subgenual anterior cingulate cortex and significantly increases glutamate levels along with

biomarkers of N-methyl-d-aspartate receptor (NMDAR) modulation.

[0012] These are remarkable findings, as they demonstrate that the mechanism of rTMS brain
activation is virtually indistinguishable from that of ketamine’s pharmacotherapeutic mechanism
of action. Thus, rTMS and ketamine exhibit similar mechanisms of action to relieve TRD,
although about half of all TRD patients do not remit after treatment using either therapeutic
option. In addition, both rTMS and ketamine exhibit transient but serious AEs, including
dissociation (the presumptive basis of ketamine’s analgesic efficacy), psychotomimesis, and
neurocognitive impairment. This suggests that it is critically important to match individual
patients to one of these therapies or to other antidepressant medications if we can choose which
patient will benefit from these treatments and which patient will suffer unnecessarily from

serious AEs without adequate antidepressant efficacy.

[0013] Recent research combining transcranial magnetic stimulation (TMS) to alleviate
depression followed by neuroimaging demonstrated that TRD patients can be unambiguously
stratified into 4 subtypes based on their response to placement of the TMS device, with 4
different intrinsic neuroanatomical pathways activated concomitant with distinctly different
symptom clusters. These 4 subtypes can now be determined independently, as demonstrated by
this disclosure, using a combination of clinical and molecular data, thereby providing an
exemplar for other psychiatric disorders and stress-related disorders, in which improved
pharmacophenomic decision support will deliver better therapeutic options to the patient.
Similarly, NMDAR antagonist therapy may be used as an adjunct to age-related degenerative

medical conditions.
SUMMARY

[0013a] In one aspect, the present disclosure refers to a computing device for determining a
drug or drugs to administer to a patient suffering from a neuropsychiatric, neurological, or
analgesia/pain disorder, the computing device comprising:

a communication network,

onc or more processors; and



a non-transitory computer-readable memory coupled to the one or more processors and
storing thereon instructions that, when executed by the one or more processors, cause the
computing device to:

obtain an indication of a biological sample of a patient analyzed using one or
more of: targeted single nucleotide polymorphisms (SNP) genotyping, RNA sequencing,
and chromatin conformation capture based on the differential activation and repression of
topologically associating domains (TADs) in the patient indicative of drug efficacy and
adverse drug events;

determine a pharmacogenomic network representation for a drug gene set for a

glutamate N-methyl-d-aspartate receptor (NMDAR) antagonist or partial antagonist, a

glycine receptor beta (GLRB) modulator, or an a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid receptor (AMPAR) agonist for the patient based on the analysis;
compare the pharmacogenomic network representation for the drug gene set for

the NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for

the patient to a drug pharmacogenomic network and constituent sub-networks for the

NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist from a

reference database; and

determine to administer the NMDAR antagonist or partial antagonist, GLRB
modulator, or AMPAR agonist for administering to the patient based on the comparison.
[0013Db] In another aspect, the present disclosure refers to the use of a glutamate N-methyl-
d-aspartate receptor (NMDAR) antagonist or partial antagonist, a glycine receptor beta (GLRB)
modulator, or an a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR)
agonist in the manufacture of a pharmaceutical for treating a patient suffering from
neuropsychiatric, neurological, or analgesia/pain disorders, the use comprising:

analyzing or having analyzed a biological sample obtained from a patient using one or
more of: RNA sequencing or expression microarray analysis, chromatin conformation capture, or
targeted genotyping based on differential activation and repression of topologically associating
domains (TADs) in the biological sample of the patient indicative of drug efficacy and adverse
drug events;

determining or having determined a pharmacognenomic network representation for a

drug gene set for a pharmaceutical for the patient based on the analysis;



comparing or having compared the pharmacogenomic network representation for the
drug gene set for the pharmaceutical for the patient to a drug pharmacogenomic network and
constituent sub-networks for the pharmaceutical from a reference database;

determining to administer the pharmaceutical based on the comparison; and

wherein the pharmaceutical is to be administered to the patient.

[0014] Different methods may be used to accurately determine the precise therapeutic
requirements for an individual patient phenotype or cohort of phenotypes. This disclosure
describes methods for the configuration of a pharmacophenomic assay for clinical decision
support, or a companion diagnostic for a psychotropic medication, which optimizes the fit of a
therapeutic intervention to an individual patient or cohort of patients diagnosed with a
psychiatric or related disorder, such as treatment-resistant depression, chronic pain, migraine,
fibromyalgia, inflammatory disorders and other conditions in which ketamine or one its analogs
comprise an effective therapeutic. In the context of this disclosure, the patient’s drug response
and adverse event phenotype is comprised of multiple sets of variables as described herein,
ranging from a patient’s intrinsic configuration of a drug’s pharmacogenomic network including
its mutational profile configuration, to behavioral phenotypes that may be obtained from clinical

data.

[0015] The methods used for patient stratification in this disclosure use disparate data sources,
some of which may be incomplete, require data cleansing and/or curation, or may be non-
existent. The different methods as described herein range from those that may accommodate
different combinations of limited data to more extensive computational solutions, or which may

bridge missing data elements using probabilistic methods.

[0016] This disclosure comprises a range of concatenated and distinct methods to provide
accurate pharmacophenomic decision support for a patient diagnosed with a psychiatric disorder.
Outputs provide quantitative scores for ranking therapeutic interventions including
recommendations such as medication selection and dose, transcranial magnetic stimulation,
electroconvulsive therapy and behavioral intervention. This disclosure comprises
pharmacophenomic methods to classify patients diagnosed with a psychiatric disorder into
subtypes for optimization of therapeutic intervention. These methods can be used to configure a

diagnostic to recommend the best therapeutic match to an individual patient. In another
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example, these methods may be used to enhance the selection of patients based on
pharmacophenomic stratification prior to a clinical trial. In another example, these methods may
be used to configure a companion diagnostic for a psychotropic medication to ensure patient

safety during the development, marketing and post-marketing of a pharmaceutical.

[0017] In another example, clinical values are obtained from an EHR or similar source, and
SNPs in PD and PK genes are obtained from the genotype of a patient, and these are entered as
quantitative values in a regression equation (nomogram) for determination of medication dose
for a drug such as ketamine for that individual patient. In this example, the therapeutic dose
optimum is developed in a step-wise regression model equation containing genetic and clinical
values, and the regression model is re-tested and validated using a population of patients to
ensure the accuracy of the regression equation’s output, as might be judged by a receiver-

operator (ROC) curve as area under the curve (AUC).

[0018] In another example, clinical values are obtained from an EHR or similar source, and
SNPs in PD and PK genes are combined with disease risk SNPs obtained from genomewide
association studies (GWAS) to differentially annotate adverse event and efficacy-specific sub-
networks of a drug pharmacogenomic network, such as that of ketamine, to predict whether the
patient would benefit from the drug or not, and if so, be determinative of a patient-appropriate

dosage.

[0019] In another example, clinical values are obtained from an EHR or similar source, and
SNPs in PD and PK genes are combined with disease risk SNPs obtained from GWAS and
PheWAS to differentially annotate adverse event and efficacy-specific sub-networks of a drug
pharmacogenomic network, such as that of ketamine, to predict whether the patient would
benefit from the drug or not, and if so, be determinative of a patient-appropriate dosage. In this
example, therapeutic drug monitoring through pharmacometabolomics is used to gather more
accurate data on pre-existing prescribed and non-prescribed drugs and their metabolites used by
the patient, through analysis of a biological sample (blood, cheek swab, urine or other bodily

fluid) obtained from a patient or from a cohort of patients.

[0020] In yet another example, clinical values are obtained from an EHR or similar source,
and SNPs in PD and PK genes are combined with disease risk SNPs obtained from GWAS and

PheWAS to differentially annotate adverse event and efficacy-specific sub-



networks of a drug pharmacogenomic network, such as that of ketamine, and these data are
matched with 1 of 4 phenotypes, which may or may not be derived from rTMS and
neuroimaging data), determined using scoring from the Hamilton Depression Rating Scale

(HAMD) in the context of an antidepressant drug such as ketamine.

[0021] In another example, pharmacophenomic decision support is determined using inputs
from a model that includes: (1) molecular profiling of drug-induced sub-networks in a patient or
cohort of patients, (2) clinical variables as derived from an electronic health record or equivalent
measurements made by a clinician, (3) patient subtyping based on clinical variables and
neuroimaging studies, and (4) PD and PK SNPs that stratify patients by drug response. In
addition, drug-drug and drug-gene interactions objectively measured using a
pharmacometabolomic method can be used to minimize adverse drug events for the individual

patient or a cohort of patients.

[0022] Another example of this system is configuration of a companion diagnostic that can be
used for patient selection for a clinical trial, and during the marketing and post-marketing phases
of a drug, such as an antidepressant medication that acts as a NMDAR antagonist, partial

antagonist, GLRB modulator and AMPAR agonist.

[0023] Another example of this system is to determine and select a therapeutic medication
addition to a NMDAR modulator to improve outcome. Another example of the methods and
system described herein could be used for the re-evaluation of drugs for clinical trials and for

drug re-purposing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1A illustrates a block diagram of a computer network and system on which an
exemplary companion diagnostic system may operate in accordance with the presently described

embodiments;

[0025] Figure 1B is a block diagram of an exemplary drug and dose decision server that can

operate in the system of Figure 1A in accordance with the presently described embodiments;

[0026] Figure 1C is a block diagram of an exemplary client device that can operate in the

system of Figure 1A in accordance with the presently described embodiments;
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[0027] Figure 1D illustrates a flow diagram representing an exemplary method for
determining a drug and dosage to administer to a patient suffering from depression or other
neuropsychiatric illness based on comparing data from the patient’s biological sample to a
reference drug-specific pharmacogenomic network and the constituent sub-networks for the drug

of interest;

[0028] Figure 2 illustrates example measurements collected from a patient’s biological sample

using chromosome conformation capture, bioinformatics analysis, and/or similar measures;

[0029] Figure 3 shows a simple example of how a SNP located within an enhancer in the
network might disrupt the enhancer’s contact with one of its target gene promoters in the TAD,
leading to adverse drug events in a patient within a drug response cohort. Figure 3A illustrates
how different laboratory methods may be used to obtain measures from the chromatin spatial

interactome in three dimensions and analyze the data as 2 dimensional plots of enhancer-gene
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WE CLAIM:

1. A computing device for determining a drug or drugs to administer to a patient
suffering from a neuropsychiatric, neurological, or analgesia/pain disorder, the computing device
comprising:

a communication network,

one or more processors; and

a non-transitory computer-readable memory coupled to the one or more processors and
storing thereon instructions that, when executed by the one or more processors, cause the
computing device to:

obtain an indication of a biological sample of a patient analyzed using one or
more of: targeted single nucleotide polymorphisms (SNP) genotyping, RNA sequencing,
and chromatin conformation capture based on the differential activation and repression of
topologically associating domains (TADs) in the patient indicative of drug efficacy and
adverse drug events;

determine a pharmacogenomic network representation for a drug gene set for a

glutamate N-methyl-d-aspartate receptor (NMDAR) antagonist or partial antagonist, a

glycine receptor beta (GLRB) modulator, or an a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid receptor (AMPAR) agonist for the patient based on the analysis;
compare the pharmacogenomic network representation for the drug gene set for

the NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for

the patient to a drug pharmacogenomic network and constituent sub-networks for the

NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist from a

reference database; and

determine to administer the NMDAR antagonist or partial antagonist, GLRB

modulator, or AMPAR agonist for administering to the patient based on the comparison.

2. The computing device of claim 1, wherein:
the pharmacogenomic network representation for the drug gene set for the NMDAR

antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for the patient includes a

111



patient drug pharmacodynamic efficacy sub-network, a patient drug pharmacodynamic adverse
event sub-network, a chromatin remodeling sub-network, and a pharmacokinetic enzymes and
hormones sub-network, and the constituent sub-networks for the NMDAR antagonist or partial
antagonist, GLRB modulator, or AMPAR agonist from the reference database includes a set of
reference drug pharmacodynamic efficacy sub-networks, reference drug pharmacodynamic
adverse event sub-networks, reference chromatin remodeling sub-networks, and reference
pharmacokinetic enzymes and hormones sub-networks spanning human drug response variation,
and

to compare the pharmacognemoic representation for the drug gene set for the NMDAR
antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for the patient to a drug
pharmacogenomic network and constituent sub-networks for the NMDAR antagonist or partial
antagonist, GLRB modulator, or AMPAR agonist from a reference database, the instructions
cause the computing device to:

assign a first score to the patient drug pharmacodynamic efficacy sub-network based on
an amount of similarity between the patient drug pharmacodynamic efficacy sub-network and the
set of reference drug pharmacodynamic efficacy sub-networks;

assign a second score to the patient drug pharmacodynamic adverse event sub-network
based on an amount of similarity between the patient drug pharmacodynamic adverse event sub-

network and the set of reference drug pharmacodynamic adverse-event sub-networks.

3. The computing device of claim 2, wherein to determine to administer the
NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist based on the
comparison, the instructions cause the computing device to:

determine to administer the NMDAR antagonist or partial antagonist, GLRB modulator,
or AMPAR agonist for the patient when the first score is above a first threshold score or the

second score is below a second threshold score.

4. The computing device of claim 3, wherein to determine to administer the

NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for the patient
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when the first score is above a first threshold score or the second score is below a second
threshold score, the instructions cause the computing device to:

combine the first and second scores to generate an overall score; and

determine to administer the NMDAR antagonist or partial antagonist, GLRB modulator,

or AMPAR agonist for the patient when the overall score is above a third threshold score.

5. The computing device of any one of claim 1-4, wherein the instructions further
cause the computing device to:
determine a dosage of the NMDAR antagonist or partial antagonist, GLRB modulator, or

AMPAR agonist for administering to the patient based on the comparison.

6. The computing device of claim 5, wherein to determine a dosage of the NMDAR
antagonist or partial antagonist, GLRB modulator, or AMPAR agonist for administering to the
patient, the instructions cause the computing device to:

determine the dosage using a regression model based on a combination of two or more
of: the sex of the patient, the age of the patient, whether the patient smokes, ethnicity of the
patient, height of the patient, weight of the patient, and mental illness history of the patient.

7. The computing device of claim 5, wherein the instructions further cause the
computing device to:

analyze the biological sample obtained from the patient using pharmacometabolomics to
determine pre-existing medications and metabolites of the pre-existing medications in the
patient; and

determine whether to administer the NMDAR antagonist or partial antagonist, GLRB
modulator, or AMPAR agonist to the patient or the dosage to be administered based at least in
part on drug-gene or drug-drug interactions between the pre-existing medications in the patient

and the NMDAR antagonist or partial antagonist, GLRB modulator, or AMPAR agonist.

8. The computing device of any one of claim 1-7, wherein the drug

pharmacogenomic network for the NMDAR antagonist or partial antagonist, GLRB modulator,
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or AMPAR agonist from the reference database is a ketamine pharmacogenomic network and
includes one or more of: Activity regulated cytoskeleton associated protein (ARC) gene,
Achaete-Scute family bHLH transcription factor 1 (4SCLI) gene, Brain derived neurotrophic
factor (BDNF) gene, BDNF antisense RNA (BDNF-AS) gene, Calcium/calmodulin dependent
protein kinase II alpha (CAMK2A) gene, Cyclin dependent kinase inhibitor 1A (CDKN1A) gene,
cAMP responsive element modulator (CREM) gene, Cut like homeobox 2 (CUX2) gene, DCC
netrin 1 receptor (DCC) gene, Dopamine receptor D2 (DRD?2) gene, Eukaryotic translation
elongation factor 2 kinase (EEF2K) gene, Fragile X mental retardation 1 (FMRI) gene,
Ganglioside induced differentiation associated protein 1 like 1 (GDAPILI) gene, Glutamate
metabotropic receptor 5 (GRMY5) gene, Homer scaffold protein 1 (HOMERI) gene, 5-
hydroxytryptamine receptor 1B (HTR1B) gene, 5-hydroxytryptamine receptor 2A (HTR2A) gene,
Kruppel like factor 6 (KLF6) gene, Lin-7 homolog C, crumbs cell polarity complex component
(LIN7C) long noncoding RNA, LOC105379109 long noncoding RNA, Myocyte enhancer factor
2D (MEF2D) gene, Myosin VI (MYO6) gene, Myelin transcription factor 1 like (MYTIL) gene,
Neuronal differentiation 1 (NEURODI) gene, Neuronal differentiation 2 (NEUROD?2) gene,
Nescient helix-loop-helix 2 (VHLH?2) gene, Neuromedin B (NMB) gene, NMDA receptor
synaptonuclear signaling and neuronal migration factor (VSMF’) gene, Neurotrophic receptor
tyrosine kinase 2 (NTRK?2) gene, Phosphotase and tensin homolog (PTEN) gene, Prostaglandin-
endoperoxide synthase 2 (PTGS?2) gene, Rac family small GTPase 1 (RAC/) gene, Ras protein
specific guanine nucleotide releasing factor 2 (RASGRF2) gene, Ras homolog family member A
(RHOA) gene, Roundabout guidance receptor 2 (ROBO?2) gene, RP11 3604181 long noncoding
RNA, Semaphorin 3A (SEMA3A4) gene, SH3 and multiple ankyrin repeat domains 1 (SHANKI)
gene, SH3 and multiple ankyrin repeat domains 2 (SHANK?2) gene, SH3 and multiple ankyrin
repeat domains 3 (SHANK3) gene, Solute carrier family 22 member 15 (SLC22A415) gene, Solute
carrier family 6 member 2 (SLC6A42) gene, Slit guidance ligand 1 (SLIT1) gene, Slit guidance
ligand 2 (SLIT2) gene, Synaptosome associated protein 25 (SNAP25) gene, Synapsin I (SYNI)
gene, Synapsin Il (SYN2) gene, Synapsin III (SYN3) gene, T-box, brain 1 (TBRI) gene,
Transcription factor 4 (TCF4) gene, Acetylcholinesterase (ACHE) gene, Activating transcription
factor 7 interacting protein (47TF7IP) gene, Activating transcription factor 7 interacting protein 2

(ATF7IP2) gene, ATPase Na+/K+ Transporting Subunit Alpha 1 (ATP1A41) gene, BLOC-1
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related complex unit 7 (BORCS7) gene, Bromodomain containing 4 (BRD4) gene, Calcium
voltage-gated channel subunit alphal C (CACNAC) gene, Calcium voltage-gated channel
auxiliary subunit beta 1 (CACNBI) gene, Calcium voltage-gated channel auxiliary subunit beta 2
(CACNB?2) gene, Calcium voltage-gated channel auxiliary subunit gamma 2 (CACNG?2) gene,
Cholinergic Receptor Muscarinic 2 (CHRM?2) gene, Cholinergic Receptor Nicotinic Alpha 3
Subunit (CHRNA3) gene, Cholinergic Receptor Nicotinic Alpha 5 Subunit (CHRNAS) gene,
Cholinergic Receptor Nicotinic Alpha 7 Subunit (CHRNA7) gene, Cannabinoid receptor 1
(CNRI) gene, Disks large homolog 3 (DLG3) gene, Disks large homolog 4 (DLG4) gene, DNA
Methyltransferase 1 (DNMTTI) gene, Euchromatic histone lysine methyltransferase 1 (EHMT1)
gene, Gamma-aminobutyric acid type A receptor alpha2 subunit (GABRAZ2) gene, Gamma-
aminobutyric acid type A receptor alpha5 subunit (GABRAS) gene, Glutamate decarboxylase 1
(GADI) gene, Glycine receptor alpha 1 (GLRAI) gene, Glycine receptor alpha 2 (GLRA?2) gene,
Glycine receptor beta (GLRB) gene, Glutamate ionotropic receptor AMPA type subunit 1
(GRIAI) gene, Glutamate ionotropic receptor AMPA type subunit 2 (GRIA2) gene, Glutamate
ionotropic receptor AMPA type subunit 2 (GRIA4) gene, Glutamate ionotropic receptor NMDA
type subunit 1 (GRINI) gene, Glutamate ionotropic receptor NMDA type subunit 2A (GRIN2A)
gene, Glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, Glutamate
ionotropic receptor NMDA type subunit 2C (GRIN2C) gene, Glutamate ionotropic receptor
NMDA type subunit 2D (GRIN2D) gene, Glutamate ionotropic receptor NMDA type subunit 3A
(GRIN3A4) gene, Glutamate ionotropic receptor NMDA type subunit 3B (GRIN3B) gene,
Hyperpolarization Activated Cyclic Nucleotide Gated Potassium Channel 1 (HCNI) gene,
Histone deacetylase 5 (HDACS) gene, Methyl-CpG binding domain protein 1 (MBDI1) gene, M-
Phase Phosphoprotein 8 (MPHOSPHS) gene, Neural cell adhesion molecule 1 (NCAM1) gene,
Nitric acid synthase 1 (NOS1) gene, Nitric acid synthase 2 (NOS?2) gene, Nitric acid synthase 3
(NOS3) gene, NAD(P)H quinone dehydrogenase 1 (NQOI) gene, Opioid receptor kappa 1
(OPRK1) gene, Opioid receptor mu 1 (OPRM1) gene, Roundabout guidance receptor 2 (ROBOZ2)
gene, SET domain bifurcated 1 (SETDBI) gene, SH3 and Multiple Ankyrin Repeat Domains 2
(SHANK?) gene, Sigma Non-Opioid Intracellular Receptor 1 (SIGMARI) gene, Solute carrier
family 6 member 9 (SLC6A49) gene, Transcription Activation Suppressor (TASOR) gene, TOG
array regulator of axonemal microtubules 2 (TOGORAM?2) gene, Tripartite Motif Containing 28
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(TRIM?28) gene, Zinc Finger Protein 274 (ZNF274) gene, Anaphase promoting complex subunit
2 (ANAPC?2) gene, Cytochrome P450 family 2 subfamily A member 6 (CYP2A46) gene,
Cytochrome P450 family 2 subfamily B member 6 (CYP2B6) gene, Cytochrome P450 family 3
subfamily A member 4 (CYP3A4) gene, Disks large homolog 4 (DLG4), Eukaryotic Elongation
Factor 2 Kinase (EEF2K) gene, Estrogen Receptor 1 (ESR/) gene, Glutamate ionotropic receptor
AMPA type subunit 1 (GRIAI) gene, Glutamate ionotropic receptor AMPA type subunit 2
(GRIA4) gene, Glutamate ionotropic receptor NMDA type subunit 1 (GRINI) gene, Glutamate
ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, Myosin VI (MYO6) gene,
Roundabout Guidance Receptor 2 (ROBO?2) gene, SH3 and Multiple Ankyrin Repeat Domains 2
(SHANK?) gene, or Transcription Elongation Regulator 1 (TCERGI) gene.

0. Use of a glutamate N-methyl-d-aspartate receptor (NMDAR) antagonist or partial
antagonist, a glycine receptor beta (GLRB) modulator, or an a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR) agonist in the manufacture of a pharmaceutical for
treating a patient suffering from neuropsychiatric, neurological, or analgesia/pain disorders, the
use comprising:

analyzing or having analyzed a biological sample obtained from a patient using one or
more of: RNA sequencing or expression microarray analysis, chromatin conformation capture, or
targeted genotyping based on differential activation and repression of topologically associating
domains (TADs) in the biological sample of the patient indicative of drug efficacy and adverse
drug events;

determining or having determined a pharmacognenomic network representation for a
drug gene set for a pharmaceutical for the patient based on the analysis;

comparing or having compared the pharmacogenomic network representation for the
drug gene set for the pharmaceutical for the patient to a drug pharmacogenomic network and
constituent sub-networks for the pharmaceutical from a reference database;

determining to administer the pharmaceutical based on the comparison; and

wherein the pharmaceutical is to be administered to the patient.

10. The use of claim 9, wherein:
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the pharmacogenomic network representation for the drug gene set for the
pharmaceutical for the patient includes a patient drug pharmacodynamic efficacy sub-network, a
patient drug pharmacodynamic adverse event sub-network, a chromatin remodeling sub-network,
and a pharmacokinetic enzymes and hormones sub-network and the constituent sub-networks for
the pharmaceutical from the reference database includes a set of reference drug
pharmacodynamic efficacy sub-networks, reference drug pharmacodynamic adverse event sub-
networks, reference chromatin remodeling sub-networks, and reference pharmacokinetic
enzymes and hormones sub-networks, and

comparing the pharmacogenomic network representation for the drug gene set for the
pharmaceutical for the patient to a drug pharmacogenomic network and constituent sub-networks
for the pharmaceutical from a reference database includes:

assigning a first score to the patient drug efficacy sub-network based on an amount of
similarity between the patient drug pharmacodynamic efficacy sub-network and the reference
drug pharmacodynamic efficacy sub-network

assigning a second score to the patient drug pharmacodynamic adverse event sub-
network based on an amount of similarity between the patient drug pharmacodynamic adverse

event sub-network and the reference drug pharmacodynamic adverse-event sub-network.

11.  The use of claim 10, wherein determining to administer the pharmaceutical to the
patient based on the comparison includes:
determining to administer the pharmaceutical to the patient when the first score is above a

first threshold score or the second score is below a second threshold score.

12. The use of claim 11, wherein determining to administer the pharmaceutical to the
patient when the first score is above a first threshold score of the second score is below a second
threshold score includes:

combining the first and second scores to generate an overall score; and

determining to administer the pharmaceutical to the patient when the overall score is

above a third threshold score.
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13.  The use of any one of claims 9-12, further comprising:

determining a dosage of the pharmaceutical based on the comparison.

14. The use of claim 13, wherein determining a dosage of the pharmaceutical
includes:

determining the dosage using a regression model based on a combination of two or more
of: the sex of the patient, the age of the patient, whether the patient smokes, ethnicity of the
patient, height of the patient, weight of the patient, and mental illness history of the patient.

15. The use of claim 13, further comprising:

analyzing a biological sample obtained from a patient using pharmacometabolomics to
determine pre-existing medications and metabolites of the pre-existing medications in the
patient; and

determining whether to administer the pharmaceutical or the dosage to be administerered
based at least in part on drug-gene or drug-drug interactions between the pre-existing

medications in the patient and the pharmaceutical.

16.  The use of any one of claims 9-15, wherein the drug pharmacogenomic network
for the pharmaceutical from the reference database is a ketamine pharmacogenomic network and
includes one or more of: Activity regulated cytoskeleton associated protein (ARC) gene,
Achaete-Scute family bHLH transcription factor 1 (4SCLI) gene, Brain derived neurotrophic
factor (BDNF) gene, BDNF antisense RNA (BDNF-AS) gene, Calcium/calmodulin dependent
protein kinase II alpha (CAMK2A) gene, Cyclin dependent kinase inhibitor 1A (CDKN1A) gene,
cAMP responsive element modulator (CREM) gene, Cut like homeobox 2 (CUX2) gene, DCC
netrin 1 receptor (DCC) gene, Dopamine receptor D2 (DRD?2) gene, Eukaryotic translation
elongation factor 2 kinase (EEF2K) gene, Fragile X mental retardation 1 (FMR]I) gene,
Ganglioside induced differentiation associated protein 1 like 1 (GDAPILI) gene, Glutamate
metabotropic receptor 5 (GRMS5) gene, Homer scaffold protein 1 (HOMERI) gene, 5-
hydroxytryptamine receptor 1B (HTR1B) gene, 5-hydroxytryptamine receptor 2A (HTR2A) gene,
Kruppel like factor 6 (KLF6) gene, Lin-7 homolog C, crumbs cell polarity complex component
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(LIN7C) long noncoding RNA, LOC105379109 long noncoding RNA, Myocyte enhancer factor
2D (MEF2D) gene, Myosin VI (MYO6) gene, Myelin transcription factor 1 like (MYTIL) gene,
Neuronal differentiation 1 (VEURODI) gene, Neuronal differentiation 2 (NEUROD?) gene,
Nescient helix-loop-helix 2 (NHLH?2) gene, Neuromedin B (NMB) gene, NMDA receptor
synaptonuclear signaling and neuronal migration factor (VSMF) gene, Neurotrophic receptor
tyrosine kinase 2 (NTRK?2) gene, Phosphotase and tensin homolog (PTEN) gene, Prostaglandin-
endoperoxide synthase 2 (PTGS?2) gene, Rac family small GTPase 1 (RAC/) gene, Ras protein
specific guanine nucleotide releasing factor 2 (RASGRF?2) gene, Ras homolog family member A
(RHOA) gene, Roundabout guidance receptor 2 (ROBO?2) gene, RP11 3604181 long noncoding
RNA, Semaphorin 3A (SEMA3A) gene, SH3 and multiple ankyrin repeat domains 1 (SHANK])
gene, SH3 and multiple ankyrin repeat domains 2 (SHANK?2) gene, SH3 and multiple ankyrin
repeat domains 3 (SHANK3) gene, Solute carrier family 22 member 15 (SLC22A415) gene, Solute
carrier family 6 member 2 (SLC6A42) gene, Slit guidance ligand 1 (SLIT1) gene, Slit guidance
ligand 2 (SLIT2) gene, Synaptosome associated protein 25 (SNAP25) gene, Synapsin I (SYNT)
gene, Synapsin II (§YN2) gene, Synapsin III (SYN3) gene, T-box, brain 1 (TBR1) gene,
Transcription factor 4 (TCF4) gene, Acetylcholinesterase (ACHE) gene, Activating transcription
factor 7 interacting protein (4TF7IP) gene, Activating transcription factor 7 interacting protein 2
(ATF7IP2) gene, ATPase Na+/K+ Transporting Subunit Alpha 1 (47P1A41) gene, BLOC-1
related complex unit 7 (BORCS7) gene, Bromodomain containing 4 (BRD4) gene, Calcium
voltage-gated channel subunit alphal C (CACNAC) gene, Calcium voltage-gated channel
auxiliary subunit beta 1 (CACNBI) gene, Calcium voltage-gated channel auxiliary subunit beta 2
(CACNB?2) gene, Calcium voltage-gated channel auxiliary subunit gamma 2 (CACNG?2) gene,
Cholinergic Receptor Muscarinic 2 (CHRM?2) gene, Cholinergic Receptor Nicotinic Alpha 3
Subunit (CHRNA3) gene, Cholinergic Receptor Nicotinic Alpha 5 Subunit (CHRNAS) gene,
Cholinergic Receptor Nicotinic Alpha 7 Subunit (CHRNA7) gene, Cannabinoid receptor 1
(CNRI) gene, Disks large homolog 3 (DLG3) gene, Disks large homolog 4 (DLG4) gene, DNA
Methyltransferase 1 (DNMT1) gene, Euchromatic histone lysine methyltransferase 1 (EHMTI)
gene, Gamma-aminobutyric acid type A receptor alpha2 subunit (GABRAZ2) gene, Gamma-
aminobutyric acid type A receptor alpha5 subunit (GABRAS) gene, Glutamate decarboxylase 1
(GADI) gene, Glycine receptor alpha 1 (GLRAI) gene, Glycine receptor alpha 2 (GLRA?2) gene,
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Glycine receptor beta (GLRB) gene, Glutamate ionotropic receptor AMPA type subunit 1
(GRIAI) gene, Glutamate ionotropic receptor AMPA type subunit 2 (GRIA2) gene, Glutamate
ionotropic receptor AMPA type subunit 2 (GRIA4) gene, Glutamate ionotropic receptor NMDA
type subunit 1 (GRINI) gene, Glutamate ionotropic receptor NMDA type subunit 2A (GRIN2A)
gene, Glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, Glutamate
ionotropic receptor NMDA type subunit 2C (GRIN2C) gene, Glutamate ionotropic receptor
NMDA type subunit 2D (GRIN2D) gene, Glutamate ionotropic receptor NMDA type subunit 3A
(GRIN3A) gene, Glutamate ionotropic receptor NMDA type subunit 3B (GRIN3B) gene,
Hyperpolarization Activated Cyclic Nucleotide Gated Potassium Channel 1 (HCNI) gene,
Histone deacetylase 5 (HDACYS) gene, Methyl-CpG binding domain protein 1 (MBD1) gene, M-
Phase Phosphoprotein 8 (MPHOSPHS) gene, Neural cell adhesion molecule 1 (NCAMT) gene,
Nitric acid synthase 1 (NOS1) gene, Nitric acid synthase 2 (NOS?2) gene, Nitric acid synthase 3
(NOS3) gene, NAD(P)H quinone dehydrogenase 1 (NQOI) gene, Opioid receptor kappa 1
(OPRK1) gene, Opioid receptor mu 1 (OPRM1) gene, Roundabout guidance receptor 2 (ROBO2)
gene, SET domain bifurcated 1 (SETDBI) gene, SH3 and Multiple Ankyrin Repeat Domains 2
(SHANK?2) gene, Sigma Non-Opioid Intracellular Receptor 1 (SIGMARI) gene, Solute carrier
family 6 member 9 (SLC6A49) gene, Transcription Activation Suppressor (TASOR) gene, TOG
array regulator of axonemal microtubules 2 (TOGORAM?) gene, Tripartite Motif Containing 28
(TRIM?28) gene, Zinc Finger Protein 274 (ZNF274) gene, Anaphase promoting complex subunit
2 (ANAPC?2) gene, Cytochrome P450 family 2 subfamily A member 6 (CYP2A46) gene,
Cytochrome P450 family 2 subfamily B member 6 (CYP2B6) gene, Cytochrome P450 family 3
subfamily A member 4 (CYP3A44) gene, Disks large homolog 4 (DLG4), Eukaryotic Elongation
Factor 2 Kinase (EEF2K) gene, Estrogen Receptor 1 (ESR/) gene, Glutamate ionotropic receptor
AMPA type subunit 1 (GRIA) gene, Glutamate ionotropic receptor AMPA type subunit 2
(GRIA4) gene, Glutamate ionotropic receptor NMDA type subunit 1 (GRINI) gene, Glutamate
ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, Myosin VI (MYO6) gene,
Roundabout Guidance Receptor 2 (ROBO?2) gene, SH3 and Multiple Ankyrin Repeat Domains 2
(SHANK?) gene, or Transcription Elongation Regulator 1 (TCERGI) gene.

120



17. The use of claim 16, wherein the constituent sub-networks for the ketamine
pharmacogenomic network include a drug pharmacodynamic efficacy sub-network, and wherein
the drug pharmacodynamic efficacy sub-network includes one or more of: Activity regulated
cytoskeleton associated protein (ARC) gene, Achaete-Scute family bHLH transcription factor 1
(ASCL1I) gene, Brain derived neurotrophic factor (BDNF) gene, BDNF antisense RNA (BDNF-
AS) gene, Calcium/calmodulin dependent protein kinase II alpha (CAMK2A) gene, Cyclin
dependent kinase inhibitor 1A (CDKNIA) gene, cAMP responsive element modulator (CREM)
gene, Cut like homeobox 2 (CUX2) gene, DCC netrin 1 receptor (DCC) gene, Dopamine
receptor D2 (DRD?2) gene, Eukaryotic translation elongation factor 2 kinase (EEF2K) gene,
Fragile X mental retardation 1 (FMRI) gene, Ganglioside induced differentiation associated
protein 1 like 1 (GDAPILI) gene, Glutamate metabotropic receptor 5 (GRMS5) gene, Homer
scaffold protein 1 (HOMERI) gene, 5-hydroxytryptamine receptor 1B (HTR1B) gene, 5-
hydroxytryptamine receptor 2A (HTR2A4) gene, Kruppel like factor 6 (KLF6) gene, Lin-7
homolog C, crumbs cell polarity complex component (LIN7C) long noncoding RNA,
LOC105379109 long noncoding RNA, Myocyte enhancer factor 2D (MEF2D) gene, Myosin VI
(MYOG6) gene, Myelin transcription factor 1 like (MYT1L) gene, Neuronal differentiation 1
(NEURODI) gene, Neuronal differentiation 2 (NEUROD?2) gene, Nescient helix-loop-helix 2
(NHLH?2) gene, Neuromedin B (NMB) gene, NMDA receptor synaptonuclear signaling and
neuronal migration factor (NSMF) gene, Neurotrophic receptor tyrosine kinase 2 (NTRK?2) gene,
Phosphotase and tensin homolog (PTEN) gene, Prostaglandin-endoperoxide synthase 2 (P7GS2)
gene, Rac family small GTPase 1 (RACI) gene, Ras protein specific guanine nucleotide releasing
factor 2 (RASGRF?2) gene, Ras homolog family member A (RHOA) gene, Roundabout guidance
receptor 2 (ROBO?2) gene, RP11 3604181 long noncoding RNA, Semaphorin 3A (SEMA3A)
gene, SH3 and multiple ankyrin repeat domains 1 (SHANK1) gene, SH3 and multiple ankyrin
repeat domains 2 (SHANK?2) gene, SH3 and multiple ankyrin repeat domains 3 (SHANK3) gene,
Solute carrier family 22 member 15 (SLC22A415) gene, Solute carrier family 6 member 2
(SLC6A2) gene, Slit guidance ligand 1 (SLITT) gene, Slit guidance ligand 2 (SLIT2) gene,
Synaptosome associated protein 25 (SNAP25) gene, Synapsin [ (SYNT) gene, Synapsin II (SYN2)
gene, Synapsin III (SYN3) gene, T-box, brain 1 (TBR1) gene, or Transcription factor 4 (TCF4)

gene.
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18. The use of claim 16, wherein the constituent sub-networks for the ketamine
pharmacogenomic network include a drug pharmacodynamic adverse events sub-network, and
wherein the drug pharmacodynamic adverse events sub-network includes one or more of:
Acetylcholinesterase (ACHE) gene, Activating transcription factor 7 interacting protein
(ATF7IP) gene, Activating transcription factor 7 interacting protein 2 (ATF7IP2) gene, ATPase
Na+/K+ Transporting Subunit Alpha 1 (4TP1A1) gene, BLOC-1 related complex unit 7
(BORCS7) gene, Bromodomain containing 4 (BRD4) gene, Calcium voltage-gated channel
subunit alphal C (CACNAC) gene, Calcium voltage-gated channel auxiliary subunit beta 1
(CACNBI) gene, Calcium voltage-gated channel auxiliary subunit beta 2 (CACNB?2) gene,
Calcium voltage-gated channel auxiliary subunit gamma 2 (CACNG?2) gene, Cholinergic
Receptor Muscarinic 2 (CHRM?2) gene, Cholinergic Receptor Nicotinic Alpha 3 Subunit
(CHRNA3) gene, Cholinergic Receptor Nicotinic Alpha 5 Subunit (CHRNAS) gene, Cholinergic
Receptor Nicotinic Alpha 7 Subunit (CHRNA?7) gene, Cannabinoid receptor 1 (CNRI) gene,
Disks large homolog 3 (DLG3) gene, Disks large homolog 4 (DLG4) gene, DNA
Methyltransferase 1 (DNMT1) gene, Euchromatic histone lysine methyltransferase 1 (EHMTI)
gene, Gamma-aminobutyric acid type A receptor alpha2 subunit (GABRA2) gene, Gamma-
aminobutyric acid type A receptor alpha5 subunit (GABRAS) gene, Glutamate decarboxylase 1
(GADI) gene, Glycine receptor alpha 1 (GLRA1) gene, Glycine receptor alpha 2 (GLRA2) gene,
Glycine receptor beta (GLRB) gene, Glutamate ionotropic receptor AMPA type subunit 1
(GRIAI) gene, Glutamate ionotropic receptor AMPA type subunit 2 (GRIA2) gene, Glutamate
ionotropic receptor AMPA type subunit 2 (GRIA4) gene, Glutamate ionotropic receptor NMDA
type subunit 1 (GRINI) gene, Glutamate ionotropic receptor NMDA type subunit 2A (GRIN2A)
gene, Glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, Glutamate
ionotropic receptor NMDA type subunit 2C (GRIN2C) gene, Glutamate ionotropic receptor
NMDA type subunit 2D (GRIN2D) gene, Glutamate ionotropic receptor NMDA type subunit 3A
(GRIN3A) gene, Glutamate ionotropic receptor NMDA type subunit 3B (GRIN3B) gene,
Hyperpolarization Activated Cyclic Nucleotide Gated Potassium Channel 1 (HCNI) gene,
Histone deacetylase 5 (HDACYS) gene, Methyl-CpG binding domain protein 1 (MBD1) gene, M-
Phase Phosphoprotein 8 (MPHOSPHS) gene, Neural cell adhesion molecule 1 (NCAMT) gene,
Nitric acid synthase 1 (NOS1) gene, Nitric acid synthase 2 (NOS?2) gene, Nitric acid synthase 3
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(NOS3) gene, NAD(P)H quinone dehydrogenase 1 (NQOI) gene, Opioid receptor kappa 1
(OPRK1) gene, Opioid receptor mu 1 (OPRM1) gene, Roundabout guidance receptor 2 (ROBO2)
gene, SET domain bifurcated 1 (SETDBI) gene, SH3 and Multiple Ankyrin Repeat Domains 2
(SHANK?2) gene, Sigma Non-Opioid Intracellular Receptor 1 (SIGMARI) gene, Solute carrier
family 6 member 9 (SLC6A49) gene, Transcription Activation Suppressor (TASOR) gene, TOG
array regulator of axonemal microtubules 2 (TOGORAM?2) gene, Tripartite Motif Containing 28
(TRIM?28) gene, or Zinc Finger Protein 274 (ZNF274) gene.

19. The use of claim 16, wherein the constituent sub-networks for the ketamine
pharmacogenomic network include a pharmacokinetic enzymes and hormones sub-network, and
wherein the pharmacokinetic enzymes and hormones sub-network includes one or more of:
Anaphase promoting complex subunit 2 (ANAPC2) gene, Cytochrome P450 family 2 subfamily
A member 6 (CYP2A6) gene, Cytochrome P450 family 2 subfamily B member 6 (CYP2B6)
gene, Cytochrome P450 family 3 subfamily A member 4 (CYP3A44) gene, Disks large homolog 4
(DLG4), Eukaryotic Elongation Factor 2 Kinase (EEF2K) gene, Estrogen Receptor 1 (ESR/)
gene, Glutamate ionotropic receptor AMPA type subunit 1 (GRIA 1) gene, Glutamate ionotropic
receptor AMPA type subunit 2 (GRIA4) gene, Glutamate ionotropic receptor NMDA type
subunit 1 (GRINI) gene, Glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B) gene,
Myosin VI (MYO6) gene, Roundabout Guidance Receptor 2 (ROBO?2) gene, SH3 and Multiple
Ankyrin Repeat Domains 2 (SHANK?) gene, or Transcription Elongation Regulator 1 (TCERGI)

gene.
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