Molecular characterization of 361 cases of uterine carcinosarcomas reveal alterations in
the DNA repair and PI3K pathways as potential therapeutic targets
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Abstract

Results (continued)

Background: Uterine carcinosarcomas (malignant mixed Mullerian tumors or MMMT) are rare e 361 out of 3133 (11.5%) of endometrial cancers submitted to Caris Life Sciences from March 2011 to July 2014 were identified as MMMT. _ . . .
endometrial cancers (EC) composed of epithelial and mesenchymal components. MMMTs exhibit e Specific testing was performed per physician request and included a combination of sequencing (Sanger, NGS or pyrosequencing), protein expression (IHC), gene amplification Figure 5. Mutation Prevalence in Carcinosacoma
aggressive behavior with poor prognosis. We aim to evaluate patterns of molecular, genomic and (CISH or FISH), and/or RNA fragment analysis. Pathogenic Presumed Pathogenic Variant of unknown significance
protein changes in a large cohort of uterine carcinosarcomas and identify potential treatment ¢ |HC analysis was performed on formalin-fixed paraffin-embedded tumor samples using commercially available detection kits, automated staining techniques (Benchmark XT, TP53 65 20 (O30 3, DIBIE 3, KSR 3, S5, ST, ig%—l‘ﬁzzef“SplrzF;F?9s—2R2171C°dveL§G95d“p'
options Ventana, and AutostainerLink 48, Dako), and commercially available antibodies. P278R, Q144P, R213L, S241F, VI57F, Y234C, Y236D) V73M, Y234D)
Methods: 361 out of 3133 (11.5%) of EC submitted to Caris Life Sciences from March 2011 to Jul e Fluorescent in-situ hybridization (FISH) was used for evaluation of the HER-2/neu [HER-2/CEP17 probe], EGFR [EGFR/CEP7 probe], and cMET [cMET/CEP7 probe] (Abbott BRCAZ sy 2R S1ETAC,
1014 ' identified MMMT (:A binati " ) S ; ‘i y Molecular/Vysis). HER-2/neu and cMET status were also evaluated by chromogenic in-situ hybridization (INFORM HER-2 Dual ISH DNA Probe Cocktail; commercially available :'F:‘g:f ;jé;;g;lggfg:;;’“ 20x18) 4 (C420R x3; N345K) gzﬁgig g;’;;";; R93Q| D350G)
! W(?re laentl |-e as o com |ne? 'on o ssequencmg (Sanger or nex. .ger?era lon cMET and chromosome 7 DIG probe; Ventana). The same scoring system was applied as for FISH. RS 7 (Codon 12735, codor 13 '
sequencing), protein expression (immunohistochemistry), and /or gene amplification (FISH/CISH) e Direct sequence analysis was performed on genomic DNA isolated from formalin-fixed paraffin-embedded tumor samples using the Illumina MiSeq platform. Specific regions — metonend) o G TV
was performed. of 47 genes of the genome were amplified using the lllumina TruSeq Amplicon Cancer Hotspot panel. FBXW?7 12 (R465C|H x5, RS05C| Gx7) |2 (R505L) 3 (R278G, RS05P, R5055)
Results: Of 47 genes sequenced 26 genes were mutated, including TP53 (69%) and PIK3CA (22%). » Mutation analysis by Sanger sequencing included selected regions of BRAF, KRAS, NRAS, c-KIT, EGFR, and PIK3CA genes and was performed by using M13-linked PCR primers A T T S 3 (A1474T, 11307Kx2) 1(E1317Q)
Within the PI3K pathway, there was 12% PTEN mutation, 56.7% PTEN loss, and only 0.7% of tumors designed to amplify targeted sequences. 80% 1 NRAS Q1K vac
had AKT mutation. Other significant findings within tyrosine kinase growth factor pathways * Retrospective data analysis; Statistical analysis (unpaired t-tests used to compare biomarker expression across histologic subtypes) performed using Prism™ v6. Biomarker | % 2 2 dOTV V300
: . : . . _tai : c (T1010)
include: 13.5% KRAS mutation, 1.7% Her2 overexpression, 4.3% Her2 amplification, and 0.7% associations were calculated by two-tailed Fisher Exact tests. Mo .
mutation rate for ERBB2 and EGFR. Of interest, of the patients who had BRCA genes sequenced, o ATV - 1 (P604S)
18.2% (4/22) and 27.3% (6/22) had BRCA1 and 2 mutation, respectively. Also implicated in DNA 50% - o1 Y728 R
repair are the loss of ERCC1 (84%) and MGMT (68%) protein expression, suggesting benefit of o R Yt
alkylating agents in a subset of MMMT tumors. Hormonal receptors including ERa, PR, and AR = o
were expressed in 25%, 21%, and 12% of tumors, respectively. Evaluation of the Figure 2. Pie chart representing the histology of Figure 4. Percentage of molecular and genomic aberration organized by pathway and 30% - MLH1 R389Q
p ’ ’ ’ p y . . . ) . . 22% EGFR 1 (double K716E| N124S)
immunomodulatory pathway shows 25% PDL1 and 84% PD1 expression. There is an extremely low all 3133 cases of endometrial cancer reviewed. associated potential therapeutic options. o 18% FGER 1(5252W)
rate of cMET pathway alteration (cMET mutation 1.4%, amplification 1.2%, and 4.7% Wy 1%
overexpression). Increased TOPO2A expression, associated with anthracycline efficacy, was seen in 19% 1% _ , o _ , i e o
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over 87% of cases. RN 9%, oo %
. . . . . . . . . Y . -ru- ]
Conclusions: Our findings contribute to increased understanding of the molecular drivers within 4% & Endometrioid immune modulatory | Immunocheckpoint inhibitors é\@%@\@ vv\»"“\ & Q\%@O\@é\@\v\»@e\@\&@ @\””0\ & Q\&\ \»\”@ \»\”@ \»\”@ \»\”@ & Q\é”\ Q\&\ \»\”@ \»\”@ \»\”@ \»\”@ \»\”@
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this heterogeneic and rare endometrial carcinoma. Within a large cohort of 361 MMMT tumors, W Serous - S FTFTLFTFTHI I ELF TSI EESTSES
: e . . . : : SEQ-BRCA2 ] < < <
we |dent|f|ed potential pathways that warrant furt.h.er clinical gxploratlon, including thos-e targeting =~ MMMT EasRCAL _ No mutations found in: ABLL, ALK, CSFIR, FGFR1, GNALL, GNAQ, , NAS, HRAS, IDH1, JAK2, MPL, NOTCH1, NPML,
DNA repair, PI3K, and PD1/PDL1 pathways. In addition, alkylating agents and anthracyclines ma DNA repair i - Platinum agents PDGFRA, PTPN11, RET, SMAD4, SMARCB1, STK11, VHL, cKIT, BRAF
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have benefit in a selected subset of patients. Mucinous Low IHC-ERCCL
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. * Uterine carcinosarcomas (previously known as malignant e Our retrospective data analysis of a large cohort (n=361) of uterine carcinosarcomas
7 : Mo : Low IHC-RRM1 o . . . : e :
mixed Mullerian tumor or MMMT) are a rare and aggressive o gemcitabine contributes to the increased understanding of the molecular drivers within this
subtype of endometrial cancer that account for less than 5% IHC-TOP2A anthracyclines :
of all uterine malignancies.’ Figure 3. Patient and Tumor Characteristics DNA Synthesis Low IHC-TS fluoropyrimidines hete.rogerl.elc and ra r.e cancer. . , , ,
' . : L  We identified potential pathways that warrant further clinical exploration, including
. » Carcinosarcomas are composed of malignant epithelial IHC-TOPO1 camptothecins _
(carcinoma) and mesenchymal (sarcoma) components. While Patient Age N SEQL- PIKICA DNA repair, PI3K, and PD1/PDL1 pathways.
traditionally thought to be a sarcoma, it is now categorized as 20.40 Na o HCPTEN * |n addition, alkylating agents and anthracyclines may have benefit in a selected subset
. . . . . - = P13K/Akt/mTor inhibitors .
Ay s e Ry a uterine epithelial carcinoma based on a growing fund of 41-60 N=75 PI3K/Akt/mTor SEQLPTEN of patients.
Firure 1a. H&E Stain, High-grade knowledge. 61-80 N=254 SEQLAKTL *  Prospective studies and additional clinical data are needed to further explore the role
malignant cells in epithelial and . i i i i _ . . . . . e g
mesgmh ol com ponents Uterine carcinosarcomas occur in older women with a 81-90 N=28 HCER of these biomarkers and identify prognostic and therapeutic significance.
Y P median age of diagnosis of 62-67 years and are more Average 66.9 yrs
' AR ' ! common in African American women.3* Hormone HCPR Hormonal agents
. * Carcinosarcomas exhibit aggressive behavior with poor Specimen S't.e N IHC-AR Refe Frences
: prognosis. Despite advancements and aggressive IR I T 246 IHC-cMET VIET inhibit
management with surgery and adjuvant therapy, little Peritoneal tissue 25 HGF/cMET ISH- cMET cHiET nnibitors 1. Arend R, Doneza JA, Wright JD. Uterine carcinosarcoma. Curr Opin Oncol 2011; 23:531.
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characteristics of MMMTs could offer insight into the Lung 11 SH.EGER Oncol Hematol 2008; 65:129.
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Figure 1b. PD-L1 positive IHC staining. reatment options with targeted therapies. Total 361
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