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clinical studies of eCP in adults with acute GvHD are few 
and not randomized; it is not possible to judge whether this 
treatment should be a preferred second- or third-line treat-
ment. There is no evidence for increased risk of leukemia 
relapse or suppression of specific graft versus leukemia 
reactivity by this treatment, so specific antileukemic immu-
notherapy may still be possible. Thus, even though the 
treatment seems effective in patients with GvHD, further 
clinical (especially randomized) as well as biological stud-
ies with careful standardization of the treatment are needed 
before it is possible to conclude how eCP should be used in 
acute and chronic GvHD.

Keywords Allogeneic stem cell transplantation · 
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Abbreviations
ATG  Antithymocyte globulin
CSA  Ciclosporin A
DC  Dendritic cell
eCP  extracorporeal photopheresis
GILZ  Glucocorticoid-induced leucine zipper
GvHD  Graft versus host disease
GvL  Graft versus leukemia
Hb  Hemoglobin
IFN  Interferon
IL  Interleukin
MFM  Mycofenolate mofetil
8-MOP  8-methoxypsoralen
mTOR  Molecular target of rapamycin
MTX  Methotrexate
MUD  Matched unrelated donor
NK  Natural killer
RIC  Reduced intensity conditioning

Abstract extracorporeal photopheresis (eCP) is an 
immunomodulatory alternative for treatment of graft versus 
host disease (GvHD). The blood is then separated into its 
various components through apheresis; buffy coat cells are 
thereafter treated with 8-methoxypsoralen before exposure 
to ultraviolet light and finally reinfused into the patient. 
There is a general agreement that this treatment has an anti-
GvHD effect, but the mechanisms of action behind this 
effect are only partly understood. However, altered matura-
tion of dendritic cells (DC) and thereby indirect modulation 
of T-cell reactivity seems to be one important mechanism 
together with DC-presentation of antigens derived from 
apoptotic donor T cells and induction of regulatory T cells. 
The treatment has been best studied in patients with chronic 
GvHD (both pediatric and adult patients), but most stud-
ies are not randomized and it is difficult to know whether 
the treatment is more effective than the alternatives. The 
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SCT  Stem cell transplantation
Th  T helper
TNF  Tumor necrosis factor
Uv-A  Ultraviolet light A

Introduction

extracorporeal photopheresis (eCP) is used in the treat-
ment of graft versus host disease (GvHD) after alloge-
neic stem cell transplantation [1, 2]. It has also been tried 
in other diseases, especially autoimmune disorders [3, 
4] and cutaneous T-cell lymphoma [5] and to treat rejec-
tion in organ transplantations [6]. According to previously 
published reviews, the most important immunomodulatory 
effects of this treatment seem to be altered T-cell functions 
and modulation of dendritic cell (DC) maturation [2, 7–9]. 
In the present article, we give a detailed review and discuss 
the immunological effects and the clinical experience with 
this treatment.

The general principles of extracorporal photopheresis

As described in detail in previous reviews [10, 11], eCP 
is an apheresis procedure in which the isolated leukocytes 
(i.e., buffy coat cells) are treated with the photoactivating 
drug 8-methoxypsoralen (8-MOP) before being exposed 
to ultraviolet light and reinfused into the patient [2, 5]. All 
other remaining blood components are reinfused without 
treatment [12]. eCP as GvHD therapy has usually been 
combined with other types of immunomodulatory strate-
gies at the start of eCP, e.g., steroids, calcineurin inhibi-
tors, mycophenolate mophetil or mTOR inhibitors [13–15]. 
Most available studies are not randomized, and the effect 
of eCP has usually been assessed as the ability to achieve 
clinical improvement and/or reduction of additional immu-
nosuppressive therapy [16].

Effects on T cells of extracorporeal photopheresis

Direct effects of eCP on circulating T cells—apoptosis 
induction in alloreactive T cells

The effects of eCP on T cells have been studied in murine 
models of contact sensitivity [17]. Briefly, eCP using 
8-methoxypsoralen then caused T-cell apoptosis, and rein-
fusion of these apoptotic cells generated antigen-specific 
tolerance; this was different from many other structurally 
related photosensitizers that failed to induce tolerance even 
though they had proapoptotic effects. This tolerance was 
lost by depletion of CD11c+ cells, it was cell-mediated 

and antigen-specific, and it was also lost after depletion 
of CD4+ and CD25+ T cells [18]. Finally, experimental 
data in human cells suggest that eCP induces apoptosis of 
most treated T cells within 48 h, possibly through upregu-
lated Fas and increased Fas-initiated proapoptotic signal-
ing [19]. Thus, eCP seems to be associated with induction 
of antigen-specific tolerance possibly because activated T 
cells are most susceptible to its proapoptotic effect. Simi-
lar observations have been made in experimental acute 
GvHD; transfer of eCP-treated T cells reverses estab-
lished GvHD by increasing donor Treg levels and inhib-
iting donor effector lymphocytes [20]. Taken together, the 
data suggest that eCP-induced T-cell tolerance depends on 
T-cell apoptosis, the presence of CD11c+ monocytes and 
Treg cell induction.

The study by Hannani et al. [21] further suggests that 
alloactivated T cells derived from GvHD patients are par-
ticularly susceptible to the proapoptotic effects of eCP. 
Peripheral blood T cells derived from GvHD patients and 
expressing activation markers (e.g., HLA-DR) probably 
include in vivo activated alloreactive cells [22, 23] that seem 
necessary for eCP efficiency [24–26]. Hannani et al. [21] 
therefore compared the proapoptotic effect for in vivo acti-
vated (i.e., probably alloreactive) HLA-DR+ T cells with the 
corresponding effect on HLA-DR− resting T cells derived 
from chronic GvHD patients after eCP. This was a small 
study, but their results suggest that eCP-treated activated T 
cells undergo apoptosis faster than the resting cells because 
higher percentages of activated T cells were apoptotic after 
18 h of post-eCP in vitro incubation. The cells could not 
be rescued by T-cell survival factors (IL1, IL7, IL15). Addi-
tional experimental studies also showed that in vitro acti-
vated T cells included a higher fraction of apoptotic cells 
after eCP compared with resting cells. This nonrandom 
proapoptotic eCP effect may contribute to the induction of 
specific tolerance by eCP. Furthermore, it seems unlikely 
that T-cell depletion alone can explain the effect of eCP 
because only 5–10 % of circulating mononuclear cells are 
exposed to UvA irradiation during each eCP procedure [9]. 
Additional indirect effects of eCP-exposed cells on other 
immunocompetent cells are probably operative and induc-
tion of regulatory T cells seems to be such an effect.

This induction of antigen-specific tolerance may also 
explain the clinical experience that eCP is not associated 
with increased frequencies of severe infections due to gen-
eral immunosuppression or increased risk of posttransplant 
relapse due to reduced antileukemic immune reactivity. 
This last observation may have different explanations: (1) 
the maximal effect of antileukemic immune reactivity may 
have been reached prior to the period of treatment-requir-
ing GvHD; or (2) the specific graft versus leukemia (GvL) 
effect may still be maintained even though the nonspecific 
GvH reactivity is controlled by the treatment.
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effects of eCP on the levels of circulating lymphocyte 
subsets

A recent study compared the absolute numbers of cir-
culating CD4+, CD8+ (the two major T-cell subsets), 
CD20+ (B cells) and CD56+ (mainly NK and NK-T 
cells) lymphocytes before and during eCP in 39 patients 
with steroid-refractory chronic GvHD [27]. The patients 
received eCP on two consecutive days weekly for the 
first month, two consecutive procedures with 2 weeks 
intervals for the next 2 months and thereafter the treat-
ment was individualized. The cell levels were not sig-
nificantly altered after 1 month, whereas after 3 and 
6 months the responders to eCP had increased numbers 
of circulating CD4+ as well as CD8+ T cells compared 
with nonresponders. Another study described increased 
pretreatment levels of both CD4+ and CD8+ T cells in 
the responders; these increased CD8 levels were then 
maintained, whereas CD4 levels decreased during treat-
ment [28]. The levels of CD20+ and CD56+ cells did 
not differ in any of the studies. In addition, an increased 
number of Treg cells was detected after 3 months (see 
below), but the percentages of CD4+ and CD8+ naive, 
CD4+ and CD8+ central memory and CD4+ and CD8+ 
effector memory T cells among total CD4+/CD8+ T 
cells were not altered [27]. Thus, treatment for at least 
3–6 months was often necessary before an effect on cir-
culating T cells could be detected.

effects on regulatory T cells

Studies on Treg levels in patients with chronic GvHD 
before ECP have shown conflicting results; both normal 
[29] and decreased [30] Treg levels have been reported. 
A possible explanation is that patients differ with regard 
to immunosuppressive treatment as well as GvHD sever-
ity and organ affection. Furthermore, the effect of eCP on 
circulating Treg levels also varies; most studies describe 
increased levels [30–33] after eCP, but unaltered/normal 
levels have also been described [29]. Increased Treg levels 
have been associated with response to treatment [31] and 
can then be detected early, i.e., after only 3 weeks of treat-
ment [33].

Effects of ECP on dendritic cells

effects of eCP on various dendritic cell subsets—
phagocytosis of apoptotic T cells as a possible mechanism 
for specific tolerance induction

Dendritic cells are specialized antigen-presenting cells that 
are important for initiation of immune responses, including 

alloreactivity [34]. eCP induces differentiation of mono-
cytes toward a DC phenotype; this can be detected within 
24 h and up to 30 % of monocytes then show cytoplasmic 
expression of the DC marker CD83 [35]. These characteris-
tics are seen both for healthy individuals and patients with 
chronic GvHD. The monocyte-derived DCs remain viable 
and can induce antigen-specific cytotoxic T-cell responses 
at least in experimental in vitro models. The cells also show 
a distinct gene expression signature consistent with DC 
differentiation.

The CD1c+ myeloid DCs showed a high viability and a 
molecular pattern consistent with immaturity in eCP prod-
ucts [36], including (1) low levels of costimulatory CD40, 
CD80 and CD86; (2) negativity for the maturity-markers 
CD83; (3) low levels of HLA-class I and II; and (4) high 
expression of CD11c. This seemed to be a stable phenotype 
even during in vitro culture, but further maturation could 
be induced by lipopolysaccharide with increased levels of 
CD40, CD80, CD83 and CD86. The LPS-induced matu-
ration also increased CCR7-mediated migration and the 
capacity to stimulate proliferation of alloreactive CD4+ 
cells. These eCP-treated myeloid DCs showed uptake of 
exogenous antigens, were able to capture apoptotic lym-
phocytes, and secreted detectable IL10. Another study 
described decreased proinflammatory cytokine release after 
eCP (TNFα, IL1β, IL12) by another myeloid DC subset 
referred to as 6-sulfo LacNAc DCs [37]. These partly mat-
urated DCs with relatively low levels of costimulatory mol-
ecules may correspond to or be included among the tolero-
genic DCs described below.

The myeloid DC1 subset shows high IL12 release and 
stimulates Th1 responses, whereas the lymphoid DC2 sub-
set releases less IL12 and induces Th2 responses [38]. The 
majority of circulating DCs in patients with chronic GvHD 
are DC1 cells, but eCP causes a shift from proinflam-
matory DC1 to DC2 cells for most patients [38]. Finally, 
responders to eCP show higher pretherapy levels of circu-
lating myeloid and plasmocytoid DCs than nonresponders 
[28].

Taken together, these results suggest that eCP affects 
both the number and function of various DC sub-
sets. These effects have usually been associated with 
decreased immune responsiveness, but even potential 
proinflammatory effects have been suggested in cer-
tain in vitro studies. These apparent discrepancies may 
be explained by the observations by Durazzo et al. and 
edelson [39, 40]; they suggest that the exposure to eCP 
is not uniform (i.e., exposure conforming to a Gauss-
ian distribution), and their hypothesis is that those cells 
receiving minimal exposure are capable to fully mature 
into immunostimulatory DCs. However, induction of 
tolerogenic DCs will dominate and the phagocytosis of 
apoptotic alloreactive T cells may then be essential for 
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the induction of allospecific tolerance and be responsible 
for the final immunomodulatory or immunosuppressive 
effects of the treatment. These observations also empha-
size that careful standardization of experimental in vitro 
models is essential to ensure their relevance to clinical 
use of eCP.

effects of eCP on dendritic cells—altered levels 
of circulating DCs and induction of a tolerogenic DC 
phenotype

The effects of eCP on the monocyte-to-dendritic cell 
maturation [39, 40] were recently investigated by using a 
miniature eCP chamber as a highly standardized experi-
mental model. Monocyte interactions with the bioactive 
membranes in this chamber then induced phenotypic and 
functional properties of specialized antigen-presenting 
cells together with a distinct gene expression signature 
[39, 40]. The flow chamber became coated with mono-
meric plasma fibrinogen, resting platelets adhered to this 
layer and became activated, and passaged monocytes 
then transiently adhered to activated platelets [40]. Inte-
grin-mediated binding was involved in this process [41], 
and the cells also expressed the glucocorticoid-induced 
leucine zipper (GILZ) gene that seems to be a marker of 
tolerogenic dendritic cells [42]. The monocyte maturation 
seemed to start after internalization of antigen (e.g., apop-
totic T cells) and seemed to depend on a transient rather 
than a prolonged interaction between flowing monocytes 
and platelets [39]. However, the exposure of monocytes to 
Uv-A was probably not uniform and some of the mono-
cytes may even acquire an immunostimulatory phenotype 
[40]. These observations are consistent with the hypoth-
esis that the basis for induction of antigen-specific immu-
nological tolerance by eCP is predominant induction of 
monocyte-derived tolerogenic dendritic cells that internal-
ize apoptotic alloreactive T cells and thereby initiate allo-
specific tolerance.

Additional eCP effects on the interactions between T cells 
and dendritic cells

Previous studies have also investigated the effect of eCP 
on Th1 and Th2 T-cell responses. Firstly, Gerner et al. 
[37] described that eCP inhibited the ability of the mye-
loid slan-DC subset to induce (1) proliferative CD4+ and 
CD8+ T-cell responses; and (2) Th1 polarization of naive 
CD4+ T cells. Secondly, Gorgun et al. [38] described that 
eCP induced a shift from circulating DC1 (Th1 inducing) 
to DC2 (Th2 inducing) cells associated with a posttherapy 
1-threefold decrease in circulating Th1 cells (interferon-γ 
and IL2 releasing) as well as a 1-fourfold increase of Th2 
cells (IL4 and IL10 releasing).

Additional immunomodulatory effects of ECP

effects of eCP on monocyte function and viability

An early study described no signs of monocyte apoptosis 
after eCP [43], whereas a more recent study described a 
proapoptotic effect of photochemotherapy on monocytes 
[21]. These last authors investigated purified monocytes 
treated with PUvA plus Uv-A, and they described (1) 
altered in vitro migratory capacity; (2) upregulated expres-
sion of costimulatory molecules and release of proinflam-
matory cytokines with maintained ability to activate allo-
reactive T cells; but (3) increased monocyte apoptosis after 
6 days of in vitro culture. However, further studies are 
needed to clarify whether these experimental observations 
are relevant for the clinical effects of eCP.

B lymphocytes in GvHD

B lymphocytes can function as antigen-presenting and 
immunoregulatory cells, and their possible roles in the 
development of both acute and chronic GvHD have been 
discussed in recent reviews [44, 45]. B-cell depletion may 
also be an effective treatment of GvHD [44]. However, 
no studies have investigated whether eCP has any immu-
nomodulatory effects mediated by B lymphocytes.

Are effects of neutrophils important?

Only one study has investigated the effect of eCP on gran-
ulocytes, and a reduction in the release of oxygen-free radi-
cals was then reported [46]. It is not known whether this is 
important for the clinical effects of eCP.

effects of photopheresis on plasma molecules

Human plasma contains UvA-absorbing and possibly also 
8-MOP binding molecules [47], but the effects of eCP on 
plasma molecules have been addressed only in one study 
[48] describing an eCP-induced decrease in folic acid 
caused by Uv-A-induced degradation but with no effect on 
vitamin B12 and homocystein. Degradation of folic acid 
leads to photolytic products that may act as photosensitiz-
ers that induce DNA photo-oxidation and thereby cause 
immunomodulation.

Several immunoregulatory soluble mediators are 
altered by eCP. Firstly, free l-arginine can enhance T-cell 
responses and l-arginine depletion due to release of argi-
nase will thereby cause immunosuppression; eCP induces 
arginase expression in leukocytes and this may contribute 
to immunosuppression [49]. Secondly, experimental stud-
ies suggest that eCP reduces the release of proinflamma-
tory cytokines (e.g., IFNγ, TNFα), whereas the levels of 
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anti-inflammatory cytokines (especially IL10) may increase 
[49–51]. These altered cytokine levels may be caused by 
effects of eCP on cytokine release by various immunocom-
petent cells [34, 52–55], but it is not known whether eCP 
has direct effects on these immunoregulatory molecules 
similar to the effects on folic acid.

Can immunotherapy be combined 
with photochemotherapy?

Posttransplant antileukemic immune reactivity is mediated 
by nonspecific GvH and specific GvL effects [1, 2, 51, 53, 
54]. Leukemia-directed immunotherapy may therefore be 
considered to maintain specific GvL activity during gener-
ally immunosuppressive anti-GvHD treatment as described 
below.

vaccination with cancer-specific or cancer-associated 
antigens (i.e., peptide vaccination) is considered both for 
myeloid and lymphoid malignancies [56]. An alternative 
strategy is vaccination with antigen-loaded dendritic cells 
[57]. The intention with both these approaches is to achieve 
effective antigen presentation and thereby induce cancer-
specific immunity. However, one cannot exclude that eCP 
will alter the function of antigen-presenting DCs or induce 
apoptosis of activated cancer-specific T cells and thereby 
reduce GvL-reactivity or even induce tolerance similar to 
the anti-GvHD effect.

Antibody therapy directed against cancer-associated 
antigens is assumed to facilitate cancer cell clearance 
through antibody-dependent cytotoxicity, presumably 
mediated by NK cells, or complement activation [58]. It 
is not known whether eCP has any effects on NK cells, 
but we would expect the complement function not to be 
affected. An alternative approach is to use antibodies to 
block T-cell inhibitory signaling (e.g., targeting of PD-
L1/2/3 or CTLA-4 [58]), but this strategy may also increase 
GvHD-reactivity and counteract the eCP effects. Finally, 
NK cell targeting through antibody blocking of inhibitory 
KIR receptors or transfer of allogeneic KIR-mismatched 
NK cells may be useful, but further studies of eCP effects 
on NK cells are needed [58, 59].

No previous clinical studies have investigated whether 
eCP and anticancer immunotherapy can be combined. 
Only future clinical studies can elucidate whether any 
of the currently used immunotherapeutic strategies can 
be combined with eCP. Finally, targeting of monocytes/
eosinophils/neutrophils has also been suggested as a strat-
egy for anticancer treatment [59], but the possible role of 
these cells in anti-cancer immunity has not been character-
ized in detail and it is not known whether these cells are 
affected by eCP.

Clinical studies of extracorporeal photopheresis

Acute GvHD

The results from important clinical studies of eCP in acute 
GvHD are summarized in Table 1 [60–68]. Greinix et al. 
have published three reports on photopheresis for the treat-
ment of acute GvHD; the initial report included 6 patients 
[69], the second reported observations for a total of 21 
patients including the first 6 patients [70]; and the last 
report included 38 additional patients making a total of 59 
patients [66]. Only their final report is included in Table 1. 
Similarly, the 9 patients reported by Salvaneschi et al. in 
2001 [61] were also included in the final study published 
by Perotti et al. in 2010 [60], but both these studies are 
described in Table 1 because more detailed information 
was given for the 9 initial patients. Finally, the review arti-
cle by Dall’Amico and Messina [71] described 14 patients 
from the Padua center that were included in the final report 
by Messina et al. [62]; only the results from the final com-
plete study are presented in Table 1. The following conclu-
sions can then be made:

•	 The studies included 125 children and 94 adults with 
steroid-refractory acute GvHD after 4–7 days of treat-
ment, i.e., the inclusion criteria differed between stud-
ies.

•	 Not all of the studies gave detailed information on the 
severity of GvHD; for those studies giving detailed 
information (1) a total of 105 patients had grade II, 
whereas 100 patients had grade III/Iv; and (2) skin 
involvement was described for 204 patients, liver 
involvement for 90 and gastrointestinal involvement for 
94 patients.

•	 Responses were more common for patients with grade 
II than with grade III/Iv GvHD; complete responses 
were seen in up to 100 % of patients with grade II 
disease, whereas for patients with grade III/Iv dis-
ease the studies by Berger et al. [68] and Perfetti et al. 
[65] reported complete remission for 38 and 42 % of 
patients, respectively. However, one should emphasize 
that the estimates for grade III/Iv patients are based on 
observations in relatively small groups of patients.

•	 Responses to eCP were most common for patients hav-
ing skin involvement compared with gut or liver dis-
ease. Complete responses have been described for up 
to 70–90 % of patients with skin involvement, but one 
study also described responses in 71 % of patients with 
gastrointestinal GvHD.

•	 Steroid reduction or discontinuation is possible for a 
subset of patients; in one study median time to steroid 
discontinuation was 55 days (range 17–284 days) [66].
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One study has investigated the prophylactic use of eCP 
[72]; patients were then treated prior to standard myeloab-
lative conditioning therapy, and the results for 31 patients 
were compared with matched historical controls. Mul-
tivariate analysis showed a decreased risk of grade II–Iv 
acute GvHD (p = 0.04) and possibly increased 1-year sur-
vival (83 vs. 67 %, p = 0.07) for patients receiving pho-
topheresis, but both differences reached only borderline 
significance.

In our opinion, eCP should therefore be regarded as evi-
dence-based second-line treatment in acute GvHD, and the 
clinical and scientific basis for the use of this treatment is 
relatively strong compared with the alternative therapeutic 
strategies (see Supplementary Information).

Chronic GvHD

The effect of eCP in the treatment of chronic GvHD has 
been studied in one randomized and several nonrandomized 
studies (Table 2) [73–83]. Taken together, the available data 
suggest that eCP then is an effective and safe treatment:

•	 A total of 448 patients were included in these nine 
studies, almost all of them being adults. Total response 
rates (partial + complete) up to 60–80 % have been 
described, but complete responses are uncommon. The 
treatment can be effective both in moderate, severe and 
progressive disease.

•	 eight of the reports presented detailed information 
about organ involvement; these studies included 376 
patients with involvement of the skin, oral mucosa in 
186, eyes in 138, gut in 33, lungs in 43 and liver in 125.

•	 Complete responses seem to be uncommon among 
patients with skin disease and have been reported for 
10–20 % of these patients; but total response rates up 
to 50–80 % have been described in several studies with 
improvement of both lichenoid and sclerodermic forms. 
However, in one study, later progression was described 
after a median of 16 days (range 16–188 days) for 
approximately 1/3 of the patients, but for the other 
patients responses were maintained for a median of 
18 months (range 0.4–65 months). Thus, long-lasting 
responses may be anticipated.

•	 Responses are also common for mouth disease; the 
number of patients in each study is smaller than for the 
skin disease but response rates as high as 60–80 % have 
been reported.

•	 eCP can also improve chronic GvHD involving the 
eyes, liver, lungs and gut, but it should be emphasized 
that few patients with such extensive involvement have 
been reported.

•	 Only one randomized study has been reported [73] includ-
ing 95 patients. when using a combined criteria of steroid Ta
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reduction plus skin improvement, there was a difference of 
borderline significance (p = 0.04) between patients with 
and without eCP treatment, but the change in total skin 
score between the two groups did not differ after 12 weeks.

Thus, even though we conclude that eCP can be an 
effective treatment of chronic GvHD especially in patients 
with skin and mouth affection, additional randomized stud-
ies are needed.

The toxicity of extracorporeal photopheresis

Serious side effects during eCP are uncommon. Prophylac-
tic administration of calcium during the procedure can be 
used if citric acid and not heparin is used for anticoagulation 
[61], and one study then reported that even for children only 
4 % of aphereses had to be interrupted due to side effects 
[63]. Among, the reported side effects are as follows:

•	 Hypotension during apheresis can be seen but is usually 
asymptomatic [61, 64, 68].

•	 A decrease in hemoglobin (Hb) levels exceeding 2 g/dL 
is common in children and transfusions may be required 
[61]; some investigators therefore use preapheresis 
transfusions for patients with Hb < 9.0 g/dL [68]. In 
the only randomized study comparing eCP with alter-
native pharmacological strategies, anemia was more 
common for the eCP patients (24.5 vs. 6 %, p = 0.02) 
[73]. Transient decreases in platelet and white blood cell 
counts may occur [68] and in one study 22 % of patients 
required platelet transfusions [74]. Decreased Hb and 
platelet levels are associated with lower body weight 
and large collection volumes [63].

•	 Abdominal pain during or following the procedure has 
been reported for 20 % of patients but is usually mild 
[60]. Fever, chills, nausea, fluid overload and headache 
are uncommon [60].

•	 even though most studies are small, there is no evi-
dence for increased frequencies of bacterial or fungal 
infections or reactivation of viral infections [63, 64].

•	 Infections with relation to an indwelling central venous 
line are seen in <5 % of patients [75] and only exceptional 
patients experience thrombosis at the catheter site [74, 77].

Conclusion and future perspectives

The limitations of available clinical eCP studies and the 
importance of randomized studies

There is a general agreement that steroids should be used 
as the primary treatment of acute and chronic GvHD, and 

for this reason, eCP was used as salvage therapy in combi-
nation with steroids after the initial steroid monotherapy in 
all the clinical studies (Tables 1, 2). Most studies of eCP 
in the treatment of chronic GvHD have included patients 
with steroid resistance or insufficient response to steroids, 
and most acute GvHD patients have received eCP as a 
second-line therapy for GvHD grade II or III. The over-
all results suggest that eCP can be effective in the treat-
ment of GvHD. The evidence is best in chronic GvHD 
where the treatment can be effective both in children and 
adults, whereas fewer studies are available in acute GvHD 
and particularly in adults. The treatment has mainly been 
tried in combination with pharmacological immuno-
suppression, and the efficacy measure has mainly been 
whether ongoing pharmacotherapy (usually steroids but 
often also other agents) can be stopped or reduced during 
eCP. Most studies have concluded that a subset of patients 
respond, i.e., eCP has a steroid-sparing effect. However, 
it is also difficult to know whether the clinical improve-
ment is caused partly or mostly by the eCP treatment or 
simply by the prolonged duration of the already ongoing 
pharmacotherapy.

The eCP regimen needs further standardization. Many 
studies have used two consecutive treatments per week ini-
tially and thereafter two consecutive treatments every sec-
ond week until further reduction after 2–3 months. How-
ever, the duration and criteria for stopping the treatment 
differ between studies.

The importance of randomized clinical studies is also 
illustrated by the recently published study by Jagasia et al. 
[84] that compared eCP (consecutive patients from 3 dif-
ferent centers) with anti-cytokine therapy (imalinomab or 
etanercept therapy at a forth center) in steroid-refractory 
acute GvHD. After adjusting for differences between 
the two groups, the authors described superior survival 
for patients receiving eCP. However, this study has sev-
eral weaknesses as discussed in detail by the authors: (1) 
the cytokine treatment was heterogeneous; (2) the anti-
cytokine group included a higher proportion of patients 
with grade III-Iv aGvHD and patients starting treatment 
with a higher steroid dose of 2 mg/kg; (3) steroid taper-
ing as well as eCP scheduling were heterogeneous; and 
(4) there was no strict standardization of response evalu-
ation. The final conclusion made by the authors was that 
their observations require validation in a prospective 
randomized study. From the ClinicalTrial.gov database 
(8th of January 2014), it can be seen that two such rand-
omized studies are ongoing together with studies of eCP 
in combination with immunosuppressive agents (1 study), 
prophylactic use (2 studies), possible biomarkers to be 
used for treatment evaluation (2 studies) and eCP used 
in patients transplanted with umbilical cord stem cells (1 
study).
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The importance of standardizing the eCP techniques

The technical aspects of eCP have been reviewed recently 
[10, 11]. There are several differences between the clinical 
studies summarized in Tables 1, 2 not only with regard to 
frequency and duration of apheresis but also with regard to 
(1) peripheral versus central venous access; (2) anticoagu-
lation during treatment; and (3) an open system versus the 
closed Therakos system used in most recent studies. The 
immunomodulatory effects of eCP depend on complex 
interactions between various cells and plasma molecules 
during the extracorporeal circulation (see above); these 
observations clearly illustrate the importance of careful 
standardization with regard to the apheresis equipment and 
not only duration and frequency of apheresis.

Comparison of eCP to other treatment options

A more detailed discussion of eCP in the treatment of acute 
and chronic GvHD is given in the Supplementary Informa-
tion, including a summary of representative clinical studies 
of alternative therapeutic strategies for salvage therapy in 
patients with steroid-resistant acute GvHD.

Acute GVHD

Most clinical studies of eCP as well as the pharmacological 
alternatives for second-line treatment are nonrandomized; 
many of these studies are relatively small, most of them are 
retrospective and for each therapeutic alternative relatively 
few studies are available (Supplementary information, 
Table) [60, 62–66, 85–107]. The overall experience with 
eCP is relatively extensive compared with the alternative 
strategies. The British [108], American [109] and Italian 
guidelines [110] therefore conclude that the first-line treat-
ment of acute GvHD should be steroids, eCP can be con-
sidered for salvage/second-line treatment, and there is at 
present no support for the choice of any specific agent for 
second-line treatment of acute GvHD based on 6 months 
survival data, complete response rates or overall response 
rates. However, all three guidelines emphasize the excellent 
safety profile of eCP.

Chronic GVHD

The British guidelines state that steroids should be the 
first-line treatment eventually combined with a calcineurin 
inhibitor, as a possible second-line treatment they recom-
mend eCP for skin, oral and liver GvHD [111]. wolf et al. 
[14, 15] also recommended eCP as a possible second-line 
treatment. Both reviews as well as the Italian guidelines 
[110] concluded that it is not possible to recommend one 
specific strategy as preferred second-line therapy.

The final conclusion

In our opinion, eCP seems to be a safe and effective treat-
ment of GvHD. Because most of the studied patients 
received additional pharmacological immunomodulation 
at the start of eCP, it is in our opinion also justified to 
conclude that it is safe to combine eCP with other phar-
macological strategies. Steroids should still be regarded 
as the first-line treatment and eCP as second-line or sal-
vage therapy. However, additional randomized eCP stud-
ies as salvage treatment are definitely needed, but it may 
also be important to investigate whether steroids can be 
combined with eCP as first-line therapy. Furthermore, 
eCP is an expensive and long-lasting treatment, and even 
though some studies show a very high response rate the 
overall results clearly demonstrate that only a subset of 
patients benefits from this treatment and many patients 
only achieve partial responses. Future studies should 
therefore try to find biomarkers that can be used before or 
during treatment to identify those patients that will benefit 
from eCP. we would also emphasize that further biologi-
cal/immunological investigations should be incorporated 
in future clinical studies. Finally, the beneficial effects 
of eCP are probably caused by complex and transient 
ex vivo interactions between serum molecules, platelets 
and immunocompetent cells [38, 39]; these observations 
emphasize that a careful standardization of the treatment 
is needed.

For patients with chronic GvHD, a careful classification 
of patients according to the standardized National Institute 
of Health criteria both with regard to organ involvement, 
severity and response will be important to allow a compari-
son of different studies [112]. The available data suggest 
that the treatment may be effective both in patients with 
severe acute and chronic GvHD and may be useful even in 
patients with pulmonary affection [113], but a better stand-
ardization and the use of generally accepted response crite-
ria will be essential.
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