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 and RNA sequencing;
determine a pharmacogenomic network representation for a glutamate N-methyl-d-
aspartate receptor (NMDAR) antagonist for the patient based on the indication of the biological
sample of the patient including a patient drug pharmacodynamic efficacy sub-network and a
patient drug pharmacodynamic adverse event sub-network;
compare the pharmacogenomic network representation for the NMDAR antagonist for
the patient to a drug pharmacogenomic network and constituent sub-networks for the NMDAR
antagonist from a reference database including a set of reference drug pharmacodynamic efficacy
sub-networks and reference drug pharmacodynamic adverse event sub-networks;
assign a first score 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 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;
combine the first and second scores to generate an overall score; and
determine to administer the NMDAR antagonist to the patient when the overall score is
above a threshold score.
[0013b] In another aspect, the present disclosure refers to the use of a NMDAR antagonist 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, or targeted genotyping;
determining or having determined a pharmacogenomic network representation for the
pharmaceutical for the patient based on the analysis including a patient drug pharmacodynamic efficacy
sub-network and a patient drug pharmacodynamic adverse event sub-network;



comparing or having compared the pharmacogenomic network representation for the
pharmaceutical for the patient to a drug pharmacogenomic network and constituent sub-networks for the
pharmaceutical from a reference database including a set of reference drug pharmacodynamic efficacy
sub-networks and reference drug pharmacodynamic adverse event sub-networks;

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

assigning a second score 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;

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

determining to administer the pharmaceutical when the overall score is above a threshold score;
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



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, and RNA
sequencing;

determine a pharmacogenomic network representation for a glutamate N-methyl-
d-aspartate receptor (NMDAR) antagonist for the patient based on the indication of the
biological sample of the patient including a patient drug pharmacodynamic efficacy sub-
network and a patient drug pharmacodynamic adverse event sub-network;

compare the pharmacogenomic network representation for the NMDAR
antagonist for the patient to a drug pharmacogenomic network and constituent sub-
networks for the NMDAR antagonist from a reference database including a set of
reference drug pharmacodynamic efficacy sub-networks and reference drug
pharmacodynamic adverse event sub-networks;

assign a first score 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 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;

combine the first and second scores to generate an overall score; and
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determine to administer the NMDAR antagonist to the patient when the overall

score 1s above a threshold score.

2. The computing device of claim 1, wherein the instructions further cause the
computing device to:
determine a dosage of the NMDAR antagonist for administering to the patient based on

the overall score.

3. The computing device of claim 2, wherein to determine a dosage of the NMDAR
antagonist 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.

4. The computing device of claim 2, 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 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 .

5. The computing device of any one of claim 1-4, wherein the drug
pharmacogenomic network for the NMDAR antagonist from the reference database is a ketamine
pharmacogenomic network and includes one or more of: Activity regulated cytoskeleton
associated protein (4RC) 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 (CDKNI1A4) gene, cAMP responsive element modulator (CREM) gene, Cut
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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
(GDAPIL]I) gene, Glutamate metabotropic receptor 5 (GRMS5) gene, Homer scaffold protein 1
(HOMER]) gene, 5-hydroxytryptamine receptor 1B (H7R1B) 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 (MYO6) gene, Myelin
transcription factor 1 like (MYT1L) 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 (NSMF)
gene, Neurotrophic receptor tyrosine kinase 2 (NTRK?2) gene, Phosphatase and tensin homolog
(PTEN) gene, Prostaglandin-endoperoxide synthase 2 (PTGS?2) gene, Rac family small GTPase 1
(RACT) 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 (SLC22A15) gene, Solute carrier family 6 member 2 (SLC6A42) gene, Slit
guidance ligand 1 (SLITT) gene, Slit guidance ligand 2 (SL/72) gene, Synaptosome associated
protein 25 (SNAP25) gene, Synapsin [ (SYNT) gene, Synapsin II (SYN2) gene, Synapsin 11
(SYN3) gene, T-box, brain 1 (TBRI) gene, Transcription factor 4 (TCF4) gene,
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 (ATP1A1) gene, BLOC-1 related complex unit 7
(BORCS?) gene, Bromodomain containing 4 (BRD4) gene, Calcium voltage-gated channel
subunit alphal C (CACNAIC) 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
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(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 (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 (NCAM1) gene,
Nitric acid synthase 1 (NOSI) gene, Nitric acid synthase 2 (NOS2) 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?2) gene, Tripartite Motif Containing 28
(TRIM28) 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
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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?2) gene, or Transcription Elongation Regulator 1 (TCERG1) gene.

6. The computing device of claim 5, 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 (4ARC) gene, Achaete-Scute family bHLH transcription
factor 1 (ASCL]I) 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,
LOCI105379109 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 (NVEUROD?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,
Phosphatase and tensin homolog (PTEN) gene, Prostaglandin-endoperoxide synthase 2 (PTGS?2)
gene, Rac family small GTPase 1 (RACI) 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 (SEMA3A)
gene, SH3 and multiple ankyrin repeat domains 1 (SHANKI) gene, SH3 and multiple ankyrin
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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.

7. The computing device of claim 5, 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 (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 (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
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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 (NCAMT) gene,
Nitric acid synthase 1 (NOSI) gene, Nitric acid synthase 2 (NOS2) 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
(TRIM?28) gene, or Zinc Finger Protein 274 (ZNF274) gene.

8. The computing device of claim 5, 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 (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
(ESRI) gene, Glutamate ionotropic receptor AMPA type subunit 1 (GRIA1) 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?2) gene, or Transcription Elongation Regulator 1
(TCERGT) gene.
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9. Use of a NMDAR antagonist 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, or targeted genotyping;

determining or having determined a pharmacogenomic network representation for the
pharmaceutical for the patient based on the analysis including a patient drug pharmacodynamic
efficacy sub-network and a patient drug pharmacodynamic adverse event sub-network;

comparing or having compared the pharmacogenomic network representation for the
pharmaceutical for the patient to a drug pharmacogenomic network and constituent sub-networks
for the pharmaceutical from a reference database including a set of reference drug
pharmacodynamic efficacy sub-networks and reference drug pharmacodynamic adverse event
sub-networks;

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

assigning a second score 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;

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

determining to administer the pharmaceutical when the overall score is above a threshold
score; and

wherein the pharmaceutical is to be administered to the patient.

10.  The use of claim 9, further comprising:

determining a dosage of the pharmaceutical based on the overall score .

11. The use of claim 10, wherein determining a dosage of the pharmaceutical

includes:
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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.

12. The use of claim 10, 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 administered
based at least in part on drug-gene or drug-drug interactions between the pre-existing

medications in the patient and the pharmaceutical.

13. The use of any one of claims 9-12, 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 (GRMYS) 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 (NHLH?2) gene, Neuromedin B (NMB) gene, NMDA receptor

synaptonuclear signaling and neuronal migration factor (VSMF’) gene, Neurotrophic receptor
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tyrosine kinase 2 (NTRK?2) gene, Phosphatase 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 (SLC22415) 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 II (§YN2) gene, Synapsin III (SYN3) gene, T-box, brain 1 (TBR1) gene,
Transcription factor 4 (TCF4) gene, Acetylcholinesterase (4ACHE) 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 (ATP1A41) gene, BLOC-1
related complex unit 7 (BORCS7) gene, Bromodomain containing 4 (BRD4) gene, Calcium
voltage-gated channel subunit alphal C (CACNAIC) 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 (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
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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 (NCAMT) gene,
Nitric acid synthase 1 (NOSI) gene, Nitric acid synthase 2 (NOS2) 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
(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?2) gene, or Transcription Elongation Regulator 1 (TCERG1) gene.

14. The use of claim 13, 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
(ASCL1) gene, Brain derived neurotrophic factor (BDNF) gene, BDNF antisense RNA (BDNF-
AS) gene, Calcium/calmodulin dependent protein kinase II alpha (CAMK2A) gene, Cyclin

121



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 (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 (L/N7C) long noncoding RNA,
LOC105379109 long noncoding RNA, Myocyte enhancer factor 2D (MEF2D) gene, Myosin VI
(MYO6) 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 (NVSMF) gene, Neurotrophic receptor tyrosine kinase 2 (NTRK?2) gene,
Phosphatase and tensin homolog (PTEN) gene, Prostaglandin-endoperoxide synthase 2 (PTGS?2)
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 (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
(SLC6A2) gene, Slit guidance ligand 1 (SLITT) gene, Slit guidance ligand 2 (SLIT2) gene,
Synaptosome associated protein 25 (SNAP25) gene, Synapsin [ (SYN1) gene, Synapsin II (SYN2)
gene, Synapsin III (SYN3) gene, T-box, brain 1 (TBR1) gene, or Transcription factor 4 (TCF4)

gene.

15. The use of claim 13, 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
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Na+/K+ Transporting Subunit Alpha 1 (ATP1A1) gene, BLOC-1 related complex unit 7
(BORCS7) gene, Bromodomain containing 4 (BRD4) gene, Calcium voltage-gated channel
subunit alphal C (CACNAIC) 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 (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 (NCAMT) gene,
Nitric acid synthase 1 (NOSI) gene, Nitric acid synthase 2 (NOS2) 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?) gene, Sigma Non-Opioid Intracellular Receptor 1 (SIGMARI) gene, Solute carrier
family 6 member 9 (SLC6A49) gene, Transcription Activation Suppressor (TASOR) gene, TOG
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array regulator of axonemal microtubules 2 (TOGORAM?2) gene, Tripartite Motif Containing 28
(TRIM?28) gene, or Zinc Finger Protein 274 (ZNF274) gene.

16. The use of claim 13, 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 (CYP344) gene, Disks large homolog 4
(DLG4), Eukaryotic Elongation Factor 2 Kinase (EEF2K) gene, Estrogen Receptor 1 (ESRI)
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.
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