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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) heterogeneity of
cancet.

* Identify salient genetic radiotherapy biomarkers in cancer.
* Identify how NGS can augment tumor staging.

* Identity the role of liquid biopsg in understanding disease evolution and
assessment of systemic disease burden.
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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) diversity of cancer.
* Identify salient genetic radiotherapy biomarkers in cancer.

* Identify how NGS can augment tumor staging.

* Identify the role of liquid biopsy in understanding disease evolution and
assessment of systemic disease burden.
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What is Radiogenomics?

* Radiogenomics 1s the cataloguing of genetic determinants of the tumor
response to radiation.

* It is also used in the context of associating cancer imaging features
(radiomics) with genetic determinants (genomics); hence, radiogenomics.

* Today, we will focus our discussion on the former.
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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) heterogeneity ot
cancet.

* Identify salient genetic radiotherapy biomarkers in cancer.
* Identify how NGS can augment tumor staging.

* Identity the role of liquid biopsg in understanding disease evolution and
assessment of systemic disease burden.
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Personalized Medicine

Cancer patients with Blood, DNA,
e.g. colon cancer Urine and Tissue Analysis
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The Genetic Diversity of Cancer

Problem: Cancer 1s genetically heterogenous.

Solution(s): Identify omic predictors of radiotherapeutic response and stratify

patients based on these alterations.
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Variation in the Vulnerability of Cancer to lonizing Radiation
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http://www.ncbi.nlm.nih.gov/pubmed/27109210
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Integrated Clinomic Networks: A Platform for Clinzcal Prediction
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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) heterogeneity of
cancet.

* Identify salient genetic radiotherapy biomarkers in cancer.
* Identify how NGS can augment tumor staging.

* Identity the role of liquid biopsg in understanding disease evolution and
assessment of systemic disease burden.
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HPV tumors, radiation sensitivity, dose de-escalation

* Patients with human papillomavirus—

related oropharyngeal cancers have ( fonzngradation )
excellent outcomes but experience -
. . . . o i | tal facto
clinically significant toxicities when (" intrinsic factors A
treated with standard e o N
hemoradiotherapy (70 Gy) e el
cnce . .
py y * '3"“""?""“"'5351 DNA - vaccine like effects of radiation
repair capacity - altered expression of immune
\_ N /( escape/surveillance factors
. 3 . 3 _."J
* Due to the intrinsic and immune-
mediated sensitivity of these tumors (__ ennancea radosensituny )
to radiation, there are ongoing De Costa AM., ct al. (2015) HPV and Radiation Sensitivity. In: Miller D,,
attempts to de_escalate treatments. Stack M. (eds) Human Papillomavirus (HPV)-Associated Oropharyngeal

Cancer. Springer, Cham.
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NRG Oncology HNOOZ

* Randomized, phase 1I trial, patients with p16-positive, T1-T2 N1-N2b
MO, or T3 NO-N2b M0 OPSCC (7th edition staging) with <10 pack-
years of smoking received 60 Gy of intensity-modulated radiation

therapy (IMRT) over 6 weeks with concurrent weekly cisplatin or 60 Gy
IMRT over 5 weeks.

* To be considered for a phase 111 study, an arm had to achieve a 2-year
progression-tree survival (PEFS) rate superior to a historical control rate

of 85% and a 1-year mean composite score >60 on the MD Anderson
Dysphagia Inventory (MDADI).
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NRG Oncology HNOOZ

* 306 patients were randomly assigned and eligible.

* Two-year PES tfor IMRT + C was 90.5% rejecting the null hypothesis of
2-year PEFS < 85% (P = .04).

* For IMRT alone, 2-year PES was 87.6% (P = .23).

* One-year MDADI mean scores were 85.30 and 81.76 for IMRT + C and
IMRT, respectively.
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NRG Oncology HNOOZ
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30 ROC Trial

* In 19 patients, pre- and intratreatment IT

dynamic fluorine-18-labeled T
fluoromisonidazole positron emission THIY
Cases for
tOmOgraphy <PE’I'> was U.SGd tO aSSESS i. ii correl.ztiv:e;;r;alysis
tumor hypoxia. 0566
e 243
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* Patients without hypoxia at baseline or . i Standard.
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] Natl Cancer Inst. 2021 Jan 12;djaal84. doi: 10.1093/jnci/djaal84. Online ahead of print.
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30 ROC Trial

* 15 of 19 patients had no hypoxia on T
baseline PET or resolution on iii
intratreatment PET and were deescalated iiiii
Cases for
tO 30 Gy. i. ii correl.z;iv;e;;r;alysis
11l
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Interim Conclusions

e HPV+ OPSCC are sensitive to radiation and de-escalation studies are
warranted/ongoing.

* De-intensification of radiation dose and systemic therapies are likely to
result in improved toxicity profiles and improved functional outcomes
(e.g. swallowing).

* Biomarkers that can aid in the calibration of radiation dose, thereby
significantly altering the clinical paradigm.
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Genetic Mutations that Confer Radiation Reststance
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NRF2/KEAPT Mutants Confer Radiation Resistance
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KEAPT Mutant Tumors and 1Local Failure after
Radiotherapy
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Clinical Variables, Genetic Determinants, and 1 ocal

Failure after Radiotherapy

Pathogenic KINMYT
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KRAS is a Genetic Determinant of
Resistance to Lung SBRT
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KRAS Mutant Tumors and 1ocal Failure after SBRT

KRAS G12V

Diagnosis

Unpublished.
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KRAS Mutant Tumors and 1.ocal Failure after SBRT
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KRAS Mutant Tumors and 1.ocal Failure after SBRT
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AMGH5710 is a Clinical KRAS G12C inhibitor
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https://www.nature.com/nature

Interim Conclusions

* Genetic mutations in the NFE2LL.2/KEAP1 and KRAS pathways confer
resistance to radiation in patients with lung cancer.

* Clinical variables are important to consider when assessing the added
benefit of genetic biomarkers.

* The implementation of dose escalation strategies either by selectively
increasing radiation dose or the addition of adjuvant systemic therapy
post SBRT are areas of active investigation.
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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) heterogeneity of
cancet.

* Identify salient genetic radiotherapy biomarkers in cancer.
* Identify how NGS can augment tumor staging.

* Identity the role(s) of li%qid biopsy in understanding disease evolution and
assessment of systemic disease burden.
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NGS as a Tool for Enbanced Tumor Staging

78 yo patient with metachronous and
synchronous lung cancers

In 2011, diagnosed with a TLaNOMO LUAD s/p
lingula-sparing lobectomy

In 2019, surveillance imaging showed a spiculated
nodule in the LUL. She underwent a LUL
segmentectomy.

Pathology showed 2 moderately differentiated
LUADs (1.5 & 0.9 cm)
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Lung, left lower lob wedge resection (2011):

e Adenocarcinoma

* Molecular studies (PCR): No EGFR mutation; KRAS G12V mutation

A. Left lung, superior segment, wedge resection (2021):

¢ Adenocarcinoma moderately differentiated, predominantly acinar with minor lepidic component,
measuring 1.5 cm in greatest dimension.

C. Left lung, superior segment mass, biopsy (2021):

e Adenocarcinoma (0.9cm), moderately differentiated
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No two cancers are the same, but some are quite similar, indicating a common ancestor

NGS data strongly suggested that the two lesions shared common truncal mutations

Therefore, they were staged as two nodules of the same cancer in the same lobe T3 v. two separate primaries (T1a and

T1b)

Variants of possible clinical significance®

Drugs
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Clonal Heterogeneity in Cancer and its Implications
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Interim Conclusions

* It is frequently difficult to distinguish synchronous or metachronous
primaries v. metastatic disease.

* Assessment of NGS data and clonal or truncal mutations can provide
definitive clarification of the phylogenic trees of tumors.

* This enhanced staging information can significantly alter clinical
management.
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Learning Objectives

* Define molecular radiogenomics.

* Describe the genetic and phenotypic (radiation sensitivity) heterogeneity of
cancet.

* Identify salient genetic radiotherapy biomarkers in cancer.
* Identify how NGS can augment tumor staging.

* Identity the role(s) of li%qid biopsy in understanding disease evolution and
assessment of systemic disease burden.
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Liguid Biopsy and Systemic Disease Status

Solitary brain mets in 2018 & 2019 s/p SRS

Initiated TKI in 2018, transitioned to osimertinib

Without evidence of disease until 10/2020, p/w L
adrenal mass (+PET)
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e Adenocarcinoma.
e PDL1: 90% of tumor cells +

Adrenal biopsy (10/23/2020) e

Y @theabzlab

Stain Name

Result
Synaptophysin
Chromogranin
CD56
Ki-67 proliferation index
Cam 5.2

GATAS3

2021 ASTRO ANNUAL REFRESHER COURSE - MARCH 19-21, 2021

Positive
Negative
Positive
80-90%
Positive
Positive
Negative
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Diagnosis

High-grade neuroendocrine carcinoma
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Variants of known clinical significance”

Allele Drugs Associated | Drugs Associated | Clinical
Alteration Variant Proportion | with Sensitivity with Resistance Trials
EGFR NM_005228.3 | 64% Erlotinib None See Below
p.(E746_AT750del) €.2235_2249d Gefitinib

el Dacomitinib
Afatinib
MET Amplification 20.74 Crizotinib None See Below
Gain-of-Function copies
Variants of possible clinical significance”

Allele Drugs Associated | Drugs Associated | Clinical
Alteration Variant Proportion | with Sensitivity with Resistance Trials
TP53 NM_000546.5 73% None None None
p.(L111fs) €.331_332delCT
MSH6 Deletion 1.09 copies | None None See Below
Loss-of-Function
PTEN Deletion 1.15 copies | None None See Below
Loss-of-Function

Variants of unknown clinical significance”
Allele Drugs Associated | Drugs Associated | Clinical

Alteration Variant Proportion with Sensitivity with Resistance Trials
CDKN1B Deletion 0.83 copies None None None
Loss-of-Function
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Reflection Question

* Which two genes are frequently mutated in small cell
carcinomar

Synonymous m Nonsynonymous Mutation b

frequency (%) g-values g-values
deletions amplifications
10 2080 100
——

L0 ~
™ SICINNN OSSN
LS - W -]

res3+++ INNRNNNNDC DRRRRRRRRERRRRE AR i e nmmmenm
Re1*+ LIIIIINEE 0 NONN ROn A0 DRRRCHmnn s e ey rem rnn e

KIAA1211"

COL22A1* # 1rini || 111 LI N O | | 1 =
RGS7* | 1 H [ I | 11 |

I. Significance”
q-value < 0.05

FPR1* 1 1
epaoo t [N L 2
CREBBP % I IIIIIIII ] EHIT

Aasemt 1 I | 111 I 10 3
ALMSTt 11 n I ] 1in "
PDE4DIP t | [ DY I R RO O | | ni

xan1t |l | 11 | | ] |
PTGFRN 1§ 1 1 1 1 0 5
P73t | wnm 1 g
RBL1 ] ||
RBL2 ] ] 1 1 7
Fnzts L LD [ m 1 1 nm I CDKN2A |5 g o b FGFRI
norcH1+ I | i 3| Mvc

II. Clustering'
P value < 0.05

RB1 and TP53
In nearly all 110 small cell lung cancers

(SCLC) analyzed, authors found bi-allelic orcr1+ il .
inactivation of TP53 and RB1, sometimes N2§ic*§§l" i Hil l:""' T L
by complex genomic rearrangements.

-

Ill. Damaging*
P value < 0.01

ks 1 I 1 11 1 12
PIK3CA * I I I rRe1 =fq3ll 1 jrso
BRAF 1 14

- 13 — 15
Significance 16
TP53 =Tl17 o
- © 18
st o f IR 19

I Missense | in-frame ins/del Rearrangements 8 C:G>G:C wCG>AT #GC>AT - "_H’ 22
I splice site | Nonsense I Frameshift BAT>C:G FAT>TA BAT>GC q/P value

IV. Cancer
census

Relative
frequency
(4]
o

-
(=]
(=]
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Highest Variant
Allele Fraction

ctDNA

JUN-28-2018 OCT-01-2020

Detected Alteration(s) /

Biomarker(s) % cfDMNA or Amp Alteration Trend
GNAS R201H 6.6% o o o
MPL Wa15L 2.7% L ——
0.8% 3% 2 7%
TP53 1254N 0.5% - e
0.1% 0.4% 0.5%
2.2
MET Amplification ND NDL D
RB1 and TP53 mutations
in neuroendoctine
EGFR E746_AT50del MND —
1.2%
tumors of lung " -
TP53 L111fs MND —
HD o8% WO
RB1 R787fs ND e
ND 0.4%; ND
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ctDNA vs. Tissue NGS Discrepancy

e Concordance: >90%

e Discordance may be due to:
* The intra-tumor heterogeneity

* Changes in the tumor genomic
profile during disease
progression/ metastasis

» Different neoplasms (?)
e CHIP mutations (e.g. TET2,

m In Both
min Tumor DNA Only
I ¥in Cell-Free DNA Only
DNMT3A) L J

* Hematopoietic neoplasm PIK3CA amEpFl}fiEfm amgﬁgghn

Mumber of Patients
== Py W kB hn @ =J O O

=

* Rarely different primary
solid tumor

Y. K. Chae, et al. Mol Cancer Ther. 2017(7):1412-1420.
D. Liang et al. Breast Cancer Res Treat. 2016(155):139-149.
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Additional Molecular Studies

Completed SBRT to the L. adrenal lesion on 12/1/2020
Guardant360 pre and post therapy...

GNAS R201H 8.4% 8% 4%
__ o Highest Variant
MPL W515L 3.0% . ;/a_ a0 _Aliele Fraction 8% 6.4% 6.6%
EGFR E746_A750del 1.2% .
ND 1.2%
TP53 L111fs 0.8% N
ND 0.8%
TP53 254N 0.4% .
0.1% %
JUN-28-2018 OCT-01-2020
RB1 R787fs 0.4% Y
0.4%
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RB1 Loss and Small Cell Transformation

RB1 loss predisposes to small cell transformation and poorer outcomes

Median TTD
C797X (months)
ngem = EGFRIRB1/TP53-mutant 9.5
amp = 1.001
G724 4 =+ EGFRITP53-mutant 123
[ Acquired EGFR mutations 'ﬁ/ s768l ::T: = EGFR-mutant 36.6
METamp (7—15%) 5
[] Acquired amplifications w 0.751
c log-rank for trend p=2e-9
o]
[J Acquired oncogenic fusions HER2amp (1-2%) g)
@ SPTBN1-ALK ‘T 0.50-
) ) RET fusions ©
] Acquired MAPK-PI3K mutations BRAF fusions e
2
[ Acquired cell cycle gene alterations k BRAFV600E (3%) Q 0.254
'\_ PI3KCA (7%) %
KRAS (3-4%)
] Unknown g HER2 (1%) g
2 0.00;
] Transformations (SCLC, SCC) CCND1amp 0 : 12 _24 ) 36 48
CCND2amp Time to EGFR-TKI discontinuation (months)
CCNEt1amp y
CDK4amp Number at risk
CDKGamp EGFRIRB1/TP53] 20 4 0 0 0
EGFRITP534 79 39 11 3 0
EGFRA{ 60 37 17 6 1
0 12 24 36 48
Time to treatment discontinuation (months)

British Journal of Cancer volume 121, pages725-737(2019)

J Thorac Oncol. 2019 Oct;14(10):1784-1793. doi: 10.1016/j.jth0.2019.06.002.
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Interim Conclusions

* There 1s high concordance (>90%) between liquid and tissue biopsy
NGS.

* Liquid biopsy can be a good surrogate marker of systemic disease
burden.

* Liquid biopsy can help identify disease transformation (e.g. lung
adenocarcinoma to neuroendocrine differentiation), thereby guiding
systemic treatment strategies.
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Overall Conclusions

1. Cancer is genetically heterogeneous.
2. Cancers respond to radiotherapy in a manner reflected by genetic subtypes.

3. Several genetic biomarkers are being tested for treatment de-escalation (e.g;
HPV+ OPSCC) or escalation of radiation dose or the addition of systemic
adjuvant treatments (e.g. KRAS mutant tumors).

4. NGS 1s frequently used for stratifying patients for systemic and, increasingly,
radiotherapy treatments.

5. NGS can be used as a tool for enhanced tumor staging (metastases v. new
primaries).

6. New clinical radiotherapy biomarkers are actively being translated into
clinical practice.
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