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ABSTRACT

Purpose: The optimal treatment for gastroesophageal junction adenocarcinoma (GEJA)
remains controversial. We evaluated the treatment patterns and outcomes of patients with
locally advanced GEJA according to the histological type.

Materials and Methods: We conducted a single-institution retrospective cohort study

of patients with locally advanced GEJA who underwent curative-intent surgical resection
between 2010 and 2020. Perioperative therapies as well as clinicopathologic, surgical, and
survival data were collected. The results of endoscopy and histopathological examinations
were assessed for Siewert and Lauren classifications.

Results: Among the 58 patients included in this study, 44 (76%) were clinical stage III,

and all received neoadjuvant therapy (72% chemoradiation, 41% chemotherapy, 14% both
chemoradiation and chemotherapy). Tumor locations were evenly distributed by Siewert
Classification (33% Siewert-1, 40% Siewert-1I, and 28% Siewert-III). Esophagogastrectomy
(EG) was performed for 47 (81%) patients and total gastrectomy (TG) for 11 (19%) patients.
All TG patients received D2 lymphadenectomy compared to 10 (21%) EG patients.
Histopathological examination showed the presence of 64% intestinal-type and 36%
diffuse-type histology. The frequencies of diffuse-type histology were similar among Siewert
groups (37% Siewert-1, 36% Siewert-1I, and 33% Siewert-III). Regardless of Siewert type and
compared to intestinal-type, diffuse histology was associated with increased intraabdominal
recurrence rates (P=0.03) and decreased overall survival (hazard ratio, 2.33; P=0.02). With a
median follow-up of 31.2 months, 29 (50%) patients had a recurrence, and the median overall
survival was 50.5 months.

Conclusions: Present in equal proportions among Siewert types of esophageal and gastric
cancer, a diffuse-type histology was associated with high intraabdominal recurrence rates
and poor survival. Histopathological evaluation should be considered in addition to anatomic
location in the determination of multimodal GEJA treatment strategies.

Keywords: Esophagogastric junction adenocarcinoma; Esophageal cancer; Siewert-Stein
classification; Gastric cancer; Histology evaluation
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INTRODUCTION

The incidence of gastroesophageal junction adenocarcinoma (GEJA) is increasing worldwide
[1]. GEJAs represent a spectrum of histologically and molecularly diverse tumors defined

by their anatomical location between the esophagus and the stomach. The pretreatment
determination of GEJA, of either esophageal or gastric origin, has traditionally led to two
divergent perioperative treatment paths. Multimodal treatment strategies for GEJA include
curative-intent radical surgery and often involve either neoadjuvant chemoradiation following
the guidelines of the CROSS Trial [2] for esophageal adenocarcinoma (EAC) or perioperative
chemotherapy based on the FLOT4 Trial [3] recommendations for gastric adenocarcinoma
(GC). However, in real-world surgical practice, accurate anatomical classification of GEJA
remains difficult, and the selection of patient-specific management poses significant
challenges [4].

The management of GEJA varies significantly between Eastern and Western countries,

and multiple classification systems exist [5]. The most internationally utilized system for
anatomical classification of GEJA is the Siewert classification [6]. It divides GEJA into 3
subtypes based on the epicenter of the tumor in relation to the gastroesophageal junction
(GEJ) primarily by endoscopic evaluation and secondarily supported by cross-sectional
imaging. Siewert type I tumors have epicenters located 1-5 cm above the GEJ and are
associated with Barrett’s esophagus. Type III tumors arises from the gastric cardia 2 cm
distal to the GEJ and infiltrate the GEJ. Type II tumors are located within 1 cm proximal and
2 cm distal of the GEJ and are considered true cancers of the GEJ. These tumors are the most
difficult to classify with significant debate regarding their management.

Over the years, the changing guidelines of the American Joint Committee on Cancer (AJCC)
tumor, node, metastasis (TNM) staging system reflect the ambiguity of GEJA classification
and the inconsistencies in stage-specific survival outcomes. The 8th and latest edition of

the AJCC TNM staging system realigned the staging and management of Siewert type I and

I with EAC and Siewert type III with GC. Previously, the 6th edition considered Siewert

type Il as GC, and the 7th edition grouped all three Siewert types as EAC. As considerable
debate persists regarding whether to manage these patients as EAC or GC, the histology and
genomics of GEJA may support a re-alignment of GEJA tumors with GC. Quante et al. recently
suggested that EACs derive their origin from gastric cells [7]. To better understand the impact
of non-anatomical factors on the outcomes of patients with GEJA, we evaluated the real-life
work-up, treatment, and outcomes of patients with GEJA who underwent curative-intent
surgical resection at a high-volume tertiary referral center.

MATERIALS AND METHODS

We performed a retrospective review of a prospectively maintained upper gastrointestinal
cancer database at the City of Hope National Medical Center, Duarte, USA with ethical
approval provided by the Internal Review Board (IRB) of the Center (IRB approval number:
20645). Patients with locally advanced GEJA who underwent curative intent surgical resection
between 2010 and 2020 were included in the study. Patients with early-stage disease (T1-2, NO)
who underwent resection without neoadjuvant therapy (NT) and patients who underwent a
non-oncologic resection (proximal gastrectomy) were excluded from this study (Fig. 1).
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Patients with GEJA who underwent surgical resection
between 2010 to 2020 (n=67)

Exclude:

- Stage | tumors (n=>5)

» - Non-oncologic surgical approach (n=2)

- Final histology not adenocarcinoma (n=1)
- Tumor location not GEJ (n=1)

Eligible patients (n=58):
- Documented Siewert classification (n=24)
- Undocumented Siewert classification (n=34)

i

Retrospective review of pre-neoadjuvant therapy
endoscopy & endoscopic ultrasound reports by
gastroenterologist for determination of Siewert classification

l

Inclusion of 58 patients for analysis:
- Siewert type | (n=19)
- Siewert type Il (n=23)
- Siewert type Ill (n=16)

Fig. 1. CONSORT diagram of the study cohort. Classification of patients with locally advanced GEJA who
underwent curative intent surgical resection.
GEJA = gastroesophageal junction adenocarcinoma.

Multimodal patient treatment strategies

All study patients received NT (chemoradiation, chemotherapy, or both) before surgery,
and surgical resection entailed either Ivor-Lewis esophagogastrectomy (EG) or total
gastrectomy (TG), with most cases utilizing a minimally invasive robotic approach. Surgical
lymphadenectomy was either a 2-field lymphadenectomy (encompassing periesophageal,
subcarinal, superior mediastinal, diaphragmatic, paracardial, lesser curvature, and

celiac axis lymph nodes) or a D2 dissection (stations 17, 8a, 9, 12a, 11 p/d) [8]. Surgical
lymphadenectomy was based on the surgical approach; a 2-field lymphadenectomy was
performed for EG while D2 dissection was performed for TG. D2 dissection was additionally
performed for select patients with EG and type II/III tumors involving the cardia or concern
for celiac nodal disease.

NT regimens were primarily determined by tumor location utilizing a Siewert type
classification. The majority of Siewert type I/II patients were managed like esophageal cancer
patients and received neoadjuvant chemoradiation as recommended by the CROSS trial, and
Siewert type III patients were managed like gastric cancer patients and received perioperative
chemotherapy as per the FLOTA4 trial guidelines. NT regimen variability was observed where
select Siewert type II patients with tumors located in the cardia or with celiac nodal disease
received perioperative chemotherapy instead of neoadjuvant chemoradiation. Additionally,
select patients received full dose, oxaliplatin-based perioperative chemotherapy in addition
to neoadjuvant chemoradiation. Chemoradiation was typically trimodal therapy with weekly
carboplatin/paclitaxel and 50.4 Gy of radiotherapy, and neoadjuvant chemotherapy regimens
were typically leucovorin, fluorouracil, and oxaliplatin (FOLFOX) or fluorouracil, leucovorin,
oxaliplatin, and docetaxel (FLOT).
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Demographics and clinicopathologic data

We performed a retrospective review of the demographic and clinicopathologic data.
Postoperative complications occurring within 30 days of surgery were recorded using the
Clavien-Dindo classification system [9]. Clinical and post-neoadjuvant pathologic staging was
performed according to the 8th edition of the Union for International Cancer Control (UICC)/
AJCC classification system. Siewert types I and II were staged as EAC and Siewert type Il as GC.

The Siewert classification of patient tumors was ascertained from medical record documentation
or by secondary review of pretreatment upper endoscopy and endoscopic ultrasonography (EUS)
images and reports by an experienced gastroenterologist at our institution.

The Lauren classification (intestinal-, diffuse-, or mixed-type) was determined from
histopathology reports or by secondary review of archived histopathology slides by an
experienced pathologist at our institution.

The tumor regression score (TRS), as defined by the College of American Pathologists, was
retrieved from the surgical pathology reports and used to measure local treatment response
to preoperative therapy. TRS was determined by a pathologist on a scale of 0-3 according to
previously defined histopathologic features: TRS 0, pathologically complete response; TRS 1,
complete response; TRS 2, partial response, and TRS 3, poor or no response to NT.

Statistical analysis

Statistical analysis was performed using Stata 14.2 software (StataCorp LLC, College Station,
TX, USA). Student’s t-test was used for continuous variables, while Pearson’s 3 test was used
for categorical variables. Survival curves were compared using the Kaplan-Meier method

and the log-rank test. Univariate analysis was performed using the Cox proportional hazards
model. Statistical significance was set at P<0.05. Overall survival (OS) was calculated from

the date of operation to death from any cause. Recurrence-free survival (RFS) was calculated
from the date of operation to the date of tumor recurrence. For RES, patients who died without
known tumor recurrence were censored at the date of their last documented follow-up.

RESULTS

Patient characteristics, preoperative staging, and therapies

Our study included 58 patients with locally advanced GEJA who underwent curative

intent surgery after receiving NT between 2010 and 2020. A minority of patients (41%)

had pretreatment documentation of a Siewert classification. After a secondary review of
endoscopy/EUS findings for the remaining 34 patients in this study, we found an even
distribution of GEJA by Siewert Classification, with 19 (32.8%) Siewert type I, 23 (39.7%)
Siewert type II, and 16 (27.6%) Siewert type III patients. Table 1 shows clinicopathologic
factors, NT regimens, and perioperative outcomes with respect to the Siewert classification
of all patients.

At the time of surgery, the median patient age was 63.5 years and 43 (74%) were men. Age,
sex, and body mass index (BMI) were similar for all Siewert groups. Approximately 80% of
Siewert I/II patients were identified as non-Hispanic white (NWH) compared to Siewert type
III patients being 50% NHW, 25% Hispanic and 25% Asian. There was a trend towards higher
rates of Barrett’s esophagus for Siewert type I/II cases, while a history of Helicobacter pylori

https://doi.org/10.5230/jgc.2024.24.€20 9270
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Table 1. Clinicopathologic factors, neoadjuvant therapy, and perioperative outcomes with respect to Siewert classification
Variable All (n=58) Siewert | (n=19) Siewert Il (n=23) Siewert Ill (n=16) P-value
Age (yr) 64 (39-81) 68 (39-81) 64 (47-81) 62 (45-72) 0.115
Sex 0.490
Female 15 (25.9) 6 (31.6) 4(17.4) 5(31.3)
Male 43 (74.1) 13 (68.4) 19 (82.6) 11 (68.8)
BMI (kg/m?) 25.6 (14.3-40.8) 96.9 (19.2-40.8) 26.4 (19.5-39.8) 95.4 (14.3-33) 0.380
Ethnicity* 0.083
White 41 (70.7) 14 (73.7) 19 (82.6) 8 (50.0)
Hispanic 5 (8.6) 0(0.0) 1(4.3) 4(25.0)
Asian 9 (15.5) 2 (10.5) 3(13.0) 4(25.0)
Black/African American 1(1.7) 1(5.3) 0(0.0) 0(0.0)
American Indian 1(1.7) 1(5.3) 0(0.0) 0(0.0)
History of Barrett’s esophagus 22 (37.9) 11 (57.9) 7 (30.4) 4 (25.0) 0.086
History of Helicobacter pylori 4(6.9) 0(0.0) 1(4.3) 3(18.8) 0.076
Documented Siewert classification 24 (41.4) 4(21.1) 13 (56.5) 7 (43.8) 0.066
Clinical stage 0.340
I 4(6.9) 1(5.3) 2(8.7) 1(6.3)
1A 2 0 1 1
11B 2 1 1 0
1 44 (75.9) 12 (63.2) 18(78.3) 14 (87.5)
IVA 10 (17.2) 6 (31.6) 3(13.0) 1(6.3)
Neoadjuvant therapy
Chemoradiation 49 (72.4) 18 (94.7) 17 (73.9) 7 (43.8) 0.003
Chemotherapy 24 (41.4) 1(5.3) 10 (43.5) 13 (81.3) <0.001
Both® 8 (13.8) 0 (0.0) 4(17.4) 4(25.0) 0.083
Surgical approach <0.001
Esophagogastrectomy 47 (81.0) 18 (94.7) 23 (100.0) 6 (37.5)
Total gastrectomy 11 (19.0) 1(5.3) 0(0.0) 10 (62.5)
D2 LN dissection performed 21 (36.2) 1(5.3) 9(39.1) 11 (68.8) <0.001
Pathologic LNs
Positive status 30(51.7) 9 (47.4) 12 (52.2) 9 (56.3) 0.870
Total number harvested 30[22-38] 26 [17-32] 29[23-34] 37[30-50] 0.027
Pathologic stage 0.742
I 23 (39.7) 8 (42.1) 8 (34.8) 7 (43.8)
I 9 (15.5) 2 (10.5) 3(13.0) 4(25.0)
Il 29 (37.9) 7 (36.8) 10 (43.5) 5(31.3)
1A = 2 8 =
1B = 5] 7 =
IVA 4 (6.9) 2 (10.5) 2(8.7) 0(0.0)
Histologic type 0.975
Intestinal 36 (64.3) 12 (63.2) 14 (63.6) 10 (66.7)
Diffuse 20 (35.7) 7 (36.8) 8 (36.4) 5(33.3)
Unknown 2 0 1 1
Pathologic grade 0.038
Moderately differentiated* 19 (33.9) 2 (10.5) 9(39.1) 8 (50.0)
Poorly differentiated 39 (67.2) 17 (89.5) 14 (60.9) 8 (50.0)
Tumor regression score$ 0.256
Complete response 12 (20.7) 4(21.1) 4(17.4) 4(25.0)
Near complete response 12 (20.7) 5(26.3) 4(17.4) 3(18.8)
Partial response 25 (43.1) 8 (42.1) 13 (56.5) 4(25.0)
Poor or no response 8(13.8) 1(5.3) 2(8.7) 5(31.3)
Recurrence
Any 29 (50.0) 9 (47.4) 15 (65.2) 5(31.3) 0.109
Intrathoracic 14 (24.1) 3(15.8) 10 (43.5) 1(6.3) 0.016
Intraabdominal 20 (34.5) 5(26.3) 10 (43.5) 5(31.3) 0.482
Local 3(5.9) 1(5.3) 2(8.7) 0(0.0) 0.483
Bone 4(6.9) 2 (10.5) 1(4.3) 1(6.3) 0.729
Brain 2(3.4) 2 (10.5) 0(0.0) 0(0.0) 0.119
Values are presented as number (%), median (range), or median [interquartile range]. Bold styled P-values indicate statistically significant.
BMI = body mass index; LN = lymph node.
“Includes one patient with well-differentiated pathologic grade.
TRefers to patients receiving both neoadjuvant chemoradiotherapy and full-dose perioperative chemotherapy.
*A patient in the Siewert | group is missing ethnicity data.
SA patient in the Siewert | group is missing tumor regression score data.
https://jgc-online.org https://doi.org/10.5230/jgc.2024.24.€20 971
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infections was more common for Siewert type III patients. The majority of patients were
clinical stage III (76%). Notably, 10 patients had clinical stage IVA (cT3N2MO) as per the AJCC
(8th edition) guidelines for EAC. Although all patients received NT, there were significant
differences between Siewert groups in the type of regimens received (Table 1). Eighteen
(95%) Siewert type I patients received chemoradiation, and 13 (81%) Siewert type III cases
received chemotherapy. Interestingly, 8 patients in our study received both modalities.

Surgical approach

Forty-seven (81%) patients underwent EG, while 11 (19%) underwent TG (Table 1). As
expected, significantly more Siewert type III patients (69%) underwent TG and D2 lymph
node (LN) dissection compared to Siewert type I/II (44%) cases. A surgical oncologist was
involved in all cases with D2 lymphadenectomy including those performed during an EG

for Siewert type I/II tumors. As part of the growing robotic surgery practice at our center,

81% of surgical interventions were completed by a 2-field robotic approach (transthoracic
and transabdominal), with 5 other cases that began robotically but were converted to open
surgery for a conversion rate of 8.6%. Comparing EG and TG surgeries, the median duration
of hospital stay was similar between these two surgical approaches (8 vs. 6 days, respectively),
but postoperative complications were more frequent in the EG group than the TG group (72%
vs. 36%, respectively; P=0.024) (Supplementary Table 1).

Pathologic findings

Based on surgical pathology findings, 30 (52%) patients had positive LNs, and the median
number of harvested LNs was 30 (range, 22-38) (Table 2). Positive LN status was equivalent
among the 3 Siewert groups, but Siewert type III cases had significantly more LNs harvested
than Siewert type I and II patients (median 37, 26, and 29, respectively; P=0.027), likely due
to their higher rate of D2 LN dissection. The pathologic stage was similar between Siewert
groups, and 42% of patients had a TRS score signifying a complete or near complete local
treatment response to preoperative therapy. The differences in tumor grade and the similar
proportion of diffuse-type histology amongst all three Siewert groups were notable. Poorly
differentiated histology was found in 89% of Siewert I, 67% of Siewert II, and 50% of
Siewert III (P=0.038) cases. Overall, more intestinal-type histology was observed compared
to diffuse-type tumors. Surprisingly, the proportion of diffuse-type histology was similar
between the various Siewert groups (37% for Siewert type I, 36% for Siewert type II, and 33%
for Siewert type III).

Recurrence and survival

At a median follow-up of 31.2 months, half of the patients (28/56) had disease recurrence
(Supplementary Fig. 1B). Initial recurrence patterns were similar among the various Siewert
groups, with most recurrences occurring intra-abdominally rather than in the chest.
However, Siewert type II patients had the highest rate of intrathoracic recurrences than the
other Siewert types (P=0.016) (Table 1).

The median OS was 50.5 months (Supplementary Fig. 1), and patients with recurrence had
a median post-recurrence survival of 14.3 months. Table 2 shows the univariate analysis
performed to determine the clinicopathologic variables associated with OS. Age, sex,
Siewert classification, NT modalities including chemoradiation and chemotherapy, surgical
approach, and D2 LN dissection were not associated with survival (Supplementary Fig. 1A).
No association was found between clinical stage and survival. In contrast, higher pathologic
stage significantly correlated with worse OS (P<0.001; Supplementary Fig. 1C and D).
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Table 2. Univariate analysis of potential variables associated with overall survival

Variable Hazard radio 95% confidence interval Log-rank P-value
Age (266 vs. <66 years) 0.76 0.36-1.61 0.477
Sex (male vs. female) 0.92 0.39-2.16 0.840
Siewert classification 0.757

Ilvs. | 1.43 0.56-3.69

vs. | 1,118) 0.45-3.15

Hvs. 1l 0.83 0.33-2.10
Clinical stage (I11/IV vs. II) 1.09 0.33-3.60 0.377
Chemoradiation (yes vs. no) 0.68 030-1.53 0.355
Chemotherapy (yes vs. no) 1.46 0.69-3.10 0.322
D2 LN dissection (yes vs. no) 1.26 0.57-2.78 0.564
Surgical approach (EG vs. TG) 0.94 0.36-2.50 0.917
LN involvement (present vs. absent) 3.89 1.68-9.01 0.007
Pathologic stage (I11/IV vs. I/II) 4.92 2.20-11.04 <0.001
Pathologic grade (poorly differentiated vs. moderately differentiated) 1.08 0.71-1.63 0.740
Histologic type (diffuse vs. intestinal) 2.33 1.10-4.90 0.021
Tumor regression score (partial/poor vs. near complete/complete) 3.15 1.32-7.54 0.012
Recurrence (yes vs. no) 3.19 1.35-7.53 0.005

LN = lymph node; EG = esophagogastrectomy; TG = total gastrectomy.
Bold styled P-values indicate statistically significant.
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Fig. 2. Kaplan-Meier survival curves. Curves for OS (A), with and without positive pathologic LNs (B), and treatment response by tumor regression grade (C)

diffuse- vs. intestinal-type histology.
0S = overall survival; LN = lymph node; HR = hazard ratio.

Pathologic LN involvement and poorer pathologic response to NT were significantly associated
with decreased OS (P=0.007 and P=0.012, respectively; Fig. 2A and B). Additionally, while
pathologic grade was not associated with survival, diffuse-type histology had worse OS than
that associated with intestinal-type (P=0.021; Fig. 2C).

Importantly, Lauren histopathology was associated with patient stage, pathologic grade, and
clinical outcomes. Compared to intestinal-type, patients with diffuse-type histology had
significantly higher pathologic stage (P=0.008) and frequency of poorly differentiated tumors
(P=0.004; Table 3). Histologic type also correlated with pathologic treatment response to
neoadjuvant chemotherapy but not chemoradiation or a combination of both. Diffuse-type
histology had a significantly reduced treatment response to neoadjuvant chemotherapy

than intestinal-type (P=0.037; Supplementary Table 2). A trend towards higher frequency

of positive pathologic LN status (P=0.066) and a higher total number of positive LNs
(P=0.058) for patients with diffuse- rather than intestinal-type histology was seen but was not
statistically significant. Notably, there was no significant difference in the frequency of D2
dissection performed for the 2 histologic types (Table 3).
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Table 3. Perioperative factors, pathologic data and recurrence outcomes by histologic type

Variable Intestinal (n=36) Diffuse (n=20) P-value
D2 LN dissection performed 15 (41.7) 6 (30) 0.390
Pathologic lymph nodes
Positive status 16 (44.4) 14 (70) 0.066
Total number harvested 31[14-47] 28 [17-51] 0.549
Total number positive 1(0-12) 3(0-17) 0.058
Positive surgical margin 1(2.8) 2 (10) 0.250
Pathologic stage 0.008
/1 24 (66.7) 6 (30)
/v 12 (33.3) 14 (70)
Pathologic grade’ 0.004
Moderately differentiated* 15 (41.7) 1(5.0)
Poorly differentiated 20 (55.6) 18 (90.0)
Tumor regression score* 0.910
Complete response 8(22.2) 3(15.0)
Near complete response 7 (19.4) 4 (20.0)
Partial response 15 (41.7) 10 (50.0)
Poor or no response 5(13.9) 3(15.0)
Recurrence
All 15 (41.7) 14 (70.0) 0.042
Intrathoracic 8(22.2) 6 (30.0) 0.520
Intraabdominal 8(22.2) 12 (60.0) 0.005
Lymph nodes 5(13.9) 8 (40.0) 0.027
Peritoneum 4(11.1) 6 (30.0) 0.077
Liver 1(2.8) 4(20.0) 0.030
Local 3(8.3) 0(0.0) 0.184
Bone 1(2.8) 3(15.0) 0.089
Brain 1(2.8) 1(5.0) 0.668

Values are presented as number (%), median (range), or median [interquartile range].
LN = lymph node.

“Includes one patient with well-differentiated pathologic grade.

TOne patient in each group (diffuse and intestinal) missing pathologic grade data.
*One patient in the intestinal group is missing tumor regression score data.

Lastly, patients with diffuse-type GEJA were significantly more likely to have a recurrence
than those with intestinal-type (P=0.042; Table 3). The recurrence pattern also strongly
correlated with histologic type, where 60% of patients with diffuse-type histology had intra-
abdominal recurrences compared to 22% for intestinal-type (P=0.005). The most common
location for intra-abdominal recurrence was intra-abdominal lymph nodes, followed by the
peritoneum and liver. Notably, recurrence detection was primarily performed with computed
tomography (CT) and positron emission tomography (PET) scan imaging, both of which have
low sensitivity for peritoneal metastases.

DISCUSSION

Optimization of curative intent multimodal management of patients with GEJA requires
accurate pretreatment assessment of the tumor. While the ambiguity of its anatomical
characterization as being gastric or esophageal continue to challenge standardization of

our practices, nonanatomic factors may contribute to improved treatment planning and
patient outcomes. Our real-world study of patients with GEJA who underwent curative-intent
resection identified higher-than-expected rates of diffuse-type histology in Siewert type I
and II tumors that were comparable to the rates found in Siewert type III tumors. Regardless
of Siewert classification, tumors with diffuse-type histology were less likely to respond

to neoadjuvant chemotherapy and were associated with high rates of intra-abdominal
recurrence and poor survival compared to tumors with intestinal-type histology.
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The Lauren classification system that categorizes GC into 2 distinct histologic subtypes

with biological differences has been shown to significantly impact the outcomes of patients
with GC [10]. Compared to tumors with intestinal-type histology, diffuse-type tumors
demonstrate higher rates of disease recurrence, shorter time to disease progression, and
poorer OS [11]. Additionally, tumor histologic type correlates with recurrence patterns,

and the peritoneum has previously been shown to be the most common recurrence site for
tumors with diffuse-type histology [12]. Our study demonstrates that compared to intestinal-
type, GEJA with diffuse-type histology was associated with increased overall and intra-
abdominal recurrence rates, and correlated with significantly shorter median OS (27.2 vs. 53.6
months; hazard ratio, 2.33; 95% confidence interval, 1.10-4.90; P=0.021).

While clinical TNM-staging and Siewert classification are the main determinants of the
therapeutic strategy for GEJA, clinical TNM-staging often has poor prognostic accuracy [13]
and the Siewert classification is not always assessed. In our study, only 41% of patients had
pretreatment Siewert classification documented. This is likely due to challenges associated
with endoscopic assignment of Siewert classification [14]. Frequently, the GEJ is obliterated
by tumor, so that the tumor epicenter in relation to the GEJ cannot be assessed. When both
GE]J obliteration and a hiatal hernia occur together, the diaphragmatic impression may be
misconstrued as the GEJ resulting in erroneous estimation of the anatomical GEJ. Lastly,
tumor obstruction of the GEJ may inhibit passage of the endoscope into the stomach that can
lead to a default and incorrect diagnosis of EAC.

In addition to being prognostic, the histologic type of the tumor has been correlated with
treatment response. Tumors with a diffuse-type histology are associated with lower response
rates to systemic chemotherapy compared to tumors displaying intestinal-type histology
[15]. In our study, no diffuse-type tumors had a complete or near complete response, while
55% of intestinal-type did. Although the impact of tumor histologic type on chemoradiation
response is less defined, the presence of signet ring cells has been correlated with resistance
[16]. However, routine reporting of Lauren type histology is not standard practice for type
Iand II GEJA since Lauren type was developed for GC. In this study, slightly more than half
of the patients had their pretreatment tumor histologic type documented (21% type I, 52%
type II, and 88% type III). Upon secondary review of tumor pathology, diffuse-type histology
was surprisingly equally distributed among all three Siewert subtypes (37% type I, 36% type
11, and 33% for type III). The impact of tumor histology type on treatment response and

the presence of diffuse-type histology in all Siewert subtypes supports the incorporation of
tumor histologic type in individualized treatment strategies for patients with GEJA.

Surgical resection with negative margins and appropriate lymphadenectomy remains central
to curative intent therapy in GEJA. As a diffuse-type tumor histology is a risk factor for positive
surgical margins, the use of intraoperative frozen sections and more extensive resections to
ensure negative margins have been suggested [17]. When clearance of the esophageal margin
is of concern, a careful gross examination of the margin with representative sampling for
microscopic examination can be helpful. However, the cells of tumors with diffuse-type
histology often mimic inflammatory cells and can lead to false negative findings. In our study,
10% of patients with tumors displaying a diffuse-type histology had positive esophageal
margins compared to 2% with for tumors with an intestinal-type histology. In addition

to margin status, patients with GEJA and nodal involvement have decreased locoregional
recurrences with more extensive abdominal lymphadenectomies [18]. As tumors with a
diffuse-type histology are associated with increased intra-abdominal recurrences, their

https://doi.org/10.5230/jgc.2024.24.€20 975



°
Journal
, ‘ of
Gastric

Cancer

Histological Evaluation to Define Gastroesophageal Junction Adenocarcinoma

https://jgc-online.org

presence may indicate the need for an abdominal lymphadenectomy that is not standard in the
current management of Siewert type I/II tumors.

The clinically observed biological differences between tumors with diffuse and intestinal-
like histology are driven by differences in their underlying genomics. The Cancer Genome
Atlas network categorized GC into four molecular subtypes with implications for treatment
response and survival, namely Epstein-Barr virus-positive tumors, microsatellite instable
(MSI) tumors, genomically stable (GS) tumors, and tumors with chromosomal instability
(CIN) [19]. The GS subtype, which is enriched in the diffuse-type histology and defined by
alterations in cellular adhesion pathways, has the worse prognosis and demonstrates poor
response to both chemotherapy and immunotherapy [20]. The MSI and CIN subtypes are
enriched in the intestinal-type histology. Although the MSI subtype demonstrates good
response to immunotherapy, the CIN subtype has even worse response to immunotherapy
than GS [21]. However, compared to the GS subtype, CIN tumors are more likely to respond
to chemotherapy and have higher levels of potentially targetable mutations [22]. These
molecular differences may account for differing responses to systemic therapies between
tumors of differing histologic types.

Comprehensive, centralized care of patients with GEJA at high-volume centers has been
shown to improve outcomes [23]. At our institution, GC, EAC, and GEJAs are managed by

a team of experts from the divisions of gastroenterology, pathology, radiology, radiation
oncology, surgical oncology, thoracic oncology and medical oncology. Centralized care can
facilitate the standardization and optimization of GEJA management through quality control
measures to ensure completion of proper preoperative assessments (depicted in Fig. 3) and
providing guidance for appropriate multimodal management.

This study has some limitations. First, it is a single institution retrospective study with biases
inherent in tertiary referral centers that often receive more advanced cases. Additionally, it is
underpowered to demonstrate differences in outcomes between perioperative chemotherapy
and neoadjuvant chemoradiation based on histologic or anatomical classifications. Further,
genomics, programmed cell death ligand 1, and MSI status may have impacted outcomes and
were not included in the current analysis.

Nevertheless, our study is a comprehensive analysis of patients with GEJA and includes

a thorough evaluation of anatomical tumor location and histologic type by experienced
clinicians. To our knowledge, this is the first study to highlight the high frequency of tumors
with a diffuse-type histology in Siewert type I/II patients and its impact on recurrence
patterns and survival outcomes for GEJA of all Siewert types. Future studies are warranted
to determine whether incorporation of tumor histologic type into multimodal treatment
strategy selection can improve the prognosis for GEJA.

In conclusion, diffuse-type GEJA is equally present throughout the GEJ and is associated
with high rates of intra-abdominal recurrences and poor overall survival. Pretreatment
assessment of Lauren histology may identify a subset of Siewert I/Il tumors with diffuse-type
histology that resemble GC [24] and may benefit more from GC-based surgical approaches
and perioperative therapies rather than EAC-directed treatment strategies. Histologic and
genomic characterization rather than anatomical location may better define GEJA and should
be considered to optimize the multimodal management of patients with GEJA.
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GEJ tumor
patient

1) Endoscopy with endoscopic ultrasound

- Characterization of tumor location for Siewert classification
and surgical margin planning

- Tumor depth/regional lymph node involvement

- Pretreatment biopsies

2) Histopathologic analysis

- Tissue diagnosis including Lauren histologic type
- Biomarkers including PD-L1 and HER2 overexpression

Multimodal treatment strategy

. N based on:
3) Cross-sectional imaging

- Siewert classification

- TNM-stage

- Lauren histologic type
- Biomarker expression

- Identification of metastatic disease
- Evaluation of regional lymph node basins, tumor invasion
into adjacent organs, and potential gastric involvement

- Patient fitness

4) Multidisciplinary team

- Assessment by expert team including gastroenterologist,
pathologist, medical oncologist, radiation oncologist, and
surgical oncologist

5) Patient fitness assessment

- Evaluation of the patient's general health including nutritional
status for pretreatment optimization and treatment candidacy

Fig. 3. Flowchart depicting the elements required for a comprehensive GEJA work-up including: 1) EGD/EUS for anatomic localization (Siewert classification

and extent of proximal esophageal and distal gastric involvement), evaluation of tumor depth and regional LNs for TNM staging, and pretreatment biopsies; 2)
evaluation of preoperative biopsies for Lauren histologic type, PD-L1 (CPS), MSI, and HER2 overexpression status; 3) CT scan + PET scan of the chest, abdomen,
and pelvis for evaluation of regional LN basins and metastatic disease for TMN staging, tumor invasion into adjacent organs, and gastric wall thickening
indicating possible involvement; 4) evaluation by a multidisciplinary team; and 5) assessment of patient fitness and nutritional status for pretreatment
optimization and determination of treatment candidacy.

GEJA = gastroesophageal junction adenocarcinoma; EGD = esophagogastroduodenoscopy; EUS = endoscopic ultrasonography; LN = lymph node; TNM = tumor,
node, metastasis; PD-L1 = programmed cell death ligand 1; CPS = combined positive score; MSI = microsatellite instable; HER2 = human epidermal growth factor
receptor 2; CT = computed tomography; PET = positron emission tomography; GEJ = gastroesophageal junction.
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Supplementary Fig. 1
Kaplan-Meier survival curves including (A) OS, (B) RFS, (C) OS by clinical stage, (D) OS by
pathologic stage, and (E) OS by Siewert classification.
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