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ASFA Guidelines 2013
JCA 2013

aGvHD: (skin)   II  1c

cGvHD : (skin)  II  1b

a/c GvHD: (non-skin) III 2b



JACIE standard 5 th  ed

… a backward step….



Treatment of Cutaneous T-Cell Lymphoma by Extracorporeal 
Photochemotherapy

Edelson  R et al, NEJM 1987 
9 of 37 CTCL patients:  >75 response

FDA approval granted for advanced CTCL in 1988, as the first government sanctioned 
selective immunotherapy for any cancer.

Approximately 80% of immunocompetent CTCL patients have a >50% diminution in cutaneous 
involvement, while 25% experience complete responses.

Persistent (>18 month) complete responses was corroborated by loss of identifiable malignant T cell 
clone by TCR PCR assessment.

Toxicity is remarkably low and less than with all alternative systemic therapies.

Pre Post
Pre Post



Prospective , multicenter, randomized study

60 patients



THE YALE JOURNAL OF BIOLOGY AND MEDICINE 62 (1989), 579-
593
Molecular Aspects of Extracorporeal Photochemotherapy

FRANCIS P. GASPARRO, Ph.D., ROBERTO DALL'AMICO, M.D.,
DAVID GOLDMINZ, M.D., EVA SIMMONS, M.D.,
AND DAVID WEINGOLD, M.D.
Photobiology Laboratory, Department of Dermatology,
Yale University School of Medicine, New Haven, Connecticut

Applications of extracorporeal photochemotherapy in "non-oncological" diseases.
Dall'Amico R1, Zulian F, Montini G, Andretta B, Murer L, Rossetti F, Livi U, Zacchello G, Zacchello F.
Author information 
1Department of Pediatrics, University of Padova, Italy.
Abstract
Photopheresis (ECP) is a new therapy for oncological and autoimmune diseases consisting in the reinfusion of 3-9 
x 10(9) leukocytes, taken from the patient by leukapheresis, and treated in an extracorporeal system with 8-
methoxypsoralen and ultraviolet light A. Nine patients affected by T cell immunomediated diseases (2 
scleroderma, 1 chronic GVHD, 1 polyarteritis, 1 rheumatoid arthritis and 4 heart transplant patients with 
numerous episodes of acute rejection) were treated with ECP. Photopheresis was performed on 2 consecutive 
days every 3-4 weeks. All patients affected by autoimmune diseases experienced an improvement during 
treatment with ECP. In 2 of the 4 patients with heart transplant, rejection was reversed by photopheresis. No 
major side effects were observed during the treatment. In conclusion ECP is a safe and well tolerated therapy. 
Although the number of patients is small, ECP seems to be an effective modality in many diseases.

Int J Artif Organs. 1993 Dec;16 Suppl 5:168-72
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Yr 2000: data derived from 102 Apheresis Centers (1)

1) G. De Silvestro et al: National survey of apheresis activity in Italy. Trans  
Apher Sci 2004

2) G. De Silvestro, National survey of apheresis activity in Italy Int J Art 
Organs 2008.

3) G. De Silvestro, personal communication, 2014

Yr 2005: preliminary data derived from 13 Apheresis centers (2)

Up-to-now ECP activity in Italy

n°=704 n°=4225
Preliminary data 2013

Overall: 22.229 procedures

ECP (total): 5362
 (2/3 off-line method

Estimated ECP/yr in Italy:
~ 7500



Monitoring of circulating T-cell substes:
the role of T-REGs in ECP and GVHD 
(A.Lamioni, Transplantation 2005)



Effectiveness of extracorporeal photochemotherapy (ECP) in the 
treatment of acute and chronic GvHD, cutaneous T-cell lymphoma 
and immunomediated diseases: results of a three-year multicenter 

perspective observational study.

Perseghin P, Sciorelli G, Biagi E, Incontri A, Pagani A, Poli L, Marini M, Ferremi P, 
Galimberti S, Perotti C and  Salvaneschi L for the Regione Lombardia ECP study group*

• 4 Institutions (Brescia, Gallarate, Monza, Pavia)
• 178 patients enrolled (2006-2009)
• 124 (70 %) with GvHD (acute= 37, chronic=87), ~2600 ECP performed
• 43 out of 124 (35%) pediatric patients

Overall response rates (in pediatric patients)
Acute GvHD
- NR= 20%
- PR+CR=80%
Chronic GvHD
- NR=12%
- PR+CR= 76%
- NV= 12% (ongoing evaluation, not yet available data )

Perseghin et al, unpublished data



Ther Apher Dial. 2007, 11:85-93
25 patients who underwent:

-Allogeneic related HSCT (n=18)-Allogeneic unrelated HSCT (n=3) -Haplo-identical HSCT 
(n=4)

      
 who developed  cGvHD refractory to conventional immunosuppressive treatment    and started ECP were 

retrospecively analysed

Main diagnosis for HSCT: AML (8),  ALL (7), CML (4), 
other diseases (6)
• Median age: 17 yrs (range 6-55)
• Median weight: 52 Kg (range 20-81)

• 12 patients : progressive cGvHD

• 7 patients : “de novo” cGvHD 

  at a median of 5 mths from HSCT

• 6 patients had “quiescent” cGvHD



ECP: MECHANISMS OF ACTION



Monitoring of circulating T-cell substes:
the role of T-REGs in allotrasplant and GVHD



Biagi et al, Transplantation, 2007

1. Immune-phenotyping of circulating T-regs
• CD4-CD25 intermediate, bright (comparison with healthy donors and 

transplanted patients not receiving ECP)
• GITR, CD45RO, CD62L and Fox-p3 (intracytoplasmic staining)

2. Functional analysis on sorted T-regs:
• qRT-PCR for Fox-p3, IL-10, TGF-beta
• IFN-gamma Elispot assays in allogeneic cultures
• Trans-well experiments (cell contact inhibition)

Study design



T-regs increase in ECP-responders allows immunosuppressive 
drug tapering

Biagi et al. Transplantation, 2007 



T-regs show inhibitory capacity towards allo-reactivity

Biagi et al. Transplantation, 2007 

W/O T-reg

With T-reg + transwells

With T-reg W/O transwells

* p<0,05 (compared to CD25-)



T-regs variations in ECP-responders with acute (left) and chronic (right) GvHD
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Absence of response to ECP is correlated to more than 1-log higher 
secretion of IL-17 by Th17 cells, particularly evident at 3 cycles



Steroid change from baseline at 30 gg in 50 
aGvHD and 23 cGvHD patients



ECP/Monotherapy seems to 
be  a steady 
immunosuppressive regimen 
associated with a lower 
incedence of biopsy-proven 
acute rejection (BPAR)









….don’t forget the patients…



ECP: yet unanswered questions

Technical issues

1) Suitable devices (pediatric 
patients)

2) Venous accesses

3) Certification (FDA, CE, etc)

4) Procedure validation

5) 8-MOP

Clinical and biological issues

1) Indications

2) Patient selection and accrual

3) Treatment schedule(s)

4) Clinical response evaluation

5) Long-term treatment ?

6) Mechanisms of action



ECP schedule (1)
Author Year/

journal

Pts (n°) Diagnosis Method Schedule Cell dose

Greinix 2000
Blood

21 aGvHD (II-
IV)

On-line 2/w until improvement
 then 2/2-4 w

No

Response: 100%, 67 % and 12 % (gr. II, III and IV)
max. after a median of 4 courses (8 ECP or 2 mts)

Kanold
(review)

2003
Transf. 
Aph. 
Sci

73 19: aGvHD
54:cGvHD

Both 2w x3w, then 2/2w, 2/4w
3w x 3w then tapering
2w/2w until response
2w/3w x 6 mts

Most no

Response: aGvHD= 63 %, cGvHD=75%

Foss 2005
BMT

25 cGvHD On-line 2w/2w in 17 pts
1w/until response in 8 pts

No

Response: 66-70%

Couriel 2006
Blood

71 cGvHD On-line 2-4/w then tapering (1/w) 
to 2/2w

No

Response: 61 % (overall)



ECP schedule (2)

Author Year/

journal

Pts 
n°

Diagnosis Method Schedule Cell dose

Garban 2005

Haematol
27 12:aGvHD

15:cGvHD
Off-line 2w x 3w, then according to 

response (1w)
Yes

Response: aGvHD=75%, cGvHD= 87 %

Greinix 2006

Haematol
59
(21 
p.r)

aGvHD On-line 2/1-2 w, then 2/ 2-4 w No

Response: 82% skin, 61 % gut and liver, lower 
when combined

Perseghin 2007
Ther 
Apher Dial

25 cGvHD Off-line 2w x 3w, then 2w/2w and 
2w/4w

Yes

Response : 80% (maintained > 30 mts in 90% 
pts)



Take home message

• …..ECP is a powerful tool and that we are still learning the best way 
to use it. 

• It is time  to set up a strong and fruitful cooperation between those 
centers which currently perform ECP, designing multicenter trials, 
which aim to ascertain the real effectiveness of ECP and the best 
way to apply it, asking for financial support from central national and 
/or European institutions to avoid any company interference.
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Th17-secreting cells (by Elispot), the principal responsible for 
GvHD, inversely correlate with % of circulating T cells

I° CYCLE ECP
%Foxp3/CD4+CD25+ cells = 0%

III° CYCLE ECP
%Foxp3/CD4+CD25+ cells = 0%

VII° CYCLE ECP
%Foxp3/CD4+CD25+ cells = 20%

X° CYCLE ECP
%Foxp3/CD4+CD25+ cells = 0%

Unstimol PMA/Ionomycin



Patients clinical details



Regulatory T cells (T-reg)

  T-cell subset with immunosuppressive 
properties, useful for self-tolerance 
maintenance

  Determinant role in inducing and maintaining 
the tolerance towards the transplanted graft

  Various types of T-regs have been described:
- Natural occurring T-reg (CD4, CD25, CD62L,       CTLA-4, 

GITR, CD45RO, Foxp3)
- Inducible T-reg

  Clinically relevant after BMT: increased circulating levels of natural 
occurring T-regs are related with decreased      incidence and 
severity of GvHD (Zorn E., Blood 2005)



Patients characteristics 

1. Prospectic analysis on 10 patients
• Acute GVHD (4 pts)
• Chronic GvHD (6 pts)

2. ECP numbers
• Range: 14-24
• Median: 20

3. Median Follow-up (from 1st ECP)
• Range: 5-12 months 
• Median: 9 months











T-reg functional analysis:
FACS sorting

•  qRT-PCR for Foxp-
3, TGF-beta, IL-10

•  IFN-gamma Elispot 
for alloreactivity 
inhibition

CD25

CD25 neg. fraction

CD25 pos. fraction



FOXP3
 

1. Member of the forkhead transcription 
factor family

2. FOXP3 gene maps to chromosome 
Xp11.23

3. Expressed, exclusively, within the nuclei of 
CD4+CD25+ regulatory T cells

4. Selective marker for regulatory T cells

5. Involved in the activation, differentiation 
and homeostasis of T-reg



Patients responding to ECP present a marked increase of T-reg, 
which is not observed in ECP non-responder patients.

T-reg are, as expected, Foxp3-positive
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