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~ further define the genetic underpinnings of
intraductal tubulopapillary neoplasm and analyzed

22 cases by targeted next-generation sequencing

or whole-exome sequencing



Materialsand m ethods

~ patients with diagnoses of pancreatic intraductal
tubular carcinoma or intraductal tubulopapillary
neoplasm.

~ the major genes known to be altered in pancreatic
ductal adenocarcinoma and intraductal papillary
mucinous neoplasm, including KRAS, TP53,
CDKN2A, SMAD4, GNAS, and RNF43



Materialsand m ethods

~ Targeted Next-Generation Sequencing
~ Targeted Cancer Gene Panel Sequencing
~ Whole-Exome Sequencing

~ Whole-Genome Sequencing



Table 1 Clinicopathologic features of the cases

— Mean age (range) (vears) 58 (21—75)
— Male/female 1.4
— Twvpe of specimen n (%)
— Pancreaticoduodenectomy 10 (48)
— Distal pancreatectomy 7 (33)
— Total pancreatectomy 3 (14)
— Biopswv 1 (5)
— UUnknown 1
— Tumor location n (%)
= Head 9 (47)
= Bodvw 2 (11)
— Tail 5 (26)
— Diffuse 3 (16)
— Unknown 3
— Median overall tumor size (range) 3.3 cm (0.9—16)
— Invasive component n (%)
= Present 17 (81)
= Absent 4 (19)
= Unknown (biopsv case) 1
— Lyvmphovascular invasion n (%)
Yes 7 (39)
No 11 (61)

TUInknown 4



Resection margin
RO
K1
IUInknown

Lymph node status
™0
N1
Unknown

Median follow-up (months) (range)

Status of known 18 cases
Died of perioperative complications
Died of other disease(s)
IDied of disease
Alive WITH disease
Alive WITHOUT disease

n (%)
15 (100)
0
ra

n (%)
16 (94)
1 (6)
5

48.5 (1—173)
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Table 2 High confidence mutations and recurrent copy number variants identified by MSK-IMPACT, lon AmpliSeq, or whole-exome

sequencing
MCL CDKN2A
Case 4 Analysis Gene Tvpe of mutation Protein amplification loss
19 lon AmpliSeq TRIP11 Missense mutation p.LA72H Not applicable ~ Not applicable
20 lon AmpliSeq AXL Missense mutation p.R1%0H Not applicable ~ Not applicable
PIK3CB Missense mutation p.L3V



Table 2 High confidence mutations and recurrent copy number variants identified by MSK-IMPACT, lon AmpliSeq, or whole-exome

—— sequencing

— MCL CDKN2A
— Cose # Analysis Gene Type of mutation Protein amplification loss
— 21 Whole-exome seq SYCP1 Splice site mutation - Yes Yes
— USH2A Missense mutation p.RA76C

— SLC4AL0 Missense mutation p.D208H

— CTNNB1 Missense mutation p.545F

= (BLB Missense mutation p.G259V

— PIK3CA Missense mutation p.E545K

— EPHB3 Missense mutation p.Y855H

— ETFDH Missense mutation p.G75D

= FAT1 Missense mutation p.E2401K

= FAM170A Missense mutation p.R65C

— HIST1H4K Nonsense Mutation p.E64*

— MYB Missense mutation p.R73Q

=_ MUC12 Missense mutation p.N4428D

= EHBPIL] Missense mutation p.R1138H

— UBASH3B Missense mutation p.EZ57K

— KCNAS Missense mutation p.ASOV



Table 2 (Continued )

— MCL CDKN2A
— Case # Analysis Gene Tvpe of mutation Protein amplification loss
— TM7SF3 Frameshift Insertion p.S246fs

— CNTN1 Missense mutation p.P271L

— OSHPLS Missense mutation p.R3180Q

— CLK3 Nonsense Mutation p.Y36*

= TP53 Missense mutation pP113L

— MYH13 Missense mutation p.G203R

- MYHS Missense mutation p.R1715H

— KRT26 Missense mutation p.R93C

- IMID6 Missense mutation p-RISG

= NOL4 Missense mutation p.T119M

= LTEP4 Missense mutation p.G283D

— ARHGAP35 Nonsense mutation p.5975*

— FAM71E2 Missense mutation p-L329M

——22b Whole-exome seq CYR61 Missense mutation p.C39*

= CHML Missense mutation pD210Y

— SCNIA Missense mutation p.51594T

— KALRN Missense mutation p.A3GB4AT

- COLBAB Nonsense mutation p-R1502H

— PRE14L Nonsense mutation pE658*

= APC Missense mutation p-A2T

— HIST1H3G Missense mutation p.Ma48K

— WEN Missense mutation pE226K

— ~MUC2 Missense mutation p.-AS9E

— KRAS Missense mutation p.S286T

= DNASE1L2 Missense mutation p.S82F

— NF1 Missense mutation pK1111T

— LNF208 Missense mutation p.V30L YES YES




R e su IltsMolecular Features

copy number analysis

»amplifications and deletions in 80% of ITPN(16/20)
»amplification of MCL1 in 40% of ITPN (8/20)

»loss of CDKNZ2A in 25% of ITPN (5/20).

»One case (Case #21)revealed amplification of MCL3
as well as hemizygous loss of MLL2 and BAP1.



. —-

i
!__

s

'["'

[~]

\H\H\H\H\H\H\H\HHHHHHHHHH\H i

>7jI<L"ZI 17-|§1 péﬁll_lzﬁlﬁj\%%l/:\.‘f ﬁkg&ﬁq:l"‘éz

EHTIR /4 15




R e su ItsMolecular Features

>

>
>
>

chromatin remodeling pathway (MLL1, MLL2, MLL3,
BAP1, PBRM1 ,EED , ATRX)

WNT-B catenin pathway (CTNNB1, APC, AXIN1)
GASG6-AXL pathway(AXL)

Rho pathway (ARHGAP26, ARHGAP35, ROR2,
KALRN)

tyrosine kinase pathway (KDR , FLT4 , NTRK ,RET )
ephrin pathway (EPHA2 ,EPHB3 )



lable 35 KESI’I‘HDEEIIIBIHS dentiied 1n our series

Case # Gene 1 Gene 2 Site 1 description Site 2 description Fusion

FGFR2 fusions
#11 FGFR2 CEP55 Exon 17 of FGFR2 Exon 2 of CEP55 Protein fusion: in frame (FGFR2-CEP55)
#12 FGFR2 SASS6E Intron of FGFR2( -): 80 bp after exon 16 Intron of SASS6(—): 586 bp before exon 7 Protein fusion: in frame (FGFR2-SASSE6)
#14 FGFR2 DISP1 Intron of FGFR2(-): 276 bp before exon 17 Intron of DISP1(+): 9Kb after exon 2 Protein fusion: out of frame (DISP1-FGFR2)
#14 FGFR2 TXLNA Intron of FGFR2(-): 687 bp before exon 17 Intron of TXLNA(+): 1kb before exon 5 Protein fusion: in frame (FGFR2-TXLNA)
#15 VCL FGFR2 Exon 13 of VCL(+) Intron of FGFR2(-): Protein fusion: mid-exon (FGFR2-VCL)

535 bp before exon 17

ALK fusion®

#18 STRN ALK Exon 3 of STRN (NM-003162) Exon 20 of ALK (NM-004304) Protein fusion: in frame (STRN-ALK)

dentified in the primary and recurrent pancreatic tumors as well as in the celiac lymph node metastasis

22% (4/18,)of ITPN revealed FGFR2 fusions and 5.5%
(1/18) revealed an ALK fusion



R e su ItsMolecular Features

Whole-Genome Sequencing

»Cases #7 and #17 were found to have multiple
copy number gains and losses in multiple
chromosomes. No significant copy number

alterationswere identified in Case #11
»a total of 129 mutations within these three tumors

67 mutations in Case #7, 28 in Case #11, and 34
in Case #17



D SCUSSIO N

Recent studies

»|IPMN with low-grade dysplasia , intraductal papillary
mucinous neoplasm with associated invasive
carcinoma- progression

» accompanied by a high number of molecular
alterations (about 26 mutations per neoplasm), the
most frequent mutations in KRAS, GNAS,and RNF43.



D SCUSSIO N

Reported
1.0ne case with IPMN and ITPN: GNAS mutation in
both lesions and the ITPN also had NRAS mutation
2.PIK3CA mutation:ITPN ( 3 ,27%), IPMN(none);
immunoexpression of phosphorylated AKT;
KRAS mutation: ITPN(none),IPMN(26,52%)
3.ITPN:PIK3CA(3,21%),KRAS(1,7%),BRAF(1,7%),
IPMN:PIK3CA(none),KRAS(12,80%),GNAS(9,60%)



D SCUSSIO N

In this study

»loss of CDKN2A in ITPN (25%)

»Eight (40%) had MCL1 amplification

»SiX (27%) phosphatidylinositol pathway mutations
(threePIK3CA, one PIK3CB, one INPP4A, and one
PTEN mutation)

»seven (32%) chromatin remodeling genes mutated
(MLL1, MLL2, MLL3, BAP1, PBRM1, EED, ATRX)



D ISCUSSION

Reported

»Somatic mutations of MLL2 and MLL3 in 20% of

pancreatic ductal adenocarcinoma patients who have

prolonged overall and progression-free survival

»improved outcome patients with DAXX/ATRX
alterations in metastatic pancreatic neuroendocrine,
primary tumors with DAXX/ATRX mutations appear

to have a poorer outcome



D ISCUSSION

Reported

»FGFR fusions show enhanced sensitivity to the
FGFR inhibitors

In this study

»FGFR2-TXLNA fusion in four (22%) ITPN

FGFR fusions -a useful biomarker of tumor
response to FGFR inhibitors



» validate the morphologic distinction of ITPN

from other types of pancreatic neoplasms

» It demonstrates potentially targetable genetic

alterations in ITPN

» Will likely shed new light on the mechanisms of

intraductal tumor formation in the pancreas andreveal
new therapeutic targets
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