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An Integrative Morphomolecular Classification System of

Gastric Carcinoma With Distinct Clinical Outcomes.
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Diffuse-type gastric carcinoma intestinal-type carcinoma



:Ib?\,ﬂ]]v\_ﬁﬁzéﬂ e 7 \33

 Lauren3 K 2% -

v BT

el

sz N
X HFEE

3, 3

TIATE 7 2 I EIRY R IE

875 R R 1M FRms B4,

v

Atk

I B

SREKRAIT



2. WHO4%y2E:
(EHEB
&R IR
=R
HRRE
BAE TR (3
AT HERR T
Wik SE B
B
KOS

wy=3:1)

EANXLEESE
SaKisSEXBIR, 168
WA F LB TR (R 25554

Bt
ﬁﬂ%%ﬁﬁ IZEI RNy &
%, HalleSBEENFAEE

ﬁﬁk%kx,ﬁ SRR E
T2 FRBERNMRMUEERTT
X /9 A] &E

-~
C’




BRAR-BEs i

—. TCGA(Cancer Genome Atlas Consortium)$g 4 PO 5 i B E T 7Y .
1. EBVEHE: EBVERRANS JZHIDNAB I FHEFREL;
2. M BDEAIRE MSI) ;
3. ZFLHIRE (GS) ;
4. ZBIFAIEE (CIN) .

CIN
* [ntestinal histology
* TP53 mutation

* RTK-RAS activation

EBV
* PIK3CA mutation
* PD-L 1/2 overexpression
e EBV-CIMP
* CDKN2A silencing

e Immune cell signalling

MSI
* Hypermutation
* Gastric-CIMP
* \MLH1 silencing
* Mitotic pathways

GS — e
* Diffuse histology

* CDH1, RHOA mutations

. .. . ) * CLDN18-ARHGAP fusion
Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014, 513: 202-9. « Cell adhesion
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— ., M RERFZR4A (Asian Cancer Research Group, ACRG):
1. WDEEANTRZE NSI) ;
2. MSS (D ERE) F LK mEE) R ;
3. MSSEEEFSAITP53 (MSS/TP53+)
4. MSSHEAZRTRITP53 (MSS/TP53-)
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TABLE 1. Clinicopathologic and Molecular Characteristics of
the 329 Gastric Carcinomas

Clinical Features N=2329, n (")
Sex (male) 196 (64))
Age, mean (range) 65.4 (23-98)
Location—proximal 1537 (48)
Cardia (1)
Fundus 3l
Body 103 (31)
Anastomosis 15 (5)
Location—distal 172 (52)
Antrum 158 (48)
Pylorus 14 (4)
Helicobacter infection 123 (37)
TNM anatomic stage
Stage | 59 (18)
Stage 11 85 (26)
Stage 111 149 (45)

Stage 1V 36 (11)



TABLE 1. Clinicopathologic and Molecular Characteristics of
the 329 Gastric Carcinomas
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Clinical Features N=2329, n (")

Sex (male) 196 (60)

Age, mean (range) 65.4 (23-98) -
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Location—distal 172 (52) 2. 72% ,L,\%ﬁf_%t&ﬂﬁ"i y 17%
Antrum 158 49 5o T AL P BRI A T

Helicobacter infection 123 (37) '

TNM anatomic st: JER o m|
Sl&ig{;n‘l OTE Stage 59 “g} 3 HI:IJW \1{ 3O(yﬂq1@7"j'ﬂi%2&ﬁu )
Stage 11 85 (26) 70% Al .

Stage 111 149 (45) o
___ _Stagelv_ 36 (1) 4. Hij( 11313 81%
Morphologic patterns \
Diffuse 137 (42) \
Intestinal T4 (22) I
Tubular 53 (16) i
Lymphoid 63 (20) |

[ntestinal metaplasia 238 (72) I

Adenomatous precursor 56 (17) I

Tumor differentiation :

Low grade 100 (30) |
High grade 229 (70)
Lymphovascular invasion 265 (81) /
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TABLE 2. Histologic Features of 4 Morphologic Patterns

Patterns Histologic Features

7 Diffuse type Poorly cohesive cells with single or in small
aggregates, cords, and nests. Tumor cells may
demonstrate a variable mixture of signet ring-lhike
cells, plasmacytoid cells with eccentric eosinophilic
cytoplasm, lymphohistiocytoid appearance,

- = = — = — — — Dleomorphic cells, and muginous differentiation. _ _ _

Intestinal type Glandular structures, reminiscent of colorectal
carcinoma. The dilated glands are lined by
columnar epithelium with elongated,
pseudostratified, and hyperchromatic nuclei. There
are often luminal dirty necrosis and cribriform
architectures.

Tubular type [rregular tubular, microglandular, or acinar glands of
varying diameters with cuboidal to columnar cells
contamning vesicular nuclel, nuclear irregularity,
prominent nucleoh, and mucimous cytoplasm.

Lymphod type  The tumor 15 well circumsceribed and enriched with
tumor-associated immune cells present within the
tumor reactive stroma, between the tumor islands,
and also invading the tumor proper. Tumor cells
were often arranged in poorly differentiated cell
nests, lobules, or syncytial aggregate, but other
growth patterns were observed. including the
diffuse, intestinal, or tubular histology
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TABLE 2. Histologic Features of 4 Morphologic Patterns

Pattern

b

Histologic Features

DifTuse

/ “Intestinal type

g Il =III I I - -

\

lype

Tubular type

I}E‘lﬁmid lype

Poorly cohesive cells with single or in small
aggregates, cords, and nests. Tumor cells may
demonstrate a variable mixture of signet ring-lhike
cells, plasmacytoid cells with eccentric eosinophilic
cytoplasm, lymphohistiocytoid appearance,

_pleomorphic cells, and mucinous differentiation.

Glandular structures, reminiscent of colorectal
carcinoma. The dilated glands are lined by
columnar epithelium with elongated,
pseudostratified, and hyperchromatic nuclei. There
are often luminal dirty necrosis and cribriform
architectures.

[rregular tubular, microglandular, or acinar glands of
varying diameters with cuboidal to columnar cells
contamning vesicular nuclel, nuclear irregularity,

_ prominent nucleoli, and mucinous cyloplasm.

S
\

/
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The tumor 1s well circumscribed and enriched with
tumor-associated immune cells present within the
tumor reactive stroma, between the tumor islands,
and also invading the tumor proper. Tumor cells
were often arranged in poorly differentiated cell
nests, lobules, or syncytial aggregate, but other
growth patterns were observed. including the
diffuse, intestinal, or tubular histology
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TABLE 2. Histologic Features of 4 Morphologic Patterns

Patterns Histologic Features

DifTuse type Poorly cohesive cells with single or in small
aggregates, cords, and nests. Tumor cells may
demonstrate a variable mixture of signet ring-lhike
cells, plasmacytoid cells with eccentric eosinophilic
cytoplasm, lymphohistiocytoid appearance,
pleomorphic cells, and mucinous differentiation.

Intestinal type Glandular structures, reminiscent of colorectal
carcinoma. The dilated glands are lined by
columnar epithelium with elongated,
pseudostratified, and hyperchromatic nuclei. There
are often luminal dirty necrosis and cribriform
architectures.

Tubular type [rregular tubular, microglandular, or acinar glands of
varying diameters with cuboidal to columnar cells
contamning vesicular nuclel, nuclear irregularity,

_promunent_nucleol, and mucinous cytoplasm.

N I I I S S - - N I N S - - . - .y,

Lymphod type  The tumor 15 well circumsceribed and enriched with \

tumor-associated immune cells present within the
tumor reactive stroma, between the tumor islands,
and also invading the tumor proper. Tumor cells
were often arranged in poorly differentiated cell
nests, lobules, or syncytial aggregate, but other
growth patterns were observed. including the
diffuse, intestinal, or tubular histology
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TABLE 1. Clinicopathologic and Molecular Characteristics of
the 329 Gastric Carcinomas

Clinical Features N =319, n (%)
Hex (male) |26y (6d1]
Age, mean (range) 054 (13-9K)
Location—proximal |57 (45)
Cardia 36 (11)
Fundus 31

HER2? overexpression

ARIDIA loss

E-cadhernn loss

SATB? expression

PMS2MLH | -deficiency
MSH&MSH2-deficiency

Positive EBY in satu hybridization
PD-L1 expression

DMNA content abnormality

nicsimal meiaplasia

Adenomatous precursor A6 (17)
Tumor differentiation
Low grade O (300
High grade 229 {TD)
, - Lymphgyascular IDVasioll, o . e o e o o o P o
HEE?2 overexpression LG (3]
| ARID1A loss 54 (16)
| E-cadherin loss 20 ()
I SATB2? expression 32 (1
I PAMS2MLH | -deficiency 40 (12)
MSH&/MSH2-deficiency 0
l Posative EBY in zitu hybridization 17 (3)
‘ PD-L1 expression 44113
DNA content abnormality 175 (33}

\

LG (53]
54 (16)
20 ()
32 (1)
400 (12)
il
17 (%)
44 (]3]
| 75 (53]

TR ER

HER2iZ%&i%: 164 (5%)
ARID1AES: 5415 (16%)
E-cadherinEsc: 2015 (6%)
SATB2%FRiA: 324 (10%)
PMS2/MLH1#tER%k : 4005 (12%)
MSH6 /| MSH27E FR BT/l k1A
EBVIEZAZZMEM: 1745 (5%)
PD-L13%3%: 4445 (13%) .
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7£ YB3 20 Fe AN 52 % 2 Bl b & 20 7 PD-L1 Ay PR
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TABLE 3. Clinicopathologic and Molecular Features Correlated With 4 Morphologic Classes
Features Diffuse (n=137) Intestinal (n=74) Tubular (n=53) Lymphoid (n = 65) F
Sex (male), o (%) - 56 (7a) 33 (66) 41 {63) < (LM}
Age, mean { £ 5D) 94 (x1.2) 69.1 (% 1.6) N2 (x1.9) 89.7{(x1.7) < (.00
Gastric location, n (%)

Proximal it SR 34 (46) |7 (32} 3 g 0063

Distal &4 (4T 400 (54) 6 i} -ilfi']
Hellcobacter infection, n (%) 54 (39) .?.'.'ﬁ"-lp malm:?"lu__l__l 16 (25) 0.049
TNM anatomic stage, nm (%)

I-11 41 (300 Ap (S 22 (42) d1 pha < (1,00

-1y P 34 [H6) il &= 24 {37
Intestinal metaplasia, o (%4) 12 M S5 (H) 43 Eﬁ: 54 (W3] < (11}
Adenomatous precursor, no(%h) o (3] 25 (343} 7 (13) 12 {1%) < (LA}
Tumaor differentiation, n (%)

Low grade ] Gl 231 (43) 7 {26) < (100

High grade 137 p—— 14 (14 EL N 45 {74
Lymphovascular invasion, n (o) 1B Gl (24} 43 (BA) T (585
HER2 overexpression, n () 2(2) 11 ﬁ!f—.L L if ) < (100
ARIDIA loss, ol EXEY 1t i | < (L]
E-cadherin loss, n () 17 0 | {2} 000k
SATB2 expression, n (o) LA o 19 EEH? 5(9) < (.00
PMSXMLH | -deficiency. n (%) 2A(2) 6 (8 I {2} < (.00
Posiive EBY ISH, n (") (¥ 0 1 < (LN}
PD-LI1 expression, 0 (%) T1{5) [| Ir 2 (4} < (LW}
DNA content abnormality, 1 (%) T1{52) '*h-[ T 2R (34) < (1,00]

PD-L1 maficates programmed death-ligand 1.
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TABLE 4. Comparisons of Clinical Features Between the Current Cohort and the TCGA Cohort

Current Cohort (n=329), n (%) TCOGA Cohort (n= 295), n (%)
MSIin=40) EBY (n=17) GSin=108) CINn=163)* MSl(n=6d) EBY (n=26) GS(n=58) CIN (n=147)
(12%) (5%0) (33%) (S0"%5) (220) (9%0) [ 200"%%) (S5

Sex (male) 25 (/3 49 (45 107 (66) 28 (44 16 (62 G7 (66)
Age (mean) |15 63 67 [ n “ 63

Crastne location

Proximal U f__l 47 (44) HE (54) 30 (47) 29 (50 U3 (64)

[Distal 5 {29) 61 (56) 75 (46) 31 (48) 6 (23] 28 (48) 49 (313)
THM stage

[-11 |“_-‘H (7] 12 {71 || 46 (41} S8 (36] 38 (59) 11 (42) 2747 12 (49)

[I-1V 12 (0] S 129 | 62 (57) 105 i6d) | 19 {30 15 (58) 28 (48) 69 (47)

Lauren class

Diffuse 6 (15) 7(41) 74 45) 6 (9) 5(19) 18 (12)
i ' g 5 48 (75) '

Intestinal 34 (B3] L0 (59 2935 |5 (58) L I 15 (80

*Ome missing data due to unsuccesshul flow cytometry.
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TABLE 5. Multivariate 5-Year DFS Analysis

Morphomolecular Scheme

TCGA Scheme

Features HR (95% CI) P HR (95% CI) P
Age at diagnosis (vy) 1.012 (1.001-1.022) 0.027 1.011 (1.001-1.021) 0.033
Sex (male) 0.958 (0.718-1.278) 0.769 0.998 (0.746-1.335) 0.991
Anatomic stage <0.001 < 0.001
|
I1 1.410 (0.770-2.582) 1.502 (0.818-2.758)
11 5.174 (2.940-9.105) 5.552 (3.125-9.865)
v 8.378 (4.346-16.153) 9.504 (4.883-18.499)
Tumor differentiation 0.802 0.397
Low grade — -
High grade 1.053 (0.705-1.571) 1.144 (0.838-1.561)
Lymphovascular invasion 0.806 0.885
Absent — —
Present 1.065 (0.644-1.760) 1.038 (0.629-1.711)
TCGA classes (0.288
MSI —
EBV 0.551 (0.216-1.408)
GS 0.998 (0.578-1.721)
CIN 1.168 (0.706-1.932)
Morphomolecular classes <0.001 - —

Diffuse-GS
Diffuse-CIN
Intestinal
Tubular
Lymphoid

1.671 (0.976-2.863)
2.466 (1.502-4.049)
1.832 (1.099-3.054)
2911 (1.784-4.751)

C1 indicates confidence interval: HR., hazard ratio.
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1.HEESE: S=UsEINEORTE;, S5EBVREFPMS2/ MLH1EZ 2
1f8%; PDL1RIAEARB G HFE; ARID1A?A kﬁké&’%u_”EFL%m%;
ME&HF-
2. RS EEIREE: BIEHFTIAHER2, SATB2, FEE S LHINARID1A
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FakrRER (CIN)
1. 29550%, ERTERERXFLME],

ZELauren T BIFHIRAEY;

2. TP53 (73%) R INE S ;

3. JL PR BRTKs EFE 1,

4. “H it FE HAA 75 & & (CONEA1,
31

5. EGFRESEZ LK A S, SEGFRYE—H.

CIN

CCND1#1CDK6)
e TP53 mutation

* [ntestinal histology

* RTK-RAS activation

Cardia _

HREAEER (6GS)
1. 29520%, ZELaurenyBidpy5R;E28Y
2. CDH1 (26%) FARHOA (15%) %laeﬁ%ﬁzm,

3. MR T SETUMCINRBIF IR ER, TPS3RTINERIAK

F ek FER KRR

GS
* Diffuse histology
*CDH1, RHOA mutations
e CLDN18-ARHGAP fusion
* Cell adhesion

EBV
* PIK3CA mutation
¢ PD-L1/2 overexpression

e EBV-CIMP
* CDKN2A silencing
¢ Immune cell signalling

MSI
* Hypermutation
* Gastric-CIMP
* MLH1 silencing
* Mitotic pathways

EBV
1. 5Ek8.8%, BMHZN;

2. EERTBERMBIL;

3. 80%F {5 5P IK3CAS STy,
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