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A B S T R A C T   

Graft versus host disease (GVHD) is still the most important cause of mortality and morbidity after allogeneic 
stem cell transplantation. Though perfect response rates are not achieved, steroids are still the first-line treat
ment. In the face of the presence of the drugs approved by FDA in recent years for acute and chronic GVHD as 
second-line therapy in the steroid-refractory group, there exists no standard approach. 

Extracorporeal photopheresis (ECP) with an immunomodulatory effect, is favored in the treatment of both 
acute and chronic steroid refractory GVHD as it does not increase the risk of relapses or infections. Having a low 
profile of side effects, ECP is also generally well-tolerated by patients. Being a time requiring procedure, the fact 
is that it is not able to be practiced in all health centers and requires central venous catheters in patients unfit for 
venous access may be enumerated among its shortcomings. 

No complete standard is available with respect to ECP application frequency-time; it varies from one center to 
another. The Turkish Society of Apheresis established the Turkish ECP (TECP) group and sought some answers to 
the questions regarding the use of ECP in the treatment of GVHD, and issued a position statement.   

1. Introduction 

ASCT (Allogeneic Stem Cell Transplantation) provides an efficacious 
treatment in a number of benign as well as malign hematological dis
eases. Graft versus host disease is one of the most important factors with 
an effect on the morbidity and mortality occurring in the aftermath of 
allogeneic stem cell transplantation and accounts for 15 % of the deaths 
[1]. 

A transplantation recipient’s antigens are presented to the donor 
cells following the allogeneic stem cell transplantation. Upon recogni
tion of these antigens as foreign, alloreactive cells become activated and 
the inflammatory cascade caused by cytokine storm results in tissue 

damage [2]. Whereas acute GVHD may be outlined this way, chronic 
GVHD occurs subsequent to a process that is somewhat more complex; 
following the acute inflammation, chronic changes such as fibrosis are 
also involved therein and mimic autoimmune diseases [3]. 

Much as corticosteroids are the only preferred option as the first-line 
therapy in treatment of both acute GVHD and chronic GVHD, a standard 
approach is yet to be available for second-line therapy. Second-line 
therapy preferences generally depend on the institutional standard 
operating procedures, the physician’s preference and regular practice as 
well as availability of the treatment and patients’ preferences [1,4–7]. 

The efficacy of ECP therapy used for the first time in treatment of 
cutaneous T-cell lymphoma was first demonstrated in 1990s in chronic 
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GVHD in the first place, followed by demonstration thereof in acute 
GVHD [8–13]. Nowadays, it is included in GVHD treatment guidelines 
among treatment options available for GVHD patients unresponsive to 
corticosteroid treatment [1,4,5,13,14]. 

In published studies, ECP was used especially in combination with 
corticosteroids and other immunosuppressive drugs in the treatment of 
GVHD and the treatment response was assessed according to reduction 
of immunosuppressives (in particular the steroid sparing effect) as well 
as clinical improvements achieved via the treatment. 

Even though administration by combination renders the assessment 
of photopheresis’ efficacy difficult, ECP’s efficacy was reported in the 
literature as being in the vicinity of 70–80 % in acute and chronic GVHD 
[15–18]. A great many of the responses elicited were partial, never
theless the highest rate of success was obtained in skin GVHD. 

In the literature, ECP therapy has been used in the treatment of 
GVHD, especially in combination with corticosteroids and other 
immunosuppressive drugs. Although these forms of administration 
make it difficult to evaluate the efficacy of ECP, the treatment response 
to ECP has been evaluated according to the reduction of other immu
nosuppressives (especially steroid sparing effect) and clinical improve
ments [10–12,15–18]. 

Activating the immune response against malignant cells in cutaneous 
T cell lymphomas, ECP induces immunotolerance in GVHD [19]. 
Although the mechanism of action thereof cannot be fully revealed, it is 
considered to be effective with ECP immunomodulation (apoptosis in
duction of T lymphocytes, activated monocytes to differentiate to 
immature plasmacytoid dendritic cells, changes in the action and the 
maturation of dendritic cells, and alterations in lymphocyte sub
populations and T cell responses) [20,21]. Since no immunosuppressive 
effect is expected, there is no expectation of an increase in the risk of 
viral infections or relapses [20,21]. 

Despite the current data and information available, it is not yet clear 
as to what order the administration should be initiated in steroid re
fractory / dependent patient groups in order to obtain an optimal 
response with ECP, what the optimal administration and tapering 
schedule, should be combinations with other possible anti-GVHD ther
apies, how the treatment responses may be assessed and its place in up- 
front treatment. 

Here the position statement of Turkish Society of Apheresis 
regarding extracorporeal photopheresis treatment strategies in adult 
patients with GVHD is reported. In addition, both basic information and 
data with regard to ECP as well as answers to some of the aforemen
tioned questions are given. 

2. Methods 

A working group named the “Turkish ECP” composed of experts from 
the field of adult hematopoietic stem cell transplantation or therapeutic 
apheresis was established with a view to determining the state of use of 
extracorporeal photopheresis in GVHD treatment and preparing a na
tional common guide. This group has examined and assessed the clinical 
trials, meta-analyses, reviews and current national and international 
guidelines relating to the use of ECP in treatment of GVHD. 

A core group of experts prepared a draft containing the most up-to- 
date data on ECP in GVHD and also based on the current status of 
daily practice and local regulations in Turkey. This draft was extensively 
evaluated by all members of the working group to finalize the article/ 
statement. The objective of this position statement was to present rec
ommendations that would shed a light on and elucidate the frequently 
asked questions about the use of ECP therapy in GVHD rather than to 
serve as a guide. 

Recommendations of the working group are given in the boxes under 
the relevant subject titles. 

3. Photopheresis indications in GVHD: 

3.1. ECP in GVHD prophylaxis: 

There are few data that show the place of ECP in GVHD. 
Miller et al. used ECP together with pentostatin as part of a RIC 

preparation regime for GVHD prophylaxis and reported very low rates of 
GVHD (9% grade II aGVHD and 43 % chronic GVHD with extensive in 12 
% and limited in 31 %.), however subsequently this effect could not be 
demonstrated in animal models [22,23]. 

Shaughnessy et al. used ECP as a part of myeloablative regime and 
prior to transplantation, and they reported some decline in aGVHD rates 
and an advantage of survival (83 % versus 67 % relative risk 0.44; 95 % 
CI, 0.24–0.80, P=0.007) according to a historical control [23]. 

Though Kitko et al. could not reveal in a prospective phase 2 study 
that contribution of administration of ECP along with post-RIC allo- 
HSCT Etanercept, tacrolimus and MMF to the development of GVHD, 
encouraging rates of aGVHD (30 % in matched related donor, 40 % in 
unrelated donors) and survival (83 % in one year) were reported in 
another prospective phase 2 study comprising the use of prophylactic 
following RIC allo-HSCT [24,78].  

There is no strong evidence to support the pre- and post-transplant use of ECP for the 
sake of GVHD prophylaxis.  

3.2. ECP in first-line acute GVHD treatment: 

Standard first-line treatment in patients with acute GVHD is 
administration of 1− 2 mg/kg of prednisone. About a half of patients do 
not respond to this treatment or no reduction may be performed in the 
dose of prednisone [25]. In patients with a failed first line treatment, 
NRM rate is higher, whereas OS is shorter [26]. Therefore, other agents 
were included in corticosteroid treatment in order to improve the results 
of the first-line treatment, however none of them alone were demon
strated to prove superior to the steroid treatment [27–32]. In literature, 
there is limited evidence or there exist a small number of studies on use 
of ECP as a first-line therapy in treatment of aGVHD. Furthermore, these 
studies have a small number of patients, and they are retrospective and 
observational studies where a significant number of patients only have 
grade I aGVHD [33–35]. Thus, it will contribute to the literature to 
present results from studies that cover a patient profile of severe aGVHD 
regarding the use of ECP as a first-line therapy in treatment of aGVHD.  

There is not sufficient evidence to support the addition of ECP to corticosteroid 
therapy or use of ECP alone in up-front GVHD treatment in patients found to have 
acute GVHD.  

3.3. Treatment of steroid-resistant acute GVHD: 

Upon a literature screening, we found that there are no randomized, 
controlled studies on efficacy of ECP in steroid-refractory acute GVHD. 
When we look at prospective studies, however, high rates of responses 
have been reported in aGVHD [15,36–42]. 

When reviewed in terms of organ-specific responses, the highest rate 
of responses were elicited in skin GVHD (n = 103, 0.84 95 %CI =
0.75− 0.92), followed by the gastrointestinal (n = 45, 0.65 95 %CI =
0.52− 0.78), and thereafter followed by the liver aGVHD (n = 38, 0.55 
95 %CI = 0.35, 0.74) [42]. Moreover, retrospective and observational 
studies repeatedly support efficacy of ECP in steroid-refractory aGVHD 
as well although organ-specific response rates vary in the obtained data. 

Currently available guidelines recommend use of ECP in general for 
steroid-resistant or steroid-dependent or steroid-intolerant aGVHD pa
tients for treatment of aGVHD [1,4,5,44]. 

Overall, provided that there is a marked progression in aGVHD 3–5 
days after the use of corticosteroids at an appropriate dose (1− 2 mg/kg) 
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or no response can be elicited on the 5–7 t h day of the treatment, it is 
considered a steroid-resistant aGVHD, or if there occurs a re- activation 
of aGVHD in the event of inability to reduce dose of steroid or during 
reduction thereof, then it is considered steroid-dependent GVHD [45, 
46]. Days and steroid doses indicated in these specifications may differ 
from one center to another. In the presence of serious toxicities such as 
avascular necrosis associated with steroids, a steroid intolerance is 
thought to be involved [44,46]. It would be appropriate to consider 
second-line GVHD treatment alternatives in the case of steroid resis
tance, steroid dependence and steroid intolerance. No criteria have been 
defined for addition of a new treatment or switching to another treat
ment modality during use of second and subsequent line treatments.  

The Turkish ECP working group recommendation is that ECP therapy, as described 
below, may be administered to steroid-resistant, steroid-dependent and steroid- 
intolerant patients with grade II-IV acute GVHD in second line or subsequent lines of 
therapy. 

1-Steroid-resistant aGVHD: Progression in GVHD after at least 3 days of 1 mg/kg dose 
of methyl prednisone or lack of response following a 7-day treatment, or lack of 
absence recovery after a 28-day steroid treatment. 

2-Steroid-dependent aGVHD: aGVHD (Grade II or above) exacerbation during 
reduction of steroid therapy dose or before reaching 50 % of steroid starting dose. 

3-Steroid-intolerant aGVHD: Intolerance of steroid at the dose required for treatment 
due to serious side effects.   

Due to the excellent safety profile and lack of a generalized immunosuppressive 
efficacy of ECP, it is recommended to initiate its early use during aGVHD treatment, 
particularly in case of necessity of graft versus tumor effect.  

The absence of of significant toxicity of ECP with other agents, the 
lack of reports of interactions with other agents, and the theoretical 
potential to synergize its immune effect constitute the basis of combi
nation therapies. 

2-year OS rates were reported as 25 % in patients with steroid- 
resistant stage 3 and 4 Lower GI Tract GVHD [47]. Ruxolitinib, which 
is the only agent approved by the FDA in 2019 for the treatment of 
steroid refractor aGVHD, as well as the ECP combination therapy were 
used in 18 patients with lower GI Tract GVHD. In this retrospective 
study, Modemann et al. reported a complete response at a rate of 44 % 
and a 2-year OS at a rate of 56 % in the poor prognostic patient group 
[48]. 

Although the results are promising, prospective and randomized 
studies are needed to shed light on the unknown aspects such as the 
algorithm, combination therapies as well as the place and efficacy of 
ECP, ruxolitinib and other subsequent line anti-GHVD therapies. 

3.3.1. ECP therapy schedule in acute GVHD: 
Although the suggested indications for the ECP indications recom

mended in the treatment of aGVHD are similar, the treatment schedules 
and treatment durations are different from each other [13,49–51]. 
Response rates in steroid-resistant aGVHD were reported as 86 % in the 
skin, 60 % in the liver, and 68 % in the GI tract in a meta-analysis 
evaluating prospective studies [52]. 

For ECP indications and therapy schedules included in guidelines 
published in recent years, see Table 1. 

Recommendations related to ECP schedule by TECP working group 
in GHVD treatment are as follows.  

ECP Schedule recommended for aGVHD treatment; 
One cycle is two consecutive days of treatment. 
Duration of treatment should be a minimum of 8 consecutive weeks with one cycle a 

week. 
Treatment response should be assessed after 8 weeks; 
If CR is achieved, tapered with 2 more administrations once every 2 weeks and then 

stopped. 
If PR is achieved, it is recommended to continue with the weekly treatment and assess 

weekly. It should be stopped when no further response is produced. 
In case of stable disease or progressive disease or no response at all, treatment 

should be stopped. 

(continued on next column)  

(continued ) 

In Lower GIS GVHDs, it may take a little longer to respond and duration of treatment 
may be extended. 

In presence of Grade III-IV aGVHD, addition to ECP therapy of other agents that might 
have a faster impact should be considered.  

Although there is no standardized international criterion for the 
evaluation of response to second and subsequent lines of treatment in 
aGVHD, adapted criteria in the ECP guidelines can be used [49,50].  

Adapted response criteria for second-line and subsequent lines of treatment 
recommended by the Turkish ECP working group in treat of aGVHD: 

Complete response: resolution of all manifestations related to acute GVHD. 
Partial response: reduction in aGVHD stages of all pre-treatment affected organs 

without a newly affected organ 
Progressive disease: more than 50 % less than full response in organ involvements 
Stable disease: less than 50 % response in GVHD organ involvements 
Progressive disease: deterioration of GVHD in any organ  

3.4. ECP in first-line chronic GVHD treatment: 

As in aGVHD, first-line therapy in cGVHD is steroids and approxi
mately half of the patients will not respond [1]. We have limited data on 
the first line use of ECP in the treatment of cGVHD. 

A recent phase 1 pilot study evaluated the efficacy of first-line ECP 
therapy in moderate to severe cGVHD. Sixty patients were randomized 

Table 1 
ECP indication and therapy schedule for aGVHD treatment in current guidelines.  

Guidelines Acute GVHD 

The UK Photopheresis 
Society 
(2017) 

Indication: Steroid-refractory, dependent or intolerant 
Grade II-IV aGvHD 
Schedule: 
One cycle (two consecutive days) minimum for 8 
weeks. 3 days per week for the first 4 weeks may be 
benefit at advanced stage. 
Lower GI aGVHD often takes longer time to respond. 
If complete response is obtained with low dose steroid 
(<20mg methylprednisolone), ECP treatment can be 
stopped without tapering after 8 weeks. 
If there is no at least a PR after 8 weeks, consider for 
alternative therapy. 
If a PR is achieved after 8 weeks but still requiring 
steroid doses of >20 mg/day methylprednisolone, 
continue with weekly cycles and weekly response 
evaluation and stop when no further response is 
received. 

ASFA (2019) Indication: Salvage treatment after failure of first-line 
therapy 
Schedule: One cycle (2-3 treatments) performed 
weekly until disease response and then tapered to 
every-other-week before discontinuation.  

European 
dermatology forum 
(2020) 

Indication: aGVHD but not responding to first-line 
corticosteroid therapy 
Schedule: 
One cycle (2-3 treatments) every week until achieving 
CR and no benefit of maintenance. 
Asses weekly 

Nordic ECP Quality 
Group (2020) 

Indication: : Steroid-refractory, dependent or intolerant 
aGVHD 
Schedule: 
One sequence (one treatment on two consecutive days) 
weekly for 4 weeks. 
Asses the treatment response at 4-week intervals 
If CR is achieved: 
Steroid refractor aGVHD: 2 more sequences of ECP and 
stop 
Steroid-dependent/intolerant aGVHD: taper ECP with 
1-2 week 
If PR is achieved: continue weekly ECP 
If no change or progressive disease: consider 
additional or other treatment options.  
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and conventional treatment was given alone in one arm, while ECP 
treatment was added to conventional treatment in the other arm. Con
ventional treatment plus the ECP arm showed encouraging results 
without impairing the patients’ quality of life (ORR of 74.1 % at week 28 
in the conventional arm compared with 60.9 % in the Conventional +
ECP arm) [53].  

There is not sufficient evidence to support the addition of ECP to corticosteroid 
therapy or its use alone in the treatment of chronic GVHD.  

3.5. Treatment of steroid-resistant chronic GVHD: 

While there is no standard treatment approach in the treatment of 
steroid-resistant, dependent, and intolerant chronic GVHD patients, we 
have two FDA-approved agents, ruxolinitib and ibrutinib, in the treat
ment of cGVHD [54,55]. However, the algorithm at this stage is not clear 
in the guidelines in steroid-refractory cGVHD. ECP is among the 
second-line treatment alternatives [1,43]. However, its use with other 
agents, its role of other in the presence of new agents and the results of 
combination with them are still unclear. 

There are several randomized controlled studies in the literature on 
the use of cGVHD in ECP. Firstly, in the phase 2 study conducted by 
Flowers et al., conventional treatment alone (n = 47) or ECP treatment 
in conventional treatment (n = 48) was applied to cases with skin GVHD 
that could not be controlled with standard corticosteroid treatment. In 
conclusion, the steroid dose-reducing effect of adding ECP to conven
tional therapy at the end of the 3rd month has been demonstrated [56]. 
ECP was applied to 29 patients in the control group who did not show 
adequate response and could not undergo steroid dose reduction 
(non-ECP), and 42 –100 % response (partial and complete) was obtained 
after week 24 in extracutaneous cGVHD with the highest response in 
oral mucosa with 70 % [57]. 

Apart from these, many observational, prospective and retrospective 
studies support the early use of cGVHD in post-steroid treatments, due to 
the excellent safety profile of ECP and its graft versus leukemia effect 
being unaffected by ECP [58–60]. 

However, although there are differences in the literature between the 
definitions of steroid resistance and dependence, the definition made by 
the TECP group and the recommendations for the use of ECP in cGVHD 
are given below.  

The recommendation of the TECP working group is that ECP therapy can be 
administered as second-line or following lines of treatment to patients with steroid- 
resistant, steroid-dependent, and steroid-intolerant chronic GVHD as described 
below. 

1-Steroid-resistant cGVHD: progression under prednisone at ≥1 mg/kg/day for 
1week. 

2-Steroid-dependent aGVHD: in two failed attempts made 8 weeks apart, inability to 
reduce prednisone dose below 0.25 mg/kg/day or stable GVHD on ≥0.5 mg/kg/day 
of prednisone for 1–2 months 

3-Steroid-intolerant aGVHD: intolerance to the steroid at the dose required for 
treatment due to serious side effects.   

3.5.1. ECP treatment schedule in chronic GVHD: 
In the treatment of cGVHD, ECP is widely used alone or in combi

nation with other therapies. The pooled response rates in the meta- 
analysis of Malik et al. are 74 % in the skin, 68 % in the liver, 60 % in 
the eyes, 72 % in the mouth, 48 % in the lung, 53 % in the GI and 64 % in 
the musculoskeletal system [61]. 

The ECP treatment schedules used in the treatment of cGVHD in 
studies are different from one another and it is recommended that the 
treatment durations be adapted according to the responses obtained [13, 
49–51]. See Table 2 for ECP indications and treatment schedules in 
cGVHD in current international guidelines. 

ECP schedule recommendations for the treatment of GHVD by the 

ECP working group are given below.  
ECP Schedule recommended by the TECP working group in cGVHD treatment: 
One cycle is two consecutive days of treatment. 
One cycle weekly (biweekly if treating only mucocutaneous cGVHD) for the first 2− 3 

months followed by one cycle twice per month for 2 months and then tapered 
depending on clinical response. 

Assesses the treatment response every 2− 3 months. 
If response is CR, stop ECP, 
If response is PR, continue until you achieve the maximum response. 
If treatment response is progressive, mixed or stable disease, stop treatment or 
include additional agents to treatment.  

4. Technical considerations on ECP: 

The ECP is a leukapheresis-based therapy. The leukocyte-rich buffy 
coat collected from the patient by centrifugal separation is exposed to 
the photosensitizing agent 8-methoxypsoralen (8-MOP) ex vivo. Imme
diately thereafter, the product is illuminated with ultraviolet A (UVA; 
352 nm wavelength) light and infused into the patient. This process can 
be carried out by two different methods, these being offline and inline. 
In the inline method, all steps are performed in a closed system in 
approximately 1.5− 2 hours. In the offline method, the leukoapheresis, 
illumination and re-infusion of buffy coat steps are performed separately 
and last for 3− 4 hours [19]. 

With the new generation devices used offline, better lymphocyte 
collection efficiency can be achieved in a shorter time [61]. 

While it was performed by the inline method in a shorter processing 

Table 2 
ECP indications and treatment schedules in cGVHD in current guidelines:  

Guidelines Chronic GVHD 

The UK Photopheresis 
Society 
(2017) 

Indication: Steroid-refractory, dependent or 
intolerant GVHD. 
Schedule: 
One cycle (two treatments on consecutive days) every 
2 weeks. 
After completion of the initial 6 uninterrupted 
treatments cycles, assess to determine the further 
treatment. 
If PR is achieved, taper 4 weekly treatment and 
continue till maximal response. 

ASFA (2019) Indication: Steroid-refractory or dependent extensive 
cGVHD 
Schedule: 
One cycle (2 treatments) weekly for 4 weeks (or 
consider biweekly if treating only mucocutaneous 
cGVHD) and then one cycle every 2 weeks or for at 
least 8 weeks (assess at 2-3 monthly intervals), 
continue to maximum response every 2-4 weeks with 
taper.   

European dermatology 
forum 
(2020) 

Indication: Second-line therapy in patients with 
steroid-dependent, intolerant or resistant cGvHD and 
recurrent infections or a high risk of relapse of their 
underlying disease. 
Schedule: 
One cycle (two treatments) weekly for the first 3 
months (or until GVHD stabilizes) followed by one 
cycle twice per month and then tapered depending on 
clinical response. 
The time schedule is largely dependent on the severity 
of cGVHD and the response. 

Nordic ECP Quality 
Group (2020) 

Indication: Steroid-refractory, dependent or 
intolerant cGVHD 
Schedule: 
One sequence (two consecutive days) every second 
week for the first 12 weeks. 
Asses the treatment response every 3 months.  
If CR is achieved: Stop ECP  
If progressive disease: Stop ECP and/or additional 

therapy 
For the other responses (partial, minimal, mixed or no 
change): reduce frequency to every 4 weeks.  
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time, a higher mononuclear cell ratio was detected in the obtained 
product, but no difference could be shown between the two methods in 
terms of GVHD response [62,63]. 

Although both methods are available in Turkey, centers mainly 
prefer the offline method due to its cost advantage. 

Initially, 8-MOP, which was given orally to the patient before the 
procedure, was replaced over time by the pre-UVA application of 8-MOP 
to the buffy coat that was collected. Thus, 8-MOP is given only to the 
product to be irradiated, instead of the whole body, and 0.25 % of the 
orally administered dose is used. Thus, gastrointestinal side effects that 
may be caused by oral 8-MOP are prevented and the posttreatment risk 
from photosensitization caused by photosensitization is decreased [19, 
64]. 

While the UV-A dose used in the inline method is 1.2 j/cm2, it is 2 j/ 
cm2 in the offline method [61]. The irritation time is automatically 
adjusted according to the volume of the product to be irritated by the 
illumination device used, the hematocrit (which determines the optical 
density) and the residual luminosity of the UVA lamp [19].  

Centers may prefer the offline or inline method according to their own experience or 
preferences.  

5. Quality management of ECP: 

Centers with ECP should provide quality management of the process 
and should prepare standard operating procedures and training pro
grams related to the process. It should perform the validation of the 
device and procedures used in the process [65]. 

The Italian group recommends using a functional test that demon
strates apoptosis of lymphocytes to validate the ECP process. They 
recommend that this test be performed during the two procedures in the 
first cycle in each patient unless there is a change in any equipment, 
drug, disposable set, machine used during the ECP procedure. 

Validation of the procedure is done by evaluating apoptotic lym
phocytes (which are 7-aminoactinomycin (7-AAD)-positive CD3+cells) 
by flowcytometry 72− 96 hours after the completion of the procedure 
[66]. 

There are no cut-off values determined for the amount of cells to be 
photoactivated and the rate of apoptotic cells.  

Centers should provide quality management in accordance with national and 
international guidelines.  

6. Vascular access: 

In order for the leukopheresis to be performed effectively, it is 
necessary to provide a good vascular access to effectively provide 
extracorporeal circulation [67]. A blood flow of 50-100 mL/minute is 
needed for apheresis devices working with the centrifuge method [68]. 
With this blood flow rate, the processing of 1.5 blood volumes in an 
average individual is completed in 2− 3 hours. The peripheral vein can 
provide blood flow up to 60− 80 ml/min., and this flow can be reached 
from the peripheral venous inlet with 2 large 16–18 gauge needles [69, 
70]. Therefore, if the patient’s peripheral veins are suitable, this can be 
preferred primarily [68,70]. 

However, at least 11.5-French central venous catheters can be used 
in cases where there is no appropriate peripheral venous access due to 
reasons such as skin GVHD in the arms [71]. The Nordic ECP Quality 
Group recommends dialysis catheters with a width of 10− 13Fr [50]. 
While temporary central venous catheters can be used for short-term 
apheresis procedures, tunneled catheters can be preferred in order to 
minimize the risk of infection, since ECP therapy is a repetitive and 
long-term treatment extending from weeks to months [72]. 

Most of the serious apheresis complications are related to catheters 
and these include infection, bleeding, pneumothorax, and catheter- 

related thrombosis [73]. Similarly, local hematoma, phlebitis and 
scarring may occur due to recurrent venous punctures.  

If the peripheral blood veins of patients not currently having a central venous catheter 
are suitable, then their antecubital veins should be preferred, or else tunneled 
dialysis catheters fit for the procedure of apheresis should be inserted.  

7. Safety: 

Regardless of the method used, ECP has an excellent safety profile 
with minimal side effects without causing generalized immunosup
pression and without interfering the graft versus leukemia effect, and 
World Health Organization grade III–IV side-effects have not been re
ported [74]. No increased risk of ECP-related disease relapse or oppor
tunistic infection has been reported [75]. 

Especially in patients who do not need a central venous catheter, the 
complication rate is very low and they are usually manageable apheresis 
complications such as hypotension and mild complications such as mild 
anemia and mild thrombocytopenia [73–75]. 

See “Vascular Access” section for side effects related to venous 
access. 

Due to increased photosensitivity, it is recommended that patients 
take protective measures against UVA rays for the skin and eyes for 
24− 48 hours after the procedure [62]. 

8. Patient groups to be carefully considered for ECP: 

ECP is considered to be contraindicated in patients with suscepti
bility to psoralen products, known photosensitivity, aphakia (increased 
risk of retinal damage), pregnancy, hemodynamic instability, respira
tory instability, low white blood cell counts (<1 × 109/L despite G-CSF 
injection), low platelet counts (<20 × 109 /L despite platelet transfusion 
support), uncontrolled infection and active bleeding [4,50,76,77]. 

However, in patients with low blood values (low hematocrit, platelet 
and leucocyte count), as well as in patients with low body weight, 
apheresis should be performed after taking necessary precautions [4,50, 
76,77]. 

9. Conclusion: 

Although ASCT is still the only curative treatment method for many 
diseases, GVHD is still the most important cause of morbidity and 
mortality. Especially in the treatment of steroid refractory GVHD, two 
FDA-approved agents, ruxolitinib and ibrutinib, have been widely used 
in recent years. However, there is still no complete standardization in 
the guidelines for the treatment of steroid refractory GHVD. 

ECP, which is still one of the important options in the guidelines of 
the related art, is a procedure that requires experience and cannot be 
performed in every center, making the accessibility of the procedure 
difficult. Cost is another issue that needs to be taken into account, as it is 
a repetitive and long-term treatment. Despite all this, the procedure 
continues to be a widely preferred treatment method in the treatment of 
steroid-resistant GVHD, although its ideal place and role in the treat
ment has not been fully determined, due to the good response rates, 
immunregulatuar effecacy without generalized immunosuppression, no 
increased risk of infection and relapse, and the absence of the risk of 
serious complications. Randomized, prospective, multicenter studies 
using common definitions, grading and response criteria are needed to 
eliminate existing question marks. 
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[10] Besnier DP, Chabannes D, Mahé B, Mussini JM, Baranger TA, Muller JY, et al. 
Treatment of graft-versus-host disease by extracorporeal photochemotherapy: a 
pilot study. Transplantation 1997;64(1):49–54. 

[11] Greinix HT, Volc-Platzer B, Rabitsch W, Gmeinhart B, Guevara-Pineda C, Kalhs P, 
et al. Successful use of extracorporeal photochemotherapy in the treatment of 
severe acute and chronic graft-versus-host disease. Blood 1998;92(9):3098–104. 

[12] Schwartz J, Padmanabhan A, Aqui N, Balogun RA, Connelly-Smith L, Delaney M, 
et al. Guidelines on the use of therapeutic apheresis in clinical practice—evidence_ 
based approach from the Writing Committee of the American Society for Apheresis: 
the seventh special issue. J Clin Apher 2016;31(3):149–62. https://doi.org/ 
10.1002/jca.21470. 

[13] Martin PJ, Rizzo JD, Wingard JR, Ballen K, Curtin PT, Cutler C, et al. First- and 
second-line systemic treatment of acute graft-versus-host disease: 
recommendations of the American Society of Blood and Marrow Transplantation. 
Biol Blood Marrow Transplant 2012;18(8):1150–63. https://doi.org/10.1016/j. 
bbmt.2012.04.005. 

[14] Ussowicz M, Musiał J, Mielcarek M, Tomaszewska A, Nasiłowska-Adamska B, 
Kałwak K, et al. Steroid-sparing effect of extracorporeal photopheresis in the 
therapy of graft-versus-host disease after allogeneic hematopoietic stem cell 
transplantation. Transplant Proc 2013;45(9):3375–80. https://doi.org/10.1016/j. 
transproceed.2013.07.053. 

[15] Perfetti P, Carlier P, Strada P, Gualandi F, Occhini D, Van Lint MT, et al. 
Extracorporeal photopheresis for the treatment of steroid-refractory acute GVHD. 
Bone Marrow Transplant 2008;42:609–17. https://doi.org/10.1038/ 
bmt.2008.221. 

[16] Zhang H, Chen R, Cheng J, Jin N, Chen B. Systematic review and meta-analysis of 
prospective studies for ECP treatment in patients with steroid-refractory acute 
GVHD. Patient Prefer Adherence 2015;17(January 9):105–11. https://doi.org/ 
10.2147/PPA.S76563. 

[17] Malagola M, Cancelli V, Skert C, Leali PF, Ferrari E, Tiburzi A, et al. Extracorporeal 
photopheresis for treatment of acute and chronic graft versus host disease: an 
Italian multicentric retrospective analysis on 94 patients on behalf of the gruppo 
Italiano trapianto di midollo osseo. Transplantation 2016;100(12):e147–55. 
https://doi.org/10.1097/TP.0000000000001466. PMID: 27861297. 

[18] Ward DM. Extracorporeal photopheresis: how, when, and why. J Clin Apher 2011; 
26(5):276–85. https://doi.org/10.1002/jca.20300. 

[19] Kaloyannidis P, Mallouri D. The role of the extracorporeal photopheresis in the 
management of the graft-versus-host disease. Transfus Apher Sci 2012;46(April 
(2)):211–9. https://doi.org/10.1016/j.transci.2011.10.018. 

[20] Bruserud Ø, Tvedt TH, Paulsen PQ, Ahmed AB, Gedde-Dahl T, Tjønnfjord GE, et al. 
Extracorporeal photopheresis (photochemotherapy) in the treatment of acute and 
chronic graft versus host disease: immunological mechanisms and the results from 
clinical studies. Cancer Immunol Immunother 2014;63(8):757–77. https://doi. 
org/10.1007/s00262-014-1578-z. 

[21] Bethge WA, Kerbauy FR, Santos EB, Gooley T, Storb R, Sandmaier BM. 
Extracorporeal photopheresis combined with pentostatin in the conditioning 
regimen for canine hematopoietic cell transplantation does not prevent GVHD. 
Bone Marrow Transplant 2014;49:1198–204. https://doi.org/10.1038/ 
bmt.2014.137. 

[22] Miller KB, Roberts TF, Chan G, Schenkein DP, Lawrence D, Sprague K, et al. 
A novel reduced intensity regimen for allogeneic hematopoietic stem cell 

transplantation associated with a reduced incidence of graft-versus-host disease. 
Bone Marrow Transplant 2004;33(9):881–9. https://doi.org/10.1038/sj. 
bmt.1704454. 

[23] Shaughnessy PJ, Bolwell BJ, van Besien K, Mistrik M, Grigg A, Dodds A, et al. 
Extracorporeal photopheresis for the prevention of acute GVHD in patients 
undergoing standard myeloablative conditioning and allogeneic hematopoietic 
stem cell transplantation. Bone Marrow Transplant 2010;45(6):1068–76. https:// 
doi.org/10.1038/bmt.2009.307. 

[24] Michallet M, Sobh M, Garban F, Bulabois CE, Yakoub-Agha I, Coiteux V, et al. 
Extracorporeal photopheresis for GVHD prophylaxis after reduced intensity 
conditioning allogeneic hematopoietic stem cell transplantation: a prospective 
multicenter phase 2 study. Leuk Lymphoma 2018;59(2):372–80. https://doi.org/ 
10.1080/10428194.2017.1334120. 

[25] Westin JR, Saliba RM, De Lima M, Alousi A, Hosing C, Qazilbash MH, et al. Steroid- 
refractory acute GVHD: predictors and outcomes. Adv Hematol 2011;2011: 
601953. https://doi.org/10.1155/2011/601953. 

[26] Martin PJ, Nelson BJ, Appelbaum FR, Anasetti C, Deeg HJ, Hansen JA, et al. 
Evaluation of a CD5-specific immunotoxin for treatment of acute graft-versus-host 
disease after allogeneic marrow transplantation. Blood 1996;88:824–30. 

[27] Cahn JY, Bordigoni P, Tiberghien P, Milpied N, Brion A, Widjenes J, et al. 
Treatment of acute graft-versus-host disease with methylprednisolone and 
cyclosporine with or without an anti-interleukin-2 receptor monoclonal antibody. 
A multicenter phase III study. Transplantation 1995;60:939–42. 

[28] Cragg L, Blazar BR, Defor T, Kolatker N, Miller W, Kersey J, et al. A randomized 
trial comparing prednisone with antithymocyte globulin/prednisone as an initial 
systemic therapy for moderately severe acute graft-versus-host disease. Biol Blood 
Marrow Transplant 2000;6(4A):441–7. https://doi.org/10.1016/s1083-8791(00) 
70036-x. 

[29] Lee SJ, Zahrieh D, Agura E, MacMillan ML, Maziarz RT, McCarthy Jr PL, et al. 
Effect of up-front daclizumab when combined with steroids for the treatment of 
acute graft-versus-host disease: results of a randomized trial. Blood 2004;104: 
1559–64. https://doi.org/10.1182/blood-2004-03-0854. 

[30] Kebriaei P, Isola L, Bahceci E, Holland K, Rowley S, McGuirk J, et al. Adult human 
mesenchymal stem cells added to corticosteroid therapy for the treatment of acute 
graft-versus-host disease. Biol Blood Marrow Transplant 2009;15(July (7)):804–11. 
https://doi.org/10.1016/j.bbmt.2008.03.012. 

[31] Bolanos-Meade J, Logan BR, Alousi AM, Antin JH, Barowski K, Carter SL, et al. 
Phase 3 clinical trial of steroids/mycophenolate mofetil vs steroids/placebo as 
therapy for acute GVHD: BMT CTN 0802. Blood 2014;124:3221–7. https://doi. 
org/10.1182/blood-2014-06-577023. 

[32] Malard F, Sestili S, Eder S, Belhocine R, Ruggeri A, Battipaglia G, et al. 
Extracorporeal photopheresis for first line treatment of acute graft versus host 
disease. Blood 2018;132(Supplement 1):2114. https://doi.org/10.1182/blood- 
2018-99-114544. 

[33] Sestili S, Eder S, Belhocine R, Dulery R, Battipaglia G, Brissot E, et al. 
Extracorporeal photopheresis as first-line strategy in the treatment of acute graft- 
versus-host disease after hematopoietic stem cell transplantation: a single-center 
experience. Cytotherapy 2020;22(8):445–9. https://doi.org/10.1016/j. 
jcyt.2020.03.003. 

[34] Castagna L, Morabito L, Mauro E, Perotti C, Bramanti S, Sarina B, et al. First-line 
extracorporeal photochemotherapy for acute GVHD after unmanipulated 
haploidentical BMT following nonmyeloablative conditioning and post 
transplantation CY. Bone Marrow Transplant 2014;49(2):317–8. https://doi.org/ 
10.1038/bmt.2013.174. 

[35] Smith EP, Sniecinski I, Dagis AC, Parker PM, Snyder DS, Stein AS, et al. 
Extracorporeal photochemotherapy for treatment of drug-resistant graft-vs-host 
disease. Biol Blood Marrow Transplant 1998;4(1):27–37. https://doi.org/10.1016/ 
s1083-8791(98)90007-6. 

[36] Salvaneschi L, Perotti C, Zecca M, Bernuzzi S, Viarengo G, Giorgiani G, et al. 
Extracorporeal photochemotherapy for treatment of acute and chronic GVHD in 
childhood. Transfusion 2001;41(10):1299–305. https://doi.org/10.1046/j.1537- 
2995.2001.41101299.x. 

[37] Garban F, Drillat P, Makowski C, Jacob MC, Richard MJ, Favrot M, et al. 
Extracorporeal chemophototherapy for the treatment of graft-versus-host disease: 
hematologic consequences of short-term, intensive courses. Haematologica 2005; 
90(8):1096–101. 

[38] Greinix HT, Knobler RM, Worel N, et al. The effect of intensified extracorporeal 
photochemotherapy on long-term survival in patients with severe acute graft- 
versus-host disease. Haematologica 2006;91(3):405–8. 

[39] Kanold J, Merlin E, Halle P, Paillard C, Marabelle A, Rapatel C, et al. Photopheresis 
in pediatric graft-versus-host disease after allogeneic marrow transplantation: 
clinical practice guidelines based on field experience and review of the literature. 
Transfusion 2007;47(12):2276–89. https://doi.org/10.1111/j.1537- 
2995.2007.01469.x. 
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