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Abstract

Allogeneic hematopoietic stem cell transplantations (HSCTs) represent a curative

strategy for treating hematologic malignancies yet bear dangerous and frequently

life-threatening complications including the development of graft-versus-host disease.

Here, we present a case of a patient that suffered from relapsed/refractory multiple

myeloma, a hematologic neoplasm characterized by clonal proliferation of malignant

plasma cells in the bone marrow. During the course of his disease, the patient under-

went consecutive allogeneic HSCTs, during which he developed a clinical meaningful

and hitherto unreported ABO subgroup incompatibility, leading to persistent hemol-

ysis. Testing for ABO subgroups during donor selection, especially after consecutive

allogeneic HSCTs, may therefore aid to prevent these complications.
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1 CASE REPORT

The patient was initially diagnosed with a standard risk multiple

myeloma (MM) in January 2013 (Table 1A). Partial response (PR)

was achieved after three cycles of induction therapy with lenalido-

mide, doxorubicin, anddexamethasone,whichwas administeredwithin

the randomized multicenter phase III trial (DSMM XIV study) by the
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German Study Group for MM. Upon request of the patient, he was

excluded from this study in favor of an intensified induction therapy

consisting of bortezomib, lenalidomide, dexamethasone, cisplatin, dox-

orubicin, cyclophosphamide, and etoposide (VRD-PACE). This new reg-

imen was followed by high-dose chemotherapy with melphalan and

an autologous hematopoietic stem cell transplantations (HSCT) which

resulted in a very good PR (VGPR). Three months later (November
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https://orcid.org/0000-0002-8856-8834
mailto:mareike.verbeek@tum.de
mailto:martin.hildebrandt@med.uni-muenchen.de
mailto:martin.hildebrandt@med.uni-muenchen.de
mailto:hendrik.poeck@ukr.de
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/jha2


HECKER ET AL. 281

T
A
B
L
E
1

D
is
ea
se

(A
),
d
o
n
o
r
an
d
re
ci
p
ie
n
t
(B
)c
h
ar
ac
te
ri
st
ic
s

A
.D

is
ea
se

ch
ar
ac
te
ri
st
ic
s

D
is
ea
se

st
ag
e

In
it
ia
ld
ia
gn

o
si
s

P
ro
gr
es
si
ve

d
is
ea
se

D
at
e

Ja
n
u
ar
y
1
st
,2
0
1
3

D
ec
em

b
er

1
st
,2
0
1
5

(A
ft
er

1
st
al
lo
ge
n
ei
c
H
SC

T
)

Ig
Su

b
ty
p
e

Ig
A
ka
p
p
a

Ig
A
ka
p
p
a

R
is
k
p
ro
fi
le

St
an

d
ar
d

H
ig
h

In
te
rn
at
io
n
al
st
ag
in
g
sy
st
em

(I
SS
)

1
U
n
kn

o
w
n

C
R
A
B
fe
at
u
re
s

O
st
eo

ly
ti
c
le
si
o
n
s
an

d
so
ft

ti
ss
u
e-
lik
e
m
as
se
s

O
st
eo

ly
ti
c
le
si
o
n
s
an

d
so
ft

ti
ss
u
e-
lik
e
m
as
se
s

D
u
ri
e-
Sa
lm

o
n
st
ag
in
g
sy
st
em

II
IA

II
IA

K
ar
yo
ty
p
e

4
7
,X
Y
,+

1
7

5
1
,X
Y
,+

3
,+

9
,+

1
1
,+

1
5
,+

1
7

B
.D

o
n
o
r
an
d
re
ci
p
ie
n
t
ch
ar
ac
te
ri
st
ic
s

H
SC

T
D
o
n
o
r

St
em

ce
ll

so
u
rc
e

C
D
3
4
+

ce
lls

C
o
n
d
it
io
n
in
g
re
gi
m
en

Im
m
u
n
o
su
p
p
re
ss
iv
e
re
gi
m
en

B
lo
o
d

gr
o
u
p

d
o
n
o
r

N
eu

tr
o
p
h
il

en
gr
af
tm

en
t

P
la
te
le
t

en
gr
af
tm

en
t

1
st
al
lo
ge
n
ei
c

H
SC

T

H
LA

-m
at
ch
ed

si
b
lin

g

P
B
an
d
B
M

1
.0
x

1
0
6
/k
g

F
lu
d
ar
ab

in
e
3
0
m
g/
m
š
(4

d
ay
s)
w
it
h
m
el
p
h
al
an

1
4
0
m
g/
m
š
(s
in
gl
e

d
o
se
)a
n
d
A
TG

1
0
/2
0
/3
0
m
g/
kg

(T
hy
m
o
gl
o
b
u
lin

,3
d
ay
s)

C
yc
lo
sp
o
ri
n
e
5
m
g/
kg

an
d

m
yc
o
p
h
en

o
la
te

m
o
fe
ti
l2

g/
d
ay

A
1
R
h
-

cc
d
d
ee

kk

D
ay
+
1
5

D
ay
+
1
8

2
n
d
al
lo
ge
n
ei
c

H
SC

T

H
LA

-m
at
ch
ed

u
n
re
la
te
d

d
o
n
o
r

P
B

5
.5
x

1
0
6
/k
g

F
lu
d
ar
ab

in
e
3
0
m
g/
m
š
(4

d
ay
s)
w
it
h
tr
eo

su
lf
an

1
4
0
0
m
g/
m
š
(3

d
ay
s)

an
d
A
TG

1
0
/2
0
/3
0
m
g/
kg

(T
hy
m
o
gl
o
b
u
lin

,3
d
ay
s)

C
yc
lo
sp
o
ri
n
e
5
m
g/
kg

an
d

m
yc
o
p
h
en

o
la
te

m
o
fe
ti
l2

g/
d
ay

A
2
R
h
-

cc
d
d
ee

kk

D
ay
+
2
8

N
o
t
re
ac
h
ed



282 HECKER ET AL.

F IGURE 1 Course of disease and hemolysis. (A) Therapy response
including IgA time course in relation to both allogeneic HSCTs from
initial diagnosis 2013 to patient death 2019. (B) Time course of
hemolysis with clinical laboratory values showing the hemoglobin,
haptoglobin, and lactate dehydrogenase levels in serum in relation to
the therapeutic algorithm and blood transfusion setting
Abbreviations: CR, complete response; LDH, lactate dehydrogenase;
PD, progressive disease; PR, partial response; PRBC, packed red blood
cells; VGPR, very good partial response.

2013), the patient underwent the first allogeneic HSCT from an HLA-

identical sibling stem cell donor (Table 1B). Following engraftment, the

patient switched from his initial blood group O Rh+ to his sibling’s

A Rh–. Required blood cell transfusions were performed using A Rh–

packed red blood cells (PRBCs) without any complications. During the

further course, the patient subsequently received maintenance ther-

apy with lenalidomide and remained in VGPR (Figure 1A).

At the end of 2015, the patient was diagnosed with progressive dis-

ease (PD) with increased immunoglobulin A (IgA) levels and multiple

new active osteolytic bone lesions as well as expansile lesions with

soft tissuemasses detected by 18F-FDG-PET (Table 1A).Moreover, the

malignant plasma cells had expanded in the bonemarrowandharbored

multiple newgenetic aberrations, evolving from the known singular tri-

somy 17 to a complex aberrant karyotype (51, XY, +3, +9, +11, +15,

+17). Subsequently, treatment according to the VRD regimen (borte-

zomib, lenalidomide, dexamethasone) was initiated [1]. Unfortunately,

the patient progressed after one cycle of VRD.We therefore escalated

the treatment by administering four cycles of the VCD regimen con-

sisting of pomalidomide, bortezomib, cyclophosphamide and dexam-

ethasone accompanied by a total of four doses of donor lymphocyte

infusions. This resulted in PR in July 2016, as determined by decreased

serum IgA levels.

In November 2016, the patient presented again with PD charac-

terized by multiple new osteolytic lesions and extensive bone mar-

row expansion of the malignant plasma cells. Despite a renewed esca-

lation of the therapy with combinations of elotuzumab, pomalido-

mide, and dexamethasone followed by carfilzomib, cyclophosphamide,

and dexamethasone, no response could be achieved. Furthermore, the

patient also underwent radiation of osteolytic lesions and soft tissue-

likemasses for painmanagement. Finally, a PRwas achieved via a com-

bination of daratumumab, pomalidomide, and dexamethasone (eleven

cycles from July 2017 until May 2018). Aiming to consolidate the

response, the treatment regimen was escalated in June 2018 to vene-

toclax, carfilzomib, and dexamethasone, which resulted in a VGPR.

In light of the high-risk disease profile, the patient’s young age, and

good clinical condition (ECOG 0), a second allogeneic HSCT was con-

sidered and after conditioning with fludarabine, treosulfan, and ATG

ultimately performed in October 2018 (Table 1B). This resulted in a

complete remission (CR) and minimal residual disease negativity (Fig-

ure 1A). Administering cyclosporine and mycophenolate mofetil as

graft-versus-host disease (GVHD) prophylaxis, the patient had no signs

or symptoms of acute GVHD (Table 1B).

This second donor was an HLA-matched unrelated donor bearing

blood group A Rh– (Table 1B). The screen for alloreactive antibod-

ies against donor erythrocytes was clouded by ubiquitous positivity

due to interferences by previous application of daratumumab. Pre-

treating test erythrocytes, and PRBC sampleswith dithiothreitol (DTT)

improved the diagnostic yield and allowed for conclusive crossmatch

results. Following transplantation, transfusions of PRBCs with blood

group A Rh– were initially well tolerated. However, after 4 weeks of

almost daily PRBC transfusions, the patient developed a Coombs pos-

itive hemolysis (direct Coombs test) with persistent haptoglobin levels

below 10 mg/dl and elevated lactate dehydrogenase (LDH 300–1228

U/l) (Figure 1B). We next sought to identify the causative alloreactive

antibody using a series of detection methods. First, we performed a

standard antibody screening assay (gel column agglutination test with

three test cells) and secondly with a more elaborate screen test panel

(further 27 test cells). Then, we scrutinized our assay for possible inter-

ference by daratumumab by performing these assays with andwithout

DTT.However, elution of the antibodies bound to the patient’s erythro-

cytes yielded no specificity in any of the used test erythrocytes at our

disposal. We therefore concluded that, with the last dosing of daratu-

mumab 6 months ago, daratumumab was no longer interfering in our

assay [2].

We first started to treat the hemolysis with corticosteroids (initial

dose of prednisone of 2 mg/kg/day) representing the first-line treat-

ment for autoimmune hemolytic anemia. Since this did not alter the

course of the hemolysis (Figure 1B), we sought to target the antibody-

producing B-cell populations by weekly administering rituximab

(375 mg/m2) throughout 4 weeks [3,4]. After these measures did not

yield a sufficient improvement of the hemolysis, we aimed to deplete

the antibody reservoir by initiating a 3-weekly plasmapheresis [5].

Moreover, since all these measures did not bear any sign of success, an

off-label treatment with daratumumab (16mg/kg, weekly for 3 weeks)

was started to specifically deplete the plasma cell pool responsible for

production of the alloreactive antibodies [6]. Still, crossmatching of

A Rh– PRBCs with the patient’s plasma was positive in most, but not

all PRBCs tested. Surprisingly, those PRBCs demonstrating a negative
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crossmatchwere all blood groupA2 Rh
– based on a capture solid phase

technology. At the same time, we identified an anti-A antibody in the

serum of the patient. Subsequently, we switched to transfusing 0 Rh–

PRBCs, which was well tolerated and resulted in a swift return to nor-

mal levels of LDH and haptoglobin (Figure 1B). Further investigation

into the first donor’s blood group revealed that he was A1 positive (the

most prevalent subgroup in Germany) whereas the second stem cell

donor was A2 positive (Table 1B) [7].

Immune-mediated hemolytic anemia is frequently observed and a

common complication after allogeneic HSCT [8], especially in the con-

text of passenger lymphocyte syndrome (PLS) comprising hemolysis

associatedwithminor ABO incompatibility between the donor and the

recipient (most commonA+ recipient,O+ donor) [9]. PLSusually occurs

immediately (between 5 and 15 days) post-transplant and is gener-

ally moderate but has also been described to cause fatal hemolysis

and potentially death [9,10]. The incidence of PLS-associated hemol-

ysis is waning since anti-B-cell immunosuppressive therapy is increas-

ingly administered as a component ofGVHDprophylaxis, as conducted

on this patient.

Here we present a rare case of severe, late-onset and treatment-

refractory hemolysis in which B cells from the second allogeneic HSCT

donor reacted and produced alloreactive antibodies against theA1 epi-

tope of the erythrocytes from donor 1 and therefore administered A1

Rh– PRBCs. The hemolysis occurred in coincidence with neutrophil

engraftment approximately 4 weeks after the second allogeneic HSCT

and persisted until the patient was transfused with O Rh– instead of A

Rh– PRBCs. Therefore, we conclude that this course of severe hemoly-

sis may have been prevented and should draw attention to A1/A2 sub-

typing of blood group A, especially in case of consecutive allogeneic

HSCTs.

During the further course, the patient suffered from a generalized

herpes simplex virus (HSV) infection with severe herpetic gingivos-

tomatitis, HSV viremia, and HSV DNA detection in the bone marrow

requiring prompt institution of appropriate antiviral therapy. Unfortu-

nately, upon persisting CR and initial neutrophil engraftment (day+28,

Table 1B) as well as detection of a complete chimerism, the hematopoi-

etic system of the second donor failed to reconstitute a trilineage of

blood cells permanently. Consequently, the inability to mount suffi-

cient immune responses against opportunistic infections and the sub-

sequent development of sepsis led to the death of the patient.

2 DISCUSSION

In conclusion, we note that the patient developed a clinically mean-

ingful Coombs positive hemolysis due to the generation of an allore-

active antibody against the A1 antigen following a second allogeneic

HSCT. Erythrocytes in antibody screen assays are usually O Rh+ , dis-

tracting from the possibility of an alloantibody directed against A1.

Based upon our case, we speculate that mismatches within the ABO

subgroups may play a more significant role in the future with increas-

ing numbers of consecutive allogeneic HSCTs and broadening pools of

potential donors [11]. Implementing rigorous blood group testing dur-

ing theprocessof donor selectionmay thereforeprevent complications

arising from for ABO subgroup incompatibilities, especially after con-

secutive allogeneic HSCTs.

3 METHODS

Blood group determination and serological testing were performed

using automated platforms using the solid-phase technology (Immu-

corNeo Galileo analyzer, ImmucorNeo, Dreieich, Germany) and stan-

dard gel techniques (IH-1000, Bio-Rad, Cressier sur Morat, Switzer-

land). Additional manual testing included the use of standard gel tech-

niques and commercially available test cell panels (Bio-Rad, Cressier

sur Morat, Switzerland, or Grifols Deutschland GmbH, Frankfurt/M.,

Germany). Serum and eluate indirect antiglobulin tests and direct

antiglobulin test were performed using polyspecific Ig cards. RBC-

bound antibodies were eluted from the cells using an acid-elution kit

(BAG, Lich, Germany).
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