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Endometrial cancer

Type | (less aggressive):
- Endometroid adenocarcinoma

e

Stage 1A Myometrium Type Il (more aggressive):
/ ———— Endometrium - Serous cystadenocarcinoma
Stage 1 —— Cervix - Papillary serous adenocarcinoma

= - Clear cell adenocarcinoma

https://en.wikipedia.org/wiki/Endometrial_cancer#/media/File:Diagram_showing_stage_1A and_1B_cancer_of the_womb_CRUK_196.svg



Data

QlAseq Targeted DNA Panels & Print

Digital DNA sequencing to confidently detect
low-frequency variants

+ Digital sequencing enabled by molecular barcodes to
remove PCR duplicates
o * Complete Sample to Insight solutlon streamlines the

workflow
+ Compatibility with low-quality DNA enables efficlent
@® sequencing of FFPE and cfDNA samples
+ Minimal DNA Input to preserve preclous samples
* Optimized buffers and conditions to achieve high coverage
of GC-rich reglons

The QlAseq targeted DNA Panels have been developed as a complete Sample to Insight solution to enable
digital DNA sequencing by utilizing molecular barcodes. Digital DNA sequencing is a unique approach to
detect low-frequency variants with high confidence by overcoming the issues of PCR duplicates, false
positives and library bias.



Data

Adenoma

Tubular Adenoma: BRAF, FEXWT, KRAS.

Tubulovillous Adenoma: BRAF, CTNNBL, ERAS, NRAS, PIK3CA (plld-alpha).

Villous Adenoma: BRAF, KRAS.

Other Adenoma-Related Genes: APC, DMD, SMAD4 (MADHA4), STK11 (LEB1), TCFTLZ.

Carcinoid-Endocrine Tumor
APC, CTNMEL, TP53 (p53).

Carcinoma

Adenocarcinoma: ACVRI1B, AKT1, APC, ATM, ATPEVODZ, AXINZ, BAX, BLM, BMPRL1A (ALK3), BRAF, BRCAIL,
BRCAZ, BUB1B, CASPE (FLICE), CD:C27, CDHL {(E-Cadherin), CDE4, COENZA (pl&IlNKda), CHEKZ (RADS3),
CTHMAL, CTNMNBL, DCC, DMD, EGFR (ERBB1), EMNG (EVI-1), EP300, EPCAM, ERBE2 (HER-2, NEU), FBXWT,
FGFR3, FLCMN, FZD3, GALNT12, GPCE, GREML, KIT (CD117), KERAS, MAPZE4 (MEKA, JNKK1), MAPT, MET,
MIER3, MLH1, MLH3, M5H2, M5H3, M5H6, MUTYH, MY O1B, NREAS, PALBZ, PIEICA (pll0-alpha), PIK3IR1 (pB5-
ALPHA), PM51, PM52, POLD1, POLE, PTEM, PTPN1Z2, RET, RP520, SLCOAD, SMADZ (MADHZ), SMADA (MADHA4),
SRC, 5TK1l (LKB1), TCERGL, TCFTLZ, TGFEBR2, TP53 (p53), WBSCR17.

MNeuroendocrine: BRAF, KRAS.

Serrated Carcinoma: BRAF, PIKICA {(pll0-alphal.

Sguamous Cell Carcinoma: ERAS, TP533 (p53).
Oither Carcinomas: BRCAZ, CODEN2ZA (plelNKE4da).




Training Data

NATIONAL CANCER INSTITUTE 2 . : ) : )
m) GDC Data Portal # Home  [DProjects PRAASGIBIE 4 Analysis = Repository Q Quick Search  Manage Sets ) Login '@ Cart n 12 GDC Apps

Cases Genes Mutations &«

Add a Case Filter

v Case 2 View Files in Repository
@ input set
BR)| g TCGA-AS-ADG2, 432fe4al-2 Cases (720) Genes (22,160) Mutations (913,229) OncoGrid

Upload Case Set ) ) ) ) .
Primary Site Project Disease Type Gender Vital Status

~ Primary Site
[} Corpus uteri
[] Uterus, NOS m

~ Program : =
. Showing 1 - 20 of 720 cases = | IF | X Biospecimen @ & Clinical = JSON | TSV  Save/Edit Case Set
(] TCGA
— - Available Files per Data Categor
L CPTAC B case Project Primary Site Gender Files 3 9% 4 Mutations # Genes Slides
O FM m Seq Exp SNV CNV Meth Clinical Bio " =

|| TCGA-A5-A0G2 TCGA-UCEC Corpusuteri Femae 58 4 5 16 5 1 10 17 42051 14.357 % (3)
v Project IE' TCGA-EQ-A22U TCGA-UCEC Corpusuteri Female 57 4 5 16 5 1 10 16 26,998 12,629 % (2)
O TcGA-UCEC 538 | || TCGA-FI-A2D5 TCGA-UCEC Corpusuteri Femae 58 4 5 16 5 1 1 16 26.139 12482 % (2)

https://portal.gdc.cancer.gov/exploration?filters=%7B%22content%22%3A%5B%7B%22content%22%3A%7B%22field%22%3A%22cases.case_id%22%2C%?22value
%22%3A%5B%22set_id%3AAWXYARM-1FIWHPNdQLUN%22%5D%7D%2C%220p%22%3A%22IN%22%7D%5D%2C%220p%22%3A%22AND%22%7D
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}
1,

"genomic_dna change": "chrl2:g.71567009 71567010insTATATAAGTATTACTGGTAGAAGATTCTAGACAGGGGT",
"ssm id": "1f850024-4e34-512b-880d-734el33bdaes",
"mutation subtype”: "Small insertion”|
A
"consequence": [
{
"transcript”: {
"is canonical": false,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| 8
"aa change": null,
"annotation”: {
"vep impact": "MODIFIER",
"polyphen_ impact": "",
"sift impact": ""
|
"consequence type": "3 prime UTR wvariant”
¥
X,
{
"transcript": {
"is canonical”: true,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| ¥
"aa change": null,
"annotation”: {
"vep_ impact": "MODIFIER",
"polyphen impact": "",
"sift impact": ""
| ¥

"consequence type": "3 prime UTR variant”
}
}
1,

"genomic dna change": "chr3:g.57560088A>C",
"ssm_id": "cB88al81-5490-5028-8d6T-81912288c38b",
"mutation subtype”: "Single base substitution”

e

"consequence”: [

{
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}
}
1,

"genomic_dna change": "chrl2:g.71567009 71567010insTATATAAGTATTACTGGTAGAAGATTCTAGACAGGGGT",
"ssm id": "1f850024-4e34-512b-880d-734el33bdaes",
"mutation subtype”: "Small insertion”|
A
"consequence": [
{
"transcript”: {
"is canonical": false,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| 8
"aa change": null,
"annotation”: {
"vep impact": "MODIFIER",
"polyphen_ impact": "",
"sift impact": ""
|
"consequence type": "3 prime UTR wvariant”
¥
X,
{
"transcript": {
"is canonical”: true,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| ¥
"aa change": null,
"annotation”: {
"vep_ impact": "MODIFIER",
"polyphen impact": "",
"sift impact": ""
| ¥

"consequence type": "3 prime UTR variant”
¥
}
1,

"genomic dna change": "chr3:g.57560088A>C",
"ssm_id": "cB88al81-5490-5028-8d6T-81912288c38b",
"mutation subtype”: "Single base substitution”

e

"consequence”: [

{
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}
}
1,

"genomic_dna change": "chrl2:g.71567009 71567010insTATATAAGTATTACTGGTAGAAGATTCTAGACAGGGGT",
"ssm id": "1f850024-4e34-512b-880d-734el33bdaes",
"mutation subtype”: "Small insertion”|
A
"consequence": [
{
"transcript”: {
"is canonical": false,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG1748480"
| 8
"aa change": null,
"annotation”: {
"vep impact": "MODIFIER",
"polyphen_ impact": "",
"sift impact": ""
|
"consequence type": "3 prime UTR wvariant”
¥
X,
{
"transcript": {
"is canonical”: true,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| ¥
"aa change”: null,
"annotation”: {
"vep_ impact": "MODIFIER",
"polyphen impact": "",
"sift impact": ""
| ¥

"consequence type": "3 prime UTR variant”
¥
}
1,

"genomic dna change": "chr3:g.57560088A>C",
"ssm_id": "cB88al81-5490-5028-8d6T-81912288c38b",
"mutation subtype”: "Single base substitution”

e

"consequence”: [

{
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}
}
1,

"genomic_dna change": "chrl2:g.71567009 71567010insTATATAAGTATTACTGGTAGAAGATTCTAGACAGGGGT",
"ssm id": "1f850024-4e34-512b-880d-734el33bdaes",
"mutation subtype”: "Small insertion”|
A
"consequence": [
{
"transcript”: {
"is canonical": false,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG1748480"
| 8
"aa change": null,
"annotation": {
"vep impact": "MODIFIER",
"polyphen impact": "",
"sift impact": ""
|
"consequence type": "3 prime UTR wvariant”
¥
X,
{
"transcript": {
"is canonical”: true,
"gene": {
"symbol": "PDE12",
"gene id": "ENSGOGBOG174848"
| ¥
"aa change”: null,
"annotation”: {
"vep_ impact": "MODIFIER",
"polyphen impact": "",
"sift impact": ""
| ¥

"consequence type": "3 prime UTR variant”
¥
}
1,

"genomic dna change": "chr3:g.57560088A>C",
"ssm_id": "cB88al81-5490-5028-8d6T-81912288c38b",
"mutation subtype”: "Single base substitution”

e

"consequence”: [

{



Feature engineering:
genes and VEPs

genes

case id  typediagnosis | ACVRIB AKTL ALK3 APC ATM
8ala58a0-% 2 Serous cysts
db38348-» 1 Endometrioice
119017612 1 Endometrioie
35b57e7-¥  1/Endometrioir

S r=-1=r=
==
=1r=1=11=]
i = =il =

__________ VEP 1

case_id  typediagnosis  |[ACVRIB', 'HIGH) (ACVRI1B', 'LOW) (ACVRI1E', 'MODERATE') (ACVR1B', 'MODIFIER) |[(AKTI', 'HIGH)
B8ala58a0-% 2 Serous cysf
db383458-» 1 Endometrioic
11901761-2, 1 Endometrioie
35b57e7-%  1/Endometrioic

====
=1r=1=1=
=1r=1r==
===

__________ VEP 2

case_id type diagnosis (ACVRIE', 'MODIFIER) (ACVRI1E', WVEP SCOREY(AKTLY', 'MODIFIER") (AKTY', VEP SCORE} |[[ALKZ, 'MODIFIER")

Bala58a0-% 2 Serous cyst# 0 0 0 0
db38349-2 1 Endometrioir 1 2 0 0
119b1761-2 1 Endometrioi Y] Y] 1 2
35b57e7-% 1 Endometrioir 1 0 1 2

__________ VEP 3

case id type/diagnosis  |ACVR1EB AKTL1 ALK3 APC ATM
Bala58a0-% 2 Serous cyst#
db38349-> 1 Endometrioic
119b1761-2, 1 Endometrioie
35b57e7-¥  1/Endometrioic

[=Jl=11* 1=
Al ==
[=1[=1[=]1=
[ NS RS =]

[=1[=J{=])=] (=1=11=0]=] el el el =

MWwwo

ATPBVODZ2

(AKTL, LOW)

(ALKZ', VEP_SCORE))

ATPBEVOD2

[ =Rl = =] [ I A = R =] [N o =]

PRAWO S



Feature engineering:
genes and VEPs

Genes: 0.867

case id  typediagnosis | ACVRIB AKTL ALK3 APC ATM
8ala58a0-% 2 Serous cysts
db38348-» 1 Endometrioice
119017612 1 Endometrioie
35b57e7-¥  1/Endometrioir

S r=-1=r=
==
=1r=1=11=]
i = =il =

__________ VEP 1: 0.882

case_id  typediagnosis  |[ACVRIB', 'HIGH) (ACVRI1B', 'LOW) (ACVRI1E', 'MODERATE') (ACVR1B', 'MODIFIER) |[(AKTI', 'HIGH)
B8ala58a0-% 2 Serous cysf
db383458-» 1 Endometrioic
11901761-2, 1 Endometrioie
35b57e7-%  1/Endometrioic

====
=1r=1=1=
=1r=1r==
===

__________ VEP 2: 0.881

case_id type diagnosis (ACVRIE', 'MODIFIER) (ACVRI1E', WVEP SCOREY(AKTLY', 'MODIFIER") (AKTY', VEP SCORE} |[[ALKZ, 'MODIFIER")

Bala58a0-% 2 Serous cyst# 0 0 0 0
db38349-2 1 Endometrioir 1 2 0 0
119b1761-2 1 Endometrioi Y] Y] 1 2
35b57e7-% 1 Endometrioir 1 0 1 2

__________ VEP 3: 0.885

case id type/diagnosis  |ACVR1EB AKTL1 ALK3 APC ATM
Bala58a0-% 2 Serous cyst#
db38349-> 1 Endometrioic
119b1761-2, 1 Endometrioie
35b57e7-¥  1/Endometrioic

[=Jl=11* 1=
Al ==
[=1[=1[=]1=
[ NS RS =]

[=1[=J{=])=] (=1=11=0]=] el el el =

MWwwo

ATPBVODZ2

(AKTL, LOW)

(ALKZ', VEP_SCORE))

ATPBEVOD2

[ =Rl = =] [ I A = R =] [N o =]

PRAWO S



Feature engineering:
Gene Ontology

case id GOxGO0006355 GO:0006468 GO:0006508 GO:0006511 GO:0006886 G0O:0006915 GO:0006954
8a0a58a0-% O 2 4 0 0 0 0

db38349-> 0O 10 16 3 0 0 14
119b1761- O 4 14 2 0 0 11

35b57e7- 0O 6 17 3 3 0 20

ALt =11=]



Feature engineering:
Gene Ontology

GO:0008150
biological process

GO:0009987 GO:0044699 GO0:0032502
cellular process slnvle -organism proccss dcvclopmenhl process
is a/ \ / is_a
GO0:0044763 GO:0044767
single-organism cellular process slnglc -organism developmental process
s a s a G0:0048856
= = anatomical structure development

GO:0048869
cellular developmental process

GO:0048468
cell development

Is_a

GO:0048627 ]
t

myoblast developmen

https://www.semanticscholar.org/paper/A-Gene-Ontology-Tutorial-in-Python.-Vesztrocy-Dessimoz/fa5a595b9bdb06b821206aa5664902686¢c3aadb5
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Feature engineering:
Gene Ontology

nb. of genes / GO term
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“GO PaD: The Gene Ontology partition database”
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Feature engineering:
Gene Ontology

case id GOxGO0006355 GO:0006468 GO:0006508 GO:0006511 GO:0006886 G0O:0006915 GO:0006954
8a0a58a0-% O 2 4 0 0 0 0

db38349-> 0O 10 16 3 0 0 14
119b1761- O 4 14 2 0 0 11

35b57e7- 0O 6 17 3 3 0 20

Random Forest CIf. trained on different sejg:;l‘,gof GO terms

0.92 + —— eval. score - 250
training score

0.90 - 193 L 200
0.88 - —
8 B 150
o
? 0.86 - 118
o
91
L 100

0.84 1 68 GO 5:0.881 o
> GO 7: 0.877
0.82 1 27 GO 9:0.882

3 3 nb. of features

0.80 T T T T T T T T T T T O
2 3 4 5 6 7 8 9 10 11 12 13 14

GO terms sets (each containing terms with similar information gain)

- 50

nb. of features (Gene Ontology terms, only nonzero importance)

ALt =11=]
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Feature engineering:
Cancer Models

nodes: 205 (23)
edges: 777




Feature engineering:
Cancer Models

case id  typediagnosis Core Binding Factor comp 1-phosphatidyl-10-myo-ine 2-oxoglutarate(2-) AEP complex AKT

Bala58a0-Z 2 Serous cyst# 0 2 0 0
db38345-> 1 Endometrioic (4] 5 (4] 0

11901761-2. 1 Endometrioie 0 7 0 0
35b57e7-% 1 Endometrioie 0 5 0 0

LN LN s |

AP1

[=1=11=1[=]
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Feature engineering:
genes and VEPs

Gene: 0.867

vep 1: 0.882
vep 2: 0.881

vep 3: 0.885 =

number of datapoints




0.90

0.85

0.80

=]
N
[

fl_score

0.70

0.65

0.60

eature engineering:
Ontology

Gene

GO_3_vep3_agg_sum
GO_4_vep3_agg_sum
GO_5_vep3_agg_sum
GO_6_vep3_agg_sum
GO_7_vep3_agg_sum
GO_8_vep3_agg_sum
GO_9 vep3_agg_sum
GO_10_vep3_agg_sum
GO_11_vep3_agg_sum
GO_12_vep3_agg_sum
GO_13_vep3_agg_sum |
vep_3

50

100

150

number of datapoints

250

o 4

0




Feature engineering:
Gene Ontology

0.92
0.90
0.88
o
[]
b
EI 0.86
0.84
0.82
B GO_5_vep3_agg_sum
[ GO_7_vep3_agg_sum
pm GO_9 vep3_agg_sum
0.80
50 100 150 200 250 300
number of datapoints



Feature engineering:
Cancer Models

type diagnosis Core Binding Factor comp: 1-phosphatidyl-10-myo-ine 2-oxoglutarate(2-) AEP complex AKT AP1
% 2 5Serous cyst# 0 2 0 0 2 0
b383458-> 1 Endometrioic (4] 5 (4] 0 4 0
11901761-2. 1 Endometrioie 0 7 0 0 5 0
35057e7-  1/Endometrioic 0 5 0 0 5 0

0.92
0.91
<
o
1ol
w0
u'__|I
0.90
0.89
e singor_sum_predecessors
HEE GO 5 vep3_agg_sum
[ GO_7_vep3_agg_sum
vep_3
0.88 A T T
0 50 100 150 200 250 300

number of datapoints



f1l_score

Feature engineering:
Cancer Models

0.92 -
0.91 -
\ Ve - /'/ N
I SN | N4 o / Y
0.90 A ~ A 2~ ZN — S SRS b L s=it
\ LA
0.89 - Lk 8
i —— singor_sum_predecessors
T GO_5_vep3_agg_sum
GO_7_vep3_agg_sum
vep_3
0.88 T T T T T T
50 100 150 200 250 300

number of datapoints
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