Effect of Stereotactic Radiosurgery on Non-small Cell Lung Cancer Brain Metastasis: Continued Correlative
Radiobiologic Analysis of DNA and RNA Genomic Profiles from Phase-Il Clinical Trial NCT03398694

Mario Henriquez', Wei X. Huff?, Jack Shireman3, Gina Monaco?, Namita Agrawal4, Cheol Hong Park3, Miranda Saathoffs,
Gordon Watson#, Atigue Ahmed3, Mahua Dey’

T Department of Neurosurgery, University of Wisconsin Madison School of Medicine and Public Health, Madison, WI, USA
2 Department of Neurological Surgery, Indiana University School of Medicine, Indianapolis, IN, USA
3 Department of Neurological Surgery, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA
4 Department of Radiation Oncology, Indiana University School of Medicine, Indianapolis, IN, USA

Department of

Neurological Surgery

UNIVERSITY OF WISCONSIN
SCHOOL OF MEDICINE AND PUBLIC HEALTH

METHODS CONT.

RESULTS 1: Individual patients’ SNP

ABSTRACT RESULTS 2: RNA sequencing reveals genomic difference in radiated

BACKGROUND: Stereotactic radiosurgery (SRS) is an increasingly common modality used with and Indel tOtaI mutation number versus nOn-radlated tissues
or without surgery for the treatment of brain metastases (BM). However, the molecular and I t - th DE b
genomic effects of SRS on tumors in vivo is unknown. cofrreiate wi gene numper A Cluster analysis of differentially expressed genes B
METHODS: Patients were treated with SRS prior to surgery as per clinical trial protocol '
(NCT03398694). Resected tumor was divided into two groups: ‘center’ and ‘periphery’ with A PT 7 PT 13 PT 14 _Indel NoTxCtrl Rad_Cen
respect to the center of SRS treatment. Tissue were analyzed by DNA and RNA sequencing and 46000— 58000 el
. . 49000
compared between the two groups as well as to non-radiated control tumor tissue. ppeedl 570007 » 48000 [
o 1 ® 56000 - € 47000— 291
2 :gggg_ 2 55000— -% 46000— -
RESULTS: DNA analysis showed at the individual level, matched comparison of SRS samples 2 41000 1 § 54000 3 45000~ 834 1276
from the center or periphery of the same tumor had total mutational burden differences. In terms 3 00T S 40000- T 30000~ )
of RNA analysis, there were no differentially expressed genes between center and peripheral = 20000 ¥ 200004 i fgggg:
radiated BM, but there were 62 and 192 differentially expressed genes between the center as well haaedl ol L | oL , 5
as peripheral tumor and non-radiated control, respectively. At an individual level in matched center &“‘l 0@' & & & ‘&@ 151
and peripheral tumor of SRS-treated patients revealed an average of 16641 differentially <® Qé&“ < Qé“"\ NP
expressed genes. Comparing total number of up- and downregulated genes with total SNP and Location Location Location 215 1973
Indel mutations of matched patient samples, we noted that in patients with higher mutational
burdens in peripheral tumors as compared to center, there was a much higher number of
upregulated genes in center as compared to matched peripheral tumor. Reciprocally, we also B
noted when mutation burden was higher in center tumor, total number of genes that were either PT 7 PT13 PT 14 640
up- or downregulated were roughly about the same. Pooled analysis revealed significant zg‘s’ggg: L ‘;32333: ::gggg:
upregulation of oncogenes, such as TP63, LEF1, and RECQL4, in the group treated with « 270000 2 380000 | e 200000d [ |
radiation. DO enrichment analysis also reveal pathways related to non-small cell lung carcinoma 2 265000 2 370000 2 285000-
and lung carcinoma significantly altered in radiation cohort. 3 260000~ 3 360000 5 280000~ Rad_Per
| | g 2000007 5 occoo. & 200000- 5 ] ] Gamma knife plan for one of the patients on the pre-op SRS protocol
CONCLUSION: In summary, this study demonstrates that SRS alters the molecular and genomic 100000~ 100000 100000 s, o ' +  Small green circle: 150% IDL
profile of non-small cell lung cancer brain metastasis. It results in altered expression of oncogenes 0 : : 0 : : 0 . . ) ’ Yellow circle: 100% IDL
and pathways related to lung cancer. Additionally, by sampling the tumor at the center and & & K @'* & ,{\é@'\ ] : : : : : : : ) ) . ©
beriphery, we observed that there is differential effects of the dose gradient on the cellular and < & &S & &8 RESULT 2: A) Hgatmap analy§|s of non-radiated vs radiated center vs radiated peripheral tissue. B) Venn diagram of «  Big green circle: 50% IDL
molecular response to ionizing radiation. Location Location Location total shared or unique differentially expressed genes. DlS CUSS'ON
C Pt_ 7 Pt_ 13 . [ [ ] [ -l [ ] )
INTRODUCTION 20000 20000 Pt. 14 RESU LTS 4- Pathway anaIVSIS reveals radlatlon Induced dlfferentlal Our Study has shown that tumor undergoes molecular Changes In response to
Stereotactic radiosurgery (SRS) is an increasingly common modality used with or without .,, u, 20000 7 g 0 _ i i 7 radiation treatment. Additionally, individual matched patient analysis reveals
surgery for the treatment brain metastases (BM)._WhiIe post-resection cavity SRS has roughly § 15000- § 15000- é 15000— expreSS|On In radlated VS non radlated NSCLC braln metaStaSIs patient variability in response to radiation treatment and gene expression
equwa_lent local control compared to post-resectl.on WBRT, sev.eral factor_s suggest that pre- w w © patterns differ depending on mutation burdens.
operative SRS has advantages over post-operative SRS.! Radiosurgery is known to have a w5 10000~ « 10000~ Q . 0000- A NoTxCtrivsRad_Cen_all NoTxCtrlvsRad_Per_all
sharp penumbra. Targeting a resection cavity is imprecise and there may be microscopic g g ; Prader-Willi syndrome - varicocele - _ L _ _ _
spread of disease outside of the contoured volume as a result of post-surgical disruption of E 5000 E 5000 ‘g’ 5000- physical disorder - testicular cancer 1 Pathway analysis also reveal significant differences in the radiated vs non-
blood brain barrier. Another advantage of pre-operative SRS is a theoretical increased = = . 2 ISR respiratory syncytial virus infectious disease { radiated cohort and that pathways differentially expressed are not shared in
response to radiation due to intact vasculature and greater peri-tumoral oxygen content. Up Down Up Down 0 Uo  Down : ieumpema_ - phypelvilcdvari:es< coun center and peripheral radiated tissue, suggesting a differential response to
. . mental depression 4 1. male infertility < * 10 1ati ' - l
Additionally, there are no published reports of the in vivo effects of SRS in the immediate post- RESULT 1: A) 4 out of 5 (80%) patients showed increased total .:n;dc:cmoma- -o.:: k;dlneyff:ul,::- ® 15 racilatlolnt IQ -nar C(Ijoste 3 epi?dretll‘lt manner.mlntfrﬁsttlng Iyr;_rogf;(?[gznesnt? r|e also
procedure setting in human metastatic brain tumor, and pre-operative SRS treatment paradigm number of Indels in center versus periphery locations. B) 3 out of | | © ose ——— ®: upregulated In radiated center tssue as compared to non-radiated controis.
pr.ovides a unique opportunity tq evaluatg radio.b_iollog.ic effects of ab_lative doses of radia.tio.n 5 (60%) patients showed increased number of SNPs in center Q eukopenia 0.25 hyperinsulinism - :zz
with 72 hours post treatment. Tissue radiosensitivity is under genetic control.2 As such, it is ver rioherv | tions. C) Total number of DE " f hypotrichosis ¢ - ;00 holoprosencephaly 1 CONC LUSION
important to investigate the evolution of the genomic profile under the pressure of radiation €rsus pe 'p_ ery localio _S' ola u € O genes o “Yh‘;fzza‘:sm"; Count - goteny padj
leading to the eradication verses resistance/recurrence, especially in correlation to patient’s matched patient samples in center vs periphery tissues. ——— o T endocme:::‘i:::;::::: -0:75 Our study has shown that pre-operative stereotaxic radiosurgery induces
local control and distant metastasis. RESULTS 3: Selected oncoaenes are famital combined hypertpidemia :j‘s’ Ehlers-Danlos syndrome- 080 mutational and genomic burdens in NSCLC brain metastasis. Our study also
METHODS . 9 B ® o . N demonstrates the power of using individualized matched patient sample
upregu|ated Ta rad|ated tissues oot o oz o o oo ol o analysis to de_termme Ppatient-to-patient varlab!ll_ty response to radlotherap_y.
Patient selection: This study was approved by Indiana University Institutional IRB. Patients TP53 | EE4 _FUthe | studies | will f_OCUS on addltlpnal genomic  analysis,
with 1-4 brain metastases on a diagnostic brain MRI or CT were identified as potential study RECQL4 NoTxCtrivsRad_Cen_all NoTxCtrivsRad_Per_all Immunohistochemistry, and histopathology analysis.
I i I I 1ati I skin epidermis development - @ very-low-density lipoprotein particle -
sub_Ject per the recommendation of surgeons, medlcal oncolog_lsts, a}nd{or radlatlon_ oncologist. 25+ p-adj<0.0007 40 p-adj<0.042 50~  p-adj<0.000" B kin epid Skm:eve:ozmen:q < ry-low-density lipoprot Zr:pold«
Patients were selected based on pre-set inclusion and exclusion criteria.® Non-radiated, small o |
. . . ] ® ® response to BMP 4 [ palmitoyltransferase complex - R E F E R E N C E S
Iung Ce” metaStaSIS ContrOIS were aISO InCIUded In thlS StUdy 20 40 osteoblast differentiation 4 . padj N-terminal protein acetyltransferase complex 4
| T 30- -1 | odontogenesis of dentin-containing tooth 4 ® - Hoe low-density lipoprotein particle - Count
Pre-operative SRS and tumor sample selection: GK-SRS was delivered 1-3 days prior to 15— 30 odontogenesis - ® z: lamellar body - .; 1. Prabhu RS., et _al. Preoperative vs postc?peratlve radiosurgery for resected brain
Surgical resection aCCOrding to RTOG-9005 dOSing criteria with the exception that the IargeSt E | E 00 E morphogenesisofabrénching structure - o szs imrr-murfoglobulincom'plex- ®: m.eFaStaSGS. a review. Neurosurgery. 2019, 8419 . o
lesion diameter treated with 15 Gy was 5 cm. Al the lesions were treated with SRS and the & & 2 ’o. O n:(::bizy;:;::: o " N s::ctlfarzl(l)iite:ute:e @ . ®: 2. Gillian C. Barnett, et al. Normal tissue reactl.ons to radiotherapy. towards tailoring treatment
largest and/or symptomatic lesions were resected. The resected tumor specimens were divided 10- (5 limb development 1 ® . extracellular matrix component- @ ®: dose by genotype. N_avt fiev Cancer. 2009’ 9:134. : : :
into two groups: ‘center’ and ‘periphery’ with respect to the center of SRS treatment with 10— ——— .ou:t conlasmic rotiosom taman, ° .. 3. Huff WX, et al. Eff|c§cy of _pre.-ope.ratlve sterc_aotactlc rgdlosurgery foIIow_ed by surgical
periphery within 50% isodose line. 5 10— A o .. dopaminergic synapse. -'1_00 resection and correlative radiobiological analysis for patients with 1-4 brain metastases:
hair cycle process - o ®- complex of collagen trimers 1 ® 0.75 study protocol for a Phase Il Trial. Rad Onc. 2018,13:252.
. . . . .. . — — embryonic limb mor enesis . 8 collagen trimer 4 . 0.50
Genome sequencing: DNA and RNA was isolated using the Qiagen AllPrep DNA/RNA Mini Kit 0 0 0 i I .. i conted oo .
(Cat.N0:80204) according to manufacturer’s protocol. Briefly, tissue was lysed and Q_fzp 000 Q_‘bb oeo° g.‘bé 90° embryonic appendage morphogenesis - @ chylomicron + H.. AC KN OWLEDG EMENTS
homogenized, and DNA/RNA was purified using the AllPrep DNA/RNA spin column. DNA and & X & & éo“ Q_Q,é cellular response to BMP stimulus 1 o @ cell trailing edge 1
RNA was submitted to Novagene Inc. for sequencing according to company protocol. ANOVA Ny <& Ny < 0.05 0.06 007 008 0.09 0025 005 0075 0100  0.125 This study was funded by the IU Health Values Grant 4188013/VFR-456-Dey
was used to determine if variant frequencies between treatment conditions was statistically RESULTS 3: FPKM expression levels in non-radiated vs Genenate Generato (P.I. Mahua Dey)
significant. radiated center tissue with p-adj values. RESULT 4: A) Disease Ontology (DO) pathways analysis. B. Gene Ontology (GO) pathway analysis.




