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Cellular therapies such as allogeneic hematopoietic stem cell transplantation (HSCT) and
immune-effector cell therapy (IECT) continue to have a critical role in the treatment of
patients with high risk malignancies and hematologic conditions. These therapies are also
associated with inflammatory conditions such as graft-versus-host disease (GVHD) and
cytokine release syndrome (CRS) which contribute significantly to the morbidity and
mortality associated with these therapies. Recent advances in our understanding of the
immunological mechanisms that underly GVHD and CRS highlight an important role for
Janus kinases (JAK). JAK pathways are important for the signaling of several cytokines
and are involved in the activation and proliferation of several immune cell subsets. In this
review, we provide an overview of the preclinical and clinical evidence supporting the use
of JAK inhibitors for acute and chronic GVHD and CRS.

Keywords: JAK - STAT signaling pathway, graft-versus-host disease (GvHD), cytokine release syndrome (CRS),
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (HSCT) continues to grow as a field owing to its
curative potential for a variety of hematologic conditions and malignancies (1). Recent advances in
immune effector cell therapy (IECT) using chimeric antigen-receptor T (CART) cells have
introduced new possibilities and challenges in the treatment of patients with hematologic
malignancies (1). Graft-versus-host disease (GVHD), both acute and chronic, is a common
complication of HSCT and contributor to morbidity and mortality thus limiting its therapeutic
potential (2). GVHD incidence, both acute and chronic, is >50% and 7-9% of deaths post-transplant
are attributed to GVHD in matched sibling HSCT and 9-10% in unrelated donor HSCT (2–4).
Acute GVHD (aGVHD) occurs when donor-derived T cells in the donated graft recognize host
antigens as foreign (5). The target antigens of donor-derived T cells include human leukocyte
antigen (HLA) molecules, both class I and class II (5). HLA proteins are highly polymorphic and
encoded by the major histocompatibility complex (MHC) genes. Donor T cells may also recognize
host minor histocompatibility antigens (mHA) contributing to aGVHD. Chronic GVHD (cGVHD)
pathophysiology is more complex to model and study; a proposed model suggests that cGVHD is
caused by early inflammation due to tissue injury, followed by chronic inflammation, thymic injury
and dysregulated B and T cells all leading to tissue repair with fibrosis (6). Several factors have been
shown to increase the risk of GVHD and these include donor/recipient HLA mismatch, increased
age, sex, conditioning regimen intensity, and donor graft source whether mobilized peripheral blood
stem cells or bone marrow (7, 8).
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Immune suppression with corticosteroids, with or without a
calcineurin inhibitor or sirolimus, remains the mainstay of
treatment for both acute and chronic GVHD, which has
changed very little over the past 40 years (9–11). One of the
limitations affecting reproducibility and generalizability of GVHD
clinical trial results has been a lack of consistency in diagnosing
and grading GVHD (12). The efficacy of corticosteroids in the
treatment of aGVHD is limited with response rates ranging from
30 to 64% (9, 13). Treatment related mortality remains high even
in responders and is markedly increased in steroid refractory
aGVHD (SR-aGVHD) (14). cGVHD outcomes are also poor
despite treatment as the majority of cases require multiple lines
of therapy and only a third of cases achieve long term remissions
off of immune suppression (15).

Similarly, IECT is complicated by cytokine release syndrome
(CRS), which is an inflammatory condition that can be life-
threatening and require intensive care (16, 17). The incidence of
CRS varies by the cell product used as well as by the malignancy
treated. Patients with acute lymphoblastic leukemia (ALL) have a
higher reported rate of CRS than large B cell lymphoma (LBCL) in
their respective registration trials with tisagenlecleucel (18, 19).
Axicabtagene ciloleucel, which contains a CD28 costimulatory
domain rather than 4-1BB used in tisagenlecleucel, also reported
higher rates of CRS in the registration trial (20). Risk factors
suggested for the development of CRS include higher disease
burden, higher cell dose infused, lymphodepleting chemotherapy
selection, cell product used, a low pre-treatment platelet count,
and the CD4/CD8 T cell ratio (16, 17). Comparison of CRS rates
across trials can be challenging owing to different CRS grading
systems, however increased adoption of the American Society of
Transplant and Cellular Therapy (ASTCT) grading schema may
help address this (21). The pathogenesis of CRS is related to the
activation of CART cells as well as other immune cells such as
those of the monocyte/macrophage lineage (16, 17). Elevation in
several cytokines and inflammatory mediators are noted during
CRS contributing to endothelial activation, capillary leak, and
coagulopathy. Treatment of CRS includes supportive care
measures for lower grades, and tocilizumab, an IL-6 receptor
antagonist that is the only FDA-approved therapy for CRS, for
grades 2 or greater. Corticosteroids are also used for higher
grade CRS particularly when it is associated with neurotoxicity
(22). Optimizing the toxicity and financial impact of IECT
remains a challenge as more centers move towards outpatient
administration (23).

Targeting the Janus kinase (JAK) - signal transducer and
activator of transcription (STAT) pathway through JAK
inhibition has emerged as a promising therapeutic strategy for
GVHD and CRS. Insights into the pathogenesis of GVHD
demonstrate a necessary role for signaling through the JAK/
STAT pathway, particularly STAT1 and STAT3 (24–27). This is
supported by clinical efficacy of JAK inhibitors in the treatment
of acute and chronic GVHD (28–32). The FDA approval of
ruxolitinib, a JAK1/2 inhibitor, represents a major advance in the
treatment of SR-aGVHD (31). Furthermore, the JAK/STAT
pathways are critical for cytokine signaling suggesting a
potential role for JAK inhibition in the management of CRS
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(33). The JAK1 inhibitor itacitinib is currently being studied for
CRS prophylaxis in recipients of IECT (34). In this review, we
will present an overview of the role of JAK/STAT pathways in
GVHD and inflammatory conditions relevant to cell therapies
such as CRS and present recent clinical developments in the field.
JAK/STAT PATHWAY IN GVHD

The identification of several cytokines as key players in the
pathogenesis of GVHD (such as interferon-g (IFN-g), tumor
necrosis factor (TNF) suggested early on that targeting pathways
involved the in signal transduction of these cytokines may be
promising targets for therapeutic intervention. Early evidence
linking GVHD and cytokine signaling through the JAK/STAT
pathways was found by expression profiling studies (35) and
results from our groups detecting activation of STAT1/3
activation in GVHD target organs (24, 25) and in donor T
cells (26) in murine models of GVHD. In addition, HDAC-
inibition -dependent mitigation of GVHD was associated with
reduced STAT1 activation (24). Our laboratory was the first to
show that disruption of the JAK/STAT1 signaling pathway in
donor T cells prevented development of GVHD in minor Ag-
mismatched GVHD and mitigated GVHD in fully-MHC
mismatched GVHD (MA) (26). Furthermore, we could show
that the observed effect was achieved by blocking IFNg-R
signaling rather than IFNa-R signaling (25).

Reduced alloantigen induced activation and proliferation was seen
in STAT1-deficient donor T cells, and correlated with CD4+CD25
+Foxp3+ Treg expansion (26). Our findings were confirmed and
further expanded upon by the labs of Choi and DiPersio showing
similar results using IFN-g-receptor knock-out donors demonstrating
that pharmaceutical targeting of JAK1/2 signaling is highly effective in
preventing GVHD while retaining GVL-responses (36, 37). Thus,
ruxolitinib treatment was found to ameliorate GVHD in MHC-
mismatched murine models (36–38). Decreased T cell expansion as
well as a higher frequency of CD4+Foxp3+ Tregs and lower
frequencies of central memory T cells were observed in treated
mice (38, 39). In vitro studies of CD4+ T cells stimulated with
allogeneic dendritic cells (DC) showed decreased T cell expansion and
cytokine production in presence of ruxolitinib treatment and CD4+
STAT3 phosphorylation (38). Baricitinib, another JAK1/2 inhibitor,
was also shown to be effective in blocking GVHD in MHC-
mismatched murine models as well as treating ongoing GVHD (40).

Another aspect of JAK/STAT involvement in GVHD
pathogenesis involves its role in chemokine-mediated T cell
trafficking to target organs. IFN-g receptor deficient conventional
T cells were found to be defective in trafficking to target organs and
exhibited reduced CXCR3 expression, a phenotype that was
replicated by the use of ruxolitinib or momelotinib as JAK1/JAK2
inhibitors (37). Further work by the same group demonstrated a
preservation of the graft-versus-leukemia effect in 2 different murine
MHC-mismatched allogeneic HSCT models using either a myeloid
or lymphoid murine leukemia models (36). Similar results were
reported by another group where ruxolitinib-treated mice exhibited
decreased T cell and macrophage migration to the skin, small
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intestine, and liver (41). Decreased expression of CXCR3 on splenic
CD4+ and CD8+ T cells was also observed.

The JAK/STAT pathway also has a role in modulating APCs.
Ruxolitinib and the JAK1/JAK3 inhibitor tofacitinib suppressed
the inflammatory phenotype of macrophages isolated from
patients with rheumatoid arthritis (42). IFN-a and IFN-g
mediated STAT1 and STAT3 phosphorylation was blocked by
JAK inhibitors in macrophages. Furthermore, TNF-dependent
STAT1 activation, STAT1 expression and IFN-dependent genes
were blocked by JAK inhibitors. JAK1/2 inhibition with
ruxolitinib was also shown to affect DC function by impairing
monocyte differentiation, DC activation and DC-dependent T
cell activation (43). JAK/STAT inhibition may be particularly
effective in patients with a MicroRNA-146a CC polymorphism
which leads to lower levels of miR-146a and subsequently
increased JAK/STAT pathway signaling and MHC II
expression in DC (44). Baricitinib was also shown to exert
effects on antigen presenting cells (APC) as decreased
expression of MHC II, CD80/86 and PD-L1 was noted on
recipient CD11c+ and B220+ APCs (40). Neutrophils, which
are the first cells to reach sites of tissue injury after conditioning
chemotherapy, migrate to the mesenteric lymph nodes, increase
expression of MHC II, and may present antigen to T cells (45).
JAK/STAT inhibition with ruxolitinib may attenuate the role of
neutrophils in mediating GVHD (45).

While significant evidence supports the role of multi-kinase
inhibitors that target more than 1 JAK protein, selective JAK1 or
JAK2 inhibition has also been shown to be effective in GVHD
models. Itacitinib, a selective JAK1 inhibitor currently being
studied in clinical trials, has been shown to inhibit weight loss
and improve GVHD scores without impacting engraftment in
mismatched MHC mouse models (30). On the other hand,
JAK2-/- donor T cells also lead to attenuated GVHD without
impacting graft-versus-leukemia effect (46). JAK2-/- T cells
exhibit decreased Th1 polarization and increased Treg and Th2
polarization. Pacritinib, a JAK2 selective inhibitor, significantly
reduced GVHD in murine models, induced a Th2 polarization in
human T cells, and spared Tregs.

Considering the role of the JAK/STAT pathways in T cell
activation and expansion, APC function, and Tregs expansion,
JAK inhibitors are well positioned to also have a role in cGVHD
treatment. Tregs frequency is reduced in patients with cGVHD
(47), and treatment with low dose IL-2 ameliorated cGVHD in
patients with glucocorticoid-refractory cGVHD which was
associated with Treg expansion and an increased Treg to
conventional T cell ratio (48). Patients with active cGVHD
have lower frequencies of circulating T follicular helper cells
which are skewed towards a highly activated profile and also have
higher levels of CXCL13 (49). Furthermore, in a murine model of
sclerodermatous cGVHD, donor macrophages mediated
cGVHD-like manifestations (50). Recent experimental evidence
support the role of JAK1/2 in cGVHD as inhibition with
ruxolitinib was shown to attenuate cGVHD in a murine
sclerodermatous murine model where a decrease in the
frequency of effector CD4+ T cells and CD11b+ macrophages,
and IFN-g producing CD4+ T cells was noted as well as an
Frontiers in Immunology | www.frontiersin.org 3
expansion in Tregs (51). Ruxolitinib suppressed IFN-g
production by CD4+ T cells and monocyte chemoattractant
protein (MCP)-1 from CD11b+ macrophages, the proliferation
of these cells, as well as the migration of a macrophage cell line in
response to IFN-g.
JAK/STAT PATHWAY AND CRS

As the JAK/STAT pathways play an important role in immune
function and modulation, targeting these pathways in
hyperinflammatory conditions such as CRS is a reasonable
consideration. The activation of several immune cell subsets is
responsible for the cytokine profile of CRS. Elevations in IFN-g,
IL6, IL8, soluble interleukin 2 receptor (sIL2R)-a, sgp130,
soluble IL6 receptor (sIL6R), MCP1, MIP1a, MIP1b, and
granulocyte-macrophage colony-stimulating factor (GM-CSF)
were noted in ALL recipients of IECT who developed severe
CRS (52). Interestingly, a nearly identical pattern of cytokine
elevation was noted in patients with hematophagocytic
lymphohistiocytosis (HLH). IL-6 production is derived from
monocytes in response to CART cell recognition of their
targets (53, 54). IL-1 secretion preceded IL-6 secretion in a
mouse of IECT and IL-1 blockade is emerging as a promising
strategy for CRS and neurotoxicity management (54–56).

Considering the similarity in the pathophysiology of CRS and
HLH, lessons learned from experimental and therapeutic studies
in HLH may be applicable to CRS. Ruxolitinib administration
improved survival and physiological parameters in murine
models of HLH, decreased levels of phosphorylated STAT1 in
peripheral blood white blood cells, decreased serum levels of IL-
6, TNF-a, MCP-1, CXCL10, and soluble IL-2 receptor, and
reduced tissue infiltration (57). Ruxolitinib was found to act in
INF-g dependent and independent pathways in another study
which showed similar findings including a lowering CD8+ T cell
and neutrophil infiltrations of organs, dampening CD8+ T cell
activation, and decreased production of TNF-a, IFN-g by T cells,
and lower levels of TNF-a, IL-6, IL-12, CXCL10, IL-1b, GM-CSF,
MIP-1a and G-CSF (58). In a study of multiple models of
hyperinflammation, ruxolitinib was effective in reducing
inflammation including a murine model of HLH as in the
preceding study, and reduced IL-6 production by macrophages
in vitro (59). Ruxolitinib may also sensitize CD8+ T cells to
dexamethasone which is commonly used as therapy in
hyperinflammatory syndromes (60). Ruxolitinib has since been
successfully used to treat patients with HLH (61–63), although
cases of relapsed disease in lymphoma-associated HLH were also
reported in the setting of ruxolitinib treatment (64). These
experimental and clinical findings support the targeting of
JAK/STAT pathways in hyperinflammatory syndromes
including potentially CRS which overlaps with HLH in its
pathophysiology (52). Itacitinib, a JAK1 selection inhibitor,
was studied in vitro and in vivo in IECT models (65). Itacitinib
successfully reduced cytokine levels associated with CRS in a
murine model of hyperinflammation, reduced IL-6 production
by macrophages in vitro and in vivo, reduced cytokines
August 2021 | Volume 12 | Article 740847
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production by CART cells, and had no impact on CD8+ T cell or
CART cell expansion or target lysis at lower doses that are
pharmacologically relevant. A recent report studied ruxolitinib as
CRS prophylaxis in patients with relapse-refractory acute
myeloid leukemia who were being treated with a CD123 x
CD3 bispecific molecule (66). Cytokine analysis showed a
significant reduction in levels of IL-4, IL-12p70, IL-13, IL-15,
IL-17A, IFN-a2, but higher levels of GM-CSF. However, the
incidence and severity of CRS events were similar. Only a small
number of patients were treated with ruxolitinb (10 patients).
Itacitinib is currently being studied as CRS prophylaxis in an
ongoing phase II study (34).
CLINICAL EFFICACY OF JAK INHIBITORS
IN THE TREATMENT OF GVHD

Studies in Refractory GVHD
In light of supporting preclinical evidence and the lack of
effective alternatives, JAK inhibitors were used as salvage
therapies in GVHD with great success (28, 38). Of the earliest
reports of JAK inhibitors for the treatment of GVHD were
published by Zeiser et al. who described outcomes after
ruxolitinib therapy for GVHD in patients from multiple stem
cell transplant centers across Europe and the United States. 54
SR-aGVHD and 41 steroid-refractory cGVHD (SR-cGVHD)
patients were given ruxolitinib. The overall response rate
(ORR) was 81.5% in SR-aGVHD including 46.3% complete
responses (CR) with a low rate of GVHD relapse of 6.8% (28).
Impressive 6-month-survival of 79% (67.3–90.7%, 95% CI) was
reported. In SR-cGVHD patients, an ORR of 85.4% was observed
with a low rate of relapse (5.7%). The 6-month survival in this
group was 97.4% (92.3%–100%, 95% CI). Regarding adverse
events, cytomegalovirus (CMV) reactivation rate of 33.3% and
14.6% was noted in SR-aGVHD and SR-cGVHD patients
respectively. A case of CMV-retinitis was reported, and all
CMV cases were subsequently controlled by antiviral
medication. Cytopenias were observed in 55.5% and 17% of
SR-aGVHD and SR-cGVHD patients, respectively. Severe
cytopenias (grades 3 and 4) were found in 33.3% and 7.3% SR-
aGVHD and SR-cGVHD respectively. This was confounded by
the presence of cytopenias preceding ruxolitinib therapy. A low
malignancy relapse rate of 9.3% in SR-aGVHD and 2.4% SR-
cGVHD patients was noted.

Itacitinib, which is an investigational tyrosine kinase inhibitor
selective for JAK1, has been studied in aGVHD. Itacitinib was
used in the first registered study of a JAK inhibitor in patients
with acute GVHD (INCB 39110-108) where patients with
steroid-naïve or steroid refractory aGVHD were randomized
1:1 to received either 200 mg (n=14) or 300 mg (n=15) daily dose
(30, 67). In this phase I study, only 1 DLT was observed which
was thrombocytopenia attributed to GVHD progression in a
patient with pre-existing thrombocytopenia. The most common
non-hematologic treatment emergent adverse event (TEAE) was
diarrhea (48.3%) although 79% of those patients had GI GVHD
Frontiers in Immunology | www.frontiersin.org 4
at baseline. GI hemorrhage was reported in 3 and 2 patients at
the 200 mg and 300 mg dose groups respectively. 1 patient had 2
CMV infections. Most commonly reported hematologic TEAEs
were anemia (37.9%), decreased platelet count (27.6%),
thrombocytopenia (24.1%). Grade 3-4 thrombocytopenia was
reported in 2 and 3 patients on the 200 mg and 300 mg dose
groups respectively. Sepsis was the most common infection AE
occurring in 2 and 3 patients on the 200 mg and 300 mg dose
groups respectively. Four patients, all in the 200 mg dose group,
had CMV infection. The most common itacitinib-related TEAEs
were anemia and decreased platelet counts which occurred
more in the 300 mg dose group. Day 28 ORR in all patients
for the 200 mg and 300 mg dose levels was 78.6% and 66.7%
respectively. Day 28 ORR for steroid-naïve and steroid refractory
patients were 75.0% and 70.6% respectively. Median duration of
response was not reached for steroid-naïve aGVHD patients
and 386 days for SR-aGVHD patients. In steroid-naïve aGVHD
patients, 6- and 12- month OS was 75.0% and 58.3% respectively,
whereas in the SR-aGVHD group, 6- and 12-month OS rates
were 47.1% and 41.2% respectively.

Ruxolitinib was studied prospectively for the treatment of SR-
aGVHD in an open-label phase II study (REACH1) (29).
Ruxolitinib was given at a dose of 5 mg twice daily, with the
possibility to increase to 10 mg twice daily in the absence of
cytopenias. Ruxolitinib could be tapered after 6 months of
therapy in patients who had discontinued corticosteroids for 8
weeks and had achieved a CR or very good partial remission
(VGPR). Day 28 ORR, the primary endpoint of the study, was
54.9% (95% CI, 42.7%-66.8%), where 26.8% achieved a CR, 9.9%
achieved a VGPR, and 18.3% a partial response (PR). When
analyzed by GVHD grade, ORR of 82.6%, 41.2% and 42.9% were
observed in patients with grade II, III, and IV SR-aGVHD,
respectively. The median time to first response was 7.0 days
(range, 6-49). Median duration of response at 6 months was 345
days. The 6- and 12-month overall survival (OS) rates were
51.0% and 42.6% respectively. Adverse events observed were in
line with expectations for patients with SR-aGVHD being treated
with ruxolitinib. Hematologic treatment-emergent adverse
events (TEAE)s were frequent, with the most common
hematological TEAEs being anemia (64.8%), thrombocytopenia
(62.0%) and neutropenia (47.9%). There were 2 cases of
thrombotic microangiopathy. Infections occurred in 80.3% of
patients, with the most frequent being CMV, where rates
of infection, viremia, and retinitis were (12.7%), (5.6%), and
(1.4%), respectively. Fatal treatment-related TEAEs included
sepsis and pulmonary hemorrhage (1 subject each). These
findings have since led to the FDA approval of ruxolitinib for
SR-aGVHD (68).

The REACH1 study was subsequently followed up by the
REACH2 study, which was a multicenter, open-label,
randomized phase III study comparing ruxolitinib to best
available therapy (BAT) in SR-aGVHD. 154 patients received
ruxolitinib and 155 were assigned to the control arm. 49 patients
(32%) crossed over to the ruxolitinib arm on or after day 28. ORR
at day 28 was significantly higher in the ruxolitinib arm (62% vs
39%, p<0.001). CR rates were also higher (34% vs. 19%).
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Assal and Mapara JAK Inhibitors and Cell Therapy
Responses were more durable (40% vs 22% at day 56) and
incidence of loss of response at 6 months was lower with
ruxolitinib (10% vs 39%). Response rates were highest in grade
II disease, although the odds ratio for response with ruxolitinib
was highest in patients with grade IV disease at baseline (53% vs.
23%; odds ratio, 3.76; 95% CI,1.24 to 11.38). Failure-free survival
(FFS) and OS were also significantly longer in the ruxolitinib arm
(5.0 vs 1.0 months and 11.1 vs 6.5 months, respectively). The
most common adverse events in the treatment vs. control arm
were thrombocytopenia (33% vs 18%), anemia (30% vs. 28%) and
CMV infection (26% vs. 21%). Grade 3 infections up to day 28
were reported in 34 patients (22%) who received ruxolitinib and
in 28 patients (19%) in the control arm. Median time to first
infection of grade 3 severity was 0.8 months in the ruxolitinib
arm and 0.7 in the control arm. At the data cutoff date, incidence
of grade 3 or higher bleeding was 12% vs 7% in the ruxolitinib
and control arms respectively. Severe adverse events (SAE)s by
day 28 were reported in 38% of patients in the ruxolitinib arm
and 34% in the control arm. These data confirm results from the
REACH1 study and ruxolitinib is now standard of care for
SR-aGVHD.

The REACH3 study evaluated ruxolitinib in SR-cGVHD and
was presented at the 2020 annual meeting of the American
Society of Hematology (32). It was an open-label, randomized
phase III trial comparing ruxolitinb to BAT. A total of 329 pts
were randomized, 165 received ruxolitinib and 164 received
BAT. 61 patients (37.2%) crossed over the ruxolitinib arm. The
primary endpoint was ORR at week 24. Ruxolitinib was superior
to best available therapy with an ORR of 49.7% vs 25.6% (odds
ratio, 2.99; P < 0.001) and the CR rate was higher with ruxolitinib
as well (6.7% vs 3.0%). Key secondary endpoints also showed
superiority of ruxolitinib, where FFS was improved in the
ruxolitinib group (median FFS, >18.6 vs 5.7 months; HR, 0.37
[95% CI, 0.27-0.51]; P < 0.001), and improved response rate on
the modified Lee symptom score (defined as a 7 point or greater
reduction in symptom score) (24.2% vs 11.0%; odds ratio, 2.62;
P = 0.001). Rates of AEs were comparable in both arms. The
most common AEs of grade 3 or higher in both arms (ruxolitinib
vs best available therapy) included thrombocytopenia (15.2% vs
10.1%), anemia (12.7% vs 7.6%), neutropenia (8.5% vs 3.8%) and
pneumonia (8.5% vs 9.5%). Infections of any type occurred in
63.6% of ruxolitinib treated patients and 56.3% of best available
therapy patients. FDA approval of ruxolitinib for SR-cGVHD
is anticipated.

Baricitinib, another JAK1/2 inhibitor approved for
rheumatoid arthritis, was used in a phase I/II study in patients
with SR-cGVHD (69). No DLT was observed with the 2 mg dose
of baricitinib. Possibly treatment-related AEs included upper
respiratory infection in 13 patients, neutropenia in 6,
hypophosphatemia in 12, and hypertriglyceridemia in 5.
Notable viral reactivation included 6 patients with CMV, 7
patients with Epstein-Barr virus (EBV) and 5 patients with BK
viruria; none of which required treatment. One patient was
diagnosed with post-transplant lymphoproliferative disorder
(PTLD) within 1 cycle on therapy who had EBV viremias and
lymphadenopathy at enrollment. 11 SAEs were reported, of
Frontiers in Immunology | www.frontiersin.org 5
which 5 were possibly drug-related, and there were no deaths
on study. ORR at 6 months was 63% and ORR at any time
reached 90%. 1- and 2-year FFS was 74% and 37%, respectively.

Several published studies also support these findings, where
ruxolitinib was given to refractory GVHD patients and are
summarized in Table 1. These includes reports in adults (71–
74, 76, 77, 79, 82) and pediatric patients (70, 75, 77–82), SR-
aGVHD (70, 71, 73, 75, 77–81) as well as SR-cGVHD (71–82).

Studies in Upfront GVHD Therapy
Ruxolitinib has been used in combination with corticosteroids as
upfront treatment for aGVHD in a prospective study of patients
receiving haploidentical transplants (83). 32 patients were
treated, and day 28 CR rate was 96.9%. Response rates were
significantly higher than those observed in a group of matched
historical controls treated with corticosteroids alone. cGVHD
rates were low with a 1-year and 2-year cumulative incidence
rates of 9.4% and 13.8%, respectively. Estimated 1-year OS was
73.4%. aGVHD recurred in 31.2% of patients, mostly in the
setting of taper of immunosuppressive medications. Ruxolitinib
dose was initially 5 mg twice daily, but later reduced in the study
protocol for patients receiving azoles due to a high incidence of
cytopenias. CMV reactivation was seen in 78.1% of patients, with
2 cases of CMV encephalitis, one of them proved fatal. EBV
viremia was detected in 87.5% of patients, and 2 patients
developed PTLD. Other notable infections included a case of
pulmonary aspergillosis and a case of Pneumocystis jirovecii
pneumonia, both successfully treated. Grade 3-4 thrombocytopenia
occurred in 3 patients, all before the protocol-recommended
dose reduction of ruxolitinib. Subsequent patients developed
reversible thrombocytopenia that did not require a dose
reduction. No neutropenia was observed and 2 cases of
thrombotic microangiopathy were observed that resolved after
reduction of calcineurin inhibitor.

GRAVITAS-301 was a placebo-controlled, randomized,
phase III study of corticosteroids with or without itacitinib as
upfront treatment for aGVHD (84). Randomization was 1:1
where 219 patients received itacitinib and 220 received
placebo. The study failed to meet its primary endpoint, which
was a statistically significant improvement of the day 28 ORR
(itacitinib vs placebo, 74% vs 66%, p=0.08). Post-hoc analysis
however of the day 28 CR rates showed a significant
improvement for itacitinib vs placebo when stratified by
aGVHD risk status (odds ratio, 1.66; 95% CI, 1.14–2.44;
P=0.008). Median time to first response was 8 days in both
groups. Median duration of response was also similar. Notably,
the 6-month estimates of non-relapse mortality were similar in
both groups (itacitinib vs placebo, 18% vs 19%). At median
follow-up of 267 days, the 1-year OS estimated with 70% for
itacitinib and 66% for placebo. Treatment-related AEs were also
similar in both groups.

Studies in GVHD Prophylaxis
Majority of the preclinical data in mouse models described above
studied the ability of JAK inhibition to prevent GVHD, whereas
clinical studies focused on treating refractory disease, which is
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TABLE 1 | Clinical studies of JAK inhibitors for the treatment of refractory GVHD.

N Response Survival

6 100% NA
95 SR-aGVHD 81.5%

SR-cGVHD 85.4%
6-mo SR-aGVHD 79%
6-mo SR-cGVHD 97.4%

13 45% (n=11) 7/13 alive at median follow up
of 401 days

3
5

Overall ORR 85% NA

19 100% NA

19
24

84%
83%

6-mo FFS
SR-aGVHD 58%
SR-cGVHD 88%

20 75% 11-mo 67%
13
9

77%
89%

6-mo OS SR-aGVHD 30
+/-15%
SR-cGVHD 100%

46 1-yr 58% 1-yr FFS of 54.2%
23
56

69.5%
57.1%

6-mo SR-aGVHD 47%
1-yr SR-cGVHD 81%

13
1
15

84.6%
100%
80.0%

90% alive at end of study

10
28

100%
82.1%

NA

71 Day 28 ORR 54.9% 6-mo 51.0%
309

olitinib 154)
Day 28 ORR 62% 6-mo 59.5% vs 50.3%

12
17

Day 28 ORR 75.0%
70.6%

6-mo 75.0%
47.1%

(ruxolitinib
165)

Week 24 ORR
49.7% vs 25.6%

FFS >18.6 mo vs 5.7 mo

20 63% 1-yr FFS 74%
17
36

64.7%
80.6%

6-mo SR-aGVHD 92.3%
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8
12
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Reference Agent Target Study Type Indication

Spoerl et al. (38) Ruxolitinib JAK1/2 Pilot SR- aGVHD
Zeiser et al. (28) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and

SR-cGVHD
Khandelwal et al. (70) Ruxolitinib JAK1/2 Retrospective SR-aGVHD

Maldonado et al. (71) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and
SR-cGVHD

Khoury et al. (72) Ruxolitinib JAK1/2 Retrospective Steroid dependent-
cGVHD

Abedin et al. (73) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and
SR-cGVHD

Ferreira et al. (74) Ruxolitinib JAK1/2 Retrospective SR-cGVHD
Gonzalez Vicent et al. (75) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and

SR-cGVHD

Modi et al. (76) Ruxolitinib JAK1/2 Retrospective SR-cGVHD
Escamilla Gomez et al. (77) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and

SR-cGVHD
Uygun et al. (78) Ruxolitinib JAK1/2 Retrospective SR- aGVHD,

overlap syndrome and
SR-cGVHD

Dang et al. (79) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and
SR-cGVHD

Jagasia et al. (29) Ruxolitinib JAK1/2 Phase II SR-aGVHD
Zeiser et al. (31) Ruxolitinib JAK1/2 Phase III SR-aGVHD

(rux
Shroeder et al. (30) Itacitinib JAK1 Phase 1 Steroid-naïve aGVHD

and SR-aGVHD
Zeiser et al. (32) Ruxolitinib JAK1/2 Phase III SR-cGVHD 329

Holtzman et al. (69) Baricitinib JAK1/2 Phase I/II SR-cGVHD
Yang et al. (80) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and

SR-cGVHD
Mozo et al. (81) Ruxolitinib JAK1/2 Retrospective SR- aGVHD and

SR-cGVHD
(

trea
a

Wang et al. (82) Ruxolitinib JAK1/2 Retrospective SR-cGVHD

NA, not applicable.
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in line with the clinical development of agents for novel
indications. Studies using JAK inhibitors in the prophylaxis
setting are emerging, however. One study of 12 patients
with myelofibrosis continued ruxolitinib therapy until stable
engraftment (85). Only 1 case of aGVHD was reported before
day +100, however 4 patients developed aGVHD after taper of
cyclosporine. All patients were alive at the time of analysis. CMV
reactivation occurred in 5 patients, 1 of whom developed CMV
colitis. All responded to treatment with ganciclovir. 2 patients
discontinued therapy due to cytopenias. A reduction in levels of
inflammatory cytokines was reported as well. Another study
administered ruxolitinib to calcineurin inhibitor intolerant
patients as aGVHD prophylaxis (86). 10 patients were enrolled
into this pilot study. After ruxolitinib initiation, only 1 patient
developed grade II skin aGVHD, and 1 patient developed severe
aGVHD after day +100. 2 patients developed cGVHD after
ruxolitinib taper. CMV reactivation was reported in 4 patients,
and EBV viremia was reported in 3 patients. None developed
CMV disease or PTLD. Finally, a study employed post-
transplant cyclophosphamide with ruxolitinib as a calcineurin-
free GVHD prophylaxis regimen (87). 20 patients with primary
or secondary myelofibrosis were enrolled. 1 patient experienced
primary graft failure and 2 patients died before engraftment.
Dose reduction in ruxolitinib was required in 11 patients due to
severe poor graft function. Overall, the regimen was well
tolerated with 30% grade 3-4 non-hematolgic toxicity, 45%
viral reactivation rate, and severe sepsis reported in 15% of
patients. Incidence of grade II–IV aGVHD was 25%, grade III-
IV aGVHD was 15%. No severe cGVHD cases were reported,
and moderate cGVHD occurred in 20% of patients. Only 2
patients required systemic steroids. The 2-year OS and event-free
survival were 85% and 72% respectively.

The GRAVITAS-119 trial is a single arm phase I study of
itacitinib in combination with calcineurin inhibitor based
interventions for the prophylaxis of GVHD (88). The primary
endpoint was day 28 hematologic recovery. 65 patients were
enrolled, all patients achieved hematologic recovery which
included 1 patient with myelofibrosis who achieved neutrophil
engraftment by day 31. 2 patients developed secondary graft
failure. In 63 evaluable patients, cumulative incidence of grade
III-IV aGVHD was 4.8% and 1 year GVHD-relapse-free survival
(GRFS) was 38.5%. The addition of itacitinib was well tolerated;
the most common grade 3-4 hematologic AEs included
thrombocytopenia (49%) and anemia (31%). CMV reactivation
occurred in 26% of patients, and 12% had EBV infection. No
cases of PTLD were reported. 1 patient developed invasive
bronchopulmonary aspergillosis. The most common reasons
for itacitinib discontinuation were AEs (22%) and relapse
(17%). 15 patients in the per-protocol population died, 2 of
Frontiers in Immunology | www.frontiersin.org 7
which were due to infections and 1 due to intracranial
hemorrhage. Other ongoing studies for GVHD prophylaxis
using itacitinib include a phase I study in patients receiving
haploidentical transplants (NCT03755414, www.ClinicalTrials.
gov), and a phase IIa study of patients receiving reduced-
intensity conditioning (NCT04339101 www.ClinicalTrials.gov).
A phase I study with baricitinib for GVHD prophylaxis is
ongoing as well (NCT04131738, www.ClinicalTrials.gov).
CONCLUSIONS

JAK inhibitors are well positioned as therapies for complications
common after cellular therapies such as GVHD in the setting of
HSCT, and CRS in the setting of IECT. The JAK/STAT pathway
is involved in the signaling of several cytokines that are critical to
the pathogenesis of GVHD and CRS as described above. JAK
inhibition has been shown to ameliorate the pathogenic T cell
and macrophage proliferation and activation in experimental
models and enhance Treg function and proliferation, results
which have now been translated to successful clinical studies in
refractory GVHD. Most importantly, JAK inhibition does not
seem to interfere with the graft versus leukemia effect or the
activity of CART cells used in IECT which is a common concern
with the blunting of immune activity (36, 40, 65). Results from
further studies in the upfront or prophylactic setting are highly
anticipated, despite the negative results from the GRAVITAS-
301 study (84).

Despite the success of ruxolitinib in the treatment of SR-
aGVHD and SR-cGVHD, adverse events remain common and
the response rates are far from perfect. Other JAK inhibitors may
prove more efficacious or less toxic especially as they may differ
in the off-target effects. Combination therapies with agents that
target other pathways such as CD28:CD80/86 constimulation
with abatacept (89), Rho-associated kinase 2 with belumosudil
(90), or CSF-1R blockade with axatilimab (91) may also prove
beneficial as we refine our understanding of the pathogenic
pathways controlling development of GVHD.
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84. Zeiser R, Socié G, Schroeder MA, Abhyankar S, Vaz CP, Kwon M, et al. S256
Gravitas-301: A Randomized, Double-Blind Phase 3 Study of Itacitinib or
Placebo in Combination With Corticosteroids for Initial Treatment of
Patients With Acute Graft-Versus-Host Disease. HemaSphere (2020) 4:111–2.

85. Kroger N, Shahnaz Syed Abd Kadir S, Zabelina T, Badbaran A, Christopeit M,
Ayuk F, et al. Peritransplantation Ruxolitinib Prevents Acute Graft-Versus-
Frontiers in Immunology | www.frontiersin.org 10
Host Disease in Patients With Myelofibrosis Undergoing Allogenic Stem Cell
Transplantation. Biol Blood Marrow Transplant (2018) 24:2152–6. doi:
10.1016/j.bbmt.2018.05.023

86. Zhao Y, Shi J, Luo Y, Gao F, Tan Y, Lai X, et al. Calcineurin Inhibitors
Replacement by Ruxolitinib as Graft-Versus-Host Disease Prophylaxis for
Patients After Allogeneic Stem Cell Transplantation. Biol Blood Marrow
Transplant (2020) 26:e128–33. doi: 10.1016/j.bbmt.2020.01.012

87. Morozova EV, Barabanshikova MV, Moiseev IS, Shakirova AI, Barhatov IM,
Ushal IE, et al. A Prospective Pilot Study of Graft-Versuss-Host Disease
Prophylaxis With Post-Transplantation Cyclophosphamide and Ruxolitinib
in Patients With Myelofibrosis. Acta Haematol (2021) 144:158–65. doi:
10.1159/000506758

88. Choe H, Shah NN, Chevallier P, Rubio MT, Schroeder MA, Hardy NM, et al.
Open-Label Phase 1 Study of Itacitinib (ITA) With Calcineurin Inhibitor
(CNI)-Based Interventions for Prophylaxis of Graft-Versus-Host Disease
(GVHD; GRAVITAS-119). Blood (2020) 136:50–1. doi: 10.1182/blood-
2020-140747

89. Watkins B, Qayed M, McCracken C, Bratrude B, Betz K, Suessmuth Y,
et al. Phase II Trial of Costimulation Blockade With Abatacept for
Prevention of Acute GVHD. J Clin Oncol (2021) 39:1865–77. doi: 10.1200/
JCO.20.01086

90. Jagasia M, Lazaryan A, Bachier CR, Salhotra A, Weisdorf DJ, Zoghi B, et al.
ROCK2 Inhibition With Belumosudil (KD025) for the Treatment of Chronic
Graft-Versus-Host Disease. J Clin Oncol (2021) 39:1888–98. doi: 10.1200/
JCO.20.02754

91. Arora M, Jagasia M, Di Stasi A, Meyers ML, Quaranto C, Schmitt A, et al.
Phase 1 Study of Axatilimab (SNDX-6352), a CSF-1r Humanized Antibody,
for Chronic Graft-Versus-Host Disease After 2 or More Lines of Systemic
Treatment. Blood (2020) 136:1–2. doi: 10.1182/blood-2020-141553

Conflict of Interest: AA received research funding and advisory board fees from
Incyte Corporation. MM received consulting fees from Ossium Health.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Assal and Mapara. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
August 2021 | Volume 12 | Article 740847

https://doi.org/10.1038/s41409-017-0068-2
https://doi.org/10.1016/j.bbmt.2018.09.003
https://doi.org/10.1038/s41409-019-0731-x
https://doi.org/10.1002/pbc.28190
https://doi.org/10.12998/wjcc.v8.i6.1065
https://doi.org/10.2147/DDDT.S287218
https://doi.org/10.2147/DDDT.S287218
https://doi.org/10.1080/08880018.2020.1868637
https://doi.org/10.1097/TP.0000000000003768
https://doi.org/10.1097/TP.0000000000003768
https://doi.org/10.1016/j.bbmt.2018.05.023
https://doi.org/10.1016/j.bbmt.2020.01.012
https://doi.org/10.1159/000506758
https://doi.org/10.1182/blood-2020-140747
https://doi.org/10.1182/blood-2020-140747
https://doi.org/10.1200/JCO.20.01086
https://doi.org/10.1200/JCO.20.01086
https://doi.org/10.1200/JCO.20.02754
https://doi.org/10.1200/JCO.20.02754
https://doi.org/10.1182/blood-2020-141553
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Janus Kinase Inhibitors and Cell Therapy
	Introduction
	JAK/STAT Pathway in GVHD
	JAK/STAT Pathway and CRS
	Clinical Efficacy of JAK Inhibitors in the Treatment of GVHD
	Studies in Refractory GVHD
	Studies in Upfront GVHD Therapy
	Studies in GVHD Prophylaxis

	Conclusions
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


