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Principle and clinical efficacy of ECP 

Extracorporeal photochemotherapy = 

ECP

cytapheresis

Psoralen

UVA
i.v. injection

= Infusion

Blood mononuclear cells : 

lymphocytes + monocytes + Dendritic Cells (DC) 

Clinical efficacy:

-Cutaneous T cell lymphoma

(CTCL) 

Zic JA, Curr Opin Oncol 2012

Improvement : 63%

- Transplantation (Stem cells) Graft

versus host disease

Courriel D, Blood 2006

Improvement : 60%

Complete response : 25% 

- Transplantation (solid organs) graft

rejection

Barr ML, N Eng J Med 1998

Improvement 50% 

- Crohn disease

Abreu MT, Inflamm Boew Dis 2009

Improvement 50 %         

- Lichen Planus

Guyot F, Br J Dermatol 2007

Improvement: 60%

- Severe psoriasis

Valhquist A, Arthritis Rheum 1996

Improvement 50 % 

Aim of ECP:

Antitumoral

immune 

response

Restore

immune

tolerance

However mechanisms of action of ECP are still poorly known 1
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(Adapted from Gasparro FP et al, Recent Results Cancer Res 1997)
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8-Methoxypsoralen (8-MOP)

8-MOP fits between 2 
DNA strands

First events after ECP-Treatment

UVA induce DNA breaks and cell apoptosis

8-MOP belongs to the furocoumarines, 
(natural molecules in fruits and vegetables)
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ECP

DC

Maturation 

Edelson RL, Transf

Aph Sci 2013

Production of

effector cell

NK response, 

CTL anti CTCL

Uptake of

apoptotic bodies 

by DC/ 

monocytes/macrophages
Kushwah R, Eur J Immunol 2010

Perruche S, Nature Med 2008 

Tolerogenic DC
Lamioni A, 

Transplantation 2005

Vaccination effect

Decrease of 

clonal T cells
Berger CL, Int J Cancer 2001

Production of anti-

inflammatory

cytokines
Di Renzo M, Clin Exp Immunol

2008

CD4+FoxP3+Tregs
Maeda A, J Immunol 2005

Antitumoral

effect
Regulation

Tolerance
Immune

CTCL Allogenic, autoimmune, 

Inflammatory diseases

Summary of mechanisms of action
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Adapted from Marshall S et al, Nature Clin Pract 2006

Required : Apoptosis of T-
lymphocytes bearing an 
antigen specificity



ECP could induce the production of LT Reg
(CD4+CD25+?) In Vivo
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- Model of tolerance of an Ag 
specific immune response 

Maeda A et al, J Immunol 2004
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Mechanisms of action in GVHD
Animal model

5

Florek M et al, Blood 2014

Host-apoptotic cells

infused prior to 

transplantation 

prolong survival

Decrease in 

costimulatory molecules

in host Dendritic Cells

ECP reduces

proinflammatory cytokine 

secretion

and requires IL-10 secretion



Mechanisms of action in GVHD
Animal model

6
ECP-Tregs contribute but are not solely

responsible for improved outcome
ECP did not seem to hamper GVL effect

Florek M et al, Blood 2014



ECP and GVHD: an evolving treatment

2 consecutive

days / month

2 consecutive days

/ 15 days

2 days /week 1 month

evaluation and tapering

2 à 4/week/other

week/tapering

when RP or at 3 

months (cGVHD)

Dippel 1999 Child 1999

Seaton 2003 

Messina C 2003

Garban F 2005

Couriel D 2006

Amat P2021

On line=1 step Uvar –Therakos

(1985- 1999)

Uvar XTS 

(1999–2007)

Uvar 3ème génération

(2007)

Cellex (Therakos)

2009

Off line = 2 

steps

ViIber – Lourmat

(1990)

Macogenic 1 

Macopharma (2001)

Macogenic G2

Off line = 2 

steps

UVA-PIT  technology

(2005-)

UVA -PIT

1994 - 1997 1997 - 2003 2003-2006 2006-2024

1 patient

skin

1-5 patients

Skin + joint

5-30 patients

skin + lung + liver + eye + mouth

30-100 patients

skin + lung + liver + eye + mouth

2005

Revised in 

2015

Te
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n
iq

u
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Sc
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s
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Assessment
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No difference 
in
efficacy 
between the 
techniques 

Working group on cGVDH

staging : National 

Institutes of health

Consensus

aGVDH
Overall, PR and CR 

at day 28



Connelly-Smith L et al, J Clin Apher 2023

Key messages
- Partial responses = 65% in aGVHD and cGVD
- Maximal response in cGVHD requires at least  6 months of treatment

- ECP does not increase the risk of infections or disease relapse
- ECP may allow the weaning of immunosuppressive treatment (corticosteroids)

- ECP = second line for steroid resistant aGVHD and cGVHD (to be nuanced with anti JAK1/2)
8



9

ECP and aGVHD

30 retrospective or prospective  series
N= 30- 108 patients

Overall response rate (CR+PR) in :
- Skin: 80%
- Liver: 60%
- Gut: 60% 

- Overall survival superior in ECP responders



Mehta RS et al BMT 2021

Response at d56

- Better global response when ECP

plus steroids

- Better response in skin 

- Low number of patients included

aCVHD and ECP
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ECP and cGVHD

70 retrospective or prospective series
N= 50-100 patients
Optimal duration time for response = 6 months

Overall response rate : 
- Skin: 80%
- Oral: 70% 
- Liver: 50%
- Lung: 40-50% 

- Overall survival superior in ECP responders

11



Blood 2008

ECP

- Better response

- Increased reduction in 

corticosteroids

- Evaluation too early

ECP and cGVHD

12

Cumulative incidence of complete or partial skin response.



Cutaneous

response 100%…..

ECP and cGVHD
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Jagasia M… Greinix HT. Blood Advances 2019 

- Patients treated with SoC experienced a decline in 
Quality of life  over the 28-week study 
- QoL remained unchanged in SoC1ECP patients.

ECP and cGVHD

14



106 

Patients 

25

16Response 67%

33%
8

81

Response 78%

22%

63

18

50% decrease in 

organ involvement

1 month

Survival probability at 2 
years= 35% 

Survival probability at 2 
years= 68% 

- High response rate in aGVHD and CGVHD

- Significant difference in terms of survival for patients responding to ECP 
compared to non-responders in both forms. 

ECP and cGVHD

15

Michallet M ….. Hequet O; Transf Aph Sci 2024   



aCVHD and Anti JAK1/2

antithymocyte globulin ( 16%)

extracorporeal photopheresis, (31%)

mesenchymal stromal cells (13%) 

methotrexate,mycophenolate mofetil (22%), 

(mTOR) inhibitor (everolimus or sirolimus) (13%)  

etanercept, (21%)

infliximab. (13%)

REACH2 multicenter, 

randomized, openlabel,

phase 3 trial

R Zeiser…G Socié,

New Eng J Med 2020

16



Combined treatment : cCVHD and Anti JAK1/2

REACH3  multicenter, 

randomized, openlabel,

phase 3 trial

R Zeiser et al. New Eng J Med 2021

17



ECP vs Anti JAK1/2

Penack O et al, BMT 2024 

No difference
between ECP and 
Ruxolutinib



Combined treatment: aCVHD and Anti JAK1/2 + ECP

18 patients lower GI +/- skin      CR 44%  PR 11%

Modemann F, et al . BMT 2020

2 years overall survival = 56% 18



cCVHD and Anti JAK1/2 plus ECP

Maas-Bauer K… Zeiser R, BMT 2021 

Duration allo SCT – begining Ruxo+ECP = 10 months
20/23 patients = multiple organ involvement –
Failure to multiple treatments to cGVHD

The best overall response rate 

(ORR) at anytime was 74% 

(17/23)

OS in patients treated 

with ruxolitinib and ECP 

at 24 months was 75%

19



Definitive

‒ pregnancy

- unstable circulatory or respiratory condition

‒ known sensitivity to psoralen compounds

‒ known photosensitivity

- aphakia (absence of lens in the eye – risk of retinal damage by 8MOP)

Relative :

‒ low white blood cell count (<1 × 109/L)

Precautions should be taken in patients with:

‒ low haematocrit

‒ low platelet count

‒ active bleeding or risk of bleeding

‒ active infection

‒ low body weight

Contraindications to ECP

Nygaard M et al, Eur J Hematol 2020. Nordic ECP quality Group

Colpo A et al, Transf aph Sci 2024. Italian best practices ECP/GHVD (Sidem)

20
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Schedules

Nygaard M et al, Eur J Hematol 2020. Nordic ECP quality Group



Hematol Transf Cell Ther 2023 

Hematol Transf Cell Ther 2022 
22

SUS: Sytema ùnico de Saùde

ECP in Brazil



Conclusion 

• ECP: 

• Advantages : efficient – low levels of side-effects

• No optimal schedule is defined, but sessions must be regular

• Apheresis team – expertise in vascular access (1 or 2 venous access) 

• Combination of Jak Inhibitors and ECP is encouraging

• Ruxolitinib is currently used. Potentialisation of ECP with other Jak Inhihiors ? 

• The immune mecanisms of action of the combination ECP+Jak inhibitors must be
studied to optimise this treatment
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