Introducing first year medical students to personalized medicine concepts in

a small group activity
Maureen A. Harrington, PhD Dept. of Biochemistry and Molecular Biology, Assoc. Dean for Medical Student

Education, Amy E. Blevins, MALS Associate Director for Public Services, Ruth Lilly Medical Library, Erin D.
Foster, Data Services Librarian, Ruth Lilly Medical Library, Vicky Pratt, PhD, Director Pharmacogenomics &
Molecular Genetics Laboratories; and Stephanie Sharpe, MD, Teaching Faculty, Medical & Molecular Genetics

Abstract Session outline Facilitated Group Discussion
An individuals’ genetic profile is becomingly an increasingly

important parameter in healthcare decisions. This small group : : A i A .

activity was developed o introduce first year nedical students in ° Watch Introducto ry VIdEO 1. Why does the oncologistidentify the cytochrome P450 gene family as a focus?

the Molecules to Cells and Tissues course to the concept and Session e Review power point prese ntation gyTochrcT)mbe T4505|o1re a family oiger;}esd,c sut;sefoffwhichfore) iTr;]volvedin mgné?speds of
. e : : . _ rug metabolism. Insome cases (eg hydrocodone; tamoxifen) they are needed to

Slgn_lf_lcance Of_Pharm?COgen_omICS and perspnallzed medlc!ne. pre-work j generate the active drug; in others they are needed fo conjugate the drug with

Additionally, this activity provided students with an opportunity to sugars/sulfate for elimination.

work with a large dataset and use the information to impact

clinical decision making. A | _ -

This activity has two cases, takes student groups e Groups of 8 students work th rough 2. Which of the cytochrome P450 genes catalogued in the database (Dataset #1 tab) is/are likely

to be importantfor hydrocodone usage in these patients?

Cytochrome P450 2D6: Cytochrome P450 2D6 (CYP2D6) is involved in the metabolism of

/ approximately 20% of all drugs in clinical use, including B-blockers, anti-arrhythmics,
antidepressants and antipsychotics. It is also responsible for the metabolic activation of opioids like
codeine, hydrocodone and oxycodone. The students will also learn that it is required to convert

. . g . I tamoxifen to its active metabolite Endoxifen. CYP3A4 will convert hydrocodone to norhydrocodone
functional significance of different alleles of a panel of e Facilitated discussion of auestions which is active but significantly less potent as an analgesic (~70-fold). The analgesic potency of
cytochrome P450 genes. The group activity has the students g hydrocodone metabolites follows the general order: hydromorphone (HM) >hydrocodone (HC)

examine a large data set of cytochrome P450 genes and Facilitator inserted into Case 1 (10 min) >dihydrocodeine (DHC).
cognate alleles to determine their prevalence in the local (S /
population and calculate the individuals’ gene scores. The
students are then asked to explain the impact of the genotype
(or gene score) on the resulting patient phenotype (i.e. the
functional significance of the genotype). The first case involves

approximately 2 hours to complete, and requires internet access. Case 1 on canvas (20-30 min)

Case materials are available through the learning management
system Canvas, and include open-ended questions to guide
students through the cases. In these cases students explore the

A Student Feedback

e Groups of 8 students work through
P 5 *Pre-work was difficult to understand — requesting a lecture

a breast cancer survivor support group in which patients taking case 2 on Canvas (20-30 min) before the small group

Taxol discuss lack of adequate pain relief from opioids and the J ‘Many admitted they did not do the pre-work and were therefore
potential impact of concomitant use of natural confused during the small group session
compounds/supplements on drug metabolism. The second case ~ *Requesting the pre-work to include information on calculating
involves a patient presenting with recurrent stroke-like symptoms e Facilitated discussion of questions gene scores and how gene scores related to phenotype

despite being on the anticoagulant medication clopidogrel. The ) . ted into C ) (10 : ) *Generally liked the cases & application of the information (felt
patient is initially suspected to be non-compliant, but is later Facilitator Inseried Into Lase min had to “google” some questions blindly) but overall felt the cases

Roy
determined to be a poor metabolizer of the anticoagulant e = were interesting

clopidogrel to its active form thus decreasing its efficacy. Liked the information on natural supplements and the impact
The expertise of the IUSM Medical Genetics research faculty ™ they can have on metabolism of prescription medications

was leveraged to provide a large data set of cytochrome P450 e Summary of key points available on «Several comments saying this is an interesting topic they would
genes and cognate alleles. The selection of cytochrome P450 Canvas like to learn more about

was based upon delivering content focused on the biochemistry

of the enzyme system and provided an opportunity to highlight =
the drug interaction database available through [USM Clinical Summa
Pharmacology (The Flockhart Table™ ; https://drug- . _ ry _ _
interactions.medicine.iu.edu/). The addition of natural This small group session has been delivered twice. Adjustments
compounds was to draw students’ attention to the Natural made after the_ fl_rst iteration involved |OgIS:’[IF)S. shortening the
Medicines database, which is the recommended source for Session Objectives pre-work; providing the excel sheet containing the raw data; and
evidence-based data on complementary and alternative . Review Session Pre-work materials providing an example of how to calculate gene scores.
medicine. Natural Medicines is available through the Ruth Lilly e and Facilitators felt the session was too short for the tlme_allotj[ed SO
Medical Library and can be searched by substance or condition. Cinea reasponin a second case was created. Since small group sessions in the
It provides both a summary of the literature available on . 3 slide overviewgof cviochrome P450 family and pre-clerkship courses provide an opportunity to introduce
substances as well as the level of evidence or quality of studies . Y y concepts with direct applications to patient care the second case
h enzymatic mechanism was built around a concern over patient compliance.
done on the substance. . . . . . 5
*  Following the instructions work through the materials with Based upon student and facilitator feedback from the second
your group iteration of the case, modifications to the session are to remove
the emphasis on the biochemistry of Cytochrome p450, which
will be integrated into an earlier session on enzymes. Secondly,
Materials & Methods in collaboration with the IUSM Personalized Medicine pillar we

. . . will incr he emphasis on the pharm nomi n
This activity has two cases, takes student groups approximately SESSPIS Sr{:ctico r?Antent ersonaeliazseed; reeiisignar?\: dci)cir:ee pharmacogenomics ana
2 hours to complete, and requires internet access. Case P P '
materials are available through the learning management system Precision Medicine Case Information | Group Questions
Canvas, and include open-ended questions to guide students
through the cases. In these cases students explore the G”:ra"ty e nea e o) et At e Yot et 80 ot s Conclusions

. . - . « Activity section (typically near the top) indicates what task you need to do at that point in the analysis. . Lo . .
funCtlonaI S|gn|f|CanC9 Of dlﬁerent a”eles Of da panel Of The task may request that you write answers in the appropriate assignment in canvas and then click on Th|S Sma” group aCt|V|ty was deve|0ped tO IntI’OdUCG f|rSt year
cytochrome P4350 genes. The group activity has the students {he submit button which Wil bring you to your next task medical students in the Molecules to Cells and Tissues course to
examine a large data set of cytochrome P450 genes and o the concept and significance of Pharmacogenomics and
cognate alleles to determine their prevalence in the local Precision Medicine personalized medicine. Additionally, this activity provided
. . . y Activi . . .
population and calculate the individuals’ gene scores. The 1“;'“: _— students with an opportunity to work with a large dataset and use
. . - Read the case below . . . . - . .
StUdentS are then aSked to eXplaIn the ImpaCt Of the genOtype 2. Discuss with your group the two questions below. the |nf0rmat|0n to |mpaCt C||n|Ca| deC|S|On maklng-
(Or gene Score) on the reSUIting patient phenotype (|e the 3. Click on "submit assignment” (at the top of the page) and submit your answers to the posed questions.
functional significance of the genotype). The first case involves
a breast cancer survivor support group in which patients taking Apri, 2018 ' Goals
: : : P Community nurse reports out to her team that several of her previous Estrogen Receptor positive (ER+)
Taxol (.j|S(.3USS lack of adeql*.late Pain relief from OPIOIdS and the breast cancer patients now on tamoxifen are finding that in spite of taking hydrocodone for pain relief due mﬁffnpzfm ‘I
pOten’[Ial ImpaC’[ Of ConC0m|tant use Of natural Compou ndS/ to i1ssues like dental procedures or joint replacements, they are still reporting 7 out 10 on a pain scale. The An indiViduaIS, genetiC Proteomics }
. . social worker on the team adds that patients in her breast cancer survival group have made similar Epigenomics
Supplements on drug metab0|lsm' The Second case InVOIVeS a comments. The oncologist on the team says this is an interesting observation that should be followed up. pr()file is becomingly an / :;T:f;jj::: \

I I I =l I The oncologist recommends contacting the local Race for the Cure group, as they survey race participants . . . - Nutriomics ) .
pa!:lent presentlnlg Wlth recurren.t Str:Oke Ilke Symptoms desp.lte who are breast survivors and they could survey pain management in race participants who are breast IncreaSIngly Important o Omics Profile Systems Biology
be|ng on the ant|COag|J|ant med|Cat|On C|Op|dogre|. The patlent cancer participants. The local Race for the Cure organization agrees to do so, and includes pain parameter in healthcare A1 W\ : E‘;‘;‘:’;mj;‘::s_
HPR LR _ : : : management information in an updated database. The oncologist then compares race participant pain L R . . Blostatistics <
IS Inltla”y SUSpeCted FO be non Compllant’ bUt IS Ia_ter determ_lned management to the cytochrome P450 allele status for a subset of cytochrome P450 genes. deC|S|OnS. The COSt Of - Datél.ht'e:jm‘tiun;
to be a poor metabolizer of the anticoagulant clopidogrel to its generating an individuals Personalized Medicine  Anaysis & nterpetaton
aCtlve form thus decreaSIng ItS eﬁlCaCy tF:Iease sellect the r;extt;b:nbw:to r:ove to the next c-::i[ﬂttelnttab. Dn-::eyouf‘vi submitted your group's answers to gene‘nc prof”e |S Stead”y

e qQuestions at the end O eacn 5ection You Can move 1o The next section of the case. . . .
declining, and thus is
PM Section B becoming more accessible. ;e e
| | _Challenges facmg.the g e
Case Information Gene Score Calculation Dataset 2 |nteg rat|0n Of —OMmICS type In:'Ln:;:':Iiun': Interactions
o g g data into clinical practice
Small Group Session Objectives . . o .
Activity span ethical considerations, cost effectiveness and at a
1. Read the additional case information below. I I
o Describe the reaction Catalyzed by members of the CYP450 2. In your group use the data supplied (Dataset #2 tab) to calculate the prevalence of each genotype in fundamental Ie\_/el how well the bl_o_log,lcal processes a,re
. . . . this patient population understood. This small group activity is meant to provide an
SUperfam”y, fOCUS|.n9. on hOW the SUbStrate IS m(.)dlfled- 3. In your group use the informati{:ﬁ provideld below ’[p calculate the “gene score” fD.r each gena’[gpe. intrOdUCtion into the Value Of genomiC information. Future
° EXp|aIn hOW Varlatlon at the gene/a”ele |eve| |nﬂuences 4. As a group formulate a hypothesis as to why certain CYFEDB alleles are less active and explain how _ _ _ _
CYP2D6 allele status could affect hydrocodone responsiveness. Iiterations Of the session need to address equa”y |mp0rtant
health . 5. Click on "submit assignment” (at the top of the page) and then type in your hypothesis and .
. . e . explanation aspects of ethics and health care costs.
. Explain how phenotypic variability in drug responsiveness |
. . . . r oy Additional case information: Using a known inhibitor of CYP2D6, clinical pharmacologists have
can reSUlt from a”e“C Var|at|0n In dlStInCt CYP45O genes' characterized the enzymatic activity associated with the protein products of the different CYP2D6 alleles
° In a gr.oup. |earning Situati(.)n, C!emonstrate effective and have assigned a value that reflects the expected activity of the CYP2D6 enzyme which they encode. Alyass, A.. Turcotte, M and Meyre, D. (2015) From big data analysis to personalized
communication and professionalism. medicine for all: challenges and opportunities. BMC Medical Genomics 8:333
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