Journal of Cancer 2023, Vol. 14
ooy [VYSPRING

vgﬁ INTERNATIONAL PUBLISHER

1470

=sournal of Cancer

2023; 14(9): 1470-1478. doi: 10.7150/jca.82876
Research Paper

Clinical Characteristics and Oncological Outcomes of
Surgically Treated Early-Onset Gastric Adenocarcinoma
— a Retrospective Cohort Study

Ingmar F. Rompen, MDY; Henrik Nienhiiser, MD?*; Nerma Crnovrsanin, MD?; Julian Musa, MD2; Georg
Martin Haag, MD3; Thomas Longerich, MD#; Timon Fiedler, MD#; Beat P. Miiller-Stich, MD?; Leila Sisic,
MDY; Adrian T. Billeter, MD, PhD?"

1. Department of General, Visceral and Transplantation Surgery, Heidelberg University Hospital, Heidelberg, Germany.

2. Division of Translational Pediatric Sarcoma Research (B410), German Cancer Research Center (DKFZ) & Hopp-Children’s Cancer Center (KiTZ),
Heidelberg, Germany.

3. Department of Medical Oncology, National Center for Tumor Diseases (NCT), Heidelberg University Hospital, Heidelberg, Germany.

4. Institute of Pathology, Heidelberg University Hospital, Heidelberg, Germany.

* Contributed equally

P4 Corresponding author: Henrik Nienhiiser, MD, Department of General, Visceral and Transplantation Surgery, Heidelberg University Hospital, Im
Neuenheimer Feld 420, DE-69120 Heidelberg, Germany. henrik.nienhueser@med.uni-heidelberg.de, +49 6221 56 32680.

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
See http:/ /ivyspring.com/terms for full terms and conditions.

Received: 2023.01.23; Accepted: 2023.04.15; Published: 2023.05.21

Abstract

Introduction: The incidence of early-onset gastric adenocarcinoma (patients <50 years, EOGA) is rising.
Tumors in younger patients are associated with prognostically unfavorable features. The impact of EOGA on
patient survival, however, remains unclear. The aim of this study is to evaluate early-onset age as a prognostic
factor compared to late-onset gastric adenocarcinoma (LOGA, >50years) in a surgical cohort and assess
treatment options.

Methods: We analyzed 738 patients (129 early-onset/609 late-onset) operated in curative intent from 2002 to
2021. Data was extracted from a prospectively managed database of an academic tertiary referral hospital.
Differences in perioperative as well as oncological outcomes were calculated by chi-square test. Cox
regression analysis was performed to assess disease-free survival (DFS) and overall survival (OS).

Results: EOGA patients were more often treated with neoadjuvant therapy (62.8% vs. 43.7%, p<0.001) and
extended surgical resections e.g. through additional resections (36.4% vs. 26.8%, p=0.027). EOGA was more
often metastasized into regional lymph nodes (pN+ 67.4% vs. 55.3%, p=0.012) and to distant sites (pM+: 23.3%
vs. 12.0%, p=0.001) and was more often poorly differentiated (G3/G4: 91.1% vs. 67.2%, p<0.001). There were
no significant differences in overall complication rates (31.0% vs. 36.6%, p=0.227). Survival analysis showed
shorter DFS (median DFS 25.6 months vs. not reached, p=0.006) but similar OS (median OS: 50.5 months vs.
not reached, p=0.920) in EOGA compared to LOGA.

Conclusions: This analysis confirmed that EOGA is associated with more aggressive tumor characteristics.
Early-Onset was not a prognostic factor in the multivariate analysis. EOGA patients may be more capable to
undergo intensive multimodal therapy including perioperative chemotherapy and extended surgery.

Keywords: early-onset, young, gastric cancer, adenocarcinoma, surgery

Introduction

Gastric adenocarcinoma is the fifth most increase of 1.2% per year in patients younger than 50

diagnosed cancer worldwide and has a precarious
long-time survival rate of approximately 30% [1, 2]. In
western countries, incidence is decreasing steadily.
However, in the last two decades there has been an

years of age (95%CI:0.9-1.5, p<0.001, 1.5/100"000) now
accounting for 7% of all cases [3]. Therefore, more
possible life years are lost due to cancer related death
after the diagnosis of gastric adenocarcinoma.
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Observations in other gastrointestinal cancer types
such as colorectal carcinoma have shown more
advanced stages and poorly differentiated cancer in
younger patients [4].

Established risk factors for worse oncological
outcomes include advanced T-stage, lymph node
involvement, metastatic disease, and in some trials
also signet ring cell cancers [5]. For patients with
advanced T-stage and suspected regional lymph node
involvement, neoadjuvant treatment with subsequent
surgical resection is the standard of care [6, 7]. Age is
often included in the treatment decisions as a
secondary criterion [8]. However, due to limited
evidence available, age as a criterion for treatment
decision is a matter of current debate.

This analysis aims to determine the influence of
age on oncological outcomes and asses the differences
in clinical phenotypes between EOGA and LOGA
patients.

Methods

This retrospective analysis of a prospectively
managed oncological database was performed in
compliance with the STROBE guidelines [9]. The
study was approved by the local ethic committee
(Heidelberg  University, 5-649-2012) and was
performed in accordance with the principles of the
Declaration of Helsinki and its later amendments.

We reviewed all patients who underwent
resection of a gastric adenocarcinoma in curative
intent and were operatively treated between 2002 and
2021 at the Department of Surgery of Heidelberg
University Hospital, Germany. Exclusion criteria
encompassed patients with 1 or multiple of the
following criteria; non-resectable tumors undergoing
palliative surgery, tumors of the gastro-esophageal
junction and above, other active malignancies, and
recurrent cancer. In line with the literature, patients
below the age of 50 were defined as early-onset and
patients older than 50 years of age as late-onset [4].

Treatment decision was made by a multidis-
ciplinary tumor board independent of this study.
Treatment included either surgery alone or in
combination with (neo-)adjuvant chemotherapy.
Diagnostic workup was performed by gastroscopy
with tumor biopsy and CT scans of the abdomen and
chest. Resection was performed by partial
gastrectomy, total gastrectomy, or gastrectomy with
transhiatal distal esophagectomy depending on tumor
site. Additional resections were subdivided into
cytoreduction and hyperthermic intraperitoneal
chemotherapy (HIPEC), single organ, and multivis-
ceral resections, which were performed due to infil-
trating tumors or metastatic disease. Non-oncologic
interventions such as adhesiolysis, cholecystectomies,

appendectomies, and hernia repair were not counted
as additional interventions in the final analysis.
HIPEC was performed due to limited peritoneal
carcinosis (peritoneal cancer index <7). Complication
rate was calculated from all reported complications
regardless of severity. Re-operations included all
re-operations due to complications. Two-step approa-
ches due to oncological reasons were excluded from
the re-operation rate. Follow-up was conducted
yearly until the fifth postoperative year either by
clinical consults or by telephone interview. Pathologic
workup was conducted using the WHO guidelines,
the UICC/AJCC-TNM-Staging 8t Edition (pTNM),
and the Lauren classification [10]. Poorly differen-
tiated was defined by histologic grade G3 or G4 of
pretreatment tumor biopsies. Response to neoad-
juvant chemotherapy was categorized according to
tumor regression grading by Becker et al. with grade
la (complete response) and 1b (<10% vital tumor
cells) and summarized as adequate histological
responders.) [11]. Non-partial gastrectomies include
total gastrectomies and gastrectomies with transhiatal
distal esophagectomy and were compared to partial
gastrectomies. Disease-free survival (DFS) was calcu-
lated by the difference between time of recurrence
and time of surgery. Overall survival (OS) was
measured from time of diagnosis to time of death.

Statistical analysis

Nominal variables were analyzed with chi-
square test and ordinal variables were analyzed with
the Mann-Whitney U test or Kruskal-Wallis test.
Student's T-Test was used to analyze continuous
variables with normal distribution and equal
variances. Missing data was removed for group
comparisons. Univariate survival was estimated using
the log rank test and Wald test. The Kaplan-Meier
curve was used to demonstrate these findings. The
Cox proportional hazards model was used to evaluate
associated prognostic factors for DFS and OS.
Variables with significant outcomes in the univariate
analysis and the variable “early-onset” itself were
included in the multivariate analysis. Statistical
significancy was defined by a p value <0.05. Analyses
were performed in R (v4.2). The computed code and
used packages can be found in the supplementary
material.

Results

Baseline characteristics

A total of 738 patients (129 early-onset and 609
late-onset) met the inclusion criteria. Median age was
43 years (SD 6.41) in EOGA and 67years (SD 9.22) in
the LOGA group (p<0.001). Radiologically assessed
pretreatment stages (cTNM) were higher within
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EOGA vs. LOGA and distributed as follows: Stage I
19.7% vs. 29.5%, Stage 1I 40.2% vs. 47.1%, Stage III
15.7% vs. 11.3% and Stage IV 24.4% vs. 12.1%, p <0.01.
Female proportion was higher (51.9% vs. 38.4%,
p=0.005, Table 1) and American Society of
Anesthesiologists physical status classification system
I-VI was lower (ASA 3+4: 37.0% vs. 53.5%, p=0.002)
for EOGA compared to LOGA. Patients in the
early-onset group were more often treated with
neoadjuvant therapy when compared to the late-onset
group (62.8% vs. 43.7%, p<0.001 overall and 79.4% vs.
48.6%, p<0.001 since the implementation of standard
neo-adjuvant treatment in January 2007). Due to
changing evidence in treatment regimen, hetero-
genous neoadjuvant treatment concepts were used.
With 65.7% in EOGA and 73.3% in LOGA, the
FLO(T)-regimen with 4 cycles of 5-Fluorouracil,
Leucovorin, Oxaliplatin with or without Docetaxel
was the most used neo-adjuvant treatment in both
groups. Completion of all cycles of neoadjuvant

Table 1: Stagewise Analysis of pUICC-Stages I-IV

treatment was not significantly different between
EOGA and LOGA (95.7% vs. 91.13%, p=0.208). 74.0%
of EOGA and 38.8% of LOGA patients received
adjuvant chemotherapy (p<0.001). Sites of metastasis
of included stage IV patients are presented in Table 2.

Procedures and oncological quality of surgery

Younger patients underwent more radical local
resections while older patients received more partial
gastrectomies (non-partial gastrectomy 68.2 vs. 55.5%,
p=0.006). Similar rates of R0 resections were achieved
in both groups (78.3% vs. 82.1%, p=0.516). The median
number of lymph nodes removed was 26 in EOGA
and 28 LOGA (p=0.724). Median number of positive
lymph.nodes was 1 for EOGA vs. 3.5 for LOGA
(p<0.001). Inadequate lymphadenectomy (<16 lymph
nodes retrieved according NCCN-guidelines) was
found in 11 early-onset (7.9%) and 68 late-onset
patients (10.0%, p=0.393).

Overall Stage I Stage II Stage III Stage IV
Early Late P Early Late p  Early Late p Early Late p Early Late P
Onset Onset Onset Onset Onset Onset Onset Onset Onset Onset
Number of Patients 129 (100%) 609 28 (21.7%) 182 28 (21.7%) 145 43 (33.3%) 209 30(23.3%) 73
(100%) (29.9%) (23.8%) (34.3%) (12.0%)
ASA3/4 47 (37.0%) 323 0.002 8(28.6%) 93 (51.6%) 0.05 6 (21.4%) 77 (43.5%) 0.027 20 (47.6%) 117 0.70 13 (43.3%) 36 0.148
(53.5%) 6 (56.2%) 4 (50.0%)
Female 67 (51.9%) 234 0.005 11 (39.3%) 63 (34.6%) 0.63 13 (46.4%) 48 (33.1%) 0.177 23 (53.5%) 85 (40.7%) 0.12 20 (66.7%) 38 0.174
(38.4%) 0 2 (52.1%)
Grade 3/4 112 388 <0.00 24 (88.9%) 99 (57.9%) 0.02 25 (89.3%) 93 (65.5%) 0.068 38 (90.5%) 147 0.23 25(96.1%) 49 0.036
(91.1%) 67.2%) 1 6 (731%) 8 (84.5%)
Signet ring cells 93 (75.6%) 266 <0.00 20 (71.4%) 72 (41.4%) 0.01 22 (81.5%) 55(39.9%) <0.00 28 (66.7%) 103 0.08 23(88.5%) 36 <0.00
(45.8%) 1 2 1 (52.3%) 9 (50.0%) 1
Neoadjuvant CTx 81 (62.8%) 266 <0.00 14 (50.0%) 60 (33.0%) 0.07 17 (60.7%) 65 (44.8%) 0.123 27 (62.8%) 104 0.11 23(76.7%) 37 0.015
(43.7%) 1 9 (49.8%) 9 (50.7%)
Non-partial 88 (68.2%) 337 0.006 16 (57.1%) 81 (44.8%) 0.74 19 (67.9%) 81 (55.9%) 0.647 30 (70.0%) 127 020 23(76.7%) 48 0.178
Gastrectomy (55.5%) 0 (60.7%) 1 (66.7%)
Complication Rate 40 (31.0%) 223 0227 3(10.7%) 19(10.4%) 0.99 7(25.0%) 45(31.0%) 0.524 11 (25.6%) 80 (38.3%) 0.11 12 (40.0%) 34 0.542
(36.6%) 5 4 (46.6%)
Re-OP 20 (15.5%) 68 (11.2%) 0.169 5(17.9%) 21 (11.5%) 0.34 5(17.9%) 11(7.6%) 0.086 3 (7.0%) 22 (10.5%) 0.47 7(23.3%) 14 0.634
5 8 (19.2%)
RO 101 496 0.516 28 (100%) 182 1.00 28 (100%) 136 0.202 28 (65.1%) 150 0.53 17 (56.7%) 28 0.111
(78.3%) (82.1%) (100%) 0 (94.4%) (72.5%) 6 (39.4%)
Adequate Regression 19 (22.9%) 65(23.5 0480 7 (46.7%) 39 (60.0%) 0.63 4 (23.5%) 13 (19.1%) 0.378 2(7.1%)  10(9.3%) 0.77 6(26.1%) 3(8.1%) 0.058
%) 7 1
Recurrence 61 (50.8%) 190 <0.00 1(45%) 14(8.1%) 055 7(259%) 33 (24.4%) 0.871 30 (71.4%) 97 (49.5%) 0.01 23 (79.3%) 46 0.246
(332%) 1 6 0 (67.6%)
DFS (median) 25.9(13.0) NR 0.006 NR NR 044 NR NR 0.519 13.8(2.3) 154(2.3) 0.25 8.0(0.4) 6.8(0.9) 0.850
2 6
OS (median) 50.5(9.4) 589(9.9) 0907 NR NR 0.08 NR NR 0.061 29.7 (8.0) 24.4(23) 096 203(1.9) 13.7(1.0) 0.464
4 5

ASA = American Society of Anesthesiologists physical status classification system I-VI, Non-partial gastrectomies = total gastrectomies with or without transhiatal distal
esophagectomy, Neoadjuvant CTx = Neoadjuvant Chemotherapy or Radiochemotherapy, Re-OP = Re-operation, Regression = adequate regression (Becker 1a and 1b), DFS =

Disease Free Survival, OS = Overall Survival

Table 2: Stage |V patients and Site of Metastasis

Early Onset Gastric Adenocarcinoma

Late Onset Gastric Adenocarcinoma

Site of Metastasis Total RO-Metastasis Recurrence Site of Metastasis Total RO-Metastasis Recurrence
Hepatic 2 2 (100%) 0 (0.0%) Hepatic 5 3 (60%) 4 (80.0%)
Peritoneal 16 8 (50.0%) 13 (81.3%) Peritoneal 41 23 (56.1%) 28 (68.3%)
Ovary 1 1(100%) 1(100%) Ovary 3 2 (66.7%) 1(33.3%)
Lymphatic 3 3 (100%) 3 (100%) Lymphatic 5 4 (80.0%) 2 (40.0%)
Multiple 7 5(71.4%) 5(71.4%) Multiple 16 5(31.1%) 7 (43.8%)
Other 1 0(0.0%) 1(100%) Other 3 1(33.3%) 1(33.3%)

RO-Metastasis = RO-Resection of the Metastases, Recurrence = Recurrence of gastric cancer any site
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Additional resections/procedures were per-
formed in 47 EOGA patients and 163 LOGA patients
due to infiltrating tumors or metastatic disease (36.4 %
vs. 26.8%, p=0.027, table 3). 24 (18.6%) EOGA and 104
(171%) LOGA patients underwent additional
resection of 1 organ/additional tissue (p=0.213)
whereas 16 (12.4%) EOGA and 54 (8.9%) LOGA
patients had multivisceral resections (p=0.007).
Furthermore 8 EOGA and 12 LOGA patients were
treated with HIPEC (6% vs. 2.0%, p=0.007). An
overview of cancer-affected organs is presented in
table 3. Additionally, in 1 patient of both groups the
spleen was removed due to intraoperative bleeding.

Perioperative outcomes

There was no significant difference in compli-
cation rate (31.0% vs. 36.6%, p=0.227), Re-operation
rate due to complications (15.5% vs. 11.2%, p=0.169)
and 30-day mortality (0.0% vs. 1.8%, p=0.151).
Anastomotic leakage was reported in 9% of EOGA
and 7.4% of LOGA patients (p=0.542). Non-surgical
complications such as pneumonia or postoperative
cardiac complications occurred less often in EOGA
patients than LOGA patients (14.8% vs. 23.1%,
p=0.041).

Pathological characteristics

Comparing the UICC/AJCC-TNM-Staging
(pPTNM) postoperatively, more EOGA patients were
operated with advanced tumor stages (p=0.006, Table
1). When analyzing pTNM separately, the difference
in pT stage did not reach statistical significance
([ylpT3/4: 69.0% vs. 62.6%, p=0.168) whereas more
advanced lymph node stages ([y]pN+: 67.4% vs.
55.3%, p=0.012) and more metastasized ([y]pM1)
tumors were seen in the early-onset group (23.3% vs.
12.0%, p=0.001). Grading of the tumors (UIC-AJCC
Grading) showed more poorly differentiated tumors
in the early-onset group (G3 or G4: 91.1% vs. 67.2%,
p<0.001). In 37 samples, no tumor grading was
available. An adequate histological regression after
neoadjuvant therapy was equal in both groups
(Becker 1a and 1b: 22.9% vs. 23.5%, p=0.480). Signet
ring cell positive cancers were more common in the
EOGA than in the LOGA group (75.6% vs. 45.8%,
p<0.001). In the postoperative histopathological
workup of the resected specimens in the EOGA group
70.2% were described as diffuse, 11.6% as mixed-type
and 18.2% as intestinal according to the Lauren-
classification. In the LOGA group the distribution was
42.9% diffuse-type, 10.5% mixed-type and 45.9%
intestinal-type cancers (p<0.001). In 4 LOGA
specimens (0.8%) no Lauren-classification was avail-

able e.g. due to complete pathological response to
neoadjuvant treatment.

Oncological outcomes

Cancer recurrence was significantly higher
within EOGA versus LOGA (50.8% vs. 33.2%,
p=0.003). A total of 94.4% of deaths in the early-onset
group and 78.2% of deaths in the late-onset group
were cancer-related (p=0.024). Median follow up was
similar with 40.6 months in both groups.

Median disease-free survival (DFS) was
significantly shorter in the early-onset group than in
the late-onset group when compared in a univariate
analysis by Wald test (median DFS 25.6 months vs.
not reached, HR=1.5, 95%CI: 1.1-1.2, p=0.006, Figure
1). Univariate analysis showed significantly worse
DFS for receiving neoadjuvant treatment (HR=1.6,
95%CI: 1.3-2.1, p<0.001), total gastrectomy compared
to subtotal gastrectomy (HR=1.7, 95%CI: 1.3-2.3,
p<0.001), higher UICC-Stage (HR=3.1, 95%ClI: 2.7-3.6,
p<0.001), higher pT-Stage (HR=2.2, 95%CI: 1.9-2.6,
p<0.001), higher pN-Stage (HR=2.0, 95%CI: 1.8-2.2,
p<0.001), pM versus non metastatic disease (HR=5.8,
95%CI: 4.4-7.8, p<0.001), R1-Resection versus RO
(HR=3.4, 95%ClI: 2.7-4.5, p<0.001), and higher fraction
of positive lymph nodes (HR=15.0, 95%CI: 9.9-22.0,
p<0.001).

However, in the multivariate cox-regression
model of all significant variables in the univariate
analysis, EOGA was not an independent predictor of
DFS (HR=1.1, 95%CI: 0.78-1.4, p=0.722, Figure 2).
Significant variables for shorter DFS in the
cox-regression analysis were advanced UICC stage
(HR=2.4, 95%CI: 1.98-2.9, p<0.001), a higher fraction
of positive lymph nodes (HR=2.6, 95%CIL: 1.5-44,
p<0.001), and need for total gastrectomy versus
partial gastrectomy (HR=1.4, 95%CI: 1.1-1.9, p=0.010).

Univariate analysis for overall survival was not
significantly different (median OS EOGA 50.5 months
vs. LOGA not reached, HR 1.0, 95%CI: 0.7-14,
p=0.920, Figure 3). Variables that did show worse OS
in univariate analysis were higher ASA (HR=13,
95%CI: 1.1-1.6, p=0.003), need for total gastrectomy
(HR=1.5, 95%CI: 1.2-1.9, p<0.001), having postope-
rative surgical or medical complications (HR=1.8,
95%CI: 1.4-2.3, p<0.001), advanced UICC-Stage
(HR=2.5, 95%CI: 2.2-2.8, p<0.001), higher pT (HR=2.0,
95%CI: 1.7-2.2, p<0.001), higher pN (HR=1.7, 95%ClI:
1.6-1.9, p<0.001), pM positive versus non metastatic
disease  (HR=4.3, 95%Cl: 3.3-5.6, p<0.001),
R1-Resection versus RO (HR=3.3, 95%CI: 2.6-4.2,
p<0.001) and a higher fraction of positive lymph
nodes (HR=14.0, 95%CI: 9.5-20.0, p<0.001).
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Figure 1: Kaplan-Meyer Curve of Disease-Free Survival. Time in months, p calculated by log-rank test
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Figure 2: Multivariate Analysis of DFS. Neoadjuvant = neoadjuvant Chemotherapy or Radio-Chemotherapy, OP_Type = subtotal gastrectomy vs. total gastrectomy with or
withour transhiatal distal esophagectomy, Stage = UICC-Stages I-IV, LNR = Lymph-Node-Ratio (fraction of lymph nodes with malignant cells)

Also, when analyzed in the multivariate cox-
regression model of the above-mentioned significant
variables, overall survival of EOGA was not
significantly longer than in the late-onset group
(HR=0.8, 95%CI: 0.6-1.1, p=0.206, Figure 4). Signifi-
cant variables for shorter OS were higher ASA
(HR=1.4, 95%CI: 1.1-1.7, p=0.003), having periope-

rative complications (HR=1.6, 95%CI: 1.3-2.0,
p<0.001), advanced UICC-tumor stage (HR=1.9,
95%CI: 1.7-2.3, p<0.001), Rl-resection versus RO
(HR=1.4, 95%CI: 1.0-1.8, p=0.024) and a higher
fraction of positive lymph nodes (HR=3.4, 95%CI:
2.1-5.6, p<0.001).
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Figure 3: Kaplan-Meyer Curve of Overall survival. Time in months, p calculated by log-rank test
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Figure 4: Multivariate Analysis of OS. ASA = American Society of Anesthesiologists physical status classification system |-VI, OP_Type = subtotal gastrectomy vs. total
gastrectomy with or withour transhiatal distal esophagectomy, Stage = pUICC-Stages |-V, LNR = Lymph-Node-Ratio (fraction of lymph nodes with malignant cells)

Cancer-stage adjusted analysis can be seen in  Metastatic disease
Table 1..There was no significant d'ifference for DFS A subgroup analysis of 30 EOGA and 73 LOGA
and OS in the stage adjusted analysis between EOGA  patients with synchronous metastasized disease did

and LOGA. not show any significant difference in recurrence rate
(EOGA 79.3% vs. LOGA 71.8%, p=0.448). Neither
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median DFS (EOGA 8.0 months SD 0. 4 vs. LOGA 6.8
months SD 0.9, p=0.850) nor median OS (EOGA 20.3
months SD 1. 9 vs. LOGA 13.7 months SD 1.0,
p=0.464) showed any significant differences. In both
groups peritoneal carcinomatosis was the most
common site followed by hepatic metastases (Table 2).

Discussion

This analysis of 738 patients (129 early-onset and
609 late-onset) represents the largest comparison
performed on a surgical cohort of a western
population. EOGA patients had more aggressive
tumor characteristics such as more advanced stages,
more poorly differentiated tumors, and diffuse
histology in this analysis. However, EOGA patients
were also treated more intensively for example with
more extended resections, more multivisceral
resections and more neo-adjuvant chemotherapy
when compared to LOGA. Despite the aforemen-
tioned results, no significant difference in
complication rates and overall survival were found.

In line with the analysis of the SEER database,
the female to male ratio was higher in the early-onset
group. This phenomenon may be partly explained by
the difference in exposure to sex hormones in the
oncogenesis of diffuse-type gastric cancer [12, 13]. In
addition, difference in exposure to major risk factors
such as smoking, alcohol, and helicobacter pylori
infection leads to more males in the LOGA group as
the effect of environmental carcinogens as well as
increasing genetic instability consequently affects
majorly elderly patients with longer exposure [14].
Hereditary conditions including but not limited to
hereditary diffuse gastric cancer (HDGC, CDH1-
mutation), Lynch syndrome, Peutz-Jegher and
Familial adenomatous polyposis syndrome only
account for 1-3% of gastric cancers and therefore only
have a limited influence on overall results [15]. After
review of medical records, only 2 patients were found
with hereditary conditions. However, this number
may be underestimated as screening was not
routinely performed.

In the studied cohort, presence of signet ring
cells and tumors with poorly cohesive growth
(formerly diffuse histology wusing the Lauren
classification) was significantly higher in the
early-onset group [16]. This was also concluded in
meta-analyses of majorly Asian patients [17, 18]. This
finding could be related to the fact that poorly
cohesive growth in gastric adenocarcinoma is
associated with CDHI-mutations. In addition to
HDGC, analyses of somatic mutations in gastric
adenocarcinomas showed a higher frequency of
altered CDH1 in younger patients [19-21], whereas
late-onset gastric adenocarcinoma samples did show a

higher genomic instability leading to more chromo-
somal instable tumors and fewer genomically stable
tumors (associated with poorly cohesive growth)
according to the TCGA molecular classification [19,
22].

In this analysis we found that although
early-onset gastric adenocarcinoma is associated with
more advanced disease, overall survival rates were
not significantly different. Disease-free survival of
EOGA, however, is significantly worse in the
univariate survival analysis but not in multivariate
cox regression analysis. These findings may be
explained by more intensive oncologic multimodal
treatment of younger patients leading to a prolonged
survival [23, 24]. For example, EOGA more often
received neoadjuvant treatment. Further examples for
more intensive treatment are a higher rate of adjuvant
treatment applied, additional resections, and
intraoperative procedures such as HIPEC in the
early-onset group. Moreover, there more extended
local resections were performed in the EOGA group.
Interestingly, the need for total gastrectomy in some
cases with transhiatal distal esophagectomy was
associated with worse disease-free survival when
compared to partial gastrectomies. This may be
influenced by proximal tumor location, more diffuse
type tumors, and by lymphatic drainage of the
proximal stomach to mediastinal lymph nodes. The
limited possibility to resect these lymph nodes during
a solely abdominal approach leads to possible
minimal residual disease [25]. The cox-regression
analysis for DFS emphasizes the importance of RO
resections and adequate lymphadenectomy. Due to
including non-neoadjuvantly treated patients and
Stage IV disease, overall RO-rates in our study were
lower than in other studies [6, 26]. As shown in the
stage-wise analysis (Table 1) and a previous analysis
of the same patient cohort, RO rates are comparable to
other studies [6, 26, 27].

More EOGA patients underwent surgical
treatment for metastatic disease with metastasectomy
and en-bloc multiple organ resections (Table 2 & 3).
While generally multiorgan resection is associated
with more complications, the lower overall
complication rate in EOGA and similar overall
survival of EOGA and LOGA indicates that such
aggressive resections are justified in selected patients
[5]. Patient selection is crucial since occurrence of
complications was associated with shorter overall
survival. This may be caused by the complication
itself or by the delay of receiving adjuvant therapy
[28]. As shown in this analysis, younger patients have
less comorbidities and may therefore show better
tolerance for more intensive chemotherapeutic
treatments and extensive surgical resection.

https://lwww.jcancer.org
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Table 3: Additional Resections / Procedures

Additional Resections / Procedures  EOGA % LOGA % p-value

Total: 47
One Organ/Tissue (partial or total)

36.43% 163 26.77% 0.027
18.60% 104 17.08% 0.677

N
=

adv. Lymphadenectomy 8 6.20% 18 2.96%
Liver resections 4 3.10% 20 3.28%
Colectomy 3 2.33% 18 2.96%
Pancreatectomy 1 0.78% 15 2.46%
Splenectomy 2 155% 14 2.30%
Peritonectomy 4 3.10% 11 1.81%
Adrenalectomy 0 0.00% 4 0.66%
Nephrectomy 0 0.00% 2 0.33%
Small bowel 2 1.55% 2 0.33%
Ovarectomy 1 0.78% 1 0.16%
Pneumectomy 1 0.78% 0 0.00%
Multivisceral (involved organs/tissue) 16 12.40% 54 8.87% 0.213
Pancreas 12 9.30% 37 6.08%
Spleen 9 6.98% 32 5.25%
Colon 6 4.65% 26 4.27%
Liver 2 1.55% 10 1.64%
Peritoneum 4 3.10% 8 1.31%
Kidney 0 0.00% 5 0.82%
Adrenal gland 3 233% 5 0.82%
Ovaries 2 1.55% 4 0.66%
HIPEC 8 6.20% 12 1.97% 0.007

Adv. Lymphadenectomy = advanced Lyphadenectomy e.g. D3, resecting
paraaortal lymph nodes or any other distant lymphadenectomy

Our study has several limitations. Firstly, this
was a retrospective review of a prospectively
managed single center surgical database. Secondly,
we did not include patients who failed to proceed to
surgery. Locally advanced primary tumors with
infiltration of adjacent organs, metastatic disease,
primary tumor localization, and a higher rate of
diffuse type tumors in the EOGA may have
influenced decision making for the type of resection
and perioperative treatment. Therefore, this analysis
cannot conclude if EOGA are truly associated with
advanced tumor stages or if the difference is due to
extended surgical treatment being offered more
frequently to younger patients. Furthermore, the
patient cohort of the tertiary referral hospital analyzed
may not represent the typical patients in other
hospitals. More advanced diseases including patients
with oligo-metastasized disease were included in this
analysis and had an influence on cancer-related
outcomes. The evidence of resections of oligometa-
static disease is limited to few retrospective analyses
and case reports [29]. However, this study supports
the resection of oligometastatic disease in selected
patients achieiving a median OS of 20 months in Stage
IV EOGA. Lastly, the patient population may not be
an adequate representation of the world population in
terms of sex, age, and other demographic factors.
Most studies on EOGA have been performed in Asian
populations and are therefore hard to compare due to
different tumor biology.

Conclusion

In this analysis, EOGA 1is associated with more

aggressive tumor characteristics such as advanced
tumor stages and poorly cohesive growth. EOGA
patients were treated more intensively compared to
LOGA including more extended surgical resections.
Oncological outcomes showed that overall survival
rates were similar, and that early-onset is not a
prognostic factor in the multivariate analysis. Further
research is needed to assess the role of intensive
treatment for gastric adenocarcinoma especially in
younger patients who are capable to undergo
extended surgical resections.
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