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Abstract

Background Gastroesophageal adenocarcinoma in young adults (GCYA) counts for 10-15% of diagnoses. Previous studies
have mainly focused on surgical outcomes in patients with resectable tumors; however, systemic therapy for advanced GCYA
remains under-evaluated. This study aims to assess the efficacy-related outcomes and safety of first-line chemotherapy (CT)
in younger versus older patients with advanced gastroesophageal adenocarcinoma.

Methods Patients with advanced gastroesophageal adenocarcinoma from the AGAMENON-SEOM registry treated with
first-line polychemotherapy between January 2008 and October 2022 were included. We compared clinicopathological fea-
tures, therapies received, efficacy-related outcomes, and toxicity between individuals aged < and > 45 years.

Results Out of 3386 patients, 263 (7.8%) were <45 years. Young patients exhibited a higher proportion of females affected,
lower ECOG-PS > 2, fewer comorbidities, and more aggressive disease-related features, such as higher proportion of diffuse
subtype, signet-ring cells, plastic linitis, grade 3, peritoneal metastases and metastatic disease at diagnosis. They received
more triple-agent combinations and underwent more surgeries in metastatic setting. No significant differences were observed
between groups in overall response rate (53.1% vs. 52.3% in < and > 45 years, respectively, p=0.579), progression-free
survival (6.1 vs. 6.83 months, p=0.158) and overall survival (11.07 vs. 10.81 months, p=0.82), even after adjusting for
potential confounding factors. Grade 3—4 adverse events were comparable in both groups, although toxicity leading to treat-
ment discontinuation was more frequent in older patients.

Conclusions In the AGAMENON-SEOM registry, younger patients with GCYA exhibited more aggressive clinicopathologi-
cal features, and despite receiving more aggressive treatments, similar efficacy outcomes and toxicity profiles were achieved
compared to their older counterparts.

Miniabstract In the AGAMENON-SEOM registry, GEAC in <45 years showed more aggressive clinicopathological fea-
tures and, although treated with more intense first-line CT regimens, similar efficacy outcomes and toxicity were achieved
compared to older patients.

Keywords Gastroesophageal adenocarcinoma - Young patients - First-line chemotherapy - Efficacy-related outcomes -
Toxicity

Introduction

Gastroesophageal adenocarcinoma (GEAC) ranks as the
fifth most diagnosed malignancy and the fourth leading
cause of cancer-related death globally [1]. They are gener-
Extended author information available on the last page of the article ally aggressive tumors with limited treatment options and
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poor prognosis, with 5-year survival rates ranging from 76%
to 5.7% for stage I and 1V, respectively [2]. Although GEAC
primarily manifests in individuals aged 50-70 years, 5-10%
of patients are diagnosed at a younger age [3—7]. It is worth
noting that, despite global GEAC incidence and mortal-
ity rates have declined worldwide, a stable or even slightly
increasing trend has been reported among young adults in
both Eastern and Western populations [4, 5, 8].

Compared to older patients, GEAC in young adults
(GCYA) possesses distinctive clinicopathological attributes,
such as female dominance, family history, location in the
upper third region, poor prognosis histopathological fac-
tors (poor differentiation, diffuse subtype, signet ring cells),
more advanced stage at diagnosis, fewer comorbidities, and
improved suitability for treatment [5-35]. Evidence regard-
ing the prognosis of this group is conflicting. While some
authors report worse survival compared to older cohorts,
particularly in the metastatic setting [11, 13, 14, 18, 20, 24,
25], more recent studies find equivalent [3, 7, 16, 19, 21, 23,
24,26-32, 35-37] or even improved outcomes [9, 33, 34].

Therapeutic options for advanced GEAC have not been
stratified by age. A platinum-fluoropyrimidine chemo-
therapy (CT) doublet, with the addition of trastuzumab for
HER2-overexpressing tumors has been long considered the
standard first-line therapy [38]. More recently, nivolumab
[39] and pembrolizumab [40, 41] in combination with CT
have shown to improve survival in HER2-negative GEAC,
while initial results from the KEYNOTE-811 have found
significantly higher objective response rates (ORR) with the
addition of pembrolizumab to CT and trastuzumab in HER2-
positive disease [42]. The median age of patients included
in these studies ranges from 60 to 65 years, with up to 50%
of patients above 65 years, thereby featuring limited repre-
sentation of younger patients. Regarding the role of surgery,
primary tumor resection in patients diagnosed with meta-
static cancer appears not to clearly improve survival [43].
Although surgery for metastases has been suggested to be
beneficial in specific oligometastatic patients who respond
to induction treatment in the phase II AIO-FLOT3 study
[44], there is still a requirement for additional prospective
assessment.

Most of the available data to date in relation to potential
differences in efficacy of standard therapies between young
and older patients come from small, mostly unicentric, ret-
rospective studies [3, 7, 9-13, 18, 23, 25] and some meta-
analyses [27, 34], which have mainly focused on surgically
treated patients [7, 13, 15-17, 19, 29, 31, 36, 37] or included
heterogeneous populations through all stages of disease [4,
9,12, 14, 18, 20-28, 30, 32-35]. However, systemic CT for
the treatment of advanced GCYA has only been assessed in
two Japanese studies so far [10, 11].

This real-world analysis, based on the Span-
ish AGAMENON-SEOM registry, aims to compare
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clinicopathological features, treatment regimens, efficacy-
related outcomes, and safety profiles between advanced
GCYA and older patient subgroups undergoing first-
line polychemotherapy. This study is pioneering in its
evaluation of standard systemic CT use within a Cauca-
sian advanced GCYA cohort, thus addressing a notable
research gap.

Methods
Study population and design

Patient data were extracted from the AGAMENON-SEOM
registry of GEAC, with contributions from 42 Span-
ish university hospitals. The main characteristics of the
registry, methodologies, and data collection criteria have
been detailed elsewhere [45, 46]. AGAMENON-SEOM,
an observational registry supported by SEOM's Clinical
Practice and Results Evaluation section, examines diag-
nostic-therapeutic practices within participating centers.
Data was systematically collected through an electronic
case report platform (http://www.agamenonstudy.com)
containing filters and a system of queries to ensure data
reliability.

Eligibility criteria included adults (> 18 years) with
histologically confirmed locally advanced unresectable or
metastatic gastric, gastroesophageal junction (GEJ), or distal
esophageal adenocarcinoma treated with at least one cycle
of first line polychemotherapy (>2 drugs) between January
2008 and October 2022. Exclusion criteria included less than
3 months of follow-up, unless death occurred during this
period, less than 6 months since the conclusion of any adju-
vant or neoadjuvant therapy, synchronous cancers, treatment
with single-agent CT, or participation in a clinical trial. This
study includes HER2-positive patients treated with trastu-
zumab since the publication of the TOGA study in 2010
[47]. As immunotherapy did not receive public funding in
Spain until August 2023, the few patients who received these
drugs during the study period were participants in clinical
trials and thus excluded from the analysis.

Three distinct populations were analyzed for the differ-
ent endpoints: clinicopathological characteristics and CT
schedules, survival and safety, and ORR assessment (Fig. 1).
Survival analysis required to have survival data available,
while tumor response analysis demanded measurable dis-
ease at baseline and at least one objective evaluation around
3 months later according to RECIST version 1.1 criteria.

Ethical approval was obtained from the Research Ethics
Committees of all participating centers and living patients
at the time of data collection provided signed informed
consent.


http://www.agamenonstudy.com
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Fig. 1 Flow chart. Selection process in our study

Variables and outcomes

Epidemiological, histopathological, clinical, and therapeu-
tic variables were obtained from patient records. “Young
patient” was defined as being under 45 years old at advanced
GEAC diagnosis.

Primary outcomes encompassed overall survival (OS) and
progression-free survival (PFS), calculated from first-line CT
initiation to all-cause mortality or progression, respectively,
and censoring patients without any event at the last follow-
up. Secondary outcomes included ORR per RECIST version
1.1 and toxicity classified according to Common Terminol-
ogy Criteria of Adverse Events (CTCAE) version 4.0.

CT schedules, dose intensity, and number of cycles were
documented based on real-life clinical practice and deter-
mined at the investigator's discretion. To compare CT sched-
ules, five strata were defined: cisplatin-fluoropyrimidine dou-
blet, oxaliplatin-fluoropyrimidine doublet, irinotecan-based
schedules, anthracycline-based regimens, and docetaxel-
based triple-agent therapy. Cumulative dose was defined as
the total administered dose in mg/m?. Dose intensity was
defined as the amount of drug administered per unit of time,
expressed as milligrams per square meter (mg/m?) weekly.

Clinicopathological variables with known prognostic
relevance in GEAC, as documented in previous studies,
were collected as potential confounding factors: albumin
and hemoglobin below normal limits, lactate dehydroge-
nase (LDH) or alkaline phosphatase (ALP) above nor-
mal limits, ascites, bone, lung, or peritoneal metastases,
histological grade 2-3, Eastern Cooperative Oncology
Group-performance status (ECOG-PS) > 2, stage IV at
diagnosis, number of metastatic sites > 3, diffuse histotype,
presence of signet ring cells, neutrophil-to-lymphocyte
ratio (NLR) >4, HER-2 overexpression, primary tumor
or metastasis surgery, and prior perioperative treatment.

Statistical analysis

Standard descriptive statistics were used, including abso-
lute and relative frequencies, means, and medians. Clin-
icopathological characteristics, CT regimen distributions,
best response frequencies, and toxicity grades were com-
pared between age groups using the Chi-square test for
qualitative variables and T-student (if normal distribu-
tion) or Mann Whitney (if not normal distribution) for
quantitative variables. Normal distribution was examined
via the Kolmogorov—Smirnov test. Significance was set
at p <0.05 with two-tailed p values and 95% confidence
intervals (CIs) where applicable.

OS and PFS probabilities were estimated using the
Kaplan—Meier method and compared by the log-rank test.
The effect of potential confounding factors on survival
was initially evaluated in univariate screening, selecting
variables with p <0.10 for inclusion in the multivariable
Cox proportional hazards model (forward selection). Age
was included in all the analyses due to its relevance in
our study. Variables with over 30% missing values were
excluded. Statistical analysis was performed using SAS
9.3 (SAS Institute, Cary, NC, USA).

Results

Patients, demographic and clinicopathological
features

At the time of data cutoff (October 22), the registry con-
tained 3386 patients, 263 (7.8%) of whom were <45 years
old. Figure 1 illustrates the recruitment process.
Baseline characteristics by age group are presented in
Table 1. Differences between younger and older subsets
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include a higher proportion of females (41.1% vs. 28.4%,
p <0.001), lower ECOG-PS >2 cases (10.6% vs. 14.5%,
p=0.013), a higher frequency of low body mass index
(12.9% vs. 5.8%, p<0.001), and fewer patients with at
least two comorbidities (3.1% vs. 20.9%, p <0.001)
in <45 years. Chronic heart disease, chronic vascular dis-
ease, and diabetes mellitus were less common in younger
patients.

Young adults exhibited more aggressive disease-related
features, such as metastatic or unresectable disease at diag-
nosis (vs. recurrent disease) (87.1% vs. 79.5, p=0.003),
Lauren diffuse subtype (61% vs. 39.2%, p <0.001), signet
ring cells (54.3% vs. 33.5%, p < 0.001), plastic linitis (22.1
vs. 10.3%, p<0.001), grade 3 tumors (56.9% vs. 51.5%,
p=0.001), peritoneal disease (55% vs. 43.6%, p <0.001),
and ascites (34% vs. 21.4%, p <0.001) compared to older
adults. Older adults showed lower albumin and higher car-
cinoembryonic antigen (CEA) levels. No age-based differ-
ences were observed in HER-2 overexpression prevalence,
primary tumor site (distal esophagus, GEJ, or gastric), or
the number of metastatic organs.

Use of chemotherapy and other therapies according
to patients’ age

Table 2 summarizes CT regimens by age. Key points
include increased use of triple-agent CT (43.5% vs. 24.8%,
p<0.001), both docetaxel (20.6% vs. 9.3%, p <0.001) or
anthracycline-containing schedules (25.9% vs. 17.3%,
p<0.001), and reduced use of oxaliplatin-containing CT
(30.2% vs. 46.1%, p<0.001) in younger patients. Most
common regimens for younger patients were EOX (19%),
FOLFOX-6 (16%), and CAPOX (12.5%), while older
patients predominantly received CAPOX (21.8%) and
FOLFOX-6 (18.7%). No age-based differences were noted
in cisplatin-based regimens (17.5% vs. 19.5% for <45
and > 45 years, respectively) or first-line trastuzumab
(20.6% vs. 19.9%, respectively).

Minor differences were found in the number of courses
or median CT duration based on age (Supplementary
Table 1). Notably, younger patients treated with CAPOX
received higher mean total and per-cycle oxaliplatin
doses, and those treated with XP higher mean total cis-
platin doses. In contrast, older individuals treated with
ECF or ECX schedules received significantly higher mean
total cisplatin doses, along with higher total and per-
cycle capecitabine doses with XP or CAPOX regimens.
Primary reasons for first-line CT discontinuation in both
groups were disease progression or completion of planned
therapy.

Second-line CT was more commonly administered to
patients <45 years than to their older counterparts (64.9%
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Table 1 Baseline characteristics

Baseline characteristic <45 years >45 years  p-value
n=263 n=3123
N (%) N (%)
Age, median (interquartile 40.02 65.4 -
range) (36.02-42.67) (57.2-72.2)
Sex, female 101 (41.1) 888 (28.4) <0.001
BMI (kg/m?) <0.001
<18.5 34 (12.9) 182 (5.8)
18.5-24.9 159 (60.5) 1578 (50.5)
>25 70 (26.6) 1363 (43.6)
ECOG-PS 0.013
0 81 (30.8) 729 (23.3)
1 154 (58.6) 1940 (62.1)
>2 28 (10.6) 454 (14.5)
Number of comorbidities
No 220 (84) 1662 (53.6) <0.001
1 34 (13) 791 (25.5)
>2 8 (3.1) 647 (20.9)
Comorbidities
Chronic heart disease 7Q2.7) 378 (12.2) <0.001
Chronic renal failure 1(0.4) 67 (2.2) -
Chronic vascular disease 4(1.5) 294 (9.5) <0.001
Diabetes mellitus 5(1.9) 516 (16.6) <0.001
Chronic liver disease 2(0.8) 57 (1.8)
Thromboembolic disease 6(2.3) 177 (5.7) 0.015
Chronic lung disease 2(0.8) 223 (7.2) -
Dementia 0(0) 11(0.4) -
AlIDs 1(0.4) 17 (0.5) -
Other 23 (8.8) 587 (18.9) <0.001
Complication at diagnosis 20 (7.6) 245 (7.9) 1
TNM stage at first diagnosis 0.004
I-111 40 (15.2) 709 (22.9)
v 223 (84.8) 2393 (77.1)
De novo metastatic or 229 (87.1) 2482 (79.5) 0.003
unresectable (vs. recurrent
disease)
Primary tumor site 0.57
Esophagus 27 (10.4) 271 (8.8)
GEJ 38 (14.7) 415 (13.5)
Stomach 194 (74.9) 2380 (77.6)
Plastic linitis 58 (22.1) 321(10.3) <0.001
Histological grade 0.001
Gl 10 (4.9) 324 (14)
G2 79 (38.3) 798 (34.5)
G3 117 (56.9) 1193 (51.5)
Not available 57 (21.7) 808 (25.8)
Lauren classification <0.001
Intestinal 72 (35.1) 1317 (54.4)
Diffuse 125 (61) 948 (39.2)
Mixed 8(3.9) 154 (6.4)
Not available 58 (22) 704 (22.5)
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Table 1 (continued)

Baseline characteristic <45 years >45 years  p-value
n=263 n=3123
N (%) N (%)
Signet ring cells 113 (54.3) 855 (33.5) <0.001
HER-2 overexpression 0.888
No 168 (73.4) 1992 (74.1)
Yes (3+) 45 (19.7) 497 (18.5)
Yes (2+and FISH+) 16 (7) 201 (7.5)
Not available 34 (12.9) 433 (13.9)
Number of metastatic sites
<3 190 (72.5) 2311 (74.4) 0.508
>3 72 (27.5) 794 (25.6)
Metastases sites
Liver 82 (31.3) 1155 (37.2) 0.602
Lung 32(12.2) 447 (14.4)  0.358
Non-regional lymph nodes 127 (48.5) 1428 (46) 0.44
Peritoneal 144 (55) 1355 (43.6) <0.001
Ascites 89 (34) 665 (21.4) <0.001
Bone 32(12.2) 309 (10) 0.4
Other sites 64 (24.4) 395 (12.7) <0.001
Laboratory findings
Albumin < lower limit of 41 (18.3) 720 (26.2)  0.009
normal
Neutrophil-lymphocyte 91 (36.1) 1108 (36.6) 0.94
ratio>4
CEA median (interquartile 3(1-19) 4(2-21) 0.004
range)
Hemoglobin < lower limit of 168 (65.4) 2063 (67.2) 0.535
normal
LDH > higher limit of normal 55 (26.2) 789 (31.6) 0.121
ALP> higher limit of normal 79 (31.7) 921 (31.1) 0.831

In the Table, percentages refer to proportions of the columns. N,
sample size; AIDs, Acquired immune deficiency syndrome; ALP,
alkaline phosphatase; BMI, body mass index; CEA, carcinoembry-
onic antigen; ECOG-PS, Eastern Cooperative Oncology Group-per-
formance status; GEJ, Gastroesophageal junction; FISH, Fluorescent
in situ hybridization; LDH, lactate dehydrogenase

vs. 53.1%, p=0.001). Regarding surgical interventions,
277 patients with advanced disease at diagnosis under-
went primary tumor resection, which was more common
in the younger subgroup (17.9% vs. 9.9%, p <0.001). These
surgeries were less frequent in distal esophagus or GEJ
tumors than in gastric location (6.5% vs. 12.8%, p <0.001)
for the entire series, but no significant differences were
found in young patients (17.9% vs. 18.3%, p=0.94). Sur-
gery for metastases was performed in 154 cases and was
also more frequent in <45 years (14% vs. 3.9%, p <0.001)
(Table 2).

Table2 Most common chemotherapy schedules and other therapies
according to participants’ age

Chemotherapy schedules <45 years >45 years )4
n=263 n=3123
N (%) N (%)

EOX 50 (19) 372 (11.9) 0.002
mFOLFOX-6 42 (16) 583 (18.7) 0.283
CAPOX 33 (12.5) 682 (21.8) <0.001
XP 17 (10.3) 402 (12.5) 0.247
FP 3w 18 (6.8) 173 (5.5) 0.404
DCF 3w 15(5.7) 65 (2.1) 0.001
FLOT 13 (4.9) 40 (1.3) <0.001
ECX 12 (4.6) 104 (3.3) 0.291
DCX 10 (3.8) 60 (1.9) 0.066
ECF 5(1.9) 46 (1.5) 0.595
First-line Chemotherapy regimens
Triplet combination 114 (43.5) 765 (24.8) <0.001
Oxaliplatin-based doublets 79 (30.2) 1422 (46.1) <0.001
Anthracycline-based 68 (25.9) 532 (17.3) <0.001
Cisplatin-based 46 (17.6) 609 (19.8) 0.418
Docetaxel-based 54 (20.6) 288 (9.3) <0.001
Irinotecan-based 6(2.3) 52 (1.7) -
Other 9(3.4) 180 (5.8) -
First-line trastuzumab 54 (20.6) 615 (19.9) 0.96
Surgery of metastasis 36 (14) 118 (3.9) <0.001
Primary tumor surgery 40 (17.9) 237 (9.9) <0.001

in metastatic disease at

diagnosis
Use of G-CSF
Yes/No 56 (21.5) 486 (15.8) 0.022
Secondary prophylaxis (vs. 36 (13.8) 287 (9.3) 0.039

primary prophylaxis)
Second-line chemotherapy 159 (64.9) 1547 (53.1) 0.001

In the Table, percentages refer to proportions of the columns. G-CSF,
granulocyte-colony stimulating factor

Treatment outcomes based on age

Among 3296 individuals eligible for survival analysis,
there were 2871 death events (87.1%), 220 (85.6%) in the
younger group and 2651 (87.2%) in the older group. After
a median follow-up of 10.3 months (interquartile range
(IQR) 5.39-17.49), median OS for the entire cohort was
10.84 months (95% CI 10.45-11.24). No differences were
observed by age, with a median OS of 11.07 months (95%
CI 9.47-12.68) for patients <45 and 10.81 months (95%
CI 10.4-11.22) for those >45 (p =0.825) (Fig. 2a). The
12-month survival rate was 44.41% (95% CI 38.49-51.24)
for subjects <45 and 44.39% (95% CI 42.61-46.25) for
those > 45 years.

Similarly, 2595 progressions to first-line treatment
(83.3%) were recorded, 216 (87.4%) in <45 years and 2379
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(82.9%) in > 45 years. Median PFS for the entire series was
6.80 months (95% CI 6.57-7.02), without significant dif-
ferences based on age. Young adults had a median PFS of
6.10 months (95% CI 5.57-6.79) compared to 6.83 months
(95% CI 6.59-7.08) in >45 (p =0.158) (Fig. 2b).
Univariate (Table 3a) and multivariate (Table 3b)
Cox-regression analyses were performed in the entire
study population. After adjusting for potential prognos-
tic variables, although a trend towards a better progno-
sis was observed in <45, age was confirmed not to be an
independent prognostic factor for either OS (HR =0.80,
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95% CI 0.64-1.01, p=0.06) or PFS (HR=0.83, 95% CI
0.67-1.04, p=0.12). Among various factors, metastatic
disease at diagnosis (vs. recurrent disease) and the absence
of primary tumors or metastasis surgeries are identified
as unfavorable prognostic markers for survival. When
outcomes were examined by age and initial tumor stage,
patients > 45 with recurrent disease showed notably better
OS and PFS than those with primary metastatic disease,
regardless of age. However, differences in relation to <45
with recurrent disease were not statistically significant
(Supplementary Fig. 1a, b).
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Table 3 Univariate (a) and multivariate (final step, (b)) Cox proportional hazard regression analysis for overall survival and progression-free

survival in overall population

(a) Univariate

Overall survival Progression-free survival
HR (95% CI) p-value HR (95% CI) p-value

Age (<45 vs.>45) 0.95 (0.83-1.09) 0.5 1.03 (0.90-1.18) 0.61
Sex, female 1.02 (0.94-1.10) 0.61 1.009 (0.92-1.097) 0.84
ECOG-PS,>2 vs. 0-1 2.02 (1.82-2.24) <0.001 1.51 (1.34-1.69) <0.001
Ascites 1.52 (1.4-1.66) <0.001 1.39 (1.27-1.52) <0.001
Bone metastases 1.508 (1.33-1.69) <0.001 1.45 (1.28-1.65) <0.001
Peritoneal metastases 1.26 (1.17-1.35) <0.001 1.14 (1.05-1.23) 0.001
Number of metastatic sites, >3 1.42 (1.31-1.55) <0.001 1.36 (1.25-1.49) 0.001
Albumin, < low limit normal 1.46 (1.34 -1.59) <0.001 1.29 (1.17-1.42) <0.001
Hemoglobin, < low limit normal 1.15 (1.06-1.24) 0.001 1.14 (1.05-1.23) 0.002
LDH, > upper limit normal 1.35 (1.23-1.472) <0.001 1.23 (1.12-1.35) <0.001
Stage at diagnosis, IV vs. I-1IT 1.14 (1.04-1.24) 0.004 1.09 (0.99-1.19) 0.06
Resection surgery of primary tumor in IV stage 0.60 (0.55-0.65) <0.001 0.64 (0.58-0.70) <0.001
Metastasis surgery 0.35 (0.28-0.42) <0.001 0.38 (0.31-0.46) <0.001
Lauren classification, diffuse vs. intestinal 1.33 (1.23-1.45) <0.001 1.22 (1.12-1.34) <0.001
Signet ring cells 1.3 (1.19-1.41) <0.001 1.22 (1.11-1.32) <0.001
Histological grade (2-3 vs. 1) 1.46 (1.28-1.66) <0.001 1.41 (1.23-1.62) <0.001
HER?2 overexpression (IHQ 3+/IHC 2 +and FISH+) 0.73 (0.67-0.8) <0.001 0.75 (0.69-0.83) 0.001
NLR >4 1.54 (1.43-1.67) <0.001 1.35 1.24-1.46) <0.001
Chemotherapy schedule (triplets vs. doublets) 0.97 (0.90-1.06) 0.58 1.03 (0.94-1.12) 0.46
Tumor location (GEJ-distal esophagus vs. gastric) 0.98 (0.91-1.06) 0.73 0.96 (0.89-1.04) 0.4
(b) Multivariate (final step)

Overall survival Progression free survival

HR (95% CI) p-value HR (95% CI) p-value
Age, <45 vs.>45 0.80 (0.64- 1.01) 0.06 0.83 (0.67-1.04) 0.12
Albumin < low limit of normal 1.20 (1.04-1.39) 0.01 - -
Ascites 1.35 (1.17-1.560) <0.001 1.22 (1.05-1.41) 0.007
Bone metastases 1.31 (1.09-1.58) 0.004 1.37 (1.14- 1.65) 0.001
ECOG-PS,>2 vs. 0-1 (1.38-1.24-1.53) <0.001 1.17 (1.05-1.30) 0.004
Histological grade, 2-3 vs. 1 1.12 (1.03-1.2) 0.007 1-11 (1.02-1.21) 0.016
Stage at diagnosis, I-III vs. IV 0.69 (0.56-0.86) 0.001 - -
Number of metastatic sites, >3 1.17 (1.02-1.34) 0.019 - -
NLR,>4 1.2 (1.11-1.43) <0.001 1.19 (1.05-1.35) 0.006
HER?2 overexpression (IHC 3+/IHQ 2+ and FISH+) 0.71 (0.61-0.82) <0.001 0.71 (0.61-0.82) <0.001
LDH, > upper limit normal 1.32 (1.64-1.51) <0.001 1.25 (1.10-1.42) 0.001
Resection surgery of primary tumor in IV stage 0.63 (0.52-0.77) <0.001 0.66 (0.54-0.80) <0.001
Metastasis surgery 0.43 (0.32-0.59) <0.001 0.49 (0.37-0.65) <0.001

(a) HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group-performance status; IHC, immunohistochemistry;
FISH, Fluorescent in situ hybridization; GEJ, gastroesophageal junction; NLR, neutrophil-to-lymphocyte ratio
(b) HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group-performance status; IHC, immunohistochemistry;

FISH, Fluorescent in situ hybridization; NLR, neutrophil-to-lymphocyte ratio

The same Cox analyses were conducted in the younger =~ These factors, along with an NLR >4, were associated
subgroup (Supplementary Table 2a, b). Independent pre-  with worse PFS. In relation to survival according to dif-
dictors of poorer OS included bone metastases, HER2-  ferent treatment strategies in <45 years, we did not find
negative status, and the absence of metastasis resection. differences in terms of OS (HR =0.99, 95% CI 0.76-1.28,
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p=0.94) or PFS (HR=0.1, 95% CI1 0.77-1.31, p=0.94)
according to triplet vs. doublet CT use (Supplementary
Table 2a and Supplementary Fig. 2a, b). In contrast, as
for the overall population, metastasis surgery significantly
resulted in better outcomes for both OS (HR=0.21, 95%
CI 0.11-0.36, p <0.001) and PFS (HR=0.38, 95% CI
0.22-0.66, p <0.001) in young patients. Primary tumor
resection in patients diagnosed with primary metastatic
disease significantly improved OS (HR =0.43, 95%
CI 0.32-0.58, p<0.001) and PFS (HR=0.54, 95% CI
0.39-0.74, p<0.001) in univariate analysis.

No significant PFS or OS differences were identified
based on the primary tumor location (gastric vs. esopha-
geal-GElJ), either in the overall population (Table 3a) and
specifically in younger patients (Supplementary Table 2a).

Among 1790 patients evaluable for response, there were
no significant differences in ORR (53.1% vs. 52.3% in <45
and > 45 years, respectively), or clinical benefit rate (CBR)
(82.3% vs. 80.7%, respectively) based on age (p =0.579)
(Table 4; Supplementary Fig. 3). In <45, triple-agent CT
slightly increased ORR and complete responses (Supple-
mentary Fig. 2c), but differences over doublet regimens
were not statistically significant.

Safety of chemotherapy based on age

Table 5 details prevalent adverse events (AEs) by age and
specific CT regimens, while Supplementary Table 3 ana-
lyzes adverse effects by age only. Hematological toxicity
analysis found any grade anemia to be more common in
younger patients, especially with cisplatin-fluoropyrimidine
doublets (78% vs. 63%). Conversely, grade >3 anemia was
more frequent in older patients receiving anthracycline-
based triplets. There were no significant age-related differ-
ences in neutropenia or thrombocytopenia rates, except for
a higher prevalence of neutropenia and febrile neutropenia
in younger patients treated with non-platinum-fluoropyrimi-
dine doublets (other regimens) (63.3% vs. 41.3%).
Regarding non-hematological AEs, younger patients
treated with anthracycline-based triplets had increased
rates of nausea (65.8% vs. 52.4%) and vomiting (49.3% vs.
31.9%). Alopecia was more frequent in < 45 receiving oxali-
platin-fluoropyrimidine doublets (15.1% vs. 8.9%) and other
regimens (56.7% vs. 29.3%). Neuropathy was generally more
common in older patients, but grade >3 neuropathy was
particularly evident in younger individuals receiving doc-
etaxel triplets (13.8% vs. 3.5%). Aspartate aminotransferase
(AST) elevation was more frequent in <45, particularly in
those treated with oxaliplatin-fluoropyrimidine doublets
(30.1% vs. 15.1% for any grade, 4.3% vs. 1% for grade > 3).
A higher rate of grade > 3 venous thromboembolism (VTE)
was observed in younger patients treated with cisplatin-
fluoropyrimidine doublets (18% vs. 5.7%).
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Comparing toxicity related to triple- versus double-agent
CT in younger patients, grade >3 neutropenia was more
commonly observed in patients treated with anthracycline-
based triplets, and grade >3 hand-foot syndrome and neu-
ropathy in those treated with docetaxel-containing triplets
compared to doublet CT. Triple-agent CT was also associ-
ated with higher rates of any grade alopecia and anthracy-
cline-based triplets with toxicity-related admissions.

Rates of hospitalization (22.1% in both groups, p=1) or
death (0.8% vs. 0.6% in younger vs. older patients) due to
toxicity were similar between age groups. Toxicity more
often led to CT discontinuation in older individuals, par-
ticularly in those treated with CAPOX (26.7% vs. 9.7%,
p=0.03), EOX (21.3% vs. 6.1%, p=0.011), and any anthra-
cycline regimen (22.2% vs. 10.4%, p=0.025) (Supplemen-
tary Table 1).

Discussion

In this study we have used real-world data from the national
AGAMENON-SEOM registry of advanced GEAC to inves-
tigate the clinicopathological characteristics, efficacy out-
comes and treatment-related toxicity associated with stand-
ard front-line CT in younger compared to older patients. The
motivation for this research arises from the rising incidence
of various cancers, including GEAC, among young adults
over the past decade, as well as a growing body of evidence
suggesting that GCYA is molecularly distinct from tumors in
older age groups, indicating potential differences in etiology
and emphasizing the need for tailored therapeutic approaches
[5, 48, 49]. Despite advances in understanding GCYA, these
patients are often grouped together with children and older
adults in epidemiologic studies, masking critical age-related
differences [48]. Additionally, there is a significant research
gap due to the limited representation of young adults in piv-
otal studies of advanced GEAC, which predominantly focus
on older populations with median ages around 60-65 years
[39-42, 50-52], as well as lack of real-world clinical data
on this population. In this scenario, our analysis stands as a
pioneering effort to address this knowledge gap, as it is, to
the best of or knowledge, the first comprehensive study of
a large, homogenous, Caucasian cohort of advanced GEAC
patients eligible for first-line combination chemotherapy,
thus aiming to shed light on this understudied population.
It is worth noting the difficulty in defining GCYA, as vari-
ous criteria have been proposed, such a diagnosis before 40
in some studies [3, 5, 10, 11, 15-17, 19, 21, 26, 31] or before
45 in others [18, 23, 24, 29, 32, 34, 36]. Alternative age
thresholds of <35 [12, 14, 20, 22] or <50 [28, 33, 36] have
also been suggested. It's important to recognize that age is
best understood as a continuous variable, making any fixed
age limit somewhat arbitrary rather than definitive. In our
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Table 4 Evaluation of tumor response according to Response Evalua-
tion Criteria in Solid Tumors version 1.1 (RECIST 1.1) criteria based
on age

ORR <45 years >45 years P
n=147 n=1643
N (%) N (%)
Complete response 64.1) 38 (2.3) 0.579
Partial response 72 (49) 822 (50)
Stable disease 43 (29.3) 466 (28.4)
Progressive disease 26 (17.7) 317 (19.3)

Analysis conducted in the population suitable for tumor response
analysis (n=1790)

study, the age cutoff was set at 45 years, consistent with most
reports in non-Asian populations [18, 32].

Regarding clinicopathological characteristics, our analy-
sis confirms several findings consistent with prior reports,
including a higher female proportion and significantly ele-
vated rates of poor prognosis disease-related factors among
younger patients (diffuse histology, signet-ring cells, poorly-
differentiated tumors, primary metastatic disease, peritoneal
dissemination, and ascites) [5—35]. The increased prevalence
in young adult females, a near-universal finding in epide-
miological GCYA studies, lacks a clear explanation. Some
hypotheses suggest hormonal factors, such as high estro-
gen receptor expression in GEAC cells, may be involved
[53-56]. Furthermore, men are more frequently exposed to
well-established environmental risk factors like alcohol con-
sumption and smoking, which involve a sequence of preneo-
plastic lesions that take longer to develop, thus contributing
to increased incidence later in life.

The increased aggressiveness in GCYA patients may
be attributed to genetic factors, including CDH1 gene
alterations that predispose individuals to early-onset dif-
fuse GEAC. Molecular analysis of diffuse-type GEAC has
revealed a higher frequency of somatic CDH1 mutations in
early-onset cases compared to late-onset ones [57]. These
diffuse-type tumors often lack intercellular adhesion, exhib-
iting aggressive growth patterns and heightened metastatic
potential. Additionally, the TCGA analysis indicates that
microsatellite instability-high (MSI-H) tumors, typically
associated with better prognosis [58], are more common in
elderly patients [59], potentially contributing to the more
aggressive tumor biology in GCYA. Finally, GCYA often
experiences delayed diagnosis, resulting in advanced dis-
ease at presentation. Many GCYA cases lack alarm symp-
toms, leading to GEAC not being considered in the differ-
ential diagnosis for young individuals with gastrointestinal
symptomatology [60]. Consequently, they are less likely to
undergo endoscopic screening, particularly in low-incidence
areas, leading to a diagnosis delay. In our series, a higher

percentage of young patients had primary metastatic tumors
compared to older patients (87.1% vs. 79.5%; p=0.003)
(Table 1), and this feature was associated with poorer sur-
vival (Table 4).

Very limited data is available to date regarding potential
age-related differences in treatment outcomes and toxic-
ity with standard CT. Existing real-world data essentially
come from small, retrospective studies, most of which have
included heterogeneous GEAC cohorts with any tumor stage
[3, 7, 9-13, 18, 23, 25]. In contrast, our study specifically
focused on advanced GEAC patients eligible for first-line
combination CT and included a larger, well-defined cohort
of both younger and older individuals. Notably, only two
Japanese reports have focused on systemic CT for the treat-
ment of advanced GCYA thus far [10, 11]. However, both
included fairly small populations -87 and 20 patients in
Nakayama [10] and Yamamoto [11] cohorts, respectively-,
heterogeneously treated with both platinum-doublet CT or
monotherapy for any line of advanced disease, thus making
comparisons with our results somewhat challenging.

In our study, despite the increased use of triple-agent
CT in younger patients compared to older ones, we did
not observe significant differences in survival between
doublet and triplet regimens. Based on these results, which
are aligned with data from prior studies [61-63], and the
higher levels of toxicity over doublet regimens, we cannot
recommend first-line triplet CT as a standard approach either
in the whole series or in the younger cohort [38]. In contrast,
primary tumor and metastases showed to improve outcomes
in our population, in accordance with the protective role
of metastases resections suggested by preceding analyses
from the AGAMENON-SEOM registry [64]. While the
current evidence from prospective trials regarding the
potential survival benefit of primary tumor or metastases
surgery remains inconclusive [43, 44], our data may support
the consideration of surgery as an individualized approach
for highly selected younger patients with oligometastatic
disease and response to CT.

Efficacy outcomes were similar in our analysis for both
younger and older populations, even after adjusting for
potential confounding factors. Although conflicting find-
ings regarding GCYA survival have been published over
years, most recent analyses indicate that young adults per-
form as well as [3, 7, 16, 19, 21, 23, 24, 26-32, 35-37] or
even better [9, 33, 34] than older patients, particularly when
stage-specific survival was examined. Asian studies focused
on advanced GEAC disease have also reported inconsistent
results. Whereas Nakayama found standard CT may have
similar efficacy in GCYA compared to the general-aged
population included in pivotal clinical trials [10], Yamamoto
reported worse OS in young patients than in the middle-aged
group [11].
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Reasons to explain preserved efficacy outcomes in
GCYA in our study despite more aggressive tumor biol-
ogy and advanced disease might include significantly bet-
ter ECOG-PS and organ function, as well as fewer chronic
comorbidities in younger adults. These factors often lead
to better tolerance and may facilitate the administration of
higher doses for specific regimens. Additionally, the greater
proportion of younger patients receiving second-line thera-
pies, a well-established positive prognostic factor [65], and/
or undergoing surgery for primary tumors or metastases may
also contribute to improved survival.

As for the safety profile, despite younger patients received
more triplet-based CT and higher dose intensity for specific
regimens, they did not consistently experience more toxic-
ity than older individuals, and fewer patients had to discon-
tinue treatment due to adverse effects. The higher incidence
of emesis in younger patients, particularly in those treated
with anthracycline-based triplets, may be attributed to their
increased susceptibility, as previously reported in other
studies [66]. The elevated rate of grade >3 VTE in younger
patients treated with cisplatin-fluoropyrimidine CT might
be attributed to the higher risk of thromboembolic events
associated with cisplatin and the greater number of surger-
ies with subsequent post-surgical immobilization in this age
group. These findings, although not entirely consistent with
those reported in other series of advanced GCYA [10], also
suggest that worse functional status and the presence of sig-
nificant comorbidities, both more frequent in older patients,
may have a greater impact on the risk of toxicities than the
intensity of the CT itself.

Among the limitations of this study are the healthcare
nature of the sample, with the repercussions that this
can have on the accuracy of epidemiological variables,
treatment response and toxicities. Nevertheless, most
prior reports have also been based on real world registries
and this may be even an asset when assessing treatment
patterns that may differ based on age in clinical practice.
Secondly, the composition of first-line polychemotherapy
has evolved over time, which may have played a role in
the selection of different CT regimens in a study involving
patients over a 14-year period. Conversely, the inclusion
of patients deemed fit enough to be treated with standard,
front-line combination CT excluded other less intensive
treatments (monotherapy) and best supportive care alone,
thus precluding the analysis of a potential differential
first-line therapeutic approach for a given age or patient
and/or disease profile. Furthermore, most patients were
treated before the widespread adoption of immunotherapy
in combination with CT as the first-line standard of
care, so further analysis will be needed soon to assess
potential differences in efficacy-related outcomes and
toxicity according to age. Thirdly, given the retrospective

nature of the analysis, some well-established risk factors,
including Helicobacter pylori infection, family cancer
history or inherited cancer predisposition syndromes, and
prevalent genetic aberrations in GCYA like mutations in
CDHI1, Ras homolog gene family A (RhoA) or CLDN18-
ACRG rearrangements, were not collected. Acquiring
more information concerning these variables would
be desirable for the purpose of an in-depth analysis to
recognize which alterations play the most crucial role
in GCYA development and to identify new treatment
targets. Finally, despite the large study population and
the strong representativeness of Spain, we cannot exclude
the possibility that variability in clinical practice with
respect to other countries or cultural differences may
limit the external validity of our findings. This is further
emphasized by the fact that we do not have data on the
ethnicity of our patients.

In conclusion, our study shows that, despite GCYA is
characterized by the presence of clinicopathological fea-
tures consistently associated with poor prognosis, combi-
nation therapeutic strategies like those used for general-
age GEAC cancer patients obtain comparable outcomes
in terms of survival-based endpoints and toxicity profile.
This may be probably explained for the favorable general
condition and fewer comorbidities of younger patients,
which allow more extensive treatment approaches, par-
ticularly higher rates of surgery for advanced disease and
second-line systemic therapies. Based on these data, fur-
ther prospective studies addressing the potential survival
benefit of these therapeutic modalities in younger patients
are warranted to better understand our findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10120-023-01443-9.

Acknowledgements AGAMENON registry is part of the Evaluation of
Results and Clinical Practice Section included in the Spanish Society
of Medical Oncology (SEOM); we are grateful to them for their logis-
tical support of this project. Natalia Cateriano, Miguel Vaquero, and
IRICOM S.A. for supporting the registry website. We are indebted to
all patients, as well as to AGAMENON centers and investigators who
participated in this research and made it possible.

Author contributions PPW, AC, JG, ACB and PJF developed the pro-
ject, analyzed the data, and drafted the manuscript. ILG has analyzed
the data. The other authors recruited patients and provided clinical
information, comments, and improvements to the manuscript. All
authors participated in the interpretation and discussion of data, and
the critical review of the manuscript.

Funding None to declare. This is an academic study supported by the
authors themselves.

Declarations
Conflicts of interest AC declares she has received payment or hono-

raria for lectures, presentations, speakers, bureaus, manuscript writing,
educational events or participation on a data safety monitoring board

@ Springer


https://doi.org/10.1007/s10120-023-01443-9

P. Pérez-Wert et al.

or advisory board from BMS, MSD, Lilly, Ipsen, Novartis and Esteve.
PJF declares she has received payment or honoraria for lectures, pres-
entations, speakers, bureaus, manuscript writing, educational events or
participation on a data safety monitoring board or advisory board from
Adacap, BMS, Lilly, MSD, Astellas and Astra Zeneca. ACB declares
he has received payment or honoraria for lectures, presentations, speak-
ers, bureaus, manuscript writing or educational events from Amgen,
Astellas, Bayer, BMS, Eisai, Lilly, MSD, Merck, Novartis, Roche and
Servier. AL declares he has received support for attending meetings
and/or travel from Roche, Pfizer, Lilly and MSD. AFM declares she
has received payment or honoraria for lectures, presentations, speak-
ers, bureaus, manuscript writing or educational events from Servier,
Amgen, Pierre Fabre, Merck, Eisai, Roche, Lilly and Astra Zeneca.
MD declares he has received payment or honoraria for lectures, pres-
entations, speakers, bureaus, manuscript writing, educational events,
attending meeting and/or travel from Lilly and BMS. RVT declares she
has received payment or honoraria for lectures, presentations, speak-
ers, bureaus, manuscript writing, educational events, participation on
a data safety monitoring board or advisory board, expert testimony,
attending meeting and/or travel from Merck, BMS and Amgen. MGR
declares she has received grants or contracts from Lilly, Amgen and
Servier and payment or honoraria for lectures, presentations, speakers,
bureaus, manuscript writing, educational events, attending meeting
and/or travel from Servier, Lilly, Amgen and Merck. MMR declares
she has received payment or honoraria for lectures, presentations,
speakers, bureaus, manuscript writing, educational events or participa-
tion on a data safety monitoring board or advisory board from BMS,
MSD, Astellas y Astra Zeneca. PC declares she has received payment
or honoraria for lectures, presentations, speakers, bureaus, manuscript
writing, educational events or participation on a data safety monitoring
board or advisory board, attending meeting and/or travel from BMS,
Roche, Lilly, Eisai, Servier and Astra Zeneca. JG declares he has re-
ceived research funding from Astellas, Astra Zeneca, BMS, Daiichi-
Sankio, Lilly, Servier and payment or honoraria for lectures, presen-
tations, speakers, bureaus, manuscript writing, educational events or
participation on a data safety monitoring board or advisory board, at-
tending meeting and/or travel from AAA, Amgen, Bayer, BMS, Eisai,
Ipsen, Lilly, Merck, MSD, Novartis, Servier, Pierre-Fabre, Roche and
Veracyte. The other authors declare that they have no conflict of inter-
est regarding the scope of this article.

Ethics approval and consent to participate All procedures fol-
lowed were in accordance with the ethical standards of the respon-
sible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1964 and later ver-
sions. Informed consent or a substitute for it was obtained from all
patients before they were included in the study. Ethics committee
Hospital General Universitario Morales Meseguer approved the study
(C.P.AGAMENONC.I.EST:30/14, 26 November 2014). Informed con-
sent was obtained from all patients before being included in the study.
This work is original and has not been previously presented elsewhere.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71(3):209-49.

2. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE,
Brookland RK, et al. The Eighth Edition AJCC Cancer Staging
Manual: continuing to build a bridge from a population-based to
a more “personalized” approach to cancer staging. CA Cancer J
Clin. 2017;67(2):93-9.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

De B, Rhome R, Jairam V, Ozbek U, Holcombe RF, Buckstein
M, et al. Gastric adenocarcinoma in young adult patients: pat-
terns of care and survival in the United States. Gastric Can-
cer Off J Int Gastric Cancer Assoc Jpn Gastric Cancer Assoc.
2018;21(6):889-99.

Merchant SJ, Kim J, Choi AH, Sun V, Chao J, Nelson R. A ris-
ing trend in the incidence of advanced gastric cancer in young
Hispanic men. Gastric Cance. 2017;20(2):226-34.

Li J. Gastric cancer in young adults: a different clinical entity
from carcinogenesis to prognosis. Gastroenterol Res Pract.
2020;2020:9512707.

Isobe T, Hashimoto K, Kikazi J, Miyagi M, Aoyagi K, Koufugy
K, et al. Characteristics and prognosis of gastric cancer in young
patients. Oncol Rep. 2013;30(1):43-9.

AnJ, Ma X, Zhang C, Zhou W, Wang C, Miao W, et al. Compar-
ison of incidence and prognosis between young and old gastric
cancer patient in North-Western China: a retrospective cohort
study. Medicine (Baltimore). 2022;101(42): e31255.
Anderson WF, Camargo MC, Fraumeni JF, Correa P, Rosenberg
PS, Rabkin CS. Age-specific trends in incidence of noncardia
gastric cancer in US adults. JAMA. 2010;303(17):1723-8.
Kist M, Thomaschewski M, Keck Y, Abdalla TSA, Zeissig SR,
Kleihues-van Tol K, et al. Specifics of young gastric cancer
patients: a population-based analysis of 46,110 patients with
gastric cancer from the German Clinical Cancer Registry
Group. Cancers. 2022;14(23):5927.

Nakayama I, Chin K, Takahari D, Ogura M, Ichimura T, Wakat-
suki T, et al. Treatment features of systemic chemotherapy in
young adults with unresectable advanced or recurrent gastric
cancer. Cancer Manag Res. 2018;10:5283-90.

Yamamoto R, Honda M, Kawamura H, Kobayashi H, Takiguchi
K, Muto A, et al. Clinical features and survival of young adults
with stage IV gastric cancer: a japanese population-based study.
J Gastrointest Cancer. 2023;54(1):56-61.

Zhou L, Jiang Z, Gu W, Han S. STROBE-clinical characteristics
and prognosis factors of gastric cancer in young patients aged
<30 years. Medicine (Baltimore). 2021;100(26): €26336.
Cheng L, Chen S, Wu W, Kuo ZC, Wei Z, Meng S, et al. Gas-
tric cancer in young patients: a separate entity with aggres-
sive features and poor prognosis. J Cancer Res Clin Oncol.
2020;146(11):2937-47.

Nakamura R, Saikawa Y, Takahashi T, Takeuchi H, Asanuma
H, Yamada Y, et al. Retrospective analysis of prognostic out-
come of gastric cancer in young patients. Int J Clin Oncol.
2011;16(4):328-34.

Qu X, Zhao X, Liu Y, Wang N, Zhang L, Zhu X, et al. The
clinicopathological characteristics of early-onset gastric cancer
and its evolutionary trends: a retrospective study. Am J Cancer
Res. 2022;12(6):2757-69.

Takatsu Y, Hiki N, Nunobe S, Ohashi M, Honda M, Yamaguchi
T, et al. Clinicopathological features of gastric cancer in young
patients. Gastric Cancer. 2016;19(2):472-8.

Zhou F, Shi J, Fang C, Zou X, Huang Q. Gastric carcinomas
in young (younger than 40 years) chinese patients. Medicine
(Baltimore). 2016;95(9): e2873.

Puhr HC, Karner A, Taghizadeh H, Jomrich G, Schopp-
mann SF, Preusser M, et al. Clinical characteristics and com-
parison of the outcome in young versus older patients with
upper gastrointestinal carcinoma. J Cancer Res Clin Oncol.
2020;146(12):3313-22.

Liu S, Feng F, Xu G, Liu Z, Tian Y, Guo M, et al. Clinicopatho-
logical features and prognosis of gastric cancer in young patients.
BMC Cancer. 2016;16:478.

Guan WL, Yuan LP, Yan XL, Yang DJ, Qiu MZ. More atten-
tion should be paid to adult gastric cancer patients younger than



Efficacy and safety of chemotherapy in young patients with advanced gastroesophageal...

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

35 years old: extremely poor prognosis was found. J Cancer.
2019;10(2):472-8.

Tekesin K, Emin Gunes M, Tural D, Akar E, Zirtiloglu A,
Karaca M, et al. Clinicopathological characteristics, prognosis
and survival outcome of gastric cancer in young patients: a large
cohort retrospective study. J BUON Off J Balk Union Oncol.
2019;24(2):672-8.

Zhong N, Yu 'Y, Chen J, Shao Y, Peng Z, Li J. Clinicopathological
characteristics, survival outcome and prognostic factors of very
young gastric cancer. Clin Exp Med. 2023;23(2):437-45.
Ramos MFKP, Pereira MA, Sagae VMT, Mester M, Morrell ALG,
Dias AR, et al. Gastric cancer in young adults: a worse prognosis
group? Rev Col Bras Cir. 2019;46(4): €20192256.

Braga-Neto MB, Carneiro JG, de Castro Barbosa AM, Silva IS,
Maia DC, Maciel FS, et al. Clinical characteristics of distal gastric
cancer in young adults from Northeastern Brazil. BMC Cancer.
2018;18(1):131.

Tavares A, Gandra A, Viveiros F, Cidade C, Maciel J. Analy-
sis of clinicopathologic characteristics and prognosis of gastric
cancer in young and older patients. Pathol Oncol Res POR.
2013;19(1):111-7.

Sandeep B, Huang X, Li Y, Mao L, Gao K, Xiao Z. Gastric carci-
noma in young patients and its clinicopathological characteristics
and prognosis. Gastroenterol Res Pract. 2020;2020:7378215.
Niu P, Zhao L, Ling R, Zhao D, Chen Y. Clinicopathological char-
acteristics and survival outcomes of younger patients with gastric
cancer: a systematic review and meta-analysis. Trans] Cancer Res.
2020;9(10):6026-38.

Lee JG, Kim SA, Eun CS, Han DS, Kim YS, Choi BY, et al.
Impact of age on stage-specific mortality in patients with gas-
tric cancer: a long-term prospective cohort study. PLoS ONE.
2019;14(8): €0220660.

Cheng YX, Tao W, Liu XY, Yuan C, Zhang B, Zhang W, et al.
The outcome of young vs. old gastric cancer patients following
gastrectomy: a propensity score matching analysis. BMC Surg.
2021;21(1):399.

Jiang Y, Xie J, Huang W, Chen H, Xi S, Li T, et al. Chemotherapy
use and survival among young and middle-aged patients with gas-
tric cancer. Clin Transl Gastroenterol. 2020;11(10): e00253.
Zhao B, Mei D, Lv W, Lu H, Bao S, Lin J, et al. Clinicopathologic
features, survival outcome, and prognostic factors in gastric can-
cer patients 18—40 years of age. J] Adolesc Young Adult Oncol.
2020;9(4):514-21.

Rona KA, Schwameis K, Zehetner J, Samakar K, Green K,
Samaan J, et al. Gastric cancer in the young: an advanced disease
with poor prognostic features. J Surg Oncol. 2017;115(4):371-5.
Qiu MZ, Wang ZQ, Zhang DS, Luo HY, Zhou ZW, Wang FH,
et al. Clinicopathological characteristics and prognostic analy-
sis of gastric cancer in the young adult in China. Tumour Biol.
2011;32(3):509-14.

Kong X, Wang JL, Chen HM, Fang JY. Comparison of the
clinicopathological characteristics of young and elderly
patients with gastric carcinoma: a meta analysis. J Surg Oncol.
2012;106(3):346-52.

Lumish MA, Walch H, Maron SB, Chatila W, Kemel Y, Maio A,
et al. Clinical and molecular characteristics of early-onset versus
average-onset esophagogastric cancer. J Natl Cancer Inst. 2023.
https://doi.org/10.1093/jnci/djad 186

Liu W, Quan H, Chen X, Ouyang Y, Xiao H. Clinicopathological
features and prognosis of young gastric cancer patients following
radical gastrectomy: a propensity score matching analysis. Sci
Rep. 2019;9(1):5943.

Song P, Wu L, Jiang B, Liu Z, Cao K, Guan W. Age-specific
effects on the prognosis after surgery for gastric cancer: a SEER
population-based analysis. Oncotarget. 2016;7(30):48614-24.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Ter Veer E, Haj Mohammad N, van Valkenhoef G, Ngai LL, Mali
RMA, Anderegg MC, et al. The efficacy and safety of first-line
chemotherapy in advanced esophagogastric cancer: a network
meta-analysis. J Natl Cancer Inst. 2016;108(10).

Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Pies-
sen G, et al. Gastric cancer: ESMO clinical practice guideline for
diagnosis, treatment and follow-up. Ann Oncol Off J Eur Soc Med
Oncol. 2022;33(10):1005-20.

Janjigian Y'Y, Shitara K, Moehler M, Garrido M, Salman P, Shen
L, et al. First-line nivolumab plus chemotherapy versus chemother-
apy alone for advanced gastric, gastro-oesophageal junction, and
oesophageal adenocarcinoma (CheckMate 649): a randomised,
open-label, phase 3 trial. Lancet. 2021;398(10294):27—40.

Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T, et al.
Pembrolizumab plus chemotherapy versus chemotherapy alone
for first-line treatment of advanced oesophageal cancer (KEY-
NOTE-590): a randomised, placebo-controlled, phase 3 study.
Lancet. 2021;398(10302):759-71.

Rha SY, Wyrwicz L, Yanez Weber PE, Bai Y, Ryu MH, Lee J, et al.
KEYNOTE-859 study of pembrolizumab plus chemotherapy for
advanced HER2-negative gastric or gastroesophageal junction (G/
GEJ) cancer: Outcomes in the protocol-specified PD-L1-selected
populations. J Clin Oncol. 2023;41(16_suppl):4014-4014.
Janjigian Y'Y, Kawazoe A, Yafiez P, Li N, Lonardi S, Kolesnik O,
et al. The KEYNOTE-811 trial of dual PD-1 and HER2 blockade
in HER2-positive gastric cancer. Nature. 2021;600(7890):727-30.
Fujitani K, Yang HK, Mizusawa J, Kim YW, Terashima M, Han
SU, et al. Gastrectomy plus chemotherapy versus chemotherapy
alone for advanced gastric cancer with a single non-curable fac-
tor (REGATTA): a phase 3, randomised controlled trial. Lancet
Oncol. 2016;17(3):309-18.

Al-Batran SE, Homann N, Pauligk C, Illerhaus G, Martens UM,
Stoehlmacher J, et al. Effect of neoadjuvant chemotherapy fol-
lowed by surgical resection on survival in patients with limited
metastatic gastric or gastroesophageal junction cancer: the AIO-
FLOTS3 trial. JAMA Oncol. 2017;3(9):1237-44.

Custodio A, Carmona-Bayonas A, Jiménez-Fonseca P, Sanchez
ML, Viudez A, Hernandez R, et al. Nomogram-based predic-
tion of survival in patients with advanced oesophagogastric
adenocarcinoma receiving first-line chemotherapy: a multi-
center prospective study in the era of trastuzumab. Br J Cancer.
2017;116(12):1526-35.

Plazas JG, Arias-Martinez A, Lecumberri A, Martinez de Cas-
tro E, Custodio A, Cano JM, et al. Sex and gender disparities
in patients with advanced gastroesophageal adenocarcinoma:
data from the AGAMENON-SEOM registry. ESMO Open.
2022;7(3):100514.

Bang YJ, Cutsem EV, Feyereislova A, Chung HC, Shen L,
Sawaki A, et al. Trastuzumab in combination with chemother-
apy versus chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction cancer (ToGA):
a phase 3, open-label, randomised controlled trial. The Lancet.
2010;376(9742):687-97.

Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, Jemal A,
Siegel RL. Cancer statistics for adolescents and young adults. CA
Cancer J Clin. 2020;70(6):443-59.

Sheth Bhutada J, Hwang A, Liu L, Deapen D, Freyer DR. Poor-
prognosis metastatic cancers in adolescents and young adults:
incidence patterns, trends, and disparities. JNCI Cancer Spectr.
2021x;5(3):pkab039.

Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon
F, et al. Capecitabine and oxaliplatin for advanced esophagogas-
tric cancer. N Engl J Med. 2008;358(1):36—46.

Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H, Hol-
lerbach S, Hofheinz R, et al. Phase III trial in metastatic gas-
troesophageal adenocarcinoma with fluorouracil, leucovorin plus

@ Springer


https://doi.org/10.1093/jnci/djad186

P. Pérez-Wert et al.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

either oxaliplatin or cisplatin: a study of the Arbeitsgemeinschaft
Internistische Onkologie. J Clin Oncol. 2008;26(9):1435-42.
Shitara K, Lordick F, Bang YJ, Enzinger P, Ilson D, Shah MA,
et al. Zolbetuximab plus mFOLFOXG6 in patients with CLDN18.2-
positive, HER2-negative, untreated, locally advanced unresectable
or metastatic gastric or gastro-oesophageal junction adenocarci-
noma (SPOTLIGHT): a multicentre, randomised, double-blind,
phase 3 trial. The Lancet. 2023;401(10389):1655-68.

Chung HW, Noh SH, Lim JB. Analysis of demographic character-
istics in 3242 young age gastric cancer patients in Korea. World J
Gastroenterol WJG. 2010;16(2):256-63.

Zhou F, Xu Y, Shi J, Lan X, Zou X, Wang L, et al. Expression
profile of E-cadherin, estrogen receptors, and P53 in early-onset
gastric cancers. Cancer Med. 2016;5(12):3403-11.

Heuch I, Kvéle G. Menstrual and reproductive factors and risk of
gastric cancer: a Norwegian cohort study. Cancer Causes Control
CCC. 2000;11(9):869-74.

Kim JH, Boo Y], Park JM, Park SS, Kim SJ, Kim CS, et al. Inci-
dence and long-term outcome of young patients with gastric car-
cinoma according to sex: does hormonal status affect prognosis?
Arch Surg Chic. 2008;143(11):1062-7; discussion 1067.

Cho SY, Park JW, Liu Y, Park YS, Kim JH, Yang H, et al. Spo-
radic early-onset diffuse gastric cancers have high frequency of
somatic CDH1 alterations, but low frequency of somatic RHOA
mutations compared with late-onset cancers. Gastroenterology.
2017;153(2):536-549.e26.

Polom K, Marano L, Marrelli D, De Luca R, Roviello G, Savelli
V, et al. Meta-analysis of microsatellite instability in relation to
clinicopathological characteristics and overall survival in gastric
cancer. BrJ Surg. 2018;105(3):159-67.

Bass AJ, Thorsson V, Shmulevich I, Reynolds SM, Miller M,
Bernard B, et al. Comprehensive molecular characterization of
gastric adenocarcinoma. Nature. 2014;513(7517):202-9.
Maconi G, Kurihara H, Panizzo V, Russo A, Cristaldi M, Marrelli
D, et al. Gastric cancer in young patients with no alarm symptoms:
focus on delay in diagnosis, stage of neoplasm and survival. Scand
J Gastroenterol. 2003;38(12):1249-55.

Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla
M, Boni C, et al. Phase III study of docetaxel and cisplatin plus

Authors and Affiliations

Pablo Pérez-Wert'

63.

64.

65.

66.

67.

fluorouracil compared with cisplatin and fluorouracil as first-line
therapy for advanced gastric cancer: a report of the V325 Study
Group. J Clin Oncol. 2006;24(31):4991-7.

Yamada Y, Boku N, Mizusawa J, Iwasa S, Kadowaki S, Nakayama
N, et al. Docetaxel plus cisplatin and S-1 versus cisplatin and S-1
in patients with advanced gastric cancer (JCOG1013): an open-
label, phase 3, randomised controlled trial. Lancet Gastroenterol
Hepatol. 2019;4(7):501-10.

Van Cutsem E, Boni C, Tabernero J, Goetze TO, Meiler J, Kasper
S, et al. Docetaxel plus oxaliplatin with or without fluorouracil or
capecitabine in metastatic or locally recurrent gastric cancer: a
randomized phase II study. Ann Oncol. 2015;26(1):149-56.
Carmona-Bayonas A, Jiménez-Fonseca P, Echavarria I, Sanchez
Céanovas M, Aguado G, Gallego J, et al. Surgery for metastases
for esophageal-gastric cancer in the real world: Data from the
AGAMENON national registry. Eur J Surg Oncol J Eur Soc Surg
Oncol. 2018;44(8):1191-8.

Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada
Y, et al. Ramucirumab plus paclitaxel versus placebo plus
paclitaxel in patients with previously treated advanced gas-
tric or gastro-oesophageal junction adenocarcinoma (RAIN-
BOW): a double-blind, randomised phase 3 trial. Lancet Oncol.
2014;15(11):1224-35.

Pollera CF, Giannarelli D. Prognostic factors influencing cisplatin-
induced emesis. Definition and validation of a predictive logistic
model. Cancer. 1989;64(5):1117-22.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

- Ana Custodio' - Paula Jimenez-Fonseca? - Alberto Carmona-Bayonas? - Arturo Lecumberri* -

Diego Cacho Lavin® - Itsaso Losantos Garcia® - Ana Fernandez Montes’ - Juana Maria Cano® - Maria Luisa Limén® -
Raquel Hernandez San Gil'® - Marc Diez'" - Rosario Vidal Tocino'? - Ismael Macias Declara'® - Laura Visa'* -

Paola Pimentel Caceres'® - Mireia Gil Raga'® - Elia Martinez Moreno'” - Tamara Sauri'® - Marta Martin Richard'® -
Ménica Granja?° - Paula Cerda?' - Lucia Gomez Gonzalez?? - Antonio Mérida-Garcia? - Maribel Ruiz Martin?* .
Javier Gallego?*® on behalf of the AGAMENON-SEOM study group

>4

Pablo Pérez-Wert
pablopwert@gmail.com

Medical Oncology Department, Hospital Universitario La
Paz, CIBERONC CB16/12/00398, Paseo de La Castellana,
261, 28046 Madrid, Spain

Medical Oncology Department, Hospital Universitario
Central de Asturias, ISPA, Oviedo, Spain

Hematology and Medical Oncology Department, Hospital
Universitario Morales Meseguer, University of Murcia,
IMIB, Murcia, Spain

@ Springer

Medical Oncology Department, Hospital Universitario de
Navarra, Pamplona, Spain

Medical Oncology Department, Hospital Universitario
Marqués de Valdecilla, IDIVAL, Santander, Spain

Biostatistics Unit, IdiPAZ-Hospital Universitario La Paz,
Madrid, Spain

Medical Oncology Department, Complejo Hospitalario de
Orense, Orense, Spain

Medical Oncology Department, Hospital General
Universitario de Ciudad Real, Ciudad Real, Spain


http://orcid.org/0000-0001-6228-7279

Efficacy and safety of chemotherapy in young patients with advanced gastroesophageal...

Medical Oncology Department, Hospital Universitario
Virgen del Rocio, Seville, Spain

Medical Oncology Department, Hospital Universitario de
Canarias, Tenerife, Spain

Medical Oncology Department, Hospital Universitario
Val d"Hebron, Vall Hebron Institute of Oncology (VHIO),
Barcelona, Spain

Medical Oncology Department, Complejo Asistencial
Universitario de Salamanca-IBSAL, Salamanca, Spain

Medical Oncology Department, Hospital Universitario Parc
Tauli, Sabadell, Spain

Medical Oncology Department, Hospital Universitario El
Mar, Barcelona, Spain

Medical Oncology Department, Hospital General
Universitario Santa Lucfa, Cartagena, Spain

Medical Oncology Department, Hospital General
Universitario de Valencia, Valencia, Spain

Medical Oncology Department, Hospital Universitario de
Fuenlabrada, Madrid, Spain

18

20

21

22

23

24

25

Medical Oncology Department, Hospital Clinic, IDIBAPS,
Barcelona, Spain

Medical Oncology Department, Catalan Institute
of Oncology, L’Hospitalet, Spain

Medical Oncology Department, Hospital Universitario
Clinico San Carlos, Madrid, Spain

Medical Oncology Department, Hospital Universitario Santa
Creu I Sant Pau, Barcelona, Spain

Medical Oncology Department, Hospital General
Universitario de Alicante, Alicante, Spain

Medical Oncology Department, Hospital Universitario de
Zamora, Zamora, Spain

Medical Oncology Department, Hospital Universitario Rio
Carridn, Palencia, Spain

Medical Oncology Department, Hospital General
Universitario of Elche, Elche, Spain

@ Springer



	Efficacy and safety of chemotherapy in young patients with advanced gastroesophageal adenocarcinoma: data from the Spanish AGAMENON-SEOM registry
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Miniabstract 

	Introduction
	Methods
	Study population and design
	Variables and outcomes
	Statistical analysis

	Results
	Patients, demographic and clinicopathological features
	Use of chemotherapy and other therapies according to patients’ age
	Treatment outcomes based on age
	Safety of chemotherapy based on age

	Discussion
	Anchor 19
	Acknowledgements 
	References


