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Abstract

With the introduction of hematopoietic stem cell transplant (HSCT), transplant-associated problems like graft-versus-host

disease (GVHD) and transplant-associated microangiopathy (TAM) have occurred. In addition, approximately 40% of allo-

geneic HSCTs are performed across the ABO blood group barrier, bearing the risk for immunohematological complica-

tions like severe hemolysis and pure red cell aplasia (PRCA). All these problems can potentially require therapeutic aphere-

sis. In this review, we address recent developments in therapeutic apheresis for patients undergoing allogeneic HSCT for

prevention or treatment of hemolysis in minor ABO-incompatible transplantation, treatment of PRCA after major ABO-

incompatible transplantation, and treatment of TAM and GVHD. (Turk J Hematol 2008; 25: 164-71)
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Özet

Hematopoetik kök hücre transplantasyonunun uygulanmas›yla Graft-versus-host hastal›¤› (GVHH) gibi transplanta ba¤l›

problemler ve transplanta ba¤l› mikroanjiyopati (TAM) ortaya ç›km›flt›r. Ayr›ca, allojenik HSCT’lerin yaklafl›k %40’› , fliddetli

hemoliz ve  saf k›rm›z› hücre aplazisi (PRCA) gibi immünohematolojik komplikasyon riski tafl›yan ABO kan grubu karfl›n

gerçeklefltirilmifltir.  Tüm bu problemler potansiyel olarak terapötik aferez gerektirebilir. Minör ABO uyumsuz transplanta-

syonda hemolizin tedavisi veya önlenmesi, majör ABO uyumsuz transplantasyon sonras› PRCA tedavisi ve TAM ve GVHH

tedavisi için allojeneik HKHT uygulanan hastalara yönelik terapötik aferez ile ilgili en son geliflmeler bu de¤erlendirmede ele

al›nmaktad›r. (Turk J Hematol 2008; 25: 164-71)
Anahtar kelimeler: Kök hücre transplantasyonu, terapötik aferez, hemoliz, saf k›rm›z› hücre aplazisi, trombotik mikroanjiy-

opati, graft-versus host hastal›¤›
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Introduction

In the 1970s and 1980s, clinical bone marrow transplanta-
tion (BMT) required HLA matching between the donor and recip-
ient to be successful. Although earlier BMT procedures occurred
between siblings, current molecular techniques have enabled
the precise characterization of major histocompatibility class I
and class II (MHC) genes, allowing the possibility of matching
unrelated individuals. The first successful transplant from an
unrelated donor for a patient with leukemia took place in 1979 at
the Hutchinson Center in the United States [1].

In 2005, the European Group for Blood and Marrow
Transplantation (EBMT) activity report documented 24,168 first
hematopoietic stem cell transplantations (HSCTs) in Europe.
There were 8,890 allogeneic (37%), 15,278 autologous (63%)
and 3,773 additional re- or multiple transplants reported from
597 centers in 43 participating countries. A total of 671 planned
allogeneic HSCTs after a first autologous transplant were report-
ed. Compared to 2004, there was a 20% increase in allogeneic
HSCT, whereas the numbers of autologous HSCT remained sta-
ble. The most noticeable increase was observed in unrelated
HSCT, which comprised 41% of all allogeneic HSCTs [2].

With the introduction of allogeneic bone marrow (BM) or
peripheral blood progenitor cell (PBPC) transplantation and the
extension of this treatment to heavily pretreated or older patients
and patients with higher co-morbidity, transplant-associated
problems like severe infections, organ toxicity, transplant-asso-
ciated microangiopathy (TAM) and graft-versus-host disease
(GVHD) were observed more frequently. In addition, approxi-
mately 40% of allogeneic HSCTs are performed across the ABO
blood group barrier, as the ABO system is inherited independ-
ently from the HLA system [3]. Three different groups of ABO
incompatibility can be distinguished: minor, major and bidirec-
tional ABO-incompatibility. Minor ABO-incompatible HSCT (e.g.
0 into A) is characterized by the presence of preformed anti-A/B
antibodies of the donor directed against recipient red blood cell
(RBC) antigens. In this setting, immediate or delayed hemolysis
of patients’ RBCs may occur. Recipients of major ABO-incom-
patible stem cell grafts possess isohemagglutinins directed
against donor RBCs and are at risk for immediate or delayed
hemolysis of donor RBCs and destruction of donor erythroid
precursor cells, causing delayed erythroid engraftment and pure
red cell aplasia (PRCA). Bidirectional incompatibility (e.g. A into
B) represents a combination of major and minor ABO-incompat-
ibility (Table 1). Thus, immunohematologic problems like imme-
diate hemolysis during graft infusion and delayed hemolysis dur-
ing donor cell engraftment or PRCA can occur. Recently, the
impact of ABO incompatibility on the transplantation outcome
was discussed in several studies. Resnick et al. [4] reported on
221 patients who underwent HSCT after reduced intensity con-
ditioning (RIC) and found an increased incidence of non-relapse
mortality (NRM) in the major and minor ABO incompatible
groups. Seebach et al. [5] analyzed 3,103 patients, 995 of whom
had an ABO incompatible donor. In contrast to Resnick et al., he
found no evidence of a substantial effect of ABO blood group
incompatibility on the outcome of conventional HSCT.

This review addresses recent developments in therapeutic
apheresis for patients undergoing allogeneic HSCT for the pre-
vention or treatment of hemolysis in minor ABO-incompatible
transplantation, treatment of PRCA after major ABO-incompati-
ble transplantation, and treatment of TAM and GVHD.

Red Blood Cell Exchange for Treatment or Prevention 
of Severe Hemolysis in Minor ABO-Incompatibility
Delayed immune hemolysis due to rapid isohemagglutinin

production by donor-derived lymphocytes has been reported in
transplants with a minor or bidirectional ABO-mismatched graft
and is known as passenger lymphocyte syndrome [6-10]. 

Recent reports show controversial results regarding the
effect of ABO incompatibility on the outcome of HSCT, ranging
from adverse impact on the transplantation outcome [4] to no
evidence of a substantial effect [5,11]. Special risk factors are:
RIC due to lack of methotrexate (MTX), T-cell depletion, lack of
anti-B-cell therapy in GVHD prophylaxis, and the use of PBPCs
[6-8]. The incidence of hemolysis, which typically starts between
5 to 15 days after transplantation, is reported in up to 30% of
patients at risk and can in certain cases be overcome by RBC
exchange with group O RBCs or multiple RBC transfusions [6-
10,12]. However, fatal hemolysis can occur resulting in multior-
gan failure (MOF) and death [6-9]. One case, a 38-year-old man
with blood group A who had been allotransplanted for multiple
myeloma with PBPCs from his fully-matched sister with blood
group O, developed severe immune hemolysis on day 9. Direct
antiglobulin test (DAT) was positive (IgG and C3d) and elution
showed an anti-A specificity. Hemolysis progressed rapidly,
leading to MOF and death on day +20 post-transplant [13].
Bolan and colleagues [7] observed massive immune hemolysis
in 3 out of 10 consecutive patients undergoing HLA-identical,
related-donor PBPC transplants with minor ABO incompatibility.
Nine of these patients underwent RIC with cyclosporin A (CsA)
alone for GVHD prophylaxis. Catastrophic hemolysis of 78% of
the circulating red cell mass led to anoxic death in the first case
seen, but severe consequences were avoided by early, vigorous
donor-compatible red cell transfusions in the subsequent two
cases. Hemolysis occurred 7-11 days after transplantation and
all patients with hemolysis had a positive DAT, with eluate reac-
tivity against the relevant recipient antigen [7]. We observed
severe hemolysis in 4 out of 25 (16%) patients with a minor or
bidirectional ABO-mismatch [8]. Three of these patients under-
went RIC and were given CsA with mycophenolate mofetil
(MMF) for GVHD prophylaxis, and one patient underwent mye-
loablative conditioning and was given CsA alone. Hemolysis
began 7 to 10 days after transplantation, and in all cases donor-
type alloantibodies were detectable concomitantly with recipi-
ent-type RBCs. To overcome hemolysis, patients received RBC
exchange with group 0 RBCs. Three patients recovered from
hemolysis, one experienced acute renal failure and disseminat-
ed intravascular coagulation, required mechanical ventilation and
subsequently died from MOF [8]. We then introduced a protocol
with prophylactic RBC exchange in patients at risk (minor and/or
bidirectional ABO-mismatched graft, PBPCs, RIC, lack of MTX)
to avoid severe hemolysis; 20 consecutive patients were treated
with prophylactic RBC exchange. The exchange procedure was
accompanied by mild to moderate citrate reactions in three
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patients, and hypotension in one patient. Eighteen of these 20
patients engrafted uneventfully, one rejected his graft, and
another showed signs of mild hemolysis. In minor and/or bidirec-
tional ABO-mismatched transplantation, patients with prophy-
lactic RBC exchange had a significantly lower risk for transplant-
related mortality (TRM; 16% vs. 53%) and significantly better
overall survival (OS; 65% vs. 40%) at one year compared to the
previously reported patients without prophylactic RBC exchange
[12]. We observed that RBC exchange is a safe procedure,
reducing the incidence of delayed severe immune hemolysis and
thus reducing the risk of TRM in minor and/or bidirectional ABO-
mismatched patient/donor pairs. Of course, RBC exchange is a
cost-intensive and potentially risky procedure. Moreover, this is
a small series of patients; comparative studies to evaluate the
efficacy and safety of this procedure are needed. However, vig-
ilant monitoring of patients at risk during the first two weeks
posttransplant, including daily complete blood count and lactate
dehydrogenase (LDH) and screening for donor isohemagglu-
tinins, is recommended.

Case series of severe hemolysis in minor ABO-mismatched
HSCT are given in Table 2.

Plasma Exchange and Immunoadsorption for
Treatment of PRCA in Major ABO-Incompatibility

The principles of the management of major ABO incompati-
bility are given in Table 1. Although ABO-incompatibility between
donor and recipient does not appear to affect the outcome of
HSCT in terms of incidence of graft rejection or delayed white
blood cell or platelet engraftment, in a minority of major ABO-
incompatible stem cell graft recipients, prolonged reticulocy-
topenia and an increased transfusion requirement have been

observed [13-16]. Normally, donor-type erythropoiesis is estab-
lished in the majority of patients undergoing HCT within the first
three weeks. The occurrence of reticulocytes in the peripheral
blood and the independence of further RBC transfusions indi-
cate successful engraftment of donor RBCs. Nevertheless, up to
20% of patients given a major ABO-mismatched stem cell graft
develop PRCA with the requirement of high numbers of post-
transplant RBC transfusions. As erythroid precursor cells in the
BM express ABO-antigens, they represent a target for anti-
donor A/B antibodies produced by the remaining recipient B-
lymphocytes and plasma cells [16-18]. Reasons for the appar-
ent plasma cell persistence in patients with PRCA may be either
an insufficient eradication during conditioning, especially with
reduced-intensity protocols, or an inadequate post-transplant
graft-versus-plasma cell effect [19]. Mielcarek and colleagues
[20] observed a significantly earlier disappearance of isohemag-
glutinin titers in recipients of matched unrelated-donor grafts
compared with recipients of matched related-donor grafts.
Moreover, isohemagglutinin titers disappeared faster in patients
with GVHD than in those without GVHD. Since the incidence of
PRCA is relatively low and some patients are able to clear the
hemagglutinins spontaneously, a prophylactic treatment is not rec-
ommended [3]. Aside from erythropoietin administration, depletion
of isohemagglutinins by plasma exchange (PE) or immunoadsorp-
tion (IA) can be performed to overcome PRCA [16,21,22]. If this
strategy is not successful, several other approaches have been
proposed based on the pathophysiology of the disorder: enhance-
ment of graft-versus-plasma cell reactivity by reduction of post-
transplant immunosuppression or donor-lymphocyte infusion, rit-
uximab and anti-thymocyte globulin [23-25]. 

Table 1. ABO incompatible HSCT: mechanisms and risk factors and prevention of transplant-related problems

ABO incompatibility Mechanism of action Risk at graft infusion Prevention of problems at graft infusion Risk at engraftment

Minor Donor isohemagglutinins Hemolysis 1. Plasma depletion of the graft Hemolysis

directed against recipient RBCs

Major Recipient isohemagglutinins 
Hemolysis

1. RBC depletion of the graft
PRCAdirected against donor RBCs 2. PE to reduce isohemagglutinins

3. Transfusion of donor type RBCs

Bidirectional Combination of minor and major 
Hemolysis

1. RBC depletion of the graft
HemolysisABO incompatibility 2. PE to reduce isohemagglutinins

3. Transfusion of donor type RBCs

HSCT: Hematopoietic stem cell transplantation. RBCs: Red blood cells. PE: Plasma exchange. PRCA: Pure red cell aplasia.

Table 2. Reports of hemolysis after minor ABO-mismatched stem cell transplantation

Case series # of patients Donor Risk factors Day of hemolysis Treatment Outcome

Toren, 1996 1 Sib CsA alone 8 RBC exchange Recovery on day 15

Oziel-Taieb, 1997 1 Sib CsA + MP 9 RBC transfusion Died of MOF on day 20

Bornhauser, 1997 1 URD CsA, MTX day 1+3 9 RBC transfusion Recovered, died of cerebral 

hemorrhage on day 58 

Bolan, 2001 3 Sib RIC (n=2), CsA alone 7, 9, 11 RBC transfusion 1 patient died on day 9, 2 

(n=3) patients recovered

Worel, 2002 4 Sib (n=1), RIC (n=3), CsA alone 7, 8, 9, 10 RBC exchange 1 patient died of MOF on day 

URD (n=3) (n=1), CsA+MMF (n=3) 35, 3 patients recovered

CsA: Cyclosporin A. MP: Methylprednisolone. MTX: Methotrexate. Sib: Sibling. URD: Unrelated donor. RIC: Reduced intensity conditioning. MMF: Mycophenolate mofetil. RBC: Red blood 

cells. MOF: Multi-organ failure.
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Some investigators reported a high efficacy of PE in the treat-
ment of PRCA, and 3-5 procedures were usually sufficient to
facilitate engraftment of donor erythrocytes. Gmür and col-
leagues [14] reported one patient with PRCA given PE five times
between days 60 and 100 whose reticulocyte counts rose to
normal by day 240. Among our seven patients with PRCA, four
patients had PE starting on days 88, 139, 260 and 279 after
transplantation [16]. We observed reticulocyte engraftment
between 16 and 68 days after initiation of PE. Recently, Helbig
and colleagues [26] published five patients with PRCA including
two undergoing PE. One patient responded to nine treatments,
whereas the other one was refractory to five PEs, a second
transplant to reinforce graft-versus-plasma cell effect, additional
donor-lymphocyte infusion, anti-CD52 antibody (MabCampath)
therapy and a third transplant. Finally, he underwent another five
procedures of PE with subsequent resolution of PRCA [26].
Thus, in some patients with PRCA, standard PE shows low effi-
cacy in removing circulating antibodies. Therefore, IA, a novel
method of removing persisting isohemagglutinins, has been
used by some investigators. In contrast to standard PE, IA
allows nearly a complete clearance of circulating immunoglobu-
lins of all types and subtypes, without the substitution of protein
solutions or even fresh-frozen plasma during treatment. We
treated three patients with 18 to 36 cycles of IA and achieved an
increase in reticulocytes between 119 and 204 days after initia-
tion of treatment [16]. Rabitsch and colleagues [22] reported five
patients responding to a median of 17 IA procedures (range: 9-
25) starting between days 62 and 195 posttransplant. However,
IA is a time-consuming and expensive treatment. Because of the
small number of cases and the various treatment modalities
described in the literature, it is not clear which treatment is opti-
mal for PRCA patients.

The optimal way to remove residual isohemagglutinins is still
unclear. By using apheresis techniques, PE compared to IA is a
less cost-intensive method with the disadvantage of bearing a
risk of disease transmission. Nevertheless, therapy of PRCA
seems to be necessary to avoid transfusion of a high number of
RBCs, which may lead to transfusion-associated iron overload
and the possible development of hemosiderosis. Reports on
treatment of PRCA after major ABO incompatible HSCT are
given in Table 3.

Plasma Exchange for Treatment of Transplant-
Associated Microangiopathy (TAM)

The occurrence of thrombotic thrombocytopenic purpura
(TTP) and hemolytic uremic syndrome (HUS) was first reported
to be associated with HSCT more than 25 years ago [27].
Recently, the term TAM has been agreed on by the transplant
community to describe these complications after HCT. The inci-

dence of TAM is reported to range from 0.5% to 76%, and
cases of TAM vary widely in their clinical features, severity and
response to therapy, with a mortality rate of up to 100% [28-32].
Endothelial damage caused by intensive conditioning
chemotherapy, irradiation, CsA, GVHD and infection have been
discussed as playing a role in the etiology of TAM [30,33-35]. In
the last years, the occurrence of TAM has also been reported
after RIC regimens [36-38]. George and colleagues [32]
reviewed 35 articles reporting a total of 10,434 patients includ-
ing 5,423 patients after allogeneic HSCT. Of these patients, 447
were diagnosed with TTP-HUS after allogeneic HSCT, but 28
different sets of diagnostic criteria were used in these reports.
Therefore, TAM should be defined according to the Blood and
Marrow Transplant Clinical Trials Network (BMT CTN) Toxicity
Committee of the American Society of Blood and Marrow
Transplantation (ASBMT) as follows: (1) RBC fragmentation and
≥2 schistocytes per high-power field on peripheral blood smear,
(2) concurrent increased serum LDH levels above institutional
baseline, (3) concurrent renal (doubling of serum creatinine com-
pared to the value before hydration and conditioning) and/or
neurological dysfunction without other explanation, and (4) neg-
ative direct and indirect Coombs test results [39]. Treatment of
TAM varies from center to center and consists of supportive
care, withdrawal or reduction of calcineurin inhibitors and PE
[28-38]. George and colleagues [32] reported that 334 of 447
patients with TTP-HUS received treatment consisting of PE in
184 (55%). In this systematic review of 35 articles, mortality rates
in patients treated with PE ranged from 44% to 100% in single
reports. In summary, the mortality was 82% in patients receiving
PE compared to 50% in patients not treated with PE [32]. One
problem was that insufficient data were available to assess the
response to PE by conventional parameters such as recovery
from thrombocytopenia, achievement of normal or near normal
serum LDH levels, recovery from anemia, and survival for more
than 30 days following completion of treatment. Moreover,
results were biased by the fact that patients who were more crit-
ically ill were more likely to have been treated with PE [32]. We
recently reported 11 patients with TAM after allogeneic HCT with
RIC [40]. Treatment of TAM consisted of withdrawal of cal-
cineurin inhibitors in the absence of GVHD or substitution with
corticosteroids and initiation of PE therapy. PE was performed
daily until clinical improvement, normalization of LDH levels and
increase in platelet counts were seen. If LDH levels remained
normal for at least 24 hours, PE was tapered and an additional
three treatments were performed every other day. Seven
patients (64%) responded to this treatment and recovered from
TAM between 11 and 35 days after its occurrence. After a medi-
an follow-up of 30 months (range: 7-67) after clearance of TAM,

Table 3. Reports on treatment of PRCA

Author No. pts. Pts. with PE (# PE) Pts. with IA (# IA) Start of treatment Outcome

Gmür, 1990 1 5 - Day 60 RBC engraftment on day 240

Worel, 2000 7 4 (2-3) 3 (18-36) Day 80 - 279 RBC engraftment between days 106 and 347

Rabitsch, 2003 5 - 5 (9-25) Day 62 - 195 RBC engraftment in all patients observed

Helbig, 2007 6 2 (5, 9) PRCA recovery after median of 13 months (range: 3-16)

PRCA: Pure red cell aplasia. No: Numbers. PTS: Patients. PE: Plasma exchange. IA: Immunoadsorption. RBC: Red blood cells.
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6 of 7 patients were still alive and in continuous complete remis-
sion. One patient died due to relapse 39 months after HSCT. In
four patients (36%), no response of TAM could be observed and
they died 7, 13, 16 and 69 days after diagnosis of TAM due to
severe infection [38]. 

The prognosis of patients with TAM is reportedly poor, but
there is extreme variation among case series. Recent reports
suggest that PE does not affect survival of patients diagnosed
with TAM and provide the basis for the current consensus state-
ment that universal use of PE for TAM is not standard of care
[32,39]. In view of the lack of other treatment modalities, howev-
er, and the observed benefit in some patients with TAM, PE
should be considered as a possible treatment option for some of
these patients [38,40,41].

Extracorporeal Photoimmunotherapy for the Treat-
ment of Severe Steroid-Refractory Chronic and Acute
Graft-Versus-Host Disease

Despite significant advances in stem cell manipulation and
post-transplant immunosuppression, GVHD remains a major
cause of long-term morbidity in survivors of allogeneic SCT.
Improvements in immunosuppressive regimens have reduced
the frequency and severity of acute GVHD, though the incidence
of chronic GVHD has remained unchanged at 27-50% after
matched related-donor transplants and 42-80% after unrelated-
donor HSCTs [42]. Factors associated with GVHD have been
well-described and include increased recipient and donor age,
HLA-disparate and unrelated-donor transplants, prior acute
GVHD, and the use of alloimmune female donors [43].
Extracorporeal photopheresis (ECP) is a novel immunotherapeu-
tic modality initially developed by Edelson and colleagues [44] as
a therapy for cutaneous T-cell lymphoma with circulating Sézary
leukemia cells. Although the mechanisms of action, so far, are
still unclear, ECP has demonstrated remarkable efficacy in a
number of autoimmune disorders, including scleroderma, pem-
phigus vulgaris, rheumatoid arthritis, systemic lupus erythemato-
sus, and solid organ allograft rejection [45,46]. ECP is based on
the infusion of autologous blood mononuclear cells collected by
apheresis, incubated with the DNA-intercalating agent 8-
methoxypsoralen (8-MOP) and then irradiated with UVA at 2
Jcm2/cell. Several retrospective and prospective studies have
shown activity of ECP in controlling the manifestation of chronic
GVHD with clinical responses in cutaneous and visceral GVHD
in patients refractory to steroids and other lines of immunosup-
pressive therapy (Table 4) [47-52]. Complete responses of skin
manifestations have been reported in up to 80% of steroid-
refractory patients with improvement even in sclerodermatous
skin [42,49,53]. 

In addition, a marked steroid-sparing effect was observed
[42,49,50,53] and patients had no increased susceptibility to
opportunistic infections. Based on these results and its excellent
safety profile [53], ECP has become the standard second-line
therapy for steroid-refractory and steroid-intolerant chronic
GVHD patients in our center at the Medical University of Vienna
[49-53]. In addition to CsA or tacrolimus plus steroids (1 mg/kg),
ECP is given on two consecutive days every two weeks. As
soon as GVHD responds, steroids are tapered and the interval

between ECP cycles is increased to four weeks. Responses to
ECP appear to be more frequent in patients treated earlier (<9
months) after diagnosis of chronic GVHD [51]. Moreover, Couriel
and colleagues [50] observed a trend towards higher response
rates in de novo chronic GVHD. A significantly longer survival in
patients responding to ECP compared to those failing treatment
has been reported [51]. Messina and colleagues [51] observed a
five-year overall survival rate of 96% in ECP-responders com-
pared to 58% in non-responders. As a surrogate marker for
quality of life aspects, an improvement in Karnofsky performance
scores from 50 or 60% before ECP to at least 90% after ECP
has been reported [49,51]. 

Recently, results of a multicenter, prospective, randomized,
phase II study of ECP in steroid-intolerant, steroid-dependent, or
steroid-refractory chronic GVHD have been reported [54].
Patients randomized to conventional treatment with CsA or
tacrolimus plus steroids and ECP had similar improvement in
total skin score compared to patients given conventional thera-
py alone. However, a significant steroid-sparing effect was
observed in the ECP arm. In conclusion, ECP has objective
activity in the treatment of chronic GVHD, is well tolerated and
does not increase general immunosuppression. However, fur-
ther evaluation of the efficacy of ECP in well-designed, prospec-
tive, controlled studies with homogeneous patient groups is war-
ranted.

Acute GVHD is a major early complication of allogeneic
HSCT that has a significant impact on transplant-related mortal-
ity [51,52]. Long-term survival in patients developing severe
acute GVHD has generally been less than 30%. Durable com-
plete responses to corticosteroids were reported in only 24% to
40% of patients with acute GVHD [55,56], and no standard
effective treatments for steroid-refractory acute GVHD are avail-
able. So far, only a few patients with acute GVHD treated with
ECP have been reported [57-60]. Our center performed a pilot
study on ECP given to 21 patients with steroid-refractory acute
GVHD grades II to IV and observed high response rates with
favorable survival of ECP-responders [57]. In a subsequent
prospective phase II study on acute steroid-refractory or steroid-
dependent patients, complete resolution of GVHD was achieved
in 82% of patients with cutaneous involvement, 61% with liver
involvement, and 61% with gut involvement [58]. Using an inten-
sified ECP schedule with two treatments on a weekly basis,
response rates in grade IV and gut involvement could be
improved significantly compared to the pilot study. Transplant-
related mortality at four years was 14% in ECP-responders and
73% in non-responders (p<0.0001). The probability of survival
was 59% among patients who responded completely to ECP
compared to 11% in patients not responding completely. We
observed an impressive steroid-sparing effect and durable
responses to ECP without flair-ups of GVHD activity after dis-
continuation of immunosuppression. Moreover, duration of ECP
was short since best responses were observed after a median
of 1.2 months. Our current schedule of ECP for second-line ther-
apy of acute GVHD consists of two consecutive days at weekly
intervals until complete resolution of GVHD. Then, ECP is
stopped immediately after achieving maximal response [58].
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Garban and colleagues [60] also reported promising response
rates to an intensified ECP schedule. In conclusion, use of ECP
in acute GVHD seems promising. Since earlier start of ECP led
to improved response rates, patients not responding to corticos-
teroids as first-line therapy should be referred to ECP promptly.
In view of our high response rates and the excellent tolerance of
ECP, this promising therapeutic modality should also be consid-
ered as upfront treatment in patients with severe acute GVHD.

Conclusion

Therapeutic apheresis can be used successfully both for pre-
vention as well as for treatment of selected severe side effects of
HSCT. The different techniques now available allow a tailored
approach to the different situations like ABO-incompatibility,
TAM or GVHD. However, a profound understanding of the
underlying pathophysiologic mechanisms involved is the prereq-
uisite for selecting the appropriate technique. Further improve-
ments in efficacy rates of therapeutic apheresis used for some
life-threatening immunologic complications of allogeneic HCT
are highly warranted to reduce transplant-related mortality and
prolong patient survival.
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