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Abstract

Steroids remain the initial therapy for acute graft-vs.-host disease (AGVHD). Strategies to improve response and minimize
steroid exposure are needed. We report results of a randomized, adaptive, Bayesian-designed, phase II trial of prednisone
with or without extracorporeal photopheresis (ECP) as an initial therapy for patients with newly diagnosed AGVHD. The
primary endpoint was success at day 56 defined as: alive, in remission, achieving AGVHD response without additional
therapy, and on <1 mg/kg at day 28 and <0.5 mg/kg on day 56 of steroids. Eighty-one patients were randomized to the ECP
arm (n = 51) or steroids alone (n = 30). Median age was 54 years (range: 17-75); 90% had grade II AGVHD and 10% had
grades IIT and IV AGVHD, with skin (85%), upper (22%)/lower (22%) gastrointestinal, and liver (10%) involvement. The
ECP arm had a higher probability of success (0.815) and exceeded the predefined threshold for determining the
investigational arm promising. ECP was potentially more beneficial than steroids-alone in skin-only AGVHD (response
rate: 72% vs. 57%, respectively) than for visceral-organ AGVHD (47% vs. 43%, respectively). The addition of ECP to
steroids may result in higher GVHD response as initial therapy for AGVHD, especially for patients with skin-only
involvement.

Introduction

Acute graft-vs.-host disease (AGVHD) is a major limitation
of allogeneic hematopoietic cell transplantation (AHCT).
Prednisone (or methylprednisolone, MP) at a dose of 2 mg/
kg/day remains the standard initial therapy with 40-70% of
patients achieving a response by day 28 [1-5]. Efforts to
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improve outcomes through the addition of a second agent
have proven unsuccessful in randomized control trials [6—
11]. As steroids are associated with considerable toxicity
[12], therapies that can improve GVHD response, facilitate
steroid tapering, and are themselves limited in side-effects
are needed.

Extracorporeal photopheresis (ECP) is an immunomo-
dulatory therapy Food and Drug Administration approved
for the treatment of patients with cutaneous T-cell lym-
phoma [13]. ECP results in apoptosis of leukocytes and
infusion of these cells are believed to result in a tolerogenic
response and modulation of cytokine production [14-18].
The procedure involves separation of leukocyte-rich plasma
followed by ex vivo administration of a photosensitizer (8-
methoxypsoralen) and exposure to ultraviolet A-irradiation
before reinfusion. ECP is widely used for the treatment of
patients with chronic GVHD with a randomized trial
demonstrating improvement in the non-blinded investigator
assessment of skin responses [19, 20]. Additionally, retro-
spective reports with ECP for the treatment of steroid-
refractory AGVHD have demonstrated response rates from
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44 to 58% with a favorable safety profile and limited
overlapping toxicity with steroids [21-26]. However, to
date, there have been no prospective trials in patients
with AGVHD.

Based on the reported efficacy of ECP in acute and
chronic GVHD, we started a phase II trial of ECP plus high-
dose steroids vs. steroids alone in patients with newly
diagnosed AGVHD, to obtain preliminary signals about
potential efficacy of ECP, with a goal of pursuing a larger
phase III trial if such an effect was noted.

Methods
Patients

Patients with new onset biopsy-proven AGVHD grades
II-IV following an AHCT from any graft source or donor
were eligible. Patients could not have received previous
systemic immunosuppressive therapy for the treatment of
AGVHD except for a maximum of 72 h of steroids (2 mg/
kg/day prednisone or MP equivalent). Patients could have
late AGVHD; however, those with chronic GVHD were
excluded. The initial weight requirement of 40 kg was later
reduced to 15 kg when the UVAR XTS was replaced by the
CELLEX system (Therakos, Inc.). Patients were required
to have an absolute white blood cell count of >1500/mL
and be able to sustain (in the clinical judgment of the
provider) a platelet count of >20,000/mL and hematocrit >
27% with or without transfusion support. Patients were
excluded if they were felt to be unable to tolerate the
volume shifts associated with ECP due to an uncompen-
sated medical condition, active bleeding, an international
normalized ratio>2 or uncontrolled, persistent hyper-
triglyceridemia with levels >800 mg%. Patients with a
known photosensitive disease, allergy, or hypersensitivity
to psoralen, citrate, or heparin were excluded. The protocol
(clinicaltrials.gov: NCT00609609) was approved by the
Institutional Review Board of the University of Texas, MD
Anderson Cancer Center. All patients or their surrogates
signed informed consent in accordance with the Declara-
tion of Helsinki.

Study design

This was a single-center, open-label, phase II, adaptively
randomized Bayesian design. Randomization probabilities
were based on the probability of treatment success (defined
below) at day 56 post enrollment in each arm, stratified by
skin only (protocol-defined standard risk) vs. visceral
involvement (high risk). The Bayesian adaptive design
called for the first 20 patients to be randomized fairly, after
which the probability of assignment to an arm was based on

the probability of success in each arm, so that successive
patients were more likely to receive the treatment showing
better results. Therakos, Inc. had no role in the design of the
trial, collection or interpretation of the data, or authorship of
the paper.

Treatment of AGVHD

Patients were randomized to either high-dose steroids alone
or ECP plus high-dose steroids. ECP was initiated within
72 h of randomization using the UVAR (up until September
2012) or the CELLEX ECP systems (Therakos, Inc.). All
patients in the ECP arm required the placement of a new
central venous catheter (generally a non-tunneled Quinton
catheter), which would support the apheresis procedure. The
frequency of ECP was eight to nine sessions though day 14
post randomization, six sessions between days 15 and 28,
eight sessions between days 29 and 56 (two sessions per
week). After day 56, patients could continue ECP at the
discretion of the patient’s primary physician; however,
therapy was neither mandated nor was it performed under
the context of the trial.

Patients on both arms received steroids at a starting dose
of prednisone 2 mg/kg/day (or MP equivalent), which could
not be tapered below 1 mg/kg/day of prednisone before day
14, but otherwise decisions regarding the pace of tapering
were at the discretion of the treating providers. Supportive
care was identical between the arms and followed institu-
tional practice. Patients on a calcineurin inhibitor for GVHD
prophylaxis were continued with doses adjusted based on
trough levels.

GVHD scoring, definition of response, and treatment
success

Acute GVHD was scored as per the consensus criteria [27].
Complete remission required resolution of all signs and
symptoms of GVHD in all organs without intervening sal-
vage therapies. Partial response was an improvement of one
stage in one or more organs without progression in any
organ. No response was defined as absence of improvement
within 14 days of therapy initiation for skin, 7 days for GI,
and 21 days for liver. Progression was defined as worsening
by one or more organ stages after a minimum of 72 h of
high-dose steroids or receipt of second-line therapy at any
time. Treatment success on day 56 (the primary endpoint)
was defined as meeting all of the following criteria: be alive,
in remission from malignancy, achieved AGVHD response
without the need for additional therapy, be on <1 mg/kg of
prednisone (or MP equivalent) on day 28 and <0.5 mg/kg of
prednisone (or MP equivalent) on day 56. Patients who did
not meet all criteria were considered treatment failures
regardless of AGVHD response.
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Statistical analysis

The main purpose of the trial was to study if ECP had
potential merits, and to pursue a future larger clinical trial if
a statistical signal in favor of ECP was noted in this phase II
trial, rather than establishing definitive efficacy in this small
phase II trial. The primary analysis was to calculate the
Bayesian predictive probability that ECP had a higher
success than steroids alone. Denoting the treatment failure
rates for the ECP and steroids alone groups as fgcp and f,
respectively, and denoting the posterior probability that
treatment with ECP had a lower failure rate as pgcp (data) =
Pr(fecp <fs) (response data assessed to date), the trial would
have been stopped in favor of ECP if at any time pgcp(data)
>0.95 and stopped in favor of steroids alone if at any time
pecp(data) < 0.05. If no decision was made early to select
either treatment as superior, the selection criterion at the end
of the trial was to declare ECP superior if pgcp(data) > 0.80
and steroids alone superior if pgcp(data) < 0.20. Note that
during the trial, the randomization probabilities were also
based upon pgcp(data) and pg(data) following the initial 20
patients who were equally randomized between the groups.

The incidence of grade>3 toxicities or infections
through 6 months and ECP-specific adverse events through
day 56 were collected. The cumulative incidence of chronic
GVHD, non-relapse mortality (NRM), and relapse was
estimated using competing risks methods and compared
between arms using the Gray test, with relapse as the
competing risk for NRM, relapse and death in remission
competing risks for chronic GVHD, and NRM as a com-
peting risk for relapse. In addition, regression models were
fit to the cumulative incidence data using the method of
Fine and Gray. Overall survival (OS) was estimated using
the Kaplan—-Meier method and compared using between
arms using the log-rank test. Cox proportional hazards
regression models were also fit for OS. Adherence to ECP
was determined calculating the percent of completed ECP
sessions per calendar week through day 56 or the point of
treatment failure.

Correlative studies

A subset of patients submitted whole-blood samples at
baseline and posttreatment (between 2 and 6 months) for T-
cell subset analysis (details in Supplementary 1).
Results

Patient characteristics

A total of 81 patients were adaptively randomized to either
ECP (n =51) or steroids alone (n = 30) between February
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2008 and September 2014 (Fig. 1). The median age was 54
years (range: 17-75), and acute myeloid leukemia/myelo-
dysplastic syndrome was the most common indication for
transplant. A majority received myeloablative conditioning
(69%) and had an unrelated donor (63%). The graft was
peripheral blood (75%), marrow (19%), or umbilical cord
blood (UCB, 6%). At enrollment 90% had grade II and 10%
had grades III and IV AGVHD; with stages 1—4 skin (86%),
stages 1-3 lower gastrointestinal (22%), upper gastro-
intestinal (22%), and stage 1 liver (10%) involvement. The
median time posttransplant to enrollment was 35 days
(range: 12-112). The arms were well balanced (Table 1),
except patients on the ECP arm were more likely to have
received an UCB (5 vs. 0) and a trend for more grades III
and IV AGVHD cases at enrollment (14 vs. 3%, p = 0.25).
There was also a trend for higher-risk patients (for relapse
of underlying malignancy) on the ECP arm based on a
disease risk index (DRI) of high/very high (37 vs. 17%, p =
0.08).

Adherence to ECP

Administering ECP early posttransplant was feasible. An
average of 88.9% of the total planned ECP treatments were
delivered (median 100%, range: 8.3—100%) and 69% of
patients received 2 90% of planned sessions. The reasons
for missed sessions (which were generally low) were not
numerically captured, but were mainly related to scheduling
conflicts or access issues.

Treatment success

Treatment success at day 56 post enrollment was the pri-
mary composite endpoint that consisted of patients being
alive, in remission, achieving AGVHD response and
meeting days 28 and 56 steroid dose requirements as
mentioned above. After 81 patients were enrolled, the a
priori defined statistical threshold was met in favor of the
ECP arm with a probability of 0.815. Treatment success
was noted in 36/51 (65%) patients in the ECP arm vs. 16/30
(53%) in steroids only arm. Although the study was not
powered for subgroup analyses, the response appeared to be
more dramatic in patients with skin-only AGVHD, with
treatment success in 72% (26/36) vs. 57% (13/23), respec-
tively. In comparison, among patients with visceral
AGVHD, treatment success was noted in 47% (7/15) vs.
43% (3/7 patients), respectively (Table 2). Patients with
treatment success (regardless of arm assignment) had a
markedly lower risk for NRM when compared to those with
treatment failure (hazard ratio (HR): 0.32; 95% confidence
interval (CI): 0.15-0.68, p =0.003) (Fig. 2).

There were a total of 32 treatment failures—18 in the
ECP arm and 14 in the SOC arm. No failure occurred due to
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Fig. 1 Patient consort
diagram. Study arm assignment
as well as day 56 treatment

Enroliment

I

success or failure (and reason for

failure) for the 81 patients < 72 hours of prednisone 2mg/kg/day (or MP-equivalent)

enrolled.

Newly diagnosed acute GVHD

Adaptive randomization

Arm A
Prednisone at 2mg/kg/day ECP+ prednisone at 2mg/k/day
(or MP-equivalent) (or MP-equivalent)
N=30 N=51

Arm B

Protocol defined failure
(14 patients)

¢ GVHD progression [Treatment
(n=1 4) -
Failure

ECP schedule:
Days 1-14: 8-9 sessions
Days 15-28: 6 sessions
Days 29-56: 8 sessions

Steroids tapered at discretion Protocol defined failure
of provider but cannot taper (18 patients)

below 1mg/kg/day until day 14
* GVHD progression

(n=12)
* No response by

day 7 for Gl (n=1)
Treatment * No response by
day 7 + secondary
therapy (n=1)
Inability to taper
by day 28 (n=3)
Inability to taper
by day 56 (n=1)

Failure

Alive, in remission,

(steroids-only 16 patients) (ECP-arm 33 patients)

on organ, no additional therapy), steroid-dose < 1mg/kg/day prednisone on

Day 56 treatment success

having achieved a GVHD CR/PR by day 7-14 (depending

day 28 and 0.5mg/kg/day on day 56

death or relapse of the underlying malignancy. All failure
events in the SOC arm were related to not achieving
AGVHD response without the need for additional therapy,
which accounted for 14/18 (77.8%) events in the ECP arm
(Table 3). Therefore, conversely, more treatment success
events in the ECP arm were related to attaining GVHD
response.

Acute GVHD response, toxicity, and infections

The day 28 AGVHD response rate was 74.5% (38/51) vs.
56.7% (17/30) in the ECP and steroids alone, respectively,
p =0.14, while day 56 response rates were 66.7% (34/51
patients) vs. 50% (15/30), respectively, p = 0.16 (Table 3).

Cumulative incidence of grade>3 toxicities through
6 months (regardless of attribution) was similar (ECP:
41.2%; 95% CI: 27.5-54.9 vs. steroids alone 43.3%; 95%
CI: 25.2-61.5; p = 0.68) (Fig. 3a). Likewise, the cumulative
incidence for grade > 3 infections through 6 months did not
differ between the arms, p = 0.93 (Fig. 3b). Adverse events
possibly related to ECP were uncommon (n =14 vs. 3 in
steroids alone); were grades 2 and 3 in severity included
7 catheter-associated blood-stream infections (vs. 2 in
steroid only), 5 catheter-associated thrombus events (vs. 1
in steroid alone), and hemorrhage (1 gastrointestinal bleed
and 1 hematoma) (vs. 0 in steroids-alone). The median
number of packed red blood cells (RBC) units transfused
through day 56 in the ECP arm was 4 (interquartile range

SPRINGER NATURE
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Table 1 Patient characteristics.

Characteristic Treatment arm p value
ECP + Steroids alone
steroids
n=>51 n=230

Gender (female) 20 (39) 11 (37) 1.0

Age in years, median (range) 54 (17-75) 53 (24-70) 0.94

Time from transplant, 35 (12-112) 32.5 (17-85) 0.83

median days (range)

Diagnosis, n (%) 0.42

AML/MDS 23 (45) 11 (37)

ALL 6 (11) 4(13)

CML 2@ 6 (20)

Lymphoma 10 (20) 4 (13)

Other 10 (20) 5@17)

Disease risk index, n (%) 0.08

Low/intermediate 32 (63) 25 (83)

High/very high 19 (37) 517)
Myeloablative conditioning, 33 (65) 23 (77) 0.32
n (%)

Donor relation, n (%) 0.81

Related 18 (35) 12 (40)

Unrelated 33 (65) 18 (60)

Donor match, n (%) 0.65

Matched 41 (82) 24 (80)

Mismatched 10 (18) 6 (20)

Graft source, n (%) 0.21

Peripheral blood 36 (71) 25 (83)

Bone marrow 10 (19) 5(17)

Umbilical cord 5 (10) 0
GVHD prophylaxis, n (%) 0.15

Tacrolimus/methotrexate 44 (86) 28 (93)

Tacrolimus/ 2 (4) 0

mycophenolate

Other 5 (10) 2(7)

Acute GVHD grade at 0.37

enrollment, n (%)

Grade 11 44 (86) 29 (97)

Grade 11T 5 (10) 1(3)

Grade IV 24 0
Organ and stage at
enrollment, n (%)

Skin 0.89

Stage 0 7 (14) 4 (13)
Stages 1 and 2 5 (10) 3 (10)
Stage 3 37 (73) 23 (77)
Stage 4 24 0
Upper GI tract 0.79
Stage 0 39 (77) 24 (80)
Stage 1 12 (23) 6 (20)
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Table 1 (continued)

Characteristic Treatment arm p value
ECP + Steroids alone
steroids
n=>51 n=730

Lower GI tract 0.57
Stage 0 38 (74) 25 (84)
Stages 1 and 2 11 (22) 4 (13)
Stages 3 and 4 2 4) 1)

Liver 0.46
Stage 0 47 (92) 26 (87)
Stage 1 4 (8) 4 (13)

AML acute myeloid leukemia, ALL acute lymphoblastic leukemia,
CML chronic myeloid leukemia, GVHD graft-vs.-host disease, MDS

myelodysplastic syndrome.

Table 2 Primary outcome: day 56 treatment success®.

Treatment Arm Risk group Success Failure Total

Steroids alone All patients 16 (53%) 14 (47%) 30
Visceral 3 (43%) 4 (57%) 7
Skin only 13 (57%) 10 (43%) 23

ECP + steroids All patients 33 (65%) 18 (35%) 51
Visceral 7 (47%) 8 (53%) 15
Skin only 26 (72%) 10 (28%) 36

*Defined as being alive, in a remission, achieving a GVHD response
(CR or PR) without additional therapy and on a prednisone (MP
equivalent) dose of <1 mg/kg/day on day 28 and <0.5 mg/kg/day by
day 56. The probability the ECP + steroids arm has a higher success
rate compared to steroids alone for day 56 treatment success

was 81.5%.
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Fig. 2 Non-relapse mortality by success or failure. A landmark
analysis starting at day 56 by whether the patient was a success or
failure for the primary (composite) endpoint. Patients experiencing
relapse or death before day 56 were excluded from this analysis with a

total of two patients excluded.
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steroids
Failure events 18 14
Death 0 0
Relapse of the underlying malignancy 0 0
Did not achieve AGVHD response without the 14 (77.8%)* 14 (100%)b
need for additional therapy
Not on <1 mg/kg of prednisone (or MP equivalent) 3 (16.7%) 0
on day 28
Not on <0.5 mg/kg of prednisone (or MP 1 (5.5%) 0
equivalent) on day 56
Outcome p value
Acute GVHD day 28 response 74.5% 56.7% 0.14
Acute GVHD day 56 response 66.7% 50% 0.16
Incidence of chronic GVHD 40% 47% 0.95
Hazard ratio 95% confidence interval p value
Relapse 1.54 0.60-3.97 0.37
Non-relapse mortality 1.28 0.55-3.01 0.57
Overall survival 1.44 076-2.76 0.27

“Three secondary therapy, nine progressive AGVHD, one increase in AGVHD stage by 72 h, and one no

response GI AGVHD by day 7.

®Eight secondary therapy, four progressive AGVHD, one new organ AGVHD, and one increase in AGVHD

stage by 72 h.

Fig. 3 Adverse events. a a b
Cumulative incidence of grades 2 104 % 104
B .. S g
3-5 toxicity bY treatment arm. H —s0C 8 — soc
b Cumulative incidence of © g —ECP v 084 —ECP
grades 3-5 infections by 2 o
treatment arm. 5 06 P=0.68 g 56 P=0.93
w O o U
o u—
s}
§ . 3
g 0.4+ | S 0.4
¢ :
2 02 o 02+
i E 004
3 00 T T T T 3 T T T T T
0 2 4 6 8 0 2 4 6 8
Years Years
(IQR): 1-9.5) vs. 2 (IQR: 0-5.75) for the steroid-alone arm, 95% CIL. 33-61); p=0.95. In multivariate, analysis

p=0.14.

Tapering of immunosuppressive therapies, chronic
GVHD, relapse, non-relapse mortality, and overall
survival

The median dose of steroids at days 28 and 56 post ran-
domization did not differ between the arms (Fig. 4), nor did
the cumulative incidence of discontinuation of steroids or
other immunosuppressive therapy (data not shown). At 2
years, the cumulative incidence of chronic GVHD was 40%
in the ECP arm (95% CI: 22-58) vs. 47% for steroids alone

adjusted for covariates, relapse (HR: 1.54; 95% CI:
0.6-3.96, p =0.37), NRM (HR: 1.28; 95% CI: 0.57-3.01,
p=0.57), and OS (HR: 1.44; 95% CI: 0.76-2.76, p =0.2)
did not differ between the arms (Fig. 5).

Immunologic response: T-cell subsets

Immune subsets (Tcon and Tregs) were analyzed at baseline
and post-therapy in four patients treated with ECP + ster-
oids and five patients treated with steroids alone. Cell
counts did not differ between the two arms (data not
shown).

SPRINGER NATURE
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Discussion

The goal of this current trial was to examine an upfront
strategy, which aimed to maintain AGVHD response, and
allowed for the tapering of steroids, without the need for
additional therapy, and without increasing the risk of
relapse of the underlying malignancy through the addition
of ECP. As these isolated outcomes, although significant,
do not reflect a complete picture of “success,” we designed
this trial based on a composite endpoint that accounted for
all of these factors together. The threshold for declaring an
arm superior was set a priori at a probability of 80% in this
relatively small, single-center randomized phase 2 trial, with
the aim of confirming in a larger phase 3 trial should ECP
be noted to have some indications of potential benefit.
Indeed, more patients in the ECP arm attained “treatment
success” at day 56 post randomization based on this com-
posite primary endpoint than those treated with steroids
alone (65% vs. 53%, respectively). Realizing the limitation
that the trial was not powered for subgroup analysis,
patients with skin-only AGVHD appeared to benefit the

most—with 15% absolute improvement in treatment
2.5
2.0 o
5
< 15+ - -
j=2}
E
2 10 . e
[a] ! _
D : oy
- 2 B
T T T T
SoC  ECP SOC  ECP
Day 28 Day 56

Fig. 4 Days 28 and 56 steroid doses by treatment arm. Box plots for
the days 28 and 56 doses of steroids (prednisone equivalent in mg/kg)
in patients randomized to steroids only (standard of care; SOC) or
ECP + steroids.

success with ECP than those treated with steroids alone
(72% vs. 47%, respectively), while those with visceral
disease appeared to have roughly similar success (47% vs.
43%, respectively). Nonetheless, skin-only AGVHD
represents the largest proportion of patients who present
with newly diagnosed acute with just over half of all
AGVHD cases presenting in this manner [3, 6]. Treatment
success for this composite endpoint (irrespective of arm
assignment) resulted in significantly lower NRM.
Furthermore, despite the fact that more patients in the
ECP arm had grades III and IV AGVHD at enrollment than
in the steroid-alone arm (14% vs. 3%, respectively), we
noted about 18% absolute improvement in the AGVHD
response rate at day 28 (74.5% vs. 56.7%, respectively), and
about 17% absolute improvement at day 56 (66.7% vs.
50%, respectively). Yet, our results did not reach statistical
significance likely due to small numbers. The administra-
tion of ECP over the course of 56 days following the
development of AGVHD did not appear to reduce the rate
of chronic GVHD. Whether continuation of this therapy for
a longer period would have reduced this risk remains
unknown. Similarly, NRM did not differ either; however, it
should be noted that 6-month NRM was relatively low for
the study population, again restricting the ability to
demonstrate any statistical significance. More importantly,
with the addition of ECP, we did not observe any increased
risk of relapse of the underlying malignancy, which is
always a concern with additional immunosuppression.
Again, although the independent endpoints did not differ
statistically (some due to small numbers), the composite
endpoint that includes these endpoints favored the ECP arm.
Efforts to reduce steroid exposure are considered a top
priority for ~75-85% of patients with newly diagnosed
AGVHD who will have low/standard risk AGVHD based
on validated clinical and/or biomarker prognostic tools.
Although patients in the ECP arm who met the primary
endpoint were able to taper steroids successfully (<1 mg/kg/

a b c
J [} 1.0 4
g 10 Freatrment arml 3 Treatment arm, 10
% Treatment arm % Treatment arm
°® 084 — S0C 2 084 ===S0C ® 4 — S0C
‘E — ECP é — EcP 2 0.8 soe
8 06 S - 0.6 2 06
g 8 2 5
3 s < B
2 04 B8 041 Z 04
o
Q £ 8
= [<}
3 02 2 o024 o 024
e f E
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T T T T 3 T T T T T T T T T
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Fig. 5 Long-term outcomes. a Cumulative incidence of relapse by
treatment arm adjusted by disease risk index (DRI, high/ very high vs.
low/intermediate), conditioning (myeloablative vs. non-myeloa-
blative), age (>60 vs. <60 years), and CMV status (CMV negative
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Years Overall survival (years)

patient/donor vs. other). b Cumulative incidence of non-relapse mor-
tality by treatment arm adjusted by DRI, conditioning, age, and
comorbidity index. ¢ Kaplan—Meier plot of overall survival by treat-
ment arm adjusted by DRI, conditioning, age, and CMV status.
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day by day 28 and <0.5 mg/kg/day of prednisone (or MP
equivalent) by day 56), the median steroid dose at days 28
and 56 did not differ between the arms. This is likely
because the protocol did not dictate a steroid-taper schedule,
and center-specific practices were often employed. Future
trials of ECP with a built-in abbreviated course of steroids
would be important to truly test the efficacy of this therapy.

The frequency of ECP in patients with AGVHD has not
been studied. In one retrospective study, an ORR of 57%
was noted patients with AGVHD with ECP using a less
intensive schedule, which included 2 days per week for the
first 2 weeks, then 1 day per week for 2 weeks, followed by
1 day every 2 weeks for a minimum of 16 ECP procedures
[26]. In this trial, we elected to use a rather intensive
schedule consisting of roughly 15 treatments over the Ist
month and 8 over the 2nd month (two sessions per week).
While significant coordination of care was required to
maintain this schedule, the average adherence approached
90% and two-thirds of the patients assigned to the ECP arm
completed >90% of the planned therapies. In large part,
ECP was well tolerated; however, patients receiving ECP
had a trend for requiring more RBC transfusions over the
treatment period. Whether this reflected transfusions for
symptomatic anemia vs. simply the need to maintain a
higher hematocrit as mandated for performing ECP is
unknown. The frequency of catheter-related thrombotic
events was also higher in the ECP arm perhaps due to the
need for placement of a larger apheresis catheter. The
rationale for adding ECP to steroids was the lack of over-
lapping toxicities with steroids. The similar incidences of
grades 3-5 infections between the study arms would seem
to support this approach when compared to agents currently
being studied.

We were unable to examine the effect of ECP on Treg
and Tcon as the correlative studies could only be performed
on a handful of patients. Another limitation of the trial
includes the lack of biomarker-based risk stratification.
Nevertheless, the breakdown of patients based on the
Revised Minnesota Criteria is reflective of prior upfront
trials with the vast majority of patients having standard risk
AGVHD (85%); primarily, skin-only GVHD [6].

In conclusion, in this randomized phase 2 trial, the
addition of ECP to steroids resulted in a higher probability
of treatment success. Future trials, incorporating an abbre-
viated steroid course, are needed to confirm the efficacy of
this approach.
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