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Abstract

Despite major improvements in allogeneic hematopoietic cell transplantation over the last decades,
corticosteroid-refractory (SR) acute (a) and chronic (c) graft-versus-host disease (GVHD) cause
high mortality. Pre-clinical evidence indicates the potent anti-inflammatory properties of the
JAK1/2 inhibitor ruxolitinib.

In this retrospective survey, 19 stem cell transplant centers in Europe and the United States
reported outcome data from 95 patients who had received ruxolitinib as salvage-therapy for SR-
GVHD. Patients were classified as having SR-aGVHD (n=54, all grade 111 or IV) or SR-cGVHD
(n=41, all moderate or severe). The median number of previous GVHD-therapies was 3 for both
SR-aGVHD (1-7) and SR-cGVHD (1-10).

The ORR was 81.5% (44/54) in SR-aGVHD including 25 CRs (46.3%), while for SR-cGVHD the
ORR was 85.4% (35/41). Of those patients responding to ruxolitinib, the rate of GVHD-relapse
was 6.8% (3/44) and 5.7% (2/35) for SR-aGVHD and SR-cGVHD, respectively. The 6-month-
survival was 79% (67.3%-90.7%,95% CI) and 97.4% (92.3%-100%,95% CI) for SR-aGVHD and
SR-cGVHD, respectively. Cytopenia and CMV-reactivation were observed during ruxolitinib-
treatment in both SR-aGVHD (30/54, 55.6% and 18/54, 33.3%) and SR-cGVHD (7/41, 17.1% and
6/41, 14.6%) patients. Ruxolitinib may constitute a promising new treatment option for SR-
aGVHD and SR-cGVHD that should be validated in a prospective trial.

Introduction

The curative potential of allogeneic hematopoietic stem cell transplantation (allo-HCT) is
hampered by acute and chronic graft-versus-host disease (GVHD). Despite prophylactic
treatment with immunosuppressive agents, 20% to 80% of recipients develop acute GVHD
(aGVHD). Corticosteroid-refractory GVHD (SR-GVHD) is associated with a dismal
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outcome 1+ 2, with only 5% to 30% long-term survival 3. Chronic GVHD (cGVHD) causes
high morbidity, and is associated with a significantly higher risk of treatment-related
mortality and inferior overall survival 4. Steroids currently represent the gold-standard
treatment for aGVHD based on prospective randomized trials, while second-line therapy is
based on data from retrospective analyses, one phase Il trial and uncontrolled phase Il
trials 3. Available second-line therapy approaches such as cyclosporine A (CYA), sirolimus,
tacrolimus, mycophenolate mofetil (MMF), pentostatin, infliximab, daclizumab,
alemtuzumab, mesenchymal stroma cells (MSC), Antithymocyte globulin (ATG) or
extracorporal photopheresis (ECP) have shown some activity, but none has been established
as a standard salvage therapy for SR-aGVHD, which is reflected in the non-uniform
strategies in SR-aGVHD applied by different transplant centers °. For SR-cGVHD second-
line therapies are CYA, sirolimus, tacrolimus, MMF, ECP or experimentally low dose
IL-26.7,

We previously reported that ruxolitinib, a selective Janus kinase (JAK) 1/2 inhibitor
approved for the treatment of myelofibrosis 8, was effective for the treatment of GVHD in a
murine aGVHD model 2. JAK1/2 signalling has been shown to be instrumental in multiple
steps leading to inflammation and tissue damage in GVHD. A critical event involved in T
cell activation, lineage commitment and survival is signaling through the common gamma
chain, a constituent of the receptor complexes for six different interleukins (ILs): 1L-2, IL-4,
IL-7, IL-9, IL-15, and 1L-21 10, Common gamma chain signaling occurs via JAK1 and we
were recently able to identify the common gamma chain as a potent therapeutic target in
aGVHD and cGVHD 11, Besides its role in adaptive immune responses, JAK1/2 signaling
was also reported to play a central role in innate immunity, including activation of
neutrophils 12, Our group and others have shown an important role for neutrophils in the
pathogenesis of aGVHD 13. 14, Furthermore, dendritic cells (DC) were shown to depend on
JAK1/2 activation during differentiation and maturation 12, which may also reduce priming
of incoming donor T cells by recipient DC after allo-HCT. In addition to these preclinical
findings, the JAK-inhibitor tofacitinib was shown to have clinical efficacy in rheumatoid
arthritis 16 and ulcerative colitis 17, supporting the concept of a potent anti-inflammatory
effect for JAK inhibition in patients. We here report safety and response data to ruxolitinib
salvage-treatment in patients suffering from either SR-cGVHD or SR-aGVHD in a
retrospective multicenter survey involving institutions in Europe and the United States. We
observed high response rates (>80%) and 6-month survival rates in both disease entities,
although the patients were heavily pretreated and all had either severe acute (grade 11 or V)
or chronic (moderate to severe) GVHD. These findings may pave the way for a novel
targeted therapy approach in patients with this life-threatening complication after allo-HCT
and sets the stage for future prospective testing of this approach against other therapeutic
modalities in SR-GVDH in prospective clinical trials.

Patients and Methods

Patients

Patients were recruited at the University Medical Centers of Freiburg, Marburg, Basel,
Munich, Essen, Bonn, Frankfurt, Cologne, Paris, Berlin, Hamburg, Diisseldorf, Dresden,
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Wirzburg, Stanford, Gothenburg, Nijmegen, Utrecht and Patras between January 2012 and
April 2015. This cohort was selected by including all patients that were reported to receive
ruxolitinib for aGVHD or cGVHD by the different centers and no reported patient was
excluded. In the different centers patients were informed of the off-label use of ruxolitinib
and gave their informed consent. Consent to publish of patient photos was obtained. Serum
sample collection and analysis were approved by the institutional Ethic committee review
board of the Freiburg University Medical Center. Histological GVHD grading was
performed on the basis of a published staging system 18 and clinical grading was according
to criteria for aGVHD 19 or cGVHD 20, The patients’ characteristics are shown in Table 1.
Transplant characteristics including donor type, conditioning regimen, and
immunosuppressive regimen used as prophylaxis for GVHD or as treatment, are detailed for
aGVHD or cGVHD in Suppl. Tables 1 and 2, respectively.

Inclusion and exclusion criteria

Patients were included in this retrospective survey if they were treated with ruxolitinib for
GVHD that was refractory to corticosteroids given for at least 1 week for aGVHD or 3
weeks for cGVHD based on previous definitions for SR-aGVHD 21 or SR-cGVHD 22,
Initial treatment for cGVHD and aGVHD for the majority of patients was prednisone at 1
mg/kg/day. For cGVHD, the presence of at least one diagnostic clinical sign of cGVHD, or
the presence of at least one distinctive manifestation confirmed by pertinent biopsy was
used 20, aGVHD was defined according to previously published criteria 19,

Treatment and evaluation of response

The majority of patients was treated with ruxolitinib as an add-on immunosuppression
therapy at a dose of 5-10 mg orally twice daily. Evaluation of response was done for
aGVHD according to previously defined diagnostic criteria for aGVHD °. In brief,
treatment responses were categorized as complete response (CR), partial response (PR) or
treatment failure. A CR to ruxolitinib was defined as the absence of any symptoms related to
GVHD. A PR was defined as the improvement of at least one stage in the severity of
aGVHD in one organ without deterioration in any other organ. A response had to last for at
least 3 weeks. Treatment failure was defined by the absence of improvement of aGVHD,
deterioration of aGVHD in any organ by at least one stage, the development of aGVHD
manifestations in a previously unaffected organ, and the use of any additional agents to
control the disease. Patients were scored for their best response at any time after starting
treatment with ruxolitinib, with follow-up censored at the onset of any subsequent systemic
immunosuppressive therapy.

In case of cGVHD, organ sites considered for GVHD scoring included skin, mouth, eyes,
intestinal tract, liver, lungs, joints and fascia, and the genital tract. Each organ or site was
scored according to a 4-point scale (0-3), with O representing no involvement and 3
reflecting severe impairment 20. A CR to ruxolitinib was defined as the absence of any
symptoms related to cGVHD. PR of cGVHD was defined as the discontinuation or long-
lasting (4 weeks) reduction of all systemic immunosuppressive therapy by at least 50%.
Failure was defined as the use of any additional agents to control GVHD once treatment
with ruxolitinib had started, including the resumption of agents used earlier or an increase in
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the dose of any immunosuppressive treatment. Discontinuation of treatment with ruxolitinib
because of toxicity was not considered a treatment failure. The duration of response was
calculated from the time of onset of response after initiation of treatment with ruxolitinib
until the end of the follow-up, GVHD relapse, the development of new or the deterioration
of pre-existing GVHD symptoms, or the reinstitution of any additional agents to control the
disease.

Defining the severity of cytopenias

Cytopenias were defined according to NCI-CTCAE grades. Anemia: grade 1: Hb <LLN to
10.0 g/dL, grade 2: Hb <10.0 g/dL to 8.0 g/dL, grade 3: Hb <8.0 g/dL; transfusion indicated,
grade 4: Life-threatening consequences; urgent intervention indicated. Neutropenia: grade 1:
Neutrophils <LLN to 1,500/mm3, grade 2: Neutrophils <1,500 to 1,000/mm3, grade 3:
Neutrophils <1,000 to 500/mm3, grade 4: Neutrophils <500/mm3. Thrombocytopenia: grade
1: Platelets <LLN to 75,000/mms3, grade 2: <75,000 to 50,000/mm3, grade 3: <50,000 to
25,000/mm3, grade 4: <25,000/mm3.

Cytokine measurements

The levels of I1L-6, soluble IL-2R, and CD3*HLA-DR* T cells were analyzed from
peripheral blood on the day before or within 5 days after starting ruxolitinib in 10 random
patients at Freiburg University Medical Center.

Mouse model of cGVHD

Statistics

B10.BR recipients (male 6-12 weeks old) were conditioned with cyclophosphamide (Sigma,
St. Louis, MO, USA) on days -3 and —2 (120 mg/kg/day i.p.) as previously described 23. On
day -1, recipients received whole body gamma irradiation (8.3 Gy). B6 donor BM was T
cell depleted with anti-Thy1.2 mAb followed by rabbit complement. T cells were purified
from spleens by incubation with biotin-labeled anti-CD19 mAb (eBioscience, San Diego,
USA), followed by EasySep streptavidin rapidspheres, and were then depleted on a magnetic
column (StemCell Technologies, Vancouver, BC, Canada). On day 0, recipients received 1 x
107 T cell depleted BM cells with or without purified splenic T cells (1 x 10°). Ruxolitinib
(Novartis, Basel, Switzerland) was given on days 28-56 after transplantation. All
experimental procedures were approved by and performed in accordance with the guidelines
of the Institutional Animal Care and Use Committee of the University of Minnesota, the
University

Data were analysed using SAS statistical software version 9.2 (SAS Institute Inc, Cary, NC,
USA). Overall survival (OS) was calculated as the time from start of treatment with
ruxolitinib to death from any cause. Patients still alive at the last follow-up were treated as
censored observations. OS rates were estimated and displayed using the Kaplan Meier
method.

The duration of response was assessed for responders only by calculating the time from first
observation of response to the first observation of GVHD relapse or progression. Death
without prior observation of GVHD relapse or progression was considered to be a

Leukemia. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zeiser et al.

Results

Page 5

competing risk, and observations where neither death nor GVHD relapse or progression
occurred were treated as censored observations. One patient’s observation time was
censored when stopping ruxolitinib treatment due to allergic reactions. Cumulative incidence
rates for GVHD relapse were estimated using the Aalen-Johanson estimator24,

Patients with severe aGVHD respond to ruxolitinib

A total of 54 patients with aGVHD, with 34/54 (63%) patients having multiple organ
involvement (Figure 1A), were treated with ruxolitinib. All patients had grade 3 or 4
aGVHD and 39/54 (72.2%) patients were beyond second line treatment for aGVHD (Suppl.
Table 1). The median number of previous aGVHD-therapies was 3 (range: 1-7). The overall
response rate (ORR) was 81.5% (44/54) including 25 CRs (46.3%). The median time to
response was 1.5 (1-11) weeks after initiation of ruxolitinib treatment. Several patients with
severe intestinal (Figure 1A), liver (Figure 1B) or skin GVHD (Figure 2A, B) showed
impressive responses to ruxolitinib. One patient with grade 4 intestinal SR-aGVVHD received
sequential biopsies before and after response to ruxolitinib. Histological evaluation showed
massive destruction of the intestinal epithelium before ruxolitinib treatment and significant
epithelial regeneration of the intestine after ruxolitinib therapy was initiated (Figure 2C).

The absolute number of activated T cells (CD3*HLA-DR™*) were measured in 8/25 patients
and levels of IL-6 and the soluble IL-2 (R) receptor were determined in 12/25 patients
treated at the Transplant Center Freiburg. We observed a significant decline in all three pro-
inflammatory parameters during ruxolitinib treatment compared to the day before the drug
was started (Figure 3A-C), and all of these patients responded to ruxolitinib treatment.
These data indicate that ruxolitinib can induce significant clinical responses in a majority of
patients suffering from SR-aGVHD going along with a marked reduction of pro-
inflammatory cytokines.

OS and GVHD-relapse after ruxolitinib treatment in patients with aGVHD

The 6-month survival estimate was 79% (67.3%—-90.7%, 95% CI) in patients treated with
ruxolitinib for SR-aGVHD (Figure 4A). The median follow-up time was 26.5 (3-106) weeks
for SR-aGVHD patients. The GVHD relapse rate was analysed for patients who had
achieved CR or PR. The cumulative incidence of aGVHD relapse was low (Figure 4B).
Relapses in aGVHD occurred in 6.8% (3/44) of ruxolitinib-responsive patients (2 PR, 1 CR).
Thus, ruxolitinib induces durable clinical responses in SR-aGVHD.

Ruxolitinib improves cGVHD

Preclinical efficacy of ruxolitinib has only been proven in a murine aGVHD model °.
Therefore, we evaluated the therapeutic potential of ruxolitinib in a murine cGVHD

model 23, We observed significantly improved cGVHD in ruxolitinib versus vehicle-treated
mice, as measured by pulmonary function and levels of collagen deposition (Suppl. Fig 1,
2). On the basis of these preclinical results, ruxolitinib was applied to 41 patients suffering
from cGVHD (Table 1) involving the skin, the liver, intestinal tract, the lungs and
musculoskeletal tissues. In 29/41 (70.7%) of patients more than one organ system was
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involved. All patients had moderate (n = 6/41, 14.6%) to severe (n = 35, 85.4%) cGVHD.
Most patients were beyond second line treatment for cGVHD, with a median number of 3
prior treatments (range: 1-10) before ruxolitinib was administered (Suppl. Table 2). The
ORR was 85.4% (35/41), with 78% (32/41) PR and 7.3% (3/41) CR. 14.6% (6/41) of the
patients showed no response. Responses to ruxolitinib were not restricted to specific organ
systems affected by SR-cGVHD. The median time to response was 3 (1-25) weeks after
initiation of ruxolitinib treatment.

OS after ruxolitinib treatment for cGVHD

The 6-month survival estimate was 97.4% (92.3%-100%, 95% CI) for patients treated with
ruxolitinib for SR-cGVHD (Figure 5A). The cumulative incidence of cGVHD relapse was
low (Figure 5B). GVHD relapsed in 5.7% (2/35) of ruxolitinib-responsive (CR or PR)
patients with cGVHD. The median follow-up was 22.4 (3-135) weeks for cGVHD patients.
One of the patients with cGVHD who died developed metastatic squamous cell carcinoma
of the lung and died of this disease.

Infections, toxicity and relapse under ruxolitinib treatment

Cytomegalovirus (CMV) reactivation was observed in both SR-aGVHD (18/54, 33.3%) and
SR-cGVHD (6/41, 14.6%) patients (Table 2). CMV infection was controlled by antiviral
therapy in all patients even though ruxolitinib therapy was continued, indicating that
ruxolitinib treatment does not alleviate CMV treatment response. One patient was diagnosed
with CMV retinitis that responded to valgancyclovir treatment. Overall, these findings
indicate that in patients treated with ruxolitinib for GVHD, infectious surveillance is critical
and particularly CMV needs to be monitored carefully.

Cytopenias (anemia, leukopenia or thrombocytopenia) are a known side effect of
ruxolitinib 825 and were also observed in our SR-aGVHD (30/54, 55.5%) and SR-cGVHD
(7/41, 17%) patients. Severe cytopenia (Grade 3 and 4) was found in 33.3% (18/54) and
7.3% (3/54) of patients (Table 2). However, cytopenias preceded ruxolitinib treatment in
51.8% (28/54) and 14.6% (6/41) of the patients with SR-aGVHD and SR-cGVHD,
respectively (Table 2).

Relapse of the underlying malignancy occurred in 9.3% (5/54) and 2.4% (1/41) of the
patients with SR-aGVHD or SR-cGVHD, respectively. One responding patient relapsed four
weeks after ruxolitinib had been discontinued. One non-responder relapsed after ruxolitinib
had been discontinued. The other four patients were responders and still on ruxolitinib at the
time of relapse.

Discussion

During the last two decades, the number of patients undergoing allo-HCT has more than
doubled worldwide. GVHD remains the major hurdle to improve allo-HCT outcome, and
patients suffering from SR-aGVHD are very likely to die -3 while cGVHD is associated
with a decreased quality of life. While corticosteroids are the established first-line treatment,
there is no established second-line treatment and response rates beyond first line are
unsatisfactory 3. Our previous data indicated that ruxolitinib improves murine aGVHD, and
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induced responses in six patients with SR-GVHD treated with ruxolitinib 9. Further, our
current preclinical data indicate that cGVHD may be suppressed by ruxolinitib treatment. To
understand if ruxolitinib could have a role as a salvage therapy for GVHD patients which
failed to respond to corticosteroids, we collected the data from multiple Stem Cell
Transplantation Centers in the US and Europe which had treated patients with ruxolitinib for
GVHD.

Patients had a median of three immunosuppressive treatments prior to ruxolitinib for both
acute and chronic GVHD. Despite this heavily pre-treated population, the ORR was 81.5%
(44/54) in aGVHD including 25 CRs (46.3%). In cGVHD, the ORR was 85.4% (35/41) with
the majority of patients achieving a PR (78%). The time to response was variable, with a
maximum of 25 weeks in a patient with cGVHD and a minimum of 1 week, indicating the
heterogeneous biology of SR-cGVHD in individual patients. Responses were durable as
shown by the long GVVHD-relapse free survival rates in both aGVHD and cGVHD patients.

While controlled trials on ruxolitinib in GVHD versus available second line therapies have
yet to be performed, our data suggest that response rates of both SR-aGVHD and SR-
cGVHD to ruxolitinib were favourable compared to other second line GVHD therapies
reported. As the retrospective analyses from multiple centers could bias towards a selection
of responding patients we asked the centers to include any patient irrespective of the
response. The mTOR inhibitors sirolimus or everolimus are frequently used as second line
treatment for aGVHD. Response rates to mTOR inhibitors of 24% to 72% were reported in a
phase 2 trial (21 patients) and in 2 retrospective analyses (22 and 34 patients) 26-28, A
frequently used agent for second-line treatment of SR-aGVHD is MMF °. The reported
ORR to MMF range between 15% and 31% 2% 30, The reported ORR of aGVHD to ECP
range between 47% and 65% 31-34, Antibodies against TNF (etanercept, infliximab) are
used as second-line agents for SR-aGVHD with a wide range of ORR reported 3°. ATG
yielded response rates ranging from 8% to 56% in SR-aGVHD 36 37_ A particular side effect
of ATG was Epstein-Barr virus—associated post-transplant lymphoproliferative

disorder 36-38 which we did not observe in patients treated with ruxolitinib. Reported ORR
were 50% to 65% to alemtuzumab 39 40 and 58% to methotrexate 41 in patients with SR-
aGVHD. Given the limitation of a direct comparison from different studies, these ORR
appear lower when compared to the ORR of 81% seen in our retrospective cohort of SR-
aGVHD patients exposed to ruxolitinib. Intestinal SR-aGVVHD might affect the
bioavailability of ruxolinitib. The fact that 36/42 of the patients with intestinal SR-aGVHD
responded suggest that ruxolitinib is resorbed at least partially. Serum levels of ruxolitinib
need to be evaluated in patients with SR-aGVHD in a prospective trial.

The 6-month survival estimate was 79% (67.3%-90.7%, 95% CI) in our patients treated
with ruxolitinib for SR-aGVHD. The weighted average 6-month survival estimate across 25
studies on SR-aGVHD was 49% 3. Within these retrospective or phase 2 trials, the largest
study analysed the impact of horse ATG as a second line treatment and included 79

patients 2. The 6-month survival estimate for this study was 44% 42. In a different study,
ECP was given to 23 patients with SR-aGVHD with a reported 6-month survival rate of
57% 32, In contrast to our survey, this study also analysed grade Il aGVHD patients (n=10)
while our survey included only grade 111 or IV aGVHD patients. Patients with SR-aGVHD
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treated with daclizumab and infliximab died at a median of 35 days from initiation of
daclizumabl/infliximab 43. The 6-month survival estimate ranged from 0% 44 to 61% 40 in
SR-GVHD patients treated with alemtuzumab.

In our survey, the ORR of SR-cGVHD to ruxolitinib was 85.4%. Most studies including
sirolimus, MMF, ECP, IL-2 or CYA reported ORR of 45-72% © 745, However as for SR-
aGVHD, a randomized phase-I1 or Il trial will be necessary to draw definitive conclusions.
Furthermore the confidence intervals of responses from previous trials are wide, making a
direct comparison difficult.

The exact mechanism of how JAK1/2 inhibition could interfere with the allogeneic immune
response while established immunosuppressive medications have failed remains unclear.
However, it is likely that interfering with the immune response at multiple levels via JAK1/2
inhibition might be more potent than targeting individual pathways such as the calcineurin/
NFAT or mTOR pathways. Cytokine signals in target cells are integrated via cytokine
receptor mediated JAK1 and JAK?2 phosphorylation as for example gamma chain cytokines
that promote the pathogenesis of GVHD 11.46-48_ Fyrthermore, besides their role in T cells,
JAK1 and 2 were shown to be required for the activation of neutrophils 12 and DCs 1%, which
both contribute to GVHD 13 14,

The safety profile of ruxolitinib in our survey was rather favourable. Consistent with its side
effect-profile in myeloproliferative neoplasms & 23, the drug induced cytopenias in both
patient cohorts. This side effect is well described under ruxolitinib and reversible upon
discontinuation of the drug. Cytopenias had preceded ruxolitinib treatment in 51.9% (28/54)
and 14.6% (6/41) of the patients with SR-aGVHD or SR-cGVHD, respectively. The
frequency of cytopenias was not unexpectedly high but requires regular monitoring of blood
counts in patients receiving ruxolitinib as a salvage treatment for SR-GVHD.

CMV reactivation was observed during ruxolitinib treatment in both acute (33.3%) and
chronic (14.6%) SR-GVHD patients, indicating that CMV copy numbers need to be closely
monitored in patients receiving ruxolitinib as a salvage treatment for GVHD, and that
antiviral therapy needs to be started rapidly when needed. A comparable frequency of CMV
reactivation was reported in patients treated with other immunosuppressive drugs including
steroids, infliximab, alemtuzumab, MMF or CYA 39:40. 43 pgsitive CMV antigenemia was
observed in 73% of MMF-treated 4° and 7/8 of pentostatin-treated 50 SR-aGVHD patients.
GVHD severity was correlated with CMV reactivation in multiple reported studies 51.
Therefore, better control of GVHD by ruxolitinib could in the long-term also improve CMV
control as reported for MSC treatment %2,

An important concern in patients receiving novel immunosuppressive treatments is a
potential loss of the graft-versus-leukemia (GVL) effect, finally leading to an increased
relapse risk. Relapse of the underlying malignancy in ruxolitinib-exposed patients was low,
as only 9.3% (5/54) and 2.4% (1/41) of the patients with acute or chronic GVHD,
respectively had disease recurrence. This frequency is comparable to other studies and
suggests that ruxolitinib treatment is not linked to a higher relapse risk when compared to
other currently applied immunosuppressive drugs.
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Overall, this retrospective survey of a large patient number treated with ruxolitinib due to
SR-aGVHD and SR-cGVHD in various European and US transplant centers highlights the
therapeutic potential of JAK-inhibitors in the treatment of SR-GVHD. JAK-inhibitor
treatment was safe and well tolerated in this heavily pre-treated patient cohort. The high
ORR above 80% in both SR-aGVHD and SR-cGVHD supports the potential clinical value
of this compound as salvage therapy for SR-GVHD. Importantly, the 6-month overall
survival for ruxolitinib-treated SR-aGVHD patients was higher than those previously
reported for any other treatment modality in this particular scenario. Our results set the stage
for future testing of ruxolitinib in acute and chronic SR-GVHD against best available
therapy in prospective clinical trials.
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Figure 1. Representative responses in patients with acute GVHD of the liver and intestines
A: One patient with histologically proven intestinal GVHD grade IV was treated with

ruxolitinib as described in the Methods. No other immunosuppressive therapy was started at
the same time-point. The patient also had corticosteroids (blue area) and cyclosporine A
(green area) when ruxolitinib was started. The frequency of diarrhea decreased upon
treatment with ruxolitinib and corticosteroids could be tapered.

B: One patient with clinically diagnosed liver GVHD grade IV was treated with ruxolitinib
as described in the Methods. The bilirubin level decreased following ruxolitinib treatment.
No other immunosuppressive therapy was started at the same time-point although
corticosteroid treatment (blue area) was continued and reduced by 50% in the observation
period. There was no change in treatment with regard to potential liver toxic agents
throughout the entire time period displayed.
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A Before Ruxolitinib 1 week after Ruxolitinib

3 weeks after Ruxolitinib

4 weeks after Ruxolitinib

Figure 2. Skin and intestinal GvHD responds to ruxolitinib
A: A representative patient with cutaneous acute GVHD is shown prior and 1 week after

ruxolitinib.

B: A representative patient with cutaneous chronic GVHD is shown prior and 3 weeks after
ruxolitinib.

C: Serial biopsies of the intestinal tract of a patient with GVHD is displayed. Biopsies were
taken 1 day prior to start of ruxolitinib and 4 weeks after ruxolitinib had been started.
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Figure 3. Inflammation related markers in the blood decrease upon ruxolitinib treatment
A-C: CD3*HLA-DR™ cells, IL-6 and soluble IL-2R were measured one day prior and 5 to 7

days after the start of ruxolitinib in the peripheral blood. The levels of these 3 parameters
declined significantly after ruxolitinib treatment when analysed by the Wilcoxon matched-

pairs signed rank test. The number of patients are indicated in each graph.
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Figure 4. Acute GVHD-relapse free and overall survival

A: The overall survival of all patients treated with ruxolitinib for acute GVHD is displayed.
B: The cumulative incidence of acute GVHD relapse is displayed.
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Figure 5. Chronic GVHD-relapse free and overall survival
A: The overall survival of all patients treated with ruxolitinib for chronic GVHD is

displayed.
B: The cumulative incidence of chronic GVHD relapse is displayed.
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aGvHD and cGvHD patients characteristics

Table 1

Variable aGvHD (n=54) cGVvHD (n=41)
Pt. age in years median (range) 51 (21-75) 55 (22-74)
Gender
female 31.5(17) 29.3 (12)
male 68.5 (37) 70.7 (29)
% (absolute number) % (absolute number)
Disease
AML 48.1 (26) 51.2 (21)
ALL 11.1 (6) -
MDS 9.2 (5) 73(3)
NHL 7.4 (4) 7.3(3)
MM 7.4 (4) 24 (1)
CMMoL 1.8(1) 49(2)
PMF 372 12.2 (5)
CLL 3.7(2) 12.2 (5)
M. Hodgkin 1.8(1) -
CML 1.8(1) -
T-PLL 1.8 (1) -
HLH 1.8(1) -
MPN (nonPMF) - 24 (1)
CMV serostatus
R+/D- 24.1 (13) 21.9(9)
R-/D- 27.8 (15) 41.5 (17)
All others 48.1 (26) 34.1 (14)

(unknown in 1 pt)

Page 19

Abbreviations: AML = Acute myeloid leukemia, ALL = Acute lymphoblastic leukemia, MDS = Myelodysplastic syndrome, NHL = Non Hodgkins
lymphoma, MM = Multiple myeloma, CMMoL = chronic myelomonocytic leukemia, PMF = Primary myelofibrosis, CLL = Chronic lymphoid
leukemia, M. Hodgkin = Hodgkin lymphoma, CML = chronic myeloid leukemia, T-PLL = T-prolymphocytic leukemia, HLH = Hemophagocytic
lymphohistiocytosis, MPN = Myeloproliferative neoplasms (excluding PMF), R+ recipient CMV positive, R- recipient CMV negative, D- donor

CMV negative

Leukemia. Author manuscript; available in PMC 2016 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Zeiser et al.

Adverse events

Table 2

aGvHD (n=54)

cGVvHD (n=41)

Variable % (absolute number) % (absolute number)
CMV reactivation 33.3(18) 14.6 (6)
Severe cytopenia (Grade 3 and 4) 33.3(18) 7.3(3)
Mild cytopenia (Grade 1 and 2) 22.2 (12) 9.7 (4)
Cytopenia before ruxolitinib 51.8 (28) 14.6 (6)
Malignancy relapse 9.2 (5) 2.4 (1)

Leukemia. Author manuscript; available in PMC 2016 October 01.

Page 20



	Abstract
	Introduction
	Patients and Methods
	Patients
	Inclusion and exclusion criteria
	Treatment and evaluation of response
	Defining the severity of cytopenias
	Cytokine measurements
	Mouse model of cGVHD
	Statistics

	Results
	Patients with severe aGVHD respond to ruxolitinib
	OS and GVHD-relapse after ruxolitinib treatment in patients with aGVHD
	Ruxolitinib improves cGVHD
	OS after ruxolitinib treatment for cGVHD
	Infections, toxicity and relapse under ruxolitinib treatment

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

