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Abstract

The incidence of esophagogastric junction (EGJ) adenocarcinoma has been gradually
increasing in Asia, just like in Western countries a few decades ago. Despite recent
advances in next-generation sequencing and multimodal treatments, EGJ adenocar-
cinomaiis still an aggressive malignancy with poor outcomes. Clinically, EGJ adenocar-
cinoma can be separated into Barrett's adenocarcinoma and cardiac adenocarcinoma,
with frequent similarities observed. Barrett's adenocarcinomais likely to be of gastric
origin in terms of its premalignant background, risk factors, and stem cell regulators.
Recent comprehensive genomic analyses suggest that immunotherapy may be es-
sential for high-level microsatellite instability (MSI-H)- and Epstein-Barr virus (EBV)-
associated subtypes, and against the immunosuppressive phenotype in genomically
stable (GS) subtypes, in the treatment of EGJ and gastric adenocarcinoma. Although
the chromosomal instability (CIN) subtype dominates EGJ adenocarcinoma, there is
still a need to investigate the other molecular subtypes and their targets. Because of
the distinctive characteristics of tumor location of EGJ adenocarcinoma, we also de-
scribed the results of a multicenter cohort study of EGJ adenocarcinoma, comparing
Siewert type | (distal esophagus), Il (cardia of the stomach), and Il (subcardia) tumors.
We show that type | tumors were frequently accompanied by Barrett's esophagus
(78%, P < .0001), with a significantly unfavorable outcome (multivariate EGJ-cancer-
specific mortality hazard ratio = 1.81, 95% Cl, 1.06-2.97; P = .031). In addition, over
half (56%) of these cases experienced disease recurrence in the lymph nodes. Our
findings suggest that Barrett's adenocarcinoma may be an aggressive phenotype of
EGJ adenocarcinoma due to the potential risk of tumor spread through the complex

lympho-vascular network of the esophagus.
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1 | BARRETT'S AND CARDIAC
ADENOCARCINOMA

There has been a gradual increase in the incidence of esophagogas-
tric junction (EGJ) adenocarcinoma in Asian countries,’™ including
Japan.5 Despite the recent advances in comprehensive genetic anal-
yses as well as the progress in multimodal treatments, EGJ adeno-
carcinoma is still an aggressive malignancy with poor outcomes. EGJ
adenocarcinoma includes Barrett's adenocarcinoma (also known as
esophageal adenocarcinoma, or adenocarcinoma in distal esopha-
gus) and cardiac adenocarcinoma (adenocarcinoma of gastric cardia)
with esophageal invasion.® Barrett's and cardiac adenocarcinomas
have been increasing in parallel since the late 1970s in Western
countries, and are recognized as common upper gastrointestinal
cancers.” There are numerous similarities between Barrett's and
gastric adenocarcinomas in terms of tumor characteristics and back-
ground, with few differences highlighted to date.

In histological examinations, Barrett's adenocarcinoma and in-
testinal-type gastric adenocarcinoma have a common premalignant
background of intestinal metaplasia caused by chronic inflammation.
Intestinal-type gastric adenocarcinoma in the body and antrum of
the stomach is mainly related to Helicobacter pylori-induced chronic
gastritis.® Helicobacter pylori infection can also induce both chronic
inflammation and metaplasia in the gastric cardia and cardiac ade-
nocarcinoma.”® In addition, in terms of risk factors, both Barrett's
and cardiac adenocarcinoma are associated with obesity in Western
countries.’*"” Adipokines produced from adipose tissue in associ-
ation with metabolic syndrome can influence the development of
chronic inflammation and cancer progression.'® Finally, experi-
mental data from transgenic mouse models suggest that Barrett's
metaplasia may arise from gastric cardia progenitor cells in response
to bile acid-mediated inflammation via LGR5 expression and IL-1p-
IL-6 signaling.?° Cholecystokinin 2 receptor (CCK2R, also known as
CCKBR), which regulates gastric stem cells in the cardia or antrum
regions of the stomach, is also upregulated in Barrett's esophagus
and in esophageal adenocarcinoma.?%?2 Although a few studies have
proposed the esophageal submucosal gland as the origin of Barrett's
adenocarcinoma, considering previous perspective studies, Barrett's

adenocarcinoma is likely to be of gastric origin.2®2*

2 | CANDIDATE MOLECULES OF
THERAPEUTIC TARGETS

Previously, gastroesophageal tumors were predominantly classified
by pathological classification; however, in recent years — in the era
of next-generation sequencing technology — a molecular taxonomy
has emerged.?>28 The Cancer Genome Atlas (TCGA) Network has
shown that gastroesophageal adenocarcinoma can be categorized
into four molecular subtypes: Epstein-Barr virus (EBV)-associated,
high-level microsatellite instability (MSI-H), genomically stable (GS),
and chromosomal instability (CIN) tumors. These subtypes are clas-

sified using a range of techniques, including somatic copy number
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aberration, whole-genome and whole-exon sequencing, RNA se-
quencing, methylation assays, and proteomics analysis.?®?8 In the
multiomic data of EGJ adenocarcinoma acquired from TCGA from
cBioPortal for Cancer Genomics (https://www.cbioportal.org), there
were a total of 172 cases which were classified as gastroesopha-
geal junctional categories, including seven cases (4.1%) of MSI-H, six
cases (3.5%) of EBV, 11 cases (6.4%) of GS, and 148 cases (86%) of
CIN.2528 | this section, we discuss the potential therapeutic targets
of adenocarcinoma from esophagogastric junction (EGJ) as well as
gastricadenocarcinoma, according to these four molecular subtypes.

High-level microsatellite instability tumors (MSI-H), which are not
common in EGJ, harbor hypermutations, hypermethylations, MLH1
silencing, immune reactivity, and demonstrate frequent mutations
in various genes, including ARID1A, RNF43, PIK3CA, and KRAS.>2¢28
Based on the recent exploratory analysis of the Medical Research
Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) Trial,
MSI-H was considered a favorable prognostic factor, and chemo-
therapy was deemed not beneficial to patients with operable MSI-H
gastroesophageal tumors. Hence, surgery alone would be sufficient
to treat MSI-H cases.?? Although the MAGIC trial did not include
any MSI-H EGJ tumors, we have previously reported MSI-H was
detected in 7.6% of Siewert type Il (11 cases of 145 patients), and
16.7% in Siewert type Il EGJ adenocarcinoma (four cases of 24 pa-
tients).> Tumors with hypermutations tend to produce neoantigens
in the tumor microenvironment; thus, MSI-H tumors are commonly
immunogenic, and the host will often activate anti-tumor immu-
nity against these neoantigens.’® In addition, MSI-H tumors can
upregulate immunological checkpoints such as programmed death
receptor-1 (PD-1), programmed death ligand-1 (PD-L1), or PD-L2,
in order to escape the host anti-tumor immunity. In a randomized
controlled clinical trial, Nivolumab treatment was shown to exert a
significant survival benefit to patients with metastatic gastric or EGJ
adenocarcinoma.®%? Nivolumab is an immune checkpoint inhibitor
that blocks PD-1. It may therefore be more effective for an MSI-H
population.

Epstein-Barr virus-associated tumors show hypermethylation,
CDKN2A silencing, frequent mutations in PIK3CA and ARID1A, and
immune reactivity.?®?® EBV-associated tumors seem to occupy only
a small fraction of EGJ adenocarcinoma in TCGA data. Drugs that
inhibit the PI3K pathway or methylation may be potentially bene-
ficial for these tumors. Recent comprehensive genomic analyses
revealed a significant mRNA expression of PD-L1 and PD-L2 in
EBV-associated gastric adenocarcinoma, suggesting that, like MSI-H
tumors, these tumors are also sensitive to immune checkpoint inhib-
itors, such as Nivolumab.?831

Genomically stable tumors are associated with diffuse histology,
and present with frequent mutations in CDH1 and RHOA, and the
CLDN18-ARHGAP26 fusion gene.2“"28 Besides these major alter-
ations, mutations in BRCA1, BRCA2, RAD51C, PALB2, and CTNNA1
are detected in diffuse-type gastric adenocarcinoma.®*3¢ A pro-
teomics analysis of 84 cases of diffuse gastric adenocarcinoma pro-
posed classification according to the following three groups: PX1,

which describes tumors expressing cell-cycle dysregulated proteins;
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PX2, which describes tumors expressing epithelial-mesenchymal
transition pathway proteins as well as cell-cycle-related proteins;
and PX3, which describes tumors with an enrichment of immunolog-
ical proteins. Of note, tumors in the PX3 group have overexpressed
IDO1 and ARG1 immunosuppressive proteins, for which inhibitory
agents are already actionable.’”

Finally, CIN tumors are described as having structural chromo-
somal aneuploidy without hypermutation, frequent TP53 mutations,
whole-genome doubling, and amplification of cell-cycle genes and
genes from the receptor tyrosine kinase (RTK)-RAS signaling path-
way.?¢28:38:37 Bacause the CIN subtype dominates EGJ adenocarci-
noma as described earlier, an understanding of the characteristics
of this tumor subtype is crucial to improve therapeutic outcomes
for patients with EGJ adenocarcinoma. Liu et al described two novel
CIN subtypes, designated by scoring the quantity and intensity of
focal, high-level amplicons and using a combined analysis of TCGA
data, with 921 cases of gastrointestinal adenocarcinoma: CIN-Focal
(CIN-F), defined as tumors with high-amplitude focal amplicons; and
CIN-Broad (CIN-B), defined as tumors with low-amplitude, broad
amplicons.®’ The authors reported that 74% of upper Gl adenocar-
cinoma cases displayed CIN-F. CIN-F tumors frequently harbor mu-
tations in TP53, and demonstrate amplifications in cell-cycle-related
genes and RTK-related pathway components, such as KRAS. We
recently described a novel therapeutic strategy for KRAS-amplified
tumors.*° We found that KRAS-amplified gastric cancer cells showed
overexpression of KRAS protein, possessing a large pool of inactive
KRAS (KRAS-GDP state). KRAS-amplified tumor cells show insen-
sitivity to MAPK blockade as they can adaptively respond by mo-
bilization of their reserve inactive KRAS to increase KRAS-GTP
state. Such adaptive responses can be abrogated through inhibition
of the guanine-exchange factors SOS1 and SOS2 or the protein
tyrosine phosphatase SHP2, which can lead to inhibition of tumor
growth when combined with MEK blockade. In TCGA dataset, KRAS-
amplified tumor occupied 8.1% of CIN-type EGJ adenocarcinoma
and 11.3% of CIN-type gastric adenocarcinoma, which were more
frequently observed as compared to the other types of cancers
(5.7% in non-small cell lung adenocarcinoma, 4.4% in pancreatic ad-
enocarcinoma, 3.7% in bladder urothelial carcinoma, 1.9% in uterine

corpus endometrial carcinoma, 1.4% in breast invasive carcinoma,
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1.0% in colorectal adenocarcinoma, 0.8% in liver hepatocellular
carcinoma, and 0.6% in prostate adenocarcinoma).?®?®*! Thus,
combined inhibition of MEK and SHP2 may be one of the promising
therapeutic approaches for CIN-type EGJ adenocarcinoma as well as
gastric adenocarcinoma.

Considering a recent emergence of nivolumab or pembroli-
zumab, PD-L1 status is important molecular information in EGJ ad-
enocarcinoma as well as gastric adenocarcinoma. There are several
studies examining PD-L1 positivity of EGJ adenocarcinoma sepa-
rated from that of gastric adenocarcinoma (Table 1).*278 PD-L1 pos-
itivity of EGJ adenocarcinoma seems to be similar to that of gastric
adenocarcinoma, despite different definitions of PD-L1 positivity by
immunohistochemical staining across studies.*"** Focusing on EGJ
adenocarcinoma, tumor PD-L1 expression according to Siewert clas-
sification were conflicting across the studies.*>*¢*® Further study is
needed to address whether PD-L1 status differs according to tumor
location in EGJ adenocarcinoma.** 48

Beyond TCGA molecular subtypes, the Asian Cancer Research
Group (ACRG) has also categorized gastroesophageal cancers, and
proposed four subtypes based solely on gene expression signa-
tures: MSI, MSS/epithelial-to-mesenchymal transition (EMT), MSS/
TP53-active, and MSS/TP53-deficient tumors.*’ The MSS/TP53-
deficient subtype, which is enriched with TCGA CIN subtype due
to substantial aneuploidy, is frequently observed in the EGJ cardiac
adenocarcinoma. The ACRG study also performed a survival analy-
sis comparing their subtyping scheme with that of TCGA subtyping.
Under the ACRG subtyping scheme, the MSI cases showed the most
favorable outcomes, followed by MSS/TP53-active, MSS/TP53-
inactive, and MSS-EMT. When classified by TCGA subtyping, MSI
cases still showed the best outcomes, but there were no significant
prognostic differences among the EBV, GS, and CIN subtypes. This
discrepancy may be because the disease stage was biased across the
molecular subtypes in both studies. Further analyses are needed to
assess how molecular subtype confers prognostic impact in gastro-

esophageal adenocarcinoma.

A total of 464 cases of surgically resected esophagogastric
adenocarcinoma at 4 institutions in Japan

1. Cancer Institute Hospital, 270 cases  (Apr. 2005 - Mar. 2015)
2. Kumamoto University Hospital, 93 cases (Feb. 2000 - Jan. 2015)
3. Kyushu University Hospital, 50 cases  (Jun. 2005 - Dec. 2014)
4. Kyushu Cancer Center, 51 cases (Feb. 2005 - Dec. 2013)

FIGURE 1 Flow diagram of our v
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69 cases with neoadjuvant chemotherapy (N =66) or
neoadjuvant chemoradiotherapy (N = 3)

multicenter retrospective cohort of
esophagogastric adenocarcinoma

395 cases were analyzed in this article




(senuijuo))

< (%Tv) €T

M (%8T) 0T

s (%02) TT

120 (%T2)CT

(%65) €€

(%vE) 6T

(%2) T

1000°> (%S) €

(%56) 61

1000> (%S) T

(%¥) T

1000°> (%96) ¥S

(%L8) 6v

1000> (%ET) L

1000"> TIEF 578

20 (%€Y) ¥T

1 e (%L5) Z¢

mq 8z’ YeFTCT

m (%2€) 81

&0 1000°> (%89) 8¢
nm
Q

<« 090’ £TITF5'89

4 (%6L) v¥

ST (%12) T

(sadAy 1uamals (96 = N) I11 2dAL

(%12) 85
(%L1) Lv
(%12) 85
(%T¥) L1T

(%¥2) L9
(%¥€) 56
(%L1) ¥
(%5¢2) TL

(%19) 00T
(%6€) ¥9

(%L2) 9L
(%€L) ¥0T

(%08) T¥T
(%08) 6€T

I8t FvIS
(%069) 6€T
(%05) 8€T

7e¥8TC
(%¥S) ¢ST
(%97) 82T

9TTF L Y9
(%¥8) ¥€T
(%91) 9%

(082 = N) 11 2dAL

(%22) €1

(%¥1) 8
(%£1) 0T
(%L¥) 8C

(%8) €
(%6€) €T
(%0T1) 9
(%97) LT

(%12) 6
(%6£) G€

(%¥2) 6
(%L£1) 59
(9%02) 6£
(%6€) LST

(%92) €01
(%v€) LET

(%¥71) ¥S
(%92) TOT

(%99) 82T
(%) 00T

eNd
ZNd
TNd
ONd
93e3g Nd
v1d
eld
z1d
71d
a3ejs 1d
9AI}ISOd

aAIe3aN

(sased |e3IdsoH a3n3i3su| Jadue?) 0} pajiWIT) UoI3d34ul LIojAd 12390q0d11aH

(%8L) 9%
(%) €T

(%¥€) 0T
(%99) 6€

1082 F 'St
(%L8) €€
(%) 5T

eYFTEC
(%S2) vy
(%S2) ST

STTFT1E9
(%16) ¥S
(%6) §

(65 = N) | 2dAL

€ ssouoe) d

—I—Wl LEY— &

UOI1eDIJISSE[D 319M3IS Aq UOI3ed0| Jown]

(%T€) ¥TT
(%69) TLT

(%€S) 012
(%L¥) S8T

L'0EF 675
(%08) 96T
(%085) G6T

YEFLTT
(%¥S) ¥1C
(%97) 18T

€CTF059
(%¥8) zee
(%971) €9

"ON [e30L

juasald
Juasqy

sn3eydosa s,13a.1ueg
(uelpaw) 0G=
(uelpaw) 06>

(@S ¥ ueaw
‘W) Jajawelp Jown]

(uelpaw) 9°zZ=
(uelpaw) 9'zz>
(as ¥ uesw
‘,W/8) xapul sseuwr Apog
ST0C BN 03 0T0C "uer
600¢ 23 210499
AJ493.ns 9oU|S JBIA

(Qs ¥ uesw
‘A) A193uns e 98y

dleiN
alewaS
PEIS

sainjeay
|eai8ojoyjedodiuld

(S6€ = N) UOI3eD1JISSE|D JU9M3IS 03 SUIpJ0ddE SolIslIaldeleyd auljeseg g 319VL



(senuijuo))

e
w yoeoudde |e2131ng
m (%99) L€ (%0£) T6T (%1S) Ce (%£9) 192 juasaid
W 9L0° (%€) 6T (%0€) 8 (%9%) LT (%€€) 0€T Jussqy

_

UOISeAUl SNOUSA

nm (%€L) T¥ (%04) T6T (%99) €€ (%89) S9¢ juasald
u LLO (%£2) ST (%0¢) ¢8 (%¥¥) 9¢ (%ce) €T Jussqy
W uolseAu] d1jeydwAl
mq (%0¢€) LT (%€2) €9 (%L7) 0T (%£2) 06 dAIS3Y0 Allood
m (%L) ¥ (%S) €T (%2) T (%S) 81 SNouPNN
mg (%65) €€ (%1£) 00T (%6L) LY (%0£) 082 Jejngnp
m o€’ (%¥) T (%T) v (%2) T (%2) L Adejjided
“ uoniesIsse;d OHM
< (%0€) LT (%€2) €9 (%LT) 0T (%€2) 06 asnyia
§ .w €T (%0£) 6€ (%LL) L1T (%€8) 6v (%LL) SOE [eun3saqu|
uoljedljisse|d uaine
sadAiqgns |e2130]01SIH
(%2S) 8¢ (%L€) TOT (%TY) T (%6€) €ST jussald
or’ (%87) 9T (%€9) 9LT (%65) 5€ (%19) LET Juasqy
Adeiayjowayd jueAn(py
(%62) 9T (%¥1) 8€ (%6) (%ST) 65 Al
(%€£S) 0 (%Ch) 811 (%L€)TT (%EY) 0LT I
(%€T) £ (%€T) L€ (%21) £ (%€T1) 15 I
2000’ (%S) € (%1€) L8 (%ev) 5T (%62) STT |
98e3sd
(%62) 9T (%¥T) 8€ (%6) & (%ST) 65 TN
1500 (%1£) OF (%98) ¢ve (%16) ¥S (%58) 9g€ (o]
a8e3s |
(@s ¥ ueaw)
0100 66FLL 1S */¢ [ €S +ge L9F Ty  sapoudijeiseiaw Jo ‘ON
(@s F ueaw)
3 0zo’ 0CC+90v | 19T F€°€¢ 86T T €/¢E 8LT T 6¥E pa3isaAley sspou Jo ‘0N
m (sadAypiamals (96 = N) 111 dAL (08Z = N) 11 2dAL (65 = N) | 2dAL ‘ON |ej0L sainjesy
[~4 € ssoJoe) 4 |eaiSojoyjedodiul)d
W uoljed1yIsse[d 14aMals Aq uoljedo| Jown|
Wn (Penupuod) z 3719VL




IMAMURA ET AL.

al Surgery

AGSurg Annals of Gastroenterologic

-

—I—Wl LEY— &

g

€60

700

960

S¢

7800

1000>

1000>

1000">

(sadA1 11omalg
€ ssoJde) d

(%971) 6

(%¥8) Ly

(%€T) L
(%¥T) 8
(%€L1) TV

(%12)CT
(%6L) v

(%29) ve
(%8¢€) TT

20S F €19
(%¥P) ¥C
(%9S) 1€

LTT +8T¢
0
(%00T) 99

(95 = N) I11 9dAL

"UOIIBIASP pJEpUE]S ‘S :UOIJeIAIqQqY

"TOO" > dsss ‘TO > dux ‘SO > d "dNOJS UOIEDIYISSE[D 1UOMBIS YOS 10) SaIneay [ediSojoyredodiul)d d1j1dads y3m sased jo uoljiodolid ay3 sajedipu (%) :930N

(%61) €5

(%18) LT

(%S) ST
(%9) LT
(%68) 8¥7C

(%0T) 82
(%06) 8¥7C

(%08) 9€T
(%069) 6€T

|T6E F €Y
(%EY) 8TT
(%£5) 8ST

€ZT F1CE
(%€ET) 9¢
(%£8) ¥t

(082 =N) 11 2dAL

(%1€) 8T

(%69) T¥

(%2) T
(%2) T
(%96) LS

(%TT) 9
(%68) 1S

(%19) 62
(%6¥) 8C

00% ¥ 0S¥
(%16) 25
(%6) §

|
[ 61T + €61

(%8L) 9%
(%) €T

(65 = N) 1 2dAL

UoI1edIJISSE[d 319M3IS Aq UOI3ed0| Jown]|

(%02) 08

(%08) 51€

(%9) €T
(%L) 9¢
(%£8) 9¥7€

(%2T) 9%
(%88) ev€

(%TS) 66T
(%61) 88T

Iy F 197
(%089) 61
(%05) 61

TVT F 9v¢
(%T2) C8
(%6L) €T€

"ON [e30]

e||l = opuIg-usiAeD

elll > opuig-uaine;d
10 QUON

suoljesl|dwod aAlesadoald

cd
Ty
0d

uiJew uol}dasay
Juasald
jussqy

uolsnjsuely poojg
(uelpaw) oGe=
(uelpaw) 0Ge>

(@S ¥ ueaw
‘8) sawn|oA sso| poo|g

(uelpaw) oze=
(ueipaw) oze>
(panunuod)AZT3HFAY L

‘ujw) awiy aAnesado
J|peJoyjSues |
|ejelysues]

sainjeay
|ea18ojoyjedodiuld

(penunuod) z 3749VL



IMAMURA ET AL. = " ) 53
.{“:" AG Surg Annalsothstmcmcmlogm _Wl LEY
EGU- s - . ) .
(A) % GJ-cancer speci;z::lr\(/hll\:?lls) 0515 (B) % Relapse-free survival
100 ; 100 ;
I |
| |
1 |
I - o 1 pStage | (N=115)
:? 80 i pStage Il (N=51) 5y 86.2% é. 80 i 5y 80.3%
5 | - 1
@
2 60 2 60 | pstage Il (N=51) Sy 69.8%
o o |
= pStage Il (N=170) 5y 59.1% o |
g 40 | IS 40
g ; pStage lll (N=170) 5y 41.6%
a 20 ! pStage IV (N=59) 5y 8.7% » 20 | Multigroup i
log-rank, _ o
0 Multigroup log-rank, P < 0.0001! 0 P < 0.0001 pStage IV (N=59) Sy 3.4%
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Years after surgery Years after surgery
© Il ival
verall surviva
% O
100 ;
|
| pStage | (N=115)
z 80 i 5y 82.9%
- 3
S 60 | pStagell (N=51) 5y 71.7%
e |
o |
- |
> pstage Il (N=170) 5y 48.5%
=}
(%] 20 |
- pStage IV (N=59) 5y 8.5%
Multigroup log-rank, P < 0.0001,

0
0o 1 2 3 4 5 6 7 8 9 10

Years after surgery

FIGURE 2 Kaplan-Meier curves of 395 cases of esophagogastric junction (EGJ) adenocarcinoma, categorized according to disease stage
(pStage I-1V). A, EGJ-cancer-specific survival. B, Relapse-free survival. C, Overall survival

3 | CLINICAL AND PROGNOSTIC
DIFFERENCES BY TUMOR LOCATION

Esophagogastric junction adenocarcinoma extends across the tho-
rax and abdomen to varying degrees. For patients with EGJ adeno-
carcinoma, tumor location is specified by Siewert classification as
follows: type |, defined as tumors of the distal esophagus, in which
the epicenter of the tumor is located 1-5 cm above the anatomical
EGJ; type Il, true junctional tumors, in which the epicenter is located
1 cm above and 2 cm below the EGJ; and type lll, gastric tumors
that infiltrate into the esophagus, for which the epicenter is located
between 2 and 5 cm below the EGJ.*° Although there does not seem
to be any difference in terms of the carcinogenic origin of Barrett's
and cardiac adenocarcinoma, as mentioned earlier, this anatomical
classification may differentiate these two tumors in terms of clinico-
pathological or prognostic characteristics. Considering that Barrett's
esophagus involves a replacement of normal squamous epithelium
with metaplastic mucosa in response to gastroesophageal reflux
disease (GERD), Barrett's adenocarcinoma is likely to be located

more proximally (Siewert type 1) than cardiac adenocarcinoma.

Furthermore, because tumor cells of EGJ adenocarcinoma can
spread in various longitudinal pathways through the complex lym-
pho-vascular network in the submucosal layer, Siewert classification
is likely to be associated with tumor aggressiveness.”’53 Indeed,
Siewert classification is frequently employed to determine a surgi-
cal approach: patients with Siewert type | tumors are often treated
through a thoracic approach with mediastinal lymph node dissec-
tion, whereas patients with Siewert type Il or lll cases can be treated
via a transabdominal approach (so-called “transhiatal” approach)
when technically possible.

A number of studies have examined the clinicopathological and
prognostic characteristics of EGJ adenocarcinoma via a comparative
analysis of Siewert type I-1ll tumors.’*~¢° However, the associations
between Siewert type and surgical outcome are conflicting: Siewert
type Ill tumors appear to have a worse clinical outcome,’®¢! but
this difference is not significant when differentiated by tumor loca-
tion.>#55%7 Here, we sought to investigate the clinical features and
prognostic outcomes of EGJ adenocarcinoma, using 395 patients
with Siewert type I-lll tumors who underwent surgical resection

without neoadjuvant chemotherapy or radiotherapy in Japan.
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FIGURE 3 Kaplan-Meier curves of 395 cases of esophagogastric junction (EGJ) adenocarcinoma according to tumor location by Siewert
classification. A, EGJ-cancer-specific survival. B, Relapse-free survival. C, Overall survival

3.1 | Patient cohort of EGJ adenocarcinoma

Our multicenter retrospective cohort included 464 patients with
EGJ adenocarcinoma (Siewert type |, I, and 1ll) who underwent
surgical resection at four academic institutions in Japan between
February 2000 and March 2015 (Figure 1). A total of 395 patients
with EGJ adenocarcinoma were eligible for this study. Disease stag-
ing was based on the 7th edition of the Union for International
Cancer Control (UICC) classification of esophageal cancer, which is
applicable to Siewert type Il tumors.

3.2 | Statistical analysis

All statistical analyses were performed using JMP 13 software
(Version 13.2.1, SAS Institute). All P-values were two-sided.
Univariate analyses were performed to investigate clinicopathologi-
cal and molecular characteristics according to Siewert classification.
Chi-squared test or Fisher's exact test was used for categorical data,
whereas the Wilcoxon test or Kruskal-Wallis test was used for con-
tinuous data. The Kaplan-Meier method was used to estimate sur-
vival distribution, and the log-rank test was used to compare survival
distributions. EGJ-cancer-specific survival time for each case was

calculated from the date of surgical resection until death from EGJ

adenocarcinoma, or 10 March 2020, whichever came first. Relapse-
free survival (RFS) time was from the date of surgical resection until
recurrence or death from any cause, and overall survival (OS) until
death from any cause. Cox proportional hazards models were used
to estimate mortality hazard ratios (HRs). More details are provided

in Appendix S1.

3.3 | Clinicopathological and survival analysis in
terms of tumor location

The baseline characteristics according to Siewert classification are
shown in Table 2. Type | tumors were observed in 59 cases (15%),
type Il in 280 cases (71%), and type Il in 56 cases (14%). Type | tu-
mors were associated with recent cases (P < .0001), more frequently
accompanied by Barrett's esophagus (78%, P < .0001), less fre-
quently associated with Helicobacter pylori infection (P < .0001), and
showed a less-advanced disease stage as compared with type Il or
11l tumors (P = .0002). Because surgeons often select a transtho-
racic approach for type | tumors (P < .0001), operative time was the
longest for type | tumors (P < .0001), with less blood loss and a suc-
cessful RO resection rate (P = .0041). Patients with type Ill tumors
exhibited a significantly larger size (P < .0001), because the radius of

the tumor in type Il tumors must be at least 2 cm to invade into the
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FIGURE 4 Kaplan-Meier curves of pStage IlI-1l cases (N = 221) of esophagogastric junction (EGJ) adenocarcinoma according to tumor

location by Siewert classification. A, EGJ-cancer-specific survival. B, Relapse-free survival. C, Overall survival

esophagus. Accordingly, type Il cases included more advanced dis-
ease stage, longer operative time with more blood loss, and a lower
RO resection (Table 2).

In the survival analysis, there were 192 deaths, including 135
EGJ-cancer-specific deaths, over a median follow-up of 5.3 years
(interquartile range, 5.0-6.6 years) for censored cases. Kaplan-Meier
analyses according to disease stage are provided in Figure 2A-C.
The 5-year EGJ-cancer-specific survival rates were 95.1% for pStage
I, 86.2% for pStage Il, 59.1% for pStage lll, and 8.7% for pStage IV
(Figure 2A). Kaplan-Meier analyses according to Siewert classifi-
cation (N = 395, Figure 3A-C) showed that the 5-year EGJ-cancer-
specific mortality of Siewert type Ill tumors was the worst (50.4%,
Figure 3A) compared with that of type | (68.7%) or type Il (67.3%) tu-
mors. This result is consistent with previous reports, due to the bias
of more advanced disease cases among type Il tumors.**>2 When
adjusting for various clinical factors in the multivariate survival
analysis, the significant dismal prognosis of type | tumors became
evident using type Il tumors as a reference (multivariate EGJ-cancer-
specific mortality HR = 1.81, 95% confidence interval [Cl], 1.06-2.97;
P =.031; Table 3). A subgroup analysis of pStage II-1ll cases (N = 221,

Figure 4A-C) showed that the 5-year EGJ-cancer-specific mortality
of Siewert type | cases (58.9%, Figure 4A) was the highest as com-
pared with that of type Il (65.8%) or type Ill (68.9%) cases (multivar-
iate mortality HR = 2.13, 95% confidence interval [Cl], 1.09-3.98;
P =.028; N = 221, Table 4). Regarding recurrence among type | tu-
mors after surgery, over half of type | cases (56%) experienced recur-
rent disease in lymph nodes, particularly in mediastinal or paraaortic
nodes (Table S1). This raises a clinically important question, whether
radical lymph node dissection, including removal of mediastinal or
paraaortic node dissection, may be beneficial or not for patients with
Siewert type | tumors. Further large-scale study would be needed to
address this issue.

Because Siewert type | tumors were significantly associated with
Barrett's esophagus, additional analyses were performed focusing
on the presence or absence of Barrett's esophagus. Although the
clinicopathological features of the cases accompanied by Barrett's
esophagus was similar to those of Siewert type | tumors (Tables
S2 and S3), there was no significant association between Barrett's
esophagus and patient outcome in multivariate survival analysis
(Tables S4 and S5).
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4 | CONCLUSION

Recent comprehensive genomic analyses suggest that immunother-
apy may play an essential role in the treatment of MSI-H, EBV, or GS
molecular subtypes of EGJ adenocarcinoma. EGJ adenocarcinoma
includes Barrett's adenocarcinoma and cardiac adenocarcinoma,
and because of their extensive similarities, it is likely that Barrett's
adenocarcinoma is of gastric origin. In our multicenter cohort study,
we show that Siewert type | (distal esophagus) tumors are frequently
accompanied with Barrett's esophagus and have significantly unfa-
vorable outcomes, with more than half of patients experiencing dis-
ease recurrence in the lymph nodes. Thus, Barrett's adenocarcinoma
may potentially be an aggressive clinical subtype of EGJ adenocarci-
noma, with a potential risk of tumor spreading through the complex

lympho-vascular network of the esophagus.
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