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(57) ABSTRACT

A computerized tool and method for delivery of pharmaco-
genetic and pharmacological information, comprising a core
system having algorithms and databases for storing, collat-
ing, accessing, cross-referencing, and interpreting genetic
and pharmacologic data, with a graphical user interface for a
client network of providers of laboratory genetic testing ser-
vices to access the core services under contract. The system
includes “paypoints” in support of improved business mod-
els. Included are mechanisms for ‘pass through’ third party
and insurance reimbursement for interpretive reports, insur-
ance reimbursement for on-line access to pharmacogenetic
information at the point of care, tools for market segmenta-
tion, and a conversion tool for capturing new subscribers.
Also disclosed are tools and predictive algorithms for pre-
venting drug-drug and drug-gene adverse drug reactions.

START

1. THE HOST OPERATOR PROVIDES A HOST SYSTEM (20) HAVING A FIRST GRAPHICAL
USER INTERFACE (30) WITH MEANS FOR A CLIENT LABORATORY TO ENTER A PATIENT
RECORD INCLUDING PATIENT IDENTIFIER AND A GENETIC TEST RESULT ON BEHALF OF
A CUSTOMER OF THE CLIENT LABORATORY

2. HOST SYSTEM RESOURCES ARE THBEN USED TO PERFORM THE FOLLOWING
OPERATIONS:

A. TRANSLATE GENOTYPE(s) INTO PHENOTYPE(s), IFNOT IN RECORD

B. USE A TYPE I PREDICTIVE ALGORITHM TO SCREEN A LIST OF DRUGS FOR DRUG-
GENE INTERACTIONS; FOR EACH CHANGE % AUC GREATER THAN THRESHOLD
VALUE, ADD THE DRUG TO A SUBLIST

C. GENERATE A TYPE I LAB REPORT, REPORTING A PATIENT IDENTIFIER,
LABORATORY IDENTIFIERS, A PHENOTYPIC INTERPRETATION OF THE GENETIC TEST
RESULT(s), AND THE SUBLIST OF DRUGS FOR WHICH METABOLISM IS LIKELY TO BE
IMPACTED BY THE PHENOTYPE, INCLUDING PREDICTED CHANGE %% AUC (UP OR
DOWN) RESULTING FROM THE DRUG-GENE INTERACTION, AND A HYPERLINK TO A
SECOND GRAPHICAL USER INTERFACE (50) OF THE HOST SYSTEM, (WHEREBY THE
CLEJg(T)gthER MAY ACCESS THE HOST SYSTEM DIRECTLY) AND DISPLAY THE LAB

R

3. SECURELY TRANSMIT THE TYPE I LAB REPORT TO THE CUSTOMER

4. WHEN THE CUSTOMER ACCESSES THE HOST SYSTEM DIRECTLY AT THE SECOND
GRAPHICAL USER INTERFACE (S0), THE HOST SYSTEM PROVIDES AN INTERACTIVE WEB
PAGE THAT RECOGNIZES THE CUSTOMER, DISPLAYS THE PATIENT RECORD AND
ALLOWS THE CUSTOMER TO ENTER A LIST CONTAINING A PLURALITY OF FACTORS TO
BE ASSOCIATED WITH THE PATIENT RECORD, WHERE THE FACTORS ARE SB ECTED
FROM PRESCRIPTION DRUG USAGE(s), SUBSTANCE USAGE(s), AND CLINICAL FACTOR(s)

5. THE HOST SYSTEM THEN RUNS A TYPE II PREDICTIVE ALGORITHM (SEE FIGS. 5-7)
AND REPORTS A PREDICTION ASSESSING DRUG-DRUG and DRUG-GENE
BIOCOMPATIBILITY AMONG THE FACTORS ON THE LIST (ie. A TYPE 11 REPORT)

6. THE HOST SYSTEM ALAGS THE OPERATION AS A PHARMACOGENETIC INTERPRETIVE
SERVICE FOR AUTOMATED BILLING AND OBTAINS REIMBURSEMENT FOR THE DIRECT
ACCESS; IN A PREFERRED EMBODIMENT OBTAIN REIMBURSEMBNT FROM A THIRD

PARTY PAYOR
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Fig. 2

START

1. ENTER A PATIENT IDENTIFIER AND CALL UP AN INTERACTIVE
WEBPAGE CONTAINING A MEDICAL RECORD RELATING TO THE
PATIENT. THE MEDICAL RECORD CAN INCLUDE A PHENOTYPE

2. ENTER A LIST CONTAINING A PLURALITY OF FACTORS
ASSOCIATED WITH THE PATIENT IDENTIFIER, WHERE THE FACTORS
ARE SELECTED FROM PRESCRIPTION DRUG USAGE(s), SUBSTANCE
USAGE(s), CLINICAL FACTOR(s) AND OPTIONALLY, PHENOTYPE(s).
IF A GENOTYPE IS ENTERED, THE GENOTYPE WILL BE TRANSLATED
INTO A PHENOTYPE

3. ON COMMAND, THE HOST SYSTEM WILL GENERATE AND DISPLAY
A TYPE II REPORT BY PERFORMING THE TYPE II PK PREDICTIVE
ALGORITHM OF FIG. 5

4, THE SYSTEM WILL FLAG THE OPERATION AS A PHARMACOGENETIC

INTERPRETIVE SERVICE FOR AUTOMATED BILLING, AND GENERATE
AN INVOICE TO A PAYOR; IN A PREFERRED CASE TO A THIRD PARTY

PAYOR.



Patent Application Publication Apr. 9,2009 Sheet 3 of 12 US 2009/0094059 A1

Fig. 3

START

1. THE HOST OPERATOR PROVIDES A HOST SYSTEM (20) HAVING A FIRST GRAPHICAL
USER INTERFACE (30) WITH MEANS FOR A CLIENT LABORATORY TO BNTER A PATIENT
RECORD INCLUDING PATIENT IDENTIFIER AND A GENETIC TEST RESULT ON BEHALF OF
A CUSTOMBR OF THE CLIENT LABORATORY

2, HOST SYSTEM RESOURCES ARE THEN USED TO PERFORM THE FOLLOWING
OPERATIONS:

A. TRANSLATE GENOTYPE(s) INTO PHENOTYPE(s), IFNOT IN RECORD

B. USE A TYPE I PREDICTIVE ALGORITHM TO SCREEN A LIST OF DRUGS FOR DRUG-
GENE INTERACTIONS; FOR EACH CHANGE % AUC GREATER THAN THRESHOLD
VALUE, ADD THE DRUG TO A SUBLIST

C. GENERATE A TYPE 1 LAB REPORT, REPORTING A PATIENT IDENTIFIER,
LABORATORY IDENTIFIERS, A PHENOTYPIC INTERPRETATION OF THE GENETIC TEST
RESULT(s), AND THE SUBLIST OF DRUGS FOR WHICH METABOLISM IS LIKELY TO BE
IMPACTED BY THE PHENOTYPE, INCLUDING PREDICTED CHANGE %o AUC (UP OR
DOWN) RESULTING FROM THE DRUG-GENE INTERACTION, AND A HYPERLINK TO A
SECOND GRAPHICAL USER INTERFACE (50) OF THE HOST SYSTEM, (WHEREBY THE
CUSTOMER MAY ACCESS THE HOST SYSTEM DIRECTLY) AND DISPLAY THE LAB
REPORT

3. SECURELY TRANSMIT THE TYPE I LAB REPORT TO THE CUSTOMER

4. WHEN THE CUSTOMER ACCESSES THE HOST SYSTEM DIRECTLY AT THE SECOND
GRAPHICAL USER INTERFACE (50), THE HOST SYSTEM PROVIDES AN INTERACTIVE WEB
PAGE THAT RECOGNIZES THE CUSTOMER, DISPLAYS THE PATIENT RECORD AND
ALLOWS THE CUSTOMER TO ENTER A LIST CONTAINING A PLURALITY OF FACTORS TO
BE ASSOCIATED WITH THE PATIENT RECORD, WHERE THE FACTORS ARE SBLECTED
FROM PRESCRIPTION DRUG USAGE(s), SUBSTANCE USAGE(s), AND CLINICAL FACTOR(s)

5. THE HOST SYSTEM THEN RUNS A TYPE II PREDICTIVE ALGORITHM (SEE FIGS. 5-7)
AND REPORTS A PREDICTION ASSESSING DRUG-DRUG and DRUG-GENE
BIOCOMPATIBILITY AMONG THE FACTORS ON THE LIST (ie. A TYPE IT REPORT)

6. THE HOST SYSTEM ALAGS THE OPERATION AS A PHARMACOGENETIC INTERPRETIVE
SERVICE FOR AUTOMATED BILLING AND OBTAINS REIMBURSEMENT FOR THE DIRECT
ACCESS; IN A PREFERRED EMBODIMENT OBTAIN REIMBURSEMENT FROM A THIRD

PARTY PAYOR
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Fig. 4

START

1. THE HOST OPERATOR PROVIDES A HOST SYSTEM (20) HAVING A GRAPHICAL
USER INTERFACE (30) WITH MEANS FOR A CLIENT LABORATORY TO ENTER A
PATIENT RECORD INCLUDING PATIENT IDENTIFIER, LABORATORY IDENTIFIERS,
AND A GENETIC TEST RESULT

2. HOST SYSTEM RESQURCES ARE THEN USED TO PERFORM THE FOLLOWING
OPERATIONS:

A. TRANSLATE GENOTYPE(s) INTO PHENOTYPE(s), IF NOT IN RECORD

B. COMPILE A SUBLIST OF SELECTED DRUGS IN DATABASE (22) BASED ON
THERAPEUTIC CLASS AND OTHER PARAMETERS AND UNBUNDLE THE LIST

C. SEARCH DATABASE FOR RELEVANT PUBLISHED CLINICAL STUDIES;
EXTRACT DATA RELATED TO SELECTED DRUG(s) METABOLISM AND
INTERACTION WITH PHENOTYPE(s), AND DETERMINE VALUES FOR INTX AND
FRACTION Ry/1.n FROM LITERATURE SOURCES

D. IF PATIENT PHENOTYPE ABNORMAL, USE A PREDICTIVE ALGORITHM TO
CALCULATE CP FOR EACH DRUG ON SUBLIST

E. CALCULATE ZCP FOR EACH DRUG, SUMMING EFFECTS OF MULTIPLE
PHENOTYPES IF ANY

F. CONVERT ZCP TO CHANGE % AUC (UP OR DOWN) VALLES (SEE FIG. 8)

G. IF CHANGE IN CP IS LESS THAN A THRESHOLD LEVEL AND NO CLINICAL
WARNINGS, DELETE DRUG FROM SUBLIST

H. GENERATE A TYPE I LAB REPORT, REPORTING A PATIENT IDENTIFIER,
LABORATQRY IDENTIFIERS, A PHENOTYPIC INTERPRETATION OF THE
GENETIC TEST RESULT(s), AND A TABULATED SUBLIST OF DRUGS FOR WHICH
METABOLISM IS LIKELY TO BE IMPACTED BY THE PHENOTYPE, INCLUDING
PREDICTED CHANGE % AUC (UP OR. DOWN) RESULTING FROM THE DRUG-
GENE INTERACTION, AND DISPLAY THE LAB REPORT

3. THE CLIENT LABORATORY OR HOST SYSTEM WILL THEN FLAG THE REPORT ASA
PHARMACOGENETIC INTERPRETIVE SERVICE FOR AUTOMATED BILLING

4. IN A PREFERRED EMBODIMENT, THE CLIENT LABORATORY WILL THENBILL A
THIRD PARTY PAYOR (OR END USER ) FOR THE SERVICE AND WILL REMUNERATE
THE HOST SYSTEM OPERATOR FOR THE COST OF ACCESS TO THE HOST SYSTEM
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Fig. 5

START

1. ENTER ALL FACTORS, INCLUDING DRUGS, BIOACTIVES, PATIENT
CHARACTERISTICS, AND GENOTYPE(s) INTO A LIST THROUGH GUI 50

2. UNBUNDLE THE FACTORS, IDENTIFYING COMPONENTS OF MIXTURES,
PRODRUGS, ENANTIOMERS, METABOLITES AND CLASS MEMBERSHIPS

3. TRANSLATE GENOTYPE(s) INTO PHENOTYPE(s), IF NOT DONE SO
4. IDENTIFY INHIBITOR AND INDUCER FACTORS

5. IDENTIFY POTENTIAL VICTIM SUBSTRATES AND METABOLIC
PATHWAY (s) FOR POTENTIAL VICTIM(s)

6. FOR ALL METABOLIC PATHWAYS INVOLVED IN THE METABOLISM OF
ANY VICTIM SUBSTRATE, FIND ALL POTENTIAL INTERACTION PAIRS,
AND IDENTIFY THE CULPRIT (INHIBITOR OR INDUCER) IN EACH

7. FOR EACH VICTIM SUBSTRATE FROM STEP 6, CALCULATE A (P SCORE:
CP = INTX ¥ (FRACTION Ry /1—n) [SEE SUBROUTINE A]

8. FOR EACH VICTIM SUBSTRATE, CALCULATE 2:CP BY SUMMING ALL
CPs FOR THE VICTIM.

2CP = (Cp[Route 1]+ Cp[Route 2] t .. Cp[Route n])

9. FOR EACH VICTIM, CALCULATE A PREDICTED CHANGE % AUC
(SEE FIG. 8)

10. FOR EACH POTENTIAL INTERACTION PAIR, SEARCH DATABASE FOR
ANY RELEVANT PUBLISHED CLINICAL STUDY; EXTRACT WARNINGS AND
NOTES AND INTEGRATE THE WARNINGS AND NOTES, IF ANY, WITH THE
PREDICTION OF STEP 9.

[SEE SUBROUTINE B]

11. BUILD A WEBPAGE DISPLAYING SUMMARY OF CALCULATED
PREDICTION(s) AND CLINICAL EXPERIENCE
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Fig. 6
SUBROUTINE A

US 2009/0094059 A1

TO CALCULATE A CP SCORE FOR THE VICTIM IN EACH INTERACTION

PAIR,

1. LOOK UP INTX — THE INTENSITY INDEX FOR INDUCTION OR

INHIBITION OF THE PATHWAY BY THE CULPRIT

2, CALCULATE FRACTION R1/1—n BY DIVIDING THE NOMINAL
METABOLIC CLEARANCE VIA THE AFFECTED PATHWAY BY THE TOTAL
METABOLIC CLEARANCE THROUGH ALL PARALLEL PATHWAYS

3. MULTIPLY INTX BY FRACTION Ry /1—

CP = INTX * (FRACTION R1/1—n)

s~ ) [

Patient's “Change” (;hange
Points|Exposure _Reg::tt:: ": drt:g
to drug in P eve
Column 2| (%)
Almost no
-100 exposure -3 90-100
Substantial
- 50 decrease -2 60-90
Modest
-2 decrease -1 25-60
0 Minimal 0 <25
Modest
+*25 increase +1 25-75
Substantial
+50 increase +2 75-150
Extreme
+100 increase +3 >150

Fig. 8
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Fig. 7

SUBROUTINE B
1. CREATE APRIORITIZED LIST (HIGHEST FIRST) AS FOLLOWS:

A. ANY WARNING OF A POTENTIAL MAJOR ADVERSE
INTERACTION BETWEEN THE INTERACTING PAIR REPORTED
IN A PUBLISHED CLINICAL STUDY

B. ANY LESSER CHANGE NOTED IN A CLINICAL STUDY

C. ANY MAJOR CHANGE WARNING PREDICTED BY THE PK
PREDICTIVE ALGORITHM (FIG. 5, STEP 10)

D. ANY LESSER CHANGE PREDICTED BY THE PK PREDICTIVE
ALGORITHM

2. REPORT A PREDICTION OF CHANGE IN VICTIM METABOLISM
BASED ON THE HIGHEST PRIORITY ENTRY FROM THE LIST ABOVE

3. SEARCH DATABASE FOR ANY NOTES ASSOCIATED WITH THE
REPORT AND DISPLAY THEM
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Fig. 9
S le Lab Report - | 171
GeneMo dR ] ample Lab Report - Type
FL DRUG DNA REACTION TEST RESULTS
Cytochrome P450 2D6 173
Patient: John Doe Phenotype: Poor Metabolizer 11/16/2007
Genelex Lab #50-574 Genotype: CYP2D6*3/*4

Sample Collected 11/10/2007 Laboratory Director: ML aviesionus, PhD

Additional Interpretive Report. A personalized drug and gene interaction report based on individual

patient medication regimes can be created by accessing your patient record at www.GeneMedRx.comllogin.
You will need the following information to log in: Account Access: User Name: John Doe, DOB: 11/18/50,
Password: Apo*ldaZRxL..

Laboratory Test Interpretive Comments: DNA testing has determined that the tested individual is a
CYP2D6 Poor Metabolizer. As a result CYP2F6 enzyme activily is greatly reduced or completely absent
in this individual. Elimination or activation of approximately ane-quarter of commonly prescrbed
medicines, including over-the-counter and herbal preparations, requires CYP2D6 enzyme activity. The
majority of affected medicines require CYP2DB6 activity for deactivation. At the standard dose,

individuals who are 206 Poor Metabolizers will have increased exposure to substances dependent on
CYP2DE for their elimination. This may or may not lead to adverse drug reactions similar to those
caused by overdose. Patientmonitoring for adverse effects is advised and dose adjustments may be
considered. Some medicines are prodrugs and require CYP2D8 activity for conversion to the active form.
At the standard dose this may result in lack of efficacy as well as increased toxicity.

Analytical Comments — Cytochrome P450 2D6 alleles tested.

Active alleles: CYP2D6 *1 or 2

Partially active alleles: *9 or *10 or *17

Inactive alleles: CYP2D6 *3 or *4 or *5{deletion) or *6 or *7 or *8 or *11 or *12
Gene Duplication: *1 or *2 or *4 or *10

Analytical specificity and sensitivity for detection of these mutations are >39%. Other known variants
not listed are not detected. Laboratory specimens were analyzed using the Tag-t™ Mutation Detection
System. .

Gene Drug Interaction Tables. These tables have been prepared from the most recent update ofthe
GeneMedRx drug interaction database to assist in interpretation of the cytochrome P450 DNA test
results. The tables provide an estimate of the change in overall patient exposure to the listed substances
based on the reported genotype. They do not take into account drug interactions. More detailed
information and complete references are available at www.GeneMedRx.com orin the glossary below.

172

/\Drug

Percent Change in patient
exposure to active form

Drug

Percent Change in patient
exposure to active form

Cancer

Gefitinib = Iressa
idarubicin = [damycin

4 +less than 25%
® +7510150%

lomustine = CeeNu

4 +more than 150%

Cardiovascular

ajmaline

captopril = Capten

ACDDL

4 +more than 150%
a . i

minapril

+ 150%
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Fig. 10
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GeneMedR. - Drug-Drug & Gene-Drug Interactions

e A Tool to Improve Drug Safety )
CURRENT RECORD: [jane doe M ot |
181~

s Edit Drug Llst

: Lists: Change this?
xfx Report ? @ Total list (Not Genes) O Genotypes
Open ': Convenient sublists: ~ what's this?

P — | ~O Herbals O Patient Factors
Delete ® OO0TC O Recreational
Save o 185, O Foods
SaveAs.. @ -

. Type part of the name Change this?
Print B

. | MY Regimen —_|[ALTNAMES] [ADV FIND
E-Mail Result @ ! i
Press Enter o add

Resources...
About %E%%BZ—1 0;11 epoxide N
- ]
Blog.. 17-beta estradiol \
Privacy Policy 2-fluoro-arra S
Intended Use 2-methoxyamphetamine
Hel 2-nitroimipramine 187
P 3-beta-arteether 187
Subscriptions 3-indolpyruvic acid
Contact Us g-ket?h elzssog?_'strellh santol
-methyl-5-phenylhydantoin
Preferences ) 4-Meth¥|—pyrro|i inobutyrophenone
Pharmacogenetics 4-hydroxycyclophosphamide
Tella 4-methoxyamphetamine
@ Friend 4-methylaminorex
5 4tbdrugs
@ 5ASA
\ 5-fluorouracil

%

v

/4

Mark drugs to specify if they are
starting, stopping, or continuing.

182

RIS
Delete Al
o B 000
(X]~1 tamoxifen ) @00
(X)) paroxetine  / 900
\\
184
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Fig. 11
/\/191
i )
|
Order DNA tests
190 / \
N [@) cHEck v
INTERACTIONS
( click spacebar or here
to check interactions

"YoJo) FOR THE CURIOUS  [vIShow this

|| (GeneMedRx Blog |

@00 The GeneMedRx Blog is a nice way to see

" 1010 news about GeneMedRX and share your

——— | observations with other subscribers and the

authors.

Most Recent Database Change |

Updated note: Caspofungin and
Tacrolimus (Tue 12:01 PM 05 Feb)

Most Recent Interaction Prediction

Provigil|  +75-150% .|| i |by
desogestrel, ethinyl estradiol (Wed 2:12PM
06 Feb)

Most Frequent Interactions

o /
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Fig. 12

2 201
\

g A
Edit Drug List Interaction'Report Includes: Al _
= ViewRepot o |2 |Affected Drug| Change | Causative Agent | Evidence |
New o 2DEt5 Igttle_rmediate ’
A . S metabolizer, paroxetine
gplert\ | Q@ tamoxifen prodrug | “major % | (Class; CYP206-potentinh- | Note #1
eclete [1)] >5 fold inc AUC)
Save " ; ; 2D6 Intermediate
SaveAs.. W | (@ paroxetine major metabolizer, tamoxifen Note #2
Print & 2D6 Intermediate
Email Result & metabolizer : Note #3
~
Resources... L
About... —-202
Blog...

Privacy Policy
Intended Use
Help
Subscriptions
Contact Us
Preferences
Pharmacogenetics

Tella
Friend
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Fig. 13

GeneMedR,_:_ )

CURRENT TASK: SELECK A PAYMENT OPTION

From here you can get many kinds of accessincluding plans for pre-registered
users and students.

Which Applies to You?

O | am a medical professional or administrator
~@ | will be using GeneMedRx for myself or my family

a

212~

Medical Professionals and Administrators
211 < O Free Trial Subscription
O Buy or extend a subscription (including affiliated groups)
O Activate a subscription included with DNA testing /A\/213
O Student subscription (See eligible student groups.)

Enter = Next

N
—_—
o






