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ANCO/UCSF 
presents 

Precision Oncology Symposium 
Saturday, November 9, 2019; 8:00AM-3:20PM 

Marines Memorial Club and Hotel, San Francisco 

Agenda & Schedule 
8:00 am  Registration and Continental Breakfast 
8:30 am Welcome and Introduction   W. Michael Korn, MD 
8:40 am  Milestone and Technology Update  W. Michael Korn, MD 
9:10 am Crossfire Session: Tissue vs. Liquid  James P. Grenert, MD, PhD  

David R. Gandara, MD 
10:10 am  Coffee Break 
 
10:25 am Germline Testing    James M. Ford, MD 
10:45am  Biomarkers in Immuno-Oncology  David Spetzler, MS, MBA, PhD 
11:45 am Molecular Tumor Board   Moderator: David R. Gandara, MD 

Panelists: James M. Ford, MD 
James P. Grenert, MD, PhD 
Michael Zachary Koontz, MD 
W. Michael Korn, MD 
Philip C. Mack, PhD 
Pamela Munster, MD 
Sai-Hong Ignatius Ou, MD, PhD 
Sachdev Thomas, MD 

12:30 pm  Lunch 
 
1:00 pm Comprehensive Molecular Profiling:  

Clinical Utility 
• EGFR, ALK, KRAS, HER2 with Tissue Specificity  Sachdev Thomas, MD 
• Biomarkers with Cross-Disease Relevance   Philip C. Mack, PhD, 
• Novel Targets: NTRK, FGFR, and Beyond   Sai-Hong Ignatius Ou, MD, PhD 
 

2:30 pm Clinical Trials in Precision Oncology:  Pamela Munster, MD 
Current State and Future Perspectives 
 

3:00 pm Patient Access To Molecular Testing  Michael Zachary Koontz, MD 
3:20 pm  Adjourn 
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Milestones and Technology Update

W. Michael Korn, M.D. – Eric Collisson, M.D.

UCSF Division of Hematology/Oncology

1

Precision Oncology: The Promise

Advanced 
Cancers

Molecular 
Profiling

Cancer

Individualized treatment

Resistance?

Tailoring treatment to the Individual characteristics of each patient and their disease 
More efficient treatments  � Less Toxicity      

2
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Precision Oncology: Growing Complexity

3

Precision Oncology: Challenges

Molecularly 
Driven 

Therapies

Complex, disease-specific 
mutational landscapes

De-novo and acquired 
Resistance 
On-target
Off-target

1,000 drugs in 
development for 

cancer indications

Drug development

Tumor heterogeneity
Micro-environment

Microbiome

4
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5

Rare Fusion Genes with High Impact

5

NTRK Fusions occur all over the body

6
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7

Responses to the TRK inhibitor Larotrectinib

Lassen et al., ESMO 2018

7

FDA Approval of Larotrectinib (Vitrakvi)

8
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NRG1 Fusions: Constitutive Activation of HER3 Signaling

Dimou and Carmidge, Clin. Cancer Res., 2019

Measurable response after 16 weeks of apatinib
treatment in patient with NRG1-fusions positive 
cholangiocarcinoma and hepatic metastases

Jones et al., 2017

Fusions preserve EGF-like domain of NRG1 and 
transmembrane domain of fusion partner

9

10
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NTRK Resistance Mutations 

11

Detection of Clonal Dynamics by Cell-free DNA

12

63 y.o woman with metastatic sigmoid 
colon cancer, initially KRAS WT

Strickler et al., Cancer Discov., 2018

12
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Gene Fusion Detection: RNA superior to DNA

• 14% (36/254) fusions detected by RNAseq that were missed by MSK-IMPACT.

• 48% gene fusions identified exclusively by RNAseq would have been expected to be 
detected by the MSK-IMPACT panel based on its design.

Benayed. et al, Clin. Cancer Res., 2019

Problem: some introns too long 
(NTRK3) or not tilable

13

Fusion Detection

Whole Transcriptome RNA Sequencing Provides Diverse 
Analytical Insights

Gene regulation

mRNA Variant Detection

14
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Low Frequency Mutations Share Common Themes

DNA Repair

D

D D D DD D D D D D

Oncogenic 
Signaling

S

S

S SS S S S S S S
S

S S S

Chromatin-
remodeling

C

C

Colorectal Cancer (MSS)

15

Tumor Mutational Burden explains 55% of variability in 
response to immune checkpoint inhibition

Yarchoan et al., NEJM 2017

16
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Samstein et al., 2019

Disease-Specific Distribution of TMB Predicts Sensitivity to Immune-checkpoint Inhibition

17

PolE mutations: Taking TMB to the extreme

• A 39 y/o man presented to UCSF GI Oncology with 
extensively metastatic colon cancer and PD on 
conventional chemotherapy.

• Patient in poor performance status, referred to 
hospice. 

• Next-generation DNA sequencing revealed a 
pathogenic PolE P286R mutation as well as a large 
number of additional mutations. 

18
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Prolonged response to immunotherapy  
• Single agent anti-PD-L1 therapy with pembrolizumab was initiated in December 

2016. 

• Treatment ongoing, patient active and in good performance status. 
October 2016 July 2018

Courtesy Dr. van Loon, UCSF
19

Colorectal Cancer:
Precision Oncology 
Roadmap

20
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Next Generation Profiling (NGP):
Discovery of Clinically Relevant Signatures through Machine Learning 

NGS (DNA Alterations)
•Single Variants
• Insertions/Deletions
•Tumor Mutational Burden

IHC (Protein Expression)

ISH (DNA Copies)
•Gene Copies
•Gene Translocations

RNA (Gene Expression)

Matched 
Clinical 

Outcome 
Data
(19,600+ 

patients and 
growing)

+

DEAN
(Cognitive Computing)

•Support Vector 
Machine

•Random Forest
•Logistic Regression
•Neural Networks
•Naïve Bayes
•Quadratic 
Discriminant Analysis

•KNN

Abraham et al., Caris Life Sciences, unpublished

22
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An Assembly of Mathematical Models Coupled With 
Neural Networks

Algorithm 1
Algorithm 

113Algorithm 
12

Algorithm 
215

Algorithm 
33

Algorithm 
140

Algorithm 
45 Algorithm 

231Algorithm 
50

Algorithm 
312

Algorithm 
56

Algorithm 
301

YES

23

Patient Characteristics (Testing Dataset)
Characteristic Benefit

N=103 (%)
No Benefit
N=61 (%)

p

Median Age 58 59 0.250
Female/Male 44/56 49/51 0.603
Colon/Rectal 93/7 77/23 0.003
Left/Right/unknown 35/42/23 51/38/11 0.069
Bevacizumab 100 100 1.000
Cetuximab 9 15 0.351

Abraham et al., Caris Life Sciences, unpublished

NGP FOLFOX Predictor 

24
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Clinical validation using an independent cohort of 
patients who received FOLFOX in 1st line

Median TTNT (mo)
Benefit:        11.9
Non-Benefit: 7.6

TRIBE-2FOLFOX-NGP

Abraham et al., Caris Life Sciences, unpublished
Cremolini et al., ASCO 2019

25

FOLFOX Predictor Not Predictive of Response to 
First-Line FOLFIRI

Abraham et al., Caris Life Sciences, unpublished

26
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The Future of Precision Oncology

Proteomics

Machine Learning

Improved 
Outcomes

Improved Access to Molecular Profiling

Better Drug Access 
(FDA, Basket Trials,
Drug Combinations)

Earlier Testing: 
IO Predictors, Gene Fusions etc.

Next generation DNA sequencing

Copy Number

RNA expression / Gene fusion 
analysis

Proteomics

Liquid biopsy

Clinical Outcomes

Real-World Clinical 
Outcomes Data

Individualized 
Reporting

Basket Trials

Distributed Trials 
(Just-in-Time)

27
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Thank You!
michael.korn@ucsf.edu

wmkorn@carisls.com

29
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David R. Gandara, MD
University of California Davis 

Comprehensive Cancer Center

Emerging Role of Liquid Biopsy in Precision Medicine:
Non-Small Cell Lung Cancer as a Model

1

Disclosures

• Institutional Research Grants: Roche-
Genentech, Novartis, Merck

• Consultant/Advisory Board: AstraZeneca, 
Celgene, CellMax, FujiFilm, Roche-Genentech, 
Guardant Health, Inivata, IO Biotech, Lilly, 
Merck, Samsung Bioepis

2
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NSCLC

100 patients with Advanced Stage Non-Small 
Cell Lung Cancer (NSCLC):

They all look alike, but they are not 

3

Non-SqCC

100 patients with Advanced Stage Non-Small 
Cell Lung Cancer (NSCLC):

They all look alike, but they are not 

SqCC

43 y/o female
Never-Smoker

Adenoca
EGFR mt

55 y/o male
Former Smoker

Adenoca
ROS1 fusion

56 y/o female
Former Smoker

Adenoca
MET ex14 mt

34 y/o female
Never Smoker

Squamous
HER2 mt

65  y/o male
Current Smoker

Adenoca
BRAF V600E mt

52 y/o male
Former Smoker

Adenoca
ALK fusion

In 2019 most Oncologist would agree that these are different malignancies.
In 2019 most Oncologists would agree that these patients need different therapies 

4
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Evolution & Expanding List of Guideline Recommendations for 
Genomic Testing in NSCLC

“The NCCN NSCLC Guidelines Panel strongly endorses broader molecular profiling with the goal of identifying rare driver 
mutations for which effective drugs may already be available, or to appropriately counsel patients regarding the availability of

clinical trials. Broad molecular profiling is a key component of the improvement of care of patients with NSCLC).”

Genomic Alteration (i.e. driver event) Available targeted agents with activity against driver 
event in lung cancer*

EGFR mutations osimertinib, erlotinib, gefitinib, afatinib, dacomitinib
ALK rearrangements alectinib, brigatinib, ceritinib, crizotinib, lorlatinib 

HER2 mutations ado-trastuzumab emtansine, afatinib
BRAF V600E mutations dabrafenib + trametinib, vemurafenib

MET amplification/mutation crizotinib 
ROS1 rearrangements crizotinib, ceritinib
RET rearrangements cabozantinib, vandetanib

NTRK rearrangements entrectinib, larotrectinib

NCCN Clinical Practice Guidelines. NSCLC. v3.2019.

5

ALK: 65% RR to crizotinib;
~70% RR to 2nd-gen TKI; 

Ceritinib in resistant cancers
Alectinib 1st line

MET ex14: 
30-40% RR Crizotinib

Cabozantinib

HER2 mutation:
~15% RR -Afatinib;
~20% -Dacomitinib

44% -Ado Trastuzumab

BRAF (V600E): 
>60% RR to 
BRAF + MEK 

inhibitor combo

ROS1: 
70% RR to
Crizotinib
-Ceritinib

HER2 mutation

EGFR:  RR>70%
to 1st-2nd–Gen TKIs;

~60% RR to 3rd-Gen TKIs
in resistant cancers

Growing Number of Oncogene-driven NSCLCs with Active Targeted Therapies

RET: 
Cabozantinib: 

RR=40%
Alectinib

NTRK: 
Larotrectinib

71% RR

MET ex14
Capmatinib 60% RR
Tepotinib 59% RR

KRAS G12C
AMG510

48% (11/23) 
responders

Pending:
LOXO-292: 

RR=77%
BLU-667: 
RR = 50%

Gandara:  Lung Cancer Summit. ESMO19

6
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Schema for Multidisciplinary Integration of Biomarker 
Testing in Advanced Stage NSCLC:  Looking for 

“Actionable” Oncogenes

Pulmonologist
Interventional Radiologist

Surgeon 

Identify 
Target 
Lesion

Biopsy

Histology Evaluation

Determine 
Therapy

Pathologist 

Oncologist
Multidisciplinary

Team 
(Tumor Board)

Molecular Biomarker 
Testing

Identify 
Patient

Referring 
Physician

Med Oncologist
Thoracic Surgeon

Radiation Oncologist 
Pulmonologist

Radiologist
Pathologist

When 
Progression
à Re-Biopsy

Treat 

Determine 
New Therapy

Adapted from:  Raez, Gandara et al Clin Lung Cancer 2016  

T
r
e
a
t 

When 
Progression
à Re-Biopsy

Plasma ctDNA Plasma ctDNA

7

Near-Future Approach (Patient-Based Therapy):
Genomic profiling by high throughput next generation 
sequencing for decision-making  in individual patients

Next Generation Sequencing (NGS):
•Whole Genome or Exome capture 
Sequencing (DNA)
•Whole or Targeted Transcriptome
Sequencing (RNA)
•Epigenetic profiling

1. Histomorphological
Diagnosis:

Cancerous

Evolving Approach (Target-Based Therapy V2.0):
Multiplexed molecular tests with increased sensitivity 

& output for decision-making in individual patients

Current Approach (Target-Based Therapy V1.0):
Single gene molecular testing for decision-making in 

individual patients

2. Molecular Diagnosis:

Multiplex, Hot Spot Mutation Tests:
•PCR-based SNapShot
•PCR-based Mass Array SNP
•Sequenom
Initial High-Throughput Technologies:
•SNP/CNV DNA microarray
•RNA microarray

Single Biomarker Tests:
•Sanger DNA Sequencing 
•RT-PCR
•FISH
•IHC

Representative technologies:

Extract tumor 
nucleic acids:Archival cancer 

specimens
Archival FFPE tumor 

specimens

Macro- or 
Micro-dissection 

of Tumors

DNA and RNA

Empiric Approach (Past)
(Compound-Based Therapy):

Clinical-histologic factors to select  
drugs for individual patients

Evolution of Biomarker Testing in NSCLC:   Past, Current & Future

from Li, Gandara et al: J Clin Oncol , 2013 à Plasma ctDNA by NGS for Genomics & TMB           

8
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Terminology: Liquid Biopsy

Liquid biopsy
(blood sample)

CTCs (circulating tumor cells)

cfDNA (cell-free DNA)

ctDNA (circulating
tumor DNA)

Crowley E, et al. Nat Rev Clin Oncol 2013;10:472–484.

9

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational) 

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

• Indicated when tumor tissue not available or high risk (or “plasma-first” situations)
• Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

• May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample
• Can determine mechanism of resistance without biopsy, to guide subsequent therapy
• Can be repeated serially (longitudinal assessment) for response & early progressive disease
• Relatively non-invasive & high acceptance rate by patients
• Detection of Minimal Residual Disease (i.e. after surgical resection)

10
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Patient with Advanced Treatment-naïve NSCLC

From Rolfo, Gandara et al: J Thorac Onc 2018.   aEGFR, ALK, ROS1, and BRAF at minimum, but panel if available. bStrongly suggest tissue sparing to facilitate participation in clinical 
trials. cWhile NGS is preferred, based on availability, other validated assays are acceptable.   

YESNO

NO

YES

Molecular profiling on all with non squamous, non squamous component, or if clinical features may suggest a molecular driver

Surgical specimen is available

Perform molecular analysisa

on surgical specimenb; 
NGS is preferredc; Treat 

with SOC therapy based on 
presence or absence of 

oncogenic driver; Perform 
PD-L1 IHC as needed

Perform molecular analysisa on 
liquid biopsy (ctDNA); NGS is 

preferredc

Perform molecular analysisa

on tissue biopsy specimensb; 
NGS is preferredc; Treat with 

SOC therapy based on 
presence or absence of 

oncogenic driver; Perform 
PD-L1 IHC as needed

Tissue biopsy specimen is sufficient for molecular testing

Therapeutic 
target positive

Treat with SOC 
therapy based on 

presence of 
oncogenic driver

Therapeutic target 
negative

Tissue re-biopsy

Perform molecular analysisa on tissue 
biopsy specimensb; NGS is preferredc; 

Treat with SOC therapy based on 
presence or absence of oncogenic 

driver; Perform PD-L1 IHC as needed

11

Patient with NSCLC progressive or recurrent disease during therapy

from Rolfo, Gandara, et al: J Thorac Onc 2018. acobas/ddPCR for EGFR mutation NGS preferred for ALK and ROS1. bStrongly suggest tissue sparing to facilitate participation in clinical 
trials. cWhile NGS is preferred, based on availability, other validated assays are acceptable.   

Targetable 
resistance mutation 

absent

Perform molecular analysisa

on tissue biopsy specimenb; 
NGS is preferredc; Treat with 

SOC therapy based on 
presence or absence of 

oncogenic driver; Perform 
PD-L1 IHC as needed

Perform molecular analysisa on liquid biopsy (ctDNA)

Tissue re-biopsy

Targetable 
resistance mutation 

present

Feasible Not Feasible

Evaluate the potential benefit 
of other therapy for marker 
unknown or best supportive 

care

Treat with SOC 
therapy based 
on presence of 

oncogenic driver

12
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High Circulating Tumor (ct)DNA Detection Rate across Multiple Cancer 
Types (N=21,807)

Guardant360 plasma NGS assay for detection of 
somatic alterations in 21,807 cancer patients
85% detection rate across all cancers

93% SCLC
87% NSCLC
Median VAF: 0.41% (range 0.03-97.6) 

NSCLC

Zill, Mack, Gandara, Landman et al, CCR 2018 

13

Aggarwal et al: JAMA Oncol 2018

PENN2 Study: Response to Targeted Therapy is Independent of 
Plasma Mutation Allelic Fraction

Progression of Disease

Partial Response

n=42; R=-0.121; p=0.45

14
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High ORR in Patients With Tumor- or Plasma-Detected, 
T790M-Positive NSCLC Treated With Osimertinib

Oxnard et al. J Clin Oncol. 2016;34:3375.

15

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational) 

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

• Indicated when tumor tissue not available or high risk (or “plasma-first” situations)
• Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

• May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample
• Can determine mechanism of resistance without biopsy, to guide subsequent therapy
• Can be repeated serially (longitudinal assessment) for response & early progressive disease
• Relatively non-invasive & high acceptance rate by patients
• Detection of Minimal Residual Disease (i.e. after surgical resection)

16
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ctDNA Utility in Under-Genotyped/QNS Non-Squamous NSCLC

383,$30%

879,$68%

26,$2%

Tissue$Biomarker$
Positive$

Tissue$QNS$or$UG

Tissue$Fully$
Genotyped,$
Biomarker$Negative

Tissue Genotyping Status 
(N=1288)

383 of 1288 (30%) 
Biomarker Positive

for Driver Oncogene 

879 (68%) Quantity 
Insufficient (QNS) or 

Undergenotyped (UG)

ctDNA NGS Increased 
Biomarker Yield

ctDNA analysis identified 
252 additional actionable 
biomarkers (19% of 1288)

(29% of 879)
not previously detected in 
tissue QNS/UG cases

Biomarker N in ctDNA*
EGFR 42

KRAS 127

ALK fusion 3

ROS1 fusion 2

RET fusion 14

BRAF V600E 13

MET  amp 23

MET E14 7

HER2 mutation 21

TOTAL 252

383,$30%
252,$19%

627,$49%

26,$2%

Tissue$Biomarker$
Positive

Tissue$QNS/UG,$
ctDNA$Pos$

Tissue$QNS/PG,$
ctDNA$Neg$

Tissue$Fully$
Genotyped,$
Biomarker$Negative

Adapted from Zill, Mack, Gandara, Landman et al, CCR 2018 

! !
Biomarker N in Tissue
EGFR 256

KRAS 61

ALK fusion 27

ROS1 fusion 9

RET fusion 4

BRAF V600E 10

MET  amp 10

MET E14 4

HER2 mutation 1

FGFR3 fusion 1

TOTAL 383

17

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational) 

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

• Indicated when tumor tissue not available or biopsy is high risk (or “plasma-first” situations)
• Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

• May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample
• Can determine mechanism of resistance without biopsy, to guide subsequent therapy
• Can be repeated serially (longitudinal assessment) for response & early progressive disease
• Relatively non-invasive & high acceptance rate by patients
• Detection of Minimal Residual Disease (i.e. after surgical resection)

18
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FLAURA:  Osimertinib vs Gefitinib/Erlotinib in 1st line therapy of EGFR-mutated NSCLC

Soria et al:  NEJM 2017  &  Ramalingam et al: ESMO 2019

OS

19

FLAURA: Acquired Resistance Mechanisms in Comparator EGFR TKIs 
(n=129)

*Resistance mechanism reported may overlap with another; #Acquired T790M + C797S + L718Q: 1%; †PIK3CA + T790M (n=1), PIK3CA + T790M + C797S (n=1), and PIK3CA (n=1)

BRAF D594N: 1%
KRAS G12C: 1%
NRAS G12D: 1%

Acquired T790M: 47%
Other EGFR mutations*: 1%

HER2 amplification: 2% MET amplification: 4% 
MET amplification + T790M: 2%

PIK3CA mutations: 
3%#

HE
R2

M
ET

M
ET

M
ET

M
ETEG

FR

mTOR AKT p53

BIM BCL2

SurvivalApoptosis

PIK3CA

MEK

RAF

RAS

ERK

Proliferation

CCDC6 RET

CCDC6-RET: 2%

HE
R2

HE
R2

HE
R2

EG
FR

The most common acquired resistance mechanisms were T790M mutation (47%), MET amplification 
and HER2 amplification 

20
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FLAURA: Acquired Resistance Mechanisms after 
Osimertinib first-line therapy (n=91)a

• No cases of acquired EGFR T790M

• The most common resistance mechanisms were MET amplification (15%) and EGFR C797X mutation (10%)
– Other mechanisms included HER2 amplification/mutation (3%), PIK3CA(7%), RAS/RAF mutations and ALK transformation

aResistance mechanism reported may overlap with another; bTwo patients had de novo T790M mutations at baseline of whom one acquired C797S at progression

Ramalingam SS, et al. ESMO 2018. Abstract LBA50. 

Secondary EGFR mutations:b

C797X: 7%; L718Q+C797S: 1%; 
L718Q + ex20ins: 1%; S768I: 1%

HER2 amplification: 2%
HER2 mutation: 1%

MET amplification: 15%

mTOR AKT p53

BIM BCL2

PIK3CA

MEK

RAF

RAS

ERK

M
ET

M
ET

M
ET

M
ET

BRAF mutations (V600E): 3%

KRAS mutations (G12D/C, A146T): 3%

SPTBN1 ALK

SPTBN1-ALK: 1%

EG
FR

EG
FR

H
ER

2

H
ER

2

H
ER

2

H
ER

2

SurvivalApoptosis Proliferation

PIK3CA mutations: 7%

Cell cycle gene alterations

CCND amps: 3%
CCNE1 amps: 2%

CDK4/6 amps: 5%

21

52 yo female, never-smoker, with new Dx of stage IV lung adenocarcinoma, May 2016, 
lymphangitic spread-R. lung, bone mets
• EGFR Ex19del identified (May 2016).

Initially treated with erlotinib à PR.
• Progressive disease in Feb 2017, 

found to be T790M+.
Treated with osimertinib à PR.

• In Jan 2018 & May 2018, monitoring 
shows absence of Ex19del & T790M.

• In Jan 2019, new cough & SOB.
CT scan read as “stable”, but possible “pneumonia”.

• Plasma ctDNA identifies EGFR C797S resistance mutation.
• Re-read of CT scan consistent with recurrent lymphangitic spread. 

Navigational bronchoscopy shows recurrent adenocarcinoma.
• Started on therapy designed for C797S+ disease.
• June 2019: CT scan shows major response. C797S= non-detectable

Case Example: Serial plasma ctDNA monitoring

Case Report Courtesy of David Gandara MD, UC Davis

22
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FLAURA: Early clearance of plasma EGFR mutations as a 
predictor of response to osimertinib and comparator EGFR-TKIs

aPresence of plasma EGFR mutations detected by ddPCR; ddPCR, droplet digital polymerase chain reaction

Zhou C, et al. ASCO 2019. Abstract 9020. 

• This analysis of FLAURA confirms prior studies 
showing that presence of EGFR mutation in plasma 
ctDNA at baseline is a poor prognostic factor 

• Patients with plasma EGFR mutation clearance have 
improved PFS

• Clearance of EGFR mutation from ctDNA favors
osimertinib in PFS

PFS based on detection of plasma EGFRma at baseline PFS based on detection of plasma EGFRma at week 6 following 
initiation of treatment
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BFAST: Phase 2/3 screening trial in patients with 
treatment-naïve NSCLC: Initial results from the ALK+ cohort

Gadgeel S, et al. ESMO 2019. Abstract LBA81_PR. 

Sample (-) for 
BFAST 

alteration

Sample (+) 
for BFAST 
alteration

Patients not 
enrolled in 

treatment cohorts

Complete 

Closed

Alectinib 600 mg PO BID until PD
(n=78 planned; 87 actual)ALK+

Alectinib PO at 900, 1200, or 750 mg BID 
(n=50–62 planned; 8 actual)RET+

Atezolizumab 1200 mg IV q3w
until PD or loss of clinical benefit

bTMB+ Randomised 1:1, n=440

Platinum-based chemotherapy
for 4 or 6 cycles

Entrectinib 600 mg PO daily until PD
(n=50)ROS1+

Real World Data Cohort

Physicians will 
receive overall results 

from 
bSMP assay

*All cohorts have additional, 
treatment-specific 
inclusion/exclusion criteria 

Blood to FMI for 
cfDNA testing

(bSMP and bTMB 
assays)

Screening 
inclusion/exclusion 

criteria*

• Age > 18 years
• Unresectable, stage 

IIIB or IV NSCLC
• Measurable disease
• Treatment naïve
• ECOG PS 0–2

Vem + Cobi + Atezo
n=25 to futility; up to 80 for primary 

analysis 
BRAF+

24
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BFAST ALK: Results using ctDNA alone

Gadgeel S, et al. ESMO 2019. Abstract LBA81_PR. 

25

Causes of “False Negative” & “False Positive” Liquid Biopsy 
Results (assumes Tissue=Gold Standard)

Adapted from Oxnard et al:
JCO 2019

“False Negatives”
in Liquid Biopsy

Insufficient DNA shed
into plasma:

(low tumor volume, 
eliminated by therapy)

Technical Issues:
Insufficient sensitivity

in older assays

“False Positives”
in Liquid Biopsy

Technical Factors:
Sample differences

(> 6 months from tissue to 
plasma sampling)

WBC contamination:
Germline Variants

Clonal Hematopoiesis

Tumor Heterogeneity:
Positive Plasma & Negative Tissue

(assumes tissue is
“Gold standard”)

26
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Tumor Mutational Burden (TMB) as a Candidate Predictive Biomarker 
for Cancer Immunotherapy

• Somatic mutations in cancers are multifactorial (including DNA repair 
defects, carcinogens & enzymatic alterations in DNA polymerases)

• These mutations produce neoantigens that induce anti-tumor immune 
responses

• TMB is an emerging predictive biomarker for cancer checkpoint 
immunotherapy (CIT)

• TMB can be estimated using whole-exome sequencing (WES) or 
comprehensive genomic profiling by NGS (e.g., FoundationOne &  FACT in 
blood[bTMB]) .   MSK-IMPACT. Guardant OMNI1-8

• Studies show that TMB either by WES or CGP correlate with each other & 
with efficacy of CPI therapy in multiple cancer types1-3

• Predicted neoantigen load (NAL), a component of TMB most closely 
linked to immune response, correlates with F1 TMB4,5,7

• TMB identifies a distinct patient population not currently captured by 
PD-L1 IHC or other immune biomarkers5,6

IHC, immunohistochemistry; PD-L1, programmed death-ligand 1; TMB, tumor mutational burden.     
1. Yarchoan M, et al. N Engl J Med. 2017; 2. Chalmers ZR, et al. Genome Med. 2017; 3. Goodman AM, et al. Mol Cancer Ther. 2017;
4. Efremova M, et al. Front Immunol. 2017; 5. Topalian SL, et al. Nat Rev Cancer. 2016; 6. Kowanetz M, et al. WCLC 2017.  7. Mariathansan, 
et al.  Nature 2018. 8. Rizvi et al:  ESMO IO 2018.

PD-L1  TMB

From Gandara, LeGrand et al: 
ASCO 2018

27

High Tissue TMB is associated with increased efficacy of Checkpoint Inhibitor Monotherapy 

Gandara, Legrand et al: ASCO 2018

WES: CM-026 NSCLC (Nivo -high TMB)

Carbone et al: NEJM 2017

PD-L1 + TMB

NGS Foundation-One: Multiple Tumor TypesNGS -IMPACT: Multiple Tumor Types 

Samstein et al: NatGen 2019
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Analytical & Clinical Validation of Tumor Mutational Burden in Blood (bTMB) in 
association with Atezolizumab efficacy in advanced NSCLC (POPLAR & OAK Trials)

Gandara DR, et al. Nature Med 2018. 

OAK Study

29

B-F1RST: Proof of Principle trial for Blood Tumor Mutational Burden 
(bTMB) Selection of Atezolizumab Immunotherapy

Kim ES, et al. ESMO 2018. Abstract LBA55. 
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BFAST (Blood First Assay Screening Trial): 
Phase II/III in Advanced Treatment-naïve NSCLC

Key Endpoints Cohort C:
Primary = PFS by Investigators (hierarchical testing, bTMB≥16 
first, then bTMB ≥10)
Secondary = PFS by IRF, OS, ORR, PRO

31

MYSTIC: 1L durvalumab ± tremelimumab vs chemotherapy in metastatic NSCLC – bTMB

Rizvi NA, et al. ASCO 2019. Abstract 9016.  

ctDNA by Guardant OMNI

32
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What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational) 

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

• Indicated when tumor tissue not available or biopsy is high risk (or “plasma-first” situations)
• Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

• May abrogate the issue of tissue heterogeneity and under-genotyping due to small sample
• Can determine mechanism of resistance without biopsy, to guide subsequent therapy
• Can be repeated serially (longitudinal assessment) for response & early progressive disease
• Relatively non-invasive & high acceptance rate by patients
• Detection of Minimal Residual Disease (i.e. after surgical resection)

33

Prediction of Relapse after Surgery for Early Stage NSCLC by plasma ctDNA

Swanton et al: Nature 2017
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Next-Generation Approaches to 
Assessing Hereditary Cancer Risk 

in the Genome Era

James M. Ford, MD, FASCO
Professor of Medicine/Oncology and Genetics

Director, Clinical Cancer Genomics
Stanford University School of Medicine
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Disclosures

§ Clinical Trial Funding from:
–Genentech
–AstraZeneca
–Pfizer
–Puma
–Myriad
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Precision Medicine in Cancer:
Germline Genetic Risk Assessment

§ Identification of germline and familial genetic alterations that 
increase risk of cancer

§ Development of targeted screening and early detection
techniques prevent development of advanced cancers

§ Incorporation of moderate and low-penetrant, common 
genetic variants in risk prediction and screening modification

§ Germline genetic testing and risk assessment based on 
tumor genomic profiles

§ Targeted therapies based on germline mutations

3

HereditaryMother 
or 

Father

1 damaged gene
1 normal gene

Nonhereditary

2 normal genes

Loss of normal gene

1 damaged gene
1 normal gene

Loss of normal gene

1 damaged gene
1 normal gene

The Development of Hereditary Cancer

4
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Autosomal Dominant 
Inherited Cancer Syndromes

•  Breast and Ovarian Cancer BRCA1&2
pancreatic, prostate Chek2, ATM

PALB2 . . . 
•  Colon Cancer and Polyposis

HNPCC (Lynch) MMR
FAP APC
Polyposis MYH
Cowdens PTEN
Peutz-Jehgers STK11
Juvenile Polyposis SMAD4

BMPR1A
•  Other GI Cancers

Gastric CDH1
Pancreas p16

•  MEN1 Menin

•  MEN2/MTC RET

•  VHL VHL

•  Li-Fraumeni p53

5

Familial Syndromes including Breast Cancer

Syndrome Gene Frequency Breast Ca Risk

HBOC BRCA 1 & 2 1/40 – 1/400 40 – 80%

Li-Fraumeni p53 1/5000 – 1/50K 90%+

Cowden’s PTEN 1/100,000 25 – 50%

HDGC CDH1 Very rare ~60% (lobular)

Peutz Jeghers STK11/LKB1 44 – 50%

Lynch Syndrome MMR 1/440 1 - 5

6
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Genetics of Colorectal Cancer 

Syndrome Gene(s)
Lynch syndrome MLH1, MSH2, MSH6, 

PMS2, EPCAM
Adenomatous polyposis 

Familial Adenomatous Polyposis(FAP) APC 
Attenuated FAP APC 
MYH-associated polyposis MYH (biallelic)

Hamartomatous polyposis
Peutz-Jeghers Syndrome STK11
Juvenile Polyposis Syndrome SMAD4/BMPR1A
Cowden Syndrome PTEN 

7

Familial Syndromes with Pancreatic Cancer

Syndrome Gene Frequency PC Lifetime Risk

HBOC BRCA 1 & 2 1/40 – 1/400 3 – 5%

FAMM CDKN2A (p16) rare 10 –19%

Peutz Jeghers STK11 11 – 36%

Lynch Syndrome MMR 1/440 4%

8
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Identifying “heritable” causes of cancer

9

Breast Cancer Risk Genes

10
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APC FANCE PMS2
ATM FANCF PRSS1
BLM FANCG PTCH1

BMPR1A FANCI PTEN
BRCA1 FANCL RAD51C
BRCA2 LIG4 RET
BRIP1 MEN1 SLX4
CDH1 MET SMAD4
CDK4 MLH1 SPINK1

CDKN2A MLH2 STK11
EPCAM MSH6 TP53
FANCA MUTYH VHL
FANCB NBN
FANCC PALB2
FANCD2 PALLD

Multigene Panel Study
Hypothesis:  A Next-Gen Sequencing multiple cancer-gene panel 
provides actionable results

Kurian, Ford et al. Journal of Clinical Oncology 2014

11

Multiple-Gene Panel Testing
Study N Population Race/Ethnicity Gene Panel Non-BRCA PVs VUS

Kurian J Clin Oncol 2014 198 Met BRCA1/2 guidelines 70% White, 20% Asian 42 genes (Invitae) 11% 88%

Tung Cancer 2014 2,158 Cancer genetics clinic sample Mostly White 25 genes (Myriad) 4% 42%

Desmond JAMA Oncol 2015 1,046 Cancer genetics clinic sample 82% White 25 genes (Invitae) 4% 41%

LaDuca Genet Med 2014 2,079 Clinical testing lab database 72% White, 2-3% other 13-24 genes (Ambry) 10% 25%

Maxwell Genet Med 2014 278 Breast cancer, age <40 69% White, 24% Black 22 genes (Agilent) 11% 19%

Selkirk Fam Cancer 2014 63 Cancer genetics clinic sample 81% White 13-24 genes (Ambry) 7% 20%

Couch J Clin Oncol 2014 1,824 Triple-negative breast cancer 97% White 17 genes (Agilent) 4% NR

Churpek BrCa Res Trt 2015 289 Cancer genetics clinic sample 100% Black 10 genes (BROCA) 5% <1%

Thompson J Clin Oncol 2016 2,000 Cancer genetics clinic sample Not reported (Australia) 18 genes 4% NR

Tung J Clin Oncol 2016 488 Breast oncology clinic sample 89% White 25 genes (Myriad) 5% 33%

Norquist JAMA Oncol 2016 1,915 Ovarian cancer, unselected 89% White 20 genes (BROCA) 4% NR

Slavin NPJ Breast Ca 2017 2,134 Cancer genetics clinic sample 81% White 26 genes 8% NR

Shimelis JNCI 2018 10,901 Triple-negative breast cancer Most White; >1K Black 17-21 genes (Ambry) 6% NR

Idos/Kurian JCO Precis Oncol 2018 2,000 Prospective clinical sample 39% Hispanic, 12% Asian 25-28 genes (Myriad) 8% 34%

• Informative results (pathogenic variants) increased by ~ two-fold
• Uninformative results (VUS) increased by ten-fold

12
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Mutation Prevalence Estimates, Breast
• 77,085 newly diagnosed breast cancer patients, 2013-2014 (statewide SEER, GA & CA)
• 18,500 (24%) had clinical genetic test results from ≥1 of 4 collaborating laboratories

Kurian et al, JCO 2019

13

Multiple Gene Panels:  Challenges

§ New approach to Genetic Counseling

§ Unexpected gene mutations in non-syndromic 
families (p53, CDH1)

§ Variants of Uncertain Significance Common

§ Genes with Low or Moderate CA Risk

§ Clinical Utility and Impact on Care

14
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What Could Possibly Go Wrong?

15

Prospective Clinical Trial of Multiplex Sequencing

• USC and Stanford; Myriad Genetics
• 25-gene NGS Panel
• Enrolled 2000 patients
• Diverse: 43% Hispanic, 33% high school only

• Test yield: 12% positive, 38% uncertain 

• Patient understanding and reactions:
• Preventive surgery was rare (0.4%-1%)
• Positives > others urged relatives to test
• Distress scores generally low) 

Idos, Kurian, Gruber, Ford et al.  JCO PO 2019

16
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Deficits in "Real World” Genetic Testing

Kurian et al, JAMA 2017

• Population-based sample (SEER) of 2,529 newly diagnosed breast cancer patients
• 29% reported genetic testing for BRCA1/2 and/or additional genes
• Of high-risk (met guidelines testing criteria), only 53% reported genetic testing:

“Why didn’t you 
have genetic 

testing?”

17

1
8

Allison W. Kurian, M.D., M.Sc.

Genes with Screening or Risk Reduction Guidelines
ACS, ACOG, ASCO, ClinGen, and/or NCCN Recommendations Genes (n=48)

Annual screening breast magnetic resonance imaging ATM, BARD1, BRCA1, BRCA2, CDH1, 
CHEK2, NBN, NF1, PALB2, PTEN, STK11, 
TP53

Earlier and more frequent colonoscopy/endoscopy APC, AXIN2, BMPR1A, CHEK2, EPCAM, 
GREM1, MLH1, MSH2, MSH6, PMS2,
MSH3 (homozygote, h.); MUTYH (h.), 
NTLH1 (h.), POLD1, POLE, PTEN, SMAD4, 
STK11, TP53

Risk-reducing mastectomy BRCA1, BRCA2, PALB2, PTEN, STK11, TP53

Risk-reducing salpingo-oophorectomy, +/- hysterectomy BRCA1, BRCA2, BRIP1, EPCAM, MLH1, 
MSH2, MSH6, PMS2, RAD51C, RAD51D

Risk-reducing colectomy APC

Risk-reducing gastrectomy CDH1

Other targeted screening (e.g., RCC, pheochromocytoma) MEN1, NF2, RB1, RET, SDHAF2, SDHB, 
SDHC, SDHD, TSC1/2, VHL, TP53, WT1

18
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Paired Tumor/Germline: New Challenges

• 16% had a presumed pathogenic 
germline variant

• 59% of these were not concordant 
with the patient’s cancer type

• 100% had at least one VUS

• How to address the clinical 
implications for patients and 
relatives?

19

Germline – Tumor Causation

20
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2019

N = 620 / 3607 (17%)

21

TOPARP-A trial: PARP inhibitor activity in metastatic 
prostate cancer with DNA repair gene mutation

Mateo et al NEJM 2015

22
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Germline Mutations in Pancreatic Cancer

N = 298

Yurgelun et al. GIM 2018

23

Germline Mutations in Pancreatic Cancer

Gene Fold-Risk PC Incidence in FPC

BRCA2 3.5 17 – 19%

BRCA1 2 2 – 3%

STK11 132

PALB2 2 – 3%

ATM 2%

CDKN2A 13 - 38 10 – 17%

MMR 0 - 8

Prevalence of gBRCA1/2 mutations in all PC: 4 - 7% (12% AJ)

Somatic BRCA1/2 mutations in 10% PC

24
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Slide 31

25

Primary endpoint: PFS by blinded<br />independent central review*

26
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Genetics Genomics

Mendelian Family Hx
All Ovarian Cancer
All Pancreatic Cancer
Prostate CA ≥ G7
Most Breast Cancer
Colon Cancer < 50 yo

Driver Mutations
Mutational Burden
Germline Mutations

Therapeutic Indications
PARP inhibitors – BRCA1/2 . . . 
IO - MSH2, MLH1 . . . 

Unexpected Familial Risk
Therapeutic Implications

IO - MSI-H, TMB

Testing Indications

27

GERMLINE TESTING REFERRALS FOR
PATIENTS WITH BRCA1/2

MUTATIONS ON SOMATIC TUMOR
TESTING AT STANFORD.

Kate Vlessis, BA

28
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National Comprehensive Cancer Network (NCCN) 
Clinical Practice Guidelines

Pilarski et al. (2019)

� Genetic/Familial High-Risk Assessment: Breast and Ovarian 

� Pathogenic somatic BRCA1/2 variants first published as 
meeting testing criteria September 19, 2016  

“BRCA1/2 pathogenic/likely pathogenic variant 
detected by tumor profiling on any tumor type 

in the absence of germline pathogenic/likely 
pathogenic variant analysis.” 

29

Tumor Groupings (N=164) 

† perivascular epithelioid cell tumor (PEComa) 

30
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What influenced recommendations?

Patients diagnosed with…
� Genitourinary
� Lung
� Skin
� Sarcoma
� ‘Other’

…cancers were significantly 
less likely to be referred/ 
recommended germline 
testing in comparison to 
patients with breast/

gynecologic tumors

31

Genetics Genomics
Tumor/Germline Sequencing

WES/WGS
RNA-Seq

ctDNA
Therapeutics
Prevention

Future Approach

32
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Summary and Conclusions

§ ~10% of most common cancers will have 
potentially targetable DNA repair defects 
associated with germline genetic mutations

§ Germline > Somatic alone

§ Poorly predicted by age, family history

§ Consider screening high-risk individuals

§ Prognostic and predictive value

§ Role for checkpoint inhibitors, PARP inhibitors, 
others

33

Stanford Cancer Genomics: Who

Molecular Tumor Board:
Jim Ford Director
Christina Curtis Co-Director
Ash Alizadeh Med Oncology
Max Diehn Rad Oncology
Jim Zehnder Molecular Pathology
Carlos Suarez Molecular Pathology
Henning Stehr Moledular Pathology
Rochelle Reyes Clinical Coordinator/APP
Meredith Mills Research Coordinator
Alex Ooms Research Assistant
Ivy Lau Clinical Trials Coordinator
Meredith Gerhart Genetic Counselor

Cancer Genetics Clinic:
Jim Ford Director
Allison Kurian Co-Director, 

Women’s Cancers
Uri Ladabaum Gastrointestinal Cancers

Kerry Kingham Lead Genetic Counselor
Nicolette Chun Genetic Counselor
Rachel Hodan Genetic Counselor
Meredith Gerhart Genetic Counselor
Madeline Graf Genetic Counselor
Courtney Rowe-Teeter Genetic Counselor
Rochelle Reyes APP/PA

Alexandra Ooms Research Assistant
Cindy Ma Research Assistant
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Biomarkers in Immune-Oncology
November 9, 2019

David Spetzler, MS,MBA, PhD
President and Chief Scientific Officer

Caris Life Sciences

1

FDA Classification of Biomarkers

PDL-1

MSI

TMB, CD8/PD1, CDK12

2
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PD-L1 antibody
IO Therapy

SP142 (Ventana)
Atezoluzumab (Roche)

SP263 (Ventana)
Durvalumab (Astrazeneca)

22c3 (Dako)
Pembrolizumab (Merck)

28-8 (Dako)
Nivolumab (BMS)

73-10 (Dako)
Avelumab (Merck KGaA)

Non-small cell lung cancer 
(NSCLC)

Complementary
Threshold: TC ≥50% or 

IC ≥10%
- Companion

TPS ≥1

Complementary
Threshold: TC ≥1% (increasing 

benefit for 5% and 10%)
-

Bladder Cancer
Companion
Threshold: 

IC ≥5% (IC2/3)

Complementary
Threshold(s): 

TC ≥25% (membranous), or ICP >1% and 
IC ≥25%, or ICP =1% and IC = 100%

Companion
Threshold: CPS ≥10

Complementary
Threshold: TC ≥1% 

Threshold: TC ≥5%

Melanoma Threshold: ≥1% - - Threshold: ≥1% -

Head and neck squamous cell 
carcinoma (HNSCC)

- - Companion
Threshold: CPS ≥1 

Complementary
Threshold: TC ≥1%

-

Kidney Cancer - - - Threshold: TC ≥1% -

Merkel Cell Carcinoma (MCC) - - - - Threshold: TC ≥1%

Gastric and Gastroesophageal 
Junction  (GE/GEJ)

- - Companion
Threshold: CPS ≥1 

- -

Esophageal (SCC) - - Companion
Threshold: CPS ≥10

- -

Cervical Cancer - - Companion
Threshold: CPS ≥1 - -

Hepatocellular Cancer (HCC) - - - Threshold: TC ≥1% -

Breast (TNBC) Companion
IC ≥1% (IC1/2/3)

- - - -

Vulvar Cancer (SCC) - - NCCN-recommended
CPS ≥1

- -

Complex State of PD-L1 Testing: Caris Uses the 
Right Assay for the Right Patient

3

PDL-1 Positive NSCLC Patients response to IO

N Engl J Med 2018; 378:2078-2092 DOI: 10.1056/NEJMoa1801005

4
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Responses are influenced by PDL-1 staining Percent

N Engl J Med 2018; 378:2078-2092 DOI: 10.1056/NEJMoa1801005

5
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The First Pan-Cancer FDA Drug Approval Based on a Molecular 
Marker: Microsatellite Instability

8
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What is MSI-H/dMMR? •

• MSI-H = microsatellite instability
• dMMR = deficient mismatch repair
• Causes of dMMR/MSI-H: 

– Mutation in DNA repair proteins
– Can occur in Lynch syndrome –
– Inactivation of DNA repair proteins

Why does this matter?

• Impairment in mismatch repair causes –
– Greatly increased number of mutations in tumors
– Some mutations (neo-antigens) may be targeted by immune system
– Pembrolizumab can facilitate immune system attack in some MSI-

H/dMMR cancers

10
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Mechanism of Action

11

Data resulting in the FDA Approval

12
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Distribution Across Cancer Types

Le et al. Science 2017

13

Strong response in MSI-H patients

N Engl J Med 2015; 372:2509-2520
DOI: 10.1056/NEJMoa1500596

14
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N Engl J Med 2015; 372:2509-2520 DOI: 10.1056/NEJMoa1500596

15

Sensitivity to PD-1 Inhibition in MSI-H Cancer 

1
6Le et al. Science 2017

16
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Traditional approach is to use PCR and 
compares tumor to normal across 5 loci

17

Distribution of 27 039 polymorphic 
microsatellite markers across the human 

genome

Tamiya (2005). Human molecular genetics. 14. 2305-21. 
10.1093/hmg/ddi234. 

18
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388

MSI PD-L1

TMB

886
252

64

3124

14942

2163

TMB High and MSI High vs. PD-L1 positive cases

MSI PD-L1

TMB

108

1286

42404

7

1860

34694

19160

All TMB, MSI and PD-L1 tested cases

19

Prognostic and predictive IHC biomarkers in 
cancer and immunotherapy

20
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TILs – Assessing Hot vs Cold tumors – prognostic 
capacity

Cytotoxic and memory T cells associate with 
favorable prognosis 

Fridman 2012 Nature Reviews: Cancer

Immunoscore was proposed as a method of classifying 
tumors by quantifying in situ T cells and cytotoxic T cells

ImmunoscoreCD3+ 
density/location

CD8+ 
density/location

The densities of CD3+ and CD8+ T cells are determined in 
the tumor center and invasive margin regions

Type, Density, and Location of Immune Cells Within Human 
Colorectal Tumors Predict Clinical Outcome

Galon 2012 Journal of Translational Medicine

Galon 2006 Science

CT

IM

21

Immunoscore – A consortium of 14 centers in 13 countries assessed a 
predefined Immunoscore assay in patients with stage I–III colon cancer 

2
2

Disease-free survival according to the Immunoscore
in patients with stage I–III colon cancers.

Immunoscore was stronger than all these clinical 
parameters at predicting survival and risk of recurrence

Pages et al. 2018. Lancet

Pages et al. 2018. Lancet

Pages et al. 2018. Lancet

Immunoscore has high-degree of 
predictive capacity

22
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International Immunooncology Biomarkers 
Working Group:

Strong prognostic role of stromal TILs in early-stage 
TNBC

23

Denkert 2018 Lancet

TIL concentration and response to 
neoadjuvant combination chemotherapy

Stromal TILs were quantified on H&E sections of core 
biopsies obtained before the start of neoadjuvant 
chemotherapy. 

N = 3771 patients

Stromal TILs were quantified on H&E sections from patients with early 
stage TNBC treated with anthracycline-based chemotherapy with or 
without taxanes

Loi 2019 Journal of Clinical Oncology

Have expanded standardized scoring of TILs to:
• Melanoma
• Gastrointestinal tract carcinomas
• Non-small cell lung carcinoma and mesothelioma
• Endometrial and ovarian carcinomas
• Squamous cell carcinoma of the head and neck
• Genitourinary carcinomas
• Primary brain tumors (Hendry 2017 Adv Anat Pathol. )
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However: T cell infiltration does not always associate with 
better prognosis; i.e. RCC and Prostate C.

Mella et al. 2015. OncoImmunology

Prostate carcinomaRenal cell carcinoma

Ness et al. 2014. The Prostate

Plausible explanations
• Immunosuppressive landscape that dampens T cell function (Tregs, M2 Macrophages, MDSCs,

TH2, TH17 )
• Increase in inhibitory molecules that downregulate T cell-mediated tumor-killing (checkpoint 

molecules, immunosuppressive cytokines)
• Low number of antigen-specific T cells (i.e. low TMB and subsequent low neoantigens)

24
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NCT03651271; currently recruiting for Advanced Metastatic Cancer

TILs – Assessing Hot vs Cold tumors – predictive 
capacity

25

This study will shed light on ‘hot’ vs ‘cold’ tumors by 
evaluating:
• TiME and functional state by m-IHC
• Deep dive into the functional state of immune 

cells using CyTOF
• Underlying genetics by whole exome and RNA 

sequencing
• Whether the gut microbiome influences 

responsiveness to treatment

Predictive biomarkers for response to immunotherapy

MMRd/MSI-H

Peripheral blood and 
microbiomeTIL landscape

2019

TMB

TiME and functional 
state

2015

PD-L1 
expression

2012 2017

First of its kind – treatment stratified by CD8+ T cell densityCurrently: only approximately 20%–40% of 
patients benefit from checkpoint inhibition 

- predictive biomarkers that maximize 
immunotherapy efficacy are needed

Rizvi et al. 2015 Science

Le et al. 2017 Science

Topalian et al. 2012 N. Engl. J. Med. 

Brahmer et al. 2012 N. Engl. J. Med. 
&

25

Bridging this gap – immunoprofiling for therapy 
prediction

Multiplex IHC – getting more from less
• Assessment of multiple parameters 

simultaneously on a single slide 
significantly decreases tissue 
requirement 

• Simultaneous analysis of multiple 
immune cells (and their functional 
states) allows for a deeper 
understanding of the TME
– Proximity between individual cells (i.e. spatial 

relationships) Adapted from Tsujikawa et al. 2017. Cell Reports

26
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Biomarker panel – hot vs cold tumors

Landscape/functional multiplex IHC panel: 6-plex + Tumor marker + DAPI
Marker Present on TiME function

CD3
Pan T lymphocytes (effector,
helper, cytotoxic, memory, 
regulatory, NK-T, γδ)

Cell-mediated immunity

CD8 CD3+CD8+ (Cytotoxic T cells)
CD3+CD8- (Helper T cells)

Cytotoxic - Tumor killing
Helper – regulate immune response

CD163 M2 Macrophages (TAMs)
Direct and indirect suppression of T 
cell function and recruitment
Hypoxia / fibrosis

FoxP3 Regulatory T cells Maintain immune homeostasis 
Suppress anti-tumor immunity

PD-1

• Activated/exhausted T cells
• B cells
• APCs
• NK cells

Inhibits T cell proliferation, survival, 
and effector function

Decreases expression of survival 
molecules

PD-L1

T cells
B cells
DCs
APCs
MDSCs
Tumor cells

Same as PD-1

Hot tumors
• High degree of T cell and cytotoxic T cell 
infiltration
• Checkpoint activation (PD-1, PD-L1)
Cold tumors
• Absence of T cells within the tumor  core 
and at the tumor margins
Altered-immunosuppressed tumors
• Poor T cell and cytotoxic T cell infiltration 
(or bordered at tumor margin)
• Presence of immune suppressive cells (M2 
macrophages, regulatory T cells)
• Active T cell checkpoints (PD-1, PD-L1)

28 open clinical trials targeting TAMs in 
combination with anti-PD-1/PD-L1 therapy -
as of 04/24/19

27

28

Orabona 2018 

1. CD3 – landscape - Pan-T cells 
2. CD8 – landscape – Cytotoxic T cells
3. PD-1 – function – T cell exhaustion
4. PD-L1 – function – T cell exhaustion
5. TIM-3 – function – T cell exhaustion
6. LAG-3 – function – T cell exhaustion

Immunomodulatory targets in active clinical trials T cell functional state multiplex IHC panel: 

LAG-3
• IMP321 – soluble anti-LAG-3 mAB
• LAG525 – anti-LAG-3 mAB
• BMS986016 - anti-LAG-3 mAB
• REGN3767 – anti-LAG-3 mAB
• Sym022 – anti-LAG-3 mAB
• TSR-033 – anti-LAG-3 mAB
• MGD013 – bispecific anti-PD-1 and LAG-3 mAB
• FS118 - bispecific anti-PD-L1 and LAG-3 mAB
• EOC312 – soluble anti-LAG-3 mAB

TIM-3
• TSR-022 – anti-TIM-3 mAB
• LY3321367 – anti-TIM-3 mAB
• MBG453 – anti-TIM-3 mAB
• Sym023 – anti-TIM-3 mAB
• BGB-A425 – anti-TIM-3 mAB
• INCAGN02390 – anti-TIM-3 mAB
• RO7121661 – bispecific anti-PD-1 and TIM-3 mAB

6-plex + Tumor marker + DAPI

NCT01968109 - anecdotal proof of principal
Patients with solid tumors that progressed on anti-
PD-1/PD-L1 therapy were treated with Anti-LAG-3 
(BMS-986016) + Nivo
• Interim results: ORR of 11.5% and disease 

control rate of 49%.
• In 33 patients with LAG-3 expression ≥ 

1% at baseline, the ORR was 18%; in the 
subgroup of these patients that also 
showed PD-L1 expression <1%, the ORR 
was 27%

Active TIM-3 and LAG-3 clinical trials:

28
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How would a clinician be able to use this data?

29

Expanding mIHC approach for precision medicine
Bethmann 2018 Current opinion in Immunology
• Automated staining methods will 

improve reproducibility of multiplex 
staining and allow for CLIA standards, so 
that multiplex staining can be used to 
make clinical decisions. 

• Ultimately, machine learning algorithms 
will aid to interpret data from tissue and 
lead to improved delivery of precision 
medicine. 

The effectiveness of immunomodulatory strategies is inherently dependent on the 
presence of tumor-associated (or circulating) immune components

29

30
Predictive effect of PD-1 to CD8 in patients diagnosed with NSCLC treated with 
nivolumab (E: DFS and G: OS): low PD-1/CD8 ratio corresponds with response

Mazzaschi et al, 2017

30
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31

CDK12-CyclinK complex bound to AMPPNP

CDK12 – An emerging IO Biomarker

31

32

Dixon-Clarke et al. 2015

CDK12 Gene Structure

• Located on chromosome 17q12
• 14 exons à 1490 amino acids à Molecular weight 164 kDa
• Arginine/serine-rich (RS) motifs: involved in pre-mRNA processing and NLS
• Proline-rich motifs (PRMs): binding sites for SH3 and WW domains 

– Suggests potential protein interaction partners from a wide range of signaling pathways

Liu et al. 2018 (review)

32
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CDK12 Function
33

Liu et al. 2018 (review)

CDK12-cyclin K complex

• CDK12 regulates gene transcription as a 
complex with cyclin K 
– Expression and alternative last exon (ALE) splicing 

of genes with long transcripts and large numbers of exons

• CDK12 knockdown leads to genomic 
instability
– Alteration of 2.67% of tested genes (microarray)

• Majority were downregulation of genes with large numbers of exons
– Enrichment of genes involved in DNA replication, recombination and repair 

centered on the BRCA1 module.  Significantly lower levels of BRCA1, ATR, 
FANCI and FANCD2.

– CDK12 required for optimal pre-mRNA processing of the MYC gene, with gene 
depletion reducing levels of polyadenylated MYC RNA

• CDK12 or cyclin K knockdown sensitized 
cells to DNA-damaging agents
– Suggests CDK12/cyclin K is a master regulator of proteins specifically involved 

in DNA damage repair (DDR) and response to DNA damage

33

CDK12 Alteration Prevalence in different cancer types

• Genomic alterations of the CDK12 gene across 
TCGA (as of May 2018)

34

Liu et al. 2018 (review)

34



11/5/19

18

CDK12 alterations in Prostate Cancer

• Inactivating biallelic CDK12 
mutations constitute a prostate 
cancer subtype

• CDK12 loss is associated with 
genomic instability and focal 
tandem duplications

• CDK12 loss leads to increased 
gene fusions, neoantigen
burden, and T cell infiltration

• Patients with CDK12 mutant 
tumors may benefit from 
immune checkpoint inhibition

35

Wu et al. 2018

35

CDK12 alterations more frequent in metastatic 
CR-Prostate Cancer

• Detected aberrations of CDK12 in 25/360 of 
mCRPC patients (6.9%), significantly higher than 
in primary PCa, 6/498 patients (1.2%)
– Majority of CDK12 mutations (83%) were truncating 

and resulted in the loss of the kinase domain
– Missense mutations were clustered around conserved 

residues in the kinase domain

36

• CDK12 has very low tolerability for germline loss-of-function variants
– No germline aberrations were detected Wu et al. 2018

36
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Mutual exclusivity of CDK12 mutation in mCRPC

• CDK12 loss was mutually exclusive with ETS fusions, mismatch repair 
deficiency (MMRD), SPOP mutations, and homologous recombination 
deficiency (HRD)

• “Biallelic BRCA2, CDK12, and ATM inactivating mutations were mutually 
exclusive”

37

Wu et al. 2018

Quigley et al. 2018

37

CDK12 loss results in a distinct pattern of 
Genome Instability

• CDK12 mutant tumors were baseline diploid, had few arm-level 
copy-number aberrations (except gain of 8q), and hundreds of focal 
copy-number gains 

• CDK12 biallelic inactivation was strongly associated with this form 
of genomic instability

38

Wu et al. 2018
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CDK12 loss results in distinct Structural Variation 
signature and Neoantigens

• CDK12 mutant has highest fusion burden, consistent with the large 
number of focal copy-number events generated by tandem duplications

39

• CDK12 mutant has highest Neoantigen Burden resulting from Fusions Wu et al. 2018

39

Response of CDK12 Mutant Patients to Anti-PD1 
Checkpoint Inhibitor IO-therapy

• Metastatic lymph node 
biopsy shows robust CD3 
staining 
– presence of T 

lymphocytes

• Marked decline in pelvic 
lymph node disease 
burden following anti-
PD1 treatment
– Suggests mCRPC

patients who harbor 
biallelic CDK12 loss may 
have a higher likelihood 
of response to IO-
therapy

40

40
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Prevalence of Biallelic CDK12 alteration across 
All Cancer Types

• Biallelic CDK12 alterations 
were defined as: 
a) mutations with loss of 

heterozygosity (LOH) at the 
wild-type allele, as 
determined by zygosity
status 

b) copy number loss 
(homozygous deletion)

c) ≥2 CDK12 GAs in a given 
sample

41

Cancer types with N > 50 CDK12-MT cases 

41

42

CDK12: an emerging biomarker of Response to IO therapy

• With the incorporation of WTS to the Caris
tumor profile, all gene fusion events can be 
detected and mapped back to the genome to 
assess the changes in genome structure

• Fusion sequences can also be examined for 
immune epitopes to identify antigenic peptides 
that may invoke an immune response

• We have identified cases with CDK12 alterations 
across multiple cancer types to evaluate the 
potential of CDK12 as pan-tumor biomarker of 
response to IO therapy
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Prevalence of CDK12 Alterations in Caris Database

CDK12 Monoalle lic L OF
CDK12 Bia lle lic LO F

• In prostate and ovarian cancer, biallelic inactivation of CDK12 is associated with a unique 
genomic structural variant phenotype characterized by focal tandem duplication events
• These duplication events often result in gene fusions that increase neoantigen burden

(Adapted from 
Wu et al., 2018)

42



11/5/19

22

Fusion Rates associated
with Biomarker Subgroups

• Cases stratified into subgroups based 
on biomarker analysis
– CDK12 subgroup = CDK12-Biallellic LOF
– Multiple subgroup = cases with various 

combination of biomarker alterations 
– Pan-WT subgroup: cases lacking 

alterations for each biomarker listed
• High fusion rate associated with CDK12 

subgroup
• Several Pan-WT cases also show high 

fusion rates 
– Suggests additional driver mutations of 

high fusion rate remain to be discovered
Biomarker Subgroups

Fu
sio

ns
 D

et
ec

te
d

43

High neo-antigen burden correlates with increased fusion rate

• Immune Epitope Database (IEDB) MHC-I binding prediction:
– Peptide libraries generated from fusion sequences for each fusion isoform detected by WTS
– HLA genotyping performed to enable prediction of HLA allele-specific affinities for each peptide
– Interpretation of peptide affinities based on guidelines reported by IEDB:

• “Peptides with IC50 values <50 nM are considered high affinity, <500 nM intermediate affinity and <5000 nM low affinity. Most known epitopes have high or 
intermediate affinity. Some epitopes have low affinity, but no known T-cell epitope has an IC50 value greater than 5000”

Fusions Detected

High Affinity Peptides
(IC50 < 50 nM)

44
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• Immune Epitope Database (IEDB) MHC-I binding prediction:
– Peptide libraries generated from fusion sequences for each fusion isoform detected by WTS
– HLA genotyping performed to enable prediction of HLA allele-specific affinities for each peptide
– Interpretation of peptide affinities based on guidelines reported by IEDB:

• “Peptides with IC50 values <50 nM are considered high affinity, <500 nM intermediate affinity and <5000 nM low affinity. Most known epitopes have high or 
intermediate affinity. Some epitopes have low affinity, but no known T-cell epitope has an IC50 value greater than 5000”

High neo-antigen burden correlates with increased fusion rate

Fusions Detected

High Affinity Peptides
(IC50 < 50 nM)

45
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CarisLifeSciences.com

twitter.com/CarisLS

facebook.com/CarisLifeSciences

linkedin.com/company/caris-life-sciences

Thank you!
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Comprehensive 
Molecular Profiling: 
Clinical Utility
EGFR, ALK, KRAS, Her-2 
with Tissue Specificity

Sachdev Thomas, MD
Hematology/Oncology 
Genomic Oncology Lead- Kaiser 
Permanente Northern California. 

November 5, 2019

1

2 © 2019 The Permanente Medical Group

EGFR, ALK, HER-2 K-RAS : Tissue specificity

EGFR NON SMALL CELL CA LUNG

ALK

HER-2 BREAST CA, GASTRIC/GE JN

COLON CA

K-RAS

2
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EGFR, ALK, HER-2 K-RAS : Tissue specificity

EGFR NON SMALL CELL CA LUNG

ALK Neuroblastoma( pediatric), Anaplastic Large Cell Lymphoma

HER-2 BREAST CA, GASTRIC/GE JN, COLON, NON SMALL CELL LUNG, 
SALIVARY GLAND

COLON CA, NON SMALL CELL LUNG 

K-RAS

3

4 © 2018 The Permanente Medical Group

EGFR DIRECTED THERAPY IN EGFR  MUTANT NSCLC

4
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EGFR IN NON SMALL CELL CA LUNG 

© 2019 The Permanente Medical Group5

5

6 © 2018 The Permanente Medical Group

ALK in NON SMALL CELL LUNG CA

6
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CAP /NCCN GUIDELINES 2016

7

EGFR Testing Rates Internationally

Presented By Nathan Pennell at 2019 ASCO Annual Meeting

8
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2916 NCCN GUIDELINES NSCLC

9

10 © 2018 The Permanente Medical Group

2016 NCCN GUIDELINES

10
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11 © 2018 The Permanente Medical Group

2016  Landscape NSCLC

11

12 © 2018 The Permanente Medical Group

…and a few more. 

12
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13

N S C L C - N C C N  G u i d e l i n e s

14

KRAS p.G12C and STK11 and or KEAP1 next likely biomarker to be added?

14
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Detection Methodologies

15

16 © 2018 The Permanente Medical Group

FACTORS INFLUENCING MOLECULAR TESTING IN 
NSCLC

CLINICS AND HOSPITALS OFTEN TEST ONE OR TWO ALTERATIONS AT A TIME 
USING 

IHC
FISH
PCR BASED METHODS, EITHER SEQUENTIALY OR IN A MULTIGENE 
PANEL

COSTS RANGE FROM $400 FOR SINGLE ALTERATION OR $3200 FOR MULTIGENE 
PANELS. 
Foundation One CDx, an FDA-approved panel that detects mutations in 324 genes, has a list 
price of~ $5800.

Caris Molecular Intelligence costs~ $6500. 

One analysis of claims data pegged the cost of a broad NGS panel at $2860 for commercial 
payers, while Medicare would pay $627.50.(Pennell NA, Mutebi A et al JCO Precis Oncol. 2019;3:1-9.)

16
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Testing Rates for NCCN Recommended Alterations : NSCLC 

17

18 © 2018 The Permanente Medical Group

EGFR in NSCLC

18
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EGFR in NSCLC

19

20 © 2018 The Permanente Medical Group

ALK ALTERATIONS

20
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21 © 2018 The Permanente Medical Group

NGS: Targeted sequencing with initial sequence 
enrichment. Hybrid capture/Amplicon( PCR)

21

22 © 2018 The Permanente Medical Group

WHAT IS THE BEST WAY TO TEST…?

SINGLE GENE TESTS

• Fast

• Require less material per test- maybe

• Reimbursed by Insurance

• Only viable for limited number of tests

NGS/BROAD PANEL
• Longer TAT than single gene
• Require more material

• Cost more than a single gene test

• Can cover all genes of interest both 
currently recommended and emerging 
targets

22
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SINGLE GENE TESTS ARE NOT TISSUE SPARING

23

24 © 2018 The Permanente Medical Group

THE COST ISSUE

24
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NGS versus Single Gene<br />Results

Presented By Nathan Pennell at 2019 ASCO Annual Meeting

25

26 © 2018 The Permanente Medical Group

REIMBURSEMENT

Three FDA-approved NGS tests for patients with NSCLC
1) Oncomine( limited genes)

2) MSK-IMPACT( Integrated Mutation Profiling of actionable Cancer Targets)

3) Foundation One CDx ( F1CDx)

CMS approved coverage of NGS testing under the Parallel Review Program
Private payer coverage for NGS testing is variable. 

26
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My Conclusion for Molecular testing EGFR, ALK in the 
context of NSCLC- Clinical Utility

A single test, Comprehensive Molecular 
Profiling ( NGS) covering all markers is more 
tissue and cost efficient and will likely result in 
a higher rate of successful testing. 

However…this is still a lab test. 

27

28 © 2018 The Permanente Medical Group

CASE 1.  

Patient with Metastatic NSCLC- adenocarcinoma with Exon 19 del diagnosed in 
2016. 

28
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CASE

Patient with Metastatic NSCLC with Exon 19 del. EGFR C797S

29

30 © 2018 The Permanente Medical Group
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Genotype is not destiny, 
phenotype is…

© 2018 The Permanente Medical Group
3
1
31

Case: 
Pt with Met Lung CA:

Pt had been  treated with Erlotinib and  responded. 

Upon progression, original sample was sent for NGS

PIK3CA c.1633G>A (E545K)In Lung:  Will m-Tor inhibitors work

32
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Case: 
Pt with Met Lung CA:

Pt had been  treated with Erlotinib and  responded. 

Upon progression, original sample was sent for NGS

33

34 © 2018 The Permanente Medical Group

Patient with progression after Erlotinib

Based on the NGS test results you would recommend

1. Trial of Everolimus.

2. Trial of Palbociclib

3. Trial of Abemaciclib approved for PIK3CA E545K alteration.

4. None of the above. 

34
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35 © 2018 The Permanente Medical Group

Rates of Grade III/IV toxicities with m-TOR and CDK 4&6 
inhibitors  

EVROLIMUS. PALBOCICLIB

35

36 © 2018 The Permanente Medical Group

NSCLC: m-TOR inhibitors, PIK3CA inhibitors, 

36



11/5/19

19

37 © 2018 The Permanente Medical Group

REPORTING OF NGS RESULTS

37

Reporting

Most reports are designed to provide evidence that every tested patient may benefit 
from the test. 

Actionability is one of the most abused words in precision oncology/. 

Providing treatment recommendations without a full history is nearly impossible. 

Transparency in details is critical

38
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© 2018 The Permanente Medical Group

November 5, 2019

Comprehensive Molecular 
Profiling: Clinical Utility. 

HER-2

39

40 © 2018 The Permanente Medical Group

Comprehensive Molecular Profiling: Clinical Utility, 
Her-2 with Tissue Specificity

HER-2 BREAST CA, GASTRIC/GE JN, COLON, NON SMALL CELL LUNG, 
SALIVARY GLAND. 
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Comprehensive Molecular Profiling: Clinical Utility, 
Her-2 with Tissue Specificity

BREAST CANCER: 

Most patients with newly diagnosed  advanced/metastatic breast cancers are triaged 
on the basis of ER/PR, Her-2 status. 

Until May 2019- No FDA-labelled indications based on somatic alterations in breast 
Ca. 

41

CASE 2. 

37 yr. old female diagnosed with Invasive  ductal  multifocal Breast Ca, ER+, PR+, Her2 Equivocal by 
IHC and FISH, S/P MRM + ALND May 2016

After surgery treated with AC-TH followed by TAMOXIFEN. 

Sacral Met July 2017. Biopsy confirmed. ER+, Her2 equivocal by IHC

FISH Studies: X 2 : 

Oophorectomy Nov 2017 + Palliative XRT

Palbociclib + Fulvestrant Dec 2017

August 2018: Liver Lesion. 

FNA consistent with Met ductal breast Ca, 
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NGS TEST RESULTS 

43

Is the ERBB2 a TRUE POSITIVE?

Yes. ERBB2 is the gene in solid red bubbles right above the up arrow in the filter column (towards the right).

44
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Clinical  Trial Recommendation. 

45

© 2018 The Permanente Medical Group

November 5, 2019

HER-2

COLORECTAL CA
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Comprehensive Molecular Profiling: Clinical Utility, 
Her-2 with Tissue Specificity: Colon CA. 

47

48 © 2018 The Permanente Medical Group

Comprehensive Molecular Profiling: Clinical Utility, 
Her-2 with Tissue Specificity: Stomach, Salivary, 
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Comprehensive Molecular Profiling: Clinical Utility, 
Her-2 with Tissue Specificity-

IT DEPENDS ON THE  TISSUE…

The role of NGS/Comprehensive molecular profiling for a patient with newly 
diagnosed metastatic breast is CA and perhaps gastric /GE Jn is limited. 

NGS has utility in 2nd line setting for metastatic breast CA

Comprehensive molecular profiling to screen  for HER-2 amplification in RAS WT 
metastatic Colon Ca should be considered. 

Testing can identify highly actionable alterations other than HER-2 
amplification; BRAF V600E, NTRK and MSI

49

COLON CANCER MOLECULAR PROFILE

Presented By Josep Tabernero at 2018 ASCO Annual Meeting
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CMS subtypes – clinical and molecular correlates

Presented By Josep Tabernero at 2018 ASCO Annual Meeting

51
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Comprehensive Molecular 
Profiling: Clinical Utility.

KRAS
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Comprehensive Molecular Profiling: Clinical Utility, 
KRAS with Tissue Specificity- COLON 

53

54 © 2018 The Permanente Medical Group

Comprehensive Molecular Profiling: Clinical Utility, 
KRAS with Tissue Specificity- COLON 
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Comprehensive Molecular Profiling: Clinical Utility, 
KRAS with Tissue Specificity- COLON 

55

56 © 2018 The Permanente Medical Group

Comprehensive Molecular Profiling: Clinical Utility, 
KRAS with Tissue Specificity- COLON 

KRAS testing in colon ca can be performed using single gene test. 

In clinical practice MSI status is usually available via standard IHC methods

However, abnormal HER2 gene function is found in 3% of mCRC cases;

Amplifications and mutations occur in approximately 6% to 8% of RAS/RAF wild-
type CRC

The  category, in turn, accounts for about 50% of the tumor type. 
Comprehensive Molecular profiling has clinical utility for KRAS status as it can 
provide additional information : ERBB2 amplification, activating mutations and MSI 
status. 
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Comprehensive Molecular Profiling: Clinical Utility, 
KRAS with Tissue Specificity- NSCLC

57

© 2018 The Permanente Medical Group

November 5, 2019

Comprehensive Molecular 
Profiling: Clinical Utility.

NGS 

58



11/5/19

30

Bladder Cancer Molecular Profile

59

TGGA . Kandoth et al;  Nature 2013
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Comprehensive Molecular Profiling: Clinical Utility-
EGFR, ALK, KRAS, Her-2 with Tissue Specificity

CONCLUSIONS: 

Utilization of a single test Comprehensive Molecular Profiling for EGFR, ALK, KRAS, 
HER-2 and other alterations in NSCLC is efficient and should be widely adopted in 
routine practice. 

Comprehensive Molecular profiling in advanced breast cancer currently is most 
useful for enrolling patients to clinical trials 

It is appropriate to utilize NGS testing for identification of therapeutic targets in 
advanced colorectal ca; however, additional test such as IHC/FISH  for HER-2 
amplification /expression may be needed. 

61
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November 5, 2019

THANK YOU

62



 

Precision Oncology Symposium 
Biomarkers with Cross-Disease Relevance    

Philip C. Mack, PhD 
NOTES 

  



11/5/19

1

Novel and Emerging targets: 
NTRK, FGFR, and beyond

Sai-Hong Ignatius Ou, 
MD PhD

ANCO-UCSF Precision 
Oncology Symposium

November 8, 2019

Health Science Clinical Professor
Chao Family Comprehensive Cancer Center

University of California Irvine School of 
Medicine

Orange, CA92868, USA

siou@uci.edu

1

Disclosure

Stock Ownership Turning Point Therapeutics (TPTX)
Scientific 
Advisory Board

Turning Point Therapeutics (former), AnHeart Therapeutics

Speaker Bureau Pfizer, Astra Zeneca, Roche/Genentech, Takeda/ARIAD, 
Merck

Consultant Pfizer, Roche/Genentech, Astra Zeneca, Takeda/ARIAD
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Human Receptor Tyrosine Kinases (N = 58, divided into 20 sub-families)

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

3

Approved drugs

• NTRK1-3 (TRK A-C) (RTK fusion)
• Entrectinib, Larotrectinib

• FGFR (RTK fusion and RTK mutations)
• FGFR fusion (FGFR2, FGFR3)
• FGFR mutations

• NRG1 fusion (ligand fusion)
• None

4



11/5/19

3

Human Receptor Tyrosine Kinases (N = 58)

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

5

TNRK fusions were discovered years ago and only in recent years been “recognized” as a 
therapeutic target

Cocco, Nat Rev Clin Oncol 2018; 15:  731-747

6
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NTRK fusions involve multiple partners

Cocco, Nat Rev Clin Oncol 2018; 15:  731-747

7

NTRK fusions are oncogenic in multiple organs in adult and pediatric population

Cocco, Nat Rev Clin Oncol 2018; 15:  731-747

8
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NTRK bloackade have a diverse and unique side effects

Cocco, Nat Rev Clin Oncol 2018; 15:  731-747

9

Two TRK TKIs have been approved by the FDA

10
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RNA sequencing increases the detection rate of actionable driver mutations 
especially RTK and Ligand fusions

Benayed et al, CCR 2019

11

Human Receptor Tyrosine Kinases (N = 58)

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

12
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FGFR fusions in NSCLC

Wang et al, Clin Cancer Res 2014; 20; 4107-4114

13

FGFR3 and TACC 3 exons

Kurobe et al, PLosOne 2016;11(12):e0165109

14
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FGFR3-TACC3 is one of the most common RTK fusion variant in 
solid tumors

Yoshihara et al, Oncogene 2015;10: 4845-4854

15

16
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NEJM2019; 381: 338-348

17

Zhu, Klempner, Ou
Trends in Cancer 2019 online now

18
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Human Receptor Tyrosine Kinases (N = 58, divided into 20 sub-families)

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

19

Discovery of g-
heregulin,  a NRG1 

variant that contains 
an unique 5’ amino 
acid sequence from 
MDA-MB-175 breast 

cancer cell line

Identification of 
DOC4-NRG1 
fusion from 

MDA-MB-175 
breast cancer cell 

line

Identification 
of 

CD74-NRG1, 
SLC3A2-NRG1, 
and VAMP2-

NRG1 in NSCLC

Identification of 
NRG1 chromosomal 

breakpoints in breast 
and pancreatic 
cancer cell lines

Identification of 
NRG1 

chromosomal 
breakpoints in 

breast, ovarian,  
and. SqCC of lung 

tumor samples

Reports of 
clinical activity 
of afatinib, a 

pan-HER 
inhibitor In 

NRG1+ NSCLC

Identification of 
ATP1B1-NRG1

and other 
complex NRG1 
fusions in KRAS
wt pancreatic 

adenocarcinoma

Survey of 
NRG1+ fusions 

by RNA 
sequencing in 
>20,000 solid 
malignancies

1997 1999 2003 2004 2014 2017 2018 2019 2020

??????

20
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Neuregulin-1 (NRG1) Fusion

Fernandez-Cuesta & Thomas 
Clin Cancer Res 2015; 21: 1989-1994

Dimou & Camidge 2019 CCR

21

NRG1 fusions constitutes a minority of Invasive Mucinous Adenocarcinoma (IMA) 
(N = 162)

Cha & Shim, TLCR 2017; 6: 508-512

22



11/5/19

12

Potential using p-HER3 IHC as a screening strategy

Fernandez-Cuesta et al, Cancer Dis 2014; 4: 415-422

Sensitivity 100%
Specificity 97.5%

23

Frequency of NRG1 fusions in solid malignancies

Jonna et al, Clin Cancer Res 2019; 25: 4966-4972

24
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IMA
61%

AdenoCA NOS
29%

AdenoCA, acinar
1%

AdenoCA, papillary
2%

SqCC
6%

Other
1%

Distribution of histology of NRG1+ NSCLC

Nagasaka & Ou J Thorac Oncol 2019;14: 1354-1359

25

NRG1 gene has many splice forms

• Type I-III (major)
• Type IV-VI (minor)
• EGF motif is located immediate 5’ of the TMD of NRG1, and is 

proteolytically cleaved after the full-length neuregulin protein is 
translated
• EGF motif is located at exon 6
• NRG1 fusion is more complicated in Pancreatic Adenocarcinoma than 

in NSCLC

26
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Multiple transcription start sites in NRG1

Exon 2 Exon 6111 KB955 KB

28

Fusion partners identified in NRG1+ NSCLC
Number Fusion Partner Fusion breakpoint Reference

1 CD74 CD74-NRG1 Fernandez-Cuesta, Cancer Discovery, 2014

2 SLC3A2 SLC3A2-NRG1 Nakaoku, Clin Cancer Res, 2014

3 SDC4 SDC4-NRG1 (S4,N6) Dhanasekaran, Nat Commu 2014

4 RBPMS RBPMS-NRG1 (R6,N6) Dhanasekaran, Nat Commu 2014

5. WRN (SqCC) WRN-NRG1 Dhanasekaran, Nat Commu 2014

6 VAMP2 VAMP2-NRG1 Jung, J Thorac Oncol, 2015; Shim, J Thorac Oncol 2015

7 KIFI3B KIFI3B-NRG1 Xia, International J. Surgical Pathology, 2017

8 THAP7 THAP7-NRG1 (T6, N6) Drilon, Cancer Discovery, 2018

9 SMAD4 SMAD4-NRG1 Drilon, Cancer Discovery, 2018

10 ATP1B1 ATP1B1-NRG1 (A2,N2) Jonna, Clin Cancer Res 2019 

11 TNC TNC-NRG1 (T11, N6) Jonna, Clin Cancer Res 2019

12 MDK MDK-NRG1 (M5, N6) Jonna, Clin Cancer Res 2019

13 MRPL13 MRPL13-NRG1 (M3,N2) Jonna, Clin Cancer Res 2019

14 DIP2B DIP2B-NRG1 (D2, N2) Jonna, Clin Cancer Res 2019 

15* ROCK1 ROCK1-NRG1 (R1, N2) Jonna, Clin Cancer Res 2019 

16* PARP8 PARP8-NRG1 (P2, N2)* Jonna, Clin Cancer Res 2019

17* DPYSL2 DPYSL2-NRG1 (D8, N2)* Jonna, Clin Cancer Res 2019

18 ITGB1 ITGB1-NRG1 (I5, N2) Pan, JTO 2019

*out of frame variant of unknown significance

29
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CD74
47%

SLC3A2
16%

Unknown
13%

SDC4
7%

RBPMS
2%VAMP2

2%ATP1B1
1%

DIP2B
1%

DPYSL2
1%

ITGB1
1%

MDK
1%

MRPL13
1%

PARP8
1%

ROCK1
1%

SMAD4
1%

THAP7
1%

TNC
1%

WRN
1%

Modified from Nagasaka & Ou J Thorac Oncol 2019;14: 1354-1359

Distribution of 5’Fusion partners in NRG1+ NSCLC (N = 99)

30

Fusion partners identified in NRG1+ Pancreatic Adenocarcinoma

Number Fusion Partner Fusion breakpoint Reference
1 CD74 CD74-NRG1 Drilon 2018

2 ROCK1 ROCK1-NRG1 Drilon 2018

3 ATP1B1 ATP1B1-NRG1 Heining 2018, Jonna 2019

4 APP APP-NRG1-APP Heining 2018

5. SARAF (5’), CHD6 (3’) SARAF-NRG1-CHD6 Heining 2018

6 CDH1 CDH1-NRG1 Jonna 2019

7 CVTCN1 VTCN1-NRG1 Jonna 2019

*out of frame variant of unknown significance

31
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Distribution of 5’Fusion partners of NRG1+ Pancreatic adenocarcinoma (N = 12)

APP
17%

ATP1B1
42%

CD74
9%

CDH1
8%

ROCK1
8%

SARAF
8%

VTCN1
8%

32

NRG1+ Pancreatic ADC has more complex re-arrangements

Heining et al, Cancer Disc 2018; 8: 1087-1095Jone et al, Clin Cancer Res 2019; 25: 4674-4681

33
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Nano-string (differential exon expression) approach

Jones et al, Clin Cancer Res 2019; 25: 4674-4681

Heining et al, Cancer Disc 2018; 8: 1087-1095

34

List of fusion partners in other NRG1+ solid malignancies

Solid tumor NRG1 fusion Reference
Breast FOXA1-NRG1 Drilon 2019

AKAP13-NRG1 Drilon 2019
ADAM9-NRG1 Jonna 2019

COX10-AS1-NRG1 Jonna 2019
Bladder cancer GDF15-NRG1 Jonna 2019
Cholangiocarcinoma ATP1B1-NRG1 Jones 2017, Jonna 2019

NOTCH2-NRG1 Jonna 2019
Colorectal adenocarcinoma POMK-NRG1 Jonna 2019
Head and Neck cancer THBS1-NRG1 Drilon 2018

PDE7A-NRG1 Drilon 2018
Ovarian adenocarcinoma RAB3IL1-NRG1 Drilon 2018

TSHZ2-NRG1 Jonna 2019
SETD4-NRG1 Jonna 2019

ZMYM2-NRG1 Jonna 2019
Prostate adenocarcinoma NRG1-STMN2* Drilon 2018
Renal cell carcinoma PCM1-NRG1 Drilon 2018

RBPMS-NRG1 Jonna 2019
Sarcoma WHSC1L1-NRG1 Jonna 2019
Sinonasal teratocarcinosarcoma HMBOX1-NRG1 Jonna 2019
Uterine NRG1-PMEPA1* Drilon 2019

35
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List of case reports of inhibiting HER2/3 in NRG1 fusions

Case Age Sex NRG1 fusions variant Solid malignancies Treatment 
modality

Duration of 
Response

References

1 42 M SLC3A2-NRG1 LUAC Afatinib 40 mg qD 12 months Gay
2 62 M CD74-NRG1 LUAC (mucinous) Afatinib 40 mg qD 10 months Gay
3 43 F SDC4-NRG1 LUAC Afatinib 30 mg qD 12 months Jones
4 38 F ATP1B1-NRG1 Intrahepatic cholangiocarcinoma Afatinib 8 months Jones
5 62 F CD74-NRG1 Lung IMA Afatinib 40 mg qD 6.1 months 

(26 weeks)
Cheema

6 81 M CD74-NRG1 Lung IMA Afatinib 40 mg qD Stable disease 
for 6 weeks

Drilon

7 56 F SDC4-NRG1 Lung IMA Afatinib 40 mg qD Progression 
disease

Drilon

8 51 M CD74-NRG1 Lung IMA Afatinib 40 mg qD Progressive 
disease 

Drilon

9 86 M CD74-NRG1 Lung IMA GSK2849330* 
(anti-HER3 mab)

19 months** Drilon

10 55 F SLC3A2-NRG1 Lung IMA Lumretuzumab*** 
+ erlotinib

Stable disease 
for ~ 3.8 
months

Kim

11 42 F SLC3A2-NRG1 Lung IMA Lumretuzumab + 
erlotinib

Stable disease 
for ~ 3.8 
months

Kim

*inhibits NRG1 binding to HER3 and inhibits HER3 heterodimeriziation
** no response to afatinib after disease progression on GSK2849330
*** lumretuzumab is a antiHER3 monoclonal antibody
IMA: Invasive mucinous adenocarcinoma; M:Male; F:Female; LUAC: lung adenocarcinoma; mab:monoclonal antibody

36

Schram et al, 
Triple meeting Boston,  MA

October 27, 2019 

NCT02912949
MCLA-128

Zenocutuzumab

37
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US commercial labs identification of NRG1+ fusions (my two patients)

FMI Hybrid capture DNA NGS

Whole Transcriptome sequencing 
Using Nova Seq 6000 system

38

Summary

• NTRK and NRG1 fusions are very rare
• FGFR3-TACC3 fusions are an important driver mutations among 

FGFR1-4 fusions
• One pan FGFR inhibitor has been approved by the US FDA

• RNA sequencing (targeted or whole transcriptome sequencing) 
increase the detection rate/frequency/incidence of actionable driver 
mutations and will be linchpin for identifying these rare TRK and 
NRG1 fusions

39
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Disclosures

§ No monetary or other affiliations with commercial entity 
of relevance

§ No desire to promote/defame any company

§ First exposure to NGS platform for patients while at 
Stanford, Foundation One 2012

§ Where I work: Pacific Cancer Care 
6 Oncologists/hematologists and 4 RNPs

§ I spend (like you) an unbearable amount of time on 
peer-to-peer calls, letters, reviews, appeals
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When is Precision Oncology Relevant?

§ When is it NOT?
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Relevant Definitions

§ Precision Oncology, broadly stated, is any test/ 
treatment that is highly specific to patient, disease, or 
tissue

§ Here, specifically mean germline and somatic mutation 
panels

NOT lung (EGFR, BRAF, ALK, ROS1), colorectal (RAS/RAF), 
breast (ER/PR, HER2), PDL1

§ Current panels detect mutations, rearrangements, 
deletions/insertions, frame-shifts, over-expression, 
sometimes RNA, protein expression
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Question 1: 

§ How many Genetic/NGS panels do you personally 
order per month?

1. 0-2

2. 3-5
3. 5-10

4. >10
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Precision Oncology: Patient Access

§ Necessary and sufficient for Access:
Patient Need?  à. 

Test Available? à. 

Provider Knowledge à. 

Test Covered AND/OR Reasonably Priced
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California Cancer Statistics 
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Precision Oncology in Community Practice

§ Where are patients treated?
Community practices still treat > 50% of patients (COA, 2016)

§ Cancer care growing complexity
Disease Breadth 
Patient Volume
Aging population
Diagnostic Options
Treatment Decisions
Payers
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Practice Pressures

ASCO State of Cancer, 2017
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Need: Whom Should We Test?

§ Somatic testing
When?

Upfront, or wait until burn through standard options?
Where?

Primary or metastatic sites

§ Germline testing
Any ovarian cancer, or family history
Breast with risk factors*
Any pancreatic cancer
High risk prostate
Others ?????
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Germline: NCCN HBOC
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Germline: NCCN Prostate Cancer
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Pancreas: POLO Treatment Implications

N Engl J Med 2019; 381:317-327
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Precision Oncology: Patient Access

§ Necessary and sufficient for Access:
Patient Need?  à. 

Test Available? à. 

Provider Knowledge à. 

Test Covered AND/OR Reasonably Priced
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Available: Germline Testing Options

OR
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Available: Somatic Mutation Testing
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Question 2

§ How comfortable do you feel choosing somatic or 
germline testing in general?

1. I always know exactly what panel

2. I’m fairly comfortable ordering

3. I’m somewhat Uncomfortable ordering
4. Honestly, often I have no idea which one



18Stanford Cancer Institute 1818

Question 3

§ Estimate the percent of your patients’ care positively 
impacted (ie, improved OS or PFS) as a result of 
somatic tumor profiling.

§ 1. <1%
§ 2. 1-5%

§ 3. 5-20%

§ 4. 20-50%
§ 5. all of them
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Precision Oncology: Patient Access

§ Necessary and sufficient for Access:
Patient Need?  à. 

Test Available? à. 

Provider Knowledge à. 

Test Covered AND/OR Reasonably Priced



20Stanford Cancer Institute 2020

Access to Drugs
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Knowledge:  Does it make a difference?
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KYT Program

§ 640 pancreatic cancer patients

§ 172 (27%) with “highly actionable” mutations

§ 17 (2.7%) treated with identified targeted drug
§ PFS 4.1mo vs 1.9mo, OS non-sig improvement
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Pacific Cancer Care/ My Practice

§ Germline
Consistent with guidelines, adherent to common sense
72 in 2018 (3.5 med/onc)

§ Somatic Panels
Since 2013:

> 150 ordered 
Foundation: 111 reports, 10 in process, 43 cancelled

Practice 2018: 67 
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Question 4

Have you ever had a patient file bankruptcy because of 
cancer care? 

1. Yes

2. No
3. I don’t know

4. I’m too afraid to answer
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Cost of Care

§ Survey 2012 LIVESTRONG
1/3 working-age patients in debt after cancer
>50% more than $10k
3% file bankruptcy

§ Cost of cancer drugs can exceed $100k/year

§ Imaging

§ Hospitalization costs ($2-4k/day)
§ Loss of work

Health Aff (Millwood). 2016 Jan;35(1):54-61.

https://www.ncbi.nlm.nih.gov/pubmed/26733701
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Cost to Patients: ASCO State of Cancer 
2017

Percentage of staff that discuss cost of care with patients
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California Payers

§ We have >100 payers, different processes, contacts, 
payment rules, etc.

§ 2013 study: 1/3 had some kind of policy, moderate 
consistency, half specifically excluded a genetic test

Personalized Medicine. 2013;10(3):235-243.
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Cost/Coverage

“Most health insurance plans will cover the cost of 
genetic testing when recommended by a 

physician. However, all coverage and reimbursement 
is subject to Medicare, Medicaid, and third-party 

payer benefit plans. Therefore, ASCO strongly 
encourages you to verify with the patient’s insurer to 

understand what type of services will be covered.”
-ASCO 2019 website

https://www.asco.org/practice-guidelines/cancer-care-initiatives/genetics-toolkit/genetic-testing-coverage-reimbursement

https://www.asco.org/practice-guidelines/cancer-care-initiatives/genetics-toolkit/genetic-testing-coverage-reimbursement
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Medicare, ACA

§ Medicare: Tests performed in the absence of signs, 
symptoms, complaints, or personal histories of disease 
or injury are not covered unless explicitly authorized by 
statute..

“…therefore, Medicare does not currently provide coverage for 
genetic testing in individuals without a personal history of 
cancer. [except]:

[BRCA1/2 meeting criteria…]
[CRC meeting criteria…]”

§ ACA: esssential health benefits clause only covers 
BRCA1/2
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Sample Germline Plan Policy

§ Aetna considers genetic testing medically necessary to 
establish a molecular diagnosis of an inheritable 
disease when all of the following are met:

àThe member displays clinical features, or is at direct risk of inheriting 
the mutation in question (pre-symptomatic); and
àThe result of the test will directly impact the treatment being 
delivered to the member; and
àAfter history, physical examination, pedigree analysis, genetic 
counseling, and completion of conventional diagnostic studies, a 
definitive diagnosis remains uncertain, and one of the following 
diagnoses is suspected (this list is not all-inclusive); and
àDisease-specific criteria met.

?
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Cost of genetic testing

§ $150 - $20,000

§ Most range $500-$1500

§ Overwhelmingly this has not been a barrier to testing
***with exceptions



32Stanford Cancer Institute 3232

The Industry is our Ally

§ Invitae offers FREE genetic testing and counseling for 
patients diagnosed with

Pancreas adenocarcinoma
Pancreas NET
Prostate cancer stage II+

§ Most (if not all) companies have policies to not go after 
patients and will work not only with them, but for them
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Help is out there!
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ANCO Advocacy

§ Part of ANCO mission, to advocate for providers and 
patients, communicates concerns with DHS, 
Sacramento, private insurers

§ Supports/Opposes relevant State and National 
Legislation with the help of Noteware and Rosa 
Government Relations

§ AB1860 - $250 monthly cap oral medication legislation
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Conclusion: Challenges/Gaps

§ Identifying which patients to test evolving

§ Date of Service Rule

§ Duplicate testing
§ Drug coverage once identified target?

§ Interpreting tests and finding therapies



36Stanford Cancer Institute 3636

Conclusion: The Good News

§ Supreme court says you can’t own a gene

§ NGS is getting cheaper, faster, more efficient, with 
higher genome coverage and fidelity

§ More ”options” exist

§ Industry has been supportive thus far
§ ASCO, ASH, ANCO and other organizations are 

advocating for our patients 



37Stanford Cancer Institute 3737

Conclusion

§ Necessary and sufficient for Access:
Patient Need?  à MOSTLY, YES

Test Available? à YES

Provider Knowledge à YES?

Test Covered AND/OR Reasonably Priced 

SO FAR SO GOOD*
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Thanks!

ANCO
Sponsors
Panel members
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