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Learning Objectives

1. Understand Comprehensive Genomic Profiling By NGS Testing.
2. Understand How Molecular Tumor Board Can Support Precision Oncology.
3.  Review Newly FDA-Approved Oncologic Therapies In 2021.

4. A Case Study In Precision Oncology: NSCLC Patient With Brain Metastasis.
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TRADITIONAL MEDICINE vs. PRECISION MEDICINE

Traditionally, radiation, chemotherapy, and surgery were the only means by which doctors could treat cancer.
With precision medicine, doctors use a patient’s genes to uncover clues for treating the disease.

RADIATION

« High-energy particles
damage or destroy
cancer cells

GENETICS
+ Gene sequencing

* Locate cancer-

~ causing genes

CZEMOTHIERA;Y 1 S | IMMUNOTHERAPY
. Q ~

: s(l;;lrca s attac / = - * Identify ways to

| =Y s A g customize treatment

SURGERY | - \ » Find ways to turn
» Operate on part | o ‘ o : immune system on

of the body to ; i .+ Personalize treatment

diagnose or treat

AN - @ with immune-activating
cancer Ve, Y . _ .
7250 10/ L AR Advanced . @ . T. « drugs

/8 [/ (] ( '\ Personalized “ TARGETED THERAPIES
‘ WAL R Treatment o - Drugs turn specific
& \ 1\ | e ' ’ genes on or off
e ) —

PR it T e + TRADITIONAL THERAPIES

https://healthmatters.nyp.org/precision-medicine/



https://healthmatters.nyp.org/precision-medicine/

Healthcare Professionals’ Attitude Towards NGS
Testing and Precision Cancer Medicine

 Largely positive but with some concerns.
 Lack of evidence and guidelines.

» Limited HCP knowledge about testing.

* Insurance coverage and cost to patient.

« Need for decision and implementation supports.

Journal of Oncology Practice’

Volume 15, lssue 6 297

J. Vetsch, CE. Wakefield and P. Techakesari et al. /Sem n Oncology 46 (2019) 291-303




Basics: Two Major Next Generation Sequencing Methods
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Minority Market Share

One Fragment

|

One Clonal Cluster

|

One Read

lHlumina

(Hybrid Capture/Flow Cell)

Majority Market Share
~ 80-90%

\/ = |||~ bt
A8 = L] LI
) SR Y
/ Vs = O 4
lowce

Fragments Add adaptors

n . {L // ya . n n /’/ /.4”-—l> 7
o) S > ﬂ / —>{ -I . | i
/ A" s/ / L] /
L /£ . / . . /
Bind to primer PCR extension Dissociation
{ e 4 f—
A ¢ = BeT— T
. /, \ / G /
Cluster formation 7 [ ] .
N etheq Sequencing Signal scanning




_— o - “lf ‘ ‘ ‘ “ = = ||: : |ReferenceGenome :
i el 2 VR _ = ||} i | AGCTTCGATACCTGCATACACT | :
D T — (W | Wi 2 ER T | R B (Y :
— L i1} B Soiiie. || i} | AGETTCGATA
DNA Fragments Ligation : Sequenc”i“r-l;. —|: GATACCTGCA :
E = P 3 CATACACTTC | :
L. R 3 i rr—amaceTac s
] Alignment (BAM)
: AGCTTCGATA : : :
3 GATACCTGCA E i . 8
: CATACACTTC »: :
NGS Workflow TR T £ Variants VCF)
: Reads (FASTQ) s : Application :
! Primary Analysis : Secondary Analysis

g | W\ T

E ta 8 —— E

g
Interpretation/
Annotation Report

Tertiary Analysis

-
T I RN NN RIS EENIAEEASIIEONSIEENAIEENGEEEGIEEEREN S

% P q Prepared by the Association for Molecular Pathology Training and Education Committee

For More Educational Resources: www.amp.org/AMPEducation

-

ARBPLABC}RATCP\ES 6 é H EA LT H
UNIVERSITY OF UTAH




NGS Basics: Potential Causes for False Negative
Or False Positive Results
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Sample Issues « Bioinformatics Issues « Interpretation Issues
Specimen adequacy . Large deletions or insertions . UpToDate Database
Complex or multi-nucleotide variants
Poor DNA Quality . D|ff|cult Regions . Medical Expertise
GC-bias
Pre-Processing *  Homopolymers

Tandem repeats
Pseudogenes




The National Cancer Institute Molecular Analysis for Therapy Choice (NCI-MATCH)
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J Clin Oncol 38:3883-3894. © 2020 hy American Society of Clinical Oncology

Tumor biopsy specimens from
5,954 patients with refractory
malignancies.

38% of patients had actionable
mutations.

All available investigational
therapies known with evidence
of efficacy in biomarker-defined
populations.

18% were assigned to actively
enrolling treatment arms.




Understanding Comprehensive Tumor Profiling Report

Interpretation/
Report

1Ml
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By NGS

Executive Summary:
This is a 59-year-old male with advanced NSCLC. Multiple

genomic alterations including activating EGFR and
Inactivating TP53 mutations were detected. So on..............

Genomic Alterations Detected:
- 4-Tier Classification

- FDA-Approved Therapy

Immmunotherapy Biomarkers:

- Tumor Mutational Burden (TMB)

- Microsatellite Instability (MSI)

Variants of Undetermined Significance (VUS):

- Uncertain Clinical Significance

? HEALTH

UNIVERSITY OF UTAH



4-TIER Somatic Variant Classification In Cancer

SPECIAL ARTICLE

Standards and Guidelines for the Interpretation () comn
and Reporting of Sequence Variants in Cancer

A Joint Consensus Recommendation of the Association for
Molecular Pathology, American Society of Clinical Oncology,
and College of American Pathologists

Marilyn M. Li,*' Michael Datto,*' Eric J. Duncavage, *" Shashikant Kulkarni,*¥ Neal L. Lindeman, *' Somak Roy, ****
Apostolia M. Tsimberidou, * " Gindy L Vnencak-Jones,**' Daynna J. Wolff,*"" Anas Younes,* 77 and Marina N. Nikiforova*"**

TIER 1 Example:
- Melanoma BRAF V600E
- Breast Cancer HER2 Amplification

TIER 2 Example:
- NSCLC with *hotspot” PIK3CA mutations
- CRC with TP53 mutations

Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

(AMP, ASCO, CAP)

Tier ll: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapies
for different tumor types
or investigational
therapies

Multiple small published
studies with some
consensus

Preclinical trials or a few

case reports without
consensus

Tier Ill: Variants of
Unknown Clinical
Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases

No convincing published
evidence of cancer
association

The Journal of Molecular Diagnostics, Vol. 19, Mo. 1, January 2017

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific
subpopulation databases

No existing published
evidence of cancer
association
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Tumor Mutational Burden

 Measurement of the number of mutations that exists in a tumor.

# of non-synonymous somatic mutations

TMB (mutations/Mb) =
Per mega-base in coding regions

« TMB is highly predictive of response to immunotherapy.
» FDA approval (2027) of pembrolizumab for TMB = 10 in solid tumors.

« Lack of standardization regarding TMB across laboratories!

(TMB)

Tumor cell
Mutational burden

e
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Filtering and counting
of variants and

relevant mutations
(eg, germline,
coding, missense)
TMB Report
[ TMB score guides
| patient therapy
decisions
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collection

DNA
processing

N7

Sequencing
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Bioinformatic
processing
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TMB and 10 Efficacy Varies Across The Tumor Types
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Objective Response Rate (%)

|
FDA Cutoff —— o
50 1 Cutaneous
1 squamous-cell
|
1
o |
40 Merkel-cell | Noncolorectal
1 Melanoma (MMRd)
I ® .
I
: Colorectal
| (MMRd)
304 | o}
Anal :
y na "
Renal-cell ° - Objective Response Rate
@ 1 (no. of patients evaluated)
Cervical ! 0 50
20 Py 1
Hepatocellular Urotheh o 100
2 o .
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NSCLC ( nonfquamous) O 500
Mesothelioma @ Head and neck (01000
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104 SACOME g arlin @ Esophagogastric ‘. AaReel bang Tumor Mutational Burden
e - 2Eiiob|astoma I (no. of tumors analyzed)
rostate
Uveal ~ o | @ Breast : 900
i Adrenocortica | @ 1000
' Pancreatic Germ-cell 1 @ 10,000
0- ° o e Colorectal (MMRp) 1
I T T T 1 T
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Median No. of Coding Somatic Mutations per MB

N Engl J Med. 2017 December 21; 377(25): 2500—2501
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Various Ways For Reporting TMB Back To Clinicians

e Scenario #1:

» The estimated tumor mutational burden (TBM) for this tumor is 5.7
mutations per megabase (mt/Mb).

e Scenario #2:

» TMB-Low: The estimated tumor mutational burden (TBM) for this
tumor is 5.7 mutations per megabase (mt/Mb).

AN

» Higher than 80% of cases

e Scenario #3:;

» The estimated tumor mutational burden (TBM) for this tumor is 5.7
mutations per megabase (mt/Mb) which corresponds to 80t percentile
in the patient’'s cancer cohort.

» The median TMB assessed by our laboratory for patient's cancer '
cohort Is 3.9 mt/Mb. 3.9

51 10 15

TMB (mt/Mb)




MSI: First FDA Approval Agnostic Of Cancer Sites

e Pembrolizumab (20‘] 7, Keytruda, Anti-PD1 ) Fig. 1. Patient survival and clinical response to pembrolizumab

' ' across 12 different tumor types with mismatch repair deficiency.
» T1stexample of a tissue-agnostic FDA approval.

» Microsatellite instability-high (MSI-H) or mismatch repair A
deficient (dAMMR) advanced solid tumors.

» Near 40% overall response rate (ORR) across 15 tumor types.
mm Prostate

« MSI-H and dMMR Detection:
» Immunohistochemistry (Loss of MLH1, PMS2, MSH2, MSH6). B 100 =

mm Unknown Primary

Ampulla of Vater

mm  Cholangiocarcinoma

mm Colorectal

mm Endometrial cancer
Gastroesophageal

mm Neuroendocrine

mm Osteosarcoma

B Pancreas

» Microsatellite instability by PCR.
» Microsatellite instability by NGS.

FDA NEWS RELEASE

FDA approves first cancer treatment for any solid

tumor with a specific genetic feature 50+

% Change from Baseline SLD
o
1

£ share in Linkedin | g Email | & Print

-100-

For Immediate Release: ~ May 23, 2017
Dung T. Le et al. Science 2017;357:409-413




MSI Status Determined By Next Generation Sequencing

« Microsatellites are DNA motifs (1-6 BP) repeating 5-50 times. s, o
. . . ' . Normal Abnormal (Mismatch repair defect)
« During replication, slippage can cause gain or loss of repeats i ,
. . MSI-High
which are then corrected by MMR proteins. scacacacacacer scacacacer
. ) . ) — / CGTGTGTGIGIGGA Z t\: /1 CGTGTGTGGA '}mab‘e
« Examine microsatellite loci (100s-1000s).
» Using the capture gene sequences. "\ scacacacacacer CGTGTGTGTGTGGA\ I /
» Dedicated SpeCifiC MSI markerS. cereTeTeTeTees CGTGTGTGTGTGGA

N

Establish “baseline” statistics.
Interpret fraction (%) of unstable loci to infer MSI status.

M

Representative NGS Virtual Electropherograms

Comprehensive NGS Panel MSI-High Cutoff

\

523 genes, 130 MSI oc\

Normal

Stable

il

cent unstable sites

TruSkght Oncology 500

e

Unstable

I | I MSI-High
.’ High Sstin l I L | l I I '
MSI-PCR

percent unatable aites




Learning Objectives

1. Understand Comprehensive Genomic Profiling By NGS Testing.
2. Understand How Molecular Tumor Board Can Support Precision Oncology.
3.  Review Newly FDA-Approved Oncologic Therapies In 2021.

4. A Case Study In Precision Oncology: NSCLC Patient With Brain Metastasis.
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Integrating NGS Results Into Patient Care

[ 1

" @W*
Each Patient Benefits From Indvidualized
Treatment

JCO Precis Oncol 5:884-895. © 2021 by American Society of Clinical Oncology

NGS test
ordering

Patient and
clinician
education Application of
NGS results to
patient care

Integration
with the EHR

Return and
storage of
NGS data

Clinical
consultation
services

FIG 1. Key considerations for integrating somatic and germline NGS

results into patient care. EHR, electronic
generation sequencing.

health record: NGS, next-
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Incorporation of Molecular Tumor Board

Physician orders NGS Select patient cases de-
test; data analyzed, identified and prepared

. . discuss patient . .
and genomic t_estlng case within MTB for VMTE discussion
report provided

Local experts

Patient seen

in clinic
% L |
- O0o [
®— g
P ot |5
Ny Smat

Physician presents Multi-institutional experts

treatment options discuss patient case in VMTB
to patient VMTB/MTB
recommendations ¥
111
~ [O38E ~
0 0

JCO Clin Cancer Inform 4:602-613. ® 2020 by American Society of Clinical Oncology




Molecular Tumor Board Improves Patient Outcomes

d

1.0
E 0.8 - “1_ A: Al recommended medications [ negs)
Z —1_ B:Part of mcommended medications (n=178)
=
- 6 \ —L_ C: Physician's chaica ragimen in=164)
g L HR and F values batween groups
& L A s, C (HA, 0.68; 8575 C1, 0.51-0.90; P (.008)
2 5a " B ws. C (HA, 0.85; 95% CI, 0.67-1.08; P= (.153)
a 0. .
B
g
K 0.2

0.0

T T T T T T T
0 6 12 18 24 30 36
Months from treatment start

C

1.0 -

:&I “1_ A:Matching score of 75% 10 100% (=)

—_ i ~L B:Matching score of 50% 10 74% (n=78)
L] =
.E 0.8 LE L C: Matching score of 25% to 48% (n=71)
5 ‘k[l 1 =1 D:Matching score of 0% 10 24% (R=233)

0.6 " 3
.E 1 L MR and Fvalues betwesn groups
= ! Aws D HA, 047, 95% Cl, 0.22-059; P = 0000)
c b Bws D [HR, 071; 95% CL, 0.54-094; P= 0.018)
.§ 0.4 - Y Cva. O {HA, 088 8% CI, 0L8E-1.18; P~ 0.300)
% '
a 0.2 -

0.0

12 18 24 30
Months from treatment start

Overall survival

Overall survival

1.0 4

0.8 -

0.6 -

0.4 4

0.2 -

0.0 -
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\
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" '—.—| Bws C{HA, 0.97; Be% Cl, 074127 F = 0.815)

1.0

0.8 <
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0.4 -
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& ws. D {HA, 0uss; 85% C, 0L34-0.87; P= 0011}
B ws. D{HA, 0.72; 95% CI, 0.51-1.03; P= 01071}
Cws. D HRA, 0.82; 5% Cl, 0.66-1.25;, P= 0633
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0 12 24 36 48 60

Months from treatment start

Fig. 2 Progression-free survival and overall survival according to compliance with recommendation of Molecular Tumor Board and matching scores.
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JRE COMMUNICATIONS | (2020)11:4965 | https://doi.org/10.1038/541467-020-18613-3 |

Outcome of 715 patients with advanced cancer
presented at MTB (Academic Medical Center).

The goal of the MTB was to develop an N-of-One
treatment plan.

MTB-recommended regimens (versus physician
choice) have significantly longer progression-free
(PFS) and overall survival (0S), and are better
matched to therapy.

High matching score led to overall better clinical
outcomes (PFS and 0S).
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Molecular Tumor Board Review Improves
Overall Survival In NSCLC Patients

A All Cohort B A case-control study of Kentucky patients newly diagnosed with
1.0 1.0 4+—1 non—small-cell lung cancer between 2017 and 2019 (956 patients
— - . )
Z g E were included).
0 =
L1} L1}
S 06 S 06-
= =
= 0.4- = 0.4-
> > . s
S S Seventy-seven (8.1%) were reviewed by the MTB and classified as
& 0.24 MNon-MTB P<.001 & 024 ___ Comrmunity P=782 cases
—_ MTB HR = 8.15 (95% CI, 3.64 to 18.25) Academic HR = 0.85 {35% CI, 0.16 to 4.66) '
0 1I0 2I0 3I0 AID BI{] 0 1I0 2I0 3I0 AI{] 5I0
No. at risk: Time (months) No. at risk: Time (months)
MNon-MTB 879 595 337 163 36 0 Communi 26 26 24 ] [u] 0 . . . . .
MTE - 20 o »3 ] o ey 2 u a1 1 . 0 The primary end point was the association between MTB review
and overall patient survival.
C D
Treated at UK
1.0 f—p 1.0
-';é:- 0.8 - 'é:- 0.8 4 . . . L . .
= = MTB review is an independent positive predictor of overall survival
[1x] L1} . .
2 084 2 06- regardless of residence location.
= =
= 0.4+ = 0.4+
= =
2 2
0?.: 0.2 = Appalachian P =288 0.:: 0.2 1 — Mon-MTE P <.001
Mon-Appalachian HR = 0.41 (95% CI, 0.07 to 2.24) — MTB HR = 6.86 (95% Cl, 2.48 to 18.94)
0 1I[] 2I[] 3I0 AIO 5-I{] 0 1I[] 2I0 3I0 dl{] 5-I[]
No. at risk: Time (months) No. at risk: Time (months)
Appalachian 41 38 k| 15 0 0 MNon-MTE 118 78 51 34 5 0
MNon-Appalachian 36 32 24 8 1 o MTE 51 LE] 3 14 1 1]

FIG 2. Kaplan-Meier plots depicting overall survival in patients on the basis of (A) all patients in cohort comparing MTB review versus no MTB review;

JCO Precis Oncol 5:1530-1539. @ 2021 by American Society of Clinical Oncology
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Matching Scores and Patient Outcome

Matching score: The number of pathogenic alterations targeted by drugs given divided by total number
of pathogenic alterations.

Example: Tumor has 8 pathogenic genomic alterations and the patient received two agents that
targeted four alterations. Then, Matching score is 50% (4/8).

a
1.0 -
\
T 08 - | ~1_ A:Malching score of 50% o 100% (n=125)
"E_ L =1_ E:Malching score of 0% to 4% {n-2304) c
H Y P 0001
E 0.6 - LY H:-ﬂz?::?;;:m?.%n:gm P 0001) 100% 2.5%(N-21 w]
c 90%
3 04 - 'E 0% 24.1% = Complete remission
g 2 iN-e)
5 = T0% = Fartial remission
2 31.1%
£ 02 w 0% o)
by =] Stable disease =& months
& 50%
00 8 40% Progression of disease
. 15 68.6% or stable disease < § months
T T T T T T T 30% (N-198)
0 6 12 18 24 30 36 g 20%, 47.8%
Months from treatment start o 10%
0%
b =500 <h0%
1.0 - (N=113} (N=21}
Matcning score
T A:Matchi i 50% fo 100% () /] = a 5 M P
0.8 4 h, R . Fig. 3 Progression-free survival, overall survival and clinical benefit rate
_ Y =L B:Matching scome of 0% to 45% (n=1304)
] L
£ 064 HR and Pvalues batween groups
E - ‘--l‘ Aws. B (HA, 0u7; 8o CI, 0.60-0.85; P « 0.008)
E TURE COMMUMICATIONS | (2020011:4965 | https./ /doi.org/10.1038/s41467-020-18613-3 |
E 0.4 -
0.2 -
0.0 4
I T T T T T
0 12 24 36 48 60
Months from treatment start
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Pathogenic Germline Mutations Identified By NGS

[A] putative PGVs identified

Highly penetrant cancer
predisposition syndrome

Moderately penetrant cancer
predisposition syndrome
Autosomal recessive condition
with increased risk for cancer
or lymphoproliferative disorder

Autosomal recessive condition
with no known cancer risk

PGVs by cancer type
Total
Breast
Prostate
Owvarian
Unknown primary cancer
Sarcoma
Gastroesophageal
Pancreatic
Cholangiocarcinoma
Adrenocortical carcinoma
Penile squamous cell carcinoma
Anal glands adenocarcinoma
Thymic carcinoma
Colorectal
Lung
Glioblastoma multiforme

Adenoid cystic carcinoma

ARBPLABOR’ATOR\ES

[l Discovered by
Mi-ONCOSEQ

[ Previously known

20 nlID 60 a0
No. of PGVs

[l oHA repair with somatic
second hit

|:| DMA repair without somatic
second hit

[ mismatch repair with somatic
second hit

|:| Mismatch repair without somatic
second hit

f g s e s s

10

20 30 40 50
No. of PGVs

JAMA Oncol. 2021;7(4):525-533. doi:10.1001/jamaoncol. 2020.7987

CHEK2
MUTYH
BRCAL
BRCAZ
SEDS
MITF
APC
ATM
PALB2
MBM
PARK2
FH
HOXB13
MLH1
M5H2
FANCA
XPC
BARD1
MPL
ERCC4
PMS52
POT1
RB1
MRE11A
RADSD
BRIP1
CASPB
FANCG
NF1
SMARCBE1
EAP1
BLM
DICERL
ERCC1
ERCCZ
ERCC3
FANCC
FANCM
HAX1
RAD51C
WRN

PGVs by gene

T o T T T T I T T

I
I

[l somatic second hit
[7] Mo somatic second hit
[] iallelic PGV

(=)

T
5 10 15 20 25

Mo. of PGVs

1138 patients in this cohort study underwent fresh tumor
biopsy and blood sample collection for genomic profiling of
paired tumor and normal DNA.

Pathogenic germline variants (PGVs) were identified in 160
patients (15.8% of cohort), including 49 PGVs (4.8%0f
cohort) with therapeutic relevance.

The high rate of therapeutically relevant PGVs identified
across diverse cancer types supports a recommendation
for directed germline testing in all patients with advanced
cancer.

When a pathogenic germline variant is suspected during
tumor-only testing, the variant is recommended to be
confirmed with a paired-normal sample according to the
AMP-ASCO-CAP guidelines.
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Utility of NGS Testing For Patients With
Cancer Of Unknown Primary (CUP)

Figure 5. Cancers of Unknown Primary Origin in METI000 Cohort *  Among 55 cases of cancer of
unknown primary (CUP) origin

sequenced, 28 (50.9%) were

| A | Classification of diagnoses | B] Sequencing results reclassified to a definitive diagnosis
Initial diagnosis reclassified (n=4) 304 through RNA sequencing.
Diagnosis at study entry Diagnosis from sequencing
Breast cancer Owarian cancer 75
Rh"'bd”m_ws’”':“ma - RE"E’[CE.“ carcinoma - »=  Anadditional 4 cases with presumed
:a””'?ar't T:ET Eh‘l?tl':r'g':gar':'":’m | known diagnoses at study entry were
to definitive , YNNI pE sanoma CHRAry Hraus tumer o 204 also reclassified.
diagnosis o
n=28 =
WSCLC (n=4) Esophageal cancer (n=1) o154 No clinical
Breast cancer {(n=3) Head and neck SCC (n=1) = o |r|||:a . . o .
Cholangiocarcinoma (n=3) Hepatocellular carcinoma (n=1) *:3 benefit from SDT 13 patler)ts (5,3'6 /o)drehcelved
Owarian cancer (n=2}) Perianal adenocarcinoma (n=1) T 10 . sequencing-directed therapy (SDT).
Pancreatic cancer (n=2) Periotoneal mesothelioma (n=1) E Eﬂ"'cf‘_]l
Amelanotic melanoma (n=1) Renal cell carcinoma (n=1) = ﬁﬂ"e it
Cervical cancer (n=1) Solitary fibrous tumor (n=1) 5 - ' m 50T - _
. Colon cancer (n=1) Gastric cancer (n=1) * ldentification of a pathogenic -
. Endometrial cancer (n=1) Bladder cancer (n=1) germline variant (PGV) conferring
" Epitheliod angiomyolipoma (n=1) 0 increased cancer risk in 8 patients
Total =59 Change in Received SOT PGV (14.5%).
cancer diagnosis for actionable identified

genomic alteration

JAMA Oncol. 2021;7(4):525-533. doi:10.1001/jamaencel 2020.7987




Learning Objectives

1. Understand Comprehensive Genomic Profiling By NGS Testing.
2. Understand How Molecular Tumor Board Can Support Precision Oncology.
3. Review Newly FDA-Approved Oncologic Therapies In 2021.

4. A Case Study In Precision Oncology: NSCLC Patient With Brain Metastasis.
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“New Era: Tissue-Agnostic” FDA-Approved Drugs

« Pembrolizumab (2017, Keytruda, Anti-PD-1) NTRK Fusion
» 1st example of a tissue-agnostic FDA approval. Pathways X
» MSI-H and dMMR advanced solid tumors.

« Larotrectinib (2018, Loxo Oncology, NTRK Fusion Inhibitor) A b

» Adult and pediatric solid tumors w/ NTRK gene fusions.

» ORR was 75%, including 22% complete responses and 53%
partial responses.

 Entrectinib (2019, Genentech, NTRK Fusion Inhibitor) @
/F?

1 \.-
\’ PI3K

» Adult and pediatric solid tumors w/ NTRK gene fusions.

» ORR of 57.4% and a median duration of response of 10.4 &) j
months. @ - v/ AKT

« Pembrolizumab (2020, Keytruda, Anti-PD-1) G PR

"— PROLIFERATION
» FDA approval of pembrolizumab for TMB = 10 (mt/Mb) in :
advanced solid tumors.

 Dostarlimab-gxly (2021, Jemperli, Anti-PD-1)

’f
DIFFERENTIATION

» 202_' ﬁ:‘ prll For adU|t patlentS Wlth mlsmatCh repalr defICIent Figure 1 Schematic view of Trk receptors signalling, showing the three m.a|r pathways involved in cell differentiation and
(d MM ) recurrent or advanced endometrial cancer. survival. AKT, v-akt murine thymoma viral oncogene homologue; BDGF, brain-derived growth factar; DAG, diacyl-glycerol; ERK,
extracellular signal-regulated kinase; GAB1, GRB2-associated-binding protein 1; GRB2, growth factor receptor-bound protein 2;
» 20271 (Aug): For adult patients with mismatch repair deficient (dAMMR) 5, skl eghcapae: K. ko e v pmten irgas GF s grah ek MTE- ntmtin : P13
recurrent or advanced solid tumors. zhosghcipase C: RAF, rap&ly aiceleramed I'ihrt’:samn;':; kinase; RAS, rat sa’momg kinase; SHC, Src homology 2 domain.
containing.

Amatu A, ef al. ESMO Open 2016:1:2000023. doi:10.1136/esmoopen-2015-000023




Larotrectinib: Remarkable Efficacy

(2018, Loxo Oncology)

A Maximum Change in Tumor Size, According to Tumor Type ® F|rSt new targeted therapy d€V€|Oped Iﬂ a tISSUG
Thyroid tumor Soft-tissue sarcoma Appendix tumor Salivary-gland tumor _ |
B Colontumor M Lung tumor IFS i Cholangicarcinoma type agnOStIC manner.
50_93'2 B Melanoma B GIST W Breast tumor B Pancreatic tumor
404
30+ = . . : T
2o—~---| -------------------------------------------------------  For patients with TRK fusion cancer, larotrectinib is
gl | | D a new standard of care.

Maximum Change in Tumor Size (%)

o i I II |  Routine pan-cancer screening will be important to
- identify NTRK fusions.

-100- i | + Conclusion: Larotrectinib demonstrated high
February 22, 2018 antitumor activity regardless of tumor type, age,
N Engl | Med 2018; 378:731-739 NTRK mutated gene (1,2 or 3) or NTRK fusion

DOI: 10.1056/NE|Moal714448
partner.
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Newly FDA Approved Agents In 2021

Solid Tumors (10)

Sotorasiib: NSCLC harboring KRAS G12C gene mutations.

Tepotinib: Metastatic NSCLC harboring MET exon 14 skipping
alterations.

Mobocertinib: NSCLC harboring EGFR exon 20 insertion mutations.

Amivantamab-vmjw: Metastatic NSCLC with EGFR exon 20
insertion mutation (a bi-specific antibody)

Tivozanib: A kinase inhibitor (VEGFR) for renal cell carcinoma
(RCC).

Dostarlimab-gxly: Mismatch repair-deficient (dMMR) endometrial
cancer and dMMR advanced solid tumors (Agnostic).

Infigratinib: Cholangiocarcinoma harboring FGFR2 gene fusion.

Enfortumab vedotin-gjfv: Antibody-drug conjugate for metastatic
urothelial cancer.

Tisotumab vedotin-tftv: Antibody-drug conjugate for metastatic
cervical cancer.

Belzutifan: A HIF inhibitor for VHL-associated RCC,
hemangioblastoma or pNET (Agnostic).

ARBPLABORATOR\ES

Heme Tumors (5)

Liscabtagene maraleucel: Large B-cell ymphoma (CART-T).

Loncastuximab tesirine-Ipyl: Antibody-drug conjugate, large B-cell
lymphoma

Umbralisib: relapsed marginal zone lymphoma (MZL) and follicular
lymphoma (FL).

Melphalan flufenamide: Relapsed multiple myeloma.

|decabtagene vicleucel: Relapsed multiple myeloma (CART-T).

PLUS, Over 25 New Indications For
Existing Drugs!!!i1!]

Many Immunotherapy Agents (Atezolizumab, Nivolumab,
Pembrolizumab, etc.)

Ivosidenib: IDH1-mutated cholangiocarcinoma.

Abemaciclib: First CDK 4/6 inhibitor, adjuvant treatment of breast
cancer.
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NSCLC Had The Most FDA Approved Agents In 2021

Sotorasiib: NSCLC harboring KRAS G12C gene mutations.
Tepotinib: Metastatic NSCLC harboring MET exon 14 skipping alterations.
Mobocertinib: NSCLC harboring EGFR exon 20 insertion mutations.

Amivantamab-vmjw: Metastatic NSCLC with EGFR exon 20 insertion mutation.




First KRAS®**¢ Inhibitor Sotorasib (AMG-510)

Accelerated FDA approva| on May 28, 202] . Mechanism of Sotorasib
KRAS G12C seen ~13% NSCLC and ~3% CRC. ? Y SOEGER]

y e . MATRIX
W o stimulation TR
53 %

Sotorasib

Mutations of KRAS favor the GTP-bound = T
conformational active state and leads to constitutive ‘T{”ON o R
activation. ' (=

Sotorasib is a first-in-class, potent and highly selective
small-molecule inhibitor of KRAS G12C that locks it in
an inactive GDP-bound state (not active against other
KRAS mutant forms).

Routine testing of KRAS gene is important to identify
patients who may benefit from KRAS inhibitors.




NSCLC Patients: Efficacy of Sotorasib Therapy

M ENGL ] MED 284;25

MNEJM.ORG

JUNE 24, 2021
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L
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Probability of Progression-
free Survival

Median
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survival,
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124

T T T T T T T T T

Months

65 54 50

46 37 35

D Overall Survival
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0.8
0.7
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0.5
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Median
overall

survival,
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0.0

No. at Risk
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) 10 11 12 13

74 68 63 58 55

54

- Overall response rate of ~ 37%, with 80% disease control.

- Duration of response of >11months.

ARBPLABOR’ATOR\ES

- Median overall survival of 12.5 months in NSCLC.
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Tepotinib in NSCLC with MET Exon 14 Skipping Mutations

Fig. 1 Schematic representation of the effect of METex14 on MET stability and signaling.

« Accelerated FDA approval (February 2021).
« METex14 skipping mutation, 3-4% of NSCLC. Normal MET signaling ki

HGF HGF

« These alterations spatially disrupt distinct splicing sites
at the acceptor or donor site flanking MET exon 14 which
leads to “exon 14 skipping.”

« This leads to impaired MET ubiquitination, decreased
MET turnover, and increased signaling.

Decreased internalizatio? and degradation of MET

« Tepotinib showed substantial antitumor activity in Increased MET signaling
approximately half the patients with advanced NSCLC Ce"gmﬁ | |\ — Ce“gm‘w{ 1 1\ et
with a MET exon 14 skipping mutation. Proliferation Survival Proliferation Survival

Cancer Treatment Reviews 95 (2021) 102173




Tepotinib in NSCLC with MET Exon 14 Skipping Mutations

60—

40+

]
?

—60-

Best Percent Change in Sum of Target
Lesion Diameters
o
&
I

80

_1004
Tissue Biopsy

Liquid Biopsy

Therapy Line
1

2

=3

Investigator-
Assessed
Best Overall
Response

Objective Response Rate: 9% (85% Cl)

B Complete response
Partial response

B Stable disease

M Progressive disease
Could not be evaluated

= Ongoing treatment

Combined Biopsy
(N=99)

46 (36-57)

Liquid Biopsy
(N=66)

48 (36-61)

Tissue Biopsy
(N=60)

50 (37-63)

N EMGL) MED 383;10 NEJM.ORG  SEPTEMEER 3, 2020

« Tepotinib
» FDA Approval in 2021
» NSCLC with METex14
» Response rate was 46%

» 11.17 months duration of
response

» Less side-effect profile

« Capamatinib
» FDA Approval in 2020
» NSCLC with METex14

» Encouraging activity in brain
metastasis

« Otherwise, both drugs are
similarly efficacious.
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First Two EGFR Exon 20 Inhibitors Approved in 2021

Amivantamab

* Previously FDA approved EGFR TKls have minimal
activity for EGFRex20ins-positive mMNSCLC.

« Amivantamab is a bi-specific antibody with “2 heads” one
targeting EGFR and one MET (RR of 40%).

« Amivantamab has demonstrated preliminary activity in
EGFR TKl—-resistant tumors driven by EGFR secondary
mutations (T790M and/or C797S) or new MET
amplification.

* May not penetrate blood-brain-barrier as well as TKIs.

« Adverse events: Infusion reaction.

Journal of Clinical Oncology 39, no. 30 (October 20, 2021) 3391-3402.

T1st Generation 2nd Generation
EGFR TKIs Gefitinib, Erlotinib Afatinib, Dacomitinib
Acquired Resistance T790M T790M

Cells. 2018 Nov; 7(11): 212.

Mobocertinib

» Previously FDA approved EGFR TKls have minimal
activity for EGFRex20ins-positive mMNSCLC.

« Mobocertinib, a first-in-class, potent, oral, irreversible TKI
designed to selectively target in-frame EGFRex20ins
mutations in NSCLC (RR of 28%).

* A small molecule irreversible TKI which covalently binds
cysteine 797 of EGFR active site.

« C797S-containing mutant can confer resistance to
Mobocertinib.

» Adverse events: Gastrointestinal, skin rash, prolongs QTC

JAMA Oncol. 2021;7(12):e214761.
doi:10.1001/jamaoncol.2021.4761.
EGFRex20ins

3rd Generation EGFRex20ins

Osimertinib Amivantamab Mobocertinib

Cra7s ? Cra7s
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New Indication: lvosidenib (Tibsovo™) in Cholangiocarcinoma

« |IDHT mutations occur in ~13% of pts with
intrahepatic cholangiocarcinoma.

 Ivosidenib targeted inhibitor of mutated IDH1
approved for patients with newly diagnosed acute
myeloid leukaemia.

« FDA approved a new indication for Ivosidenib
(August 2021).

« PFS was significantly improved with ivosidenib
compared with placebo, and ivosidenib was well
tolerated.

« This study shows the clinical benefit of targeting
IDHT mutations in advanced, IDHT-mutant
cholangiocarcinoma.

« Notable for drug efficacy crossing boundaries
between hematologic-solid tumor malignancies
(in this case-AML and cholangiocarcinoma).

ARBPLABOR’ATOR\ES

A
100-#1\ — Ivosidenib
V,L‘\ —— Placebo
90+ i} HR 0-37 (95% C1 0-25-0-54); p<0-0001
|
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(number censored)

Ivosidenib 124
(0)
Placebo 61
(0)

105 54
(8) (24)

(4) )

S
(=

36 28 22 16 14 10 9 6 5 & 3 3 2 1 1 0
(28) (32) (34) (36) (38) (40) (41) (44) (45) (45) (45) (45) (46) (47) (47) (48)
(10) (10) (11)
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&
-

Lancet Oncol. 2020 June ; 21(6): 796-807. doi:10.1016/S1470-2045(20)30157-1.
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First HIF-2a Inhibitor Approval For Cancers Associated with VHL Disease

« Von Hippel-Lindau Syndrome is a hereditary
cancer syndrome characterized by the | Bevacizumab
development of multiple vascular tumors.

(VEGFR) tumorigenesis

Kidney
cancer tumor

* Inactivation of VHL leads to aberrant P
stabilization and accumulation of HIF-2a, which L O Qe
drives tumor growth. ~ O

N mwwwad |

« Belzutifan is a first-in-class FDA-approved
HIF-2a inhibitor for VHL-associated RCC,
hemangioblastoma or pNET.

Axitinib

« Belzutifan prevents heterodimerization of HIF- oAb
2a and downstream activation of transcription. Sorafenib

Sunitinib

° Example Of agnOStIC FDA approval' Fig. 1| HIF-2a inhibitors as novel inhibitors of the HIF2-VEGF-VEGFR pathway.

NATURE MEDICINE | WOL 26 | OCTOBER 2020 | 15191520 | www.nature.com/naturemedicine
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Trends in New Drug Approval

35

30

25

20 -

15 ® Approvals

New INDs

10

L | 1l D

° %!N"la'bb‘%‘b’\%cbﬁ)'\ UF%A'\T
Q2 N NV AV N2 A" N2 N NY NP NP 9 "
PR PR PP R PR P P P

2021: 10th Annual New Therapeutics in Oncology
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Learning Objectives

1. Understand Comprehensive Genomic Profiling By NGS Testing.
2. Understand How Molecular Tumor Board Can Support Precision Oncology.
3.  Review Newly FDA-Approved Oncologic Therapies In 2021.

4. A Case Study In Precision Oncology: NSCLC Patient With Brain Metastasis.

37 ? HEALTH
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Case: 49-year-old male, Stage-4 NSCLC

« March 2019- Chief complaint of cough (OSH)
« CT-pulmonary mass, LAD

 MRI- Mets to brain and axial skeleton

 Biopsy- Invasive moderately differentiated
adenocarcinoma with squamoid features

« Neg EGFR (Sanger), Neg BRAF (PCR)
« ALK and ROS1 FISH: N/A
 PD-L1:80%

 April 2019- Referred to Tertiary Academic Hospital
« Supraclavicular LN Biopsy
« NGS tumor profiling (DNA/RNA)

Supraclavicular LN Biopsy
JCO Precis Oncol. 2021 Nov;5:88-92. doi: 10.1200/P0.20.00296.




MRI and CT on March 2019

JCO Precis Oncol. 2021 Now;5:88-92. doi: 10.1200/P0.20.00296.
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NSCLC Mutational Landscape and Pathways

NSCLC by histology

Others
20%

I
|
!
\

ALK, 5% ____

>
Q.
®
=3
Squamous Cell Carcinoma Adenocarcinoma §
DDR2, 2% HER2/MEK, 2% a
BRAF/PIK3CA, 2% 081, 2% per 1% 5
MET, 4% 3
2

FGFR1, 20%

* Vol 4, No 1 (February 2015) Targeted therapy for non-small cell lung cancer: current standards and the promise of the future
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Comprehensive NGS Tumor Profiling® (April 2019)

RESULT SUMMARY

Variant FLSCIPETE FRS IS Resistance to Clinical Trial
Therapy Within Therapy Outside . NCCN Guidelines . TMB
Detected L L Therapies Opportunity
Indication Indication
EGFR
Exon 18 to 25 ORI Yes - see variant details
. . Erlotinib, Afatinib, No No Yes - see below 3 Muts/Mb
Kinase Domain L below
e Gefitinib
Duplication

*161 Gene Panel: SNVs, Indels, CNV, Fusions




EGFR Kinase Domain Duplication

EGFRexons 1819 20 21 22 2324 25
—_— + o S oo
1819 20 21 22 ~ 23 24 25
EGFR-KDD protein ECD C-term
Key 150% - EGFRL85¢R 150% 1 EGFR-KDD
Blue = Kinase domain #1
Green = Kinase domain #2 6 B 6 —&— Erlotinib
Hed = Linker § 100% - Ak § 100% - —a— Afatinib
Yellow asterisks = Active sites 2 ——AZDR91 o Bt
2 2
5 i
[0 [
S 50% 4 S 50% A
> >
(&) (&)
0% . . : . , 0% . . . ; )
107" 109 10! 102 103 104 107" 100 10! 102 10° 104
(nmol/L) drug (nmol/L) drug
https://cancerdiscovery.aacrjournals.org/content/5/11/1155 AZD9291 (Osimertinib)
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https://cancerdiscovery.aacrjournals.org/content/5/11/1155

National

comprehensive NCCN Guidelines Version 6.2019 NCCN;igligﬂifngznl?edniz
NCCN ﬁg?\ggﬂkm Non-Small Cell Lung Cancer R e——
CLINICALPRESENTATION HISTOLOGIC TESTINGHP

a
® SUBTYPE Sensitizing EGFR mutation positiv
* Molecular testing
. 4 E:‘:fez 3::‘13]“0“ testing ALK positive (see NSCL-21)
* Adenocarcinoma .
« Large cell » ALK testing (category 1) ROS1 positive (see NSCL-24)
. o * NSCLC not » ROST testing BRAF V600E positive (see NSCL-25)
+ Establish histologic otherwise » BRAF testing
subtype® with specified (NOS) » Testing should be PD-L1 >1% .
- -L1 21% and EGFR, ALK negative
® adequate tissue for conducted as part of broa or unkno\n?n (see NSCL-27) g
molecular testing molecular profiling'!
Advanced (consider rebiopsy%9 * PD-L1 testing (category 1) EGFR, ALK, ROS1, BRAF negative
or if appropriate) or unknown, PD-L1 <1% or unknown
i i i . (see NSCL-28)
° Q_etastatlc * Smoking cessation « Molecular testing 2 _ B
isease counseling » Consider EGFR mutation Sensitizing EGFR mutation positive
. : L"atfegcra;eegﬂgagn’e and ALK testing*® in never (see NSCL-18)
(See NCCN_ smokers or small biopsy
ideli : - ALK positive (see NSCL-21)
Guidelines for specimens, or mixed P
. Palliative Care) histology'! ROS1 positive (see NSCL-24)
Squamous cell » Consider ROS1 and BRAF .
carcinoma testing in small biopsy BRAF V600E positive (see NSCL-25)
specimens or mixed PD-L121% and EGFR, ALK negative
histology or unknown (see NSCL-27)
» Testing should be
conducted as part of broad EGFR, ALK, ROS1, BRAF, negative
molecula_r profiling'! or unknown, PD-L1 <1% or unknown
+» PD-L1 testing (category 1) (see NSCL-29)
[ ]
35ee Principles of Pathologic Review (NSCL-A). iiTesting should include the neurotrophic receptor tyrosine kinase (NTRK) gene fusion; if positive,
cTemel JS, Greer JA, Muzikansky A, et al. Early palliative care for patients with metastatic non- see NSCL-26.
small-cell lung cancer. N Engl J Med 2010;363:733-742 kk|n patients with squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%
° 93If repeat biopsy is not feasible, plasma testing should be considered. with a confidence that the true incidence of mutations is less than 3.6%. This frequency of
hnSee Principles of Malecular and Biomarker Analysis (NSCL-G) EGFR mutations does not justify routine testing of all tumor specimens. Forbes SA, Bharma G,
The NCCN NSCLC Guidelines Panel strongly advises broader molecular profiling with the Bamford S, et al. The C?tal_ogue of somatic mutations in cancer (COSMIC). Curr Protoc Hum
goal of identifying rare driver mutations for which effective drugs may already be available, or " Genet 2008;chapter 10:unit 10.11. A ) )
b to appropriately counsel patients regarding the availability of clinical trials. Broad molecular Paik PK, Varghese AM, Sima CS, et al. Response to erlofinib in patients with EGFR mutant
profiling is a key component of the improvement of care of patients with NSCLC. See Emerging Ei“anm%nogggﬁlll,l‘?ggé“&” 5{330”‘5”5 with a squamous or squamous-like component. Mol
Biomarkers to |dentify Patients for Therapies (NSCL-H). neer ther i .

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

NSCL-17

Version 6.2012, 08/12/10 © 2012 Mational Comprehensive Cancer Metwork® (NCCN®), All rights reserved. NCCN Guidelines® and this ilustratien may not be reproduced in any form without the express written permission of NCCN.
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Pooled Analysis of 2 Phase Il Studies

Annals of Oncology, Volume 29, Issue 3, March 2018, Pages 687-693

National

Comprehensive
(e 'l Cancer

Network®

NCCN Guidelines Version 6.2019
Non-Small Cell Lung Cancer

Central nervous system response to osimertinib

Patients evaluable for CNS response (n =50)

CMS QRR, (95% CI)

549% (39% to 68%)

Complete response, n (%) 6(12)
Partial response, n (%) 21(42)
Stable disease 26 weeks, n (%) 19(38)
Progressive disease, n (%) 3(6)
Mot evaluable, n (%5) 1(2)

p=

Best percentage change from baseline in target lesion size (%)

NCCN Guidelines Index
Table of Contents
Discussion

SENSITIZING EGFR MUTATION POSITIVEND
FIRST-LINE THERAPY™™M

Osimertinib'
(preferred)

EGFR mutation
discovered prior tc
first-line systemic
therapy

Erlotinib™ (category 1)

or

Afatinib™ (category 1)

or

Gefitinib"" (category 1)

or

Dacomitinib"" (category 1)

Sensitizing
EGFR
mutation
positive

Complete planned
systemic therapy,
including maintenance
therapy, or interrupt,
followed by

EGFR mutation
discovered during
first-line systemic

therapy or erlotinib or

hhSee Principles of Molecular and Biomarker Analysis (NSCL-G).
mmSee Targeted Therapy for Advanced or Metastatic Disease (NSCL-1).
MNEor performance status 0-4.

(category 1) progression ——»

— Progression

osimertinib (preferred) ———  Progression —

afatinib or gefitinib or }—> Progression ——»
dacomitinib

See Subsequent
Therapy (NSCL-20)

See Subsequent

Note: All recommendations are category 2A unless otherwise indicated.

" Therapy (NSCL-19)

See Subsequent
Therapy (NSCL-20)

See Subsequent
Therapy (NSCL-19)

* Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.
Patient Started on Tagrisso 80 mg daily
(April 2019).
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NSCL-18

Version §.20192, 03/12/19 & 2012 National Comprehensive Cancer Metwork® (NCCN®), All rights reserved. NCCN Guidelines® and this ilusiration may not be reproduced in any form without the express written permission of NCCN.
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August 2019

March 2019

doi: 10.1200/P0.20.00296.

JCQ Precis Oncol. 2021 Nov;5:88-92,




Lung: Repeat Imaging

March 2019 August 2019 September 2019

JCO Precis Oncol.
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“All the News

That’s Fit to Print”

* Late Edition
New York: Today. o thunder-
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Genetic Code of Human sze Is Cracked by Scientists

JUSTICES REAFFIRM
MIRANDA RULE, 7-2;
APART OF ‘CULTURE’

By LINDA GREENHOUSE.

. ence Twmas cast the dissenting
votes.

Justices Antenin Scalia and Clar:

The Book of Life

el e A SHARED SUDCESS

base pa 75, double belix of ONA ..

have been sequenced
Sy 2 Rivals' Announcement
N Marks New Medical

= Era, Risks and All

By NICHOLAS WADE

Presen

t and Future
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and genomic testing
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Local experts
discuss patient
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FACT SHEET: President Obama’s
Precision Medicine Initiative

The time is right because of:

Sequencing Improved New tools
of the human technologies for for using large
genome biomedical analysis datasets
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Thank You: Any Questions?
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