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Abstract

Background: Graft-versus-host disease (GVHD) is a serious compli-
cation of allogeneic hematopoietic cell transplantation, and the major
cause of post-transplant mortality and morbidity. If steroid treatment as
first-line therapy fails, treatment options are limited. Ruxolitinib (Ruxo)
as well as extracorporeal photopheresis (ECP) showed high efficacy in
the treatment of steroid-refractory (SR) acute and chronic GvHD.

Methods: We interrogated data from 68 adult and pediatric patients
with SR acute and chronic GvHD, between 2017 and 2024, who re-
ceived either Ruxo plus ECP (Ruxo + ECP, n = 31) or Ruxo alone
(Ruxo, n = 37). Endpoints were to compare the overall response rates
(ORRs) including complete response (CR) and partial response (PR)
of acute and chronic GVHD at last encounter, and the percentage of pa-
tients with history of acute GvHD, who progressed to chronic GVHD at
1 year, 1-year non-relapse mortality (NRM), graft-versus-host disease
relapse-free survival (GRFS) and survival outcomes at 3 years.

Results: Patient, disease, and transplant characteristics were well
balanced, except for more severe acute GVHD in Ruxo + ECP arm
(66.6% vs. 18.5%, P = 0.007) and longer Ruxo treatment in Ruxo
alone arm (11 vs. 7 months, P = 0.05). The ORRs were 58% for Ruxo
+ ECP arm compared to 49% in Ruxo alone arm (P = 0.002) at last
encounter and the duration of response was 17.6 versus 9 months
(P = 0.3171), respectively. In both arms, 87% and 93% of patients
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could taper steroids rapidly by 50% and 16%. At 1 year, cumulative
incidence of chronic GVHD was higher after Ruxo versus Ruxo +
ECP, being 55% (95% CI: 42-69%) vs. 26% (95% CI: 22-64%) (P =
0.018). No statistically significant difference in 1-year NRM, relapse,
and GRFS and survival at 3 years was observed.

Conclusion: Our data suggest improved long-term control of acute
and chronic GvHD by combining Ruxo plus ECP compared with
Ruxo alone.

Keywords: Steroid-refractory graft-versus-host disease; GvHD;
Ruxolitinib; Extracorporeal photopheresis; Allogeneic hematopoietic
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Introduction

Allogeneic hematopoietic cell transplants (allo-HCTs) are in-
creasing with 20,485 transplant procedures reported by the Eu-
ropean Society for Blood and Marrow Transplantation (EBMT)
in 2023 [1]. Acute graft-versus-host disease (aGvHD) is a se-
rious frequent complication of allo-HCT, and the major cause
of post-transplant non-relapse mortality and morbidity. Though
the survival rates after allo-HCT have significantly improved
over the past decades, the rate of developing acute and chronic
GvHD remains significantly high, ranging between 40-50% and
20-25%, respectively [2]. GVHD is an alloreactive immune
response caused by donor T lymphocytes which are activated
by host antigen-presenting cells, leading to an inflammatory re-
sponse [3]. Upper and lower gastrointestinal (GI) tract, skin,
and liver are the most predominantly affected organs. Chronic
graft-versus-host disease (cGvHD) characterized by a variety of
clinical manifestations, most often involves the skin and mouth,
but almost any other organ system can be involved [4]. Despite
the advancement in GvHD prophylaxis over the last decade
with the introduction and approval of new modality including
post-transplant cyclophosphamide (PTCy) and novel agents like
ruxolitinib (Ruxo) and others [4], GVHD can happen in a high
percentage of patients even in matched related transplants, de-
pending on recipient’s and donor characteristics, such as recipi-
ent and donor age, graft source or underlying disease and donor
type, conditioning intensity and the type of GVHD prophylaxis,
and others [2, 5]. There are different treatment strategies avail-
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able for the treatment of acute and chronic GvHD [6-8]. Corti-
costeroids are the mainstay of treatment and response to steroids
is a key predictor of clinical outcome [6]. Standard therapy for
aGvHD is 2 mg methylprednisolone per kilogram bodyweight
(or equivalent dose of prednisolone) and 0.5 - 1 mg/kg/day for
c¢GvHD. Thirty to forty percent will respond to steroids with
long durable remission [8-11]. The outcome of steroid-refrac-
tory GvHD (SR-GvHD) remains poor. Due to the limited ef-
ficacy of second- and third-line therapies in these cases, new
approaches are needed [10].

Ruxo is a selective, small molecule Janus kinase (JAK) 1/2
inhibitor. It causes a blockade of the JAK-STAT pathway which
is, among a lot of other effects, known to play a role in T effector
cell responses [11, 13]. Zeiser et al reported a clinical multi-
center survey on 54 patients who received Ruxo in SR-aGvHD
and 41 patients who received Ruxo in SR-cGvHD, showing an
encouraging overall response rate (ORR) of 82% and 85%, re-
spectively, with low relapse rates of 7% and 6% [13]. Ruxo
was an approved treatment for patients with SR-aGvHD, based
on the reported long-term results of an open-label, multicenter
phase III study (NCT02913261, REACH2) and for patients
with cGvHD based on the outcomes of a phase III clinical study
(NCT02913261, REACH-III), which compared Ruxo therapy
versus best available treatment in SR-aGvHD and cGvHD after
allotransplant [14, 16]. Also, Locatelli et al reported on the ben-
efits of Ruxo in pediatric patients with treatment-naive and SR-
aGvHD (REACH4, #NCT03491215) with an ORR of 84.4% at
day 28, with a durable ORR at day 56 of 66.7%, and high re-
sponse rates were observed across age groups and in both treat-
ment-naive and SR subgroups with no new safety signals [16].
Ruxo therapy is an innovative treatment of GvHD, but with se-
vere adverse effects, particularly in combination with other im-
munosuppressive therapies, including prolonged pancytopenia
attended by severe infections and bleeding complications [17].

Extracorporeal photopheresis (ECP) is another therapeutic
modality for acute and chronic GvHD, using ultraviolet A (UV-
A) light in combination with 8-methoxypsoralen to induce ap-
optosis of leukapheresis-gained mononuclear cells. Safety and
efficacy of ECP was confirmed in several retrospective and
prospective clinical trials as second- or third-line treatment in
acute and chronic GvHD with an objective response of 60-
87% [18-25]. We reported 42 patients with aGvHD (n = 34; 25
grade I1I-IV) and moderate to severe cGvHD (n = 23) with an
objective response of 38% and 58%, respectively [24].

Here, we report our experience on efficacy, safety, and tol-
erability of combining both therapeutic strategies - treatment
with Ruxo in combination with ECP (Ruxo + ECP) and com-
pare with patients receiving Ruxo alone in patients with SR
acute and chronic GvHD.

Materials and Methods

Study design, patients, and definitions

We used the Bone Marrow Transplant Program Registry of
King Hussein Cancer Center (KHCC) to identify 68 patients
with SR acute and chronic GvHD, between 2017 and 2024,

who received either Ruxo + ECP (n = 31) or Ruxo alone (n =
37). Patients were allocated to either arm based on the avail-
ability of ECP in early years, presence of severe infection and/
or pancytopenia, and the approval of Ruxo in later years in
our center. ECP was provided using a closed system, Thera-
kos Cellex machine. The process started by collection of frac-
tion of blood by apheresis, then separated by centrifugation
by selecting mononuclear cells, through an intravenous cen-
tral catheter; red blood cells and plasma were returned to the
patient. Once the T cells were separated, a photosensitizing
drug, UVADEX® (methoxsalen), was a photosensitizing agent
added to the buffy coat fraction and cells were photoactivated
by ultraviolet (UV) light exposure. The photoactivated buffy
coat fraction was then reinfused to the patient to induce an
immune-modulating effect and apoptosis.

All adult patients received Ruxo at a dose of 10 mg twice
daily in addition to calcineurin inhibitor and steroid therapy.
In pediatric patients (< 18 years), Ruxo dosing was based on
age and targeted the exposure in adults receiving 10 mg twice
daily; group 1 (aged > 12 to < 18 years) received 10 mg twice
daily and preliminary starting doses for groups 2 (aged > 6
to < 12 years) and 3 (aged > 2 to < 6 years) were 5 mg twice
daily and 4 mg/m? twice daily, respectively [16]. Dose modi-
fications of Ruxo were done according to Ruxo guidelines in
case of cytopenia or severe infections and steroids were ta-
pered rapidly every 3 - 5 days schedule in aGvHD and every
5 -7 days in cGvHD. ECP was initiated either twice or three
times weekly for patients with aGvHD for the first 2 weeks
then twice every other week, then individual reduction of ECP
frequency. Patients with cGvHD received two sessions every
2 weeks for the first 12 weeks (induction), then two sessions
every 4 weeks for the rest of ECP therapy. The median number
of ECP cycles was 15 (range: 7 - 115).

In the first step, we reported responses and survival out-
comes for patients who received Ruxo + ECP and then we
compared patients, disease, transplant, GvHD characteristics
and treatment outcomes with those who received Ruxo alone.

Endpoints

The primary objective of this study was to compare the ORR
(complete response (CR) and partial response (PR)) of SR
acute and chronic GvHD at last encounter and then compare
the two arms. The secondary endpoints were the percentage
of patients with history of aGvHD, who progressed to cGvHD
later in the course of the disease, 1-year non-relapse mortal-
ity (NRM), graft-versus-host disease relapse-free survival
(GRFS), and survival outcomes. Kaplan-Meier estimates of
survival and cumulative incidences of NRM, acute and chron-
ic GvHD were tested by log-rank and grey tests, respectively.
Survival outcomes were given at 3 years after allotransplant.
aGvHD was staged and graded according to MAGIC criteria
and cGvHD based on NIH criteria respectively [25, 28]. SR-
GvHD was defined as progression after 3 days or no clinical
improvement of aGvHD after 7 days of initial treatment with
steroids of greater than 2 mg/kg per day or an inability to taper
the steroid dose to < 0.5 mg/kg [25]. SR-cGvHD is defined by
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failure to respond to high-dose steroids or worsening disease
while on them. Specifically, it means the disease progresses
despite treatment with 1 mg/kg/day of prednisone for at least
1 week, persists despite 0.5 mg/kg/day for at least 1 month, or
flares up when the dose is tapered below 0.25 mg/kg/day [26].

Definitions

ORR was defined as proportion of patients achieving CR and
PR without additional systemic immunosuppressive therapy.
CR was defined as the absence of aGvHD symptoms and/or
signs in all organs involved without increased immunosup-
pressive therapy and PR was defined as a decrease in the ini-
tially affected organs of GvHD of at least 1 grade without a
new manifestation or worsening of at least 1 grade in any other
organ. No-response (NR) was defined as no change in GvHD
severity in the affected organs of GvHD, and progression was
defined as an increase of GvHD grade in at least one organ
with or without improvement in any other organs. GRFS was
defined as no relapse, no acute GvHD or moderate to severe
c¢GVvHD, requiring systemic therapy [24].

The Institutional Review Board (IRB) of KHCC approved
the study and waived the informed consent (No. 25 KHCC
032). This study was conducted in compliance with the ethical
standards of the responsible institution on human subjects as
well as with the Helsinki Declaration.

Statistical analysis

Descriptive statistics were used for patient demographics.
Quantitative baseline variables were described as median and
qualitative described as numbers and percentages. Incidences
of acute and chronic GvHD were estimated considering re-
lapse and NRM as competing risks [27]. NRM and cumula-
tive incidence of relapse (CIR) and GvHD were analyzed us-
ing a competing risk model [28]. Survival was estimated using
Kaplan-Meier method calculated from the date of the start of
Ruxo treatment to death from any cause, censored at the last
follow-up. NRM was defined as death without evidence of
disease relapse. Statistical analysis was performed using SAS
version 9.4 (SAS Institute Inc, Cary, NC, USA). P-values are
two-sided and considered significant when < 0.05.

Results

Patient, disease, and transplant characteristics are detailed in
Table 1. Sixty-eight patients were included in the analysis.
Thirty-one patients received Ruxo + ECP and 37 Ruxo alone.

Patients’ demographics in the Ruxo + ECP arm: 22 pa-
tients (71%) were adults and 19 (61%) were males with a me-
dian age of 34 (range: 18 - 62) years in adults, and 13 (2 - 17)
years in pediatric group. Eighteen patients (70%) had acute
leukemia. Eighteen patients (58%) received intensive pretrans-
plant conditioning and 31 (100%) received a blood cell graft.
Twenty-two (71%) of donors were HLA-matched relatives,

and nine (29%) were mismatched relatives. Four patients (6%)
received post-transplant cyclophosphamide (PTCy).

Twenty-seven patients (87%) developed aGvHD which
included 25 (96%) with > grade 2, at a median of 58 days (in-
terquartile range (IQR): 32 - 127) after allotransplant. Seven-
teen patients (63%) had gut aGvHD, 14 (52%) with grade 111/
IV. Twenty-four patients (77%) developed cGvHD, which was
moderate to severe in 23 (74%), at a median of 337 days (IQR:
197 - 491) after allotransplant. Twenty-four patients (89%) had
SR-GVHD, and seven (26%) could not taper steroid < 0.5 mg/
kg. Twenty-nine patients (93%) received calcineurin inhibitor,
and on steroids therapy. The median duration of Ruxo was 7.3
months (range: 1 - 28) and patients received a median of 33
ECP cycles (range: 7 - 115).

Comparison between the two cohorts

The median ages in the Ruxo + ECP arm in adult and pediatric
arms were 34 (range: 18 - 62) and 28 (range: 18 - 59) years
and 13 (2 - 17) and 11.5 (6 - 17) years, respectively in Ruxo
arm. Patient, disease, and transplant characteristics were well
balanced (Table 1). The type of SR-aGvHD was well balanced
between both arms except that severe aGVHD grade I1I-1V
was observed higher in Ruxo + ECP arm (66.6% vs. 18.5%;
P =0.007) and the duration of Ruxo therapy was numerically
longer in Ruxo alone arm (11 vs. 7 months, P = 0.05). GvHD
characteristics of both arms are shown in Table 2.

Responses

GvHD and patient outcomes are detailed in Table 3. At last
encounter, ORRs were 58% for Ruxo + ECP arm compared
to 49% in Ruxo alone arm (P = 0.002) and the median dura-
tion of response was not reached in either arm with no statisti-
cally significant difference between the two arms (17.6 vs. 9
months; P = 0.3171), respectively. After patients responded,
87% in Ruxo + ECP and 93% in Ruxo alone arm could taper
steroids rapidly by 50%. When we analyzed patients according
to age (adult versus pediatric), 80% and 75% in Ruxo + ECP
arm, and 100% and 80% in the Ruxo alone arm responded (P =
NS). Analyzing patients with gut aGvHD (n = 24; 20 grade 11/
IV), 17 patients received Ruxo + ECP, and six received Ruxo
alone. Ten out of 17 (59%) responded in Ruxo + ECP and no
responses (n = 6) in Ruxo alone arm.

At 6 and 12 months, 20% and 26% in the Ruxo + ECP
arm and 40% and 55% in the Ruxo alone arm of evaluable
patients experienced cGVHD, resulting in a 1-year cumulative
incidence of cGVHD of 26% (95% CI: 22-64%) after Ruxo
+ ECP and 55% (95% CI: 41.94-69%) after Ruxo alone (P =
0.33). At 1 year, 20 out of 27 (74%) evaluable patients after
Ruxo + ECP experienced cGvHD compared to 16 out of 27
(59%) in the Ruxo alone arm with no statistically significant
P value (0.387). Also, at 1 year, five patients (16%) in Ruxo +
ECP arm continued to receive immunosuppression compared
to seven (19%) in Ruxo alone arm.

There was no statistically significant difference in NRM
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Table 1. Patient, Disease, and Transplant Characteristics

Variable Ruxo + ECP arm Ruxo alone arm P-value
Total patients (n, %) 31 (100%) 37 (100) 0.086
Age (years), median and range 0.444
Adult 34 (18- 62) 28 (18 - 59)
Pediatric 13(2-17) 11.5(6-17)
Adult (n, %) 22 (71%) 25 (67%) 0.760
Pediatric (n, %) 9 (29%) 12 (33)
Male (n, %) 19 (61%) 24 (65%) 0.454
Female (n, %) 12 (39%) 13 (35%)
Primary disease, n (%) 0.454
Acute myeloid leukemia (AML) 9 (29%) 14 (38%)
Acute lymphoid leukemia (ALL) 9 (29%) 8 (22%)
Myelodysplastic syndrome (MDS) 5 (16%) 2 (5.5%)
Myeloproliferative neoplasms (MPN) 2 (7%) 2 (5.5%)
Lymphoma 5 (16%) 6 (16%)
Nonmalignant (PID/AA/FA/thalassemia) 1 (3%) 5 (13%)
CR of primary disease at HCT, n (%) 23 (74%) 30 (81%) 0.454
PR/VGPR, n (%) 8 (26%) 7 (19%)
Allo-HCT first, n (%) 31 (100%) 37 (100%) 0.454
Donor type, n (%) 0.454
Matched related (MRD) 22 (71%) 27 (73%)
Mismatch relative (MMR) 9 (29%) 9 (24%)
CBT 0 1 (3%)
Graft source 0.454
PBSC 31 (100%) 34 (92%)
BM 0 2 (5.4%)
CB 0 1 (2.6%)
Myeloablative 18 23 0.358
RIC-RTC 13 14
GvHD prophylaxis therapy, n (%) 0.098
CNI-based +/-ATG 29 (93%) 37 (100%)
PTCy-based+/-ATGATG 4 (13%) 0

AA: aplastic anemia; ATG: antithymoglobulin; BM: bone marrow; CB: cord blood; CNI: calcineurin; CR: complete remission; ECP: extracorporeal
photopheresis; FA: Fanconi anemia; GvHD: graft-versus-host disease; HCT: hematopoietic cell transplantation; NoCR: non-remission; PBSCs:
peripheral blood stem cells; PID: primary immunodeficiency; PTCy: post-transplant cyclophosphamide; RIC: reduced-intensity conditioning; RTC:

reduced-toxicity conditioning; Ruxo: ruxolitinib.

(19% (95% CI: 5-55%) vs. zero (P = 0.31) with unadjusted
hazard ratio of 1.09 (95% CI: 0.28 - 4.26; P = 0.905), probably
related to small sample size and CIR (6% vs. 2%) between
Ruxo + ECP (95% CI: 8 - 33) and Ruxo alone arms (95% CI: 2
- 13,P>0.5) at 1 year, respectively. No statistically significant
difference in GRFS at 3 years was observed in both arms cal-
culated from the Ruxo start date (94.7% (95% CI: 95-100%)
versus 100% (95% CI: 100-100%); P = 0.23).

Post-therapy complications in Ruxo + ECP and Ruxo alone
arms included cytomegalovirus (CMV) reactivation (14 (45%)

vs. 15 (45%)), bacterial infections (13 (42%) vs. 7 (19%)), and
fungal infections (3 (10%) vs. 1 (3%)) and four (13%) patients
developed post-ECP thrombocytopenia. Common causes of
transplant-related mortality in Ruxo + ECP arm were GvHD
(n = 6) and infection with meningoencephalitis (n = 1).

Survival outcomes

After a median follow-up of 27 months (IQR: 17.4 - 56.5) for

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com 701



Ruxo + ECP vs. Ruxo Alone in SR-GvHD

J Clin Med Res. 2025;17(12):698-707

Table 2. GvHD Characteristics in Both Arms

Variable Ruxo + ECP (n =31) Ruxo alone (n =37) P value
aGvHD 27 (87%) 27 (73%) 0.229
Grade II-IV 25 (95.6%) 22 (81.5%) 0.420
Grade III-IV 18 (66.6%) 5 (18.5%) 0.007
Skin
Grade I 5 (18.5%) 0 0.051
Grade II 4 (15%) 8 (30%) 0.202
Grade IIT 5 (18.5%) 11 (41%) 0.077
Grade IV 2 (7%) 0 0.235
Gut
Grade I 1 (4%) 0 0.051
Grade IT 2 (7%) 1 (4%) 0.202
Grade IIT 10 (37%) 4 (15%) 0.077
Grade IV 4 (15%) 2 (7%) 0.490
Liver
Grade I 0 0 0.050
Grade 11 3 (11%) 1 (4%) 0.202
Grade 11T 0 2 (7%) 0.077
Grade IV 0 0 0.490
cGvHD 24 (77.4%) 26 (70%) 0.587
NIH score I 33% 2 (8%) 0.235
NIH score IT + IIT 23 (96%) 24 (92%) 0.668
Percentage of patients progressed to cGvHD 20 (74%) (95% CI: 55-87%) 16 (59%) (95% CI: 41-76%)  0.387
Skin and subcutaneous tissue 8 (33%) 19 (73%) 0.002
Liver 11 (46%) 7 (27%) 0.386
Eyes 15 (63%) 19 (73%) 0.254
Mouth 17 (71%) 20 (77%) 0.371
Lung 10 (42%) 3 (11.5%) 0.053
others 2 (8%) 1 (4%) -
Duration of Ruxo continued treatment, median days 222 (31 - 854) 341 (17 - 1,274) 0.046
Time from Ruxo and start of ECP treatment, median days 50
Type of SR-aGvHD
Progressive after 3 days or no improvement after 7 days 24 (77.5%) 17 (65%) 0.053
Inability to taper steroids < 0.5 mg/kg 7 (26%) 11 (42%) 0.2541

aGvHD: acute graft-versus-host disease; cGvHD: chronic graft-versus-host disease; ECP: extracorporeal photopheresis; GvHD: graft-versus-host

disease; Ruxo: ruxolitinib; SR: steroid-refractory.

the whole patients population, 34.3 months (IQR: 2.5 - 159.2)
for Ruxo + ECP and 24.3 months (IQR: 0.8 - 111.7) for Ruxo
arms (P =0.078), 94% and 97% respectively, were in complete
remission of the primary disease; 78% and 95% are alive, re-
spectively. Survival for the whole cohort (n = 68) at 3 years
was 78.3% (95% CI: 66-93%). Three-year survival was 70%
(95% CI: 53-92%) for Ruxo + ECP and 80% (95% CI: 65-
87%) for Ruxo alone arms, respectively (P = 0.36; Fig. 1 and
Table 3). There was no statistically significant difference be-

702

tween adult and pediatric age groups with an interaction test >
0.10. Also, there was no difference in survival when adjusted
to age and sex (all P> 0.1).

Discussion

In this single-center study from KHCC, we included severely
affected patients with SR acute and chronic GvHD with more
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Overall Survival: Ruxolitinib vs Ruxolitinib + ECP
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Figure 1. The 3-year overall survival for both arms (n = 68).

than 70% of reported cases having high grade GvHD and two-
thirds of patients having primary progressive GvHD. Combi-
nation of Ruxo and ECP resulted in a higher ORR (58%), CR
(39%), and PR (19%) and an encouraging 3-year survival of
70% in those patients who could reach CR or PR. In our analy-
sis, ORR among all patients included is 53% which is below
the published data [13, 16, 17, 31, 32]. Also, responses in the
Ruxo alone cohort are lower than reported in clinical trials
and real-world data. Our results contradict reported real-world
data, expanded access programs [31- 34]. The lower ORR and
CR rates could be explained by including severely affected pa-
tients with high grade GvHD.

While these studies confirmed efficacy and safety of
Ruxo in SR-aGvHD, long-term follow-up data and subse-
quent development of ¢cGvHD are limited. Lastovytska et
al reported an incidence of cGVHD of 24% and Leung et
al reported an incidence of cGVHD of 20% in patients who
achieved CR of aGvHD after Ruxo treatment [30, 33]. Pa-
tients with aGvHD can respond initially but progress later
during the disease [14]. Long-term control of aGvHD is a
vital objective and there is unmet need for better long-term
control of SR-aGvHD. As a result, combination therapy has
become of clinical interest and few studies were published
[29-33]. Also, other studies have reported that ECP alone rep-
resents a high-potential treatment for patients with SR-GvHD
with ORR of 60-75% [18-26].

In this study, we observed a higher ORR and PR in Ruxo
+ ECP arm compared with Ruxo alone, despite including more
patients with higher grade SR-GvHD, but similar CR rates in
both arms. Higher ORR was observed in gut aGvHD treated
with Ruxo + ECP (P = 0.001) and fewer patients with no re-
sponse. Though, there was no statistically significant differ-
ence between Ruxo + ECP vs. Ruxo alone in the percentage
of patients with history of aGvHD, who progressed to cGvHD
after achieving CR (74% vs. 59%, P = 0.387), the incidence of
cGvHD was significantly higher after Ruxo alone compared
with Ruxo + ECP arm (55% vs. 26%, P=0.018). While 1-year
NRM was significantly lower in Ruxo alone arm (0 vs. 19%, P
=0.006), which is probably related to small sample size, there
was no statistically significant differences in 3-year survival (P
=0.36) or GRFS (P = 0.23) between the two arms.

Our study has several limitations. First, this is a retro-
spective study with small number of patients. Second, GVHD
characteristics are not well balanced between the GvHD
severity: the proportion of patients with higher grade (III-
IV) aGvHD and moderate to severe cGvHD was higher in
the Ruxo + ECP cohort compared to Ruxo alone cohort. All
patients intended to start both therapies simultaneously, but
there was a time gap between the start of the two treatments
in some patients in the combination of Ruxo plus ECP due
to logistic reasons, which might affect the fair comparison
between the two study arms.
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Conclusion

Our data suggest better long-term control of acute and chronic
GVvHD by combining Ruxo plus ECP compared with Ruxo
alone. Long follow-up time, high ORR particularly in severe
gut aGvHD, and low NRM strengthen the study results. Our
data might have better insight into other retrospective studies
so far published but need to be confirmed in a multicenter mul-
tinational and a prospective randomized trial.
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