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Individualizacion de la farmacoterapia

FARMACOGENETICA

* ¢ Sirve para Evitar Reacciones Adversas ?
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De los
aproximadamente
1000
medicamentos
aprobados por la
FDA, menos de 100
son candidatos

para el analisis

farmacogenético y

su decision clinica

asociada

Farmaco Gen Fenotipo Nivel de
evidencia
Warfarina/Acenocumarol VKORC/CYP2C9 Eficacia/ Dosificacion 1A/1B
Clopidogrel CYP2C19 Eficacia/ dosificacion 1A
Peg-Interferon IL-28B Eficacia 1A
Abacavir HLA-B*5701 Toxicidad 1A
Alopurinol HLA-B*58:01 Toxicidad 1A
Mercaptopurina/ TPMT Toxicidad/ dosificacién 1A
Azatioprina
Simvastatina SLCO1B1 Toxicidad/ dosificaciéon 1A
Irinotecan UGT1Al Toxicidad/ dosificacion 3
5-FU/ Capecitabina DPYD/ TYMS Toxicidad/ dosificacion 1B
Metotrexato MTHFR/ SLCO1B1 Toxicidad/ dosificacion 1B
Tacrélimus CYP3A5 Eficacia/ dosificacion 1B
Maraviroc CCR5/gp120 Eficacia 1A
Tamoxifeno CYP2D6 Eficacia/ dosificacion 2A
Metoprolol CYP2D6 Eficacia/ dosificacion 3
Ivacaftor CFTR Eficacia 1A
Codeina CYP2D6 Toxicidad/ eficacia 1A
Nilotinib UGT1Al Toxicidad/eficacia 3
Efavirenz CYP2B6 Toxicidad/ dosificacion 2
Antipsicoticos (doxepina) CYP2D6, CYP2C19 Toxicidad/ dosificacion 1A
Antidepresivos triciclicos CYP2D6/ CYP2C19/ |Toxicidad/ dosificacion 1A
CYP2C9
Antidepresivos (sertralina etc..) [CYP2C19 Toxicidad/ dosificacion 1A
Voriconazol CYP2C19 Farmacocinética 3
Carbamacepina HLA-A*3103 Toxicidad 1A
Fenitoina CYP2C9/ HLA-B*15:02 |Toxicidad 1A
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MULTIPLES ESTUDIOS

CYP2C9 1*/2*/3*: rs1057910, rs1799853 Explican 30% de la
VKORC1; rs9923231 variabilidad
’ _ Explican 45-50% de
CYP4F2; rs2108622 I3 variabilidad
\O \
APOE; rs7412, rs429358 \e«\eﬁi\*"“c
x\c":ﬁ?l@ ° e _

Table1 Recommended daily warfarin doses (mg/day) to achieve a therapeutic INR based on CYP2C92 and VKORC1 genotype using the
warfarin product insert approved by the US Food and Drug Administration

VKORC1:-1639G>A CYP2C9*1/%1 CYP2C9*1/*2 CYP2C9*1/*3 CYP2C9*2/*2 CYP2C9%2/*3 CYP2C9*3/%3
GG 5-7 5-7 34 3-4 3-4 0.5-2
GA 5-7 3-4 34 3-4 0.5-2 0.5-2
AA 34 3-4 0.5-2 0.5-2 0.5-2 0.5-2

Reproduced from updated warfarin (Coumnadin) product label.

Johnson JA . Clin Pharmacol Ther. 2011. 90(4):625-9



Box1 Patient characteristics utilized inthe Gage algorithm,"” ; 1 Amiodarone
the International Warfarin Pharmacogenetics Consortium18 WARFARlNDOS|NG www.WarfarinDosing.org i Mo amiodarone. 15 "

algorithm, or both |
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Algoritmo de dosificacidon: basado en caracteristicas clinicas y genotipo

VKORC1, CYP2C9 y CYP4F2
+

Caracteristicas clinicas

International Warfarin Pharmacogenetics Consortium N Engl J Med. 2009 Feb 19;360(8):753-64



Antidepresivos/ antipsicéticos

Phase | CYP1A1/2
) CYP1B1 , .. ,
i [CYP2AS *Farmacos en psiquiatria
esterases | gthers CYP2B6
DPD . . .z
— /o= *Los efectos secundarios son causa frecuente de interrupcion o fracaso del
Ay cyp2co tratamiento
ALDH~ / CYP2C19
*El tiempo requerido para obtener el efecto éptimo es muy prolongado (3-8
CYP2D6
CYP3A4/5/7 ey s s . .
semanas), necesitandose continuos ajustes de la dosis.
\CYF’2E1

*La seleccion del farmaco y la dosis se hace en gran medida de modo empirico
*Las dosis pueden variar considerablemente entre individuos

*No es posible una monitorizacion del farmaco

# of CYP2D6
Genes

*CYP2D6 : uno de los responsables de las diferencias de respuesta entre individuos

*El enzima CYP2D6 metaboliza muchos farmacos utilizados en psiquiatria

Plasma Nortriptyline (nmol/liter)

*Alta variabilidad entre individuos y poblaciones

*Entre el 7-10% de los Europeos tienen actividad del CYP2D6 reducida

Molecular Psychiatry (2004) 9, 442-473 ( metabolizadores le ntos)

© 2004 Nature Publishing Group ~ All rights reserved 1359-4184/04 $25.00
www. nature.com/mp

FEATURE REVIEW

Pharmacogenetics of antidepressants and antipsychotics:
the contribution of allelic variations to the phenotype of
drug response

J Kirchheiner', K Nickchen', M Bauer®, M-L Wong?®, J Licinio®, | Roots' and J Brockmdller*
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Pharmacogenomics and Interdepartmental Clinical Pharmacology Center, Neuropsychiatric Institute, David Geffen
School of Medicine at UCLA, Los Angeles, CA, USA; *Department of Clinical Pharmacology, Georg August University,
Géttingen, Germany
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CPICGUIDELINES

nature publishing group

Clinical Pharmacogenetics Implementation

Consortium Guideline for CYP2D6 and

CYP2C19 Genotypes and Dosing of Tricyclic

Antidepressants

JK Hicks', JJ Swen?, CF Thorn?, K Sangkuh!?, ED Kharasch?, VL Ellingrod®®, TC Skaar?, DJ Miiller®,
A Gaedigk®and JC Stingl'®

Clin Pharmacol Ther. 2013 May;93(5):402-8.

Mol Psychiatry. 2004 May;9(5):442-73



TACROLIMUS

functional allele and

Examples of
diplotypes ®

*116,

*6/6,
*316,

6T

Algoritmo de decision: Test pre-tratamiento
Variaciones CYP3A5*1 / CYP3A5*1*3 en transplante renal; comenzar inmunosupresion
con tacrélimus 0,3 mg/kg/dia

Table 1: Dosing recommendations for tacrolimus based on CYP3A5 phenotype:

Adapted from Tabies 1 and 2 of the 2013 guideline manuscript.

Implications for tacrolimus
pharmacologic measures

Lower dose-adjusted trough
concentrations of tacrolimus and
decreased chance of achieving
target tacrolimus concentrations

Lower dose-adjusted trough
concentrations of tacrolimus and
decreased chance of achieving
target tacrolimus concentrations

Higher ("normal”) dose-adjusted
ftrough concentrations of
tacrolimus and increased chance
of achieving target tacrolimus
concentrations

Therapeutic Recommendations *

Increase starfing dose 1.5 1o 2 times
recommended starting dose =. Total
stariing dose should not exceed
0.3mg/kg/day. Use therapeutic drug
monitoring to guide dose adjustments

Increase starfing dose 1.5 to 2 times
recommended starting dose ©. Total
starting dose should not exceed
0.3mg/ka/day. Use therapeutic drug
monitoring fo guide dose adjustments

Initiate therapy with standard
recommended dose. Use therapeutic drug
monitoring o guide dose adjustments

Classification of
recommendations °

Strong

Strong

Strong

% Patients

Adapted

Control

P=0.001

T : T
o DB D25 4 60 80

Time after transplant (days)

N w By [}
N 1 1 )

[

Media Cp/dosis

Figure 3 Time to achieve tacrolimus C; target range (10-15ng/ml).

Variaciones CYP3A5*3*3 en transplante renal; comenzar inmunosupresion con
tacrolimus 0,15 mg/kg/dia

CYP3A5*3

***+P<0.0001

(max/min, periodo 1)

o




TAMOXIFENO

El estado polimorfico CYP2D6 metabolizador lento PUEDE AFECTAR a las concentraciones plasmaéticas

de endoxifeno asi como a la supervivencia libre de enfermedad en mujeres postmenopéausicas ER+ en

tratamiento adyuvante con tamoxifeno 20mg/dia durante 5 afos.
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Repeat blood for tamaxifen metsbolite concentrations in 4 months, Q0L anslyses

J Clin Oncol. 2011 Aug 20;29(24):3232-9.

The Pharmacogenomics Journal. 2013. 13, 1-11
J Natl Cancer Inst. 2012. 104:452-460

J Natl Cancer Inst. 2012. 104:441-451



¢ Sirve para evitar Reacciones Adversas ?

Number Frequency
Subjects Alleles *1 *3A *3C
May o Caucasican 271 542 0.958 |0.037 0.006
Study Chinese 253 506 0.982 0 0.018
Aberdeen | Caucasican 199 398 0.952 |0.045 0.003
Study* | chinese 192 384 [o0977 | o  0.023

Pharmacogenetics 9:37-42, 1999

*Collie-Dugid et al.

Algoritmo de decision: Test pre-tratamiento

TPMT*2, *3A, *3C: Disminucion de dosis/ retirada de medicacion

Table 2 Recommended dosing of thio purines by thiopurine me thyltrans ferase phenotype

MP Az athioprine G
Il ications
far MP and Irmpl icati ans far
azathioprine Dodng Clamification Dodng Clasification pharmacologic  Dosing Clazsifi cation
phammacalogie  recommendations al recommen- recommendations ol Pecammen-  m e sures rescarn m end ations al recomim en-
Phenatype M 8 S e far MP datiang? far azathiop rine dati ans® afta TG for TG datians
Homeorpgous  Lower Startwith narm al 2arting doseeq., Strang Startwith normal garting  Srong Lenwer startwith rarm al starting Strang
wild-type ar concentrations 75 ma'm?d or L3 ma'ka'd ) and doe(eg., 2-3mg kg'd) cancentrations  cese Adjust cdeses of 5 and
reaimal high af TGN acljust doses af MPland of a my other arel adjust choses of af TGN aif et e kesu p press hee
activity mieta balites, e bes U e s e thera py) without azathiop rire based an meta balites, thera py withoutamy special
higher any specialem phas b on MP com pared d iz ame-grecific guidelines bt natethat arnphads on TG, Ml ow 2 weaks
methyTIMP this o ather agent s Allow 2 wesksto Allow 2 weeksto reach TaM dter TG toreach steady Sate dter
isthenorma” reach steady gate dteraach dose steady state after sach ape 5 eachd osa adjustrrent, 416
pattern adjustrnent his ® d nee adjustrm et hEhE high e than
TGH after MP
ar azathioprine
Heterarygote  Modeatetohigh Start with reduced doses (a it at Strang IT clisea s treatment Strang Moderate Startwith reduced doses Mo et ate
of inter mediate  concentrations  30-70% of full dose e.q, 4t 50 mg/m?/d nar mally 2ars atthe Tull ta high (recluce by 30-50%) and
activity af TGH ar 0.7 5 madkordl a ndadjust deses of MP clema cors bde rs tarti g at comncentation  sdjust doses of TG basad on
meta balites; ke basedon degres of mve losu pp e ion 30-T0% of target dhese (2 a, af TGN ey e of mye kos U ppres ion
concentations  anddiease-spacificgu i lires 8 llow 1-1.5 mayley o, aned titrate et balites and disease-spacific
af methydTIMP 2-d vk to reach Gealy date after bamed an talerance B law kit patethat guidelines Bl aw 24 weeks
each dose adjudment. Inthosewha 2-dweskato reach steady TGM after TG tareach steady date dter
require adosage reduction ba sedon state alter each are 5110 e chd ose adjustment. In
rmyelomppresion, the median doss may d ose adjustrm enp 2 A2 high er than setting of myelowp pression,

b & ~<3 0% lower (44 rg dme ) thanthat
tolerated inwild-type patients [ 75 ma’

TiaM after MP
of arathioprine

and depen ding anather
thera py, & m ple B s Fou kel b



¢ Sirve para evitar Reacciones Adversas ?

5-Fluoracilo/ capecitabina
* Mas de 40 variaciones diferentes en DPYD dan lugar a la deficiencia de DPD.

- Las mas frecuentes son 1IVS14+1 G>A, D949V, y 15605

 Variaciones en TYMS DPYD — 5%
— 2R/2R
— 2R/3R
— 3R/3R
— 4R

Algoritmo de decision: Test pre-tratamiento

Variaciones DPYD + variaciones TYMS: Disminucion de dosis al 50% o retirada

Table2 Recommended dosing of fluoropyrimidines by DPD phenotype

Classification of

Phenotype (genotype) Implications for phenotypic measures Dosing recommendations recommendations?
Homozygous for wild-type allele, or MNormal DPD activity and “normal”risk for Use label-recommended dosage and Moderate
normal, high DPD activity fluoropyrimidine toxicity administration
Heterozygous, or intermediate activity Decreased DPD activity (leukocyte DPD Start with atleast a 50% reduction in Moderate
activity at 30-70% that of the normal starting dose, followed by titration of
population) and increased risk for severe or dose based on toxicity® or
even fatal drug toxicity when treated with pharmacokinetic test (if available)

fluoropyrimidine drugs

Homozygous, or deficient activity Complete DPD deficiency and increased Select alternative drug Strong
risk for severe or even fatal drug toxicity
when treated with fluoropyrimidine drugs

€linPharmacol-Ther-2013 Dec;94(6):640-5.
Mol Cancer Ther 2006. 5(11): 289-291.
Pharmacogenomics J 2001.1(1): 65-70.

Mol Cancer Ther 2006. 5(11): 289-291.



¢ Sirve para evitar Reacciones Adversas ?

Table 1 GWAS pharmacogenomics responses

Genome-wide
Genotype OR significance/
Drug Response Cases Gene {95% CI) replication Reference
Efficacy Metformin Glycemic responsa 3,960 ATM 1.35(1.22-1.49) YesMes 30
Interferon o {(Pegasys)  Sustained hepatitis C 1,137; 142; ILZ28B 37.7(16.7-83.9) YeslYes 13-16
genotype 1 viral rasponsa 293; 1,015
Clopidogrel (Plavix) &nti-platelet responsivenass 429 CYP2C19 2420118499 YesiYes 21
Warfarin {Coumadin) Maintenance dosa 181; VKORCICYPZCOCYPAFZ 1.11(1.00-1.22) YesfYes 6b,66
1,053
Glucocorticoids Response to glucocorticoid 935 GLOCIIT 236(1.274.41) Mo 31,32
tharapy in asthma 418
Thiazide Diastolic blood pressure 389 12g15 region - Yes/No L Y)
change
Candesartan (Atacand) Diastolic blood pressure 198 FUT4 - Mo 68
change
Dabigatran (Pradaxa)  Bleading 1,490 CESI 0.67 (0.550.82) No (7]
ADR Simwvastatin (Zocor) Skeletal myopathy 85 SLCOIBI 17.4(4.8-62.9) Yes/Yes 45
Ximelagatran Hepatotoxicity 74,10 HLA-DRE1*0701 4.4 (2.2-8.9] Mo 70
HLA-DQAI*0201 4.4(2.2-8.1)
Flucloxacillin {Floxapen) Hepatotoxicity 51 HLA-B*5701 B80.6 (22.8-284.9) YesiYas 40
Lumiracoxib (Prexige)  Hepatotoxicity 41 HLA-DRE1*1501 7.5({(5.0-11.3) Yes/Yes
51 HLA-DQE 10602
Amoxicillin-clavulanate Hepatotoxicity 201 HLA-DRE1*1501 2.8(2.1-3.8) YesiYas 41
{Augmentin) HLA-DQB1*0602
Carbamazepine 58 12; 53 HLA-A*3103 25.93(4.93- Yes/Yes 71,72
(Tegratol) 116.18)
Interferon a2bfribavirin - Hemelytic anemia SER ITPA - Yas/Yas 73
Methotrexate (Trexall)  Drug clearance and toxicity in 434 SLEO1BI 16.4(8.7-26.7) Yes/Yes 74

pediatric leukemia patients
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* eMERGE-PGx project (9000 individuos)

* 1200 Patients Project

* Translational Pharmacogenetic Program (TPP) 1500 individuos

Institution (reference) Genotyping platform Number of genes assayed
Mayo Clinic (43) PGRNseq 84
Mount Sinai Medical Center (42) Sequenom iPLEX ADME PGx 36
St. Jude Children's Research Affymetrix DMET Plus Array 230
Hospital (65)
University of Florida and Shands Life Technologies (Juant Studio 120
Haspital (35) Open Array
Vanderbilt University Medical VeraCode ADME Core Panel 34

Center (69)

Pharmacogenetics tab added to EMR; all clinically eligible

genotypes are entered with a gene-specific consult

485

Leukemialymphoma)  Isolation:

(S BEREAY Micro Viewer
= 8
b /D VialsMeasure: AllResults Daily l
Fasults Mot Bookmarked l Murzsing/F espiratany Pharmacogenchics

ADE 12yealrs  AllSrIEs: o Known

1 Fellow:

1" Attend. RAUL C. HIBEIRO, MDD
Fin# 1120287 (D2D4/11)

Clirical /S canned Doc Microbiology Yiewer

17 MEIFA

Male Micra/Sera

lowshest: |F‘harmacogendics

ﬂ J Level |Pharmacogenetics

=Ll =

Diagnostc Imaging l

j * Table  Group

| Las=t 100 Rezults

M avigator ﬁ

Pharmacogenebics

) Pharmacogenetic:

Phaimacogenetics

[ 1

CYP2DE Allele 1

CYP2DE Allele 2

CYP2DE Genotype Clinical Consult
Thiopurine 5 Methyl Genotype Result

“4
f Megative
f Momal
£/

Each 20 .- coll on the aray can contain
10’ DNA fragments, or “probes™

Barriers
+ PGx test availability - .
+ Daelay in obiaining rasults .

+ Creation of an interactive consultation

Sl i
All relevant PGx variants
Preamptive CLIA genotyping

+ Lack of physician knowledge portal
+ Physician concems Instantaneous availability of pationt-
regarding intarpretation, spacific results
translation + Delivered as individualized PGx
summanas

Clinical relevance of
currant PiGx evidanca

Relevance defermined by patient-
spacific/setting-specific physician
assassment of utility

=

- .

Comprehensive, praamptive approach
reduces marginal cost

|- TestIM, Eight D D 0D [ D Maine - S566668 Opened by CROSS, SHANE . [ |
Tmb Edt Umw Patimt chat Liks Emvleint Hebo

% PatertLit (] schediing =1 Inbi k& Dlrnadmen ) oursce seraces (2] Formulry g

= Bk 1o Tl B i

N i T —

,

TestiM.EightDDDDDD = WARNING 17 AffEnd. HALE, GREGORY A =

curt Sardce Trasplant Sandce =

This patient has active entry on the problem list CYP2D6 B Frre L minms g0

? Meds Take Home Meds

SIEEECH

POOR METABOLIZER. Conversion to morphine is
mediated by CYF2ZDE. Deficient activity of this isoenzyme
may be associated with decreased effectiveness of =
codeine. Other pain medicines or cough suppressanis pOSt'tESt: " a
should be censidered. Flease consult a clinical PP

clinician selects a

My List Seanch | Oider Catog |
Seath Jrobrs 1

€ Drug Hane & Fodecl  © Camg

Cod=re suFsie 15 mg od lebl=l
Ced=re sufste 15mg ond l=b=l
2.2 0 v ez

Crdsre zukste 20 mg o fsbei

ph ist or review the clinical pharmacogenomics
consult note related to this problem medica“on th31 iS
linked to the specific

\ PGEN alert, Decision

distan| | (& =] @ 0| 5] 7| lPanechat orasneerfo.. (B TestTM Eight D DD B, B Docmertt -t .| |2 Mirasot Powerrernt-L.. |

ot b g support-based
Crdsre-gusienesin 10mg- 100 =
coremrenere onoc [ ey Warning Box
" e © Concel entry appears.
 Continue wforder \ —
» e The clinician is then J
directed to select an
Tpizal odeic/ prescipion: approprlale acﬂon
7 1ab FI O4H PRI o pan Deparss 12 1 -
. before proceeding.
® femne | [m Renniest ] M e | 5 eatasie| ¥ Femoen |

FROC |SCROSS Dune 26, 2009 [1657

| @1 45rem




* ¢ Sirve para seleccionar el tratamiento 6ptimo?

LOS BIOMARCADORES GENETICOS DE EFICACIA MAS DESARROLLADOS
PERTENECEN AL TRATAMIENTO DEL CANCER

VARIANTES GENOMICAS ADQUIRIDAS O SOMATICAS

Farmaco Gen Fenotipo Nivel de
evidencia

Cetuximab/ Panitumumab KRAS/ NRAS/ BRAF/ EGFR/ HER2 ...... Eficacia 1A
Crizotinib/ Ceritinib EML4-ALK; ROS1 Eficacia 1A
Erlotinib/ Gefitinib/ Afatinib EGFR.......... Eficacia 1A
Imatinib ABL1, BCR, FIP1L1, KIT, PDGFRB Eficacia 1A
Dasatinib ABL1, BCR Eficacia 1A
Nilotinib UGT1Al Toxicidad/eficacia 3
trastuzumab, pertuzumab y lapatinib |HER2 Eficacia 1A
Vemurafenib, Dabrafenib , Trametinib [BRAF Eficacia 1A
Anastrozol/ exemestano/ everolimus [ESR1/ PGR Eficacia 1A
Cisplatino TPMT/ COMP Toxicidad 3
Abiraterona/ Enzalutamida Variante 7 del receptor de andrégeno Eficacia 2




Sirve para seleccionar el tratamiento 6ptimo?

LOS TUMORES EVOLUCIONAN Y MODIFICAN SU ESTRUCTURA GENETICA

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MARCH B, 2012 WOL. 366 WO, 10

Intratumor Heterogeneity and Branched Evolution Revealed

by Multiregion Sequencing

A Biopsy Sites C Phylogenetic Relationships of Tumor Regions
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* ¢ Sirve para seleccionar el tratamiento 6ptimo?

¢ TODAS LAS MUTACIONES SON IGUALES ?

¢ BIOPSIA UNICA ?

ANORMALIDADES MOLECULARES EN EL CANCER DE PULMON NO MICROCITICO

A
Adenocarcinomas of the lung
MEK ; othar/none KRAS
<1% g e 26-30%
AKT / |
w9
NTRK1 i
PI3BKCA <1% SN
1% e _
NRAS ] \ EGFR
1% / | N 15-20%
=] RET / ’ HE|R2 A Ras1 g
1% ~ee —BRAF.| ‘siaey 1-3% 3.7%
1-3%
B -
Squamous cell carcinomas of the lung
FGFR1
20%
|
FGFR2/3/4
other/none 5-10%
~50%
\ \_ PIBKCA
DDR2 5-10%
3-5%

Educational Book, ASCO 2014



Therapies Matched to Oncogenic Drivers
Lung Cancer Mutation Consortium (LCMC)

Survival of Patients with Drivers: Targeted

=ED

SURVIVAL

Therapy vs No Targeted Therapy

€X) X 1 (x3 xs 1w

| —— | Driverwith NO targeted therapy

o 1 2

Group N

Driver, no targeted therapy (A) 313
No driver (B) 361
Driver, targeted therapy (C) 264

“ o

Median Survival (95% Cl)

24years (1810 29)
21 yoars (1.8t0 2.5)
35 years (3210 4.6)

SURVIVAL

as

0r 04

0o

Altered Gene
EGFR (sensitizing)
EGFR (other)

ALK

KRAS

Two Drivers

140
50
73
y&y

Survival with the five most frequent oncogenic drivers (n=526

YEARS

Median Survival {95% Cl)
4.0yoars (2.7to 5.4)
33years(22t06.2)

43years (30toNA) P=0.007
24 years (1.9103.6)

2.0years (1.6 104.6)



HRs for PFS and OS in Del19 and L858R

HE (95% CI) HE (95% CI)

LUX-Lung 3! i
Del19 —— ' 0.28 (0.18-0.44) 0.54 (0.36-0.79)
LS5ER ' + i 0.72 (0.46-1.17) 1.30 (0.80-2.11)
LUX-Lung & '
Dell9 e i 0.20 (0.13-0.33) D.64 (0.44-0.94)
LS5ER i 0.32 (0.19-0.52) 127 (0.81-1.83
IPASSH ;
Del19
LS58R
NEJ00257
Deits LUX-Lung 3 and LUX-Lung 6 are
L the only studies with statistically
L858R
o significant differences 1n OS for
LS58R
= EGFR mut/ dell9 + p.
L858R
ENSURE! . .
Del19 —— : 0.20 (0.12-0.33) ! NA
L858R : '_"'_' , _ 054(032-050) : ; : : NA
D 05 1 15 0 1 2 3
.\_ = Fayours TKl Favours Chemotherapy =& = Favours TKl Favours Chemotherapy = _ﬁ,.f'

1. Seguist et al. J Clin Oncol. 2013;31:3327: 2. Wu et al. Lancet Cnool. 20014;15:213; 3. Mok et al. N Engl J Mad. 2007;341:947; 4.

Fukuoka et al. J Clin Oncol. 2011:29:2844; 5. Yang =t al. Ewr J of Cancer. 2011 (suppl1;54633); 4. Maemondo et al. N Engl J Med.

2010;352-2380; 7. Incuwe et al. Ann Oncol. 2013;24:54; 8. Mitsudomi et al. Lancet Cnool 2010;11:121; 7. Rosell et al. Lancet

Oncaol. 2012;13:239; 10. TARCEVA® [erotiniib] prescribing information, 2013; 11. Ihou et al. Lancef Oncol. 2011;12:735; 12, Wu =t

al. J Thirac Oncol. 2013:8suppl 2 [P1.114021). .
Precented by Yang et al. ASCO 2014, Abstract 8004,
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A randomized controlled trial of erlotinib versus
gefitinib in advanced non-small-cell lung cancer
harboring EGFR exon 19 or 21 mutations
(CTONGO0901)

Jin-Ji Yang, Qing Zhou, Hong-Hong Yan, Xu-Chao Zhang, Hua-Jun Chen, Hai-
Yan Tu, Zhen Wang, Chong-Rui Xu, Jian Su, Yi-Sheng Huang, Bin-Chao Wang,
Ben-Yuan Jiang, Xiao-Yan Bai, Wen-Zhao Zhong, Xue-Ning Yang,. Yi-Long Wu™*.
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REVIEWS

Acquired resistance to TKIs in solid tumours:
learning from lung cancer

D. Ross Camidge, William Pao and Lecia V. Sequist

a No identification
= AR mechanism
EMT ~1—2% ~15_20%
HER2 amplification
~8-13%
Bypass BRAF ~1% u— i
e MET amplification ~5% alone
4% ° ~40-55%
PIK3CA ~1-2%
SCLC alone ~6% T790M fGFRt
with EGFR "I"ge :
SCLC with PI3K ~4% amplification | @ ég';tw"
~10% s T
Other EGFR
point mutations
1-2%

Nat Rev Clin Oncol 2014*



3BA: A phase Il trial of erlotinib (E) and bevacizumab (B) in patients with advanced non-
small-cell lung cancer (NSCLC) with activating epidermal growth factor receptor (EGFR)
mutations with and without T790M mutation. The Spanish Lung Cancer Group (SLCG) and
the European Thoracic Oncology Platform (ETOP) BELIEF trial — Stahel RA et al

Study objective

+ To estimate PFS in patients with nonsquamous NSCLC with or without EGFR
T790M mutation, treated with first-line bevacizumab and erlotinib

Key patient inclusion criteria
» Metastatic or locally-

advanced nonsquamous m
NSCLC
Centrally confirmed EGFR
Substudy 1: T790M
present (n=37)

mutations (exon 19 deletion
or L858R)

Unsuitable for surgery or
radiotherapy

(n=1,135 screened)

Substudy 2: T790M
absent (n=72)

Primary endpoint(s) Secondary endpoints
* PFS + Safety, correlation of PFS with mutations
Stahel et al. Ann Oncol 2015; 26 (suppl 6): abstr 3BA



3BA: A phase Il trial of erlotinib (E) and bevacizumab (B) in patients with advanced non-
small-cell lung cancer (NSCLC) with activating epidermal growth factor receptor (EGFR)
mutations with and without T790M mutation. The Spanish Lung Cancer Group (SLCG) and
the European Thoracic Oncology Platform (ETOP) BELIEF trial — Stahel RA et al

* Key results (cont.)

— Erlotinib plus bevacizumab resulted in an overall 1-year PFS of 56.7% and
median PFS of 13.8 months compared with 72.4% and 16.0 months,

respectively, in T790M+ patients

100 E ts/N Median PFS, months  12-month PFS, %
_ vents (95%Cl) (95%Cl)
E g0~ Al 57/109 13.8 (103, 21.3) 56.7 (46.0, 66.0)
g T790M+ 15/37 16.0 (13.1, NE) 724(534,84.7)
? 60— T790M- 42772 105(9.2, 16.2) 49 4 (36.6, 61.0)
-E 40 L‘F—'F—H-
[ #5]
D + Censored R
= 1 = All patients S
E 20 — TT90M+
— TT90M-
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Mo at risk Months
Aipts 109 102 95 8 75 54 43 35 25 21 18 12 M 7T 5 4 2 0O
T790M+ 37 3 32 29 25 21 19 1% 9 88 T 5 5 3 2 2 1 D
T790M- 72 6 63 5 50 33 24 19 16 13 M 7 6 4 3 2 1 0

Stahel et al. Ann Oncol 2015; 26 (suppl 6): abstr 3BA



Targeting T790M resistance

Third-generation EGFR TKls have been designed to specifically target EGFR
resistance mutants, including T790M

AZD9291 (phase I)"?

Dose escalation based on safety and PK

(rolling b design, with cohort expansion up to n=30)

- BT

Advanced NSCLC with

confirmed radiological PD on
prior EGFR TKI

Primary endpoints
Safety and tolerability in EGFR TKl-resistant patients

C0O-1686 (phase I."II_]3

Advanced or metastatic EGFR
mut+ NSCLC

Previously treated with . . .
EGER TKI Dose escalation Expansion in T790M+

(n=170)

Phase | Phase II*

Primary endpoints
Incidence of grade 3/4 AEs, PK, ORR and DoR

AE = adverze event, DoR = duration of response 1. Janne, et al. ASCO 2014; 2. Yang, et al. ESMO 2014
ORR = overall responsze rate; PK = phamacokinetics 3. Sequist, et al. ASCO 2014



Third-generation TKis in EGFR Mut+ NSCLC

ORR, % 28% in T790M+ pts
MNot reached
Median PFS (current estimate =12 months in
T790M+)
Any drug-related AE, % NR
Any drug-related AE NR
grade 23, %

Hyperglycaemia and 1GT (53%),

Most frequent AEs ‘nausea (Jo%,) and

diarrhoea (24%)

CO-16861 AZD9291?

21% in T790M- pts
61% in T790M+ pts
2.8 months (T/790M-)

‘ 9.6 months (ngm)\

80

13

Diarrhoea (47%), rash® (40%)
and nausea (22%)

*Grouped term H .
MR = not reported; IGT = impaired glucose tolerance StUdIES are ﬂng oin g
Cross-trial comparizon. Data should be interpreted with caution

CO-1686 and AZD9251 are not approved in Malaysia for the treatment
of

patients with MSCLC

1. Sequist, et al. ASCO 2104; 2. Yang, et al. ESMO 2014
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Mechanisms of acquired resistance to AZDT291 In
EGFR T790M positive lung cancer

Seaafiresy B, Owregrdd !, Kaenimnstih 5. Thress®, Choud P Powesdastz'. Daniel
Stetson™.

Bricon Dougherty®,. Zhomngewoe Lo, Aleksondrnn Morkowets?. Erriqueto Falip®.
Armc VivoncoosT Yormnomn Koorng? . Lymesites ShiolB,. Armoaredo 1. Redig® .
BAirezille Coandtanma®,. 1. Coarl Boarresti2,. Rathid M. Filkai®,. Byowng COChul Cho™, Daawicd
Flamnchard®, lean-Choarkes Sona®, Pasi A 1amnrme"

Study objective

To investigate the molecular mechanisms underlying acquired resistance to AZD39291

Study design

L

In patients with T790M-positive lung cancer treated in the AURA trial (phase 1 and 2
components), acquired resistance to AZD9231 was studied using 3 complementary
strategies: cell-free DNA (cfDNA) genotyping using droplet digital PCR (ddPCR); next-
generation sequencing (NGS) of cfDNA; and molecular analysis of post-AZD39231 disease
progression in biopsies

Key results

Of 67 patients who met eligibility criteria for resistance, 15 (229%) had detectable C797S
on ddPCR, all with detectable T790M

C7975 was more common with EFGR exon 13 del (13/43 [30%)] vs. those with L858R
(2/24 [8%]; p=0.06)

32/67 (48%) had no detectable T790M in plasma despite the presence of the EGFR-TKI-
sensitising mutation, suggesting overgrowth of an alternate resistance mechanism

Conclusions

At resistance, most patients with resistance to AZD39231 maintain T730M, at times
acquiring a new C737S5 mutation, particularly in those with EGFR exon 19 deletion
At progression, loss of T790M may be mediated by outgrowth of a competing resistance

mechanism (e.g. MET or HER2 amplification or ERAF VG00E)
Oxnard et al. J Thorac Oncol 2015; 10 (suppl 2): ORAL17.07



BIOMARCADORES oe EFICACIA

Las nuevas técnicas mas sensibles van a favorecer la realizacion de biopsias liquidas de
forma mas generalizada.

La analisis de las CTC o del ctDNA permite la caracterizaciéon molecular de la enfermedad y
la monitorizacion de la evolucidon del tumor a lo largo del tratamiento




BIOMARCADORES pe EFICACIA: CANCER COLORECTAL

Network of samples

Colorectal Cancer Subtyping Consortium (CRCSC) identification of a consensus of

molecular subtypes.

non-consensus
samples

—
ol
| 1R
| T
|
T I
T

consensus samples

unclassified CMS1

13% 14% E
CcMS4 258 TR ' 56%
23% b
.- CMs2 '9%.5% 3 - B
379%  Rigntcolon €
CMS3
13%

Presented by Sabine Tejpar, at ASCO GI 2015



BIOMARCADORES pe EFICACIA: CANCER COLORECTAL

Molecular associations of CMS groups in CRC

SCNA: Somatic copy number alteration

CMS1 CMS2 CMS3 CMS4 MSI: Microsatelite inestability
S ST e
r 1.00 [ 1.00
KRAS mut 078 SCNA high [
0,50 =494 0.50
n=2224 - 028 | n L 0.2%
== e P =
" 1.00 J [ 1.00
BRAF mut 0.7 Hypermutate S22
L 0.80 -0.50
n=1941 - Beget n=337 r e
S— s | 0.00 . 0.00
 1.00 [ 1.00
! o F0.75
APC mut e Msi 050
n=393 - . ppod n=2176 028
L 0.00
-
- 0.75
TP53 mut fphs Cimp :'2"79‘" 050
n=801 n= L 0.25
-.--':‘?.: B ooo
' st CIMP High s CIMP Low | ICIMP Neg
CMS51 14% M3, immune pathway activation/expression, right-side tumors, older age at diagnosis,
females, hypermutation, BRAF mut, intermediate survival
CMS2 41% High CIN, M35, strong WNT/MYC pathway activation, left-side tumors, TP53 mut,
EGFR amplification/overexpression, better survival
CMS3 8% Low CIN, moderate WNT/MYC pathway activation, KRAS mut, PIK3CA mut,
IGFBP2 overexpression, intermediate survival
CM54 20% CIN/MSI heterogeneous, mesenchymalTGF-beta activation, younger age at diagnosis,

NOTCH3WVEGFR2 overexpression, worse survival
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ORIGINAL ARTICLE

PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency

A Progression-free Survival in Cohorts with Colorectal Cancer B Overall Survival in Cohorts with Colorectal Cancer
104 P<0.001 by log-rank test 1.0 P=0.03 by log-rank test
g 3
b 0.8 S 08
S H
£ a
E _ = Mismatch repair—deficient
i 0.64 Mismatch repair—deficient g 06
£ é
5a 04 0.4
5 S Mismatch repair—proficient
£ 0.24 " - ‘ | 0.2
[ Mismatch repair—proficient 2
o -
0.0 T T T T 1 0.0 T T T T 1
3 6 9 12 15 3 6 9 12 15
Months Months
No. at Risk No. at Risk
Mismatch repair- 11 3 6 2 0 0 Mismatch repair- 11 9 7 5 1 o
deficient deficient
Mismatch repair— 21 2 1 0 0 0 Mismatch repair— 21 12 5 1 1 ]
proficient proficient

NIVOLUMAB, PEMBROLIZUMAB — Inestabilidad de
microsatélites
elevada

7 |
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CONCLUSIONES

* ¢ SIRVE PARA EVITAR REACCIONES ADVERSAS ? AJUSTE DE PRIMERA DOSIS Y SOLO

PARA CAMBIAR DE TRATAMIENTO EN CASOS DE VARIANTES MONOGENICAS




