cases, a genetic mutation, such as mutation in the Jak2 protein, may be present in
stem cells from a patient with an MPN.

[005] MPNs may lead to increases in certain blood cells, abnormal blood
cells, and enlargement of the spleen (splenomegaly). MPNs may damage the bone
marrow and result in bone marrow fibrosis (myelofibrosis or MF). Anemia, fatigue,
and weakness may occur due to changes in blood cell counts in MPN.
Thrombohemorrhagic complications, such as thrombosis, are also a risk of MPN.
Progression of MPNs can lead to development of further conditions, such as acute
myeloid leukemia.

[006] The present application describes improved methods for treating
MPNs with a diphtheria toxin-human interleukin-3 conjugate (DT-IL3) and one or
more Jak inhibitors and/or one or more hypomethylating agents.
SUMMARY

[007] In accordance with the description, this application describes methods
of treatment with a DT-IL3 and (a) one or more Jak inhibitors and/or (b) one or
more hypomethylating agents.

[008] In one example, the present application provides a method for treating
or inhibiting a myeloproliferative neoplasm (MPN) in a subject in need thereof,
comprising administering to the subject a diphtheria toxin-human interleukin-3
conjugate (DT-1L3) and a) one or more Jak inhibitors and/or b) one or more
hypomethylating agents.

[008a] In one aspect, the present disclosure refers to the use of a diphtheria
toxin-human interleukin-3 conjugate (DT-1L3) in the manufacture of a medicament
for use in combinatorial therapy for treating or inhibiting a myeloproliferative
neoplasm (MPN) in a human subject in need thereof, wherein said medicament is to
be administered in combination with

a. one or more Jak inhibitors and/or

b. one or more hypomethylating agents.

[009] In some examples, the DT-IL3 is administered at a dose of 1 p[pg/kg
or greatet, 2 pg/kg or greater, or 4 pg/kg or greater. In some examples, the DT-IL3
is administered at a dose of 2 pg/kg to 20 ug/kg or 9 pug/ke to 20 pg/kg. In some
examples, the DT-IL3 is administered at a dose of 4 pg/kg to 12 pg/kg or 9 pg/kg to
12 pg/kg. In some examples, the DT-113 is administered at a dose of 5,7, 9, or 12
wg/kg. In some examples, the DT-IL3 is administered at a dose that is the maximum
tolerated dose.



[0010] In some examples, the DT-1L.3 and the one or more Jak inhibitors
and/or hypomethylating agents are administered at least one time a week. In some
examples, the DT-IL3 and the one or mote Jak inhibitors and/or hypomethylating
agents are administered at least two times a week. In some examples, the DT-1L3
and one or more Jak inhibitors and/or hypomethylating agents are administered at
least three times a week.

[0011] In some examples, the DT-IL3 and the (a) one or more Jak inhibitors
and/or (b) one or motre hypomethylating agents are administered over a petriod of
one week or more. In some examples, the DT-IL3 and the (a) one or more Jak
inhibitors and/or (b) one or more hypomethylating agents are administered over a
period of two weeks or more.

[0012] In some examples, the DT-IL3 and the (a) one or more Jak inhibitors
and/or (b) one or more hypomethylating agents are administered for at least 3
consecutive days.

[0013] In some examples, the DT-1L3 and the (a) one or more Jak inhibitors
and/or (b) one or more hypomethylating agents are administered in multiple
treatment cycles. In some examples, the treatment cycles are at least 1 week apart, at
least 2 weeks apart, at least 3 weeks apart, at least 4 weeks apart, at least 5 weeks
apart, or a combination thereof.

[0014] In some examples, the DT-1L3 is administered for at least 3
consecutive days every 21 days for four cycles, followed by every 28 days for 3 cycles,
and then every 42 days.

[0015] In some examples, the one or more Jak inhibitors are administered at
least once daily, or at least twice daily.

[0016] In some examples, the one or more hypomethylating agents are
administered for at least the first 3 days, at least the first 4 days, at least the first 5
days, at least the first 6 days, or at least the first 7 days of at least one cycle.

[0017] In some examples, the one or more hypomethylating agents are

administered for at least the first 3 days, at least the first 4 days, at least the first 5



days, at least the first 6 days, or at least the first 7 days of a 28-day cycle for 3 cycles
following administration of DT-IL3 for four 21-day cycles.

[0018] The method of any one of the preceding claims, wherein the DT-1L3
and the (a) one or more Jak inhibitors and /ot (b) one or more hypomethylating
agents are administered until disease progression and/or unacceptable toxicity is
obtained.

[0019] In some examples, the subject is administered a pharmaceutical
composition comprising the DT-IL3 and the (a) one or more Jak inhibitors and/or
(b) one or more hypomethylating agents.

[0020] In some examples, the subject is human. In some examples, the
human has unfavorable cytogenetics.

[0021] In some examples, the DT-11.3 is a chemical conjugate.

[0022] In some examples, the DT-IL3 is a recombinantly expressed protein.

[0023] In some examples, the DT-IL3 is expressed as a single polypeptide
comprising the catalytic and translocation domains of diphtheria toxin and human I
3. In some examples, the DT-IL3 expressed as a single polypeptide comprising the
catalytic and translocation domains of diphtheria toxin comprises the amino acid
sequence of SEQ ID NO:3 and/or the human IL-3 comprises the amino acid
sequence of SEQ ID NO:1.

[0024] In some examples, the DT-1L3 comprises amino acid residues 1 to 388
of diphtheria toxin linked via a peptide bond to human IL-3. In some examples the
diphtheria toxin has an amino acid sequence of SEQ ID NO:2 and/or human IL-3
has an amino acid sequence of SEQ ID NO:1.

[0025] In some examples, the inhibition results in a reduction in the
proliferation of MPN cells, a stabilization in the amount of MPN cells, and/or a
reduction in the amount of MPN cells.

[0026] In some examples, the inhibition results in a reduction in spleen

and/or liver size.



[0027] In some examples, the MPN is polycythemia vera, essential
thrombocytosis, myelofibrosis, chronic myelomonocytic leukemia, chronic
neutrophilic leukemia, chronic eosinophilic leukemia, systemic mastocytosis,
symptomatic hypereosinophilic disorder, or other bone marrow disorder that causes
the production of excess red blood cells, white blood cells, and/or platelets. In some
examples, the MPN is myelofibrosis. In some examples, the myelofibrosis is primary
myelofibrosis, post-polycythemia vera myelofibrosis, post-essential thrombocythemia
myelofibrosis, blast phase primary myelofibrosis, post-polycythemia vera
myelofibrosis in blast phase, or post-E'T myelofibrosis in blast phase.

[0028] In some examples, the MPN is in blast phase.

[0029] In some examples, the MPN is primary myelofibrosis in blast phase,
post-polycythemia vera myelofibrosis in blast phase, or post-ET myelofibrosis in
blast phase.

[0030] In some examples, the one or more Jak inhibitors comprises

ruxolitinib.

[0031] In some examples, the one or more hypomethylating agents comprise
azacitidine, decitabine, and/or SGI-110.

[0032] In some examples, at least one Jak inhibitor and at least one
hypomethylating agent is administered.

[0033] In some examples, the at least one Jak inhibitor comprises ruxolitinib
and the at least one hypomethylating agent comprises decitabine, azacitidine, and/or
SGI-110.

[0034] In some examples, the subject was refractory to prior treatment with
one or more Jak inhibitors and/or one or more hypomethylating agents. In some
examples, the subject was refractory to prior treatment with the Jak inhibitor
ruxolitinib. In some examples, the subject has MF.

[0035] In some examples, the subject could not tolerate the full dose of a

prior treatment with one or more Jak inhibitors and/or one or more hypomethylating



agents. In some examples, the subject could not tolerate the full dose of a prior
treatment with the Jak inhibitor ruxolitinib. In some examples, the subject has MF.

[0036] In some examples, the subject has low platelet counts or was not
eligible for treatment with ruxolitinib. In some examples, the subject has MF.
[0037] In some examples, the subject previously responded to a Jak inhibitor

and/or a hypomethylating agent. In some examples, the subject has MF.

[0038] In some examples, the subject has mutations in the JAK2, MPL,
ASXL1, TET2, or CALR gene. In some examples, the subject has the JAK2V617F
mutation.

[0039] Also provided herein are pharmaceutical compositions for treating or
inhibiting a myeloproliferative neoplasm (MPN) in a subject in need thereof
comprising an effective amount of a diphtheria toxin-human interleukin-3 conjugate
(DT-IL3) and one or more Jak inhibitors and/or one or motre hypomethylating
agents. In some examples, the pharmaceutical composition further comprises a
pharmaceutically acceptable excipient.

[0040] Also provided herein are methods for treating a myeloproliferative
neoplasm (MPN) in a subject in need thereof, comprising: a) identifying the MPN,
and b) administering an effective amount of a diphtheria toxin-human interleukin-3
conjugate (DT-1L3) and one or more Jak inhibitors and/or one or more
hypomethylating agents to the subject in need thereof.

[0041] In some examples, the MPN is identified by physical examination,
blood tests, bone marrow aspirate and biopsy, cytogenetic analysis, testing for
mutations in the JAK2, MPL, ASXL1, TET2, or CALR gene, arterial oxygen
saturation and carboxyhaemoglobin levels, neutrophil alkaline phosphatase levels,
vitamin B12 or B12 binding capacity, or serum urate.

[0042] In some examples, the MPN is identified by testing for the
JAK2V617F mutation.



[0043] Additional objects and advantages will be set forth in part in the
description which follows, and in part will be obvious from the description, or may
be learned by practice. The objects and advantages will be realized and attained by
means of the elements and combinations particularly pointed out in the appended
claims.

[0044] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the claims.

[0045] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate one (several) example(s) and together with the

description, serve to explain the principles described herein.

DESCRIPTION OF THE FIGURES

[0046] FIGs. 1A-1E show expression of CD123 on blasts and monocytes in
chronic myelomonocytic leukemia (CMML) patients (N = 20) as assessed by flow
cytometry. Lymphocyte CD123 expression was used as a control. FIG. 1A shows
the mean fluorescence intensity of CD123 on CMML blasts, monocytes, and
lymphocytes. FIG. 1B shows the mean fluorescence intensity CD123 on CMML
blasts and monocytes normalized to the mean fluorescence intensity of CD123 on
lymphocytes. FIGs. 1C and 1D show the mean fluorescence intensity of CD123 on
blasts (FIG. 1C) and monocytes (FIG. 1D) by different CMML subtypes, CMML-0,
CMML-1, and CMML-2. Results are normalized to the mean fluorescence intensity
of CD123 on lymphocytes. FIG. 1E shows the percentage of CD123-positive blasts
in CMML subtypes CMML-1 and CMML-2. Overall, FIGs. 1A-1E demonstrate that
CD123 is highly expressed on blasts and monocytes relative to lymphocytes in
CMML patients.

[0047] FIGs. 2A-2C show the results of cell viability assays with the CID123-
expressing K562 cell line after treatment with increasing concentrations of azacitidine

(AZA, FIG. 2A), DT-1L-3 (SL-401, FIG. 2B), or the combination of AZA and DT-



What is Claimed is:

1. Use of a diphtheria toxin-human interleukin-3 conjugate (DT-IL3) in the
manufacture of a medicament for use in combinatorial therapy for treating or
inhibiting a myeloproliferative neoplasm (MPN) in a human subject in need thereof,

wherein said medicament is to be administered in combination with

a. one or mote Jak inhibitors and/or
b. one or more hypomethylating agents.

2. The use of claim 1, wherein the medicament comprises a dose of DT-1L3 of:
a. 1 pg/kg or greater, 2 ug/kg or greater, or 4 pg/kg or greater;

b. 2 pg/kg to 20 pg/kg or 9 ug/ke to 20 pg/kg;
C. 4 ug/kg to 12 pg/kg, or 9 pg/kg to 12 pg/kg;
d. 5 pg/kg, 7 pg/ke, 9 pg/kg, or 12 pg/kg; or

e. the maximum tolerated dose.

3. The use of claim 1 or claim 2, wherein the DT-1L3 and the one or more Jak

inhibitors and/or hypomethylating agents are indicated for administration:

a. at least once a week, at least two times a week, or at least three times a
week;
b. over a period of one week or more, or over a period of two weeks or
more;
c. for at least 3 consecutive days; and/or
d. in multiple treatment cycles.

4, The use of claim 3, wherein the treatment cycles are at least 1 week apart, at

least 2 weeks apart, at least 3 weeks apart, at least 4 weeks apart, at least 5 weeks

apart, or a combination thereof.
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5. The use of claim 3 or claim 4, wherein:

a. the DT-1L3 is indicated for administration for at least 3 consecutive
days every 21 days for four cycles, followed by every 28 days for 3 cycles, and
then every 42 days;

b. the one or more Jak inhibitors are indicated for administration for at

least once daily, or at least twice daily; and/or

C. the one or more hypomethylating agents are indicated for
administration for at least the first 3 days, at least the first 4 days, at least the
first 5 days, at least the first 6 days, or at least the first 7 days of at least one

cycle;

d. the one or more hypomethylating agents are indicated for
administration for at least the first 3 days, at least the first 4 days, at least the
first 5 days, at least the first 6 days, or at least the first 7 days of a 28-day cycle
for 3 cycles following administration of DT-1L3 for four 21-day cycles; and/or

the DT-IL3 and the a) one or more Jak inhibitors and/or b) one or more
hypomethylating agents are indicated for administration until disease

progression and/or unacceptable toxicity is obtained.

0. The use of any one of claims 1-5, wherein the human subject has unfavorable
cytogenetics.
7. The use of any one of claims 1-6, wherein the DT-IL3 is a chemical conjugate

and/or a recombinantly expressed protein.

8. The use of claim 7, wherein the DT-IL3 is a recombinantly expressed protein
expressed as a single polypeptide comprising the catalytic and translocation domains

of diphtheria toxin and human IL-3.

0. The use of claim 8, wherein the DT-IL3 comprises amino acid residues 1 to
388 of diphtheria toxin linked via a peptide bond to human IL-3.
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10.  The use of any one of claims 1-9, wherein the inhibition results in a reduction
in the proliferation of MPN cells, a stabilization in the amount of MPN cells, a

reduction in the amount of MPN cells, and/or a reduction in spleen and/or liver size.

11.  The use of any one of claims 1-10, wherein the MPN is polycythemia vera,
essential thrombocytosis, myelofibrosis, chronic myelomonocytic leukemia, chronic
neutrophilic leukemia, chronic eosinophilic leukemia, systemic mastocytosis,
symptomatic hypereosinophilic disorder, or other bone marrow disorder that causes

the production of excess red blood cells, white blood cells, and/or platelets.
12.  The use of claim 11, wherein the MPN is myelofibrosis (MF).

13. The use of claim 12, wherein the myelofibrosis is primary myelofibrosis, post-
polycythemia vera myelofibrosis, post-essential thrombocythemia myelofibrosis, blast
phase primary myelofibrosis, post-polycythemia vera myelofibrosis in blast phase, or

post-ET myelofibrosis in blast phase.
14. The use of any one of claims 1-13, wherein the MPN is in blast phase.

15. The use of claim 14, wherein the MPN is primary myelofibrosis in blast phase,

post-polycythemia vera myelofibrosis in blast phase, or post-ET myelofibrosis in

blast phase.
16.  The use of any one of claims 1-15, wherein:
a. the one or more Jak inhibitors comprises ruxolitinib;
b. the one or more hypomethylating agents comprise azacitidine,

decitabine, and/or SGI-110; and/or

c. the one or more Jak inhibitors comprises ruxolitinib and the one or
more hypomethylating agents comprises decitabine, azacitidine, and/or SGI-

110.

17. 'The use of any one of claims 1-16, wherein the medicament comprises at least

one Jak inhibitor and at least one hypomethylating agent.
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18.  The use of any one of claims 1-17, wherein:

a. the human subject was refractory to prior treatment with one or more

Jak inhibitors and/or one or more hypomethylating agents;

b. the human subject could not tolerate the full dose of a prior treatment

with one or more Jak inhibitors and/or one or more hypomethylating agents;

C. the human subject has low platelets counts or was not eligible for

treatment with ruxolitinib;

d. the human subject previously responded to a Jak inhibitor and/or a

hypomethylating agent; and/or

e. the human subject has mutations in the JAK2, MPL, ASXL1, TET2, or
CALR gene.

19.  The use of claim 18, wherein (a) the Jak inhibitor was ruxolitinib and/or (b)

the subject has the JAK2V617F mutation.

20.  The use of claim 19, wherein the human subject has MF.
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