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Learning Objectives

* Understand the major mutational drivers in cutaneous melanoma and how somatic mutation
testing guides treatment decisions for advanced disease.
« Understand the diagnostic utility of somatic mutation testing for resolving diagnostic uncertainty
in metastatic melanoma.
* Realize unmet clinical needs where molecular/genomic biomarkers may have utility
« Improving relapse risk stratification of Stage II-lll patients.
* Predicting survival benefit and immune related adverse events with immune checkpoint
blockade.
« Review recent clinical trial and preclinical studies that define a new paradigm for combining
immune checkpoint blockade with targeted therapy
« Discuss investigational biomarkers for staging and predicting therapeutic response
« Liquid biopsy, circulating tumor DNA (ctDNA)
« Inflammatory gene expression profiling of the tumor
* Tumor mutation burden

Melanoma is a fairly common cancer
NCI SEER Cancer Database

Melanoma of the skin represents
5.6% of all new cancer cases in the
us.
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Highly aggressive disease:
risk of metastasis is measured in millimeters
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Cell 161, 1681-1696, June 18, 2015

Somatic mutation testing in resolving diagnostic
uncertainty in metastatic melanoma




62yo male referred to HCI, large axillary mass
outside dx = sarcoma ( myxoid ch,

vs. myxoid liposarcoma vs. other}
now growing quickly through radiation (unlike sarcoma), referred to UU/HCI Sarcoma Center

Failed to stain with broad panel of IHC

Electronic Health Record (outside records review)
history of melanoma, ipsilateral arm, 18 mos prior

UU/HCI over-read diagnosis

High grade undifferentiated neoplasm,
can not exclude metastatic melanoma,
Recommend molecular testing

l

Surgical Resection

l

BRAF V600E Detected

l

Surgical Oncology question
Sarcomavs. melanoma, which one?

Electronic Health Record (outside records review)
history of melanoma, ipsilateral arm, 18 mos prior

& Siobectal ——— UU/HCI over-read diagnosis
High grade undifferentiated neoplasm,

can not exclude metastatic melanoma,
Recommend molecular testing

= l

Surgical Resection

l

BRAF V600E Detected

l

Surgical Oncology guestion

S . mel , which one?
0/529 sarcomas BRAF V600E (absent-exceedingly rare in sar”c’faﬂ%f melenoma, which one
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47yo male with axillary mass, and liver masses, transferred care to UU/HCI

Outside diagnosis (3 different reports) = Mesenchymal Chondrosarcoma
NO molecular confirmation with HEY1-NCOA2 testing
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Multiple nodules with distinct epithelioid morphology + pleomorphism
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Immunostains = Melanoma
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NGS testing confirms diagnosis of metastatic melanoma

NRAS ¢.34G>C, p.Gly12Arg (p.G12R)

« Interpretation: This NRAS (p.Gly12Arg) mutation activates the MAPK pathway (Rajalingam et al.,
2007), and it has been reported in melanoma patients (COSMIC database, accessed December 8,
2015). Patients with NRAS-mutant melanoma may benefit from systemic immunotherapy
(Johnson et al., 2015) as well as treatment with MEK inhibitors (Ascierto et al., 2013; Grimaldi et
al., 2014; Thumar et al., 2014).

This patient received combo nivolumab/ipilimumab
immunotherapy and the liver metatstases regressed!
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Resolving diagnostic uncertainty in melanoma
melanomas frequently dedifferentiate when metastatic and/or
can display a variety of misleading mesenchymal features

« Spindled, pleomorphic, small round/primitive blue cell, rhabdoid
* Myxoid, osteocartil; lipoblastic r lasi:

A 5 Pacrl + Vo 45, Number 2, Febriary 2021
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Dedifferentiated and Undifferentiated Melanomas
Report of 35 New Cases With Literature Review
and Proposal of Diagnostic Criteria
Abbas Agaimy, MD.* Robert Stochr, PhD.* Annkathrin Hormung MD,7 Judith Popp, MD.¥

Michael Erdmann. MD' Lucie Helnzerling MD.#2 and Arndy Harmam, MD®
Am | Surg Pathol » Vilume 45, Number 2, February 2021

"

« n=35 unpublished cases, n=50 previously published cases, n=85 total
- negative for 5100, SOX10, Melan-A, HMBA45, pan-melanoma IHC

+ Initial diagnoses (known in 66 cases)

undifferentiated/unclassified pleomorphic sarcoma (n=30)

unclassified epithelioid malignancy (n=7)

Pleomorphic rhabdomyosarcoma (n=5)

other specific sarcoma types (n=6
poorly differentiated carcinoma (n=2)

collision tumor (n=2),

atypical fibroxanthoma (n=2)

reactive osteochondromatous lesion (n=1)

* 16.6% diagnosis of melanoma was considered
« Axilla, inguinal or other nodal basin, variety of visceral organs and body cavities, soft tissue, bone

ﬁm--. Z SEE
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Dedifferentiated and Undifferentiated Melanomas
Report of 35 New Cases With Literature Review
and Proposal of Diagnostic Criteria
Ahbas Agaimy, MD.* Robert Stoehs, PhD,* Imllullrrm»"mmlm: MD.3 Judith Popp, MD. ¥

Michael Erdmann, MD. Lucie Hetnzerling MD.#2 and Arndy Harmam, MD*
A | S Faghol + Velume 45, Mumber 2, February 2021

Melanoma compatible somatic mutation detected in 73% of cases

TABLE 4. Comparison af Demographic and Genetic Features of Different Categories of DM and UM
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Authors proposed criteria for the diagnosis
undifferentiated metastatic melanoma s rawst « vane 45, oo 2 sobary 2021

TABLE 5 Crlest Propesed 1 Disgrse Unaiierer
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helpful clues to aid in the diagnosis
undifferentiated metastatic melanoma s s « e 15, oo 2 ety 2021

TABLE 5 Crlert Proposed 1o Duagrose Unaiferenanied

* History of melanoma
* Remote h/o melanoma
 Higher risk stage?
* Axilla, groin or other
LN basin!!!
* Obviously in a LN!!!

* Melanoma-compatible
mutation detected
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Resolving diagnostic uncertainty in melanoma

« Detection of BRAF and NRAS mutations (>70% cutaneous melanoma)
can help distinguish undifferentiated melanomas, or melanomas
mimicking mesenchymal neoplasms, from soft tissue, bone or visceral
sarcomas. Exceptionally rare in sarcoma.

* More challenging to distinguish undifferentiated carcinoma from melanoma
by mutation

* KIT mutations would not be surprising in metastatic melanoma from
older patient with chronic sun damage — and/or could suggest acral,
mucosal origin (assuming ruled out GIST)

* NF1 mutations do occur in both melanoma and sarcoma (especially
MPNST) — more limited diagnostic utility
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wild type result does Not exclude melanoma

N=67 H Primary N=266 H Metastatic
melanoma melanoma

t g e t y e
samples samples

Mutation|| COPY | Whole || Pathology ' miRNARNA| _Protein

Number | genome | Review | Expression | Expression
Identification of Genomic Subtypes
Triple wild-type
Patients younger TMAPK activation _Patients older Lacks UV signature
BRAF. M andAKT3  Pmutation burde | Tcopy number and
ampifications  overexpression complex
rearrangements ¢

Cell 167, 16811096, June 18, 2015

20

Testing for Actionable Mutations

& o
the
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vemurafenib + cobimetinib

dabrafenib + trametinib  —y - I P13X/mTOR inhibhtors.

encorafenib + binimetinib 1 (AKT/PKE
= [ MEK 1
4 Proliferation
MAPK] ————>  Survival
Invasion
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Actionable/potentially actionable mutations are common:
somatic mutation testing is standard of care

“5% <B% 1%
VEOR V000 15TV VeE' DOMG 15670
/ Veoxe: Doy L

* BRAFV600E/K (~509)
* RAF and MEK inhibitors
* Adjuvant Stage Il
* Unresectable Stage Il

* Stage IV
* Contraindicated in BRAF wild type melanoma!!!

DN LSTE KEVE

MODERN PATHOLOGY (2018) 31, 24-38
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Actionable/potentially actionable mutations are common:
somatic mutation testing s standard of care

Contraindicated in BRAF wild type

+ NRASQEIR/KIL (15.30%)

* Major unmet clinical need, ongoing trials L _
* Correlates with poor survival - A
W ooicrr @ ron o

* Minority respond to targeted MEK inhibition

* Immune Checkpoint Blockade = First line therapy Immunity 47. December 19, 2017
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Actionable/potentially actionable mutations are common:
somatic mutation testing is standard of care 8

) tabl
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Contraindicated in BRAF wild type melanomal!!
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sal melanoma) s

to target

* KIT exon 11 (10-15% of acral, muco:
* Also enriched in melanoma with chronic sun damage
* Targeted therapy responses are limited and not durable

(SR

Biochem Pharmacol, 2010 Seo 1; 80(S): 568-574.

* NTRK, ALK, ROS fusions (<1%)
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20457136

NCCN Clinical Practice Guidelines (version 2.2022)
Indications for Somatic Mutation Testing

« Stage Ill
« Eligibility for RAF + MEK inhibitors as adjuvant therapy (BRAF'6°°-mutant)
* Ongoing trials for neoadjuvant RAF + MEK inhibition (BRAFY6%0-mutant)

« Stage IV — newly diagnosed and relapsed, eligibility for targeted tx
(Retesting after progression on targeted therapy is not recommended)

Broad panel testing (such as NGS) is recommended if feasible or when initial
single gene testing for BRAF is negative/not detected.
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Despite major advances in the treatment of advanced-stage melanoma:
NO new standard-of-care biomarkers since 2011
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MENGL) MED 38423 NEJM.GRG  JUNE 10, 2021

26

Unlike NSCLC and other carcinomas,
PD-L1 testing is NOT required in melanoma

* Tumor PD-L1 staining can identify patients more likely to respond

* but patients with PD-L1 negative tumors may still respond and benefit
from anti-PD-1 immunotherapy.

« Stage IIB,IIC, Ill, IV melanoma are eligible for anti-PD-1 therapy
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Important Clinical Question:
Most effective method for combination treatment?

Immune Checkpoint Blockade (ICB) + targeted therapy
DREAM-seq, NCT02224781
Two-year outcome results reported at the ASCO Annual Meeting, June 2021

SECOMBIT, NCT02631447

ImmunoCobiVem; NCT02902029
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ASCO Plenary Series

DREAMseq (Doublet, Randomized Evaluation in
Advanced Melanoma Sequencing) a Phase Il
Trial: ECOG-ACRIN EA6134

Michael B. Atkins!, Sandra Lee?, Bartosz ChmielowskiZ, Antoni Ribas®, Ahmad A. Tarhini¢, Thach-Giao
Truong?, Diwakar Davar, Mark O'Rourke’, Brendan D. Curti®, Joanna M. Brell?, Kari L. Kendra™®,
Alexandra P. Ikeguchi'?, Jedd D. Wolchok??, John M. Kirkwood®

burgh PA;
tland troHealth M veland OH
H0niversity of Oklahoma Medical Cer

hael B. Atkins, MD

DREAMseq Trial Treatment Schema

STEP1 STEP2

Arm A* ArmC

Ipifnive induction
followed by
nivo maintenance
BRAF-mutant Randomize At disease
metastatic melanoma progression
AmB Arm D*
Ipi/nive induction
Dabrafenib/trametinib,
e o  followed by
nive maintenance

*Nivo/Ipi Induction = 12 wks; nivo maintenance = 72 wks

continuous

Dabrafenib/trametinib, ‘

Slide courtesy Michael B. Atkins, MD
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Improved Overall Survival (0S) leading with Nivo/Ipi

1.0
0.9
Nivo/Ipi +/- Dab/Tram: 38/133 died,
0.8 2-yr OS rate 72% (95% C1:62%, 79%)
£ o071
B oo
= 20%, (95% RCl: 3%-38%), Z-Stat= 3.157 >2.743
& o5
Z o4
= |
B oa- | Dab/Tram +/- Nivo/Ipi:62/132 died,
2-yr OS rate 52% (95% Cl: 42%, 60%)
0.2
0.1
Log-rank pvalue = 0.0095
0.0
° 10 20 a0 a0 s0 co 70
Months

Time Interval

o atrisk)

Slide courtesy, Michael B. Atkins, MD,
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Recent preclinical studies suggest a promising new
combo treatment paradigm for multiple cancer types

Anti-PD-1/L1 lead-in before MAPK
COomk
antitumor immunity and efficacy

Yulue Wan, " Sixue Li, " Zhentao Yang ¢ Alain P. Algaz. " Stirley H. Lomek! Yan Wang,' Megan Othus.
young Hong, Xiaoyan Warg, ' Chs E. Alaxia M. Jones, Marcus W. Bosenbor. Stophanio D. Byrum,

Alan J. Tacksf1.* Honry Lopez.” Glayton Yates,'” David B, Soa.* Antori Fibas, Marco Piva,

Gatien Moricesu,''"* and Roger S, Lo’

Cancer Cel 39, 1375-1387, October 11, 2021
Syngeneic tumors
T Braf "7 melanoma HMB
- - - Mo vEEMEN- - - - - - Nras™'™ melanoma
T melanoma HMB
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Chasing with Biomarkers,
charting unknown waters

Which patients are likely to
receive benefit from ICB?

Which patients are not likely to
receive benefit from ICB?
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Management of Immune-Related Adverse
Events in Patients Treated With Immune
Checkpoint Inhibitor Therapy: ASCO
Guideline Update

J Clin Oncol 39:

73-4126. © 2021

+ Rash or Inflammatory Dermatitis

+ Bullous Dermatoses

* SCAR (Stevens-Johnson syndrome, toxic epidermal necrolysis,
acute generalized exanthematous pustulosis and drug reaction
with eosinophilia

Colitis

Hepatitis

Pneumonitis

Endocrinopathies (adrenal, thyroid, pituitary, diabetes)
Autoimmune arthritis

Myositis, polymyositis-like syndrome

Nephritis or acute kidney injury

Myocarditis, Pericarditis, Arrhythmias, Impaired
Ventricular Function With Heart Failure, and Vasculitis
Venous Thromboembolism

Uveitis or irits, episcleritis

Myasthenia Gravis

hypersensitivity syndrome
Hemolytic Anemia, aplastic anemia
HUS

Acquired TTP
Lymphompenia
i

Acquired hemophilia A

Peripheral Neuropathy
Autonomic neuropathy

Aseptic meningitis

encephalitis

Demyelinating Diseases, Including Multiple Sclerosis,
Transverse Myelitis, ADEM, ON, and NMO

Infusion reaction

34

Mounting Evidence within Tumors:
immunogenicity and inflammation

« immune cell infiltration
= activated T cells vs. dysfunctional T cells
* immunosuppressive regulatory T cells and M2-like tumor associated
macrophages

* tumor immunogenicity: tumor mutation burden (TMB), neoantigen
load, neoantigen heterogeneity

« expression of genes involved in antigen presentation

« specific gene mutations associated with resistance

* adaptive immune resistance, PD-L1 and LAG-3 expression

ion (particularly the IFNy pathway)

. ory gene

(+]

35

TMB and Inflammatory Gene Expression Associated with
in

Clinical O
Advanced Melanoma

F. Stephen Hod!, Jedd b. Walchok™***, Dirk Schader
Yianzheng Gien”, Abedel Saci®. Tina €., Young”, Su
Magan wind-Rotola™. Jasmine L Rizzo™, Danald G,

A

Retrospective study
CheckMate 066 (NCT01721772)
CheckMate 067 (NCT01844505)

W

« whole exome sequencing
« germline
* Pre-treatment tumor
+ somatic missense mutations
« calculated median for each trial
cohort (mutations/exome)
« TMBHIGH > median E
« TMBLXOW < median

R —
z H

High variance TMB among both Responders vs. Non-responders

Cancer Immuno| fes; 5(10) Octebor 2071
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High Variance in Tumor Inflammation Score (TIS)
among both responders and nonresponders

* RNA sequencing (RNA-seq), FFPE tumors, pretreatment

* CD274 (PD-L1), CD8A, LAG3, STAT1
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Multiomic profiling of checkpoint inhibitor-treated
melanoma: Identifying predictors of response and
resistance, and markers of biological discordance

Falicity Nowsil,
James 5. Viimors
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Restrospective study, Stage IV melanoma
IFNy gene signature developed with melanoma
IDO1, CXCL10, CXCLY, HLA-DRA, STAT1, IFNy

TMB and IFNy accurately predicted response to ICB
(89% sensitivity)

Failed to predict resistance (59% specificity)
no common mechanisms of resistance

Cancer Cell 40, 1-15, January 10, 2022




Performance of combined TMB and IFNy expression signature

CFSCOVER COORT
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Conclusions

* TMB, neoantigen load, IFNy expression signature, PD-L1 expression,
and presence of CD8+ T cells in the tumor microenvironment are
associated with response to ICB

* TMB and IFNy expression signature are independent predictive factors

« potential predictive value of combined TMB and inflammatory gene
signatures needs to be validated in prospective studies using
predefined cutoffs
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ImmunoMATCH:

next generation NCI precision medicine trials
prospective molecular profiling and biomarker stratification

52101 BiCazO: A Study Combining Two Immunotherapies (Cabozantinib and Nivolumab)
to Treat Patients With Advanced Melanoma or HNSCC, an immunoMATCH Pilot Study

Hypothesis
* TMB and TIS will be feasible for upfront patient stratification
« Combination of Anti-PD1 and VEGFRI are effective and the response rate will
be different among tumors with different TMB and TIS
Objectives
« feasibility of 14 day TAT for biomarkers
* Obtain preliminary evidence of clinical activity in pre-defined molecular
subgroups (ORR, PFS, 0S)
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= Liquid Biopsy
\\ circulating tumor DNA (ctDNA)

1. Monitoring and predicting treatment efficacy in Stage IV patients
Lancet Oncol 2021; 22: 370-80

2. Predicting relapse and survival in Stage Ill patients
Annals of Oncology 30: BO4-814, 2019

3. Predicting relapse and survival in Stage I1/I1l patients

Annietls of Cricokogy 259 450196, 2018
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Circulating tumour DNA in patients with advanced
melanoma treated with dabrafenib or dabrafenib plus
trametinib: a clinical validation study im0 2237090

Keith T Fiaherty, Dirk Sd

Squires, Mahtab Marker,

* Retrospective study, unresectable or metastatic BRAF -mutant melanoma
+ Advanced stage = expect tumor shedding and detectable ctDNA pre-treatment

* phase 3 COMBI-d and phase 2 COMBI-MB trials
+ dabrafenib + trametinib

« Measured BRAFVS90E/K ctDNA by droplet digital PCR, n=345 patients
* Detected in 90% of patients

« Serially collected blood - before treatment and on treatment week 4

« Biomarker study funded by Novartis, testing performed by NYU
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ctDNA testing stratified high vs. low risk for progression
and prognosticates overall survival in both baseline and very early on-treatment

Pre-treatment On-treatment 4 weeks
Discrete HR 2484(95% C1 148732, p-0-016

8 HR2.23{35% 011732467}, 00001

\ — wigh risk <64 copies/mL
1 ™ — Low sk 264 copies/mL B

A

\

J . J
" <Bamutant

| — ] copres perml.

64 mutant capies per mi

12 ] 6o 7 S 15 0 25 3 % 4p 45

Time from rancleenisation (manths]
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Unmet clinical need:
Improving risk stratification for Stage Il melanoma

« Stage Il patients are eligible for adjuvant ICB therapy
* Costly
* Potential for immune related adverse events (irAEs)

« Clinical goal for biomarker development and validations

« Ideally - avoid unnecessary treatment in patients who are cured by surgery
alone

* 40%-90% of patients with resected stage Ill disease treated with curative intent will
relapse within 5 years

« identify those at highest risk of relapse, where the benefits of systemic
therapy may outweigh the risk of irAEs
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Prediction and monitoring of relapse in stage lll
melanoma using circulating tumor DNA

« Tumor: mutations identified in 99/133 (74%) patients
* BRAF, NRAS, TERT promoter
* Blood: 315 prospectively collected plasma specimens
* Pre-Op baseline
* Post-Op
« ctDNA Assay = droplet digital PCR (ddPCR)
* ctDNA was detected in 37 of 99 (37%) individuals
* 53 of 99 (54%) had relapsed with median follow up of 18 months
(range: 2—58 months) (none had received adjuvant systemic therapy)

47

ctDNA detection increases with increasing T Stage
(Breslow/primary tumor thickness, ulceration, lymph node stage)

Table 1. Giniespathebsgcal haractersics of patients i the MRV cshort aczonfing to haseline and pestoperative DA status

Charsctaritics aDna basaiing. DA pastaperative
Undetected  Detocted £ Total  Undetected  Detected P Total
Hiw N B N e Nl

30:804-814, 2019
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PRE-operative ctDNA detection Stage Il melanoma:
reduced relapse free and distant metastasis free survival

1. B 1
us. ue
T o 3 s
= 0 Detected > 90% relapsed = o
g Undetected > 49% relapsed ]
02 - [E
0 o
- Tima i mana

Patients treated with surgery alone - NO systemic therapy

on

eology 30: 804-814, 2019
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POST-operative ctDNA detection Stage 1/l melanoma
reduced relapse free and distant metastasis free survival

Total detected 13 of 52 (25%) patient
100% of those detected relapsed
41% of those undetected relapsed

Mo, st ek Tims in moriha No. stk

Patients treated with surgery alone - NO systemic therapy Annals of Oncology 30 804-814, 2019
Annals of Oricolagy 30: 804-814, X
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Serial postoperative liquid biopsies
ctDNA was detected prior to relapse in half the patients

Bt

CtDNA detected 16/33 (48%) patients
prior to clinical relapse
median lead time of 2 months.

Annals of Oricoiogy 30 B04-814, 2019
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High Risk Stage II-lll Melanoma:
improve risk stratification Stage I1B-C, lIA-B?

8™ edition AJCC Stage Il (non-metastatic) 8% edition 'AJCC Stage IIl (lymph node metastasis)

ICB
Targeted Tx

—

Years since diagnosis Years since diagnosis

Expert Rev Anticancer Ther. 2018 Aug; 18(8): 775-784
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Can ctDNA distinguish relapsers from nonrelapsers within
high risk, resected, Stage I1/lll melanoma patients?
* Retrospective study
« Stage IIB, IIC, Ill melanoma Charsceristic Totl  Undetectabla Datsctabls
« Single plasma collection within o e e
12 weeks after surgery (trial Disease sage
setting) o . s
* ddPCR BRAFV60E and NRASAG1K/L =
« detectable >1 copy of mutant o )
DNA/2mL plasma e B e
Aok o Oncology 29- 50496, 2018
53
Detection of ctDNA:
reduced disease-free and overall survival (5yr) Stage I1/1ll melanoma
P -
""\ T
\\_ e

Annals of Or G- 190496, 2018
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=29923435

Detection of ctDNA improves prognostication
of Stage Il/lll melanoma

Tabla 4, Model performance measures fer the staging variables associated with AC dassification (stage, Wodal dassification, ukseration and Bresiow) and
the model adjusted for ctDNA

ICC staging wari Adjusted for CtDNA

oFl as DMEL oFl os oMFl
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Summary

* Somatic mutation testing,garticularly for BRAF, remains essential for, and
will continue to guide, SOC therapy for cutaneous melanoma
« Panel testing is recommended, if feasible, to cover actionable mutations
* BRAF > NRAS > KIT > NF1> NTRK/ROS/ALK
* Molecular testing may help resolve diagnostic uncertainty with metastatic
melanoma
* Recent clinical trial data demonstrates improved efficacy of combo therapy
- ICB lead followed by targeted therapy
* Emerging data — may be relevant to other cancers
* Emerging evidence suggest genomic markers of tumor immunogenicity
(TMB) and inflammation (CD8 infiltration, IFNy gene expression signatures)
identifies patients who are most likely to benefit from ICB, prospective
clinical trials pending
« Liquid biopsy/ctDNA testing may improve disease monitoring and risk
stratification, prospective clinical trials needed
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