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Treatment of acute graft-versus-host disease with PUVA (psoralen and
ultraviolet irradiation): results of a pilot study
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Summary: lymphoma and vitiligo. There are several studies using
PUVA therapy in the treatment of chronic cutaneous
Acute graft-versus-host disease (aGVHD) is a frequent GVHD,*® but few patients have received PUVA therapy
and major complication after allogeneic stem cell trans-  for treatment of acute cutaneous GVHDB!
plantation. For many years psoralen and ultraviolet At our institution 20 patients were studied who received
(UV)-A light have been used in the treatment of chronic ~ PUVA therapy for acute cutaneous GVHD, to evaluate the
cutaneous graft-versus-host disease, but few patients role of photochemotherapy in the treatment of acute graft-
have received PUVA therapy for aGVHD. We assessed versus-host disease.
20 patients who received PUVA therapy for acute
cutaneous GVHD (grade 2-4). Seven patients showed
additional organ manifestations (liver, gut). To better
quantify the cutaneous lesions, a new scoring system
was introduced: intensity of erythema (0-3)x %body
surface + size of bullae (4-5x %body surface affected.

All patients received prednisolone and PUVA for treat-  Twenty patients (10 male, 10 female) received PUVA ther-

ment of aGVHD. Fifteen patients (75%), 12 with mani-  apy as treatment for acute cutaneous GVHD after allog-
festations restricted to the skin, responded by score epeic bone marrow transplantation (nine patients with

classification (average time to a 50% score reduction: cmMmL, five AML, two ALL, two MDS, one CLL, one

39 days) and reduction of the dosage of prednisolone chronic myeloproliferative syndrome). Thirteen patients

(average time to a 50% prednisolone reduction: 35 had undergone allogeneic transplantation from a matched
days). PUVA treatment was well tolerated and might  sjbling donor and seven from a matched unrelated donor
play a role in the therapy of acute cutaneous GVHD.  petween 1995 and 1997. All patients developed cutaneous
Keywords: allogeneic stem cell transplantation; acute acute GVHD; six out of these 20 patients showed additional

GVHD; PUVA organ manifestations (liver, gut).

Patients and methods

Patients

i o _ Conditioning regimens

Allogeneic bone marrow transplantation is the only curative
treatment for a variety of hematological malignancies. OneEleven patients received busulfan (16 mg/kg) and cyclo-
frequent and major complication of this treatment modalityphosphamide (120 mg/kg), and in addition one patient
is the occurrence of acute graft-versus-host diseaseeceived melphalan (140 mgfjnand one patient received
(aGVHD). cytarabine (2 1 g/n? for 2 consecutive days).

Management of acute and chronic GVHD often requires Five patients underwent TBI (12 Gy) with cyclophos-
immunosuppressive therapy over a prolonged time periodyhamide (120 mg/kg), and in addition one patient received
eg cyclosporin A and prednisolone. Due to immuno-VP-16 (40 mg/kg),and another received thiotepa
suppression, patients have an additional risk of infectiou§10 mg/kg).
complications associated with increased morbidity and
mortality.

One main localization of acute GVHD is the skin,

characterized in its mild form by an erythematous morbilli- patients were admitted to the hematologic intensive care
form eruption, and in its extensive form as epidermal necroypjt and transferred to a laminar air unit on the day of trans-
lysis, developing up to 100 days after allogeneic stem celhjantation. Supportive infusion therapy consisting of par-
transplantation. For many years, 8-methoxypsoralen angdnteral feeding and vitamins was administered through a
ultraviolet-A light have been used in the treatment of a varyynneled Hickman catheter. For antimicrobial prophylaxis,
iety of skin diseases, such as psoriasis, cutaneous T C%bﬂents received  antibiotics  (ciprofloxacin, x2
500 mg/day), antifungal (fluconazol, 400 mg/day) and anti-

Correspondence: Dr H Einsele, Department of Hematology and Oncologyylral (acyclovir, 4x400mg p.o./day) medication and

University of Tibingen, Otfried Miler Str 10, 72076 Thingen, Germany !mmur‘OglObUlin infusions  (0.25mg/kg  polyvalent
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GVHD prophylaxis mg/kg) were treated with OKT3 therapy. One patient with
an initial response to corticosteroids (2 mg/kg) plus PUVA
therapy had a severe relapse of cutaneous acute GVHD
when PUVA was stopped. This patient refused further
PUVA therapy and was treated with FK 506.

All patients received CsA (5 mg/kg/day intravenously for
the first 20 days followed by oral medication) from day
until at least day+100; in addition, four patients received
gshog courge gf.methotrexa}ge (tlS m@/‘!‘ﬁy dl, 10 (rjng/ rﬁl To better quantify the skin lesions, they were assessed
ay an ), one pa lent received preaniso O.neoy a new scoring system. The mean score at the beginning
(1 mg/kg/day) fro_m day+3 and flvg patients received anti- of PUVA therapy was 168 (range, 30-388). The mean
thymocyte globulin (ATG Fresenius, 20 mg/kg day to maximal dose of prednisolone for treatment of acute

day —2). GVHD was 8 mg/kg/day (range, 2—20 mg/kg/day).
PUVA therapy was well tolerated, with only two patients

GVHD staging developing erythema following UV-A light exposure.

- : Irradiation data are shown in Table 2.
Clinical staging of acute GVHD was performed as  Fifieen of 20 patients (75%) responded by score classi-
described previously. In two patients, cutaneous GVHD fication, clinical GVHD staging, and prednisolone
was confirmed by histopathology of the skin and in threergqyction. The response rate was 92% (12/13 patients) in
patients by histopathology of intestinal and/or liver biopsy.natients with acute GVHD confined to the skin. In contrast,
In addition, autopsy confirmed acute GVHD in anotherqp)y 3394 of the patients (2/6) with additional organ mani-
three patients. _ _ festations (liver/gut) showed a response to PUVA therapy

To better quantify the cutaneous lesions prior to PUVAghq prednisolone. The average time to a 50% prednisolone
therapy and thus to better assess .Iocal control of acutgqyction was 35 days (range, 5-133 days). The average
GVHD, a new scoring system was introduced. Extent Oftime to a 50% reduction according to the scoring system
cutaneous manifestations of aGVHD was quantified bygescribed above was 39 days (range, 10-86 days; Table 3).
intensity of erythema (0, no erythema; 1, slight erythema; 2Nine of 20 patients died of relapse, infectious compli-

clearly noticable erythema; 3, marked erythemaobody  cations, or progression of hepatic or intestinal acute GVHD.
surface+ size of bullae (0, no bullae; 4, small bullae; 5,

big bullae)x %body surface affected. . .
Discussion

GVHD therapy For many years psoralen and UV-A light have been used in
o _ _ the treatment of chronic cutaneous GVHD after allogeneic
For initial therapy of acute GVHD, all patients received transplantatio=1° Few patients have received PUVA ther-
prednisolone (2 mg/kg). In patients with progression ofapy for acute cutaneous GVHDB! Furthermore, there are
cutaneous GVHD after 3 days of standard dose prednisGew reports of successful treatment of acute GVHD with
lone (2-5 mg/kg) additional PUVA therapy was initiated. extracorporal photopheresi!* At our institution, 20
Two hours after oral administration of 8-methoxypsoralenpatients with acute cutaneous GVHD after allogeneic stem
(0.6 mg/kg), UVA treatment was started and given fourcel| transplantation were treated with PUVA therapy in an
times/week. The initial dose varied between 0.3 and o.%ncontroned and unmatched Study, with a response rate
Jlcnt. According to the response of cutaneous lesions, thef 76%.
dose was subsequently increased by 0.5 Jfieatementsto  Acute GVHD is considered as a multi-step process that
a maximal dose of 8.0 J/cimAfter resolution of cutaneous consists of an initial afferent phase (antigen recognition and
symptoms and cessation of prednisolone treatment, PUVA cell activation), followed by an amplification phase
therapy was administered twice a week for another 4 weeKglonal proliferation/differentiation and cytokine release)
until discontinuation. Patients not responding to PUVA andresulting in an efferent phase of tissue damgé Trans-
prednisolone therapy (2-5mg/kg) received increasinglant conditioning regimens cause tissue damage (e.g. intes-
doses of steroids (10 mg/kg—20 mg/kg). Non-responders t@nal mucosa), leading to release of inflammatory cytokines
high-dose steroid therapy treatment received OKT3 therap¥uch as TNF-alpha and Il-1 by activated host cells. It has
(5 mg/day for 10 days). been shown that an increase of the TBI dose or high TNF-
alpha levels during conditioning is associated with an
increased risk of GVHD development and mortality?
Results Secretion of inflammatory cytokines may upregulate MHC
antigens and further facilitate host recognition by donor T
Twenty patients with acute cutaneous GVHD were treatedatells. T cell activation results in a proliferation of Thl T
with PUVA therapy. GVHD was diagnosed by typical clini- cells with secretion of IL-2 and IFN-gamma, which induce
cal manifestations, and additionally, by histopathologicalfurther T cell expansion, cytotoxic T cell and natural killer
analysis in eight patients. Demographic data are shown igell response, resulting in the effector phase of target
Table 1. Fourteen patients developed acute GVHD gradergan damage.
II, five patients grade Ill and one patient grade IV. Six out Although the exact mechanism of PUVA therapy
of 20 patients showed involvement of the liver and gut byremains unclear, there ane vivo andin vitro data which
acute GVHD. show immunological effects that might influence the cas-
Two patients with rapid progression of acute GVHD cade of events and the cytokine dysregulation during the
when receiving high dose corticosteroid treatment (20development of acute GVHD.
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Table 1 Characteristics of patients receiving PUVA therapy as a treatment for acute GVHD
PN Age Sex Diagnosis  Conditioning Donor GVHD Stage of GVHD Max.
regimen prophylaxis GVHD therapy prednisolone
liver/gut: + dose
(mg/kg/day)
1 21 M AML TBI/ICY id sib CsA Il Pred 6
2 57 M CML BU/CY id sib CsA+ MTX Il Pred 5
3 49 F CML BU/CY id sib CsA Ik Pred 5
4 31 F AML BU/CY id unrel CsA+ ATG Il Pred 7
5 38 M CML BY/CY id sib CsA I+ Pred 2
6 20 M ALL TBI/ICY id unrel CsA 1+ Pred+ OKT3 20
7 18 M CML BU/CY id unrel CsA+ MTX IV + Pred+ OKT3 20
8 35 M CML BU/CY id sib CsA+ MTX Il Pred 5
9 34 F CML BU/CY id unrel CsA+ MTX Il Pred 10
10 10 F AML BU/CY/Melph id sib CsA 1l Pred 15
11 36 M CMPS  TBI/ICY id unrel CsA It Pred 10
12 30 M CML BU/CY id sib CsA Il Pred 20
13 28 F AML TBI/VP-16/CY id unrel CsAt+ Pred 1] Pred
14 8 F MDS TBI/Thiotepa/CY id unrel CsA ATG I+ Pred 5
15 30 F MDS BU/Alexan/CY id sib CsA Il Pred 2
16 42 F CML BU/CY id sib CsA Il Pred 2
17 45 F AML BU/CY id sib CsA Il Pred 2
18 42 M ALL TBI/ICY id sib CsA/IATG | Pred 2
19 45 M CLL TBI/ICY id sib CsAIATG Il Pred+ FK506 9
20 40 F CML BU/CY id sib CsAIATG 1l Pred 5

PN = patient number; CMP$& chronic myeloproliferative syndrome; predprednisolone; ATG= antithymocyte globulin; melpk melphalan.

Table 2 Irradiation data of patients receiving PUVA therapy as a treatment for acute GVHD
PN UVA dose PUVA Total UVA dose Comments
(Jlen®) treatments J/ch
1 0.5-7.0 51 239
2 0.3-5.0 68 117
3 0.5-8.0 41 169
4 0.3-8.8 >75 >103 Interruption due to pneumothorax, ongoing treatment
5 0.3 6 1.8
6 0.5-3.5 12 24
7 0.5-1.0 3 25
8 0.3-1.0 8 6
9 0.3-7? >8 >7 Continuation of PUVA at another institution
10 0.5-7.0 30 119
11 0.5-1.0 3 25
12 0.5-4.5 45 153
13 0.3-6.5 86 416 Cessation due to relapse
14 0.5-7.0 53 211
15 0.3-3.0 114 188 PUVA induced erythema, cessation due to relapse
16 0.5-3.5 67 193
17 0.5-4.0 91 342
18 0.5-1.0 49 49
19 0.5-4.0 18 42
20 0.5- >71 >319 Ongoing PUVA therapy

PN = patient number.

Several experimental models have been used to examiribat PUVA treatment of mouse T cells induces inhibition

the influence of PUVA therapy on lymphocyte function. of mitogen-induced, as well as antigen-specific T cell pro-
Perezet al® have shown that infusion of PUVA-treated liferation. Bredberg and Forsgrénshowed inhibition of
splenocytes from BALB/c mice grafted with CBA/J mouse chemotaxis of leukocytes following PUVA treatment.

skin into syngeneic mice induces tolerance to CBA/J major Furthermore, modulation of the cytokine network follow-
histocompatibility complex (MHC) antigens. Recipients ing PUVA treatment has been documented in animal stud-
were unresponsive in mixed lymphocyte reactions and cytoies, as well as in cell culture. Aubigt aP? reported that the
toxicity assays. In addition, they had no delayed-typeactivation of mouse keratinocytes with psoralen and UV-A
hypersensivity against CBA/J cells, and rejection of CBA/Jirradiation induced the release of a soluble factor depress-
skin graft was delayetf. Laskin and co-workef8 found ing alloreactivity. In a mouse model, Okamott aP®
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Table 3 Response to PUVA therapy in patients with acute GVHD
PN GVHD score at Maximal Stage of GVHD: Time to 50% Time to 50% Follow-up
beginning of GVHD score skin (overall) prednisolone score reduction (cause of death)
PUVA therapy liver/gut reduction (days) (days)
involvement:+
1 165 165 3 () 24 18 Died (relapse)
2 140 140 2 (I 17 28 Died (IA)
3 191 316 3 (ly+ 133 60 Died (chronic GVHD)
4 54 192 2.(In 5 86 Alive (chronic GVHD)
5 150 150 3 (I)+ — — Died (GVHD)
6 201 201 3 (y+ — — Died (IA)
7 208 208 4 (IV)+ — — Died (GVHD, IA)
8 160 160 2 (I 33 — Died (listeria sepsis)
9 30 30 3N not evaluable 30 Alive (chronic GVHD)
10 180 180 2 (I 12 13 Alive
11 300 300 3 (ly+ — — Died (IA)
12 100 150 3N 66 69 Alive
13 388 388 3 () 35 28 Died (relapse)
14 200 200 3 (ly+ 49 65 Alive
15 60 60 2.1 25 14 Alive (relapse)
16 94 94 2.y 6 30 Alive
17 180 180 3 64 30 Alive
18 40 40 1 (I 14 10 Alive (relapse)
19 240 252 3 28 60 Alive
20 270 270 3N 7 42 Alive (chronic GVHD)

PN = patient no; IA= invasive aspergillosis.

showed markedly suppressed production of IL-2 on day No severe side-effects occurred during or following
with normalization of serum levels not before day 7 post-PUVA treatment.
irradiation. Rivas and co-workers demonstrated that Clearly, randomised prospective studies are warranted
exposure of murine keratinocyte cultures to UV irradiationand are now underway to further assess the value of PUVA
caused a systemic suppression of delayed-type hypersensiierapy for acute cutaneous GVHD.
tivity by release of IL-10. Several studies show a marked
influence of PUVA therapy on Langerhans cells, not only
by a reduction of the cell number, but by a down-modu-references
lation of antigen-presenting function and a reduction of
cytokine releas&—=° UV-B light exposure has been
reported to convert Langerhans cells from immunogenic to - jiraviolet-A radiation in treatment of chronic cutaneous graft-
tolerogenic antigen-presenting cells, defective in their versus-host reactiod. Am Acad Dermatol985; 12 30-37.
autocrine 1l-2 productioi® 2 Volc-Platzer B, Haigsmann H, Hinterberger W, Wolff K.
Due to PUVA induced reduction of the number of Lang-  Photochemotherapy improves chronic cutaneous graft-versus-
erhans cells in the skin, the alteration of their antigen- host disease] Am Acad Dermatol990; 23 220-228.
presenting function and the modulation of cytokine 3 Jampel RM, Farmer ER, Vogelsanged al. PUVA therapy
secretion, PUVA therapy might be effective not only in for chronic cutaneous graft-versus-host dise@seh Derma-
chronic, but also in acute GVHD. 4 tr(<)| 1991;127. 1673-1678.
As documented by clinical improvement, GVHD score, 4 Kapoor N, Pellegrini AE, Copelan EAt al Psoralen plus
Lo . . o ultraviolet (PUVA) in the treatment of chronic graft-versus-
and redyctlon "f‘ the dose of steroids administered, 92% of host disease: preliminary experience in standard treatment
our patients with acute cutaneous GVHD responded t0 registant patientsSemin Hematol992: 28 108-112.
PUVA therapy. In a” but two patients W|th additiona.l Organ 5 Voge|sang GB, Wolff D’ Altomonte \Wet al. Treatment of
manifestations of acute GVHD, no significant response and chronic graf-versus-host disease with ultraviolet irradiation
thus no reduction of the dose of corticosteroids could be and psoralen (PUVA)Bone Marrow Transplantl996; 17:
achieved. Thus, in our opinion PUVA therapy should be 1061-1067.
restricted to patients with predominantly cutaneous mani-6 Eppinger T, Ehninger G, Steinert bt al. 8-Methoxypsoralen
festations of acute GVHD. and ultraviolet-A therapy for cutaneous manifestations of
The newly established scoring system allows a better graft-versus-host diseasBone Marrow Transplan1990;50:
assessment of cutaneous GVHD and its response to therapw 807-811,

1 Hymes SR, Morison WL, Farmer EB® al Methoxalen and

PUVA therapy was well tolerated and effective in 92% of Reinhauer S, Lehmenn P, PlewigeGal. Photochemotherapie
patients with acute cutaneous GVHD. No late compli-

(PUVA) der akuten Graft-versus-Host Erkrankurdautarzt
1993;44. 708-712.

cations, such as cutaneous squamous cell carcinoma or se\¢ Torras H, Martin-Ortega E, CarreraseEal. UVA and PUVA

ere hyperlipidemi&3? were observed in our patients, but
the brief follow-up period does not allow firm conclusions.

therapy in the treatment of cutaneous graft-versus-host disease

(GVHD). Eur J Dermatol1993; 3: 447-451.
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