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ABSTRACT

Extracorporeal photochemotherapy (EP) is a therapeutic approach to the treatment of drug-resistant graft-vs.-host
disease (GVHD) that uses the known immunosuppressive and immunomodulatory effects of ultraviolet light. In
1990, we initiated a pilot study to evaluate the efficacy and safety of EP in patients with refractory GVHD. Between
1991 and 1996, six patients with acute grade IV liver GVHD, 12 patients with chronic following acute GVHD, and
six patients with de novo chronic GVHD were treated with EP. All patients had failed to respond to conventional
GVHD immunosuppressive drug therapy of cyclosporine and prednisone. The six patients with acute liver GVHD
had also received antithymocyte globulin (ATG); therapy for chronic GVHD included thalidomide in eight patients,
psoralen plus ultraviolet A in five patients, and ATG in two patients. All patients with acute liver GVHD had pro-
gressive liver failure with short survival despite frequent EP. The response rate with EP treatment was 3 of 6 for
patients with de novo chronic GVHD and 3 of 12 for patients with chronic following acute GVHD. Three patients
with bronchiolitis obliterans had either no response or no documented disease progression while undergoing EP.
Side effects of EP were minor and included gastrointestinal upset frequently, catheter-related sepsis in four
patients, increased red blood cell and platelet transfusion requirements in one patient, and leukopenia in two
patients. EP was discontinued in three patients because of side effects, including GI upset in one patient and bone
marrow suppression in two patients. Side effects were reversible with the discontinuation of EP. We were unable to
correlate response to EP with the level of methoxypsoralen, number of lymphocytes treated, or pattern of pre- and
posttreatment CD4/CD8 ratio. We concluded that EP has some efficacy in the treatment of drug-resistant chronic
GVHD, with minor overall toxicity.
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lNTRQD!‘CTION and is the single most important obstacle to successtul allo-
'"()rl)'i(rﬁ‘,t-VS.~I]()S[ (“SQC;ISC .(( iVHD) is a frequent cause of  geneic BM'I.’. I)cvcloplrn‘cnl of GVHD after Bt\l'l'.is mediated
ity and mortality after bone marrow transplantation by alloreactive donor ‘T lymphocyte subsets, which become
) from related and unrelated histocompatible donors  activated after recognition of major histocompatibility com-
plex (MHC) antigens or minor histocompatibility antigens of

the host, or both, that are disparate from donor antigens.

Thic arg B o Recent gxpcriln'u‘\tnl data suggest that (Iiircct (..‘L‘“-IIIL'(“zltL'(l.
('.“””‘)”l’[ was supported in part (v)v U.S. Public Health Service grants  attack of d()nur‘ I lymphocytes on host tissues is only one of
<06 and CA33572 from the National Cancer Institute. several mechanisms leading to host tissue damage [1,2]. As



Table 1, Patient characteristics

Number of patients 24
Median age (range) 29 years (5.7-53)
Male/female 19/5
Diagnosis

CML n

Acute leukemia 8

Aplastic anemia 2

MDS & myeloproliferative diseases 3

Donor status
HLA-identical sibling 17
5/6 HLA sibling
Matched unrelated donor 6
Transplant preparative regimens
FTBI and etoposide §
FTBI and CY
FTBI, CY, and etoposide
CY and busulfan
TLI and CY
cY
GVHD prophylaxis
CSA and PSE
CSA, PSE, and MTX (days |, 3, 6)
CSA, PSE, and MTX (days 1, 3, 6, 11)
CSA
CSA, PSE, and ATG
" Acute grade IV liver GYHD
De novo chronic GVHD 6
Chronic GYHD after acute GYHD 12
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ATG, antithymocyte globulin; CML, chronic ntyeloid leukemia; CSA, cyclo-
sporine; CY, cyclophosphamide; FTBI, fractionated total-body irradiation;
GVHD, graft-vs.-bost disease; HLA, buman leukocyte antigen; MDS,
myelodysplastic syndrome; MTX, methotrexate; PSE, prednisone; TLI, total-
bymphoid irvadiation.

discussed in several recent reviews, several lines of evidence
now implicate a network of cytokines as primary mediators of
experimental and clinical GVHD [3-6]. T cell depletion of
the marrow graft to limit the cascade of cytokine production
that results from the complex interactions of subsets of T
cells, antigen presenting cells, and accessory effector cells
decreases the incidence of GVHD, but also significantly
increases the risk of graft failure and leukemic relapse [7].
Acute GVHD in the first 100 days post-BMT is a patho-
logic process characterized by cytolytic damage to the host
target tissues of skin, liver, and gastrointestinal tract, with
accompanying systemic symptoms of fever and increased cap-
illary permeability. Prophylaxis of acute GVHD with combi-
nations of immunosuppressive agents has decreased the inci-
dence of this complication of BMT to 20-25% in recipients
of unmodified (i.e., no ex vivo T cell depletion) allografts
from human leukocyte antigen (HLA)-identical siblings, but
it remains a primary or contributory cause of death in
15-20% of marrow transplant patients [8]. Treatment of
established acute GVHD with steroids, cyclosporine (CSA),
monoclonal antibodies, and antithymocyte globulin (ATG)
has been characterized by high failure rates, significant drug
toxicities, and poor survival for nonresponders [9-13].
Chronic GVHD (cGVEHD) is the primary cause of non-
relapse morbidity and mortality in patients surviving longer
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than 100 days after BMT. The clinical syndrome resembles
an overlap of various autoimmune diseases, such as pr 0gres”
sive systemic sclerosis, Sjogren’s syndrome, systemic Jupus
erythematosus, lichen planus, and primary biliary cirrhosts
[14,15]. Because the pathophysiology of this disease proces®
includes the production of autoantibodies and the inability
to produce protective antibodies against environment?
pathogens, it has been suggested that the primary defect 10
¢GVHD is an imbalance between autoreactive and autoreg
ulatory T cells [16). cGVHD occurs in 20-50% of recip”
ents of unmodified (i.e., no ex vivo T cell depletion) sibling
marrow transplants, with mortality rates varying from &U,
70%, depending on the presence of known associated 115
factors for poor outcome [17]. .
Because prevention and treatment of acute and chro™
GVHD has been less than ideal, alternative therapeuti©
approaches are desirable. One novel approach is Pro”
tochemotherapy, also known as PUVA therapy, which i the
use of oral methoxypsoralen (8-MOP) photoactivated y
exposure of skin to ultraviolet A (UVA) light. Multiple st
ies have demonstrated the efficacy and safety of PUVA ther-
apy in the treatment of cutaneous GVHD [18-25]. Extr#”
corporeal photochemotherapy (EP), also referred to as P19
topheresis, is a variant of PUVA therapy that involves extr3;
corporeal exposure of blood lymphocytes to UVA follow®
by reinfusion of the treated cells. Bolwell ez 4l. first used
in the treatment of GVHD; in 1990 they reported the Su¢”
cessful treatment of cGVHD in two of three patients [26];
To extend the experience with EP, we conducted a pilof
study with 20 patients from 1990 to 1994 in which we evalu-
ated the efficacy and safety of photopheresis in the treatme? ¢
of drug-resistant acute and chronic GVHD. Since the publi-
cation of our original abstract [27], we have treated an addi-
tional four patients who are included in this report, and heré
summarize our results from EP treatment of 24 patients W!
acute and chronic drug-refractory GVHD.

MATERIALS AND METHODS
Patient population .
Between February 1991 and February 1996, 24 patient®
with drug-resistant acute and chronic GVHD were treat¢
with EP at the City of Hope National Medical Center
(COH). The initial 20 patients were treated in a non-ra%”
domized pilot study conducted from 1990 to 1994 to evalu
ate the efficacy and safety of EP in the management ©
refractory GVHD. Subsequent to the pilot study closure 1%
1994, we treated an additional four patients, whose data are
included in this report. .
Patient characteristics are shown in Table 1. The medi®
an age of marrow recipients was 29 years, with a range ©
5.7-53 years. There were 19 male and 5 female patients:
The indications for BMT were chronic myelogenots
leukemia (n=11); acute leukemia, including acute lym-
phoblastic leukemia, acute myelogenous leukemia, and acuté
biphenotypic leukemia (n=8); aplastic anemia (n=2); and
myeloproliferative and myelodysplastic disorders (n=3).

Donor-recipient matching
The histocompatible marrow donors were 6/6 HLA-
identical siblings (n=17), 5/6 HLA-matched siblings (n=1)
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:c‘i:‘i‘s;}tled unrelated donors (n=6). Four unrelated donor-
and mole Pallrs were serologic matches. for class I antigens
Onor-recc'u-ar matches for class II antigens; one unrelated
a mo ecullplent pair had a mxcro-rplsmatch at a B locus and
onor s ?r_match'at class 11 antigens; and one unrelateq
With 5 nOC’Plent_ pair was serologically matched at all loci
matic nreactive mixed leukocyte culture (ML.C). (Infor-
!l regarding molecular matching was unavailable to us

ec . At
ause the patient was transplanted at another institution.)

Transplant Preparative regimen
pe dia:?nty-t-wo patients underwent BMT at COH and two
Subse ' patients underwent BMT at other institutions and
GVngentlY were referred to COH for treatment of
Femissic Preparative regimens varied according to disease,
time Slf(’n Status, and active institutional protocols at the
8-3(2) cach Patient’s BMT and were previously re.ported
1320 éThe regimens used for patients with leukemia were
mg /kc y fractlo_nated total-body irradiation (FTBI) plus 60
m /kg of etoposide in 11 patients; 1320 ¢Gy FTBI plu§ 120
Ofgl 3§ of cyclophosphamide in 5 patients; a triple regimen
0 ¢Gy FTBI plus 60 mg/kg of etoposide and cytoxan
m /rlfg/kg In one patient and 40 mg/kg in another); apd 16
Oni 8 of busulfan plus 120 mg/kg of cyclophosphamide in
mg/lfa/tlent. One patient with aplastic anemia received 50
phoi dg_d"‘y of cytoxan for 4 days plus 750 cGy total-lym-
rece; Iradiation and another patient with aplastic anemia
m elVEd Cytoxan alone. Patients with myeloproliferative or
uySul(;dYSplastic disorders received a regimen of 16 mg/kg of
G 2D plus 120 mg/kg of cytoxan (n=2 patients) or 1200
Y FTBI plus 80 mg/kg of cytoxan plus 60 mg/kg of

coposide (n=1 patient). Ex vivo marrow T cell depletion
Was not uged,

GVhD Prophylaxis

the o rte GVHD prophylaxis regimens varied according to
B ACtive institutional protocols at the time of eaqh patient’s
es anq have been reported elsewhere. The regimens that
nis()e Patients received were cyclosporine (CSA) and pred-
fnethne (PSE) in seven patients [33]; CSA, PSE, and
Cs Aotrexate (MTX) on days 1, 3, and 6 in 12 patients [34];
Patie, PSE, and MTX on days 1, 3, 6, and 11 in thrqe
atricnts [29]; and CSA alone in one patient [35). One pedi-
cent Patient, who underwent BMT at another transplant
in €, received a regimen of CSA, PSE, and ATG accord-
reg‘ '0 that institution’s GVHD prophylaxis protocol for

'Plents of unrelated donor marrow transplants.

Diagnosis of GvHD
wa he diagnosis and grading of acute and chronic GVHD
Stas (;‘nade by COH clinical investigators according to the
in dard criteria previously described by the transplant team
c Fattle [36]. Biopsies of skin and gut were performed to
ntirm the diagnosis of GVHD in the majority of cases.
blOPSICS of liver and lung were infrequently performed
CCause, in many cases, the clinician responsible thought
At the procedure was unsafe due to aberrant coagulation
garameters. Diagnosis of mouth ¢cGVHD was made without
°nﬁrmatory biopsy. Six patients with acute grade IV liver
s ID who had failed to respond to standard therapy with
A, PSE, and ATG were treated with EP. When EP was

BRoMmT

Table 2. Characteristics of chronic GVHD at study entry

o«

Number of patients

Chronic GYHD site
Skin
Skin and mouth plus hepatic dysfunction
Progressive liver
Progressive liver plus mouth or skin
Gl plus liver {(or mouth and skin)
Bronchiolitis obliterans

Prior acute GVHD

Progressive from acute GVYHD

De novo GVHD

Thrombocytopenia

Prior treatment for chronic GYHD
PSE/CSA
Thalidomide
PUYA

ATG for prior acute GVHD

- - -
-_—n N WND L WN

[ -

GI, gastrointestinal; PUVA, psoralen plus ultraviolet A light.

started, all patients with acute GVHD received 2 mg/kg of
PSE for longer than 2 weeks and were continued on that
same dose after initiation of EP. Twelve patients with chron-
ic following acute GVHD and six patients with de novo
¢GVHD who failed to respond to standard therapy, which
included thalidomide (eight patients) and PUVA (five
patients), were treated with EP. Initial standard therapy for
c¢GVHD patients included at least 10 days of therapy with 2
mg/kg/day of PSE plus CSA in doses to achieve therapeutic
levels. The cGVHD patients were eligible for EP treatment
if their cGVHD flared as steroids were tapered so that they
were on varying doses of PSE at the time EP was started,
but all were on CSA doses that resulted in therapeutic CSA
levels. Two of the cGVHD patients with prior acute GVHD
also had received ATG for treatment of acute GVHD.
Characteristics of patients’ cGVHD before therapy with EP
are outlined in Table 2.

Extracorporeal photopheresis

Treatment with EP was accomplished using the UVAR
photopheresis system (Therakos, West Chester, PA), which
is diagrammed in Figure 1. The photosensitizing agent was
8-MOP, a furocoumarin that forms covalent bonds with the
pyrimidine bases of DNA in the presence of UVA light. The
drug preparation used in this study was Oxypsoralen Ultra
(ICN Pharmaceuticals, Costa Mesa, CA). The initial oral
dose of 8-MOP was 0.6-1.0 mg/kg and the dose was adjust-
ed with subsequent treatment cycles in an effort to achieve a
therapeutic level of >50 ng/mL. The 8-MOP dose was
increased by 25% if the patient had a subtherapeutic level
with the previous cycle of EP. If the patient’s 8-MOP level
increased with this dose titration but was still subtherapeu-
tic, then the dose was sequentially increased in 25% incre-
ments with subsequent cycles until a therapeutic dose was
achieved. However, if there was no change in the patient’s 8-
MOP level after doubling the initial dose, then that patient
was assumed to have an inability to absorb the drug and fur-
ther dose adjustments were not made. The therapeutic level
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Oral Intake of 8—MOP (0.6 — 1.0 mg/kg)
1.5 - 2.0 hours before collecting cells

Collaction of buffy coatipl \

fraction over & eyclo; of
i o flow leukapharesi

—

Irradiation of cells during
leukapharesis for 1.5 hours

UVA Total
irradiation l Therapy
Time =

3.6 hrs

irradiation of the final buffy
coat product for 1.8 hours

|

Reinfusion of UV Irradiated cells
into patient for 0.8 hours

J

Figure 1. Schema of extracorporeal photochemotherapy using the
UVAR photopheresis system for cell collection and irradiation

of 8-MOP was defined as 50 ng/mL based on extrapolation
from the photobiology literature regarding the use of EP for
the treatment of cutaneous T cell lymphoma [37]. Two
hours after ingesting 8-MOP, patients underwent a discon-
tinuous leukapheresis procedure, which resulted in the col-
lection of a buffy coat preparation that contained an estimat-
ed 25-50% of the total peripheral blood mononuclear cell
compartment. The final buffy coat product was then circu-
lated as a 1-mm film through a sterile cassette surrounded by
a UV light source, which yielded an average exposure per
lymphocyte of 2 J/cm?. After photoactivation, the UVA-
exposed leukocyte preparation was returned to the patient.
The entire procedure lasted 3.5 hours,

8-MOP drug levels

Patient blood samples for 8-MOP levels were collected
in heparinized blood collection tubes 2 hours after ingestion
of 8-MOP and before the photopheresis procedure. The
plasma fraction was then separated by centrifugation and
placed in a polypropylene tube. The assay for 8-MOP levels
was performed by the high pressure liquid chromatography
method at the Yale University Photobiology Laboratory

(New Haven, CT).

Treatment plan

The schedule of EP treatments varied during the course
of this study. Patients with cGVHD were initially treated
on a schedule of 2 consecutive procedures every 3 weeks for
the treatment of cutaneous T cell lymphoma, as reported
by Edelson et 4/, [37]. Subsequently, the treatment schedule
for patients with extensive cGVHD was intensified to 2-3
procedures per week, based on a hypothesis that more
intensive EP might yield greater therapeutic benefit. All
patients with acute GVHD were treated with an intensive
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EP regimen of 2-3 procedures per week. Responding
patients continued to receive EP until they achieved max”
mal response and then intervals between treatment cy¢ es
were slowly increased. The time schedule for tapering =,
was determined on an individual basis by the patient$ Pr'”
mary transplant physician and the transfusion medicin€
physician. All patients were on CSA and PSE, and som¢
patients were also on thalidomide before entry in this stucy
and were continued on the same doses of their immunosup”
pressive medications when EP was initiated. In patient$
who responded to EP, the doses of immunosuppressive
medications were progressively reduced as tolerated.

Flow cytometry d

Enumeration of CD4 and CDS8 cells in peripheral bloo
samples was performed with flow cytometry. Patient Sf{mPles
were collected before the start and after the completion ©
the EP course. Samples were stained with fluorochrome”
labeled CD4 and CDS8 antibodies (Becton Dickinso?
Immunocytometry Systems, San Jose, CA). LYSIS 2 dats
acquisition was performed and analyzed using FACSca?
(Becton Dickinson Immunocytometry Systems).

Statistical methods

The primary objective of this study was to estimate the
response rate when EP was used to treat drug-refractory
¢GVHD. Univariate and multivariate logistic regressions
were performed, with outcome being treatment success o
failure, to evaluate whether any treatment variables Wer¢
predictive of treatment outcome. The covariates that were
tested to determine if they influenced the outcome of treat”
ment included the following: total number of ]ymphOCY‘e;
treated per procedure and per course, the number of E
treatments, days between first and last treatments, and 8-
MOP dose. The 8-MOP dose was quantified in the follo¥”
ing ways: total dose across all treatments, average dOSC;
highest single dose, dose >50 ng/mL for more than half 0
the treatments, dose >100 ng/mL for more than half of the
treatments, dose >50 ng/mL for at least one treatment
dose >50, 75, and 100 ng/mL for any two treatments, 3%
dose >50, 75, and 100 ng/mL for any three treatments:
Another point of interest was overall survival, measuring
time from start of EP to death or date of last contact. Thé
survival curve for the patients with cGVHD was draw?
using the product-limit method of Kaplan and Meier.

Evaluation of response

Response was defined as a 50% or better improvement
in measurable parameters of GVHD, i.e., extent of skin
involvement, total bilirubin and alkaline phosphatase V3
ues, volume of diarrhea, and pulmonary function tests:
Pulmonary function was assessed by spirometry with meas”
ure of forced vital capacity, forced expiratory volume 11
second, maximal midexpiratory flow, maximal expiratory
flow rate, and maximal expiratory flow,at 50 and 75% of
expired vital capacity.

The primary transplant physician for each patient and
the transfusion medicine physician (I.S.) who treated al
patients in this study performed serial assessments of the
skin’s appearance in terms of the amount of induration 0F
softness and the presence or absence of ulcerations and ero-



Eﬂracarporeal Photocbemotberapy and GVHD

\
Tab
\e 3. Schedule of EP treatments for pationts with GVIID

Total number

lymphs Average
Interval treated/ number
Number between course of lymphs  8-MOP
No° UPN Donor Days of EP EP Ist & last theragy treated’IEP dose Le\'!el ng/mL
type  post-BMT processes schedule EP (days) (x10%) (x10%) (mg) (median [range]) Outcome
; 565 MSD 538 10 2 EP q. 3 weeks 85 241 24 50 150 (120-184) PR skin; death
3 ;44 MSD 1414 19 2 EP q. 3 weeks 260 35.1 1.95 50 117 (0~-262) CR skin; alive
P 0:6 MSD 83 26 3 EP q. week 89 76.1 29 70 83 (0-242) NR; alive
5 69l MSD 457 15 2-3 EP q. week 95 28.3 1.9 50 101 NR; death
3 MSD 182 22 2 EP q. 2 weeks 148 42.17 1.94 70 352 (106-507) R then prog;
6 . death
y MsD 602 é 2 EP q. week 19 2.03 04 50 288 NR; death
525 MSD 784 48 2 EP q. month; then 539 144.27 3.0 50 104 (0-515) CR liver; alive
8 2021 2 EP q. 3 weeks
9 URD 326 18 2 EP q. week 59 20.8 1.5 40 73 (0-116) NR; death
I m MSD 153 16 2 EP q. week 52 12.2 0.8 70 50 (40-75) NR; alive
445 MSD 1333 25 2-3 EP q. week 10} 49.71 1.99 40 152 (102-230)  CR liver, skin;
" alive
1 595 MSD 694 46 3 EP q. week 113 419 1.1 50 150 (50-270)  NR; death
3 561 MsD 414 22 2 EP q. 3 weeks 175 57.2 2.6 40 0 (0-0) NR; death
4 650 MSD 282 26 2 EP q. 3 weeks "7 66.04 2.54 40 118 (0-383) PR liver; alive
604 MsSD 373 14 2 EP q. 3 weeks; then 113 15.5 1.14 50 75 (28-122) NR; death
5 2 EP q. 2 weeks
537 MsD 1051 30 2 EP q. 3 weeks; then 132 126.9 4.2 70 29 (0-113) R then prog;
1% 2 2 EP q. week death
Iy 105 URD 58 28 3 EP q. week 103 17.55 0.65 5.4 0 (0-270) PR skin; alive
18 2?44 MsD 821 [ 2 EP q. week 30 25 0.42 50 35 NR; death
19 15 URD 154 14 2 EP g. week 58 36.04 2.57 40 12 (0-27) NR; death
20 002 URD 134 20 2 EP q. week 24 223 1.1 20 50 (0-148) NR; death
] | MSD 97 4 3 EP q. week 11 17 0.4 70 87 (0-173) NR; death
n 2022 514 Msp 54 1) 2 EP q. week 21 5.8 0.53 30 42 (36-49) NR; death
3 7 MSD 56 24 3 EP q. week 61 12.2 0.5 50 322 (283-361)  NR; death
2030 URD 106 23 2 EP q. 3 weeks; then 59 49.4 2.1 50 123 (120-126)  NR; death
4 3 EP q. week
& URD 50 16 3EPq. week 47 6.02 0.40 60 0 (0-0) NR; death

.
P .
2Hents 1-18 bave (GVHD; patients 19-24 bave acute GVHD.
q"

:Zfls.. If both physicians documented resolution of the
Jority of the skin ulcerations and softening of the skin,
respo € patient was con§idered to have had a response. A
soponse for patients with mouth cGVHD consisted of
YMptomatic improvement in terms of less pain and an abili-
Y 10 eat, as well as a physician assessment of improvement
or € appearance of the oral mucosa. Patients who had pro-
€ssion of GVHD while on EP were considered to have

3 treatment failure.

RESULTS

G Six patients with acute GVHD and 18 patients with
VHD were evaluable for response and toxicity. The
a‘;up of 18 patients with cGVHD included two patients
O were treated with EP before day 100 post-BMT.
Nique patient number (UPN) 2105 was treated with EP

BRéprT

“miplete remission of GVHD; EP, extracorporeal photochemotherapy; MSD, matched sibling donor; NR, no response; PR, partial vemission of GVHD;
Very; R then prog, response then progression of GVHD; UPN, unique patient number; URD, unrelated donor.

for acute grade IV skin GVHD from day 58 through day
126 and was restarted on EP on day 140 for progressive
¢GVHD of skin, mouth, and liver. UPN 726 had acute
grade III skin, grade II GI, and grade II liver GVHD, which
had progressed to skin and mouth cGVHD by day 83 when
he was started on EP. The six patients with acute grade IV
liver GVHD were treated with two EP procedures every
week (n=1) or three procedures every week (n=5), as shown
in Table 3. Despite this schedule of frequent EP, the patients
with acute liver GVHD had progressive liver failure with
very short survival. The median number of EP procedures
that were performed in patients with acute grade IV liver
GVHD was 18, with a range of 4-24.

Six patients with de novo cGVHD and 12 patients with
chronic following acute GVHD were treated with EP on a
schedule varying from 2 or 3 procedures every week to 2 pro-
cedures every 3 weeks (Table 3). In the patients with
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Table 4. GVHD parameters: pre- and posttreatment in responders

UPN Pretreatment

Posttreatment Outcome

565 De novo scleroderma; extensive ulceration of neck,
lower abdominal wall, back, and over sternum;

Healing of all ulcerations started after 2nd EP
and continued through 10th EP; 8 months

Noncompliant and lost to follow-up:
died 41 months post-BMT

post-EP had | superficial erosion;
on 20 mg/day of PSE

444 De novo scieroderma with leg ulcerations;
mild mucositis

465 De novo mucositis; lichenoid skin changes;
AP of 410 WL, bilirubin of 3 mg/dL

515 Acute progressing into ¢cGVHD of liver;
AP 1720 IU/L, bilirubin 6 mg/dL

Healing of all ulcers increased ROM by 7th EP,
permitting thalidomide taper; all but | ulcer
resolved after 10th EP; PSE gradually tapered
during 19 procedures

After | month of 3 EP/week, PR of skin and
mucositis; AP of 112 1U/L, bilirubin of 0.9 mg/dL;
PSE tapered during 25 EP procedures

After 12 months of EP, AP of 994 IU/L,
bilirubin of 2.2 mg/dL on 20 mg/d of PSE;

CR of GVHD on PSE 10 mg every
other day at 8.3 years
post-BMT

CR of GYHD on neither PSE nor CsA
at 5 years post-BMT

CR of GYHD on neither PSE nor CsA
at 7 years post-BMT

EP stopped after 48 procedures

650 Acute followed by ¢GYHD of mouth & liver;
AP of 322 IU/L, bilirubin of 3.5 mg/dL

After 26 EP procedures, AP of 964 UL, bilirubin of
1.3 mg/dL on 10 mg/d of PSE, 100 mg/d of CSA;
sustained PR of liver cGYHD post-EP;

Onset of skin ulcers on legs
at § years post-BMT, thus
PSE resumed

CSA and PSE tapered to zero

2105  Acute grade IV skin with bullous lesions of
entire body on day 58 while patient on
4 mglkg/d of PSE; no response to ATG;
developed ¢GVHD of skin, mouth, and

liver when EP stopped on day 126 of ¢cGVHD

Complete healing of 95% of skin surface,
permitting taper of PSE to 3 mg/kg/d
by day 128

Restarted EP on day 140 with stabilization

Stable ¢cGVHD of skin and mouth
at 13 months post-BMT on puvA:
2.5 mg/k/d of CSA, and
0.125 mg/kg/d of PSE

I

AP, alkaline phospbatase; BMT, bone marrow transplant; cGVHD, chronic graft-vs.-bost disease; CR, complete remission; EP, extracorporeal phatopheresis;

partial remission; ROM, range of motion.

¢GVHD, the median number of EP procedures per patient
was 20.5, with a range of 6-48; the total number of lympho-
cytes (X 10%) treated per procedure was a median of 1.9 (range
of 0.4-4.2); and the total number of lymphocytes treated per
course was 20.5 (range of 2.0-144). The time between the
first and the last EP procedure was a median of 107.5 days
(range of 29-539) in the 18 patients with cGVHD.

A therapeutic 8-MOP level of >50 ng/mL for more
than half the EP treatments was achieved for 67% (n=12) of
the cGVHD patients. The 8-MOP level was <50 ng/mL
(i.e., never in the therapeutic range) for all EP procedures in
28% (n=5) of the cGVHD patients. Twelve patients had
unmeasurable 8-MOP levels at some time during their EP
therapy and two patients never achieved detectable levels of
8-MOP. Marked variability in 8-MOP levels were noted in
individual patients over time and from patient to patient in
this study (Table 3). There was no correlation between the
inability to absorb 8-MOP and gut pathology in the
¢GVHD patients. For example, UPN 561, who never
achieved a detectable 8-MOP level, had bronchiolitis oblit-
erans and no known gut GVHD. In patients with acute
GVHD, the failure to absorb 8-MOP correlated with the
presence of gut GVHD.

The response rate with EP treatment was 3 of 6 for
patients with de novo cGVHD and 3 of 12 for patients with
c¢GVHD following acute GVHD. The pretreatment organ
system involvement by GVHD in the six EP responders and
the changes in the targeted GVHD parameters posttreat-
ment are shown in Table 4. The six responders included two
patients (UPN 565 and 444) with de nove skin cGVHD; one
patient (UPN 465) with de novo cGVHD of skin and mouth
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plus hepatic dysfunction; one patient (UPN 525) with acut®
progressing into chronic GVHD of the liver, who had prev”
ously failed to respond to thalidomide, partially rc:spondefi to
3 months of PUVA, and had complete remission of hve;
cGVHD with EP; one patient (UPN 650) with cGVHD ©
the mouth and liver following acute GVHD; and one patient
(UPN 2105) who had improvement of acute grade IV skin
GVHD on EP and later was re-treated with EP for progres”
sive cGVHD of skin, mouth, and liver. The highest responsé
rate was 3 of S in the group of patients with skin ¢G D
(includes patients with skin and with skin and mouth GVH
plus hepatic dysfunction). Two patients (UPN §37 and 693)
improved in the ¢cGVHD parameter for which EP was star®
ed, but then developed progressive cGVHD in anothef
organ system after 22 and 30 EP procedures, respectively, 4
which time EP was stopped for treatment failure. Thre¢
patients with bronchiolitis obliterans who were treated W3
15, 18, and 22 EP procedures had no response or had doct”
mented progression on EP.

Toxicities .
Overall toxicity was minor with the most common side
effect being complaint of GI upset. In one patient (UP
465), GI upset was significant enough that EP was disconti?”
ued despite evidence of therapeutic benefit with the treat
ment. Four patients with cGVHD (UPN 537, 650, 565, and
604) had catheter-related sepsis while on EP therapy. On¢
patient’s (UPN 444) right atrial catheter (RAC) broke and the
proximal part of the catheter had to be removed from the
right atrium under fluoroscopy. Although these incidents
seemed unrelated to the EP procedures, the patient woul
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\0¢ have required a RAC in the absence of therapy with EP.
10 ther patien (UPN 2021) experienced increased red blood
pati and platelet transfusion requirements while on EP. One
be ent (UPN 727) with acute grade IV liver GVHD who
leugl: n EP. treatments on day 56 after BMT developed severe
bee OPenia and lymphopenia by day 105, which may have
pat; Ue to concurrent treatment with ganciclovir. A second
ey elm (UPN 2105) who began EP on day 58 after BMT
wh'e oped leukopenia after five EP treatments, recover_ed his
. vltf blood cell count when EP was stopped, and did not
€op leukopenia when rechallenged with EP on day 85.
the > ith a denominator of 509—procedures performe'd for
pag; 4 patients in this study (including 411 procedures in 18
.St with cGVHD and 98 procedures in six patients
acute GVHD)—the above described 9 adverse events
Utute a complication rate of 1.77%.

cel

Cong

Surviva) and causes of death
° he six patients with acute grade IV liver GVHD died
th()pmgl‘e.ssive organ failure. Contributing causes of death in
pa ¢ patients included cytomegalovirus pneumonia in two
Uents and Klebsiella sepsis with acute respiratory distress
fome in one patient.
Ca Wo of the six patients with de novo cGVHD are alive.
nouses of death in the others were relapsed acute myeloge-
US leukemia and progressive bronchiolitis obliterans; pro-
g?:‘ssxve liver cGVHD with renal failure and fungal pneumo-
' Progressive multiorgan cGVHD and pneumonia; and
2o, but presumed due to complications of cGVHD in
Wé’au@t with a history of noncompliance and drug abuse,
0 died at home after being lost to follow-up.
Q Ive of the 12 patients with chronic following acute
VHD are alive. The causes of death in the 7 others were
pro_gressive liver failure (two patients), spontaneous bacterial
Critonitis complicating liver failure, progressive bronchioli-
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Bure 2, Cumulative probability of overall survival from the start of EP treatment: 16 patients with ¢GVHD

tis obliterans with cavitary lung lesions that were probably
fungal, hemolytic-uremic syndrome and hepatorenal failure
complicating severe progressive multiorgan system
c¢GVHD, progressive bronchiolitis obliterans and Aspergillus
pneumonia, and bilateral pneumonia,

The survival curve for cumulative probability of over-
all survival from the start of EP treatment in the 18
patients with cGVHD is shown in Figure 2. Five of the
survivors were EP responders; two survivors (UPN 726
and 732) had GVHD progression on EP and then
responded to salvage therapy with increased doses of PSE
plus thalidomide and CSA.

Predictors of response

We conducted a statistical analysis of EP treatment vari-
ables to see if predictors for a response to EP could be identi-
fied in the 18 patients with cGVHD. There was a statistically
significant difference between responders and nonresponders
for the following treatment variables: 8-MOP level of >50
ng/mL for at least one treatment (p = 0.04, Fisher’s exact
test), maximum 8-MOP single dose (p = 0.02, Wilcoxon’s
rank-sum test), and 8-MOP level of >75 ng/mL for two
doses (p = 0.04, Fisher’s exact test). However, the other vari-
ables reflecting 8-MOP dose quantification (total dose across
all treatments, average dose, 8-MOP level of 50 ng/mL for
more than half the treatments, and 8-MOP level above 50
and 100 ng/mL for any two treatments) were not statistically
different between the responders and the nonresponders. We
therefore concluded that the three 8-MOP treatment vari-
ables that had apparent statistical significance in our analysis
could not be interpreted as reflective of any meaningful cor-
relation between response and 8-MOP dose or levels in this
patient population. The difference between responders and
nonresponders approached statistical significance for the
number of procedures and the time between first and last
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procedures; however, these variables were likely to be surro-
gate markers for response because nonresponders stopped EP
at the time of documented progression and responders con-
tinued EP for a longer period of time. No correlation was
seen between pre- or posttreatment CD4/CD8 ratio and
response to EP.

DISCUSSION

UV irradiation can modify the functional behavior of
immunocompetent cells by causing cell membrane alter-
ations, modification of cell surface antigens, and interfer-
ence with cell-cell interactions, antigen presentation, and
cytokine release, as discussed in published reviews of this
topic by Deeg [38,39]. UV-irradiated lymphocytes fail to
function as stimulator cells in ML.C [40]. T lymphocytes,
which are known to be involved in initiating and propagat-
ing GVHD after BMT, are extremely sensitive to UV irra-
diation. In animal models, the development of GVHD is
prevented by UV exposure of donor lymphocytes before
transplantation [41]. Exposure to UV light increases circu-
lating levels of interleukin-1 (IL-1) but decreases macro-
phage expression of membrane-bound IL-1, increases pro-
duction of [1.-4, and decreases production of IL-2 and inter-
feron +y [39]. UVA irradiation also induces alteration of cell
membrane antigenicity (i.e., immunogenicity). In murine
models, UVA-induced tumors are not rejected when trans-
planted into recipients, suggesting that UVA-induced modi-
fication of cell membrane antigenicity can prevent sensitiza-
tion and possibly induce a state of tolerance [42]. Numerous
reports in the photobiology literature have demonstrated
that UVB light (wavelength of 290-320 nm) and UVA light
(wavelength of 320400 nm), in combination with photo-
sensitizers, can inhibit the expression of surface MHC class
IT antigens by the epidermal antigen presenting cells (i.e.,
Langerhans’ cells) so that these cells lose their immunologic
function in the antigenic stimulation of T lymphocytes [43].

Photochemotherapy, also known as PUVA therapy, is
the use of 8-MOP photoactivated by exposure of the skin to
UVA light. The photoactivated psoralen covalently binds to
the DNA helix between pyrimidine bases, cross-linking
DNA. The cross-linked DNA cannot replicate, so the pro-
liferative capacity of cells is suppressed {44]. PUVA therapy
suppresses the production of the pro-inflammatory
cytokines IL-1, IL-6, IL-8, and tumor necrosis factor
(TNF)-a by activated mononuclear cells [45}. PUVA thera-
py has been extensively used in the treatment of dermato-
logic diseases, including psoriasis, eczema, lichen planus,
atopic dermatitis, and vitiligo. Successful PUVA therapy for
cutaneous GVHD was first reported by Glazier ez 4/. in
1984 and Hymes et 4l. in 1985 [46,47]. Subsequently, eight
published reports confirmed the efficacy and safety of
PUVA therapy in the treatment of cutaneous GVHD in
larger series of patients [18-25].

EP is the combination of photochemotherapy with
leukapheresis so that ex vivo exposure of peripheral blood
mononuclear cells to UVA light occurs. Edelson et 4/. intro-
duced the use of EP for the treatment of cutaneous T-cell
lymphoma in 1987 [37). They demonstrated that extracor-
poreal exposure of a lymphocyte-enriched blood fraction of
1-2 J of UVA light per cm’ in the presence of a plasma 8-
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MOP concentration of 50 ng/mL efficiently compromlseg
the viability of the irradiated lymphocytes. They also noté
the unpredictable absorption of 8-MOP after oral admifS,
tration, attributed this to its low aqueous solubility, 4%
emphasized the importance of monitoring 8-MOP plasm?
levels to guide dose adjustments [37]. Subsequently, EP w2
used successfully for treatment of several autoimmuné dis-
eases, including rheumatoid arthritis, psoriatic arthritis, 2%
scleroderma [48-52]. EP was initially used in solid organ
transplantation as salvage therapy for drug-refractory acute
cellular rejection of cardiac allografts and subsequently 148
been used successfully to treat renal and lung allograft reje¢;
tion [53-57]. Recently, important information has emerg®
regarding the potential use of EP for the prophylaxls o
acute rejection in heart transplant recipients [58,5 9]. subse-
quent to the initial report of successful EP treatment In 20
3 patients with cGVHD in 1990 by Bolwell et al. [26], s€"
eral investigators reported successful EP treatment ©
refractory GVHD in isolated cases or small series ©
patients, as outlined in Table § [60-66]. Sniecinski has
recently reviewed developments in clinical applications a1
future prospects for EP therapy [67]. 4

This summary of our results of the EP treatment of 2
patients with refractory acute and chronic GVHD repre”
sents the largest single institution experience with EP therd~
py of GVHD, Although this study of EP involved a grovP
of refractory patients with advanced GVHD, it demonftf“t'
ed some efficacy for EP in the treatment of drug-resistant
c¢GVHD. The high response rate in patients with skin
c¢GVHD was not unexpected because previous reports o
PUVA therapy had documented the efficacy of pho-
tochemotherapy in the treatment of cutaneous ¢G 1 d
One of the EP responders (UPN 565), however, ha
received 2 months of PUVA therapy before treatment ¥!
EP and, while undergoing PUVA therapy, had document®
progression of GVHD with increased skin blistering, ulcer
ation, and thickening. His improvement with EP suggests 2
role for EP in patients with cutaneous cGVHD who either
fail to respond to or cannot tolerate PUVA therapy.
complete resolution of liver cGVHD with EP in a patien®
(UPN 525) who had previously received PUVA therap¥
with only stable to slightly improved liver cGVHD also su8”
gests that EP may be used as salvage therapy in patients WO
do not respond to PUVA therapy. There were three patients
with hepatic dysfunction due to cGVHD in our study poP¥”
lation (UPN 465, 525, and 650) who had improvement mn
their liver function test abnormalities with EP, as shown 1
Table 4. Their response to EP suggests that it may h:_lVe. a
role in the therapy of patients with cGVHD who have limit”
ed hepatic involvement. Our experience also confirms that
the highest response rate for EP occurs in patients with Sk“(;
¢GVHD, as reported in other trials listed in Table 5. Bas¢
on our experience, EP does not have a role in the treatment
of patients with bronchiolitis obliterans.

Because the clinicopathology of cGVHD resembles 3%
amalgam of autoimmune diseases, it is not surprising that
EP therapy, which has documented efficacy in the treatment
of various connective tissue disorders, is also efficacious I
the treatment of cGVHD. The failure of EP to alter the
course of grade IV drug-refractory acute liver GVHD 1
our study suggests that the amplification of pro-inflammato”
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Tabie 5. 373
e 5. EPin treatment of GVHD: other trials

Investigator Entry criteria

Adjunct

Treatment protocol immunosuppression Response rate

Bolwell et o, (1990) [26)

Refractory chronic skin and liver GYHD
loom et at, (1991) [60) o

Refractory chronic skin, mouth,
gastrointestinal, and ocular GYHD

OWsianowsld et
al. (1994) 61
R;:settl et qf, (|99;) [62)][ :
90neman et qf, ( 1995) [63]

Refractory chronic skin GYHD
Refractory chronic skin GYHD
Chronic skin and liver GYHD

Yolc.|
“Platzer et al, (1994 [64]  Refractory chronic skin GVHD

Cr, :
Ovetti et g, (1996) [65) Refractory chronic skin GYHD
Refractory chronic skin, mouth,

ball'AmIco etal. (1997) [66]
S —— liver, and lung GYHD

2 proc q. 4 weeks for 6 months

2 proc q. 2 weeks for 3 months

CSA + PSE 23 (66%)

CSA, PSE, Imuran 5/5 (100%) skin

0/5 (0%) other

organs
2 proc q. 4 weeks for 3 months CSA + PSE 171 (100%)
2 proc q. 4 weeks CSA 111 (100%)

2 proc q. 2 weeks or

9-14 months NA 3/3 (100%)

2 proc q. 2 weeks or 3 months

and q. 4 weeks for 3 months CSA + PSE 3/5 (60%)
2 proc q. 2 weeks for 3 months

then tapering for 9 months CSA + PSE 171 (100%)
2 proc q. 3 weeks CSA + PSE 4/4 (100%)

Ny

* "0 vailable; Proc, procedures.

:’;s}’tokines and tissue injury, which occurs in late stages of
im te GVHD, is too advanced to be affected by the
tOCmUnomodulatory effects of photochemotherapy. Pho-
acut emOtherapy may have a role in the early th?rapy of
m ¢ GVHD, in combination with standard steroid treat-
: ent’,b‘lt this has yet to be clinically tested. Because several
~vestigators have demonstrated the efficacy of UV irradia-
m:rll In preventing transplant-induced alloreactivity in ani-
rol Models (as discussed above), further exploration of the
¢ of photochemotherapy in the prophylaxis of acute
after human BMT may also be warranted.
M € were unable to correlate response to EP with 8-
levels, number of lymphocytes treated, or patterns of
gre-. and posttreatment CD4/CDS8 ratio. Perhaps more
Stailed immunological studies of lymphocyte and macro-
Es 28 function and cytokine production would have allowed
re to identify patient characteristics that correlated with
Sponse to EP.
e & conclude that EP may be useful in the treatment of
fug-resistant cGVHD with minor overall toxicity. We
byPOthesize that the response rate to EP may be improved
Y the use of Uvadex, an injectable psoralen that is added to
acﬁ_Phot:oactivation bag ex vivo, which allows for consistent
'vement of therapeutic 8-MOP levels in the buffy coat
€resis product, thereby eliminating the wide variability of
A P levels that is seen with an oral psoralen formulation.
te Study of EP with Uvadex is already in progress at COH to
tostEthls hypothesis. We also suspect that the response rate
Q p may be better if it is used earlier in the course pf
G D. An evaluation of the efficacy of EP therapy in
in VHD by a prospective randomized study conducted early
d the course of the disease, either in combination with stan-
ard CSA and PSE therapy or as first salvage therapy after
allure to respond to CSA and PSE, is needed to determine
€ place of EP in the armamentarium of therapies for
*GVHD. It would be interesting if future clinical studies
!cluded detailed assays of immunologic function pre- and
Post-therapy in an effort to elucidate the biologic mecha-
Nsms by which EP exerts its immunomodulatory effect and
' correlate patient characteristics with response.

-
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