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Evolution of genetic testing methods

70’s: 
Maxam-Gilbert

70’s: 
Sanger-radio

80’s: 
Sanger-fluorescent

(automated)

80’s: 
PCR

70’s: 
FISH

70’s and before: 
Kariotyping

90’s: 
Comparative genome

hybridization

2000’s:
Next-generation sequencing



The International Cancer Genome Consortium



LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477

1. The prevalence of somatic mutations across human cancer types is extremely 

variable and influenced by the tissue of origin.

What we have learned so far



2. Some tumors are dominated by SNVs, others by structural variants

What we have learned so far

Ciriello et al, Nature Genetics 45, 1127–1133 (2013)



Van Allen et al, Nature Medicine 20, 682–688 (2014)

3. The tumor landscape is dominated by few frequent mutants (e.g. TP53, 

PIK3CA) and an ocean of rare mutants

What we have learned so far



LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477

4a. Specific cancers are characterized by defining mutational signatures

What we have learned so far



The issue: long tail of very rare biomarkers

Total screened



How to tackle the fragmentation of the 
biomarker-positive population?



Woodcock et al NEJM 2017



BASKET TRIALS: EXAMPLES



Hyman DM et al. N Engl J Med 2015;373:726-736.

Maximum Percent Change from Baseline in the Sum of the Diameters of Target Lesions.Vemurafenib in non-melanoma BRAF-mutated cancers
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Enrollment by tumor type
Neratinib monotherapy (n=141)

Solid tumors (NOS) 17 (12.1)
5

HER2-mutation positive

• Lung cancer

Breast cancer

• Bladder/urinary

tract cancer Solid

tumors (NOS)

Colorectal cancer

• Biliary tract

cancer Endometrial

cancer Cervical cancer

Gastroesophageal

cancer Ovarian cancer

26 (18.4)

25 (17.7)

16 (11.3)

15 (10.6)

12 (8.5)

9 (6.4)

7 (5.0)

5 (3.5)

5 (3.5)

4 (2.8)

HER3-mutation positive



Integrated efficacy by tumor type
and HER2 mutation
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Some experience with a basket trial in IEO with 
FGFR inhibitors
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UMBRELLA TRIALS: EXAMPLES



Adaptive randomization





PARK ET AL NEJM 2016 RUGO ET AL NEJM 2016

Neratinib Veliparib + CBDCA
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ENROLLMENT PER

1 MILLION POPULATION

FEWER than 8

>8 – <30

30 – 65

NCI “MATCH” CANCER TREATMENT TRIAL:

STATE BY STATE ENROLLMENT

MATCH = Molecular Analysis

for Therapy CHoice



NCI-MATCH Weekly Accrual Far 
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NCI-MATCH Testing and Enrollment as of 6/18/17

6398 patients with tumor samples (N=6000)

5482 patients had received their test results

983 had a gene abnormality matching an available
treatment
And proceeded to be further evaluated for the specific eligibility for the arm to
which they matched

660 patients had enrolled for treatment

NOTE: These are strictly numbers reflecting a point in
time and cannot be used to calculate overall rates; some
are assigned and still in evaluation for eligibility for an
arm; estimated 72% of those assigned will enroll



Activated 08/12/15; paused 11/11/15: 92 days

Patient cases registered for screening 795

Cases with samples submitted 739

Cases where labs were able to complete 
tumor testing

645 87%
(N=739)

Cases with mutation matching 1 of 10 
available treatment arms

56 9%
(N=645)

Patients matching specific eligibility criteria 
for, and assigned to, a treatment arm

33 5%
(N=645)

Patients who entered 7 of 10 available 
treatment arms

16 2.5%
(N=645)

2
5

05/06/2016

‣ NCI MATCH INTERIM ANALYSIS



NCI-MATCH Expanded to 25 Arms May 31,
2016

Red = accrued 35 patients;

Green = nearing 35 patient

Arm / Target Drugs(s)

A EGFR mut Afatinib

B HER2 mut Afatinib

C1 MET amp Crizotinib

C2 MET ex 14 sk Crizotinib

E EGFR T790M AZD9291

F ALK transloc Crizotinib

G ROS1 transloc Crizotinib

H BRAF V600 Dabrafenib+trametinib

I PIK3CA mut Taselisib

N PTEN mut GSK2636771

P PTEN loss GSK2636771

Q HER 2 amp Ado‐trastuzumab
emtansine

Arm / Target Drug(s)

R BRAF nonV600 Trametinib

S1 NF1 mut Trametinib

S2 GNAQ /GNA11 Trametinib

T SMO/PTCH1 Vismodegib

U NF2 loss Defactinib

V cKIT mut Sunitinib

W FGFR1/2/3 AZD 4547

X DDR2 mut Dasatinib

Y AKT1 mut AZD 5363

Z1A NRAS mut Binimetinib

Z1B CCND1,2,3 amp Palbociclib

Z1D dMMR Nivolumab

Z1I BRCA 1/2 AZD1775



Arms added: March 13, 2017

• EAY131-J: Herceptin + Perjeta/HER2 Amp (to follow Arm Q).

• EAY131-L: MLN0128/mTOR Mutations (New target)

• EAY131-M: MLN0128/TSC1/TSC2 Mutations (New target)

• EAY131-Z1C: Palbociclib/CDK4/CDK6 Amplification (New target)

• EAY131-Z1E: Loxo 101/NTRK Fusions (New target)

• EAY131-Z1I: AZD1775/BRCA1, BRCA2 mutations (New target)



Current: as of June 18, 2017

 25 treatment arms; ≈ 50% fully accrued; ≈ 25% well on the way;

≈ 25% will need additional accrual from ‘rare variant study’

 Assay success rate 94%

 Median assay turnaround time 16 days

 Toxicity acceptable

 Objective responses have been observed



High attrition rates for genome-driven targeted 
treatment

In a third of the patients, the genomic information 
from testing was not used for therapy planning 
(went elsewhere, progressed, died, or went on to a 
different therapy)

This may be due to the length in obtaining results 
(average 26 days)

Meric-Bernstam et al JCO 2015



Issues with genetic biomarker-driven trials

• Actual drug allocation is still very low

• Require many drugs to become efficient

• Suffer from elevated attrition rates
– Turnaround time is crucial and can be improved

• Are best performed as “platform” trials, where new drugs or 
biomarkers are continuously implemented

• Statistical design is very complex







SHIVA: the biggest umbrella trial published to date

741 enrolled
496 with complete profile
293 with actionable alterations
195 randomized (98 lost at screening)
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Quantifying the advantage of an umbrella trial

we simulated a 10-arm (inhibitors of PARP, NOTCH, MET, HER2, FGFR, EGFR, BRAF, ALK, 
AKT and immune checkpoints) imaginary trial on multiple cancers, based on genetic 
alterations suggested by the past Molecular Analyses for Personalized medicine (MAP) conference.

10 indep.trials: 
4276

One trial, 
non-optimal
2453

One trial, 
optimal
1235



SHARP: precision medicine trial on metastatic breast 
cancer

11.6%

12.4%

62.7%

0.375%

0.563%
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4.5%

1.13%
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0% 0%

1.13%
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Olaparib AZD2014

65%

14% 0.04%

AZD2014: 54.2%
Olaparib: 17.5%
Selumetinib: 2.7%
Bicalutamide: 6%
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NCI Patient-Derived Models

Repository: Multiple Avenues for

Discovery

11

Tumor/Patient

Heterogeneity

Develop PDX Models and PDC (Tumor & Fibroblast) Lines DNA,

RNA, Protein, WES, RNASeq, Targeted Sequencing

Blood/CTCs Tumor

Blood/CTCs

Tumor

3D Culture, 3D

Pharmacodynamics
2D and Organoid

Cultures

Increasing Drug

Concentration

Preclinical Trial

Modeling

Live Tumor

Imaging
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Colorectal

Adenocarcinoma

H&N SCC

Melanoma

Urothelial/Bladder

•PDX Pathology Confirmed
•Whole Exome Sequence, NCI Cancer Gene

Panel, and RNASeq Available

•Human Pathogen Screening and STR Profile

Available

•Confirmed Re-growth from Cryopreserved

Fragments

Pancreatic

Adenocarcinoma

Lung SCC

Adult Soft Tissue

Sarcoma

Renal
Upper GI

NCI Patient-Derived Models Repository (PDMR)

Initial Distribution Types

Distribution Groups (N=100 Models)

Colorectal Adenocarcinoma

Head & Neck Squamous Cell Carcinoma

•Pharyngeal, Laryngeal, Lip/oral cavity, NOS

Urothelial/Bladder

Melanoma

Pancreatic Adenocarcinoma

Lung Squamous Cell Carcinoma

Adult Soft Tissue Sarcoma
•Ewings, Leiomyosarcoma, Malignant fibro. histiocytoma,

Fibrosarcoma, Non- Rhabdosarcoma NOS,

Rhabdosarcoma NOS

Renal

Upper GI

•Stomach, Sm. Intest, GIST, Appendiceal



Personalizing treatment using integrated in vivo-in silico 
approaches: cell lines



Personalizing treatment using integrated in vivo-in silico 
approaches: organoids

Pauli et al Cancer Disc 2017



Take home messages

• Old school large randomized phase trials are no more feasible 
due to fragmentation of the target population

• Efficacy demonstration for new drugs is based on 
sophisticated trial designs
– Basket and umbrella trials still have big attrition rate issues 

• Genetic biomarkers are increasingly accessible due to 
declining costs

• Non-genetic, functional biomarkers are increasingly accessible 
and will allow to even further personalize treatment
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