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METHODS FOR AUTISM SPECTRUM DISORDER PHARMACOTHERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Provisional Application No. 62/457,120, filed

February 9, 2017, which is incorporated by reference herein in its entirety.

BACKGROUND

[0003] Although the CDC estimates that 1 in 68 children in the United States have an autism
spectrum disorder (ASD), molecular understanding and treatment of the disease has been
lacking. No single gene or copy number variation is associated with ASD in 100% of children
who carry the mutation, and no single DNA mutation account for more than 1-2% of all ASD.
While specific environmental factors have also been shown to increase the risk of ASD, no
single child with ASD has all of the known genetic risk factors, or is exposed to all the same
environmental triggers. In addition, no single chemical, anatomical or physiological biomarker

has yet been identified that is present in all persons with ASD.

SUMMARY OF THE INVENTION
[0004] There is need for identification of general biological processes that underlie the
symptoms of ASD as well as classes of therapeutic agents that are effective in treating the
disorder in ASD patients regardless of known genetic or environmental risk factors. The present
disclosure remedies this deficiency with compounds and compositions for treating ASD and
cognitive developmental disorders.
[0005] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to said
subject in an amount sufficient to maintain the antipurinergic agent plasma levels of said subject
within a range of from about 3 uM to about 30 pM for 21 days or more. In one embodiment, the
antipurinergic agent plasma levels of said subject are maintained within a range of from about 3
uM to about 25 pM for 21 days or more. In some embodiments, the antipurinergic agent plasma
levels of said subject are maintained within a range of from about 3 uM to about 15 pM for 21
days or more. In some embodiments, the antipurinergic agent plasma levels are maintained
within a range of from about 3 uM to about 15 pM for 28 days or more. In some embodiments,

the antipurinergic agent plasma levels are maintained within a range of from about 3 pM to
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about 15 pM for 45 days or more. In some embodiments, the antipurinergic agent plasma levels
are maintained with a range of from about 5 uM to about 15 pM. In some embodiments, the
administration occurs two or more times. In some embodiments, the antipurinergic agent is
administered intravenously. In some embodiments, the antipurinergic agent is administered
orally, subcutaneously, intramuscularly, by inhalation, cutaneously, or transdermally. In some

embodiments, the antipurinergic agent is not administered intravenously.

[0006] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject in an amount sufficient to maintain the antipurinergic agent plasma levels of said subject
from about 1 uM to about 30 uM for at least about 21 days, wherein the antipurinergic agent is
not administered intravenously. In some embodiments, the antipurinergic agent plasma levels of
the subject are maintained within a range of from about 1 pM to about 15 uM for 21 days or
more. In some embodiments, the administration is selected from orally, subcutanecously,
intramuscularly, rectally, by inhalation, by nebulization, cutaneously, and transdermally. In
some embodiments, the administration is subcutaneously. In some embodiments, the
administration is orally. In some embodiments, the antipurinergic agent plasma levels are

maintained from about 5 uM to about 15 pM.

[0007] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject in an amount sufficient to maintain the antipurinergic agent plasma levels of the subject
from about 1 uM to about 30 uM for at least about 21 days, wherein the antipurinergic agent is
administered in two or more doses. In some embodiments, the antipurinergic agent plasma
levels of the subject are maintained within a range of from about 1 uM to about 15 uM for 21
days or more. In some embodiments, the antipurinergic agent is administered in three or more
doses. In some embodiments, the antipurinergic agent plasma levels are maintained from about
5 uM to about 15 uM. In some embodiments, the doses of antipurinergic agent are administered
intravenously. In some embodiments, the doses of antipurinergic agent are administered orally,
subcutaneously, intramuscularly, by inhalation, cutaneously, or transdermally. In some

embodiments, the doses of antipurinergic agent are not administered intravenously.

[0008] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject, testing the subject’s antipurinergic agent plasma level at one or more time points after

said administration, evaluating the antipurinergic agent plasma levels from the one or more time
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points to determine a treatment regimen for the subject in an amount sufficient to achieve
antipurinergic agent plasma levels from about 1 pM to about 30 uM. In some embodiments, the
treatment regimen for said subject is in an amount sufficient to achieve antipurinergic agent
plasma levels from about 1 pM to about 15 uM. In some embodiments, the treatment regimen
for the subject is in an amount sufficient to achieve antipurinergic agent plasma levels from
about 5 uM to about 15 uM. In some embodiments, the method further comprises administering
to the subject one or more doses of the antipurinergic agent in an amount sufficient to maintain
plasma levels from about 1 pM to about 30 uM for 21 days or more. In some embodiments, the
administering to the subject one or more doses of said antipurinergic agent is in an amount
sufficient to maintain plasma levels from about 1 pM to about 30 uM for 40 days or more. In
some embodiments, the plasma levels are evaluated periodically such as once every 5 days, once

a week, once every two weeks, once every three weeks, or once every four weeks.

[0009] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject in a first dose followed by a 10-40 day treatment holiday and then administering a second
dose of the antipurinergic agent. In some embodiments, the first dose is within a range from
about 10 mg/kg to about 30 mg/kg. In some embodiments, the second dose is within a range
from about 10 mg/kg to about 30 mg/kg. In some embodiments, the first dose is within a range
from about 400 mg/m?” to about 600 mg/m?. In some embodiments, the second dose is within a
range from about 400 mg/m? to about 600 mg/m*. In some embodiments, the treatment holiday
is within a range from about 12 to about 20 days. In some embodiments, the method further
comprises a 10-60 day treatment holiday after the second dose, followed by a third dose. In
some embodiments, the second dose and the third dose are the same. In some embodiments, the
third dose is smaller than the second dose. In some embodiments, the third dose is smaller than
the second dose, and within a range from about 10 mg/kg to about 30 mg/kg. In some
embodiments, the third dose is smaller than the second dose, and within a range from about 400

mg/m” to about 600 mg/m”?,

[0010] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, wherein the treatment comprises administering to said
subject a dose of an antipurinergic agent of more than 20 mg/kg. In some embodiments, the
subject is administered a dose of an antipurinergic agent of from about 21 mg/kg to about 40
mg/kg. In some embodiments, the antipurinergic agent is administered in an amount sufficient

to maintain serum creatinine levels of the subject below 1.3 mg/dL following the administration.
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In some embodiments, the antipurinergic agent is administered in an amount sufficient to
maintain serum creatinine levels of the subject below 1.0 mg/dL following the administration. In
some embodiments, the antipurinergic agent is administered in an amount sufficient to maintain

serum aminotransferase levels of the subject below 40 U/L following the administration.

[0011] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, wherein the treatment comprises administering to the
subject a dose of an antipurinergic agent of more than 300 mg/mz. In some embodiments, the
subject is administered a dose of an antipurinergic agent of from about 350 mg/m? to about 600
mg/m”. In some embodiments, the antipurinergic agent is administered in an amount sufficient
to maintain serum creatinine levels of the subject below 1.3 mg/dL following the administration.
In some embodiments, the antipurinergic agent is administered in an amount sufficient to
maintain serum creatinine levels of the subject below 1.0 mg/dL following the administration. In
some embodiments, the antipurinergic agent is administered in an amount sufficient to maintain

serum aminotransferase levels of the subject below 40 U/L following the administration.

[0012] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject in a first dose of less than 20 mg/kg, followed by a 2-20 day treatment holiday and then
administering a second dose of the antipurinergic agent. In some embodiments, the first dose of
antipurinergic agent is selected from about 1 mg/kg to about 19 mg/kg. In some embodiments,
the second dose of antipurinergic agent is selected from about 1 mg/kg to about 19 mg/kg. In
some embodiments, the antipurinergic agent is administered in an amount sufficient to maintain
the antipurinergic agent plasma levels of the subject within a range of from about 1 pM to about

15 uM for 21 days to about 50 days.

[0013] In some aspects, the invention provides for a method of treating an autism spectrum
disorder in a subject in need thereof, comprising administering an antipurinergic agent to the
subject in a first dose of less than 350 mg/m®, followed by a 2-20 day treatment holiday and then
administering a second dose of the antipurinergic agent. In some embodiments, the first dose of
antipurinergic agent is selected from about 50 mg/m2 to about 300 mg/mz. In some
embodiments, the second dose of antipurinergic agent is selected from about 50 mg/m? to about
600 mg/m”. In some embodiments, the antipurinergic agent is administered in an amount
sufficient to maintain the antipurinergic agent plasma levels of the subject within a range of from

about 1 uM to about 25 uM for 21 days to about 50 days.
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[0014] In some aspects, the invention provides for a method of identifying a subject that would
benefit from treatment with an antipurinergic agent, comprising identifying a subject with an
autism spectrum disorder, wherein the autism spectrum disorder is not a known syndromic form
of autism spectrum disorder caused by DNA mutation or chromosomal copy number variation
(CNV). In some embodiments, the method further comprises treating said subject by

administering an antipurinergic agent in response to the step of identifying.

[0015] In some aspects, the invention provides for a method of identifying a subject that would
benefit from treatment with an antipurinergic agent, comprising identifying a subject with an
autism spectrum disorder, wherein the autism spectrum disorder is a known syndromic form of
autism spectrum disorder caused by DNA mutation or chromosomal copy number variation
(CNV). In some embodiments, the method further comprises treating the subject by

administering an antipurinergic agent in response to the step of identifying.

[0016] In some aspects, the invention provides for a method of identifying a subject that would
benefit from treatment with an antipurinergic agent, comprising identifying a subject with an
autism spectrum disorder, wherein the subject has one or more symptoms of a gastrointestinal
disease or disorder. In some embodiments, the method further comprises treating the subject by
administering an antipurinergic agent in response to the step of identifying. In some
embodiments, the antipurinergic agent comprises suramin, a salt thereof, or a prodrug thereof. In
some embodiments, the subject is a child. In some embodiments, the subject is 18 years old or
younger. In some embodiments, the method further comprises a step of identifying a subject
with an autism spectrum disorder, wherein the autism spectrum disorder is a known syndromic
form of autism spectrum disorder caused by DNA mutation or chromosomal copy number
variation (CNV), wherein the step is performed prior to the administering. In some
embodiments, the administering is in response to the step of identifying. In some embodiments,
the method further comprises a step of identifying a subject with an autism spectrum disorder,
wherein the autism spectrum disorder is not a known syndromic form of autism spectrum
disorder caused by DNA mutation or chromosomal copy number variation (CNV), wherein the
step is performed prior to the administering. In some embodiments, the subject is treated in
response to the step of identifying. In some embodiments, the autism spectrum disorder includes
one or more symptoms selected from difficulty communicating, difficulty interacting with
others, and repetitive behaviors. In some embodiments, treating the autism spectrum disorder
comprises improving one or more symptoms relative to symptoms of the subject prior to the

administration, wherein the symptoms are selected from difficulty communicating, difficulty
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interacting with others, and repetitive behaviors. In some embodiments, treating the autism
spectrum disorder comprises improving an assessment score of the subject selected from ADOS,
ABC, ATEC, and CGI scores relative to a score from the subject prior to the administration. In
some embodiments, an assessment score of the subject selected from ADOS, ABC, ATEC, and
CGI scores is improved by 10% or more relative to a score from the subject prior to the
administration. In some embodiments, an ADOS score of the subject is improved by 1.6 or more
relative to a score prior to the administration, or a corresponding performance improvement on a
similar test. In some embodiments, the p-value of the performance improvement on the ADOS
or similar test is 0.05 or less. In some embodiments, the effect size of the improvement on the
ADOS or similar test is about 1 or more. In some embodiments, the effect size is about 2.9 or
more. In some embodiments, following the administration the AUC is from about 80 pM*days

to about 400 uM*days.

[0017] In some aspects, the invention provides for a pharmaceutical composition comprising a

prodrug of suramin and a pharmaceutically acceptable excipient.

[0018] In some aspects, the invention provides for a pharmaceutical composition suitable for
intravenous administration, wherein the composition comprises suramin or a salt thereof and one
or more excipients selected from antimicrobials, polyethylene glycol, stabilizers, and

antioxidants.

[0019] In some aspects, the invention provides for a pharmaceutical composition, comprising
suramin, a delivery system that increases oral absorption of suramin and a pharmaceutically
acceptable excipient. In some embodiments, the delivery system comprises a polymeric delivery
system. In some embodiments, the polymeric delivery system comprises liposomes,

nanoparticles, or microspheres.

INCORPORATION BY REFERENCE

[0020] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which
the principles of the invention are utilized, and the accompanying drawings of which:

[0022] Fig. 1 shows the patient selection design for the SAT-1 trial of suramin in autism
spectrum disorder.

[0023] Fig. 2 depicts monitoring of safety parameters for suramin dosing for patients of the
SAT-1 trial. (A) shows free cortisol, (B) shows proteinuria, (C) shows creatinine, and (D) shows
hemoglobin. Data were analyzed by 2-way ANOVA to test for treatment, time, and treatment x
time interaction effects. P and F values reflect the treatment effect. No significant effects were
found on these measures.

[0024] Fig. 3 depicts further monitoring of safety parameters for suramin dosing for patients of
the SAT-1 trial. (A) shows white blood cells (WBC), (B) shows platelets, (C) shows aspartate
aminotransferase (AST), (D) shows rash—antecubital fossa morphology, and (1) shows rash --
chest morphology. Data were analyzed by 2-way ANOVA to test for treatment, time, and
treatment x time interaction effects. P and F values reflect the treatment effect. Only the rash was
significantly different between suramin and placebo groups.

[0025] Fig. 4 depicts overall ADOS score effects at 6-weeks and suramin effects on ADOS
submeasures at 6-weeks. (A) shows 6-week ADOS comparison scores for suramin and saline by
2-Way ANOVA, (B) shows 6-week ADOS comparison score improvement after Suramin, (C)
shows 6-Week ADOS Social Affect score improvement after Suramin, and (D) shows 6-Week
ADOS Restricted and Repetitive Behavior score improvement after Suramin.

[0026] Fig. 5 depicts overall ADOS score effects at 2-days and saline (placebo) effects on
ADOS submeasures at 6-weeks. (A) shows that 2-Day ADOS comparison scores were not
changed, (B) shows no change in 6-Week ADOS Scores in subjects receiving saline placebo, (C)
shows no change in 6-Week ADOS Social Affect Scores in subjects receiving placebo, and (D)
shows no change in 6-Week ADOS Restricted and Repetitive Behavior Scores in subjects
receiving placebo.

[0027] Fig 6 depicts effects on other endpoints measured in the SAT-1 trial. (A) shows no
change in 6-week Expressive One Word Picture Vocabulary scores, (B) shows 7-Day

improvement in ABC stereotypy scores after suramin, (C) shows 6-week Improvement in ABC
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stereotypy scores after suramin, (D) shows 7-Day Improvement in ATEC total scores after
suramin.

[0028] Fig. 7 depicts effects on more alternative endpoints measured in the SAT-1 trial. (A)
shows no change in 6-week EOWPVT scores after saline, (B) shows no change in 7-day ABC
stereotypy scores after saline, (C) shows no change in 6-week ABC stereotypy scores after
saline, and(D) shows no change in 7-day ATEC total scores after saline.

[0029] Fig. 8 depicts effects on ATEC endpoints and ADOS reanalysis after removing a patient
who missed a visit. (A) shows improved ATEC speech, language, and communication scores 7-
days after suramin, (B) shows improved ATEC sociability scores 7-days after suramin, (C)
shows improved ATEC speech, language, and communication scores 6-weeks after suramin, and
(D) shows improved ADOS comparison scores after dropping a subject who missed the 6-week
visit (N =4).

[0030] Fig. 9 depicts effects on more alternative endpoints measured in the SAT-1 trial. (A)
shows no change in 7-day ATEC speech, language, and communication after saline, (B) shows
no change in 7-day ATEC sociability after saline, (C) shows no change in 6-week ATEC speech,
language, and communication scores 6-weeks after saline, and (D) shows no change in
EOWPVT scores after dropping subject who missed the 6-week visit (N = 4).

[0031] Fig. 10 depicts effects on more alternative endpoints measured in the SAT-1 trial. (A)
shows no change in 2-day ADOS scores after suramin, (B) shows no change in 6-week RBQ
total scores after suramin, (C) shows improved core symptoms of ASD and other behaviors by
CGI at 6-weeks after suramin. P values: * = 0.05; ** =0.01; *** = 0.001, and (D) shows top 3,
most-changed symptoms named by parents in the 6-week CGI,

[0032] Fig. 11 depicts effects on final endpoints measured in the SAT-1 trial. (A) shows no
change in 2-day ADOS scores after saline and (B) shows no change in 6-week RBQ total scores
after saline.

[0033] Fig. 12 depicts pharmacokinetics of suramin in the trial patient population. In (A) 2-
compartment model of suramin blood concentrations was fit to the concentration data. The first
48 hours were dominated by the distribution phase. Over 90% of the model is described by the
elimination phase. In (B) Plasma suramin concentrations over the elimination phase are depicted.
In (C) a goodness-of-fit analysis was performed on the 2-compartment model of suramin blood
concentration. The 2-compartment model correlated well with measured values (D) Pediatric PK
parameters of suramin (R*=0.998).

[0034] Fig. 13 depicts suramin pharmacometabolomics at a late time point. Metabolites and

pathways changed at 6-weeks are shown according to VIP score.
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[0035] Fig. 14 depicts suramin pharmacometabolomics at an early time point. Metabolites and
pathways changed at 2-days are shown according to VIP score.

[0036] Fig. 15 depicts a Venn-type diagram showing overlap between metabolite classes
upregulated in this study (Human ASD) and metabolite classes upregulated in previous studies
using maternal immune activation (MIA) and Fragile X mouse models.

[0037] Fig. 16 depicts an exemplary Clinical Global Impression questionnaire administered in

the SAT-1 trial.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Before the embodiments of the invention are described, it is to be understood that such
embodiments are provided by way of example only, and that various alternatives to the
embodiments of the invention described herein may be employed in practicing the invention.
Numerous variations, changes, and substitutions will now occur to those skilled in the art
without departing from the invention.
[0039] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. In case of conflict, the patent specification, including definitions, will control.
In addition, the materials, methods, and examples are illustrative only and not intended to be
limiting. Numerous variations, changes, and substitutions will now occur to those skilled in the
art without departing from the invention.
[0040] Described herein are methods, compositions, and techniques for pharmacological
treatment of autism spectrum disorders using antipurinergic agents.

1. General Terms
[0041] The phrases “parenteral administration” and “administered parenterally” as used herein
means modes of administration other than enteral and topical administration, usually by
injection, and includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal and intrasternal injection and
infusion.
[0042] The phrase “pharmaceutically acceptable” is employed herein to refer to those

compounds, excipients, materials, compositions, and/or dosage forms which are, within the
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scope of sound medical judgment, suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.
[0043] The phrase “pharmaceutically acceptable excipient” or “pharmaceutically acceptable
carrier” as used herein means a pharmaceutically acceptable material, composition or vehicle,
such as a liquid or solid filler, diluent, excipient, solvent or encapsulating material. Each carrier
must be “acceptable” in the sense of being compatible with the other ingredients of the
formulation and not injurious to the patient. Some examples of materials which can serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2)
starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt;
(6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10)
glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-
free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer
solutions; and (21) other non-toxic compatible substances employed in pharmaceutical
formulations.
[0044] In some embodiments, the term “prevent” or “preventing” as related to a disease or
disorder may refer to a compound that, in a statistical sample, reduces the occurrence of the
disorder or condition in the treated sample relative to an untreated control sample, or delays the
onset or reduces the severity of one or more symptoms of the disorder or condition relative to the
untreated control sample.
[0045] The terms “treat,” “treating” or “treatment,” as used herein, may include alleviating,
abating or ameliorating a disease or condition symptoms, preventing additional symptoms,
ameliorating or preventing the underlying causes of symptoms, inhibiting the disease or
condition, e.g., arresting the development of the disease or condition, relieving the disease or
condition, causing regression of the disease or condition, relieving a condition caused by the
disease or condition, or stopping the symptoms of the disease or condition either prophylactically
and/or therapeutically.

2. Antipurinergic Agents
[0046] In certain aspects, the disclosure provides compounds that inhibit purinergic signaling

and compositions and uses thereof. Compounds of the disclosure may be referred to as
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antipurinergic agents. In some embodiments, an antipurinergic agent is a pharmacological agent,
e.g., a small molecule or polypeptide, capable of modulating, e.g., inhibiting or counteracting, a
signaling process naturally mediated by extracellular purine nucleotides or nucleosides in
bacteria or higher organisms. Exemplary purine nucleotides or nucleosides known to participate
in purinergic signaling include adenosine, ATP, ADP, UTP, UDP, and UDP-glucose.

[0047] In some embodiments, an antipurinergic agent is an antagonist of one or more
extracellular purinergic receptors. Examples of extracellular purinergic receptors include the G
protein-coupled P1 and P2Y receptors as well as the ligand-gated ion channel P2X receptors. In
humans, the P1 (also known as the “adenosine’) receptor family includes four separately
encoded receptors A, Asa, Azp, and Ajz (encoded by the genes ADORAI, ADORA2A,
ADORA3B, and ADORA3, respectively), and is so named because all of these receptors respond
to adenosine. The P2Y receptor family includes twelve separately encoded receptors P2RY,
P2RY,, P2RY4, P2RYs/LPAg, P2RY,, P2RYs, P2RYo/LPAR4/GDPR23, P2RY 19, P2RYy,
P2RY 5, P2RY 13, and P2RY 4. The P2X (ion-channel) receptor family includes seven
separately-encoded receptors P2X;, P2X,, P2X3, P2X4, P2X5, P2Xe, and P2X;. The P2 receptor
families (P2X and P2Y) are so named because they respond to nucleotides like ATP/ADP, UTP,
and UDP.

[0048] In some embodiments, an antipurinergic agent is an inhibitor of a nucleoside transporter
which transports one or more purine-receptor-activating nucleosides across the cell membrane.
In some embodiments, an antipurinergic agent inhibits purinergic signaling by altering
extracellular concentrations of endogenous ligands for purinergic receptors. Examples of
nucleoside transporters include the concentrative nucleoside transporters SLC28A1, SLC28A2
and SLC28A3 (which are Na+-dependent symporters) and the equilibrative nucleoside
transporters ENT1, ENT2, ENT3, and ENT4 (which are Na+-independent passive transporters).
[0049] In some embodiments, an antipurinergic agent is an activator or inhibitor of an
ectonucleotidase which hydrolyzes one or more purine-receptor-activating nucleotides in the
extracellular space. Examples of ectonucleotidases include ectonucleoside triphosphate
diphosphohydrolases (E-NTPDases), ectonucelotide pyrophosphatase/phosphodiesterases (E-
NPPs), and alkaline phosphatases (APs).

[0050] In some embodiments, an antipurinergic agent is an inhibitor of the Pannexin-1 channel
(PANX1), which forms hemichannels involved in release of ATP from the cellular cytoplasm to
the extracellular space.

[0051] In some embodiments, an antipurinergic agent is a small molecule already identified as

having antagonist or inhibitory activity against one or more components of the purinergic
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signaling system. Such agents include, but are not limited to suramin, AZD9056, pyridoxal-
phosphate-6-azophenyl-2', 4'-disulfonic acid, clopidogrel, prasugrel, ticlopidine, ticagrelor,
cangrelor, and elinogrel or a salt of any one thereof. In  some embodiments, the antipurinergic

agent is suramin or a salt thereof. In some embodiments, the antipurinergic agent is represented

by the Formula: = , or a salt thereof such as a suramin hexasodium
salt. In certain embodiments, the antipurinergic agent is a prodrug of suramin or a salt thereof. In
certain embodiments, the antipurinergic agent is not suramin, a prodrug of suramin, or a salt
thereof.

[0052] In some embodiments, an antipurinergic agent of the disclosure, e.g., suramin, is
PEGylated with one or more polyethylene glycol (PEG) groups. In some embodiments, one or
more PEG groups are covalently or non-covalently associated with a compound of the
disclosure. In some embodiments, a compound of the disclosure is covalently modified with one
or more PEG groups. Covalent modification of a compound of the disclosure with one or more
PEG groups may reduce dosage frequency, increase drug stability, and enhance protection from
proteolytic degradation. In some embodiments, a compound of the disclosure is non-covalently
modified with one or more PEG groups, e.g, through hydrogen bonding interactions.

[0053] PEG moieties may be prepared by polymerization of ethylene oxide and are
commercially available over a wide range of molecular weights from 300 g/mol to 10,000,000
g/mol. PEGs with different molecular weights may have different physical properties,

e.g. viscosity, due to chain length effects. PEGs of the disclosure may be selected from
branched PEGs, e.g., PEGs that have three to ten PEG chains emanating from a central core
group; star PEGs, e.g., PEGs that have 10 to 100 PEG chains emanating from a central core
group; and comb PEGs, e.g., PEGs that have multiple PEG chains normally grafted on to a
polymer backbone.

[0054] PEG groups may be associated with numbers that indicate their average molecular
weights, e.g., PEG 400 has a molecular weight of 400 Daltons. Many PEGs include molecules
with a distribution of molecular weights, i.e., they are polydisperse. The size distribution can be

characterized statistically by its weight average molecular weight (Mw) and its number average
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molecular weight (Mn), the ratio of which is called the polydispersity index (Mw/Mn). MW and
Mn can be measured by mass spectrometry.

[0055] In some embodiments, an antipurinergic agent is a molecule discovered via a purinergic
receptor assay. An exemplary form of such an assay uses cells in tissue culture ectopically
expressing one or more purinergic receptors. Activity of an antagonist on these receptor
expressing cells is monitored by the ability of the antagonist to compete away a radiolabeled
ligand, e.g., 5°-N-[Adenine-2, 8-3H]- Ethylcarboxamidoadenosine in the case of P1 receptors,
for the receptor, or by monitoring downstream signaling of the purinergic receptor using calcium
imaging reagents, e.g., for the P2X receptors, or downstream production of second messengers
such as cAMP, e.g., for theP2Y receptors.

[0056] In some embodiments, an antipurinergic agent is a molecule discovered via an
extracellular nucleotide release assay. A wide variety of commercial reagents for quantifying
extracellular ATP are available; an exemplary class of such reagents are those which detect ATP
using recombinant luciferase and a luciferin reagent to convert ATP concentration into a
luminescent signal (e.g. the Cell-titer-glo family of reagents available from Promega). Such
assays may be used in combination with cultured cells from a variety of different tissue
backgrounds expressing various types or subtypes of purinergic receptors, ectonucleotidases,
transporters, or channels as described above. In some embodiments, the cells used for these
assays are modified to ectopically express one or more of the aforementioned components of
purinergic signaling.

[0057] Included in the present disclosure are salts, particularly pharmaceutically acceptable salts,
of the antipurinergic agents described herein. The compounds of the present disclosure that
possess a sufficiently acidic, a sufficiently basic, or both functional groups, can react with any of
a number of inorganic bases, and inorganic and organic acids, to form a salt. Alternatively,
compounds that are inherently charged, such as those with a quaternary nitrogen, can form a salt
with an appropriate counterion, e.g., a halide such as bromide, chloride, or fluoride, particularly
bromide.

[0058] The compounds described herein may in some cases exist as diastereomers, enantiomers,
or other stereoisomeric forms. The compounds presented herein include all diastereomeric,
enantiomeric, and epimeric forms as well as the appropriate mixtures thereof. Separation of
stereoisomers may be performed by chromatography or by forming diasterecomers and separating
by recrystallization, or chromatography, or any combination thereof. (Jean Jacques, Andre
Collet, Samuel H. Wilen, “Enantiomers, Racemates and Resolutions”, John Wiley And Sons,

Inc., 1981, herein incorporated by reference for this disclosure). Stereoisomers may also be
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obtained by stercoselective synthesis.

[0059] The methods and compositions described herein include the use of amorphous forms as
well as crystalline forms (also known as polymorphs). The compounds described herein may be
in the form of pharmaceutically acceptable salts. As well, active metabolites of these compounds
having the same type of activity are included in the scope of the present disclosure. In addition,
the compounds described herein can exist in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like. The solvated forms of
the compounds presented herein are also considered to be disclosed herein.

[0060] In some embodiments, antipurinergic agents, €.g., suramin, may be in the form of a
prodrug, e.g., wherein one or more acidic groups in the parent compound is presented as an ester.
In some embodiments, or more sulfonic acid moieties on suramin is masked as a prodrug, such
as an ester group. The term “prodrug” is intended to encompass compounds which, under
physiologic conditions, are converted into pharmaceutical agents of the present disclosure. One
method for making a prodrug is to include one or more selected moieties which are hydrolyzed
under physiologic conditions to reveal the desired molecule. In other embodiments, the prodrug
is converted by an enzymatic activity of the host animal such as specific target cells in the host
animal. For example, esters or carbonates, e.g., esters or carbonates of acid groups, are preferred
prodrugs of the present disclosure.

[0061] Prodrugs are often useful because, in some situations, they may be easier to administer
than the parent drug. They may, for instance, be bioavailable by oral administration whereas the
parent is not. Prodrugs may help enhance the gastrointestinal absorption of a compound relative
to the parent drug. Prodrugs may increase the lipophilicity of an antipurinergic agent relative to
the parent drug. In some embodiments, the design of a prodrug increases the effective water
solubility of an antipurinergic agent. See, e.g., Fedorak et al., Am. J. Physiol., 269:G210-218
(1995); McLoed ef al., Gastroenterol, 106:405-413 (1994); Hochhaus ef al., Biomed. Chrom.,
6:283-286 (1992); J. Larsen and H. Bundgaard, /nt. J. Pharmaceutics, 37, 87 (1987); J. Larsen et
al., Int. J. Pharmaceutics, 47, 103 (1988); Sinkula et al., J. Pharm. Sci., 64:181-210 (1975); T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium
Series; and Edward B. Roche, Bioreversible Carriers in Drug Design, American Pharmaceutical
Association and Pergamon Press, 1987, all incorporated herein for such disclosure).

[0062] According to another embodiment, the present disclosure provides methods of producing
the compounds of the disclosure. The compounds may be synthesized using conventional
techniques. Advantageously, these compounds are conveniently synthesized from readily

available starting materials. Synthetic chemistry transformations and methodologies useful in
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synthesizing the compounds described herein are known in the art and include, for example,
those described in R. Larock, Comprehensive Organic Transformations (1989); T. W. Greene
and P. G. M. Wuts, Protective Groups in Organic Synthesis, 2d. Ed. (1991); L. Fieser and M.
Fieser, Fieser and Fieser's Reagents for Organic Synthesis (1994); and L. Paquette,
ed., Encyclopedia of Reagents for Organic Synthesis (1995).

3. Compositions of Antipurinergic Agents
[0063] In some embodiments, the compounds described herein are formulated into
pharmaceutical compositions. In specific embodiments, pharmaceutical compositions are
formulated in a conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Proper formulation is dependent upon the
route of administration chosen. Any pharmaceutically acceptable techniques, carriers, and
excipients are used as suitable to formulate the pharmaceutical compositions described herein:
Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack
Publishing Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds.,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical
Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999).
[0064] Pharmaceutical compositions include at least one pharmaceutically acceptable carrier,
diluent or excipient and at least one antipurinergic agent, also referred to herein as an active
ingredient. The active ingredient is in free-acid or free-base form, or in a pharmaceutically
acceptable salt form. In addition, the methods and pharmaceutical compositions described
herein include the use of N-oxides, crystalline forms (also known as polymorphs), as well as
active metabolites of these compounds having the same type of activity. All tautomers of the
compounds described herein are included within the scope of the compounds presented herein.
Additionally, the compounds described herein encompass unsolvated as well as solvated forms
with pharmaceutically acceptable solvents such as water, ethanol, and the like. The solvated
forms of the compounds presented herein are also considered to be disclosed herein. In addition,
the pharmaceutical compositions optionally include other medicinal or pharmaceutical agents,
carriers, adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution
promoters, salts for regulating the osmotic pressure, buffers, and/or other therapeutically
valuable substances.
[0065] Methods for the preparation of compositions comprising the compounds described herein

include formulating the compounds with one or more inert, pharmaceutically acceptable
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excipients or carriers to form a solid, semi-solid or liquid. Solid compositions include, but are
not limited to, powders, tablets, dispersible granules, capsules, cachets, and suppositories.
Liquid compositions include solutions in which a compound is dissolved, emulsions comprising
a compound, or a solution containing liposomes, micelles, or nanoparticles comprising a
compound described herein. Semi-solid compositions include, but are not limited to, gels,
suspensions and creams. The form of the pharmaceutical compositions described herein include
liquid solutions or suspensions, solid forms suitable for solution or suspension in a liquid prior to
use, or as emulsions. These compositions also optionally contain minor amounts of nontoxic,
auxiliary substances, such as wetting or emulsifying agents, pH buffering agents, and so forth.
[0066] In some embodiments, a pharmaceutical composition comprising at least one
antipurinergic agent illustratively takes the form of a liquid where the agents are present in
solution, in suspension or both. In some embodiments, when the composition is administered as
a solution or suspension, a first portion of the agent is present in solution and a second portion of
the agent is present in particulate form, e.g., in suspension in a liquid matrix. In some
embodiments, a liquid composition includes a gel formulation. In other embodiments, the liquid
composition is aqueous.

[0067] In some embodiments, aqueous suspensions of the disclosure contain one or more
polymers as suspending agents. Polymers may be selected from water-soluble polymers such as
cellulosic polymers, e.g., hydroxypropyl methylcellulose, and water-insoluble polymers such as
cross-linked carboxyl-containing polymers. Certain pharmaceutical compositions described
herein comprise a mucoadhesive polymer, selected for example from carboxymethylcellulose,
carbomer (acrylic acid polymer), poly(methylmethacrylate), polyacrylamide, polycarbophil,
acrylic acid/butyl acrylate copolymer, sodium alginate and dextran.

[0068] Pharmaceutical compositions also, optionally, include solubilizing agents to aid in the
solubility of an antipurinergic agent or to facilitate its delivery across a tissue barrier or cellular
membrane. The term “solubilizing agent” generally includes agents that result in formation of a
micellar solution or a true solution of the agent. Nonionic surfactants that may be used in
compositions of the disclosure include, for example, polysorbate 80, glycols, polyglycols, e.g.,
polyethylene glycol 400, and glycol ethers. Anionic surfactants that may be used in compositions
of the disclosure include, for example, alkyl sulfates (such as dioctyl sulfosuccinate) and alkyl
cthoxylate sulfates. Cationic surfactants that may be used in compositions of the disclosure
include, for example, pyridinium-based compounds such as cetylpyridinium chloride.
Zwitterionic surfactants that may be used in compositions of the disclosure include various soy

and coconut-based natural products such as cocamidopropyl betaine and lecithin.
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[0069] Pharmaceutical compositions optionally include one or more pH adjusting agents or
buffering agents, including acids such as acetic, boric, citric, lactic, phosphoric and hydrochloric
acids; bases such as sodium hydroxide, sodium phosphate, sodium borate, sodium citrate,
sodium acetate, sodium lactate and tris-hydroxymethylaminomethane; and buffers such as
citrate/dextrose, sodium bicarbonate and ammonium chloride. Such acids, bases and buffers are
included in an amount required to maintain pH of the composition in an acceptable range.

[0070] Additionally, compositions of the disclosure may also include one or more salts in an
amount required to bring osmolality of the composition into an acceptable range. Such salts
include those having sodium, potassium or ammonium cations and chloride, citrate, ascorbate,
borate, phosphate, bicarbonate, sulfate, thiosulfate or bisulfite anions; suitable salts include
sodium chloride, potassium chloride, sodium thiosulfate, sodium bisulfite and ammonium
sulfate.

[0071] Compositions of the disclosure may also include one or more preservatives to inhibit
microbial activity. Suitable preservatives include mercury-containing substances such as merfen
and thiomersal; stabilized chlorine dioxide; and quaternary ammonium compounds such as
benzalkonium chloride, cetyltrimethylammonium bromide and cetylpyridinium chloride.

[0072] Still other useful compositions include one or more surfactants to enhance physical
stability or for other purposes. Suitable nonionic surfactants include polyoxyethylene fatty acid
glycerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and
polyoxyethylene alkylethers and alkylphenyl ethers, e.g., octoxynol 10, octoxynol 40.

[0073] Still other useful compositions include one or more antioxidants to enhance chemical
stability where required. Suitable antioxidants include, by way of example only, ascorbic acid
and sodium metabisulfite.

[0074] In some embodiments, aqueous suspension compositions are packaged in single-dose
non-reclosable containers. Alternatively, multiple-dose reclosable containers are used, in which
case it is typical to include a preservative in the composition.

[0075] In alternative embodiments, other delivery systems for hydrophobic pharmaceutical
compounds are employed. Liposomes, emulsions, and microemulsions are examples of delivery
vehicles or carriers useful herein. In some embodiments, organic solvents such as N-
methylpyrrolidone are also employed. In additional embodiments, the compounds described
herein are delivered using a sustained release system, such as semipermeable matrices of solid
hydrophobic polymers containing the therapeutic agent. Various sustained release materials are
useful herein. In some embodiments, sustained release capsules release the compounds for a few

weeks up to over 100 days. Depending on the chemical nature and the biological stability of the
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therapeutic reagent, additional strategies for protein stabilization are employed.

[0076] In some embodiments, the formulations described herein comprise one or more
excipients selected from antioxidants, metal chelating agents, thiol containing compounds and
other general stabilizing agents. Examples of such stabilizing agents, include, but are not limited
to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1% to about 1% w/v methionine, (c)
about 0.1% to about 2% w/v monothioglycerol, (d) about 1 mM to about 10 mM EDTA, (e)
about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to about 0.02% w/v polysorbate 80, (g)
0.001% to about 0.05% w/v. polysorbate 20, (h) arginine, (i) heparin, (j) dextran sulfate, (k)
cyclodextrins, (1) pentosan polysulfate and other heparinoids, (m) divalent cations such as
magnesium and zinc; or (n) combinations thereof.

[0077] For use in the therapeutic applications described herein, kits and articles of manufacture
are also provided. In some embodiments, such kits comprise a carrier, package, or container that
is compartmentalized to receive one or more containers such as vials, tubes, and the like, each of
the container(s) comprising one of the separate elements to be used in a method described herein.
Suitable containers include, for example, bottles, vials, syringes, and test tubes. The containers
are formed from a variety of materials such as glass or plastic.

[0078] The articles of manufacture provided herein contain packaging materials. Packaging
materials for use in packaging pharmaceutical products include those found in, e.g., U.S. Pat.
Nos. 5,323,907, 5,052,558 and 5,033,252, Examples of pharmaceutical packaging materials
include, but are not limited to, blister packs, bottles, tubes, inhalers, pumps, bags, vials,
containers, syringes, bottles, and any packaging material suitable for a selected formulation and
intended mode of administration and treatment. For example, the container(s) includes one or
more compounds described herein, optionally in a composition or in combination with another
agent as disclosed herein. The container(s) optionally have a sterile access port (for example the
container is an intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needle). Such kits optionally comprising a compound with an identifying description
or label or instructions relating to its use in the methods described herein.

[0079] A kit of the disclosure may include one or more additional containers, each with one or
more of various materials (such as reagents, optionally in concentrated form, and/or devices)
desirable from a commercial and user standpoint for use of a compound described herein. Non-
limiting examples of such materials include, but not limited to, buffers, diluents, filters, needles,
syringes; carrier, package, container, vial and/or tube labels listing contents and/or instructions
for use, and package inserts with instructions for use. A set of instructions will also typically be

included. A label is optionally on or associated with the container. For example, a label is on a
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container when letters, numbers or other characters forming the label are attached, molded or
etched into the container itself, a label is associated with a container when it is present within a
receptacle or carrier that also holds the container, e.g., as a package insert. In addition, a label is
used to indicate that the contents are to be used for a specific therapeutic application. In addition,
the label indicates directions for use of the contents, such as in the methods described herein. In
some embodiments, the pharmaceutical composition is presented in a pack or dispenser device
which contains one or more unit dosage forms containing a compound provided herein. The
pack for example contains metal or plastic foil, such as a blister pack. Or, the pack or dispenser
device is accompanied by instructions for administration. Or, the pack or dispenser is
accompanied with a notice associated with the container in form prescribed by a governmental
agency regulating the manufacture, use, or sale of pharmaceuticals, which notice is reflective of
approval by the agency of the form of the drug for human or veterinary administration. Such
notice, for example, is the labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insert. In some embodiments, compositions
containing a compound provided herein formulated in a compatible pharmaceutical carrier are
prepared, placed in an appropriate container, and labeled for treatment of an indicated condition.
4. Methods of Treatment
[0080] Suitable routes of administration for compositions comprising antipurinergic agents
include, but are not limited to, oral, intravenous, rectal, aerosol, parenteral, ophthalmic,
pulmonary, transmucosal, transdermal, otic, nasal, and topical administration. In addition, by
way of example only, parenteral delivery includes intramuscular, subcutaneous, intravenous,
intramedullary injections, as well as intrathecal, direct intraventricular, intraperitoneal,
intralymphatic, and intranasal injections.
[0081] In some embodiments, a compound as described herein is administered in a local rather
than systemic manner, for example, via injection of the compound directly into an organ, often in
a depot preparation or sustained release formulation. In specific embodiments, long acting
formulations are administered by implantation (for example subcutaneously or intramuscularly)
or by intramuscular injection. Furthermore, in other embodiments, the drug is delivered in a
targeted drug delivery system, for example, in a liposome coated with organ specific antibody.
In such embodiments, the liposomes are targeted to and taken up selectively by the organ. In yet
other embodiments, a compound of the disclosure is provided in the form of a rapid release
formulation, in the form of an extended release formulation, or in the form of an intermediate
release formulation. In yet other embodiments, the compound described herein is administered

topically.
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[0082] In certain embodiments, the compositions of the disclosure can also be delivered as
microspheres for slow release in the body. For example, microspheres can be administered via
intradermal injection of drug-containing microspheres, which slowly release subcutaneously (see
Rao, J. Biomater Sci. Polym. Ed. 7:623-645, 1995; as biodegradable and injectable gel
formulations (see, e.g., Gao Pharm. Res. 12:857-863, 1995); or, as microspheres for oral
administration (see, e.g., Eyles, J. Pharm. Pharmacol. 49:669-674, 1997). Both transdermal and
intradermal routes afford constant delivery for weeks or months.

[0083] In some embodiments, the pharmaceutical compositions are formulated in a form suitable
for parenteral injection as sterile suspensions, solutions or emulsions in oily or aqueous vehicles.
Parenteral injection formulations optionally contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. In specific embodiments, pharmaceutical formulations for
parenteral administration include aqueous solutions of the active compounds in water soluble
form. In additional embodiments, suspensions of the active compounds, e.g., antipurinergic
agents are prepared as oily injection suspensions. Suitable lipophilic solvents or vehicles for use
in the pharmaceutical compositions described herein include, by way of example only, fatty oils
such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or
liposomes. In some embodiments, aqueous injection suspensions contain substances which
increase the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or
dextran. Optionally, the suspension contains suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation of highly concentrated solutions. In
some embodiments, the active ingredient is in powder form for constitution with a suitable
vehicle, e.g., sterile pyrogen-free water, before use.

[0084] In still other embodiments, the antipurinergic agents are formulated in rectal
compositions such as enemas, rectal gels, rectal foams, rectal aerosols, suppositories, jelly
suppositories, or retention enemas, containing conventional suppository bases such as cocoa
butter or other glycerides, as well as synthetic polymers such as polyvinylpyrrolidone, PEG, and
the like. In suppository forms of the compositions, a low-melting wax such as, but not limited
to, a mixture of fatty acid glycerides, optionally in combination with cocoa butter is first melted.
[0085] In further embodiments antipurinergic agents described herein can be used alone or in
combination with appropriate additives to make oral tablets, powders, granules or capsules, and
if desired, with diluents, buffering agents, moistening agents, preservatives, coloring agents, and
flavoring agents. The pharmaceutical agents may be formulated with a buffering agent to provide
for protection of the compound from low pH of the gastric environment and/or an enteric

coating. A pharmaceutical agent included in a pharmaceutical composition may be formulated
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for oral delivery with a flavoring agent, e.g., in a liquid, solid or semi-solid formulation and/or
with an enteric coating.

[0086] In some embodiments, pharmaceutical preparations for oral use are obtained by mixing
one or more solid excipient with one or more of the compounds described herein, optionally
grinding the resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are, in particular,
fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations
such as: for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum
tragacanth, methylcellulose, microcrystalline cellulose, hydroxypropylmethylcellulose, sodium
carboxymethylcellulose; or others such as: polyvinylpyrrolidone (PVP or povidone) or calcium
phosphate. In certain embodiments, disintegrating agents are optionally added. Disintegrating
agents include, by way of example only, cross linked croscarmellose sodium,
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

[0087] In some embodiments, dosage forms, such as dragee cores and tablets, are provided with
one or more suitable coating. In specific embodiments, concentrated sugar solutions are used for
coating the dosage form. The sugar solutions optionally contain additional components, such as
by way of example only, gum arabic, talc, polyvinylpyrrolidone, carbopol gel, polyethylene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent
mixtures. Dyestuffs and/or pigments are also optionally added to the coatings for identification
purposes. Additionally, the dyestuffs and/or pigments are optionally utilized to characterize
different combinations of active compound doses.

[0088] In some embodiments, therapeutically effective amounts of at least one of the compounds
described herein are formulated into other oral dosage forms. Oral dosage forms include push fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. In specific embodiments, push fit capsules contain the active ingredients
in admixture with one or more filler. Fillers include, by way of example only, lactose, binders
such as starches, and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers.
In other embodiments, soft capsules contain one or more active compound that is dissolved or
suspended in a suitable liquid. Suitable liquids include, by way of example only, one or more
fatty oil, liquid paraffin, or liquid polyethylene glycol. In addition, stabilizers are optionally
added.

[0089] In some embodiments, the pharmaceutical compositions comprising a pharmaceutical
agent are formulated for transdermal, intradermal, or topical administration. The compositions

can be administered using a syringe, bandage, transdermal patch, insert, or syringe-like
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applicator, as a powder/talc or other solid, liquid, spray, aerosol, ointment, foam, cream, gel,
paste. This preferably is in the form of a controlled release formulation or sustained release
formulation administered topically or injected directly into the skin adjacent to or within the area
to be treated, e.g., intradermally or subcutaneously. The active compositions can also be
delivered via iontophoresis. Preservatives can be used to prevent the growth of fungi and other
microorganisms. Suitable preservatives include, but are not limited to, benzoic acid,
butylparaben, ethyl paraben, methyl paraben, propylparaben, sodium benzoate, sodium
propionate, benzalkonium chloride, benzethonium chloride, benzyl alcohol, cetypyridinium
chloride, chlorobutanol, phenol, phenylethyl alcohol, thimerosal, and combinations thereof.
[0090] An insert, transdermal patch, bandage or article can comprise a mixture or coating of
polymers that provide release of the pharmaceutical agents at a constant rate over a prolonged
period of time. In some embodiments, the article, transdermal patch or insert comprises water-
soluble pore forming agents, such as polyethylene glycol (PEG) that can be mixed with water
insoluble polymers to increase the durability of the insert and to prolong the release of the active
ingredients.

[0091] Transdermal devices (inserts, patches, bandages) may also comprise a water insoluble
polymer. Rate controlling polymers may be useful for administration to sites where pH change
can be used to effect release. These rate controlling polymers can be applied using a continuous
coating film during the process of spraying and drying with the active compound. In one
embodiment, the coating formulation is used to coat pellets comprising the active ingredients
that are compressed to form a solid, biodegradable insert.

[0092] In certain embodiments, a therapeutically effective amount of at least one of the
compounds described herein, e.g., suramin, is administered by transdermal iontophoresis or
acoustic microcavitation methods. Iontophoresis is a process of transdermal drug delivery by
use of a voltage gradient on the skin. A molecule, such as an antipurinergic agent, e.g., suramin,
may be transported across the stratum corneum by electrophoresis and electroosmosis and the
electric field may also increase the permeability of the skin and produce transient pores in cells.
[0093] In acoustic microcavitation, microbubbles are used as vehicles to encapsulate a
therapeutic agent which in combination with diagnostic ultrasound permits local targeting and
release of the therapeutic agent. The motion of the microbubbles has been shown to increase
permeability of both individual cell membranes and the endothelium, thus enhancing therapeutic
uptake. In certain embodiments, purinergic agents of the disclosure, e.g., suramin, may be

administered by acoustic microcavitation.
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[0094] In a further aspect, the present disclosure provides for methods for treating an autism
spectrum disorder in a subject in need thereof by administering a compound, e.g., antipurinergic
agent, of the disclosure.

[0095] In some embodiments, a condition or disorder meriting treatment according to the
methods of the invention comprises any neurodevelopmental disorder in a patient meeting the
official Diagnostic and Statistical Manual of Mental Disorders version 5 (DSM-5, 2013) criteria
for autism spectrum. The DSM-5 describes such disorders as being characterized by, for
example: a) persistent deficits in social interaction across multiple contexts, e.g. deficits in
social-emotional reciprocity, deficits in nonverbal communicative behaviors, or deficits in
developing, maintaining, or understanding relationships; b) restricted, repetitive patterns of
behavior, interest or activity; ¢) presentation of symptoms in the early developmental period; d)
significant impairment in social or occupational functioning as a result of symptoms; and ¢)
levels of social communication below that expected for the patient’s general developmental
level.

[0096] In some embodiments, methods of the disclosure may be used to treat conditions or
disorders other than autism spectrum disorders. In some embodiments, methods of the disclosure
may be used to treat cognitive developmental delay. Cognitive developmental delay may be
broadly defined as a significant lag in a child's cognitive development when compared to
standardized milestones. Types of cognitive delay include problems with language or speech,
vision, movement/motor skills, social and emotional skills, and thinking. In some embodiments,
a cognitive developmental delay may be the result of a genetic defect, such as Down syndrome,
fetal alcohol syndrome, caused by a mother drinking alcohol during pregnancy, fragile X
syndrome, an inherited type of cognitive impairment, severe medical problems development
soon after birth, often associated with prematurity, or other unknown causes.

[0097] In some embodiments, methods of the disclosure may be used to treat intellectual
developmental disorder, language disorder, speech sound disorder, social (pragmatic)
communication disorder, stereotypic movement disorder, Tourette's disorder, persistent (chronic)
motor or vocal tic disorder, other specified or unspecified neurodevelopmental disorders.

[0098] In some embodiments, an autism spectrum disorder comprises one or more of the
previously used DSM-IV-TR diagnostic categories of autism, Asperger syndrome, pervasive
developmental disorder not otherwise specified (PDD-NOS), and childhood disintegrative
disorder.

[0099] In some embodiments, a patient with an autism spectrum disorder additionally has a

known genetic lesion associated with autism spectrum disorders. Such genetic lesions include
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cytogenetically visible chromosomal abnormalities, copy number variants (CNVs), and DNA
mutations. In some embodiments the genetic lesion is associated with another named
neurodevelopmental disorder such as Prader-Willi syndrome, Angelman syndrome, Down
syndrome, and Turner syndrome. The aforementioned genetic lesions can be identified in
patients by a variety of well-known techniques including microscopic karyotyping, fluorescence
in situ hybridization (FISH), or array comparative genomic hybridization (aCGH). Curated
databases of chromosomal abnormalities reported in autism have been constructed, see for e.g.
Marshall et al. Am J Hum Genet 2008; 82:477-488.

[00100] In some embodiments, a subject of the treatment methods described herein does
not have a known genetic lesion associated with autism spectrum disorders. For example, a
subject of the treatment methods described herein may be selected from subjects that do not have
cytogenetically visible chromosomal abnormalities, copy number variants (CNVs), or DNA
mutations.

[00101] In certain embodiments, a subject with an autism spectrum disorder of the
treatment methods described herein has a gastrointestinal disease or disorder. In certain
embodiments, a subject of the treatment methods described herein has chronic constipation,
diarrhea, gastroesophageal reflux disease, or irritable bowel syndrome. In certain embodiments, a
subject with an autism spectrum disorder of the treatment methods described herein has a
microbiome imbalance. In certain embodiments, the disclosure provides a method for selecting a
subject who would benefit from the autism spectrum disorder therapies described herein. In
particular, a subject may be selected from a subject with an autism spectrum disorder wherein
the subject suffers from one or more symptoms associated with a gastrointestinal disease or
disorder.

[00102] A patient in need of treatment for autism spectrum disorder according to the
methods of the invention may be any patient with an autism spectrum disorder that is at a pre-
adult neurodevelopmental stage. In some embodiments, a patient in need of treatment for autism
spectrum disorder is less than 21 years old. In some embodiments, a patient in need of treatment
for autism spectrum disorder is less than 18 years old. In some embodiments, a patient in need
of treatment for autism spectrum disorder is less than 16 years old. In other embodiments, a
patient in need of treatment for autism spectrum disorder is a child. In yet other embodiments, a
patient in need of treatment for autism spectrum disorder is an infant. In some embodiments, a
patient in need of treatment for autism spectrum disorder is between 14 months and 16 years old.
[00103] In some embodiments, the disclosure provides methods of evaluating the efficacy

of the treatment and modulating a treatment regimen where appropriate. A variety of

24



WO 2018/148580 PCT/US2018/017674

standardized evaluation schemes are available for monitoring the course, severity, and spectrum
of functional impairments in patients with autism spectrum disorder or suspected to be at risk for
autism-spectrum disorder. Such schemes also may be used to assess the evolution of autism
symptoms over time or in response to treatment. Of these, the Autism Diagnostic Observation
Schedule (ADOS-2, in its most current iteration, described in Gotham et al. J Autism Dev
Disord. 2007 Apr;37(4):613-27.) is uniquely useful for patients of wide age ranges as it has a
variety of modules that account for the developmental level and age of the patient. It includes a
standardized administration of interactive activities introduced by the examiner which are
designed to elicit social interactions, communication, and repetitive behaviors for the purpose of
diagnosing an autism spectrum disorder, with procedures optimized for patients from less than
48 months through adulthood. Also useful for evaluating communication impairment in autism
spectrum disorder is the Expressive One Word Picture Vocabulary Test (EOWPVT), which
assesses verbal expression and the ability to name and generate words (described in Chapman et
al. Early Hum Dev. 2015 Jun; 91(6): 373-379.) Additional metrics that may be used to gauge
improvement of ASD patients include the caregiver-administered Aberrant Behavior Checklist
(ABC, see for e.g. Kaat et al. J] Autism Dev Disord. 2014 May;44(5):1103-16.) and Autism
Treatment Evaluation Checklist (ATEC, see for e.g. Geier et al. Mental Health Research in
Intellectual Disabilities 2013; 6: 255-67). Additionally, a modified version of the Clinical
Global Impressions scale (see for e.g. Fig. 16) may be used to judge patient progress.

[00104] Subjects may generally be monitored for therapeutic effectiveness using assays
and methods suitable for the condition being treated, which assays will be familiar to those
having ordinary skill in the art and are described herein. Pharmacokinetics of a pharmaceutical
agent, or one or more metabolites thereof, that is administered to a subject may be monitored by
determining the level of the pharmaceutical agent or metabolite in a biological fluid, for
example, in the blood, blood fraction, e.g., serum, and/or in the urine, and/or other biological
sample or biological tissue from the subject. Any method practiced in the art and described
herein to detect the agent may be used to measure the level of the pharmaceutical agent or
metabolite during a treatment course.

[00105] In some embodiments, subjects are monitored for therapeutic effectiveness using
assays that follow the concentration of one or more non-drug metabolites in patient serum,
sputum, blood, or urine as biomarkers of treatment efficacy. Such metabolites can be
concentration assayed by a variety of techniques, including but not limited to the LC-MS/MS
analysis as in Example 4. The metabolites tracked may be early (~2d) biomarkers of treatment

efficacy that are identified in Table 7, or may participate in pathways identified in Table 6. In
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particular embodiments, the metabolites tracked as a biomarker of treatment efficacy are one or
more chemical entities from Table 7. In particular embodiments, the metabolites tracked as a
biomarker of treatment efficacy are 5 or more, 10 or more, or 15 or more chemical entities from
Table 6. The metabolites tracked may be late (~45d) biomarkers of treatment efficacy that are
identified in Table 8, or may participate in pathways identified in Table 5. In particular
embodiments, the metabolites tracked as a biomarker of treatment efficacy are 5 or more, 10 or
more, or 15 or more chemical entitics from Table 8.

[00106] In some embodiments, treating an autism spectrum disorder comprises improving one
or more symptoms relative to symptoms of said subject prior to said administration, wherein the
symptoms are selected from difficulty communicating, difficulty interacting with others, and
repetitive behaviors. In some embodiments, treating an autism spectrum disorder comprises
improving an assessment score of said subject selected from ADOS, ABC, ATEC, and CGI
scores relative to a score prior to said administration. In some embodiments, an assessment score
of a subject is improved by about 5% or more, about 10% or more, such as about 15% or more,
such as about 20% or more, such as about 25% or more, such as about 30% or more, such as
about 35% or more, such as about 40% or more, such as about 45% or more, such as about 50%
or more, such as about 55% or more, such as about 60% or more, such as about 65% or more,
such as about 70% or more, such as about 75% or more, such as about 80% or more, such as
about 85% or more, or even about 90% or more relative to the pre-treatment assessment score.
[00107] In some embodiments, the treatment of an autism spectrum disorder may be evaluated
by any of the methods described in U.S. Patent No. 9,443,205, the entire contents of which are
incorporated by reference herein.

[00108] In some embodiments, the methods for treating an autism spectrum disorder described
herein comprise improving an ADOS score of a subject by about 1.0 or more, about 1.1 or more,
about 1.2 or more, about 1.3 or more, about 1.4 or more, about 1.5 or more, about 1.6 or more,
about 1.7 or more, about 1.8 or more, about 1.9 or more, or about 2.0 or more relative to a score

of the subject prior to said administration

[00109] In some embodiments, the improvement of an assessment score such as ADOS, ABC,
ATEC, and CGlI, has a p-value of 0.05 or less, about 0.04 or less, about 0.03 or less, or about
0.02 or less. In some embodiments, the effect size of a treatment method described here is about
1 or more, about 1.5 or more, about 2 or more, about 2.5 or more, about 2.6 or more, about 2.7 or

more, about 2.8 or more, about 2.9 or more or about 3.0 or more.
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[00110] The compositions containing the antipurinergic agents described herein can be
administered for prophylactic and/or therapeutic treatments. In therapeutic applications, the
compositions are administered to a patient already suffering from a disease or condition, in an
amount sufficient to cure or at least partially arrest the symptoms of the disease or condition.
Amounts effective for this use will depend on the severity and course of the disease or condition,
previous therapy, the patient's health status, weight, and response to the drugs, and the judgment
of the treating physician.

[00111] In prophylactic applications, compositions containing the compounds described herein
are administered to a patient susceptible to or otherwise at risk of a particular disease, disorder or
condition. Such an amount is defined to be a "prophylactically effective amount or dose." In this
use, the precise amounts also depend on the patient's state of health, weight, and the like. When
used in a patient, effective amounts for this use will depend on the severity and course of the
disease, disorder or condition, previous therapy, the patient's health status and response to the
drugs, and the judgment of the treating physician.

[00112] In the case wherein the patient’s condition does not improve, upon the doctor’s
discretion the administration of the compounds may be administered chronically, that is, for an
extended period of time, including throughout the duration of the patient’s life in order to
ameliorate or otherwise control or limit the symptoms of the patient’s disease or condition.
[00113] In the case wherein the patient’s status does improve, upon the doctor’s discretion the
administration of the compounds may be given continuously; alternatively, the dose of drug
being administered may be temporarily reduced or temporarily suspended. In some
embodiments, temporary suspension of treatment with an agent of the disclosure is referred to as
a “treatment holiday”. During a treatment holiday, the agent of the disclosure is not
administered to the subject, however, the drug may still be present and detectable in the subject’s
blood stream for the full length of the holiday or for a portion thereof. In some embodiments, the
length of the treatment holiday can vary between 2 days and 1 year, including by way of
example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days,
28 days, 35 days, 50 days, 70 days, or 100 days. In some embodiments, the patient is
administered at least two doses of an antipurinergic agent of the disclosure, wherein there is a
treatment holiday between said doses of about 1 day to about 90 days, such as about 1 day to
about 60 days, such as about 1 day to about 30 days, such as about 1 day to about 40 days, such
as about 5 days to about 30 days. In some embodiments, the patient is administered at least
three doses of an antipurinergic agent of the disclosure, wherein there is a treatment holiday

between second and third doses of about 10 days to about 90 days, such as about 10 days to
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about 60 days, such as about 10 days to about 30 days, such as about 10 days to about 40 days.
In some embodiments, the third dose is smaller than the second dose. In some embodiments, the
treatment holiday between the second and third doses is longer than the treatment holiday
between the first and second doses.

[00114] In some embodiments, once improvement of the patient's conditions has occurred, a
maintenance dose may be administered if necessary. For a maintenance dose, the dosage or the
frequency of administration, or both, can be reduced relative to an initial treatment regimen, as a
function of the symptoms, to a level at which the improved disease, disorder or condition is
retained. Patients may, however, require intermittent treatment on a long-term basis upon any
recurrence of symptoms.

[00115] The compounds according to the invention may be administered at a dose selected from
about 0.01 mg/kg to 100 mg/kg. For example, an antipurinergic agent of the disclosure may be
administered in a dose from about 10-30 mg/kg. In some embodiments, a dosage of
antipurinergic agent is selected from about 5-50 mg/kg, about 5-45 mg/kg, about 5-40 mg/kg,
about 5-35 mg/kg, about 5-30 mg/kg, about 5-25 mg/kg, about 5-20 mg/kg, about 10-50 mg/kg,
about 10-45 mg/kg, about 10-40 mg/kg, about 10-35 mg/kg, about 10-30 mg/kg, about 10-25
mg/kg, about 10-20 mg/kg, about 20-50 mg/kg, about 20-45 mg/kg, about 20-40 mg/kg, about
20-35 mg/kg, about 20-30 mg/kg, about 21-50 mg/kg, about 21-45 mg/kg, about 21-40 mg/kg,
and about 21-35 mg/kg.

[00116] In some embodiments, the dosage of antipurinergic agent for use in the methods
described herein is greater than about 20 mg/kg, greater than about 21 mg/kg, greater than about
22 mg/kg, greater than about 23 mg/kg, greater than about 24 mg/kg, greater than about 25
mg/kg, greater than about 26 mg/kg, greater than about 27 mg/kg, greater than about 28 mg/kg,
greater than about 29 mg/kg, greater than about 30 mg/kg, or greater than about 40 mg/kg. In
some embodiments, the dosage for use in the methods described herein is less than about 80
mg/kg, less than about 70 mg/kg, less than about 60 mg/kg, less than about 50 mg/kg, less than
about 40 mg/kg, or less than about 30 mg/kg. In some embodiments, a dose of antipurinergic
agent is selected from a combination of any lower and upper limit described in the preceding
section. An exemplary dosage is about 500 mg (for a 25 kg subject). The exact dosage may
depend upon the route of administration, the form in which the compound is administered, the
subject to be treated, the body weight of the subject to be treated, and the experience of the
attending physician.

[00117] The compounds of the disclosure may be administered at a dose selected from about 100

mg/m” to about 700 mg/m>. For example, an antipurinergic agent of the disclosure may be
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administered in a dose from about 200 mg/m” to about 600 mg/m”. In some embodiments, a
dosage of antipurinergic agent is selected from about 250 mg/m2 to about 600 mg/mz, about 150
mg/m” to about 250 mg/m?, about 250 mg/m” to about 350 mg/m’, about 350 mg/m” to about
450 mg/m?, about 450 mg/m” to about 550 mg/m?, about 550 mg/m? to about 650 mg/m?, and
about 650 mg/m” to about 750 mg/m’.

[00118] In some embodiments, the dosage of antipurinergic agent for use in the methods
described herein is greater than about 100 mg/m?, greater than about 150 mg/m?, greater than
about 200 mg/m’, greater than about 250 mg/m?, greater than about 300 mg/m?, greater than
about 350 mg/m?, greater than about 400 mg/m?, or even greater than about 450 mg/m?. In
some embodiments, the dosage for use in the methods described herein is less than about 800
mg/m?, less than about 750 mg/m?, less than about 700 mg/m?, less than about 650 mg/m?, less
than about 600 mg/mz, less than about 550 mg/mz, less than about 500 mg/mz, less than about
450 mg/m?, less than about 400 mg/m?, or less than about 300 mg/m®. In some embodiments, a
dose of antipurinergic agent is selected from a combination of any lower and upper limit
described in this paragraph. An exemplary dosage is about 300 mg/m?, about 400 mg/m?, or
about 500 mg/mz. The exact dosage may depend upon the route of administration, the form in
which the compound is administered, the subject to be treated, the body surface area of the
subject to be treated, and the experience of the attending physician.

[00119] In some embodiments, the dose of the compounds according to the disclosure is selected
to achieve a desired continuous steady-state plasma concentration or range of steady-state
plasma concentrations. Such doses can be readily selected after determining standard
pharmacokinetic parameters for the compound such as half-life and volume of distribution
(determined by measuring serum concentrations of the compound at various time points after
administration). Pharmacokinetic parameters and dosing parameters are then input into a
pharmacokinetic model and the model is solved for dose. A variety of such models are
described, for example, in Remington Essentials of Pharmaceutics (2013), especially p.705-725,
which are incorporated by reference.

[00120] In some embodiments, a steady-state plasma concentration is accomplished by first
administering a loading dose of the antipurinergic agent (e.g. suramin or a salt or prodrug
thereof) followed by maintenance doses smaller than the loading dose (e.g. 50-80% of the
loading dose) at intervals roughly equivalent to the half-life of the antipurinergic agent (for
example, the half-life of the antipurinergic agent can be previously determined in a single-dosing
experiment such as the one described for Fig. 12). By way of example only, the maintenance

doses of the antipurinergic agent may be administered every 14 days (roughly the half-life
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determined by single dosing in Fig. 12). In some cases, the half-life of the antipurinergic agent
is different (e.g. longer) upon administration of more than one dose, in which the half-life upon
multiple dosing can be determined, and the interval between maintenance doses can be longer
(e.g. greater than 14 days) than the initially determined half-life of the drug in naive patients.
[00121] Blood plasma levels of a therapeutic agent of the disclosure, e.g., suramin, administered
intravenously often peak following administration, e.g., within 2 days of administration of said
therapeutic agent, and this peak value may fall outside of the desired continuous steady-state
plasma concentration. In certain embodiments, in determining a continuous steady-state plasma
concentration of a therapeutic agent, measurements from the first day, first two days or first three
days following administration, e.g. intravenous administration, are excluded from the evaluation
of a continuous steady-state. To illustrate, an antipurinergic agent is intravenously delivered over
multiple doses to a subject in an amount sufficient to maintain the antipurinergic agent plasma
levels of said subject within a range of from about 3 uM to about 15 uM for 100 days or more.
For the day that the agent is administered and the first day following each dose, the
antipurinergic agent plasma levels peak and exceed 15 pM but this initial peak is excluded from
the continuous steady-state plasma concentration calculation.

[00122] In particular embodiments, an antipurinergic agent according to the disclosure, e.g.,
suramin or a salt thereof, is administered to maintain plasma levels of said antipurinergic agents
in a target range from about 1 uM to about 100 uM over a period of time, e.g., from about 2 days
to about 100 days, from about 20 days to about 180 days, or from about 20 days to about 365
days. In some embodiments, compounds according to the disclosure are administered to maintain
plasma levels from about 2 pM to about 50 uM over a period of time, e.g., from about 2 days to
about 100 days. In other embodiments, antipurinergic agents according to the disclosure are
administered to maintain plasma levels of said agents from about 1 uM to about 40 uM, about 1
uM to about 35 uM, about 1 uM to about 30 uM, about 1 uM to about 25 pM, about 4 uM to
about 25 pM, about 5 pM to about 25 uM, about 1 uM to about 20, about 1 pM to about 15 uM,
about 2 uM to about 15 uM, about 3 uM to about 15 uM, about 4 uM to about 15 pM, about 5
UM to about 15 pM, about 6 uM to about 15 uM, about 7 uM to about 15 uM, about 8§ uM to
about 15 pM, about 9 pM to about 15 uM, such as from about 1 uM to about 15 pM. In some
embodiments, compounds according to the disclosure are administered to maintain plasma levels
from about 3 pM to about 10 pM for about 10 days to about 100 days, about 15 days to about
100 days, about 20 days to about 100 days, about 25 days to about 100 days, about 30 days to
about 100 days, about 35 days to about 100 days, or from about 40 days to about 100 days. In

some embodiments, compounds according to the disclosure are administered to maintain plasma
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levels from about 5 pM to about 25 uM for about 10 days to about 100 days, about 15 days to
about 100 days, about 20 days to about 100 days, about 25 days to about 100 days, about 30 days
to about 100 days, about 35 days to about 100 days, or from about 40 days to about 100 days. In
certain embodiments, the maintenance of plasma levels for a period of time is measured in non-
contiguous days, e.g., excludes the day or two immediately following administration of a dose
when plasma levels peak. For example, dose 1 is given on day 1, does 2 is given on day 30 and
dose 3 on day 60 and the plasma levels are maintained from about 5 uM to about 25 pM for 100
days which excludes the plasma levels on day 1 and 2, day 30 and 31 and day 60 and 61.
[00123] In some embodiments, antipurinergic agents according to the disclosure are
administered to maintain plasma levels of said agents at more than about 1 uM, more than about
2 uM, more than about 3 uM, more than about 4 M, more than about 5 pM, more than about 6
puM, more than about 7 pM, more than about 8 pM, more than about 9 uM, about 10 uM from
about 5 uM to about 15 uM, wherein any of the preceding plasma levels is maintained for about
10 days to about 100 days, about 15 days to about 100 days, about 20 days to about 100 days,
about 25 days to about 100 days, about 30 days to about 100 days, about 35 days to about 100
days, or from about 40 days to about 100 days. In some embodiments, antipurinergic agents
according to the disclosure are administered to maintain plasma levels of said agents at less than
about 30 pM, less than about 25 uM, less than about 20 uM, less than about 15 pM, less than
about 14 pM, less than about 13 pM, less than about 12 pM, less than about 11 pM, less than
about 10 pM, or less than about 9 uM, wherein any of the preceding plasma levels is maintained
for about 10 days to about 100 days, about 15 days to about 100 days, about 20 days to about
100 days, about 25 days to about 100 days, about 30 days to about 100 days, about 35 days to
about 100 days, or from about 40 days to about 100 days. In some embodiments, the disclosure
includes maintaining a plasma concentration in a range formed from any of the lower and upper
limits described herein.

[00124] In some embodiments, antipurinergic agents according to the disclosure are
administered to maintain any one of the plasma ranges discussed in the preceding sections a
range of plasma concentrations for a period of time, as described in the preceding section, for
about 2 days or more, about 3 days or more, about 4 days or more, about 5 days or more, about 7
days or more, about 10 days or more, about 14 days or more, about 15 days or more, about 20
days or more, about 21 days or more, about 25 days or more, about 28 days or more, about 30
days or more, about 35 days or more, about 40 days or more, about 42 days or more about 50
days or more, about 55 days or more, about 60 days or more, about 70 days or more, about 80

days or more, about 90 days or more, or even about 100 days or more. In some embodiments,
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antipurinergic agents according to the disclosure are administered in a manner to maintain a
plasma antipurinergic agent range, as described in the preceding section, for about 2 days to
about 100 days, such as about 10 days to about 100 days, such as about 20 days to about 100
days, such as about 25 days to about 100 days, such as about 30 days to about 100 days. In some
embodiments, the level of antipurinergic agent in plasma may be calculated based on known
factors such as characteristics of the antipurinergic agent, patient characteristics, plasma levels
measured from previous administrations to a patient, etc. In some embodiments, the level of
antipurinergic agent in plasma of a patient administered the therapy may be measured one or
more times over the course of treatment.

[00125] In some embodiments, suramin or a salt thereof is administered in an amount such that
following administration, the AUC is about 80 pM*days to about 400 pM*days. In certain
embodiments, suramin or a salt thereof is administered in an amount such that following
administration, the AUC is from 300 pM*days to 1700 pM*days from one to six months. In
certain embodiments, suramin is administered such that the AUC for 180 days of treatment is
from about 900 pM*days to about 1700 uM*days, from about 900 pM*days to about 1200
uM*days, from about 1300 pM*days to about 1700 pM*days, or from about 1400 pM*days to
about 1600 pM*days. In certain embodiments, over a 180 day treatment cycle, suramin is
administered from 3 to 7 times, such as from 4 to 6 times such as 5 times. In certain
embodiments, over a 180 day treatment cycle, suramin is administered once every 25 to 40 days,
such as once every 24 to 35 days. In certain embodiments, suramin is administered such that the
AUC for 365 days or treatment is from about 1500 puM*days to about 4000 pM*days. In certain
embodiments, over a 365 day treatment cycle, suramin is administered from 6 to 14 times, such
as from 8 to 12 times such as 10 times. In certain embodiments, over a 365 day treatment cycle,
suramin is administered once every 25 to 40 days, such as once every 24 to 35 days.

[00126] In some embodiments, suramin or a salt thereof is administered in multiple doses such
that the blood plasma level of said agent is equivalent to a single intravenous administration of
about 10 mg/kg to about 30 mg/kg. In some embodiments, suramin or a salt thereof is
administered in multiple doses such that the blood plasma level of said agent is equivalent to a
single intravenous administration of about 400 mg/m?” to about 700 mg/m”.

[00127] In some embodiments, the disclosure provides a method of treating an autism spectrum
disorder in a subject in need thereof, wherein said treatment comprises administering to said
subject a dose of an antipurinergic agent of more than 20 mg/kg. In some embodiments, the
antipurinergic agent is administered in a dose of more than 20 mg/kg and in an amount sufficient

to maintain serum creatinine levels of said subject below about 2.0 mg/dL, below about 1.9
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mg/dL, below about 1.8 mg/dL, below about below about 1.7 mg/dL, below about 1.6 mg/dL,
below about 1.5 mg/dL, below about 1.4 mg/dL, below about 1.3 mg/dL, below about 1.2
mg/dL, below about 1.1 mg/dL, or below about 1.0 mg/dL following said administration. In
some embodiments, the antipurinergic agent is administered in a dose of more than 20 mg/kg,
more than about 25 mg/kg, or more than about 30 mg/kg, wherein the amount is sufficient to

maintain serum creatinine levels of said subject below about 1.3 mg/dL, such as below about 1.0

mg/dL.

[00128] In some embodiments, the disclosure provides a method of treating an autism spectrum
disorder in a subject in need thereof, wherein said treatment comprises administering to said
subject a dose of an antipurinergic agent of more than 500 mg/mz. In some embodiments, the
antipurinergic agent is administered in a dose of more than 500 mg/m? and in an amount
sufficient to maintain serum creatinine levels of said subject below about 2.0 mg/dL, below
about 1.9 mg/dL, below about 1.8 mg/dL., below about below about 1.7 mg/dL, below about 1.6
mg/dL, below about 1.5 mg/dL, below about 1.4 mg/dL, below about 1.3 mg/dL, below about
1.2 mg/dL, below about 1.1 mg/dL, or below about 1.0 mg/dL following said administration. In
some embodiments, the antipurinergic agent is administered in a dose of more than 500 mg/mz,
more than about 550 mg/m?, or more than about 600 mg/m?, wherein the amount is sufficient to
maintain serum creatinine levels of said subject below about 1.3 mg/dL, such as below about 1.0

mg/dL.

[00129] In some embodiments, an antipurinergic agent of the disclosure is administered in a dose
of more than 20 mg/kg and in an amount sufficient to maintain serum aminotransferase levels of
said subject below about 60 U/L, below about 55 U/L, below about 50 U/L, below about 45 U/L,
below about 40 U/L, below about 35 U/L, below about 30 U/L, below about 25 U/L or below
about 20 U/L following said administration. In some embodiments, an antipurinergic agent of the
disclosure is administered in a dose of more than 20 mg/kg, more than about 25 mg/kg, or more
than about 30 mg/kg, wherein the amount is sufficient to maintain serum aminotransferase levels

of said subject below about 40 U/L.

[00130] In some embodiments, an antipurinergic agent of the disclosure is administered in a dose
of more than 500 mg/m” and in an amount sufficient to maintain serum aminotransferase levels
of said subject below about 60 U/L, below about 55 U/L, below about 50 U/L, below about 45
U/L, below about 40 U/L, below about 35 U/L, below about 30 U/L, below about 25 U/L or
below about 20 U/L following said administration. In some embodiments, an antipurinergic

agent of the disclosure is administered in a dose of more than 500 mg/m?, more than about 550
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mg/m?, or more than about 600 mg/m?, wherein the amount is sufficient to maintain serum

aminotransferase levels of said subject below about 40 U/L.

[00131] In some embodiments, the disclosure provides a method of treating a subject that would
benefit from treatment with an antipurinergic agent, comprising identifying a subject with an
autism spectrum disorder, wherein the autism spectrum disorder is not a known syndromic form
of autism spectrum disorder caused by DNA mutation or chromosomal copy number variation
(CNV). In some embodiments, the method further comprises treating said subject by

administering an antipurinergic agent in response to said identifying,

[00132] In some embodiments, the disclosure provides a method of treating a subject that would
benefit from treatment with an antipurinergic agent, comprising identifying a subject with an
autism spectrum disorder, wherein the autism spectrum disorder is a known syndromic form of
autism spectrum disorder caused by DNA mutation or chromosomal copy number variation
(CNV). In some embodiments, the method further comprises treating said subject by

administering an antipurinergic agent in response to said identifying,

[00133] In some embodiments, antipurinergic agents of the disclosure are administered to
maintain plasma concentrations for time periods that may necessitate multiple doses of the
compound. In some embodiments, antipurinergic agents of the disclosure are administered daily,
weekly, once every two weeks, once every three weeks, once every four weeks, once every five
weeks, once every six weeks, once every seven weeks, or once every eight weeks.

[00134] In certain embodiments, antipurinergic agents of the disclosure are administered, e.g.,
intravenously administered, once every two weeks, once every three weeks, once every four
weeks, once every five weeks or even once every six weeks. In certain embodiments, an
antipurinergic agent of the disclosure is administered once every 25 to 40 days over the course of
three months or more. For example, an antipurinergic agent of the disclosure may be
administered once every 25 to 40 days at an amount individually selected at each dose from 250
mg/m” to about 700 mg/m”. In certain embodiments, an antipurinergic agent of the disclosure
may be administered once every 25 to 40 days, such as once every 25 to 35 days. In certain
embodiments, the dosing of antipurinergic agent decreases over the course of administration. For
example, the first dose is administered to a subject is selected from 450 mg/m? to about 550
mg/m” and 25 to 40 days later a second dose of a lesser amount is administered selected from
about 350 mg/m” to about 450 mg/m?. In certain embodiments, the monthly doses may be the

same for one or more months. For example, a third dose from the preceding example may be an
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equivalent amount to the second smaller dose, e.g., first dose: 500 mg/m?, second dose: 400
mg/m?, third dose: 400 mg/m”.

[00135] In certain embodiments, compounds according to the invention are administered via a
route that is not intravenous, to maximize patient compliance or ease of caregiver administration
in home environments. Multiple studies have documented challenges in medication compliance
for autism spectrum disorder subject. Particular routes of administration uniquely convenient for
treatment of autism patients are oral, subcutaneous, and rectal administration. Other routes of
administration convenient for caregiver administration include intramuscularly, vaginally, by

inhalation, by nebulization, cutaneously, and transdermally.
EXAMPLES
[00136] The following illustrative examples are representative of embodiments of the

methods described herein and are not meant to be limiting in any way.

General Methods:

Standardized Testing and Questionnaires
[00137] Two observational examinations were performed by a clinician at 3 time points:
baseline (56 + 8 days; mean = SEM; before the infusion), 2-days post-infusion, and 6-weeks
post-infusion. The two examiner-based metrics were the Autism Diagnostic Observation
Schedule, 2nd edition (ADOS-2) with video and audio files recorded on 3 cameras, and the
Expressive One Word Picture Vocabulary Testing (EOWPVT). Both of these observational
metrics were administered by a trained and certified examiner using approved test materials.
Three standardized questionnaires were completed by parents at 3 time points: baseline, 7-days
post-infusion, and 6-weeks post-infusion. The three standardized questionnaires completed by
parents were the 58-question Aberrant Behavior Checklist (ABC), the 75-item Autism Treatment
Evaluation Checklist (ATEC), and the 33-item repetitive behavior questionnaire (RBQ). Parents
were asked to complete these three instruments with reference to how their child behaved in the
previous 7 days. At the end of the six weeks, we included a 24-question Clinical Global
Impression (CGI) questionnaire (Fig. 16). In addition, parents were asked to list the 3 top
behaviors or symptoms that they observed to be most changed over the previous 6-weeks. To
minimize the misinterpretation of natural day-to-day variations in symptoms, parents were asked
to mark a symptom as changed in the 6-week CGI only if it had lasted for at least 1 week.

Verification of Data Completeness and Transcription Accuracy

[00138] Standardized questionnaire responses and the ADOS-2 and EOWPVT scores (5,490
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cells of data) were compiled in spreadsheets from the original hard copy forms and from the
electronic medical records. A total of 87 cells (1.6%) of the 5,490 outcome scores were either
left blank, asked about a symptom that did not apply, or were missing. One participant missed
the 6-week ADOS and EOWPVT evaluations because of scheduling difficulties. His 2-day
results were used as an estimate of his 6-week scores. ADOS scores remained significant when
this subject was dropped from the analysis (Fig. 8D). EOWPVT results were also unchanged
(Fig. 9D). The 4,210 cells of laboratory and vital sign data were also collected and reviewed.
When specific cells of data were found to be missing, they were manually confirmed by
inspection of the original questionnaire, laboratory results, and clinical data sheets. A random
generator program was written that randomly selected 5% of the data. These randomly selected
cells of data that were then manually checked for transcription accuracy by reviewing the hard
copy responses and Red Cap electronic medical records.

Clinical Global Impression (CGI)
[00139] We developed a 24-question Clinical Global Impression (CGI) instrument designed to
assess the core symptoms of autism spectrum disorders and some of the most common comorbid
features (Fig. 16). The CGI instrument scoring system was the traditional 7-point, CGI-
Improvement scale. See, for e.g. Busner and Targum. Psychiatry. 2007(4):28-37. In this scale,
the historian gives a score of 0 if the symptom “was never a problem”, a 1 for “very much
improved”, a 4 for “no change”, and a 7 for “very much worse”. In addition to the 24 structured
questions, we asked the parents to write in the top 3 symptoms or behaviors that were most
changed over the 6 weeks since the suramin infusion. This hybrid design of structured and open-
ended responses permitted us to capture a large number of clinical outcomes associated with
single dose suramin treatment.

Example 1: Phase I/II1 SAT-1 trial for suramin in autism spectrum disorder

Inclusion/exclusion criteria:
[00140] All children met DSM-5 diagnostic criteria for autism spectrum disorders, and received
confirmatory testing by Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2)
examination. Inclusion criteria included males, ages 4-17 years, living in the San Diego,
California region, with a confirmed diagnosis of ASD.
[00141] Exclusion criteria included children who weighed less than the 5th percentile for age,
took prescription medications, or had laboratory evidence of liver, kidney, heart, or adrenal
abnormalities. Children living more than a 90-minute drive from the testing sites in La Jolla, CA
were excluded to eliminate the possibility of aberrant behaviors resulting from extended car

travel. Children with known syndromic forms of ASD caused by DNA mutation or chromosomal
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copy number variation (CNV) were excluded in this first study. Families were asked not to
change their children’s therapy (e.g., supplements, speech, and behavioral therapies) or diet
throughout the study period. Signed informed consent, with additional consent for video and still
image photography, was obtained from the parents of all participants before randomization.
Study Design:

[00142] The study was conducted from May 27, 2015 (date of the first child to be enrolled) to
March 3, 2016 (date of the last child to complete the study).

[00143] 20 males with ASD were screened. 16 met entry criteria. 10 participants could be
matched by age, non-verbal 1Q, and ADOS scores into 5 pairs. The randomization sequence was
generated electronically by the biostatistical team. Subjects within each pair were allocated to
receive suramin or saline according to the prospectively determined randomization sequence.
The randomization sequence was concealed from the clinical team and implemented by the
UCSD investigational pharmacy, which prepared drug and placebo for infusion. The design was
double-blind. The mask was not broken until all subjects had completed the study and all clinical
data had been collected. Characteristics of patients included in each arm of the study are
summarized in Table 1 and patient selection is summarized in Fig. 1.

[00144] Pharmacological treatments were performed by first administering a test dose, followed
by a longer infusion after verification of no immediate adverse effects. Immediately before the
infusion, height and weight were recorded, vital signs and capillary oxygen saturation (pulse
oximetry) measured, physical and neurological examinations were conducted, and urine and
blood for safety monitoring, pharmacology, and metabolomics was collected.

[00145] For the test dose, 50 mg of suramin hexasodium (Bayer Pharmaceuticals, Inc.) in 5 mL
of saline (experimental arm, 5 patients), or 5 mL of saline only (control arm, 5 patients) were
given by slow intravenous (IV) push over 3 minutes, followed by a 10 mL flush of saline. One
hour after the test dose, vital signs were repeated and a single infusion of either suramin (20
mg/kg, minus the 50 mg test dose, in 50 mL, up to a maximum of 1 gram) or saline (50 mL IV)
was given over 30 minutes, followed by a 10 mL flush of saline.

[00146] Toxicity, pharmacokinetics and safety monitoring were performed via biological
samples (blood and urine) collected at baseline (32 £ 6 days before the infusion; mean = SEM),
immediately before the infusion, 1 hour after the infusion, 2 days after, and 45 days after the
infusion. At each of these time points, 18 vital sign and anthropometric features, 19 complete
blood count (CBC) parameters, 20 blood chemistry measures, 3 thyroid and cortisol measures,
and 5 lipid measures were monitored (see Fig. 2 and Fig. 3 for an overview of this data).

Suramin pharmacokinetics was assessed by serum isolation at the 4 time points immediately
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before and after the infusion. Additionally, 24 urinalysis features were measured at 4 times:
baseline, pre-infusion, 2-days post-infusion, and 45-days post-infusion. Unexpected and adverse
events were recorded as they occurred and graded in severity according to the National Cancer
Institute Common Terminology Criteria for Adverse Events v4.03 (CTCAE) scale. Additional
pharmacovigilence monitoring included daily scripted phone calls in the first week, then 4
weekly calls until the exit examinations at 6 weeks.

[00147] Behavioral and neurological effects of treatment were assessed primarily by the
examiner-based ADOS-2 protocol scores and standardized vocabulary testing (Expressive One
Word Picture Vocabulary Test, EOWPVT), with secondary evaluation via parent-based
assessments (Aberrant Behavior Checklist (ABC) scores, Autism Treatment Evaluation
Checklist (ATEC) scores, Clinical Global Impression of Improvement (CGI) scores, and
Repetitive Behavior Questionnaire (RBQ) scores). See General Methods for information
related to behavioral test administration. Prior to the study, diagnosis of each of the enrolled
participants was confirmed by ADOS-2 comparison scores of > 7, and non-verbal 1Q was tested
by Leiter-3 examination. Examiner-based outcomes (ADOS and EOWPVT) were assessed at 2-
days and 6-weeks after the infusion. Parent-based outcomes (ABC, ATEC, CGI, and RBQ) were
assessed at 7-days and 6-weeks after the infusion. To minimize the effects of natural behavioral
variability, the parents were instructed to mark a behavior as changed only if it was persistently
changed for at least 1 week.

[00148] The study was approved the by the US Food and Drug Administration (IND#118212),
and the University of California, San Diego (UCSD) Institutional Review Board (IRB Project
#150134). The study conformed to the World Medical Association Declaration of Helsinki—
Ethical Principles for Medical Research Involving Human Subjects, and the International
Council for Harmonization (ICH) E6 Good Clinical Practice (GCP) guidelines. The trial was
registered with clinical trials.gov (https://clinicaltrials.gov/ct2/show/NCT02508259). The
completion and reporting of the SAT-1 trial is in keeping with CONSORT 2010 guidelines.
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Example 2: Safety/Efficacy Analysis for Suramin treatment in Autism

[00149] Each child was used as his own control to examine before and after treatment effects
from Example 1 in a paired t-test design for the analysis of the ADOS, EOWPVT, ABC, ATEC,
RBQ (Figs. 4-11 show individual analyses), and blood and urine safety data (Figs. 2 and 3 show
individual analyses). Paired, non-parametric analysis was by Wilcoxon signed-rank sum test.
Categorical data, such as the presence or absence of adverse events or historical symptoms was
analyzed by Fisher’s exact test. Two-way ANOVA (treatment x time), with Sidak post hoc
correction, was used to analyze the 6-week summaries captured by the ADOS, CGI, and
additional blood and urine safety analysis. Cohen’s d—calculated as the mean difference of the
paired, within-subject scores before and after treatment, divided by the standard deviation of the
differences—was used as an estimate of effect size.

[00150] Extensive monitoring revealed no serious toxicities (CTCAE grades 3-5). Neurologic
examinations showed there was no peripheral neuropathy (Table 2). Analysis of free cortisol,
hemoglobin, white blood cell count (WBC), platelets, liver transaminases, creatinine, and urine
protein showed no differences in children who received suramin and placebo (Figs. 2 and 3).
Five children who received suramin developed a self-limited, evanescent, asymptomatic, fine
macular, patchy, morbilliform rash over 1%-20% of their body (Fig. 3D/E). This peaked 1 day
after the infusion and disappeared spontaneously in 2-4 days. The rash was not raised and did not
itch. It was not urticarial. The children did not appear to notice it. Any residual rash was covered
by clothing and not visible on exposed skin at the 2-day evaluation. Parents were instructed not
to discuss it with the neuropsychology team to decrease the chance of examiner bias. Video
camera records of the ADOS testing confirmed the absence of any visible rash. The rash was a
known risk of suramin treatment that was described in the informed consent documents. An
independent data safety monitoring board (DSMB) reviewed this information, as well as the
clinical safety and toxicity data and IRB communications from the study and found no safety
concerns.

[00151] A single, 20 mg/kg intravenous dose of suramin was associated with improved scores
for language, social interaction, and decreasing restricted or repetitive behaviors measured by
ADOS, ABC, ATEC, and CGI scores (Table 3). None of these improvements occurred in the 5
children who received placebo.

[00152] The primary outcome measures were ADOS-2 and expressive one-word picture
vocabulary (EOWPVT) scores (Table 3). Parents reported that after suramin treatment, the rate

of language, social, behavioral, and developmental changes continued to increase for 3 weeks,
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and then gradually decreased toward baseline over the next 3 weeks. ADOS-2 comparison scores
improved by an average of -1.6 + 0.55 points (mean + SD; n = 5; 95% CI=-2.3 to -0.9; Cohen’s
d=2.9; p=10.0028) at 6-weeks in the suramin treatment group and did not change in the saline
group. To be conservative, we have calculated p values by both parametric and nonparametric
methods (Table 3). The mean ADOS comparison score for this group was 8.6 £+ 0.4 at baseline
and 7.0 + 0.3 6-weceks after suramin. Two-way ANOVA of ADOS scores of suramin and
placebo groups measured at baseline and at 6-weeks were also significant (treatment x time
interaction F(1,8) = 12.0; p = 0.0085; Fig. 4A). ADOS scores were not changed in the saline
treated group (Table 3). EOWPVT scores did not change (Table 3).

[00153] Several secondary outcome measures also showed improvements. These included
improvements in ABC, ATEC, and CGI scores (Table 3). The Repetitive Behavior
Questionnaire (RBQ) scores did not capture a change. Four of 24 symptoms covered in the CGI
were significant (Fig. 10C). Parents were also asked to specify the three top, most-changed
behaviors as an unstructured component of the CGI at 6-weeks after the infusion. Five symptoms
were named that achieved statistically significant results. These were social communication and
play, speech and language, calm and focus, stims or stereotypies, and coping skills (Fig. 10C).

Table 2: Summary of Adverse or Unanticipated Events
Suramin CTCAE' Placebo CTCAE' P

No. Events (N=5) Grade (N=5) Grade Valué®
1 Asymptomatic rash 5 1 0 - 0.0079
2 Uncomplicated URT’ 2 1 2 1 0.99
3 Headache 1 1 0 - 0.99
4 Emesis x 1 1* 1 1° 1 0.99
5 Hyperactivity 2° 1 1 1 0.99
6 Hypoglycemia’ 1 2 1 2 0.99
7 Leukocytosis 0 - 1° 1 0.99
8 Enuresis 1’ 1 0 - 0.99
9 Peripheral neuropathy 0 - 0 - 0.99

Total: 13 - 6 - 0.12
Total, excluding rash: 8 - 6 - 0.77

'CTCAE: Common terminology criteria for adverse events v4.03. Mild to moderate = Grade 1-
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2; Serious = Grade 3-5. “Fisher’s exact test. *URI: upper respiratory tract infection, common
cold. The study was conducted October-March. *In 7-year old after pizza and slushee
consumption after playing youth league basketball. °In a 6-year old after a car ride. °In a 5 and
14-year old intermixed w1th periods of calm focus in first week (the 14-year old) or first 3
weeks (the 5-year old). '6-weeks after the infusion, after several days of a cold and fasting
before lunch. Hypoglycemia was asymptomatic and corrected after a normal lunch
¥Leukocytosis (12.2k WBC) occurred on the day of the saline infusion and preceded a URL. °In
a 7-year old briefly for a few days while sick with a cold. None of the events required medical
intervention. No serious adverse events (SAEs) occurred in this study.
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Example 3: Suramin pharmacokinetics in pediatric patients

[00154] Suramin concentrations were measured by high performance liquid chromatography
and tandem mass spectrometry (LC-MS/MS) on plasma samples collected before the infusion, at
1 hour, 2 days, and 45 days post-infusion for the study described in Example 1.

[00155] Heparinized plasma, 90 pl was prepared for LC-MS/MS analysis. Ten (10) pl of 50 uM
stock of trypan blue was added to achieve an internal standard concentration of 5 uM. This was
incubated at room temperature for 10 min to permit metabolite interaction with binding proteins,
then extracted with 4 volumes (400 ul) of pre-chilled methanol-acetonitrile (50:50) to produce a
final concentration of 40:40:20 (methanol:acetonitrile:H20), and precipitated on ice for 10
minutes. The samples were deproteinated and macromolecules removed by precipitation on
crushed ice for 10 min.

The mixture was centrifuged at 16,000g for 10 min at 4°C and the supernatant was transferred to
a new tube and kept at -80°C for further LC-MS/MS analysis.

[00156] Suramin was detected in the prepared samples on an AB SCIEX QTRAP 5500 triple
quadrupole mass spectrometer equipped with a Turbo V electrospray ionization (ESI) source,
Shimadzu LC-20A UHPLC system, and a PAL CTC autosampler. Ten microliters of extract
were injected onto a Kinetix F5 column (100 x 2.1 mm, 2.6 pM; Phenomenex, CA) held at 30°C
for chromatographic separation. The mobile phase A was water with 20 mM ammonium acetate
(NH40OAC) (pH 7) and mobile phase B was methanol with 20 mM NH4OAC (pH 7). Elution
was performed using the following gradient: 0-1.5 min-0% B, 1.6-3 min-15% B, 3.1-7 min-60%
B, 7.1-13 min-100% B, 14 min-0% B, 18 min-0% B, 18.1 minute-end. The flow rate was 400
ul/min. All the samples were kept at 4°C during analysis. Suramin and trypan blue were detected
using MRM scanning mode with the dwell time of 180 ms. MRM transitions for the doubly-
charged form of suramin were 647.0 m/z for the (Q1) precursor and 382.0 m/z for the (Q3)
product. MRM transitions for trypan blue were 435.2 (Q1) and 185.0 (Q3). Absolute
concentrations of suramin were determined using a standard curve prepared in plasma to account
for matrix effects, and the peak area ratio of suramin to the internal standard trypan blue. The
declustering potential (DP), collision energy (CE), entrance potential (EP) and collision exit
potential (CXP) were -104, -9.5, -32 and -16.9, and -144.58, -7, -57.8 and -20.94, for suramin
and trypan blue, respectively. The ESI source parameters were set as follows: source temperature
500 °C; curtain gas 30; ion source gas 1, 35; ion source gas 2 35; spray voltage -4500 V. Analyst
v1.6 was used for data acquisition and analysis.

[00157] The small number of PK samples per subject prevented a standard, non-compartmental
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analysis in individual subjects. The suramin drug concentrations were analyzed using a
population PK approach with post-hoc empiric Bayesian estimate of PK parameters in individual
subjects. The PK data were fit to a two compartment model using the computer program
NONMEM (ICON, Dublin, Ireland). PK parameters were scaled allometrically with volume
terms scaled to linear body weight (kg1.0) and clearance terms scaled to weight (kg0.75). Scaled
adult suramin parameters of compartmental volumes of distribution and clearance were used as
initial parameter estimates and between subject variability only estimated for clearance (CL) and
the peripheral volume of distribution (Vd).

[00158] A two-compartment pharmacokinetic model permitted accurate forecasting of plasma
drug levels from 1 hour to 6-weeks after the infusion. Pharmacokinetic analysis showed that at 1
hour after intravenous infusion of 20 mg/kg (558 £ 41 mg/m2; mean + sd; sece Table 4), the
suramin concentration was 104 + 11.6 uM (Fig. 12A). The alpha (distribution) phase half-life
was 7.4 £ 0.55 hours. The suramin levels rapidly fell below 100 uM and into the target range
before Day 2 in all subjects, with an average plasma level of suramin of 12.0 + 1.5 uM on Day 2
(Fig. 12B). Target concentrations of 1.5-15 pM were maintained between 2 days and 5-6 weeks
following the dose (Fig. 11). The steady-state volume of distribution was 0.83 + 0.014 L/kg
(22.7 £2.6 L/m2). The clearance was 1.95 + 0.21 mL/hr/kg (0.056 = 0.011 L/hr/m2). The
terminal elimination phase half-life (t1/2) was 14.7 + 1.4 days (Fig. 12CD). The low variability
in pharmacokinetic parameters was consistent with the low variability in the day 2
concentrations (CV = 12%)).

[00159] These data are the first in the published literature on the pharmacokinetics of suramin in

a pediatric population.
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Example 4: Metabolomic Analysis of Suramin Biological Effects in Pediatric

Patients
[00160] Targeted, broad-spectrum, plasma metabolomic analysis of 610 metabolites from 63
biochemical pathways was performed by high performance liquid chromatography and tandem
mass spectrometry (LC-MS/MS) on the samples collected from patients in Example 1. Venous
blood was collected between the hours of 8 am and 5 pm, at least 3 hours after the last meal, into
lithium-heparin vacutainer tubes (BD #367884). Plasma was separated by centrifugation at 900g
x 10 minutes at room temperature within one hour of collection. The resulting fresh lithium-
heparin plasma was transferred to labeled 1.2 ml or 2.0 ml externally threaded cryotubes with a
minimum headspace air gap for storage at -80°C for analysis. Samples were analyzed on an AB
SCIEX QTRAP 5500 triple quadrupole mass spectrometer equipped with a Turbo V electrospray
ionization (ESI) source, Shimadzu LC-20A UHPLC system, and a PAL CTC autosampler.
Typically, 90 ul of plasma was thawed on ice and transferred to a 1.7 ml Eppendorf tube. Five
(5.0) ul of a cocktail containing 25-35 commercial stable isotope internal standards, and 5.0 pl of
57 stable isotope internal standards that were custom-synthesized in E. coli NCM3722,
Caenorhabditis elegans N2, and Komagataella phaftfii (ATCC 76273; formerly known as Pichia
pastoris) by metabolic labeling with 13C-glucose and 13C-bicarbonate, were added, mixed, and
incubated for 10 min at 20°C to permit small molecules and vitamins in the internal standards to
associate with plasma binding proteins. Macromolecules (protein, DNA, RNA, glycans, etc.)
were precipitated by extraction with 4 volumes (400 ul) of cold (-20°C), acetonitrile:methanol
(50:50) (LCMS grade, Cat# LC015-2.5 and GC230-4, Burdick & Jackson, Honeywell), vortexed
vigorously, and incubated on crushed ice for 10 min, then removed by centrifugation at 16,000g
x 10 min at 4°C. The supernatants containing the extracted metabolites and internal standards in
the resulting 40:40:20 solvent mix of acetonitrile:methanol:water were transferred to labeled
cryotubes and stored at -80°C for LCMS/MS analysis.
[00161] LC-MS/MS analysis was performed by scheduled multiple reaction monitoring
(SMRM) under Analyst v1.6.2 software control in both negative and positive mode with rapid
polarity switching (50 ms). Nitrogen was used for curtain gas (set to 30), collision gas (set to
high), ion source gas 1 and 2 (set to 35). The source temperature was 500°C. Spray voltage was
set to -4500 V in negative mode and 5500 V in positive mode. The values for Q1 and Q3 mass-
to-charge ratios (m/z), declustering potential (DP), entrance potential (EP), collision energy
(CE), and collision cell exit potential (CXP) were determined and optimized for each MRM for
each metabolite. Ten microliters of extract was injected by PAL CTC autosampler via a 10 pl

stainless steel loop into a 250 mm x 2.0 mm, 4pum polymer based NH2 HPLC column (Asahipak
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NH2P-40 2E, Showa Denko America, Inc., NY) held at 25°C for chromatographic separation.
The mobile phase was solvent A: 95% water with 20 mM (NH4)2CO3 (Sigma, Fluka Cat#
74415-250G-F), 5% acetonitrile, and 38 mM NH40OH (Sigma, Fluka Cat# 17837-100ML), final
pH 9.75; solvent B: 100% acetonitrile. Separation was achieved using the following gradient: 0-
3.5 min: 95%B, 3.6-8 min: 85% B, 8.1-13 min: 75% B, 13.5-35 min: 0% B, 36—46 min: 95% B,
46.1 min: end. The flow rate was 200 pl/min. Pump pressures ranged from 920-2600 psi over the
course of the gradient. All the samples were kept at 4°C during analysis. The chromatographic
peaks were identified using MultiQuant (v3.0, Sciex), confirmed by manual inspection, and the
peak areas integrated.

[00162] Metabolomic data were log-transformed, scaled by control standard deviations, and
analyzed by multivariate partial least squares discriminant analysis (PLSDA), with pairwise
comparisons and post hoc correction for multiple hypothesis testing using Fisher’s least
significant difference method in MetaboAnalyst36, or the false discovery rate (FDR) method of
Benjamini and Hochberg. Metabolites with variable importance in projection (VIP) scores
determined by PLSDA that were greater than 1.5 were considered significant. Spearman non-
parametric correlation methods were implemented in Stata (Stata/SE12.1, StataCorp, College
Station, TX), Prism (Prism 6, GraphPad Software, La Jolla, CA), or R. Significant metabolites
were grouped into pathways and their VIP scores summed to determine the rank-ordered
significance of each biochemical pathway.

[00163] The small number of subjects in this trial precluded conventional treatment group
analysis because of high false discovery rates associated with measuring 610 metabolites in
groups with just 5 subjects. However, by using each child as their own control in a paired
analysis of pre-infusion and post-infusion results, the pharmacometabolomic effects of suramin
could be characterized (Fig. 13). The rank order of the top 35 of 48 significant metabolites 6-
weeks after suramin treatment is illustrated in Fig. 13A. The most significantly altered
metabolites were then organized according to biochemical pathways (Table 5). The majority of
the pathways altered by suramin were known features of the cell danger response.

[00164] Metabolomic studies confirmed the importance of the cell danger response (CDR) and
purinergic signaling; as the metabolic effects of suramin resulted in a decrease of the cell danger
response and restored more normal metabolism. Purine metabolism was the single most changed
pathway. Suramin increased healthy purines such as AICAR, which is an activator of the master
metabolic regulator AMP kinase. 1-Methyl-adenine (1-MA) was also increased. 1-MA is derived
from 1-methyl-adenosine, a recently recognized marker of new protein synthesis and cell

growth. Suramin decreased other purines in the plasma such as cAMP and dGDP (Fig. 13,
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Tables 6-8).

[00165] Although no behavioral outcomes were significant at 2 days after infusion, we found
that 28 biochemical pathways were changed by suramin 2-days after the infusion (Table 6).
Twenty-two of these (79%) remained changed at the 6-week time point (Table 5). The rank
order of metabolites most changed at day 2, and their associated metabolic pathway is illustrated
in Fig. 14. The full list of 61 metabolites on day 2 and 48 metabolites at 6-weeks that were

significantly changed by suramin appears in Tables 7-8.

51



PCT/US2018/017674

WO 2018/148580

OSIMIOY)O
10U) WSI[OqBIVN
0 [4 %S 194 Sv [4 v'0 6000 |4 ppyouruy | L
SISOUIUAS
pue uonepIxo
¢ 0 %S 0°S L0 ¢ 'y 980°0 LE prov Aned [ 9
WSI[OQEIOIN
0 ¢ %9 LS Sv ¢ L0 ¥10°0 9 poOvalg | ¢
WSI[OQEIOIN
poY ounuy
0 14 %8 VL 0¢ 14 ¢l 800 4! ureys youeld | ¢
WSI[OQEIOIN
0 |4 %6 v'8 0'C |4 0'C 00 81 QWOIQOLIN | ¢
ouoryeINin
“QUINISAD)
“QUIUOTYIN
0 S %01 $'6 0°¢ S L1 §€0'0 Sl ‘HVS VS | T
WSI[OQEIOIN
[4 ¢ Y%l ¢ 0l L1 S 6'C 190°0 9¢ uLng !
PIsBAIN( PISLIDUL (956 JO %) (3100  (dXH/SqQ) SNOqIIA (8% « d) 8 (6TH/N = d) (N) AuwreN "ON
paureldxgy  JIA uwdwpruy gy doy  Jo ojdwieg uonaodoag Aemyjed Aemyyed
(9100§ JTA) wng) piod QP uUISY ursHy  Aemiped oYy ur
peduwy  joedug PAARSqQ  PIRdxy padRdxyg  SN[OqBIdA
Jo uonodeay PRAnSBIA

$HIIM-9 J& pagueyd sAemyied [BOIAYI0I(q :SOTmo[oqe)dwoedruIeyd unue.ang ;s d[qe L

52



PCT/US2018/017674

WO 2018/148580

-UON] ‘[0ST1IOD)
0 [4 % S'¢ 'l [4 8’1 LE00 91 [01918910YD) | P
WSI[OQEIOIN
outue[R[AUdYJ
0 C Yol L€ 09 C €0 LO00 ¢ pue oursolA | €
ourjoid
[unpiuQ
‘QuIuIsIYy
‘deweIn|n
0 [4 Yol 6'¢ 0°¢ [4 L0 ¥10°0 9 ‘vavD | T1
WSI[OQEIOIN
QULIDS ‘QUIIAID)
‘aeunio, ‘ore[oq
0 [4 % (% 9¢ [4 90 ¢10°0 S ‘uoqre-[ [ 11
WSI[OQEIOIN
0 4 Yol 'y S0 4 0y ¥80°0 9¢ ureAwo3urydg | 01
WSI[OQEIOIN
0 [4 % [% 0'C [4 01 120°0 6 oulpiwAd | 6
0 [4 %S 194 0'C [4 01 120°0 6 O[PAD SqQAIY | 8
(po12A0d
PasBAIN( PISLIDUL (956 JO %) (3100S  (dXH/SqQ) SNOqIA (8% = d) 8 (6TH/N = d) (N) AuwreN "ON
paureldxgy  JIA uwdwpruy gy doy  Jo ojdwieg uonaodoag Aemyjed Aemyyed
(9100§ JTA) wng) piod QP uUISY ursHy  Aemiped oYy ur
peduy  ovduy PAAIRSqO PIdRdxyg  paradxy  SA[OQERIA
Jo uonodeay PRAnSBIA

53



PCT/US2018/017674

WO 2018/148580

WSI[OQEIOIN
SISOUA303U0IN|H)
0 ! %C 1'C 1! ! 80 9100 L pue SISA[02ATD) | 6]
UTUOJR[OIN
‘UTu01019g
“QUIUAINUAY]
0 ! %C 1'C Sl ! L0 ¥10°0 9 ‘veydoydAag | g1
WSI[OQEIOIN
opIX0I0d
‘oprxorodng
0 ! %C (x4 v ! 0 S00°0 [4 OPIXQ OMIN | LT
WSI[OQEIOIN
oursowe))
‘Qurwe)sIyg
0 ! %C ¢7 (x4 ! v'0 600°0 |4 QuIpnsIy | 91
sapndodiq 1oy30
pue [Aweinin
0 ! %C v'C Sv ! 0 S00°0 [4 -BWWED) | ¢
WSI[OQEIOIN
P1010)S [BPRUOLD)
PasBAIN( PISLIDUL (956 JO %) (3100S  (dXH/SqQ) SNOqIA (8% = d) 8 (6TH/N = d) (N) AuwreN "ON
paureldxgy  JIA uwdwpruy gy doy  Jo ojdwieg uonaodoag Aemyjed Aemyyed
(9100§ JTA) wng) piod QP uUISY ursHy  Aemiped oYy ur
peduy  ovduy PAAIRSqO PIdRdxyg  paradxy  SA[OQERIA
Jo uonodeay PRAnSBIA

54



PCT/US2018/017674

WO 2018/148580

PaseaIddq paseardur  (L6I1 (d100g  (dxg/sqQ) sMOqeRA (19 « d) 19 (I€P/N =d) (N) dureN "ON
Jo o) dIA yuyduuyg J9doy  joodweg uonaodorg Aemyyed Aemyyed
poure[dxy  wng) prod QP U UISHH  Aemyied oY) ur
(21008 JIA) oedug PAAIRSqQ  PAYddxy  pordadxy  S[OqRIdA
eduy PAINSBIA
Jo uonodeay
SAep-7 Je pasueyd sAemyjed "somumojoqeldwodeuieyd unueang 9 d[qe L
Ri% H LA
9 [47 [ejoyqng
WSI[OQEIOIN
1 0 %T 9'1 10 I 78 0L1°0 €L pidrjoydsoyd | 7z
WSI[OQEIOIN
0S00N[NH-UON
2 ‘9s0joe[en)
0 ! %C 61 8’1 ! 90 ¢10°0 Y ‘regng-ourury | [
WSI[OQEIOIN
(918QI00SY)
0 ! %C 0'C Sv ! 0 S00°0 [4 D ulweliA | 0T
PasBAIN( PISLIDUL (956 JO %) (3100S  (dXH/SqQ) SNOqIA (8% = d) 8 (6TH/N = d) (N) AuwreN "ON
paureldxgy  JIA uwdwpruy gy doy  Jo ojdwieg uonaodoag Aemyjed Aemyyed
(9100§ JTA) wng) piod QP uUISY ursHy  Aemiped oYy ur

peduy  ovduy

Jo uonodeaq

PAAIRSqO PIdRdxyg  paradxy  SA[OQERIA

PRINSBIN

55



PCT/US2018/017674

WO 2018/148580

0 ¢ % LYy S'¢ ¢ 80 ¥10°0 9 ‘vavD | 8
ouoryeINin
“QUINISAD)
“QUIUOTYIN
! [4 %S 9¢ vl ¢ 17 S€0°0 9! ‘HVS ‘NVS | L
WSI[OQEIOIN
€ 0 %S LS €0 € S0l TLTO L pidrjoydsoyd | 9
WSI[OQEIOIN
UIA[OSOY
|4 0 %9 'L (x4 |4 8’1 0¢0°0 el pue prouesooly | ¢
WSI[OQEIOIN
poY ounuy
0 |4 %9 €L v'C |4 L1 8200 4! ureys youeld | §
WSI[OQEIOIN
0 |4 %8 €6 91 |4 $'C 00 81 QWIOIqQO.DIAL | €
WSI[OQEIOIN
0 |4 %01 611 LYy |4 80 710°0 9 Nesond [ ¢
WSI[OQEIOIN
S |4 %S 1 9LI v'C 6 L€ 090°0 9C ung ||
PaseaIddq paseardur  (L6I1 (d100g  (dxg/sqQ) sMOqeRA (19 « d) 19 (I€P/N =d) (N) dureN "ON
Jo o) dIA yuyduuyg J9doy  joodweg uonaodorg Aemyyed Aemyyed
poure[dxy  wng) prod QP U UISHH  Aemyied oY) ur
(21008 JIA) oedug PAAIRSqQ  PAYddxy  pordadxy  S[OqRIdA
1eduy PAINSBIN

Jo uondeaq

56



PCT/US2018/017674

WO 2018/148580

(101510[8D)
! 0 %t ['¢ v'C ! v'0 L000 ¢ g ureyA | ST
0 [4 %t e 91 [4 1! 120°0 6 O[0AD sqaXY | ¢1
WSI[OQEIOIN
JONTWISUBLOINON
4 0 %t e 91 [4 1! 120°0 6 pue Sounueorq | ¢
WSI[OQEIOIN
4 0 %€ 9'¢ 7’0 z I'S 7800 9¢ urpAwodurydg | 1
sapndodiq 1oy30
pue [Aweinin
0 [4 %t 8¢ 'L [4 €0 S00°0 [4 -Bwwen) [ [
WSI[OQEIOIN
SISOUA303U0IN|H)
0 [4 % 14 0'C [4 01 9100 L pue s1sKj0oA1D | 0]
WSI[OQEIOIN
! ! % 14 91 [4 1! 120°0 6 oulprwAd [ 6
SUMPIULIO
‘QuIuIsIYy
‘deweIn|n
PaseaIddq paseardur  (L6I1 (d100g  (dxg/sqQ) sMOqeRA (19 « d) 19 (I€P/N =d) (N) dureN "ON
Jo o) dIA yuyduuyg J9doy  joodweg uonaodorg Aemyyed Aemyyed
poure[dxy  wng) prod QP U UISHH  Aemyied oY) ur
(21008 JIA) oedug PAAIRSqQ  PAYddxy  pordadxy  S[OqRIdA
1eduy PAINSBIN

Jo uondeaq

57



PCT/US2018/017674

WO 2018/148580

! 0 %C 8’1 0 ! [ 9800 LE prov Aned | 7z
WSI[OQEIOIN
outue[R[AUdYJ

0 ! %C 8’1 v'C ! v'0 L000 ¢ pue ouIsoIAL, | |7
WSI[OQEION
oursoure))
‘Qurwe)sIyg

0 ! %C 8’1 8’1 ! 90 6000 |4 QuIpnsty | 0T
OpIX0I0d
‘oprxorodng

! 0 %C 6'1 S'¢ ! €0 S00°0 [4 9pIXQ OMIN | 61
WSI[OQEIOIN
ouumejodAyg

! 0 %C 0C ¢ ! €0 S000 4 dulme], [ 8]
WSI[OQBIOIA P

0 I % 1'C 9'0 I L1 820°0 4 1d1jo3urydsodf[o | L]
WSI[OQEIOIN

0 [4 %t ['¢ 0'C [4 01 9100 L uidrjorpie) | 91
WSI[OQEIOIN

PaseaIddq paseardur  (L6I1 (d100g  (dxg/sqQ) sMOqeRA (19 « d) 19 (I€P/N =d) (N) dureN "ON

Jo o) dIA yuyduuyg J9doy  joodweg uonaodorg Aemyyed Aemyyed
poure[dxy  wng) prod QP U UISHH  Aemyied oY) ur
(21008 JIA) oedug PAAIRSqQ  PAYddxy  pordadxy  S[OqRIdA
1eduy PAINSBIN

Jo uondeaq

58



PCT/US2018/017674

WO 2018/148580

19 S[eyo L
£C 8¢ s[ejoyqng

WSI[OQEIOIN

0 ! %1 Sl 0 ! 8V 6L0°0 143 IpIweIo) | 8T
UIuo0joIg
“QUIUAINUAY]

0 ! %1 91 'l ! 80 ¥10°0 9 ‘veydoydAay | L7
0500N[H-UON
2 ‘9s0joe[en)

0 ! %1 91 vl ! L0 100 S ‘Iegng-ouruy | 97
WSI[OQBIOIA P

! 0 %1 L1 8’1 ! 90 6000 |4 10UIqeUUEd0pUY | ST
WSI[OQEIOIN

0 ! %1 8’1 8’1 ! 90 6000 |4 POV ouIuy | ¢
P1010)S [BPRUOLD)
-UON] ‘[0ST1IOD)

0 ! %C 8’1 v0 ! 194 LEO0 91 ‘Jo1s9L0Y) [ €7
SISOUIUAS
pue uonepIxo

PaseaIddq paseardur  (L6I1 (d100g  (dxg/sqQ) sMOqeRA (19 « d) 19 (I€P/N =d) (N) dureN "ON

Jo o) dIA yuyduuyg J9doy  joodweg uonaodorg Aemyyed Aemyyed
poure[dxy  wng) prod QP U UISHH  Aemyied oY) ur
(21008 JIA) oedug PAAIRSqQ  PAYddxy  pordadxy  S[OqRIdA
1eduy PAINSBIN

Jo uondeaq

59



PCT/US2018/017674

WO 2018/148580

WIST[OQERN PPV
760°1 SIS0 SIS0 9¢1°C ourury urey) youelg QuNMIOS[-T | 1
€99°[ 9760 9760 S61°C WISTJORIRIA dULINg uojue(ly [ I
sapndodiq 1oy30
€LLT 1T 1T S07°C pue [AureinH-gunuen suroid[KoA1D | €1
6880 9LT'1 9LT I~ 97T wsIoqeR duung | djeydsoydip sursouengAxodq | I
SPL0 000'1 000° - L9TT WISTJORIIIA dULIN ourgpuexodAry [ 17
WSTIOqBI_A
8¥L°0 SLS0 SLS0- 00t'C UIAJOSOY PUE PIOUBSOJIH] HIFH-QDIT | 01
611 Al Al 9S'T WISIJOQRIIA QWIOIqOIDIA proe onpoejAusydAxoipAg-d | 6
6891 $S0'T $S0'T 96$'T WIST[OQRIDA QUIPIWLIAJ QUIS01A) 8
WSTIOqBI_A
SISOUA303U0IN|H)
861°1 0660 0660 009°C pue SIsK]004TD) proe oudA[Soydsoydiq-¢z | L
€81°C 011 011 S19°C WSI[OqRIDIA I[eS g proe ofjoyoome] [ 9
9T’ 1 986°C 986°C 66T WISIOQRIIA QWIOIQOIDIA oreuoon|s-T-0Y-7 | ¢
19T 9z¢'1 9z¢'1 8¥0'€ WSI[OqRIDIA I[eS g [00d proe o1joydAxodpome] |
e 020°C 020°C 060°€ WSI[OqRIDIA I[eS g proe o[oyo0dAIn | ¢
WSTIOqBI_A
€LT°0 L1 Lt 1~ vET'E (Joxy1018)) (T UNURIIA ¢ (1 UTeIAKXOIPAYI(I-G 7T z
L8L'T 019’1 0191 ILT'E WST[0qEIOIA J[ES 91 | PIOE OIJOYI09A[3AX0apoUay) | |
oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON

SABp-7 1€ PISUBYD SAI[OQRIIIA "SdTuojoqeldwodeunieyd unue.ang :/ d[qe L

60



PCT/US2018/017674

WO 2018/148580

WSTIOqBI_A
ouIuB[RIAUdYJ
P91°1 LS6'0 LS6'0 6€8°1 pue ouIsoIK [, surueelAudyd-T | 62
€0T'1 LET'T LET'T LS WISTJORIIIA dULIN oulmd [ 8¢
WIST[OQRIOIA dUuIsouIe))
SPI'T 6680 6680 8r8'1 ‘QuIwe)SIH ‘QuIpnsIy QUIPHSIYIAYIN-T | LT
08T'1 T0L°0 T0L°0 868’1 WIST[OGRIDA QWOIGOIITIA oreyns jAxopy[ [ 97
LYO'1 €€0'1 €€0'1 988'I WISIOGRIDA QWOIGOIITIA oreydsoyd-¢-ojewiys | 67
WSTJOQBION PIX0IdJ
¥16°0 v20°C V20T 626'1 ‘oprxo1edng “OpIxQ SN proedrRpPzZY | 7
oreydsoydouow
5580 189°0 189°0- 616'1 WISTJOQRIRIA dULINg ouISOudpPE OIOA) | €7
€6L°0 €180 €I18°0- 8661 wstjogeRN prdijoydsoyq (1:91/0:91)vd | 7t
Em:oeﬁoz
SPL0 0ST'1 0ST'I- €€0'C urppAwogurydg (T:0Z/T:STPNS | 1T
1€9°1 LES'T LES'T €€0'C WISTJORIIIA dULIN QUIUOPRAYWIN-T | 0T
Em:oeﬁoz
98L°0 W60 60" wWo'T suLmejodAy ‘sulmef, oumef [ 61
LLLO 8060 806°0- L90°T wstjogeRN prdijoydsoyq (0:91)DdosAT | 81
Em:oeﬁoz
uoyIRIN(L) ‘QUINSA))
LOT'T 86€°1 86€°1 SLOT ‘QUIIOIYRIN ‘HVS ‘INVS ourwedsk) | L1
Em:oeﬁoz
66€°1 LSO'T LSO'T €TI'T prdijo3urydsook[H 0:T1:81)ID | 91
oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON

61



PCT/US2018/017674

WO 2018/148580

6vS 0 L99°0 L99°0- 799°1 wistjoqe)dN prdrjoydsoyg (0:91/0:91)Dd | T+
Emﬂoeﬁoz
uoyIRIN(L) ‘QUINSA))

698°0 ¥+9°0 ¥+9°0- 891 ‘QuIuOTYIIN ‘HV'S IAVS 91BJNS-G-OUINSAD) Iv

1211 6CC’1 6CC’1 POL' 1 9[0AD) $qaIY proe drjewentyy | O
Emﬂoeﬁoz

¥89°0 60L0 60L°0- CIL'T prouiqeuuedopuy opruEpuelyY  6¢

1280 91¢°1 91¢1- POL'1 WISTJOqEI_]N suLIng aursoyueyx | 8¢
(Pa19A0D ISTMIYIO J0U)

€61°1 990°[ 990°[ 9LL'T WST[OQEI_N PIOY ouluy QUIUR]Y | L
WISTIOQEI_N PIOY

156°1 7580 7580 €8L'1 ourury urey) youerq SUIOA[F[AIO[RAOS] | 9¢

60¢°1 01¢1 01¢1 L8L'T WISIJOqeIdA Suling AVIILV | €€

0.9°0 190 ¢19°0- L8L'T WISI[OQRIDIA QUIPTWLIAJ preonoln | ¢
Emﬂoeﬁoz
ﬁﬂo.wou‘m Eﬁmﬁo@-ﬁoz

9¢°1 v10°T v10°T LOS'T ‘[osnI0)) “[0I0}SI[0Y)) [o1sa[oydAxody-s7yT | €€
WISTIOQEI_N PIOY

SOI°1 6vL 0 6vL 0 8081 ouruy ureys youelg QUITBA-T [ TE
Emﬂoeﬁoz
uoyIRIN(L) ‘QUINSA))

[€€°1 8L 8L LIS'T ‘QuIuOTYIIN ‘HV'S IAVS SPIXOJINS SUTUOIYISN 1€
SISOUIUAS

706°0 T80 gT80- £e8'1 puE uonEpIxXQ Py Aneq PIOB OIUOIBIN | (O¢

oney Jedur| sqy 7 1008 7 21028 dIA dweN Aemyied ANI[OqeIIAl *ON

62



PCT/US2018/017674

WO 2018/148580

r6l'1

9680

9680

SLG'T

pue [AWEIn[H-eWern)

JuIUB[ - [AWEBIN[3-BIUIWEL)

43

CIL0

0LL0

0LL O~

9LS'1

WSTOqEeIRN
urpeAwogurydg

(0:0Z7/T:STP)INS

1S

44N

65L°0

65L°0

0651

Q[OAD) SqAIY]

PIOE DL

0¢

660°1

$T9°0

$T9°0

L19'1

WIST[OQRIdN
UIUOJR[IIA “UTUOIOJIS
‘QuruaInuiy| ‘veydojdAay,

QUIURINUAY -]

1%

890°1[

1011

1011

9791

WSI[OqEBIJA UI[01d
“QuIYITUIQ) ‘QUIUISIY
WD Vv

P1o® OLIAINQOUTU Y -BWIEL)

87

L6L0

6190

619°0-

1791

WSTOqEeIRN
JONTWSUBI)OININ]
pue sourweorg

pIoE olwEIN|H-]

Ly

98¢C'1

S8L0

S8L0

SY9'l

WSI[OQBIOIA]
0S0oN[NH-UON 2
‘950108[BL) ‘TBING-OUTY

[OISOUTOAIN

%

998°0

1,90

1,90~

991

WST[OqEBIN
UIAJOSY PUB PIOUBSOIIT

HIHH-¢

9%

L8111

IST'T

IST'T

1591

WST[OqEBIN
SISOUA303U0IN|H)
pue SISAJ0JAD

oreydsoyd-¢ 10100410

144

LLE0

90

90"

€S9l

WSTOqEeIRN
JONTWSUBI)OININ]
pue sourweorg

surwedo(y

|94

oney Jedaur|

SqvV Z

103§ 7

2103§ dIA

dweN Aemyied

NM[OqEIA

“ON

63



PCT/US2018/017674

WO 2018/148580

WSTIOQRIRA
1L9°1 200°C 200°C 79T urjoAwogurydg (HO 0:97/1:8IPNS | T
6€T'1 $9€'T $9€'T 989°'C WSI[OQEIQ SWOIQOIOIA oeuoon(3-1-0103-7 | 1
oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON
SYIIM-9 J& PISURYD SAI[ORIIA "SdTmojoqeldwodeuieyd urue.ang :g d[qe L
WSITOQRI_IA dUT[0I]
“QuIYITUIQ) ‘QUIUISIY
0711 €190 €190 S0S'I ‘ewein|n ‘Yo proe orwein[3|£1e0v-N | [9
WSTIOqBI_A
6v9°0 109°0 109°0- 605’1 UIAJOSOY PUE PIOUESOIIY f urpue[Seisord | 09
20L°0 99L0 99L°0- 6161 WSI[OQEIQN duLINg oursouens) [ 6
LEC'T 0£5°0 0£5°0 1251 WST[OQRIO] OPIWIEIO)) (T:81/1:81p)oprwesd) [ 8¢
WSTIOqBI_A
878°0 v€9°0 v€9°0- SES'l UIAJOSOY PUE PIOUBSOOIH | PIOB O10UALNES0010AX0dg-Z 11T | LS
2011 bLY' 0 bLY' 0 SES'I wSI0qeRN uldijorpie) (1:81/T:81/T:81/T:8)TD | 9§
I181°1 9050 9050 €SI wSI0qeRN uldijorpie) (T:81/T:8L/T8/T:8)TD | S§
WSITOQRI_IA dUT[0I]
“QuIYITUIQ) ‘QUIUISIY
SSI'I €09°0 €09°0 8¥S'1 ‘Opewen|n ‘ygvo ouroid-1 | ¢
WSI[OqeRIN PIoY
191°1 L59°0 L59°0 795'1 OUTW UTeY) Youelg ouAISIA8IL | €6
sapndadi(y 1oyj0
oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON

64



PCT/US2018/017674

WO 2018/148580

WSIJOQRIN
UIUOJB[ON ‘UTUO0OIIS

£0¢'[ ISL'T ISL'T 960°C ‘ouruaInuky ‘ueydoydAif QUIIOINUAY-T | ]
WSIJOQRIN
ouoryIeIN|D) ‘QUISL)

601’1 £80°C £80°C v01°C QUILOIYRPIN ‘HV'S ‘NV'S OPIXOJ[NS SUTUOIYROIN | €1
WST[OGBIOJA OPIX0IdJ

0CI'1 856°C 856°C IS1°C ‘doprxoxdng ‘OprxQ oLIN PIOBOIB[AZY | ]

90¢°1 9cT’C 9cT’C £0C'C WIST[OGEBJSN QWOIqOIOTIA p1oe onooejAudydAxoipAg-d [ 11
WSI[OQEIIA QUISOUIR))

61T 453! 453! 6LTC “QUIWIR)STH “QUIPIISIH SUIWEISTH | 01
sapndodiq 1oy30

vr91 STL'l STL'l £SeC pue [AwenH-euwiuen ourue] Y- [AWen[3-ewwen 6
WSIJOQRIIN QUI[0I]
‘QuIYTUI() ‘QUIUISTY

66T 1 442! 442! 85¢C drwen) Vv PIog J1[AX0qIe0-¢-OUl[OLIAd- | 8

£9¢1 CLL'T CLL'T 0I+v'C 9[9AD sqaIy PIoE JLIH L

430! 86°C 86°C (44 WST[OQRIQJA QUIPIWLIA] QUISOIA) 9
(PAI19A0D ISTMIYIO JOU)

(442! L8891 L8891 9sv'C WISTIOQBISJA POV OuTiry SUTUElY S

L8TT 65CTC 65CTC 65v'C WISTIOQBISJA SuLIng QUIUOPRIAYR- |4
WSIJOQRIN
QULIDS ‘QUIDATLD) “QJBULIO]

[ 1681 1681 £Cs’e “9je[04] ‘uogie)-| QUIOAID ¢

oney Jedur| sqV Z 100§ 7 100§ dIA awreN Aemyieqd AOQRIIIA U\

65



PCT/US2018/017674

WO 2018/148580

L70°C 1060 1060 888’1 OUTWY TRy youelg QUIOA[S[AIO[RAOS | LT
WSTIOQRIRA
uoIyeIN[L) ‘OUINSA)
LI¥'1 1L6°0 1L6°0 768’1 “QUIUOIYRN ‘HVS ‘INVS OUI)SA00WOY[ASOUIPY-S | 9T
WSI[OqRION
JS0ON|D-UON 29
121'C 0TT1 0TT1 1161 ‘os0joE[RD “IESng-ouruy J0OJ 9pLIEYDILSI(] 9SOXAH | 6T
7980 €8°1 €85°1- S16'1 wSTOqeRN duLng | oreydsoydip suisouendAxodq | 47
v6T 1 Ul Ul St6'1 WIST[OQE}OJAl SWOIQOIOTA proe onoe[[AusydAX0IpAH- | €T
0LTT SH6'l SH6'l 956’1 WST[OQRRIA J[eS g PIo€ OI[OYO02AID | TT
oreydsoydouow
10L°0 ! PrS I 96'1 WIST[OQEIOA QULINg ouIsouope oA | 1
LO€'1 0S9'1 0S9'1 086’1 WSTOqRIA dULINg ouung | 0
WST[OqeIdIN PIoY
PETl oIl oIl 886'I ouruy uley) youelg PIoe oLR[BAOSIAXOIPAH-T | 61
WSTIOQRIRA
01T'1 S00°¢ S00°¢ 6£0'C (918q1008Y) O UTWEIIA ourjodAxoIpAH | 81
8S8°C 0591 0591 50T WSI[OQRIOIN J[ES Ol | PIOB JIJOYI09A[3Ax00poudy) [ /]
WSTIOQRIRA
uoIyeIN[L) ‘OUINSA)
LST'T L00'T L00'T 090'C “QUIUOIYRA ‘HVS ‘NVS oureNsL) | 91
WSTIOQRIRA
SISOUA303U0IN|D)
7671 1€L°1 1€L°1 180°C pue s1s£[00410 Aeydsoyd-¢ (0100410 | ST
oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON

66



PCT/US2018/017674

WO 2018/148580

P10J0)S [EPBUOD-UON

98¢ T 9€0'T 9€0'T €L9'1 ‘[0s1I0)) ‘[01Ns3[0Y ) PIOE OIUO[BASIN | §€

v 1 876°0 876°0 YOL'1 WST[OQeIOIA SUIPIWLIA] ouIpLIN | L€
WSTIOQRIRA
ouoryIeIN|D) ‘QUINSA)

0611 090'T 090'T vLL'T ‘ouIUOIYIOIN ‘HV'S ‘AV'S ounsid-T| 9¢
SISOUIUAS

€0L°0 1571 IS¥'1- 08L'1 pue UONEPIXQ POV ANeg QuNIUIEO[AOURIQD | €
WSTIOQRIRA
ouIue[e[AuUdy g

061°1 81T'C 81T'C 06L°1 pue duIsoIk [, SUA[S[AoWRUUL) | ¢
(PAI19A0D ISTMIYIO JOU)

09¢°T 185°T 185°T 778l WSI[OqeRIA POV oully ourderedsy-7 | €€
WSTIOQRIRA
P10J9)S [BPRUOD-UON

V8T’ 1 6L0°1 6L0°1 Pr8 1 ‘JOSTHI0D) [01RSA[OY) [o1d)soyreT | €

8LT1 876°0 876°0 Ts8'1 9[9AD sqaIy PIOE ONIUOOE-SI0 | [¢€
WSTIOQRIRA
ouIue[e[AuUdy g

SYT'l 18€°T 18€°T SLY'T pue QUISOIA], ourue[e[Audyd-T [ 0€
WST[OqRIdIN POV

20€°1 01¢'T 01¢'T 8L8'1 OuTlY UTey) youelg QUIATSIAIBIL | 6T

86L'1 8901 8901 788’1 WISIOQRIR duLing UIOJUe[Y | 8T
WSIOqRRN POV

oney Jedul| SqQVv 7 2100§ 7 2103 dIA UIeN %N?»——aﬂm 9)[0QeIOTAl "ON

67



PCT/US2018/017674

WO 2018/148580

WSTIOQRIRA
QULIOG ‘OUIIA[L) Q18I0

STl ¥S6°0 756°0 S0S'I ‘0je[0] ‘U0qIe)-] oULRS-T| 8%
WSTIOQRIRA

A 0SL°0 0SL°0 80S°1 urjoAwogurydg (T:81/1:8IPNS | L¥
WST[OQBIRA dUT[0I]
‘QuIYTUI() ‘QUIUISTY

961°1 67L°0 67L°0 9rS'l ‘ojeweIny Vv outoid-T| 9¢

7790 1661 1€€1- $SS'T wsIjoqejdIA prdrjoydsoyd (0:81/0:81) dd | S¥

2091 188°0 188°0 65S'1 WSI[OGEIQ SWOIQOIOI poeounddig [ 44

SISOUIUAS QUNTUIBI[AOUIIIPEIIQ]

vEL0 960'[ 950' - TI9'1 pue uonepIxQ poy Aneq -G-SI19-AXO0IpAH-¢ |  ¢F
SISOUIUAS

779°0 LST'1 LST'1- L19°T pue UONEpIXQ poy Aneq ountuiedjloueood | i
WST[OqRIdIN POV

90€°T L66°0 L66°0 791 OUTY TRy youelg proe d101dedos1AX0IpAH-7 | T¥
WSTIOQRIRA
uoIyeIN[L) ‘OUINSA)

LIT1 bST'1 vST'1 P79l “QUIUOIYRIA ‘HV'S ‘AVS PIOE D1)O0BOUIPIUEND) | (f

080°C SLS'I SLS'I 0L9°T WSIOqRIOIN J[ES g PIOE J1[OYOAX0dpOUdY ) [ 6¢
WSI[OqRION

oney Jedur| sqV 7 100§ 7 100§ JIA dweN Aemyied AI[OQBIA ‘ON

68



WO 2018/148580 PCT/US2018/017674

[00166] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions will now occur to
those skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED 1IS:

1.

10.

11.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in an amount sufficient to maintain
the antipurinergic agent plasma levels of said subject within a range of from about 3 uM

to about 30 uM for 21 days or more.

The method of claim 1, wherein the antipurinergic agent plasma levels of said subject are

maintained within a range of from about 3 pM to about 25 pM for 21 days or more.

The method of claim 2, wherein the antipurinergic agent plasma levels of said subject are

maintained within a range of from about 3 uM to about 15 uM for 21 days or more.

The method of any one of claims 1 to 3, wherein the antipurinergic agent plasma levels

are maintained within a range of from about 3 pM to about 15 uM for 28 days or more.

The method of claim 4, wherein the antipurinergic agent plasma levels are maintained

within a range of from about 3 uM to about 15 pM for 45 days or more.

The method of claim 3, wherein the antipurinergic agent plasma levels are maintained

with a range of from about 5 uM to about 15 pM.

The method of any one of claims 1 to 6, wherein said administration occurs two or more

times.

The method of any one of claims 1 to 7, wherein said antipurinergic agent is administered

intravenously.

The method of any one of claims 1 to 7, wherein said antipurinergic agent is administered

orally, subcutaneously, intramuscularly, by inhalation, cutaneously, or transdermally.

The method of any one of claims 1 to 7, wherein said antipurinergic agent is not

administered intravenously.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in an amount sufficient to maintain
the antipurinergic agent plasma levels of said subject from about 1 uM to about 30 pM
for at least about 21 days, wherein said antipurinergic agent is not administered

intravenously.
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12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

23

24.

The method of claim 11, wherein the antipurinergic agent plasma levels of said subject

are maintained within a range of from about 1 pM to about 15 uM for 21 days or more.

The method of claim 11 or 12, wherein said administration is selected from orally,
subcutaneously, intramuscularly, rectally, by inhalation, by nebulization, cutaneously,

and transdermally.

The method of claim 13, wherein said administration is subcutaneously.

. The method of claim 13, wherein said administration is orally.

The method of any one of claims 11 to 15, wherein the antipurinergic agent plasma levels

are maintained from about 5 pM to about 15 uM.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in an amount sufficient to maintain
the antipurinergic agent plasma levels of said subject from about 1 uM to about 30 pM
for at least about 21 days, wherein said antipurinergic agent is administered in two or

more doses.

The method of claim 17, wherein said antipurinergic agent plasma levels of said subject

are maintained within a range of from about 1 pM to about 15 uM for 21 days or more.

The method of claim 17 or 18, wherein said antipurinergic agent is administered in three

or more doses.

The method of any one of claims 17 to 19, wherein said antipurinergic agent plasma

levels are maintained from about 5 uM to about 15 pM.

The method of any one of claims 17 to 20, wherein said doses of antipurinergic agent are

administered intravenously.

The method of any one of claims 17 to 20, wherein said doses of antipurinergic agent are
administered orally, subcutaneously, intramuscularly, by inhalation, cutaneously, or

transdermally.

. The method of any one of claims 17 to 20, wherein said doses of antipurinergic agent are

not administered intravenously.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject, testing said subject’s antipurinergic
agent plasma level at one or more time points after said administration, evaluating said

antipurinergic agent plasma levels from said one or more time points to determine a
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25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35

36.

treatment regimen for said subject in an amount sufficient to achieve antipurinergic

agent plasma levels from about 1 pM to about 30 uM.

The method of claim 24, wherein said treatment regimen for said subject is in an amount

sufficient to achieve antipurinergic agent plasma levels from about 1 uM to about 15 pM.

The method of claim 20, wherein said treatment regimen for said subject is in an amount

sufficient to achieve antipurinergic agent plasma levels from about 5 uM to about 15 pM.

The method of any one of claims 24 to 26, further comprising administering to said
subject one or more doses of said antipurinergic agent in an amount sufficient to maintain

plasma levels from about 1 pM to about 30 uM for 21 days or more.

The method of claim 27, wherein said administering to said subject one or more doses of
said antipurinergic agent in an amount sufficient to maintain plasma levels from about 1

uM to about 30 uM for 40 days or more.

The method of any one of claims 1 to 28, wherein plasma levels are evaluated
periodically such as once every 5 days, once a week, once every two weeks, once every

three weeks, or once every four weeks.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in a first dose followed by a 10-40

day treatment holiday and then administering a second dose of said antipurinergic agent.

The method of claim 30, wherein said first dose is within a range from about 10 mg/kg to

about 30 mg/kg.

The method of claim 30 or 31, wherein said second dose is within a range from about 10

mg/kg to about 30 mg/kg.

. The method of claim 30, wherein said first dose is within a range from about 400 mg/m”

to about 600 mg/mz.

The method of claim 30 or 33, wherein said second dose is within a range from about 400

mg/m* to about 600 mg/m”.

. The method of any one of claims 30 to 34, wherein said treatment holiday is within a

range from about 12 to about 20 days.

A method of treating an autism spectrum disorder in a subject in need thereof, wherein
said treatment comprises administering to said subject a dose of an antipurinergic agent

of more than 20 mg/kg.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

The method of claim 36, wherein said subject is administered a dose of an antipurinergic

agent of from about 21 mg/kg to about 40 mg/kg.

The method of claim 37, wherein said antipurinergic agent is administered in an amount
sufficient to maintain serum creatinine levels of said subject below 1.3 mg/dL following

said administration.

The method of claim 38, wherein said antipurinergic agent is administered in an amount
sufficient to maintain serum creatinine levels of said subject below 1.0 mg/dL following

said administration.

The method of any one of claims 36 to 39, wherein said antipurinergic agent is
administered in an amount sufficient to maintain serum aminotransferase levels of said

subject below 40 U/L following said administration.

A method of treating an autism spectrum disorder in a subject in need thereof, wherein
said treatment comprises administering to said subject a dose of an antipurinergic agent

of more than 300 mg/mz.

The method of claim 41, wherein said subject is administered a dose of an antipurinergic

agent of from about 350 mg/m2 to about 600 mg/mz.

The method of claim 42, wherein said antipurinergic agent is administered in an amount
sufficient to maintain serum creatinine levels of said subject below 1.3 mg/dL following

said administration.

The method of claim 43, wherein said antipurinergic agent is administered in an amount
sufficient to maintain serum creatinine levels of said subject below 1.0 mg/dL following

said administration.

The method of any one of claims 41 to 44, wherein said antipurinergic agent is
administered in an amount sufficient to maintain serum aminotransferase levels of said

subject below 40 U/L following said administration.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in a first dose of less than 20 mg/kg,
followed by a 2-20 day treatment holiday and then administering a second dose of said

antipurinergic agent.

The method of claim 46, wherein said first dose of antipurinergic agent is selected from

about 1 mg/kg to about 19 mg/kg.
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48.

49.

50.

51.

52.

53

54

55.

56.

57.

The method of claim 46 or 47, wherein said second dose of antipurinergic agent is

selected from about 1 mg/kg to about 19 mg/kg.

The method of any one of claims 46 to 48, wherein said antipurinergic agent is
administered in an amount sufficient to maintain the antipurinergic agent plasma levels of
said subject within a range of from about 1 uM to about 15 uM for 21 days to about 50
days.

A method of treating an autism spectrum disorder in a subject in need thereof, comprising
administering an antipurinergic agent to said subject in a first dose of less than 350
mg/m?, followed by a 2-20 day treatment holiday and then administering a second dose

of said antipurinergic agent.

The method of claim 50, wherein said first dose of antipurinergic agent is selected from

about 50 mg/m? to about 300 mg/m’.

The method of claim 50 or 51, wherein said second dose of antipurinergic agent is

selected from about 50 mg/m” to about 600 mg/m”.

. The method of any one of claims 50 to 52, wherein said antipurinergic agent is

administered in an amount sufficient to maintain the antipurinergic agent plasma levels of
said subject within a range of from about 1 uM to about 25 uM for 21 days to about 50
days.

. A method of identifying a subject that would benefit from treatment with an

antipurinergic agent, comprising identifying a subject with an autism spectrum disorder,
wherein the autism spectrum disorder is not a known syndromic form of autism spectrum

disorder caused by DNA mutation or chromosomal copy number variation (CNV).

The method of claim 54, wherein said method further comprises treating said subject by

administering an antipurinergic agent in response to said step of identifying.

A method of identifying a subject that would benefit from treatment with an
antipurinergic agent, comprising identifying a subject with an autism spectrum disorder,
wherein said autism spectrum disorder is a known syndromic form of autism spectrum

disorder caused by DNA mutation or chromosomal copy number variation (CNV).

The method of claim 56, wherein said method further comprises treating said subject by

administering an antipurinergic agent in response to said step of identifying.
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58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

A method of identifying a subject that would benefit from treatment with an
antipurinergic agent, comprising identifying a subject with an autism spectrum disorder,

wherein said subject has one or more symptoms of a gastrointestinal disease or disorder.

The method of claim 58, wherein said method further comprises treating said subject by

administering an antipurinergic agent in response to said step of identifying.

The method of any one of claims 1 to 59, wherein said antipurinergic agent comprises

suramin, a salt thereof, or a prodrug thereof.
The method of any one of claims 1 to 60, wherein said subject is a child.
The method of any one of claims 1 to 60, wherein said subject is 18 years old or younger.

The method of any one of claims 1 to 53, wherein said method further comprises a step
of identifying a subject with an autism spectrum disorder, wherein said autism spectrum
disorder is a known syndromic form of autism spectrum disorder caused by DNA
mutation or chromosomal copy number variation (CNV), wherein said step is performed

prior to said administering.

The method of claim 63, wherein said administering is in response to said step of

identifying.

. The method of any one of claims 1 to 53, wherein said method further comprises a step

of identifying a subject with an autism spectrum disorder, wherein said autism spectrum
disorder is not a known syndromic form of autism spectrum disorder caused by DNA
mutation or chromosomal copy number variation (CNV), wherein said step is performed

prior to said administering.

The method of claim 65, wherein said subject is treated in response to said step of

identifying.

The method of any one of claims 1 to 66, wherein said autism spectrum disorder includes
one or more symptoms selected from difficulty communicating, difficulty interacting

with others, and repetitive behaviors.

The method of any one of claims 1 to 67, wherein treating said autism spectrum disorder
comprises improving one or more symptoms relative to symptoms of said subject prior to
said administration, wherein said one or more symptoms are selected from difficulty

communicating, difficulty interacting with others, and repetitive behaviors.
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69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

The method of any one of claims 1 to 68, wherein treating said autism spectrum disorder
comprises improving an assessment score of said subject selected from ADOS, ABC,

ATEC, and CGI scores relative to a score from said subject prior to said administration.

The method of claim 69, wherein an assessment score of said subject selected from
ADOS, ABC, ATEC, and CGI scores is improved by 10% or more relative to a score

from said subject prior to said administration.

The method of claim 70, wherein an ADOS score of the subject is improved by 1.6 or
more relative to a score prior to said administration, or a corresponding performance

improvement on a similar test.

The method of claim 68 or 71, wherein the p-value of improvement of said ADOS score

or similar test is 0.05 or less.

The method of any one of claims 68 to 72, wherein the effect size of improvement of said

ADOS score or similar test is about 1 or more.

The method of claims 73, wherein the effect size of improvement of said ADOS score or

similar test is about 2.9 or more.

The method of any one of claim 1 to 74, wherein following the administration the AUC is

from about 80 pM*days to about 400 uM*days.

A pharmaceutical composition comprising a prodrug of suramin and a pharmaceutically

acceptable excipient.

A pharmaceutical composition suitable for intravenous administration, wherein said
composition comprises suramin or a salt thereof and one or more excipients selected from

antimicrobials, polyethylene glycol, stabilizers, and antioxidants.

A pharmaceutical composition, comprising suramin, a delivery system that increases oral

absorption of suramin and a pharmaceutically acceptable excipient.

The pharmaceutical composition of claim 78, wherein said delivery system comprises a

polymeric delivery system.

The pharmaceutical composition of claim 79, wherein the polymeric delivery system

comprises liposomes, nanoparticles, or microspheres.
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