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Purpose: The aim of this systematic review was to evaluate the efficacy and safety of 

extracorporeal photopheresis (ECP) treatment in patients with steroid-refractory acute graft-

versus-host disease (SR-aGVHD).

Methods: An electronic search was carried out on the MEDLINE, EMBASE, Science Cita-

tion Index (SCI), and Cochrane Library databases. We included prospective clinical trials 

in SR-aGVHD treated by ECP. The main endpoints consisted of mortality, exacerbation, or 

response.

Results: Only seven studies involving 121 patients met the inclusion criteria for further review. 

Our analysis showed positive results of ECP for aGVHD. The overall response rate (ORR) was 

0.71 and the complete response rate (CRR) was 0.71. The efficacy of ECP for skin aGVHD, 

liver aGVHD, and gut aGVHD were 0.86, 0.60, and 0.68, respectively. However, no sufficient 

evidence verifies the exact benefit in this review, because the number of patients enrolled in 

trials is limited and publish bias exists.

Conclusion: ECP is an effective therapy for skin, liver, and gut aGVHD, and large double-

blind clinical trials are required to prove the outcome of this meta-analysis.

Keywords: extracorporeal photopheresis, steroid-refractory acute graft-versus-host disease, 

allogeneic hematopoietic stem cell transplantation

Introduction
Acute graft-versus-host disease (aGVHD) after allogeneic hematological stem cell 

transplantation (allo-HSCT) remains the leading cause for early morbidity and 

mortality.1,2 Despite prophylaxis, International Bone Marrow Transplantation Reg-

istry severity index grade B–D acute GVHD still occurs in 39%–59% of patients 

undergoing T-cell-replete related or unrelated donor allo-HSCT.3,4 Corticosteroids 

are the cornerstone of initial therapy effective in 25% to 69% of patients; however, 

if patients do not respond to steroids, they will have an unfavorable prognosis, with 

poor survival.4,5

Extracorporeal photopheresis (ECP) is currently being used for the treatment of cuta-

neous T-cell lymphoma, selected autoimmune diseases, and rejection after solid organ 

transplantation.6–8 It is based on the infusion of autologous peripheral blood mononuclear 

cells collected by apheresis, incubated with the photoactive drug 8-methoxypsoralen 

(8-MOP) and ultraviolet (UV)-A irradiation.9 These years, ECP has been confirmed 

to be an effective therapy for acute GVHD in patients who are unresponsive to first-

line treatment with corticosteroids and calcineurin inhibitors, though the definition of 

steroid-refractory aGVHD (SR-aGVHD) has not been systemically defined. At present, 

the results of ECP treatment have been reported only in a small number of patients 
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with SR-aGVHD and the effect of ECP treatment has been 

contradictory for the published studies. Herein, we performed 

a systematic review of the literature and meta-analysis of all 

known prospective trials to test if ECP provides advantages 

in achievement of the SR-aGVHD.

Materials and methods
Evidence retrieval
Prospective studies examining the role of ECP in the treat-

ment of aGVHD were reviewed. We searched the following 

databases: MEDLINE, EMBASE, Science Citation Index 

(SCI), and the Cochrane Library on 25 October, 2014 accord-

ing to Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis (PRISMA) guidelines.10 The keywords of our 

search were “extracorporeal photopheresis”, “extracorporeal 

photochemotherapy”, “extracorporeal photoimmunotherapy”, 

“photopheresis”, “ECP”, or “PUVA therapy” pairing inde-

pendently with “graft-versus-host disease” or “GVHD”. In 

addition, we searched again for possible included studies. 

Languages were not restricted to prevent publication bias.

Study selection
Two independent investigators executed the trial selection 

independently. Disagreements were settled by consensus or 

by seeking an independent third viewpoint. Studies of ECP 

with a minimum of five patients were included, and for those 

studies that included both aGVHD and cGVHD (chronic 

GVHD), only the studies with enough patients with aGVHD 

were analyzed. Case reports, review articles, and studies with 

fewer than five patients were also excluded (Figure 1).

Validity assessment and data extraction
Two reviewers independently selected studies by examining 

titles and abstracts to determine those potentially relevant to 

our study question. Reported results of these identified stud-

ies were further analyzed for inclusion. Disagreement was 

settled by discussion and review of the articles. The quality of 

included noncomparative cohort studies was assessed by the 

Newcastle–Ottawa scale modified for single-arm cohorts.11

Statistical analysis
All statistical calculations were implemented with STATA 

software (v12.0; Stata Corporation, College Station, TX, 

USA). We used pooled relative risk (RR) to assess the effi-

cacy of ECP therapy with 95% confidence intervals (CIs); 

P,0.05 was considered statistically significant. We esti-

mated odds ratios with their 95% CIs using the standardized 

mean difference (SMD). Heterogeneity was evaluated with 

I2 values. Random-effects models were used to evaluate the 

included studies regardless of heterogeneity.

Figure 1 Identification and selection of studies for steroid-refractory acute graft-versus-host disease.
Abbreviations: aGVHD, acute graft-versus-host disease; ECP, extracorporeal photopheresis; GVHD, graft-versus-host disease; SR-aGVHD, steroid-refractory acute graft-
versus-host disease.
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Results
Study screening, essential characteristics, 
and methodological qualities in enrolled 
trials
Our search yielded 518 studies that described ECP in the 

treatment of GVHD (Figure 1). After their titles and abstracts 

were scanned, 272 trials were not eligible for this present 

meta-analysis. One hundred and eighty-two studies were 

excluded based on the following criteria: not a clinical study, 

not involving ECP for aGVHD, and not being full articles. 

Finally, seven studies involving 121 patients met our inclusion 

criteria for further review; the design features and participant 

characteristics of these studies are presented in Table 1. The 

overall quality of these nine studies was moderate according 

to the Newcastle–Ottawa scale11 as shown in Table 2.

Overall response rate and complete 
response rate
Overall response rate (ORR, partial response rate plus 

complete response rate [CRR]) data were extracted from 

six studies (62 patients).12–17 High heterogeneity was not 

found between these studies (I2=44.1%). The pooled pro-

portion of ORR was 0.71 (95% CI: 0.54–0.89, P=0.147; 

Figure 2). Data on the CRR were extracted from five studies 

(101 patients).12,13,15,16,18 The heterogeneity between the stud-

ies was not high (I2=38.5%). The pooled proportion of CR 

was 0.71 (95% CI: 0.58–0.84, P=0.181; Figure 3).

Efficacy of ECP for skin SR-aGVHD
RRs were available for six studies13–18 (104 patients) with 

existing relevant data. The pooled RR was 0.86 (95% 

CI: 0.79–0.93, P=0.716; Figure 4A). The funnel plot was 

extremely asymmetrical, which means that publication bias 

of the included studies exists (Figure 4B).

Efficacy of ECP for liver SR-aGVHD
RRs were available for six studies13–18 (43 patients) with 

existing relevant data. The pooled RR was 0.60 (95% CI: 

0.44–0.76, P=0.563; Figure 5A). The funnel plot was not 

very symmetrical, which means that publication bias of the 

included studies exists (Figure 5B).

Efficacy of ECP for gut SR-aGVHD
RRs were available for six studies13–18 (52 patients) with 

existing relevant data. The pooled RR was 0.68 (95% CI: 

0.55–0.82, P=0.780; Figure 6A). The funnel plot was asym-

metrical, which means that publication bias of the included 

studies exists (Figure 6B). T
ab
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Figure 2 Overall response rate of ECP in the treatment of SR-aGVHD.
Note: Weights are from random-effects analyses.
Abbreviations: CI, confidence interval; ECP, extracorporeal photopheresis; 
ES, effect size; SR-aGVHD, steroid-refractory acute graft-versus-host disease.

Study

Salvaneschi et al13

Garban et al14

ES (95% CI)

Kanold et al15

Ussowicz et al17

Smith et al12

Calore et al16

Overall (I2=44.1%, P=0.147)

–1.05 0 1.05

0.78 (0.51, 1.05)
0.75 (0.51, 0.99)
0.83 (0.62, 1.04)
0.38 (0.04, 0.71)
(Excluded)
(Excluded)
0.71 (0.54, 0.89)

Figure 3 Complete response rate of ECP in the treatment of SR-aGVHD.
Note: Weights are from random-effects analyses.
Abbreviations: CI, confidence interval; ECP, extracorporeal photopheresis;  
ES, effect size; SR-aGVHD, steroid-refractory acute graft-versus-host disease.

Study ES (95% CI)

–1.04 0 1.04

Salvaneschi et al13 0.56 (0.23, 0.88)
Greinix et al18 0.69 (0.58, 0.81)

Kanold et al15 0.58 (0.30, 0.86)
Calore et al16 0.87 (0.69, 1.04)
Smith et al12 (Excluded)
Overall (I2=38.5%, P=0.181) 0.71 (0.58, 0.84)

Highlight of this meta-analysis
Many studies including some meta-analyses19,20 have been 

conducted to evaluate its effect for GVHD. However, this 

was the first meta-analysis of prospective studies to date only 

analyzing the role of ECP in the treatment of SR-aGVHD. 

Though the same patients were already reported in other 

review studies, we only include those patients (n=121) with 

aGVHD compared with other studies.

Discussion
ECP is a therapy widely used for T-cell lymphoma, mycosis 

fungoides, Sézary syndrome, GVHD, and other diseases.21,22 

Acute GVHD is defined by GVHD starting within the first 

100 days after transplantation, which is a complex interplay of 

donor T-cells and host antigen-presenting cells and B-cells.4 

Acute GVHD remains the leading cause for early morbidity 

and mortality with symptoms that include skin rash and 

desquamation, liver dysfunction, and diarrhea.2 Treatment of 

steroid-refractory GVHD, especially SR-aGVHD, has been 

a challenge over the past 20 years.23 In this comprehensive 
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Figure 4 (A) Efficacy of ECP for skin SR-aGVHD, (B) funnel plot with pseudo 95% confidence limits.
Note: Weights are from random-effects analyses.
Abbreviations: CI, confidence interval; ECP, extracorporeal photopheresis; ES, effect size; SE, standard error; SR-aGVHD, steroid-refractory acute graft-versus-host disease.
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Kanold et al15 0.67 (0.36, 0.97)
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Overall (I2=0.0%, P=0.563) 0.60 (0.44, 0.76)
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Figure 5 (A) Efficacy of ECP for liver SR-aGVHD, (B) funnel plot with pseudo 95% confidence limits.
Note: Weights are from random-effects analyses.
Abbreviations: CI, confidence interval; ECP, extracorporeal photopheresis; ES, effect size; SE, standard error; SR-aGVHD, steroid-refractory acute graft-versus-host disease.
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Salvaneschi et al13 0.60 (0.17, 1.03)
Garban et al14 0.60 (0.17, 1.03)
Greinix et al18 0.60 (0.35, 0.85)
Kanold et al15 0.83 (0.54, 1.13)
Calore et al16 0.71 (0.48, 0.95)
Ussowicz et al17 (Excluded)
Overall (I2=0.0%, P=0.780) 0.68 (0.55, 0.82)
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Figure 6 (A) Efficacy of ECP for gut SR-aGVHD, (B) funnel plot with pseudo 95% confidence limits.
Note: Weights are from random-effects analyses.
Abbreviations: CI, confidence interval; ECP, extracorporeal photopheresis; ES, effect size; SE, standard error; SR-aGVHD, steroid-refractory acute graft-versus-host disease.
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meta-analysis, we evaluate the efficacy of ECP treatment in SR-

aGVHD. Our analysis indicated that though some side effects 

exist, ECP is a suitable option for patients with SR-aGVHD, and 

is effective in a remarkable proportion of patients. For organ-

specific response, the response of skin (0.86) was the highest, 

followed by gut (0.68), and liver (0.60).

It was clear that the reports we included had many defi-

ciencies, so limitations associated with this meta-analysis and 

our selected studies must be noted, with the most important 

being the absence of uniform criteria for assessment of SR-

aGVHD: the definition of SR-aGVHD varies according to 

each study. As a result, no general recommendation can be 

made on ECP treatment schedule; this meant that almost 

every study we included had different ECP starting criteria, 

treating regimens, and protocols. Because of the different 

definitions of SR-aGVHD, the criteria differ for treating with 

ECP in the included seven studies. Additionally, the precision 

of pooled effect size is affected by the small sample size of the 

included studies, so we had to use a random-effects instead of 

fixed-effects model for all the studies to increase power and 

precision regardless of heterogeneity. No randomized con-

trolled trials were identified during our literature search, so 

our evidence of the efficacy of ECP remains insufficient.

In summary, the beneficial effect of ECP in the treat-

ment of SR-aGVHD should be further studied with uniform 

treating criteria and under the context of large multicenter 

randomized trials to document its effect.
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