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DELIVERING ON THE PROMISE OF PERSONALIZED 
MOLECULAR MEDICINE



Targeting the Genetic Changes 
Specific to Each Patient’s Cancer

Small molecules and immune 
therapy

Tumor

Capitalizing on the vulnerabilities (Achilles Heel) of cancer



No Targetable AberrationTargetable aberration present

Deep characterization

High throughput biological 
validation

N of 1 
trials

Standard 
of care

Clinical 
trial 

cohorts

Actionable mutations
Targetable 

Predict patient outcomes
(Paraffin compliant)

Khalifa Institute for Personalized Therapy

MDACC patients without curable disease 20,000
5-9000 per year

Deep learning from each patient; Real time adaptive 
treatment



Efficacy of targeted therapy conditioned by 
mutation, comutation and tissue lineage

BRAF in melanoma and bowel

Janku et Mol Can Ther



CHALLENGES TO 
PERSONALIZED 

TARGETED  THERAPY 

CAN WE ACHIEVE TRULY 
PERSONALIZED THERAPY?

N of one problem
Precision Medicine?

Stratified Medicine
Homogenous patient groups

Ductal Breast Cancer
8 subclasses

A set of orphan diseases

Rare aberration populations
AKT mutant tumors

2-3% in any major lineage
0.7% in trial sets

Multiplex analysis of multiple 
aberrations allows “amortization”

of costs across multiple trials
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Gene Mutated

19000 (2000 in set) patients likely to enter trials
Hot Spot Mutation CMS46 (Ion Torrent) 

Potentially actionable 39% 
TP53 not counted (31%) KRAS counted (11%)

Most targetable 
aberrations are rare 

across cancers
All testing covered by 

philanthropy:
Not sustainable
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Gene Mutated

19000 (2000 in set) likely to enter trials
Hot Spot Mutation CMS46 (Ion Torrent) 

Potentially actionable 39% 
TP53 not counted (31%) KRAS counted (11%) Oct 2014

Endometrioid ovarian primary, 480mg BD 4d on/3d 
off Confirmed RECIST PR (maximum reduction 
55%). Ongoing in study (more than 600 days on 
drug).

AKT mutant tumors
respond to AKT 
targeted drugs
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Gene Mutated

HOW DO WE DETERMINE WHETHER RARE 
MUTATIONS INDICATE VULNERABILITY

AKT1 1.4%
2% in breast cancer

Want 50 patients on trial
50% positive will not be eligible

Test 5,000 patients at $3000 per patient
15 million dollars in testing

Multiplex across many aberrations

Breast

Colorectal

Head and neck

Prostate

Skin

AKT1 29 patients
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Gene Mutated

THERAPEUTIC INDEX IS LIMITING FACTOR
COULD WE IMPLEMENT MUTATION SPECIFIC 

DRUGS (1-2% frequency)
ie PIK3CA H1047R vs pan PIK3CA drug

Hotspot frequency 
might allow 

mutation specific 
drugs



Potentially Actionable 
Mutations

Underwent Genomic Testing
N = 2000

Genomically-matched trial after 
genomic testing?

No (1211)

Genomically-Selected
Trial N = 54

Genomically-Relevant
Trial N = 29

Yes (789)

No (706)Yes (83)

Outcomes for first 2000 patients

4% of  patients tested 
were ultimately treated 
with “matched” agent

39% of patients had 
aberration in actionable 
gene

11% of pts with 
mutations in actionable 
genes went on genotype-
matched trials



What did we learn Goal 25% of patients to trials
• Increasing scope of testing increases rate of actionable events 

modestly (39-53%): 
• 90% of actionable aberrations are in limited set of genes

• Time to results critical in Phase I due to patient deterioration
• Test when likely to need information and have therapeutic options

• Physician decision support is critical
• Aberration level information
• Not all alterations in actionable genes are actionable
• Clinical trials alert to curated results and eligible clinical trials

• The utility of genomic testing is dependent on availability and 
efficacy of therapeutic agents

• Increase number of molecular marker driven trials
• Develop basket trials to deal with rare events AKT, TRK

• Move from single aberrations to pathways and networks
• Circulating DNA allows for proximal analysis of metastases



Value of Molecular Testing

•Directing patients to standard of care or off 
label use is important outcome

•Rapid approval of effective drugs

•Reputational event to recruit patients

•Recruit high quality information rich trials

•Consider testing a “loss-leader”
• Added cost of multiplex testing modest

•Critical to convince payors of value
• Philanthropy non sustainable





Medical Decision-Support

Doc, you must 
know everything!



Personalized Cancer Therapy Website  https://pct.mdanderson.org



Personalized Cancer Therapy Website  https://pct.mdanderson.org

27 potentially actionable genes fully annotated
• Mutations
• Copy number changes
• Fusions 
• Germline alterations if relevant

• Interactive: Physician determines level of information

• Therapeutic implications and the level of 
evidence for each therapy

• Clinical trials available by location





‘Matching’ to ‘Right’ Drug Improves 
Patient Outcomes

Unpublished data from S. Kopetz, J. Lee, R. Broaddus & K. Shaw.



UNEXPECTED HIGH RATE OF 
FAILURE OF TARGETED 

THERAPEUTICS
Even for patients with the 

biomarker only subpopulations of 
patients benefit from monotherapy: 

Usually short term
Resistance is almost universal

Intrinsic (Genetic)
Selected (Genetic)
Adaptive (Homeostatic loops, 

cross talk and bypass)
Heterogeneity

CHALLENGES TO 
PERSONALIZED 

TARGETED  THERAPY 

Rationale combinatorial therapy 
will be required to fulfill the 
promise of targeted therapy
Yossi Yarden Arthur Lander



Initial Evidence that Extracellular Matrix 
Protects from Drug-Induced Killing 

G. Gao

Cells in 2D, 3D, in vivo, or patient tumors

Add drug
Early time points: target engagement

Medium time points: adaptive responses
Late time points:  genomic resistance

Harvest cells for Omic analysis
DNA, RNA, protein metabolomics

A PLATFORM TO FACILITATE TARGETING ADAPTIVE 
RESISTANCE TO INCREASE UTILITY OF TARGETED 

THERAPEUTICS



Raoul Tibes
R2=.996

HUMAN PROTEOMICS ATLAS: RPPA

CCSG Core Web Site
Functional proteomics

Quantitative high throughput multiplexed 
inexpensive ELISA

300 validated antibodies

Dot blot: less sensitive to degradation

Requires high quality validated antibodies 
and robotics

No Spatial orientation: combined tumor and 
stromal signature

>10,000 TCGA and internal patient samples 
with extensive DNA, RNA, miRNA, and 
clinical data
Tcpaportal.org 
Search Cancer Proteome Atlas

Cell lines with RNASeq and drug data
700 lines in house
http://tcpaportal.org/mclp/#/
Broad Cancer Cell Line Encyclopedia

130,000 samples in total



PARP inhibitors induce synthetic lethality in 
homologous recombination-deficient (HRD) cancer cells

DNA damage occurs 
constantly

Normal cells have many 
DNA Repair Pathways

DNA damage induces cell 
cycle checkpoints to allow 

DNA damage repair

Three PARP inhibitors have been approved for ovarian cancer and 
OLYMPIAD Phase III trial in breast cancer has met its goals

Despite high response rate, duration of response remains short

PARP inhibitors 
induce DNA damage

HRD cells do not 
accurately repair 

damage



Rank-Sum Analysis of AZD2281 and BMN673 
5 representative cell lines were treated with 2 doses for 72 and 96 hours in 2D and 3D 

cultures. Lysates were collected and analyzed by RPPA for 191 antibodies. High levels are 
represented in Red. >50,000 data points 

Yiling Lu Xiaohua Chen

Data is ratio of treated to untreated
Samples are ordered based on adding all antibody scores
Only significant changes presented Public
Public

Private



Cyclin B1
pRB

FoxM1pS6
CDK1

pCHK2
CHK1pS6

SCD1

pER
p27

Bim

Rank-Sum Analysis of AZD2281 and BMN673 
5 representative cell lines were treated with 2 doses for 72 and 96 hours in 2D and 3D cultures. Lysates 

were collected and analyzed by RPPA for 191 antibodies. High levels are represented in Red. 

AR

pCHK1

pATM

pBAD

PI3K/mTOR

Yiling Lu Xiaohua Chen

BAX
Casp7



Ovarian Cancer
Breast Cancer

PI3K Dream Team
http://pi3k.org

77% OvCa gBRCA 
57% BrCa gBRCA
Non mutant BRCA1/2 2 PR

One biopsy: ATR mutant

N=46
N=24BKM and Olaparib 

demonstrate marked 
responses

Ursula Matulonis
Shannon Westin

http://pi3k.org/


Time on Treatment 
Olaparib, BKM120 Pan PI3K 

PI3K alpha, mTOR and AKT in progress
Up to 24 months response: 50% of endometrial cancers

PI3K Dream Team
http://pi3k.org

On study

***
*

*****

*

On study**

Ovarian Cancer Breast Cancer 

Ursula Matulonis
Shannon Westin

http://pi3k.org/


OCTOPUS – PARP/PI3K pathway combinations

> 70 patients accrued
RR ~ 30% for OC, 50% for EC 



SCD1

pER
p27

Bim

Rank-Sum Analysis of AZD2281 and BMN673 
5 representative cell lines were treated with 2 doses for 72 and 96 hours in 2D and 3D cultures. Lysates 

were collected and analyzed by RPPA for 191 antibodies. High levels are represented in Red. 

AR pATM

Yiling Lu Xiaohua Chen

** 

** 

** 
** 
** 

** 

Mek Joan Brugge
Cyclin B1
pRB

FoxM1pS6
CDK1

pCHK2
CHK1pS6pCHK1

pBAD

ATR, ATM, WEE1/CHK1/2

BAX
Casp7

CDK1 CDK4/6
PI3K



SERENDIPITY IS CRITICAL 
KRAS mutation is a marker for BMN673 resistance: markedly 

improved HR DNA repair in RAS mutant lines

Chaoyang Sun

PARPi



Acquired PARPi resistance is associated with RAS MAPK pathway 
activation, acquisition of RAS mutations and sensitization to 

combination therapy

Chaoyang Sun

Acquired 
RAS mutation

BRCA1 
mutant



Synergistic 
effect of 
PARP and 
MEK/ERK 
inhibition is 
lineage 
independent 
and 
observed 
with 
KRAS/NRAS
/BRAF 
mutations.

35/37 
models
Dong Zhang
Yong Fang
Chaoyang Sun

MEKi active as 
monotherapy



PARP plus MEK inhibitors are synergistic in vivo

KRAS HPDE 
Pancreas

KRAS 
OVCAR8

Dong Zhang 
Yong Fang
Chaoyang Sun



Operating Model RAS
RAF

MEK
MAPK

BIM

p27

Apoptosis
VEGF

Hypoxia

?

MRE11
NBS

1

RAD50

pATR

PARPi

pCHK2

pATM

p53

DNA damage
checkpoint

CD31

PARP

DSB Damage 
repair

FoxM1

DEATH

MEKi

MAPKi

FOXO3A

pCHK1 Wee1



DOSE ESCALATION
N=30

DOSE EXPANSION
N=60

Endometrial Tumors with RAS 
Pathway Activation

N=15

Ovarian Tumors with Progression on 
Prior PARP Inhibitor Treatment

N=15

Ovarian Tumors with RAS Pathway 
Activation

N=15

Solid Tumors with RAS Pathway 
Activation

N=15

SOLAR study: selumetinib and olaparib in RAS 
activated tumors

Original observation 4/8/2015
CRC Approved, IRB 3/1/17
FDA no Objection
SIV May 30 2017
First in human August 2017

Shannon Westin
Funda Meric-Bernstam



Immune system contributes to response 
to PARP plus MEK

MDX in immune competent mouse MDX in immunoincompetent mouse

Dong Zhang
Yong Fang
Chaoyang Sun



Niraparib plus anti-PD1 is effective 
in MDX T22 model
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Immune 
activation

DNA fragments in response to PARPi induces 
immune activation

DNA Fragments Induce a 
Sting Response as Protection 

from Virus and Bacteria 



Phase I Trial of Talazoparib + Avelumab in Advanced Cancers
Currently enrolling in ICT (PI: Tim Yap)  

1. Dose escalation

2. Dose expansion



Biopsy analyzed 
for DNA, RNA, 

protein, immune 
monitoring, and 
drug sensitivity 

in organoids

Results 
analyzed for 
evidence of 

response and 
emergence of 

resistance

Insights to 
inform 
future 

patients in 
the trial

First drug 
chosen

Second drug 
added for anti-

resistance 
combination 

for the patient 
on the trial

Repeat biopsy 
analyzed for 
DNA, RNA, 

protein, immune 
monitoring, and 
drug sensitivity 

in organoids

AMTEC
Adaptive Multi-Drug Treatment of Evolving Cancers 

AMTEC will be designed to reveal the complexity of each individual’s cancer and its 
evolution under therapeutic stress, implementing uniquely designed therapeutic 
strategies that evolve concomitantly benefiting the patient we are treating while 
identifying underlying mechanisms of resistance to guide new drug combinations. 



AMTEC
Adaptive Multi-
Drug Treatment 

of Evolving 
Cancers 

Patient

Imaging
Biopsy Analysis must be 7-10 days and 
tissue  sparing

DNA, RNA, Protein
Blood   cf DNA CTCs

Exosomes: DNA RNA
Biomarkers 

Date integration Computational biology 

Ist drug A
PARP inhibitor

HRD
RAS activation

3-6 weeks
Imaging    Blood Biomarkers 
Is there a change in DNA  

or RNA in blood ie
emerging resistance 
mutations 

Rebiopsy if evidence of 
progression? 

Progressi
on
Rebiopsy

Imaging  Biopsy  Blood
Analysis must be 10-14 days and 

tissue  sparing
Adaptive mechanisms and tumor 

evolution identified
Modify patient therapy based on 
evolution

Incomplete inhibition of PARP
No DNA damage

No DNA damage checkpoint
Change to different drug A or 

increase PARPi dose  

DNA damage checkpoint 
activated 

ATR/CHK1/WEE1 inhibitor
Sequencing may decrease toxicity

Ru
le

s B
as

ed
 C

lin
ic

al
 T

ria
l

Increase in PDL1
Tumor infiltrating lymphocytes Anti PD1/PDL1

Increase in MAPK pathway 
activation

MEK or MAPK inhibitor

Altered apoptotic sensitivity BCL2/MCL1/BCLxl inhibitor

Activated PI3K pathway PI3K pathway inhibitor

De
ci

si
on

 tr
ee

HR competent BRD4 inhibitor

EMT induction BRD4 EZH2 inhibitor?

PARP resistance mechanisms
Reversion mutation etc Change to different drug A

Altered vascularity VEFR inhibitor
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Imaging    Blood Biomarkers 
Is there a change in DNA  

or RNA in blood ie
emerging resistance 
mutations 

Rebiopsy if evidence of 
progression? 

PARP 
inhibitors 

as 
example



AMTEC
Adaptive Multi-Drug Treatment of Evolving Cancers 41

PARP 
inhibition

PI3K
DNA checkpoint
MEK
Immune response
etc.

PARP +

Inhibitors
PI3K
DNA checkpoint
MEK
Immune checkpoint

Rational Strategy for Combination 
Therapies 

Blocking critical signaling nodes “rewires” signaling pathways

Rewired networks contribute to cellular resistance to targeted therapeutics

Induced signaling events represent “vulnerabilities” that can be exploited leading to synthetic 
lethality

Adaptive responses can be restricted to specific tumor subpopulations



COLLABORATORS
MILLS LAB IPCT/KLEBERG CENTER FOR
Networks MOLECULAR MARKERS/RPPA core

Yiling Lu John Mendelsohn Funda Meric Bernstam 
Huifang Tracy Gao Stanley Hamilton Kenna Shaw
Shuangxing Yu Lauren Byers Karina Eterovic
Zhiyong Ding Andy Futreal Michael Davies
Qinghua Yu Doris Siwak Scott Woodman
Dong Zhang Scott Kopetz Ling Tiang 
Xiaohua Chen Bioinformatics Han Liang      Ken Chen
Ka Man Ip Rehan Akbani Jun Li
Mollianne McGahren Wei Zhao Zhenlin Ju 

Metabolism Jiyong Liang Wenbin Liu
Rab25 Shreya Mitra Functional Genomics  Ken Scott
Hippo Chao Wang   Jiyong Liang Kwok Shing Ng  Shao Shan  Kang Jin Jeong 

P53 Meng Gao RNA editing  Han Liang Parisa Imanirad
Nanostring Jinho Lee Xiaoyan Xu Xinxin Peng
CART/PARP Sraboni Mitra Chaoyang Sun 

Yong Fang
Project Management Chris Vellano    



COLLABORATORS
MDACC OSHU Joe Gray Paul Spellman Laura Heiser
Ju-Seog Lee  Prahlad Ram Boston Joan Brugge Levi Garraway   
Shiaw-Yih “Phoebus” Lin Taru Muranen Stu Schrieber
Nidhi Sahni Guang Peng Germany Sach Murkherjee
Shannon Westin Rob Coleman Wistar Meynard Herlyn
Giulio Draetta UNC Chuck Perou
Powel Brown Robert Bast Vanderbilt Carlos Arteaga 
John Heymach Jennifer Litton Baylor Ken Scott  Melissa Bondy
Anil Sood Mien Chie Hung Kent Osborne Rachel Schiff Mike Lewis 
Steve Kornblau Michael Andreeff Baylor Genome Center David Wheeler
Lauren Byers  Eric Jonasch Methodist Jenny Chang
Tissue Bank Aysegul Sahin Saudi Arabia Stefan Arold
Savitri Krishnamurthi Canada Bill Muller Igor Jurisica
Karen Lu    Ignacio Wistuba Norway Anne-Lise Boerresen-Dale 
Rosemarie Schmandt Therese Sorlie Helga Salvesen 
Bioinformatics John Weinstein Ireland  Bryan Hennessy

Roel Verhaak Ken Chen Holland Rene Bernards 
Han Liang Rehan Akbani Belgium Georg Halder Sofie Claerhout

AstraZeneca/ImmunoMet/Critical Oncology Technologies/Karus/Nanostring
NCI CTD2 LINCS, Komen Foundation, Adelson Medical Research Foundation 
Breast Cancer Research Foundation, Ionis, Tarveda
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