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Abstract
Haploidentical donors are now increasingly considered for transplantation in the absence of HLA-matched donors or when
an urgent transplant is needed. Donor-specific anti-HLA antibodies (DSA) have been recently recognized as an important
barrier against successful engraftment of donor cells, which can affect transplant survival. DSA appear more prevalent in this
type of transplant due to higher likelihood of alloimmunization of multiparous females against offspring’s HLA antigens, and
the degree of mismatch. Here we summarize the evidence for the role of DSA in the development of primary graft failure in
haploidentical transplantation and provide consensus recommendations from the European Society for Blood and Marrow
Transplant Group on testing, monitoring, and treatment of patients with DSA receiving haploidentical hematopoietic
progenitor cell transplantation.

Introduction

Haploidentical donors have been increasingly considered
for transplantation in patients without HLA-matched donors
due to improved transplant outcomes, owing to novel
approaches for prevention of graft-versus-host disease
(GVHD), primarily to the use of post-transplantation
cyclophosphamide (PTCy), but also to other effective
methods to control alloreactive reactions in this setting,
such as selective alpha-beta T-cell depletion, enhanced
GVHD prevention with multiple agents, including ATG in
the non-T-cell-depleted haploidentical transplant approach,
extracorporeal photodepletion or administration of T reg-
ulatory cells (Tregs) in the T-cell-depleted haploidentical
transplant setting [1–8].

Primary graft failure (PGF) remains a major and dreadful
complication after transplantation associated with very poor
outcomes, either due to increased transplant-related mor-
tality following infectious complications or due to early
relapse in the absence of a functioning graft [9]. The inci-
dence of PGF varies widely with the method of T-cell
depletion, improved in the modern era due to maintaining
T-cells in the graft or partial T-cell depletion, better
understanding of the effects of conditioning regimens and
application of T-cell therapy as part of the conditioning for
transplantation, as well as identification of donor-specific
anti-HLA antibodies (DSA) as a major cause of PGF
in haploidentical hematopoietic cell transplantation (HHCT)
and other types of HLA-mismatched donor transplants
[5, 10–19].

Cellular-mediated rejection (primarily caused by residual
recipient T cells) has been historically considered the main
cause of PGF in hematopoietic cell transplantation, likely
because allogeneic transplants were almost exclusively
human leukocyte antigens (HLA)-matched transplants. T-cell
factors that could favor rejection, like removing T-cells from
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the graft and non-myeloablative conditioning (lower intensity
anti-host T-cells therapy), could explain the higher incidence
of PGF in these types of transplants, which is either HLA
matched or mismatched. In haploidentical transplantation, the
maximum genetic disparity between the donor and recipient
can lead to intense bi-directional alloreactive reactions
between the donor and recipient, not only in the graft-versus-
host but also in the host-versus-graft direction, which can
lead to a higher predisposition for developing PGF in reci-
pients of haploidentical grafts compared with HLA-matched
donor transplants [20, 21]. Host natural killer (NK) cells, in
addition to T lymphocytes, which survived the conditioning
chemotherapy may also be responsible for cellular-mediated
immune responses [22, 23].

Other predisposing/causative factors that are known to
affect engraftment not only in haploidentical transplants but
also in all forms of transplantation are myelosuppressive
drugs (such as ganciclovir, linezolid, trimethoprim/sulfa-
methoxazole), viral infections (for example, CMV, HHV6)
and bacterial sepsis, major ABO incompatibility or stromal
defects have been associated with PGF. Myeloablative
conditioning (enhanced clearance of recipient T cells),
peripheral blood graft (higher T-cell dose) and a non-T-cell-
depleted graft may also facilitate engraftment [17, 24–30].

A greater understanding of “humoral” rejection by iden-
tification of donor-specific anti-HLA antibodies as an
important cause of PGF in HLA-mismatched transplants,
and especially in haploidentical transplants, has contributed
to a greater understanding of causes of PGF in this setting
[13, 31–33]. This form of graft rejection is typically caused
by recipient preformed antibodies against donor HLA
antigens, which may be more important in haploidentical
transplants than in other types of HLA-mismatched trans-
plants due to the particular setting of allosensitization of the
female recipient through pregnancy against paternal HLA
antigens shared with a child that could later in life become a
potential transplant donor [34].

In this review, we address the role of DSA in the
development of PGF in haploidetical transplantation, as
well as provide comprehensive recommendations for clin-
ical practice regarding testing using modern methods for
detection of HLA antibodies and desensitization strategies
for patients with DSAs in order to improve engraftment rate
and transplant outcomes in these patients.

How DSA influence outcome of
haploidentical stem cell transplantation?

Antibody-mediated graft rejection has been a well-recognized
cause of graft rejection and organ failure in solid organ
transplantation. Preformed circulating DSAs can cause
hyperacute graft rejection that presents within minutes of

revascularization of the transplanted organ, whereas anti-
bodies developed post-transplant from pre-transplant antigen
exposure is a major cause of chronic or recall graft rejection
[35]. This phenomenon also has been documented in animal
models of allogeneic hematopoietic cell transplantation
(AHCT), in which the preformed antibodies present at the
time of marrow infusion presented a major barrier against
successful engraftment, resulting in rapid graft rejection
(within a few hours) in allosensitized recipients of MHC-
mismatched bone marrow transplantation, while cellular-
mediated graft rejection takes much longer [32, 36]. Since the
increasing use of partially mismatched hematopoietic stem
cell donors such as haploidentical, cord blood and mis-
matched unrelated donors for treatment of various diseases,
antibody-mediated graft rejection has become an important
issue in AHCT outcomes.

DSA and primary graft failure/delayed engraftment

After an initial study in which the MD Anderson Cancer
Center (MDACC) group found an association between DSA
and PGF in haploidentical transplants recipients [13], several
groups have confirmed this association and a likely causative
effect between DSA and the development of PGF in HHCT
[34, 37, 38], as well as in hematopoietic stem cell trans-
plantation with other HLA-mismatched donors [33, 39–43].

In the largest study to date, the same group reported on
122 consecutively treated haploidentical stem cell transplant
recipients and confirmed the clear association between DSA
and PGF in this setting in both T-cell depleted as well as
T-cell replete haploidentical transplants. In this study, the
incidence of DSA was 18% (22 of 122 patients) and PGF
occurred in 32% of the patients who developed DSA, while
only 4% of patients without DSAs had primary GF (P<
0.001). In addition, the time to engraftment was significantly
delayed in patients with DSAs compared with patients with
negative DSAs (19 days vs. 18 days, P= 0.004) [34].

In another study by Yoshihara et al., 79 patients
receiving HHCT were tested for anti-HLA antibodies, 16
patients (20.2%) were found to have anti-HLA antibodies,
including 11 patients with anti-HLA antibodies direct
against donor HLA antigens. The cumulative incidence of
donor neutrophil (61.9% vs. 94.4%, P= 0.026) and platelet
engraftment (28.6% vs. 79.6%, P= 0.035) was significantly
lower in DSA-positive than in DSA-negative patients.
Moreover, they found that DSA levels > 5,000 were the
only significant risk factor for GF in multivariate analysis
(P= 0.006) [37]. In a more recent study by Chang and
colleagues, this group showed that not only primary GF and
delayed engraftment were associated with DSA, but also
primary poor graft function in patients receiving unmani-
pulated HHCT. Of the 345 tested cases, 87 (25.2 %) were
anti-HLA antibody positive and 39 patients (11.3 %) had
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anti-HLA antibodies against donor HLA antigens. The
patients with DSAs ≥ 2,000 MFI experienced a significantly
higher incidence of primary poor graft function than those
with a MFI < 2,000 (27.3 % vs. 1.9%, P= 0.003) [38].

DSA and effect on transplant survival

As seen in solid organ transplantation, the presence of DSA
has been shown to correlate also with survival in recipients
of hematopoietic stem cell transplants. PGF is an unfortu-
nate event, which, most of the time, will need an immediate
second transplant to recover recipient’s hematopoiesis. This
is associated with a high mortality rate either due to infec-
tious complications or disease relapse in the absence of an
effective graft-versus-tumor effect.

Several studies also evaluated the effect of DSA on
survival for patients treated with different HLA-mismatched
donors [13, 33, 34, 37–44]. With regards to haploidentical
transplantation, the MDACC group found that in addition to
a higher PGF rate in patients with DSA, there was a sig-
nificantly worse survival for patients who developed PGF
compared with those who did not (5.3 months vs.
17.1 months) (Fig. 1) [34]. These results confirm the
negative impact not only on engraftment but also on sur-
vival seen with other donor types and reemphasize the need
to avoid this complication by early detection and treatment
of patients with DSA.

In conclusion, DSA are associated with a higher inci-
dence of engraftment failure and poor survival in haploi-
dentical stem cell transplantation. Efforts should be made to
screen all patients before transplant, and if possible, select
donors with no DSA against, and desensitize patients with
DSA prior to transplant to avoid negative outcomes on
engraftment and survival. Information on desensitization
strategies is presented below in this review.

Which patients are at risk of developing
DSA?

The human major histocompatibility complex (MHC), also
termed the human leukocyte antigen (HLA) complex,
consists of more than 200 genes located close together on
chromosome 6 [45]. The molecules encoded by genes
within this region are of fundamental importance to the
innate and antigen-specific immune systems. The high
allelic variability represents a barrier against successful
transplantation.

Exposure to non-self HLA antigen can result in the
development of anti-HLA antibodies in transplant reci-
pients. These anti-HLA antibodies may be unique to a
specific allele or limited group, or recognize an epitope that
is shared by more than one HLA molecules resulting in
cross-reactivity.

In adult patients with hematologic malignancies referred
for allogeneic hematopoietic cell transplantation, the
reported total prevalence of anti-HLA antibodies can be up
to 40%, especially in HLA-mismatched transplantation [13,
33, 37–39, 43, 44]. However, not all of these anti-HLA
antibodies are directed against donor HLA antigens. With
the use of highly sensitive solid-phase immunoassays,
DSAs were identified in up to 24% of AHCT recipients [12,
37, 39, 41–43, 46]. Overall, in HHCT, the prevalence of
DSAs may range between 10% and 21% [13, 34, 37, 38].
This proportion is highly dependent on the recipient’s
gender, with very low prevalence in male recipients (5%) as
compared with female recipients (86%) [34]. In addition to
a much higher prevalence of DSA in female patients, much
higher DSA levels were identified compared with DSA
levels in allosensitized male patients [33, 34]. Anti-HLA
antibodies detected in female patients are much more often
DSAs in the settings of “child-to-mother” haploidentical
transplants than in the setting of mismatched unrelated
donor transplants [13, 40] as a result of sensitization during
pregnancies by offspring’s HLA antigens, and this risk is
further increased with a higher number of pregnancies with
the reported incidence up to 50% in the female recipient
with a history of multiple pregnancies [47].

Besides pregnancy, transfusion of allogeneic blood pro-
ducts also has been identified as a common risk factor for
developing anti-HLA antibodies, both in healthy individuals
and transplant recipients [13, 33, 48, 49]. Several studies
using contemporary solid-phase assay methods have
confirmed that blood transfusions induce or reactivate
HLA alloimmunization in solid organ transplant recipients
[50–52] The risk of transfusion-associated HLA
alloimmunization is higher in patients receiving leukocyte
and platelet transfusion compare to erythrocytes, since these
cells express large number of HLA antigens. Although they
express lower levels of HLA class I molecules, erythrocyte
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Fig. 1 Survival of haploidentical transplants for patients who experi-
ence primary graft failure as compared with those who engrafted the
donor cells (Reproduced with permission from Ciurea SO, et al.) [34]
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(red blood cell) transfusions may also increase risk of
developing anti-HLA antibodies, as large numbers of ery-
throcytes are transfused to certain groups of patients and
HLA allosensitization would be expected to occur [53].
This is particularly seen in children or young adults with
hemoglobinopathies and older individuals with more indo-
lent hematologic malignancies requiring frequent transfu-
sions, such as patients with myelodysplastic syndromes or
myeloproliferative diseases.

For adults with hematological malignancies, pregnancy
appears to be a much more powerful inducer of anti-HLA
antibodies and DSA, as multiparous females were found to
be much more likely to be allosensitized and the median
antibody levels in females was found to be much higher
compared with allosensitized male recipients [34].

In conclusion, the development of anti-HLA antibodies
may occur in all patients receiving an HLA-mismatched
donor transplant, particularly in haploidentical transplants,
with higher prevalence in multiparous females compared
with males. Evaluation of anti-HLA antibodies should
therefore be performed in all patients receiving a haploi-
dentical transplant.

How do we identify anti-HLA antibodies in
transplant recipients?

A number of methods have been developed for the screening
and specification of anti-HLA antibodies in transplant

recipients. Generally, these methods are categorized into cell-
based assays or solid-phase immunoassays.

Cell-based assays

Cell-based assays were first used for donor selection in
HLA allosensitized solid organ transplant recipients [54]. In
cell-based crossmatched assays, donor leukocytes are
incubated with recipient serum.

If the patient serum contains DSA, the antibody will bind
its target antigen on the donor lymphocytes causing a
positive test [55]. The lymphocytotoxic test so-called
complement-dependent cytotoxicity (CDC) test is the old-
est cell-based assay used either for the screening of anti-
HLA antibodies or donor-specific crossmatches. This
method detects complement-activating antibodies lysing
lymphocytes. Antibody–antigen interaction leads to fixation
of exogenous complement onto target lymphocytes, and
results in cell death. Addition of a secondary antibody (anti-
human IgG, AHG-CDC) can improve the sensitivity of the
CDC test by detecting non-complement fixing antibodies.
The positive CDC test can predict hyperacute graft rejection
caused by DSA in solid organ transplantations [54, 56].
However, this assay is not very sensitive, requires a rela-
tively large number of viable donor lymphocytes, also it can
detect non-HLA antibodies, which might not be clinically
significant. Importantly, CDC screening cannot distinguish
all antibody specificities in highly sensitized patients with
complex antibody profiles (Table 1) [57].

Table 1 Differences between various tests performed to determine the presence of DSA

Method Direct crossmatch assays (CDC,
FXM)

Virtual crossmatch (SPI, donor mismatches)

Patient’s serum needed Yes Yes

Donor’s viable lymphocytes needed Yes No

Interference by biologic antibodies (i.e.,
anti-CD20, anti-CD52, etc.)

Yes No

Increase false-positive results

Interference with IVIG Yes Yes

Increase false-positive results Increase false-positive results

(avoid IVIG infusion 1–2 weeks
prior to testing)

(avoid IVIG infusion 1–2 weeks prior to testing)

Ease of testing Cumbersome with requirement of
donor’s lymphocytes

Simpler and faster

Retesting New collection of viable
lymphocytes from the donor

May require typing of untested loci

Specificity Low (interferences by autoantibodies
and biologicals)

High (evaluates only HLA reactivity I)

(method used in most centers)

Intermediate (phenotype SPI)

Sensitivity Low (CDC) High (single antigen SPI)

High (FXM) (method used in most centers)

Intermediate (phenotype SPI)

SPI solid-phase immunoassays, IVIG intravenous immunoglobulin, CDC complement-dependent cytotoxicity, FXM flow cytometric crossmatch
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The more sensitive method of antibody detection is flow
cytometry crossmatch test. This method can detect antibody
binding to target lymphocytes using a fluorescent secondary
antibody and quantification via a flow cytometer. It can also
be used for antibody identification by adding HLA-typed
donor lymphocytes. It is more sensitive than the CDC test
and has been proven useful in identifying weak DSA, which
might cause graft rejection [58]. However, the drawback of
this method is it is difficult to standardize and might detect
non-HLA antibodies (Table 1) [57].

Solid-phase immunoassays

Solid-phase immunoassays (SPI) use solubilized HLA
molecules bound to a solid matrix that could either be a
microtiter plate (enzyme-linked immunosorbent assay;
ELISA) or polystyrene beads (multiplexed multianalyte
bead arrays) performed on a conventional flow cytometer or
a fluoroanalyzer (Luminex) [59–61]. The comprehensive
array of common and many rare HLA alleles for all 11 HLA
loci (HLA-A, -B, -C, -DRB1, -DRB3, -DRB4, -DRB5,
-DQA1, -DQB1, -DPA1, and -DPB1) present in the
Luminex SAB array enables the precise definition of HLA
antibodies contained in complex sera [61, 62]. Beside
antibody identification, the SPI can also give a semi-
quantitative assessment of antibody-binding ability as the
test results can be expressed as optical density ratios com-
pared with a negative control (ELISA), median channel of
fluorescence (flow cytometry), or MFI value (Luminex).
The tests are more sensitive than the cell-based assays since
it can detect a low level of anti-HLA antibodies in the
patient serum. However, the test drawback is that the
variable HLA protein density on beads and blocking factors
may cause false-negative or misleading low assessment of
antibody levels (prozone effect) (Table 1) [57].

Assessment of functionality of HLA antibodies

Assessment of antibody functions can be done using the
modified SPI such as C4d and C1q assays. These tests are
enabling to distinguish complement fixing from non-
complement fixing antibody. The C4d assay requires com-
plement activation to occur. It has been shown in some
studies that the presence of C4d-fixing antibody is asso-
ciated with low graft survival in various types of solid organ
transplant [63, 64].

The C1q testing was also designed to distinguish com-
plement fixing from non-complement fixing antibody but
does not require complement activation other than the
binding antibody to C1q [65]. The test is more sensitive
than C4d test and also detects more IgG antibodies as well
as complement fixing IgM. The positive C1q test has been
shown to correlate with antibody-mediated graft rejection

and survival in kidney and cardiac transplantation [66–68].
Similar findings have been reported in hematopoietic stem
cell transplantation, in which a clear association between
high DSA levels and C1q positivity was noted and con-
firmed a high risk of graft failure with complement-binding
DSA (C1q+ ) in HHCT [34].

In conclusion, solid-phase assays are now preferred for
detection and monitoring of DSA in hematopoietic stem cell
transplantation. In addition, assessment of complement-
binding DSA (C1q testing) is needed in patients with DSA
as complement-binding DSA expose the recipient to a
higher risk of PGF as detailed below. Cell-based assays
(flow cytometry crossmatch) are performed in several cen-
ters with experience in such testing and may be considered
as an adjunct or alternative to solid-phase assays, which are
now performed in the majority of transplant centers.

What is the mechanism by which DSA
contribute to graft failure in hematopoietic
stem cell transplantation?

The exact mechanisms by which DSA cause graft failure
remain to be elucidated. In general, antibody-mediated graft
rejection may occur either by antibody-dependent cell-
mediated cytotoxicity or complement-mediated cytotoxicity
[69]. Several animal studies as well as studies from solid
organ transplantation point toward complement-mediated
cytotoxicity. In animal models of AHCT, Xu et al.
demonstrated that preformed antibodies presented at the
time of marrow infusion in multi-transfused mice were a
major barrier against marrow engraftment resulting in rapid
graft rejection within a few hours [32]. Same result was
found in a study by Taylor et al., which showed a rapid
rejection of donor bone marrow cells in antibody-
primed mice and this reaction was dependent on a host
FcR+ mechanism [36]. In this study, antibody-mediated
rejection of a moderate bone marrow dose was nearly
complete by 3 h [36].

In 1969, Patel and Terasaki described a highly significant
correlation between a positive CDC crossmatch and
hyperacute or accelerated acute rejection in renal transplant
patients [54]. Also, evidence from studies in cardiac and
renal transplant patients has shown that complement system
is activated in the transplanted organ during rejection and
can be detected by measuring the products of complement
activation in the patients’ blood, urine as well as in the
transplanted organ itself [70–73]. Collectively, results from
several studies have suggested a link between complement-
binding antibodies and adverse graft outcomes. On the basis
of these findings, several laboratory tests to detect com-
plement activation have been developed to predict the risk
of antibody-mediated graft rejection in transplant recipients
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with DSA such as CDC crossmatch test, LMX-C4d assay
and C1q assay [54, 64, 65, 68, 67]. Among these tests,
assay of the classical complement pathway component,
C1q, seems to be more sensitive and specific and correlated
with post-transplant outcomes [34, 67, 68]. In kidney
transplantation, complement-binding DSA correlated with
significantly higher rejection rate and worse survival [74],
while in hematopoietic stem cell transplantation, Ciurea
et al. recently found that DSA that binds complement,
detected by the C1q assay, associate with high MFI
levels and very high likelihood of graft rejection in HHST
recipients [34]. In this study, virtually all patients who had
C1q-fixing DSA at transplant rejected the graft, while
patients who became C1q negative through desensitization
therapy engrafted the donor cells [34]. To date, this
remains the only study evaluating the role of complement-
binding DSA in AHCT; however, taken together with data
from solid organ transplantation, these data suggest an
important role for complement-binding DSA in allograft
rejection and the need to effectively desensitize patients
with DSA prior to transplantation, as detailed later in
this article.

Factors that influence the complement-activation ability
of DSA have not been well understood. Previous studies by
Chen showed that there is no predictability by IgG mean
fluorescence intensity (MFI) as to which of the antibodies
will bind C1q because fixation was independent of antibody
intensity [65]. However, most patients who had positive
C1q in the MDACC study had higher median MFI of DSAs
levels (all more than 5,000 MFI) compared with those who
had negative C1q [34]. These results suggest that the pos-
sibility of complement fixation might depend on both ability
and intensity of DSAs. Future prospective studies are nee-
ded to confirm the utility of testing not only for DSA but
also for complement-binding ability of DSA in hemato-
poietic stem cell transplantation. Until then, based on lim-
ited experience, but high likelihood of rejection, it is
prudent to recommend testing for C1q in addition to HLA
antibodies testing, as patients with complement-binding
DSA have a much higher rejection rate than those without.
Because C1q testing is not done yet in many centers and
because of the high association with high DSA levels
(>5,000 MFI), it should be presumed that high DSA levels
are most likely complement-binding and treatment should
be applied to all these patients prior to transplantation.

In conclusion, the exact mechanism by which DSA cause
graft rejection in hematopoietic stem cell transplantation
remains unclear. However, complement-mediated cyto-
toxicity appears to be involved and testing for complement-
binding DSA (C1q) appears to be indicated in this setting.
Persistent C1q at transplant is very likely to be associated
with graft rejection.

Is there a DSA cutoff more detrimental to
engraftment?

A positive test for DSA is considered when MFI is above
1,000; however, the cutoff of MFI values used varies among
transplant centers and laboratories. As previously discussed,
this is a very sensitive test and the significance of low
antibody levels remains unclear. Although rejection can
occur at any DSA level for MFI > 1,000, the likelihood of
developing PGF increases as the MFI levels increase. As
documented in several studies now, the incidence of PGF
appears to increase with MFI levels above 5,000 [34, 37].
The risk of rejection rate for patients with DSA< 5,000
MFI was found to be 9% vs. 54% for patients with DSA >
5,000 MFI [34]. As mentioned above, higher MFI levels
(>5,000) correlate also with the complement-binding abil-
ity, which could contribute to a higher likelihood of rejec-
tion in these patients [34]. It remains unclear whether some
antibodies are more likely to bind complement or higher
levels are more likely to activate complement cascade and
destroy targeted cells.

Prozone effect

The MFI values derived from the multiplex-bead assays
can be affected by multiple factors such as antigen density
or denatured antigens on the beads, variations from lot-to-
lot, run-to-run, kit-to-kit from different manufactures.
Another factor is the so-called “prozone” phenomenon or
the “hook” effect, in which high-titer antibodies as in
highly sensitized patients could result in falsely negative
or low results tested with sera “at neat”, but would react
strongly positive after dilution. In the last few years,
protocols for serum treatment, using dithiothreitol (DTT),
ethylenediaminetetraacetic acid (EDTA), serum dilution
or other methods aiming at resolving the prozone effect
and unmask seemingly weak or false-negative antibodies,
have been evaluated and adopted by many laboratories
[75–78].

In conclusion, evidence suggests that MFI levels > 5,000
pose a much higher risk to engraftment although rejection
can occur with DSA at any MFI levels. The high correlation
with complement-binding DSA for levels > 5,000 MFI
suggest that patients with such levels should be tested also
for C1q, as discussed above. However, caution should be
taken when interpreting MFI results and correlation with
clinical outcome is needed due to the semiquantitative
nature of the assays and potential variations from different
factors as mentioned above. Center-specific or local vali-
dation and standardization of the antibody DSA detection
assays, including the MFI cutoff, would be recommended at
the present time.
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How do we treat patients with DSA before
transplant?

Transplantation using hematopoietic stem cells from a
donor without corresponding HLA antigens is an ideal
option for patients with the presence of circulating DSA
since it has been shown in several studies that anti-HLA
antibodies directed against other HLA antigens than the
donor’s HLA antigens do not increase the risk of PGF [33,
40]. However, this might not always be possible due to the
limitation in donor availability and an urgent need to pro-
ceed to transplant. To reduce the risk of PGF, several
desensitization methods have been used to decrease total
antibody load to levels that would permit successful donor
stem cell engraftment.

These strategies to desensititize patients with DSA are
classified into the following 4 strategies: (1) antibody
removal by using plasmapheresis or immunoabsorption; (2)
inhibition of antibody production by using monoclonal
antibodies to CD20+ B lymphocytes (rituximab), and
proteasome inhibitor against alloantibody producing plasma
cells (bortezomib); (3) antibody neutralization using intra-
venous immunoglobulin (IVIg), or with donor HLA anti-
gens (platelet transfusions or white blood cell infusion in
the form of an irradiated “buffy coat”); and (4) inhibition of
complement cascade (Table 2). These desensitization
methods are based on experiences in solid organ trans-
plantation [79–83]. Some of these interventions have also
been used in HHCT and mismatched donor hematopoietic
stem cell transplantation. However, most of the published
data regarding transplant outcomes in AHCT patients
receiving these desensitization methods are case reports or
small studies with limited number of patients and variety of
graft outcome (Table 3) [34, 37, 69, 84–87]. Plasmapheresis
is the most common method of desensitization used in both
solid organ and AHCT patients. The use of plasmapheresis

for desensitization in HHCT patients was first described by
Barge et al. Though, using plasmapheresis alone in this
study did not effectively prevent GF, as the patient subse-
quently experienced GF and death [69]. Therefore, the more
recent protocols were the combination of plasmapheresis
and other methods, which aim to inhibit antibody produc-
tion and antibody neutralization. In the initial study by
investigators from MDACC, the combination of plasma-
pheresis, IVIg and rituximab was used to treat 4 HHCT
patients with DSA, 1 patient developed GF with persistent
high DSA levels, while 3 engrafted, 2 of them in the
absence of DSA [13]. Some of the most impressive
reductions of DSAs were achieved by using 40 units of
platelet transfusion from healthy donors selected to have the
HLA antigens corresponding to the DSAs [37, 88]. Yosh-
ihara et al. have tried 3 desensitization approaches for 5
patients who were to receive either bone marrow and per-
ipheral blood stem cell grafts from haploidentical donors.
Treatment regimen in this study was a combination of
plasmapheresis, rituximab, antibody adsorption with plate-
lets and administration of the proteasome inhibitor, borte-
zomib. One of the 2 patients treated with plasmapheresis
and rituximab received plasmapheresis on day −11 and the
other received plasmapheresis on days −17, −15, and −13.
Both were given a single dose of rituximab at 375 mg/m2.
DSA reduction was achieved in only 1 of the 2 patients;
however, both engrafted [37]. In a case report by Yamashita
et al., one patient who developed DSA after the first AHCT
from cord blood stem cells was treated with a single dose of
rituximab 375 mg/m2 on day −10, IVIg 5 g per day for
4 days (day −8 to −5), and 20 units of platelets from
healthy donor who had HLA corresponding to DSA 6 h
before undergoing second transplant from haploidentical
donor. The serum MFI level was reduced significantly at the
end of the platelet transfusion and donor neutrophil
engraftment was successfully achieved [88]. However,
using platelet transfusions can only absorb DSA specific to
class I HLA antigens, as platelets have only class I HLA
antigens on their surface. In the updated study, the MDACC
group infused an irradiated “buffy coat” prepared from 1
unit of blood which was infused to 5 HHCT patients with
DSA on transplant Day −1, in addition to 3 doses of
alternating plasmapheresis every other day followed by 1
dose of IVIg and rituximab. The “buffy coat” containing all
donor HLA antigens can potentially bind the DSA specific
to both class I and II donor HLA antigens. The buffy coat
infusion resulted in C1q negativity in two previously C1q-
positive patients and all of them were engrafted with the
donor cells successfully, even though the reduction of DSA
level was not immediate. Delay in clearance of DSA in most
patients over the next few weeks after treatment has been
reported both by the MDACC and Hopkins groups [34].
The MDACC desensitization protocol is shown in Fig. 2.

Table 2 Various desensitization strategies employed to date

Strategy Method

Antibody removal Plasmapheresis

Immunoadsorption

Antibody neutralization/enhance
the clearance of anti-HLA
antibodies

Intravenous immunoglobulin

Donor platelets or “buffy coat”
(white blood cells) infusion

Inhibition of antibody
production

Anti-CD20+ B cells monoclonal
antibody: rituximab

Proteazome inhibition:
bortezomib

Splenectomya

Complement cascade blockage Anti-C5a: Eculizumaba

Intravenous immunoglobulin

aNot used in hematopoietic stem cell transplantation to date

EMBT Guidelines on DSA
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Recently, we examined the effect of this treatment in a
follow-up analysis of 48 patients with DSA (42 patients
transplanted at MDACC and 6 at City of Hope Medical
Center). Out of 48 patients, 22 patients did not receive any
treatment prior to transplant, while 26 were treated, 16 with
PE/R/IVIg+ BC and 10 received only PE/R/IVIg. The
median MFI at diagnosis/before treatment and after treat-
ment before transplant for patients who did not have
treatment was 2,910 MFI and 2,906 MFI, respectively,
while for patients who received treatment was 4,887 MFI
and 2,906, respectively. Only 6 patients were tested for C1q
in the untreated group, 2/6 (33.3%) were C1q+, and both
failed to engraft the donor cells for overall engraftment of
81%. From the 26 patients with DSA who received treat-
ment, 21 patients were tested for C1q and 13/21 (62%) were
C1q+, for an engraftment rate in the treatment
group was 92.3%. One patient failed to engraft in the
R/PE/IVIg group (engraftment 90%) and one failed to
engraft in the R/PE/IVIg+ BC group (engraftment 94%).
(unpublished data).

The Johns Hopkins group developed an alternative
approach by extrapolating experience for desensitization in
solid organ transplantation, using a combination of repeated
plasmapheresis IVIg and immunosuppressive medications
to suppress immune response caused by DSA. This protocol
used in renal transplant recipients [89] has also been studied
in 15 mismatched AHCT patients including 13 haploiden-
tical transplant patients [87]. The desensitization regimen
consisted of alternate-day, single volume plasmapheresis
followed by IVIg (100 mg/kg), tacrolimus (1 mg, i.v.
per day) and mycophenolate mofetil (1 g two times daily)
starting 1–2 weeks before the beginning of transplant con-
ditioning, depending on each patient’s starting DSA levels.
DSA levels were monitored throughout desensitization and
on Day −1 to determine if there was any DSA rebound that
would require additional treatment. For patients experien-
cing an increase or rebound of DSA on days −1, 1, and 2,
additional plasmapheresis and IVIg treatments were

scheduled on day +1 and day +2 depending on the extent
of the increase in DSA. DSA in 11 patients was reduced to
levels considered negative post-transplant, whereas DSA in
3 patients remained at low levels. All 14 patients achieved
donor engraftment by Day +60 [87]. However, it is
important to mention that patients with very strong flow
cytometric crossmatch do not undergo this procedure
(Douglas Gladstone/Maria Bettinotti, personal commu-
nication, Sao Paolo, Brazil, 2017) and alternative donors are
pursued. Even though this protocol could reduce the risk of
GF, additional immunologic suppression after stem cell
infusion could increase the risk of disease relapse since the
treatment could potentially affect T cells in the infused stem
cell product. In this study, 7 out of 14 patients suffered
disease relapses post-transplant [87]. Albeit the majority of
these studies have been anecdotal and included only a few
patients, taken together have indicated that reduction of
DSA to low levels is possible and can permit successful
engraftment.

In conclusion, patients with DSA should undergo
desensitization prior to transplantation if a suitable donor
without DSA against is not available for transplantation.
Several desensitization strategies have been developed.
Efficacy of these strategies remains to be tested in the
future.

How do we monitor treatment and DSA
levels after treatment and transplant?

DSA and C1q levels should be monitored before and after
treatment, as well as after transplant. We recommend a
repeat serum sample for DSA (and C1q if DSA present) at
least within 1 month prior to admission. All patients with
levels above 1,000–2,000 should receive treatment as dis-
cussed above. Repeated DSA levels should be considered at
least after treatment/before infusion of stem cells and after
transplant. We recommend weekly DSA levels monitoring

Optional bortezomib
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thereafter until clearance, as DSA levels will not
clear immediately after treatment and/or stem cell infusion
[34, 46]. Patients with C1q+ should continue to have C1q
testing with repeat DSA serum samples until negative.

In conclusion, enough evidence has been generated for
uniform testing and treatment for patients with DSA prior to
haploidentical stem cell transplantation. Although further
studies on larger number of patients are needed, it is clear
that there is a strong detrimental effect on engraftment and
survival for patients with DSA. We recommend the fol-
lowing: (1) DSA testing (by Luminex platform and/or
cell-based assays) be performed in all candidate patients
for haploidentical (or HLA mismatched) donor transplants;
(2) If DSA> 1,000 MFI, C1q testing and/or cell-based
assays must be done to further assess the risk to the
allograft; (3) DSA testing should be incorporated in donor
selection prior to transplantation; if DSA > 1,000 MFI in the
absence of an alternative suitable donor, it is recommended
that patients undergo desensitization therapy, especially
with high DSA levels (>5,000 MFI) and/or C1q positive,
which pose a very high risk to the allograft; 4. The choice of
desensitization protocol may be based on prior local
experience.
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