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The effect of intensified extracorporeal
photochemotherapy on long-term survival in patients
with severe acute graft-versus-host disease
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Acute graft-versus-host disease (GVHD) is a major cause of mortality after allogeneic
hematopoietic stem cell transplantation. We performed a phase |l study on patients
with acute steroid-refractory GVHD grades Il to IV given extracorporeal photochemother-
apy (ECP) weekly and analyzed response and long-term survival. Complete resolution
of GVHD was achieved in 82% of patients with cutaneous involvement, 61% with liver
involvement, and 61% with gut involvement. The probability of survival was 59% among
patients who responded completely to ECP compared to 11% in patients not respond-
ing completely. We conclude that intensified ECP is highly effective in acute GVHD and
that sustained responses are associated with over 50% long-term survival.
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cute  graft-versus-host  disease
A(GVHD) is a major impediment to

the cure of patients with blood disor-
ders after allogeneic hematopoietic stem cell
transplantation (HSCT)."” Durable complete
responses to corticosteroids were reported
in only 24% to 40% of patients with acute
GVHD and no standard effective treatments
for steroid-refractory GVHD are available."*
Extracorporeal photochemotherapy (ECP) is
based on the infusion of autologous blood
mononuclear cells collected by apheresis,
incubated with the DNA-intercalating agent
8-methoxypsoralen (8-MOP) and then irra-
diated with UVA. ECP has demonstrated
efficacy in selected T-cell diseases, including
chronic extensive GVHD.** So far, only a
few patients with acute GVHD treated with
ECP have been reported.”"

Based on the promising results of our pilot
study we performed a prospective phase II
study to evaluate the efficacy of ECP as sec-
ond-line therapy in a larger cohort of
patients and to analyze variables associated
with treatment response and post-trans-
plant survival.

Design and Methods

Patients

We studied 59 patients with post-trans-
plant acute GVHD. The first 21 patients
have been previously reported.” The
patients’ characteristics are shown in Table
1. All patients gave written informed con-
sent and the use of ECP was approved by
the medical ethics committee of the Medical
University of Vienna.

Evaluation criteria

From 1996 onwards, patients with a clini-
copathologic diagnosis of acute GVHD"
who were refractory to steroids were treat-
ed with ECP. Until 1999, due to the limited
capacity for ECP at our institution, not all
consecutive patients eligible could receive
ECP. Thereafter, ECP was the second-line
therapy for all consecutive patients with
steroid-refractory and steroid-dependent
acute GVHD. The definitions of response
criteria have already been published.’

Extracorporeal photochemotherapy and
treatment protocol

ECP was performed using the UVAR pho-
topheresis system (Therakos, West Chester,
PA, USA), as described previously.’ Initially
patients were treated on two consecutive
days (one cycle) at 1 to 2-week intervals
until improvement and thereafter every 2 to
4 weeks until maximal response. The treat-
ment was then tapered off individually over
0.5 to 25 months. Due to the lack of GVHD
flare-ups and stability of ECP responses
observed in the pilot study, in the phase II
study ECP was given on two consecutive
days at weekly intervals and ECP was
stopped immediately after achieving maxi-
mal response. At the start of ECP all patients
were receiving immunosuppressive therapy
with prednisone and cyclosporine A.

Statistical methods

Overall survival and disease-free survival
were estimated using the Kaplan-Meier
method, whereas cumulative incidences
were calculated for relapse, transplant-relat-
ed mortality, and chronic GVHD in order to
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Table 1. Overall patients’ characteristics.

All Steroid- Steroid-
Refractory*  Dependent®

No. of patients 59 37 22

Pilot study 21 13 8

Phase Il study 38 24 14
Median age (years) 40 42 39

Range 21-60 27-60 21-60
Male/Female 29/30 15/22 14/8
Disease stage

Standard risk* 37 23 14

High risk 22 14 8
Median day of onset of acute GVHD 17 20 16

Range 8-42 8-37 8-42
Grade of acute GVHD at ECP

I 36 21 15

1l 13 10 3

v 10 6 4
Organ involvement at ECP

Skin alone 31 18 13

Skin and liver 13 9 4

Skin, liver and gut 8 5 3

Skin and gut 5 4 1

Liver and gut 2 1 1
Med. days of steroids prior to ECP 17 13 23

Range 4-49 4-43 13-49
Med.cum.steroid dose prior to ECP 2.8 2.7 29
(mg/kg bw)

Range 2-10.4 2-10.4 2-10
Median interval day 0 to ECP(d) 37 35 40

Range 14-70 14-62 22-70
Med.dose of steroids at ECP (mg/kg bw) 2.1 22 2.0

Range 0.7-10.4 2-10.4 0.7-4
Best response after cycle (median) 4 4 4

Range 1-13 113 1-8
Best response after month (median) 1.3 1.4 14

Range 0.5-6 0.5-6 0.5-4.5
Med.days to discontinuation of steroids 55 51 65
after the start of ECP

Range 17-284 17-284 18-156

No: number; GVHD: graft-versus-host disease; med: median; cum: cumulative;
bw: body weight; d days; *steroid-refractory GVHD was defined as progression or
no improvement of acute GVHD after a minimum of 4 days of prednisone =2
mg/kg bw; °steroid-dependent GVHD was defined as a flare-up of acute GVHD
during tapering of prednisone; “standard risk was defined as chronic phase of
chronic myeloid leukemic, first and second complete remission of acute leukemia
and first partial remission of lymphoma and myeloma.

adjust the analysis for competing risks. Cumulative
incidences in the different groups were compared using
the k-sample Gray test. Log-rank test statistics were
used to evaluate the univariate effects of variables on
outcome. Multivariate analyses were carried out using
Cox proportional hazards regression modeling. The
median follow-up of surviving patients was 52 months
(range, 10 to 108).
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Figure 1. Response of patients with acute steroid-refractory and
steroid-dependent GVHD to ECP according to organ manifesta-
tions. The left columns show the responses in the pilot study
patients (P) and the right columns the responses of patients in the
phase Il study (Ph Il) in relation to organ involvement (skin, liver
or gut) at the start of ECP. CR: complete resolution of GVHD
defined as resolution of all organ manifestations; PR: partial res-
olution of GVHD defined as a greater than 50% response in organ
involvement; NC: no change of GVHD defined as stable organ
involvement despite tapering down at least 50% of the dosage of
other immunosuppressive agents; NR: no response of GVHD
defined as progressive worsening of GVHD and the inability to
taper other medications.

Results and Discussion

Patients in the pilot study had had significantly
longer steroid pretreatment (median of 21 versus 15
days, p=0.03) and longer intervals from day 0 of HSCT
until the start of ECP (median of 41 versus 34 days,
p=0.002). Both the cumulative steroid dose prior to ECP
(median 3.9 versus 2.1 mg/kg b.w., p=0.001) and the
steroid dose at the start of ECP (median 2.6 versus 1.8
mg/kg b.w., p=0.01) were significantly higher in the
patients included in the pilot study than in those in the
phase II study.

Response of acute GVHD to ECP

Complete resolution of GVHD was documented in
82% of patients with cutaneous involvement, 61%
with liver involvement, and 61% with gut involve-
ment. Whereas 87% and 62% of patients with exclu-
sively skin or skin and liver involvement had a com-
plete response to ECP, only 25% of patients with skin,
liver and gut and 40% of patients with skin and gut
involvement obtained complete resolution of their
acute GVHD in response to ECP. Complete responses
were obtained in 86% of patients with grade II acute
GVHD, 55% of patients with grade III, and 30% of
patients with grade IV disease. Compared with
responses in the pilot study, markedly higher complete
resolution rates were obtained in phase II study
patients with gut involvement (25% versus 73%,
Figure 1) and grade IV acute GVHD (12% versus 60%).

In univariate analysis, fewer organs involved and a
lower grade of acute GVHD both during first-line ther-
apy and at the start of ECP, later start of steroid med-
ication after HSCT, and lower cumulative steroid dose
for first line therapy of GVHD significantly increased
the probability of ECP producing complete resolution.
However, in logistic regression analysis, only a lower
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Figure 2. Kaplan-Meier probability of overall survival among
patients with acute steroid-refractory and steroid-dependent
GVHD. Overall survival is shown for patients achieving a complete
response (CR) or not to ECP. The difference between the two
groups is statistically significant (p<0.0001).

grade of GVHD at the start of ECP, and later onset of
steroid medication after HSCT were factors significant-
ly favoring the achievement of complete resolution by
ECP.

Transplant-related mortality

The cumulative incidence of transplant-related mortal-
ity at 4 years was, overall, 36% (95% confidence inter-
val (CI), 25-50%), whereas it was 14% (95% CI, 10-
31%) and 73% (95% CI, 56-94%) in patients achieving
or not complete resolution of GVHD during ECP
(»<0.0001). On univariate analysis, a shorter interval
between day 0 of HSCT and the start of ECP (HR 0.9;
95% Cl10.8-0.9), a shorter duration of ECP (HR 0.7; 95%
CI 0.5-0.99), a steroid dose below 1 mg/kg b.w. at 4
weeks (HR 0.4; 95% CI 0.1-0.9) and below 0.5 mg/kg
b.w. at 8 weeks after the start of ECP (HR 0.2; 95% CI
0.1-0.7) were associated with lower transplant-related
mortality whereas higher grade of acute GVHD during
first-line therapy (HR 2.3; 95% 1.4-3.7) and at the start of
ECP (HR 1.8; 95% CI 1.1-2.9), more organs involved at
the start of ECP (HR 1.6, 95% CI 1.2-2.7), higher steroid
dose at the start of ECP (HR 1.3; 95% CI 1.05-1.6), and
failure to achieve complete resolution 3 months after the
start of ECP (HR 6.5; 95% CI 2.7-16) were associated
with higher transplant-related mortality.

Survival and long-term outcome

The Kaplan-Meier estimates for overall survival at 4
years were 47 % for all patients, 59% for patients achiev-
ing a complete resolution of acute GVHD and 11% for
those who did not achieve complete resolution in
response to ECP (p=<0.0001, Figure 2). On univariate
analysis, a steroid dose below 1 mg/kg b.w. at 4 weeks
(HR 0.4; 95% CI 0.2-0.8) and below 0.5 mg/kg b.w. at 8
weeks after the start of ECP (HR 0.3; 95% CI 0.1-0.8)
were associated with improved survival whereas a high-
er grade of acute GVHD during first-line therapy (HR
1.9; 95% CI 1.8-3.0) and at the start of ECP (HR 1.7; 95%
CI 1.1-2.6), more organs affected by GVHD at the start
of ECP (HR 1.9; 95% CI 1.2-2.8), a higher steroid dose at

Extracorporeal photochemotherapy for acute GVHD

the start of ECP (HR 1.3; 95% CI, 1.1-1.6), and failure to
achieve complete resolution by 3 months after the start
of ECP (HR 3.7; 95% CI 1.8-7.5) were associated with
worse survival. At the end of both studies 14 patients
(24%) had experienced relapse including eight (22%)
with standard- risk and six (27 %) with high-risk disease
prior to HSCT. The cumulative incidence of relapse for
both studies at 4 years was 28% (95% CI, 19-43%). The
current analysis of 59 patients treated with ECP as sec-
ond-line therapy represents the numerically, largest
study so far of patients with acute steroid-refractory and
steroid-dependent GVHD. After a median of four cycles
of ECP, ever a median of 1.3 months of therapy, 69.5%
of patients had achieved complete resolution of GVHD
and another 10% had had a partial resolution. Complete
resolution of GVHD was documented in 82% of
patients with cutaneous involvement, 61% with liver
involvement, and 61% with gut involvement.
Compared with response rates in the pilot study,’ high-
er response rates were seen in patients with cutaneous
and gut involvement and in patients with grade IV acute
GVHD. Since a lower grade of GVHD at the start of ECP
was highly significant in logistic regression analysis for
achieving complete resolution, the higher number of
patients with grade Il acute GVHD in the phase II study
(68% versus 48%) should be taken into account. Prompt
initiation of ECP in patients in need of second-line ther-
apy for acute GVHD led to improved response rates in
the phase II study and also resulted in a significantly
lower transplant-related mortality of 14% in patients
with complete response to ECP compared to the 73% in
patients without a complete response. Response to ECP,
a shorter interval from day 0 of HSCT until the start of
ECP and a shorter duration of ECP all had significantly
favorable impacts on transplant-related mortality.

We confirm in a larger population of patients that
ECP allows accelerated tapering of corticosteroids,
which had a significantly favorable impact on trans-
plant-related mortality. Despite abrupt discontinuation
of ECP after maximal response in the phase II study,
the durability of response was not compromised.
Recently, Garban et al.,, reported promising response
rates to an intensified ECP schedule.™ Since we applied
weekly therapy with ECP in our phase II study, we can
confirm, in a larger number of patients, the importance
of intensive treatment for achieving resolution of
GVHD. The overall survival rate of 47% after a medi-
an observation of 52 months after HSCT in our study
compares favorably with published results on second-
line therapy of patients with acute steroid-refractory
GVHD.**" A significantly higher probability of long-
term survival (59%) was seen in patients achieving a
complete response than in patients not responding to
ECP (11%), confirming previous reports on the impor-
tance of sustained complete response for long-term sur-
vival."** In addition to the pretreatment severity of
GVHD, steroid doses during ECP and response to ECP
were significant prognostic indicators of survival. In
summary, our long-term results in patients with acute
steroid-refractory and steroid-dependent GVHD
demonstrate durability of responses to ECP with
improved overall survival. Improvements in response
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rates due to prompt initiation of ECP are promising and
support the use of ECP not only as second-line treat-
ment but also upfront in patients with grades II to IV

acute GVHD.

HTG: Conception and design, of the study acquisition of data,
drafting, revision and final approval of the article; RVIK: design of
study treatment, critical analysis of data, revision and final
approval of the article; NW, PH, WR, AS: acquisition of data, crit-
ical revision and final approval of the article; BS: analysis and
interpretation of data, ctitical revision and final approval of the

article; AS, MM, PK: interpretation of data, drafting revision and
final approval of the article.

All authors approved the manuscript, declare that they have no
potential conflict of interest and in particular for the past two years
and the known future, they had and will have none of the f%um—
cial relationships mentioned in points 1 to 7 of Haematologica's
policy concerning conflict of interest, with companies whose prod-
ucts are considered in this paper or relevant 1o its subject or with
their competitors. This work was supported by European
Commission Grant QLK3-CT-2002-01936 TransEurope.

Manuscript received September 1, 2005. Accepted December
19, 2005.

Kalhs P, et al. Successful use of extra- GVHD in childhood. Transfusion
References corporeal photochemotherapy in the 2001; 41:1299-305.

treatment of severe acute and chronic ~ 14. Garban F Drillat P, Makowski C,
1. Martin PJ, Schoch G, Fisher L, Byers'V, raft-versus-host disease. Blood 1998; Jacob MC, Richard MJ, Favrot M, et al.

Appelbaum FR, McDonald GB, et al. A
retrospective analysis of therapy for
acute graft-versus-host disease: sec-
ondary treatment. Blood 1991; 77:
1821-8.

2:3098-104.

. Seaton ED, Szydlo RM, Kanfer E,

Afperley JE Russell-Jones R. Influence
of extracorporeal photopheresis on
clinical and laboratory parameters in

Extracorporeal chemophototherapy
for the treatment of graft-versus-host
disease: hematologic consequences of
short-term, intensive course. Haema-
tologica 2005;90:1096-101.

2. Weisdorf D, Haake R, Blazar B, Miller chronic graft-versus-host disease and ~ 15. Rowlings PA, Przepiorka D, Klein JP,
W, McGlave P, Ramsay N, et al. analysis of predictors of response. Gale RP, Passweg JR, Henslee-
Treatment of moderate/severe acute Blood 2003;24:24. Downey PJ, et al. IBMTR severity
graft-versus-host disease after allo- 9. Greinix HT, Volc-Platzer B, Kalhs P, index for grading acute graft-verus-
geneic bone marrow transplantation: Fischer G, Rosenmayr A, Keil E et al. host disease: retrospective comparison
an analysis of clinical risk features and Extracorporeal photochemotherapy in with Glucksberg grade. Br ] Haematol
outcome. Blood 1990;75:1024-30. the treatment of severe steroid-refrac- 1997,97:855-64.

3. Martin PJ, Schoch G, Fisher L, Byers V, tory acute graft-versus-host disease: a  16. Couriel D, Saliba R, Hicks K, Ippoliti
Anasetti C, Appelbaum FR, et al. A ret- pilot study. Blood 2000; 96:2426-31. C, de Lima M, Hosing C, et al. Tumor
rospective analysis of therapy for  10. Richter HI, Ste%e H, Ruzicka T, necrosis factor-a blockade for the
acute graft-versus-host disease: initial Soehngen D, Heyll A, Krutmann J, et treatment of acute GVHD. Blood
treatment. Blood 1990;76:1464-72. al. Extracorporeal photopheresis in the 2004;104:649-54.

4. Antin JH, Chen AR, Couriel DR, Ho treatment of acute graft-versus-host  17. Arai S, Margolis ], Zahurak M, Anders
VT, Nash RA, Weisdorf D. Novel disease. ] Am Acad Dermatol 1997; 36: V, Vogelsang GB. Poor outcome in
approaches to the therapy of steroid- 787-9. steroid-refractory  graft-versus-host
resistant acute graft-versus-host dis-  11. Besnier DP, Chabannes D, Mahe B, disease with antithymocyte globulin
ease. Biol Blood Marrow Transplant Mussini JM, Baranger TA, Muller JY, et treatment. Biol Blood Marrow
2004;10:655-68. al. Treatment of graft-versus-host dis- Transplant 2002;8:155-60.

5. Edelson R, Berger C, Gasparro E ease by extracorporeal photochemo-  18. Jacobsohn DA, Hallick ], Anders V,
Jegasothy B, Heald P, Wintroub B, et al. therapy. Transplantation 1997;64:49- McMillan S, Morris L, Vogelsang GB.
Treatment of cutaneous T cell lym- 54. Infliximab for steroid-refractory acute
phoma by extracorporeal pho-  12. Smith EP, Sniecinski I, Dagis AC, GVHD: A case series. Am ] Hematol
tochemotherapy: preliminary results. Parker PM, Snyder DS, Stein AS, et al. 2003;74:119-24.

N Engl ] Med 1987;316:297-303. Extracorporeal photochemotherapy  19. Ho VT, Zahrieh D, Hochberg E,

6. Barr ML, Meiser BM, Eisen HJ, for treatment of drug-resistant graft- Micale E, Levin J, Reynolds C, et al.
Roberts RE Livi U, Dall'Amico R et al. versus-host disease. Biol Blood Safety and efficacy of denileukin difti-
Photopheresis for the prevention of Marrow Transplant 1998;4:27-37. tox in patients with steroid-refractory
rejection in cardiac transplantation. N 13. SalvaneschiL, Perotti C, Zecca M, Ber- acute graft-versus-host disease after
Engl ] Med 1998;339:1744-51. nuzzi S, Viarengo G, Giorgiani G, et al. allogeneic hematopoietic stem cell

7. Greinix HT, Volc-Platzer B, Rabitsch

W, Gmeinhart B, Guevara-Pineda C,

Extracorporeal Ephotochemotherapy
for treatment of acute and chronic

| 408 | haematologica/the hematology journal | 2006; 91(3)

transplantation. Blood 2004;104:1224-
6.





