OPEN

ORIGINAL ARTICLE

Citation: Blood Cancer Journal (2014) 4, e174; doi:10.1038/bcj.2013.73
© 2014 Macmillan Publishers Limited  All rights reserved 2044-5385/14

www.nature.com/bcj

Effect of NS-018, a selective JAK2V617F inhibitor,
in a murine model of myelofibrosis

Y Nakaya'?, K Shide?, H Naito?, T Niwa?, T Horio?, J Miyake' and K Shimoda®

A single somatic mutation, V617F, in Janus kinase 2 (JAK2) is one of the causes of myeloproliferative neoplasms (MPNs), including
primary myelofibrosis, and the JAK2V617F mutant kinase is a therapeutic target in MPN. However, inhibition of wild-type (WT)
JAK2 can decrease the erythrocyte or platelet (PLT) count. Our selective JAK2 inhibitor, NS-018, suppressed the growth of Ba/F3
cells harboring JAK2V617F more strongly than that of cells harboring WT JAK2. The 4.3-fold JAK2V617F selectivity of NS-018 is
higher than the 1.0- to 2.9-fold selectivity of seven existing JAK2 inhibitors. NS-018 also inhibited erythroid colony formation in
JAK2V617F transgenic mice at significantly lower concentrations than in WT mice. In keeping with the above results, in a JAK2V617F
bone marrow transplantation mouse model with a myelofibrosis-like disease, NS-018 reduced leukocytosis and splenomegaly,
improved bone marrow fibrosis and prolonged survival without decreasing the erythrocyte or PLT count in the peripheral blood.
By exploring the X-ray co-crystal structure of NS-018 bound to JAK2, we identified unique hydrogen-bonding interactions between
NS-018 and Gly993 as a plausible explanation for its JAK2V617F selectivity. These results suggest that NS-018 will have therapeutic
benefit for MPN patients through both its efficacy and its reduced hematologic adverse effects.
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Janus kinase 2 (JAK2) is a tyrosine kinase, which has an essential
role in the cytokine signaling pathways that regulate hematopoi-
esis. Germline deletion of JAK2 in mice results in embryonic
lethality because of a lack of hematopoiesis," and conditional
JAK2 deletion in young adult mice severely impairs erythropoiesis
and thrombopoiesis.®

A somatic point mutation at codon 617 of JAK2, V617F,
occurs in the breakpoint cluster region-abelson-negative myelo-
proliferative neoplasms (MPNs), including polycythemia vera,
essential thrombocythemia and primary myelofibrosis.*® The
resulting mutant protein, JAK2V617F, is a constitutively activated
kinase that activates multiple downstream signaling pathways,
such as the signal transducer and activator of transcription,
extracellular signal-regulated kinases and Akt signaling pathways,
and it transforms hematopoietic cells to cytokine-independent
growth. The expression of JAK2V617F causes MPN-like diseases in
mice after bone marrow transplantation (BMT)."'? Transgenic
mice expressing JAK2V617F also develop MPN-like diseases.'>™'®
These findings suggest that the inhibition of aberrant
JAK2 activity would have therapeutic benefit, and accordingly
several JAK2 inhibitors have been developed for the treatment
of MPN.'>"2

JAK2 inhibitors show significant therapeutic benefit by reducing
spleen size, relieving debilitating symptoms and improving overall
survival in clinical trials of these compounds in the treatment of
myelofibrosis.?*?®  Although current JAK2 inhibitors are
therapeutically effective, they are reported to have hematologic
adverse events, including anemia and thrombocytopenia.?*~2¢

NS-018,  (N-[(1S)-1-(4-fluorophenyl)ethyl]-4-(1-methyl-1H-pyra-
zol-4-yl)-N'-(pyrazin-2-yl)pyridine-2,6-diamine maleate), is a potent

and selective inhibitor of JAK2 and Src-family kinases, which is
currently in early-phase clinical trials for MPN. In a previous study,
NS-018 prevented the progression of anemia in JAK2V617F
transgenic mice as well as improving splenomegaly and survival.?’”
However, it remains unclear which characteristic feature of NS-018
contributes to this effect, and furthermore, the effect has not yet
been confirmed in other animal models. In this paper, we report
that NS-018 suppressed the growth of cells harboring JAK2V617F
more strongly than that of cells harboring wild-type (WT) JAK2.
We also confirmed the effect of NS-018 on red blood cells (RBCs)
in another myelofibrosis model mouse.

MATERIALS AND METHODS
Structural analysis

The acquisition of the X-ray co-crystal structure of NS-018 bound to JAK2
was described previously.”” All published X-ray crystal structures were
taken from the Protein Data Bank (http://www.rcsb.org/pdb/home/
home.do). Figure 1 and Supplementary Figure 1 were prepared with
PyMOL version 1.3 (Schrodinger, New York, NY, USA).

Production of retroviruses

Murine JAK2WT (WT) and murine JAK2V617F cDNA'® were cloned into the
retroviral vector pMCs-IRES-GFP (Cell Biolabs, San Diego, CA, USA).
Transient transfection of Platinum-E retroviral packaging cells (Cell
Biolabs) was performed by using the FuGENE6 transfection agent
(Promega, Madison, WI, USA) according to the manufacturer’s protocol.
Retroviral supernatants were harvested after 48 h and used to transduce
the murine interleukin (IL)-3 -dependent pro-B cell line Ba/F3 or bone
marrow cells.
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Cell culture and growth assay

Ba/F3 cells (Riken BRC Cell Bank, Tsukuba, Ibaraki, Japan) were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine serum and
20 ng/ml recombinant murine IL-3 (PeproTech, Rocky Hill, NJ, USA). Ba/F3-
JAK2WT and Ba/F3-JAK2V617F cells were generated by retroviral infection
with polybrene.

For growth assays, cells were seeded in 96-well plates at 1 x 10® cells/
well, treated with serial dilutions of compound, and incubated for 90 h at
37 °Ciin 5% CO,. Viability was measured by WST-8 assay (Cell Counting Kit-
8; Dojindo Laboratories, Kumamoto, Japan). The concentration required to
give 50% inhibition (ICsy) was estimated with SAS version 9.1.3 (SAS
Institute, Cary, NC, USA).

JAK2V617F BMT mice

Murine BMT experiments were performed as previously described.®'®
Briefly, female BALB/c donor mice (Japan SLC, Hamamatsu, Shizuoka,
Japan) were treated with 5-fluorouracil (150mg/kg, intraperitoneal
injection) to increase the number of cycling stem cells for retroviral
transduction. Three days after injection, bone marrow cells were harvested
by flushing the femurs and tibias of the donor mice with phosphate-
buffered saline. Mononuclear cells were isolated by Ficoll-Paque density
gradient centrifugation and cultured for 24 h in «MEM (Life Technologies,
Carlsbad, CA, USA) supplemented with 20% fetal bovine serum and
recombinant murine IL-6, stem cell factor, FMS-like tyrosine kinase 3 (flt3)
ligand and thrombopoietin (PeproTech; 50 ng/ml each). The cells were
treated with retroviral supernatants in RetroNectin-coated dishes (Takara
Bio, Otsu, Shiga, Japan) for 72h. The cells were then injected into the
lateral tail vein of BALB/c recipient mice that had been irradiated with
2.5Gy of gamma rays (2 x 10° cells per mouse).

Ten days after transplantation, NS-018 was orally administered twice
daily for 40 days at 50 mg/kg. After treatment, all mice were humanely
killed and terminal blood samples and organs were collected. Hemato-
logical parameters were determined with an ADVIA 120 hematology
system (Siemens Healthcare, Erlangen, Germany). For survival analysis, the
statistical significance of differences between vehicle and NS-018 groups
was assessed by the log-rank test with SAS version 9.1.3. For blood count
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Figure 1. Ribbon-and-stick representation of the X-ray co-crystal
structure of NS-018 (blue) bound to JAK2 (gray). Dashed lines
represent hydrogen bonds.

and spleen weight analyses, the statistical significance of differences
between control and vehicle groups was assessed by the Welch test. If the
control and vehicle groups were significantly different, the statistical
significance of differences between the vehicle and NS-018 groups was
assessed by the Welch test. For histological evaluation, tissues samples
from spleens and femurs were fixed in formalin, embedded in paraffin and
cut for hematoxylin—eosin staining or Watanabe silver staining according
to standard protocols (KAC, Kyoto, Japan). Histological slides were viewed
under an Olympus BX50 microscope (Olympus, Tokyo, Japan) and
photographed with an Olympus FX380 digital camera (Olympus). Studies
were conducted in compliance with the Law for the Humane Treatment
and Management of Animals (Law No. 105, 1 October 1973, as revised on
1 June 2006).

RESULTS
X-ray co-crystal structure of NS-018 bound to JAK2

The JAK2 activation loop, which has a DFG (Asp-Phe-Gly) motif at
the start, regulates kinase activity by changing its position. The
position of Gly993, located immediately N-terminal to the DFG
motif, thus depends on the activation state of the kinase.?® The
X-ray co-crystal structure of JAK2 in complex with NS-018
(Figure 1) revealed that NS-018 formed hydrogen bonds with
the backbone amino and carbonyl groups of Leu932 in the hinge
region. In addition, NS-018 interacted with the carbonyl group of
Gly993 through two kinds of hydrogen-bonding interactions. First,
there is a hydrogen bond between a nitrogen atom of NS-018 and
the water molecule depicted by the red sphere in Figure 1. This
hydrogen-bonded water molecule forms a second hydrogen bond
with the carbonyl group of Gly993. Thus, there are water-mediated
hydrogen-bonding interactions between NS-018 and Gly993.
Second, there is a CH- - - O hydrogen bond between an aromatic
CH on the fluorobenzene moiety of NS-018 and the carbonyl
group of Gly993 (Supplementary Figure 1a). This type of
hydrogen-bonding interaction often has a role in the binding of
kinase inhibitors to their target kinases.?® Other amino acids
shown in Figure 1 form the binding site for NS-018.

Preferential inhibition by NS-018 of the growth of cells harboring
JAK2V617F

To compare the inhibitory effect of NS-018 on JAK2WT and
JAK2V617F in cells, we assessed the antiproliferative activity of
NS-018 against Ba/F3 cells expressing murine JAK2ZWT or murine
JAK2V617F. NS-018 suppressed the growth of Ba/F3-JAK2V617F
cells with an ICso value of 470 nm, whereas it suppressed the
growth of Ba/F3-JAK2WT cells stimulated with IL-3 with an 1Cs,
value of 2000nm (Table 1). Thus, NS-018 showed 4.3-fold
selectivity for Ba/F3-JAK2V617F cells over Ba/F3-JAK2WT cells
(V617F/WT ratio). Other JAK2 inhibitors also showed selectivity for
Ba/F3-JAK2V617F over Ba/F3-JAK2WT cells (Table 1), although the
selectivity was lower. For example, INCB018424 (ruxolitinib) and

Table 1. Antiproliferative activities of NS-018 and other JAK inhibitors in Ba/F3 cells

Compound Target kinase Proliferation ICs, (nm) Selectivity Interaction with Gly993

Ba/F3-JAK2WT (+ IL-3) Ba/F3-JAK2V617F V617F/WT CH---0 Water mediated

NS-018 JAK2, Src 2000 470 4.3 Yes Yes
AZD1480 JAK1/2 2300 1000 23 Yes No
CP-690,550 (tofacitinib) JAK1/2/3 2200 760 29 No No
INCB018424 (ruxolitinib) JAK1/2 630 310 2.0

CYT387 (momelotinib) JAK1/2 4300 2400 1.8

TG101209 JAK2 850 550 1.5

TG101348 (fedratinib) JAK2 1000 650 1.5

AT9283 JAK2/3, Aurora 48 48 1.0 No No
Abbreviation: JAK, Janus kinase 2.
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TG101348 showed V617F/WT ratios of 2.0 and 1.5, respectively.
Thus, among the eight JAK2 inhibitors tested, NS-018 showed the
highest selectivity for JAK2V617F cells.

To further evaluate the functional selectivity of NS-018 for
JAK2V617F cells, we performed erythroid colony formation assays
with bone marrow cells from JAK2V617F transgenic mice and
WT control mice. NS-018 inhibited the formation of erythroid
colony-forming units from WT control and JAK2V617F transgenic
mice in a dose-dependent manner, but the degree of inhibition
was significantly greater in the JAK2V617F transgenic mice
(Supplementary Figure 2). Specifically, in JAK2V617F transgenic
mice, NS-018 inhibited erythroid colony growth with a mean 1Csq
value of 360 nm, whereas in WT control mice the corresponding ICsq
value was > 600 nm. These results show that NS-018 preferentially
suppressed the growth of cells harboring JAK2V617F.

Efficacy of NS-018 in JAK2V617F BMT mice

To assess the ability of NS-018 to selectively inhibit JAK2V617F-
harboring cells in vivo, we established a JAK2V617F BMT mouse
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model. BALB/c mice were subjected to BMT with bone marrow
donor cells retrovirally transduced to express JAK2WT or
JAK2V617F. Only JAK2V617F BMT mice developed myelofibrosis-
like disease, including leukocytosis, splenomegaly and bone
marrow fibrosis (Supplementary Table 1). They also exhibited
higher mortality than control or JAK2WT BMT mice.

We next evaluated the efficacy of NS-018 in this model. When
disease was established at 10 days after transplantation, JAK2V617F
BMT mice were randomly assigned to either of two groups for
treatment with NS-018 or vehicle. NS-018 was administered by oral
gavage twice a day for 40 days at a dose of 50 mg/kg, whereas the
control group received vehicle only. No signs of gross toxicity were
observed during the 40 days of treatment.

During the total of 50 days of the study, four of eight mice in
the vehicle-treated group died, whereas no mice in the NS-018-
treated group died (Figure 2a). This represents a statistically
significant prolongation of survival in the NS-018-treated group
(P<0.05).

Vehicle-treated JAK2V617F BMT mice showed marked leuko-
cytosis (Figure 2b), as evidenced by a 47-fold increase in the mean
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Figure 2.

Effect of NS-018 on survival and peripheral blood counts in JAK2V617F BMT mice. (a) Kaplan-Meier plot of untransplanted control

mice treated with vehicle (control) and JAK2V617F BMT mice treated with vehicle (vehicle) or 50 mg/kg NS-018 (NS-018) for 40 days. Statistical
significance in survival between the vehicle and NS-018 groups was assessed by the log-rank test (¥*P<0.05, eight mice per group). (b) White
blood cell (WBC), (c) neutrophil (NEUT) and lymphocyte (LYMPH), (d) red blood cell (RBC) and reticulocyte (RETIC) and (e) platelet (PLT) counts.
Bars represent the mean + s.e.m. The statistical significance of differences between the control and vehicle groups (*P <0.05) and between the

vehicle and NS-018 groups (*P<0.05) were assessed by the Welch test.
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white blood cell count in the peripheral blood of vehicle-treated
mice to 359 x 10/ (compared with 7.6 x 10%/I in control mice).
NS-018 treatment achieved a 95% suppression of this increase to
17.4 x 10°/I. In vehicle-treated JAK2V617F BMT mice, the differ-
ential white blood cell count showed that the neutrophils had
increased to 80.0%, compared with 7.5% in control mice
(Figure 2c). Conversely, the percentage of lymphocytes in
vehicle-treated JAK2V617F BMT mice was 10.7%, compared with
88.8% in control mice. NS-018 treatment partially suppressed both
the increase in neutrophils and the decrease in lymphocytes,
giving 47.9% neutrophils and 42.2% lymphocytes. JAK2V617F BMT
mice showed a higher reticulocyte (RETIC) count than control mice
but about the same RBC count. NS-018 treatment did not decrease
the RBC and only marginally decreased the RETIC count
(Figure 2d). JAK2V617F BMT mice showed a 78% decrease in the
platelet (PLT) count compared with control mice (Figure 2e), and
NS-018 treatment did not further decrease the count.
Vehicle-treated JAK2V617F BMT mice also showed marked
splenomegaly, with higher average spleen weights (2.07 £ 0.08 g)
than control mice (0.10£0.01g; Figure 3a). NS-018-treated
JAK2V617F BMT mice had a spleen weight of 0.49+0.08g, or
24% of that of vehicle-treated mice, so that NS-018 largely
prevented the development of splenomegaly. The histopatholo-
gical results also provide evidence that NS-018 treatment
suppressed the development of splenomegaly. Spleen sections
from vehicle-treated JAK2V617F BMT mice exhibited complete
disruption of the normal splenic architecture (Figures 3b and c).
The white pulp was partially preserved but blended throughout,
and the red pulp was expanded, mainly by myeloid-cell invasion.
NS-018 treatment resulted in markedly reduced myeloid-cell
invasion and a less disrupted splenic architecture (Figure 3d).
Finally, NS-018 partially suppressed bone marrow fibrosis in
JAK2V617F BMT mice (Figures 3e-g). There was mild-to-moderate
reticulin fibrosis in all vehicle-treated mice that survived to the

study end point (n=4), whereas in seven of eight mice treated
with NS-018 there was only slight-to-little reticulin fibrosis. Only
one NS-018-treated mouse showed mild fibrosis. Taken together,
these results show that NS-018 reduced leukocytosis and
splenomegaly, suppressed bone marrow fibrosis and prolonged
survival in JAK2V617F BMT mice without reducing the RBC or PLT
counts.

DISCUSSION

In our search for a JAK2 inhibitor with reduced hematologic
adverse effects, we evaluated the potential of our novel JAK2
inhibitor NS-018 in preclinical models. We first assessed the
selective inhibition of the mutant kinase JAK2V617F by NS-018 in
Ba/F3 cells. NS-018 showed higher selectivity for JAK2V617F over
JAK2WT (a higher V617F/WT ratio) than existing JAK2 inhibitors
such as ruxolitinib and TG101348 (Table 1). The preferential
inhibition of the growth of Ba/F3-JAK2V617F cells by JAK2
inhibitors was unrelated to their target specificity among Jak-
family kinases (for example, selectivity for JAK1/2 or JAK2).

NS-018 shows potent inhibition of Src-family kinases in addition
to JAK2 (" 27), and it could be argued that this contributed to its
activity against Ba/F3-JAK2V617F cells. However, Src-family kinases
expressed in Ba/F3-JAK2V617F cells were not phosphorylated
(Supplementary Figure 3) and therefore not activated. Further-
more, the Src-family kinase inhibitor dasatinib did not show
potent antiproliferative activity against Ba/F3-JAK2V617F cells
(ICso =5000 nm; data not shown). For these reasons, it is unlikely
that the Src-inhibitory activity of NS-018 contributed to its
antiproliferative activity against Ba/F3-JAK2V617F cells.

The efficacy of several JAK2 inhibitors has been evaluated in
JAK2V617F BMT model mice***' but there are phenotypic
differences in disease severity among mouse strains.” Thus, BMT
in BALB/c mice results in more markedly elevated leukocyte
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counts, a greater degree of splenomegaly and reticulin fibrosis,
and higher mortality, than in C57BI/6 mice. To assess the effect of
NS-018 on bone marrow fibrosis, we used the more severely
affected strain, BALB/c, to establish a BMT model. Although our
model mice showed elevated white blood cell counts,
splenomegaly, high mortality and bone marrow fibrosis, as
previously reported,® elevated peripheral RBC and PLT counts
were not observed (Supplementary Table 1). Rather, the
mice showed thrombopenia 50 days after transplantation
(Figure 2e). Although the reason for the differences in pathologic
phenotype from the previous report is unclear, possible reasons
are the difference in the promoters of the retroviral vectors used
and the difference in the progenitor cell types infected with
retrovirus.

Although NS-018 treatment markedly reduced leukocytosis in
JAK2V617F BMT model mice (Figure 2b), it did not decrease the
RBC or PLT counts (Figures 2d and e). Because our BMT model had
some unusual features, including the absence of polycythemia
and thrombocythemia as described above, this apparent lack of
effect of NS-018 on the RBC and PLT counts should be interpreted
carefully. However, it is consistent with our previous finding that
NS-018 prevents the progression of anemia and the decrease in
PLT count in JAK2V617F transgenic mice.”” When we evaluated
the another JAK2 inhibitor, R723, in the same model, prevention of
progressive anemia was not observed.>® Because JAK2 signaling
has important roles in erythropoiesis and thrombopoiesis,' > JAK2
inhibition is thought to have on-target adverse effects such as a
decrease in the RBC and PLT counts. In fact, some JAK2 inhibitors
do reduce the RBC or PLT count in mice.?®** More importantly,
the dose-limiting toxicity of ruxolitinib in MPN patients is
thrombocytopenia.'®** Thus, a JAK2 inhibitor that produces a
smaller reduction in the RBC and PLT counts in the therapeutic
window would have clinical benefit. As described here, NS-018
preferentially inhibited the growth of Ba/F3-JAK2V617F cells
(Table 1) and suppressed erythroid colony formation from bone
marrow cells from JAK2V617F transgenic mice (Supplementary
Figure 2). Furthermore, NS-018 inhibits erythroid colony formation
by peripheral blood mononuclear cells from JAK2V617F* poly-
cythemia vera patients at concentrations significantly lower than
those required for healthy controls.”” These results suggest that
NS-018 inhibits the constitutively active JAK2V617F more potently
than WT JAK2, which is involved in normal erythropoiesis and
thrombopoiesis. This preferential inhibition of JAK2V617F by
NS-018 could explain the fact that NS-018 does not reduce the
RBC or PLT count at therapeutic doses in mouse models.
The concentration range over which NS-018 inhibits JAK2V617-
dependent cells but not WT cells in the model mice might be
wider than for other JAK2 inhibitors.

In the present study, NS-018 treatment improved bone marrow
fibrosis in JAK2V617F BMT mice (Figures 3e-g). This contrasts
with our previous study of JAK2V617F transgenic mice in which
NS-018 treatment had little effect on the progression of bone
marrow fibrosis.2” However, the fibrosis in the transgenic mice was
more severe than in the BMT mice used in the present study. In
addition, in the transgenic mice NS-018 was administered on
weekdays only, whereas in the BMT mice it was administered
every day. The lack of dosing of the transgenic mice over the
weekend might have reduced the effect of NS-018 on the fibrosis.
Some JAK2 inhibitors, including TG101348 and CYT387, improve
bone marrow fibrosis in JAK2V617F BMT mice**" but
unfortunately they also produce a decrease in the hematocrit in
the therapeutic dose range in mice. Thus, an important and
distinctive feature of NS-018 is its apparent lack of a suppressive
effect on the RBC and PLT counts in the therapeutic window in
mouse models.

To investigate the structural factors determining the preference
of NS-018 for JAK2V617F, we explored the X-ray co-crystal
structures of the inhibitors listed in Table 1. As shown in

© 2014 Macmillan Publishers Limited
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Figure 1 and Supplementary Figure 1a, NS-018 interacts with the
carbonyl group of Gly993, which is located immediately N-term-
inal to the DFG motif, through two kinds of hydrogen-bonding
interactions that are only operative in activated JAK2. These
interactions could explain the high V617F/WT ratio of NS-018.
Although similar CH- - - O hydrogen-bonding interactions with
Gly993 are found for AZD1480 (Supplementary Figure 1b), the
water-mediated interaction is absent. This could account for the
lower V617F/WT ratio of AZD1480 compared with NS-018.
CP-690,550 interacts with JAK2 in a unique way (Supplementary
Figure 1¢); specifically, (1) Gly993 does not interact directly with
CP-690,550, and Asp994 is located close to CP-690,550, and (2) a
unique interaction is found between the terminal CN group of
CP-690,550 and the glycine-rich loop (P-loop).3® Although the
reason for CP-690,550's relatively high V617F/WT ratio is unclear,
a different mechanism could contribute to the recognition of the
active state of JAK2 by CP-690,550. INCB018424 and CYT387 also
have the terminal CN group, so a similar recognition mechanism
might be operative for these compounds. A docking model of the
interaction of TG101209 with JAK2 has been published,® but the
X-ray structure is still unavailable. It was thus impossible to
perform detailed analyses for TG101209 and the structurally
similar TG101348. The X-ray structure shows that AT9283 does not
interact with Gly993 (Supplementary Figure 1d), and accordingly
AT9283 showed no preference for V617F. A recent study of the
JAK2 inhibitor LY2784544, which has a high preference for
JAK2V617F, also emphasizes the interaction with Gly993 (" 37),
All these facts point to the importance of considering interactions
with Gly993 when the aim is to design inhibitors with higher
V617F/WT ratios.

In summary, NS-018 preferentially inhibited the growth of
JAK2V617F-harboring cells over JAK2WT-harboring cells. NS-018
was also effective against leukocytosis, splenomegaly and bone
marrow fibrosis, and prolonged survival in JAK2V617F BMT mice
with no reduction in the RBC or PLT counts. These characteristic
features of NS-018 may be explained at least in part by its unique
mode of binding to the activated form of JAK2. This may
contribute to a therapeutic benefit for MPN patients by allowing
the simultaneous satisfaction of the two requirements of efficacy
and reduced hematologic adverse effects. The efficacy and safety
of NS-018 for the treatment of MPN are expected to be verified by
ongoing clinical trials.
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