pediatric setting,
the donor's gender has less influence on outcomes,
especially if the donor is under the age of 12, and
therefore this criterion should be taken into account
in the donor for the pediatric population [30,31].

As for the type of conditioning proposed, a study
that evaluated more than 1,000 adult patients
demonstrated that among patients who received
myeloablative conditioning regimen, male recip-
ients of female donors had a higher incidence of
chronic graft versus host disease (p = 0.01), higher
mortality not related to recurrence (p = 0.022) and
a lower overall survival (p = 0.018). Among patients
who received reduced intensity conditioning, male
recipients of female donors had a higher incidence
of acute graft versus host disease (p = 0.01), but
there was no statistical difference in terms of mor-
tality rate, unrelated to recurrence. Among patients
who received conditioning based on total lymphoid
irradiation and anti-thymocytic globulin, there was
no influence of donor's gender on the incidence of
acute or chronic GVHD or mortality not related to re-
currence; however, only in this group a statistically
significant reduction in recurrence was noted (p =
0.01) and the anti HY alloantibodies titers were pre-
dictors of protection against recurrence. Also in this
group of patients, the gender difference between
donor and recipient resulted in a longer overall sur-
vival (p = 0.037), probably related to a greater graft
against leukemia effect [13].

Kollman led a study that included almost 7,000 trans-
plants and found no effect of donor sex on overall
survival, acute graft versus host disease (GVHD) or
engraftment, however, when only bone marrow re-
cipients were analyzed, female donors were asso-
ciated to a greater risk of developing chronic graft
versus host disease (GVHD), but this effect was re-
stricted to donors with previous pregnancies (p =
0.0001) and nulliparous donors had no statistical
difference.The same analysis was not performed for
peripheral blood source.[18]

Considering the use of umbilical cord blood, small
studies suggest a higher incidence of chronic graft
versus host disease when male recipients receive
cord blood cells from a female donor (p =0.02), while
female recipients of male cord blood cells showed
higher platelet engraftment failure (p = 0.02) [34],
suggesting this scenario needs further studies.

An important aspect in the case of bone marrow
collection is the size and weight of donors and in
general, male donors offer a greater volume of bone
marrow [21]. Data from the National Marrow Donor
Program (NMDP) reveal that the average bone mar-
row volume donated by male donors is 1.1 L, with
25% of men able to donate more than 1.35 L. Female
donors are able to donate, on average, 1L. [21] In
addition, when the requested source is peripher-
al blood cells, men have a higher average CD34 +
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pre-apheresis cell count, which leads to differences
of more than 30% in the total of CD34 + cells col-
lected, even when adjusted by the donor weight
besides the fact male donors more often have ad-
equate peripheral venous access for collection by
apheresis.[21]

ABO INCOMPATIBILITY

ABO incompatibility is not a barrier to the success
of hematopoietic progenitor cell transplantation
because ABO group antigens are not expressed in
pluripotent cells or in the early stages of differentia-
tion [33], even though, each type of incompatibility
presents specific potential adverse events as well as
preventive measures to be taken and all patients and
their respective possible donors should be tested for
ABO group, preferably before collection [34].

There are three types of ABO incompatibility:

- Major: occurs when the recipient has isohemag-
glutinins directed against the donor's erythrocyte
antigens. About 20 to 25% of transplants performed
worldwide have this type of incompatibility. [35]

- Minor: occurs when the donor has isohemagglu-
tinins against the recipient. About 20% of trans-
plants have this type of incompatibility. [35]

- Bidirectional: occurs when major and minor incom-
patibilities are present, as, for example, in the case
of a donor A to a recipient B. This type of incompat-
ibility occurs in up to 5% of transplants.[35] A study
conducted by Rowley et al showed that the infu-
sion of 10 to 30mL of incompatible red blood cells
infused with cells from a donor with in a setting of
major ABO incompatibility can be well tolerated by
adults and when this volume is less than 15mL there
are no signs of clinical hemolysis [36] while Bolan et
al showed that late hemolysis resulting from the in-
fusion of progenitor cells from a donor with minor
incompatibility can be severe and difficult to diag-
nose.[37]

The medium and long-term clinical impact of ABO
incompatibility is still controversial, while large stud-
ies have shown that greater or lesser incompatibility
does not lead to significant impacts on overall sur-
vival and does not constitute a contraindication for
donor selection [38], many smaller studies , mostly
unicentric, show decreased overall survival rates,
higher treatment-related mortality and even a high-
er incidence of graft-versus-host disease, in addition
to greater and more prolonged red cell transfusion
dependence. [39,40]

A study involving more than 5,000 unrelated allo-
geneic transplants performed in Japan for malig-
nant and non-malignant diseases showed that in
the period from 1993 to 2005, patients undergoing
transplantation with an unrelated ABO incompat-
ible donor had worse overall survival and higher
rates of treatment related mortality. Subsequently,
the same group analyzed the transplants performed
between 2000 and 2006 and again showed that the
greater ABO incompatibility was associated with
worse overall survival (p = 0.004) and higher treat-
ment-related mortality (p = 0.001), however, when
the same analyzes were carried out with transplants
performed between 2007 and 2015, the greater in-
compatibility had no effect on overall survival (p =
0.79). Thus, these authors concluded that the clinical
significance of ABO incompatibility has decreased
over time. [38]

On the other hand, Watz et al studied 310 patients
who underwent transplants with reduced intensity
conditioning and showed that both patients with
greater incompatibility and those with lesser in-
compatibility required red blood cell transfusions
for a longer period than patients without incom-
patibility. [39]

Brazilian studies by Soares Junior et al [41] in the
southeastern region and by Paz et al [42] in the
south, show similar results and do not show an im-
pact on overall survival, the development of graft-
versus-host disease or transplant related mortality
in patients who received cells from donors with
ABO incompatibility. The study conducted by De
Santis et al [43] showed that in the case of greater
ABO incompatibility, patients who had antibody ti-
ters =32 of IgG, but not IgM, needed a greater num-
ber of red blood cell transfusions than those who
had lower titers.

CMV STATUS

Cytomegalovirus (CMV) diseases are the main caus-
es of significant morbidity and mortality in HSCT re-
cipients. [44] The risk of CMV recurrence depends on
the level of immunological competence, manifested
as impaired T-cell immunity, including the presence
and function of CMV-specific cytotoxic T lympho-
cytes [45].

Most events of CMV recurrence occur between 2 and
4 months, with a median of 44 days after HSCT [62-
64]. The greatest risk of CMV reactivation and CMV
disease is reported for HIV-positive recipients re-
gardless of the donor's serological status. [45]
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Other risk factors associated with a higher risk
of recurrence are: transplantation with unrelat-
ed donor or HLA disparity [46-47-48], acute GVHD
[48,49,50,51], bone marrow as stem cell source [46],
reduced intensity conditioning [49], conditioning
based on TBI [48.51] and steroid use [51]. A protec-
tive effect of sirolimus use on GVHD prophylaxis was
demonstrated in one study[46]. Sirolimus possibly
has a protective effect against CMV infection due to
the inhibition of cell signaling pathways that are trig-
gered during CMV infection for the synthesis of viral
proteinsThese antiproliferative properties probably
inhibit CMV replication kinetics[52,53].

The importance of donor serological status is con-
troversial. A large European registry study showed
that seronegative patients who received grafts from
unrelated seropositive donors had a decreased over-
all survival (HR 1.13 [1.06-1.21]; p <0.01) compared
to seronegative donors, while no difference was
observed in patients who received grafts from com-
patible siblings. In contrast, seropositive patients
who received grafts from non-seropositive donors
improved overall survival (HR 0.92 [0.86-0.98]; p
<0.01) compared to seronegative donors, if they had
received myeloablative conditioning this effect was
absent in the context of reduced intensity condition-
ing. These data are not confirmed when the donor is
related. Although no study has validated the role of
CMV in haplo transplant, the available data suggest
that there is an increase in the rate of CMV reactiva-
tion after haplo compared to related and unrelated
donors BMT [55,56] Therefore, reducing the risk of
CMV can be particularly important for patients sub-
mitted to haplo transplant platforms.

DONOR SAFETY DURING HSCT

The hematopoietic stem cell donation is a voluntary
and altruistic act, and the initial medical donor eval-
uation must consider aspects related to donor safety.

In general, the recommendations related to unre-
lated donors are more restrictive than the ones for
related donors. In terms of age limit, for instance,
NMDP unrelated donors are allowed to donate until
60 years-old while older related donors are accepted
in USA and donors younger than 18 years-old are el-
igible exclusively for related donation. Considering
the eventual risks, the American Pediatric Society
published in 2010, a list of minimum criteria for chil-
dren donation: 1) Absence of equivalent adult donor,
in terms of compatibility; 2) A relevant relation be-
tween donor and receptor; 3) The clinical and emo-
tional risks for donor are acceptable when compared

to receptor benefits; 4) A formal authorization from
parents or other legal representative is required.

Related and unrelated donors” medical evaluation
should include a physical examination, a medical in-
terview with emphasis on previous diseases, illegal
drugs abuse, surgeries, blood transfusions, pregnan-
cy and travels; and testing for infectious disease or
other conditions that require additional data.

The laboratory tests performed during work up are:
Complete blood count, biochemistry tests includ-
ing liver function tests; Infectious disease markers
for HIV, HTLV-1 and HTLV-II, hepatitis (HAV, HBV and
HCV), Chagas disease, syphilis, CMV and EBV.

In the case of a positive test for an infectious disease
marker like B hepatitis the risks for receptor must
be considered and the patient should be informed.
However, an HIV positive test is a definitive exclusion
criterium for related and unrelated donors. Pregnan-
cy test is recommended for female donors younger
than 55 years old. Hemoglobin electrophoresis can
be requested for donors who report familial history
of hemoglobinopathies but falcemic trait or minor
talassemia do not represent risk for receptor. X-ray
test and electrocardiogram can be requested for
specific cases.

Related and unrelated donors should be oriented
about the donation risks as well as eventual benefits
for patient, and an informed consent form should be
obtained during the work up process. The profes-
sionals responsible for donor evaluation should not
be related to patient treatment for the purpose of
reducing any conflict of interests.

In order to assure the donor safety during bone mar-
row harvest, donors with hemoglobin level lower
than 13g/dl have the recommendation for collection
of autologous blood and the prescription of iron
supplements is also indicated as strategies to avoid
symptomatic anaemia.

After bone marrow collection, serious complica-
tions are rare but donors can complaint of local pain
and the use of analgesic drugs is also recommended.
In the case of mobilized peripheral blood apheresis,
donors can require analgesia to treat symptoms as-
sociated to filgrastim use. Complications associated
to apheresis include the use of central venous cath-
eter while splenic rupture is a rare but serious event.

Finally, some donors can be requested for a subse-
quent donation. The interval between the first and
the second procedure should be evaluated on an
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individual basis but, as a general recommendation,
donors submitted to apheresis as the first stem cell
source should wait at least 30 days before a second
donation while after a bone marrow donation the
recommended interval is 90 days.

CONSIDERATIONS FOR COVID-19

The COVID-19 pandemic represented an additional
challenge on the complex process related to hema-
topoietic stem cell donation.

According to the World Marrow Donor Association
(WMDA), the main recommendations should bal-
ance additional donor risks, the benefits of (59)

« Clinical evaluation for related and unrelated donors
should include epidemiological aspects and risk fac-
tors associated to COVID-19

« Swabbing all donors for SARS-CoV-2 prior to dona-
tion (e.g.at work-up or before G-CSF) has some po-
tential value.
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