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Abstract
Introduction  Gastric cancer (GC) burden is currently evolving with regional differences associated with complex behavioural, 
environmental, and genetic risk factors. The LEGACy study is a Horizon 2020-funded multi-institutional research project 
conducted prospectively to provide comprehensive data on the tumour biological characteristics of gastroesophageal cancer 
from European and LATAM countries.
Material and methods  Treatment-naïve advanced gastroesophageal adenocarcinoma patients were prospectively recruited 
in seven European and LATAM countries. Formalin-fixed paraffin-embedded primary tumour endoscopic biopsy samples 
were collected and submitted for central morphological and immunohistochemical characterization and TP53 molecular 
assessment and Helicobacter pylori infection.
Results  A total of 259 patients were included in the study: 137 (53%) from LATAM and 122 (47%) from Europe. Significant 
biological differences were detected between European and LATAM patients. Low representation of chromosomal instability 
(CIN) and HER2 positive cases were found in LATAM. MUC6 and PD-L1 were more frequently overexpressed in European 
cases, showing a significant correlation across the entire study population, with this association being especially pronounced 
in MMRdeficient cases. Both TP53 mutation by next-generation sequencing and p53 immunohistochemical aberrant pat-
tern were linked with features associated with chromosomal instability. No regional differences were observed in H. pylori 
prevalence or abundance, indicating that the afore mentioned variations cannot be attributed to this factor.
Conclusion  Our findings underscore a need for region-specific approaches in gastroesophageal cancer diagnosis and treat-
ment. MUC6 emerges as a putative immune regulator that needs further investigation. Research tailored to the unique bio-
logical profiles in different global regions is crucial to effectively address the observed disparities.
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Introduction

Gastric cancer (GC) is a major health challenge, being the 
fifth most diagnosed cancer worldwide and the fifth lead-
ing cause of cancer-related deaths globally [1]. Chronic 
infection by Helicobacter pylori (H. pylori) is the main 
risk factor for developing GC and its eradication may be 
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the most cost-effective prevention strategy [2]. Although 
almost half of the world’s population is infected, the preva-
lence of H. pylori infection varies across continents and 
is linked to socioeconomic status [3, 4]. However, among 
H. pylori-positive individuals, the burden of GC is sig-
nificantly different. East Asia, Latin America, and East-
ern Europe, merge as high-risk regions associated with 
the highest prevalence of malignant transformation after 
acquisition of the infection [4]. These observations under-
score the importance of other behavioral, environmental, 
and genetic risk factors in the development of GC [5, 6]. 
The epidemiology of GC is dynamic, with a current trend 
for reduction in global incidence, yet an increase in the 
proportion of cases in the population under 50 years old. 
The latter trend is more notable in countries with a low 
prevalence of H. pylori infection [7]. These epidemio-
logical changes and the lack of consistent records for GC 
prevalence in Latin America (LATAM), veil an accurate 
assessment of the situation and highlight the need for con-
temporary data [8].

GC is complex and heterogeneous and is frequently 
diagnosed at a late stage [9]. Over the past half-century, 
the histologic classification of gastric adenocarcinoma 
has been largely based on Lauren’s criteria and the World 
Health Organization (WHO) classifications [10, 11]. The 
incidence of GC subtypes within these classifications dif-
fers among geographic regions. Non-cardia GC is the pre-
dominant subtype globally and through East and Central 
Asia and Eastern Europe. Conversely, cardia GC is more 
common in Western countries [12]. Chemotherapy based 
on a platinum-fluoropyrimidine schemes is the standard 
therapy for advanced disease. Targeted therapies such as 
anti-HER2 and immunotherapy have improved the out-
comes in combination with chemotherapy for specific sub-
groups [13, 14]. Immunohistochemistry (IHC) for HER2, 
programmed death ligand 1 (PD-L1), and mismatch repair 
(MMR) proteins is extensively used to analyses tumor 
characteristics that are critical for treatment decisions [15]. 
However, most GC epidemiological and molecular studies 
are provided from Asian and European/North American 
cohorts, and specific regional considerations are not cur-
rently accounted for in other settings. Given this situa-
tion, the LEGACy study, a Horizon 2020-funded multi-
institutional research project was conducted prospectively, 
recruiting GC samples from European and LATAM coun-
tries for a period of 5 years (2019–2023) to evaluate his-
topathological differences and H. pylori infection distribu-
tion in both regions [16]. The main goal of this study is 
to provide knowledge on the biological characteristics of 
GC in a European and LATAM cohort to assess the pres-
ence of regional differences that may offer insights into 
future tailored therapies and thus improved quality of life 
for GC patients.

Methods

Patient materials

Patient materials were collected as part of an IRB-
approved trial called LEGACy (ClinicalTrials.gov Identi-
fier: NCT04015466, July 11, 2019) and local Ethics Com-
mittees of each recruiting site approved within the project. 
The patients were recruited between 2019 and 2023 in four 
hospitals in three Western EU countries (Spain, Portugal, 
and the Netherlands) and four hospitals from LATAM 
countries (Argentina, Mexico, Chile, and Paraguay). 
Tumor biopsies were prospectively collected from treat-
ment-naïve advanced gastric adenocarcinoma patients, 
including gastroesophageal junction (GEJ) tumors (AEG 
II and AEG III according to Siewert and Stein) [17]. 
After obtaining informed consent, biopsies of the primary 
tumor were collected during endoscopy. Snap-frozen and 
formalin-fixed paraffin-embedded (FFPE) samples were 
used for the different studies. Data collection and handling 
of patient material was standardized via a uniform Lab 
handbook. The study protocol required the collection of at 
least eight tumor fragments through endoscopy to ensure 
comprehensive sampling and address tumor heterogene-
ity. To ensure consistency in sample handling across all 
participating centers, the laboratory handbook provided 
meticulous details on pre-fixation and fixation procedures. 
All FFPE and fresh frozen tissues were centrally managed 
at Instituto de Patologia e Imunologia Molecular da Uni-
versidade do Porto (Ipatimup), Portugal. FFPE tissue was 
subjected to pathological examination and immunohisto-
chemistry and then sent to the Vall d' Hebron Institute of 
Oncology (VHIO), Spain for DNA analysis. Fresh frozen 
samples were centrally processed at Ipatimup, Portugal for 
microbiome analysis.

Immunohistochemistry and in situ hybridization

FFPE samples were cut in 3-µm sections and stained with 
Ventana® BenchMark ULTRA (Roche) system together 
with the OptiView DAB IHC Detection Kit (#760–700, 
Roche) following standard protocol for the following 
proteins: PD-L1 (Anti-PDL1 Clone 22C3, Dako), CD3 
(NCL-L-CD3-565 Clone LN10, Leica), CD8 (#790–4460 
Clone SP57, Roche), FoxP3 (#12,653 Clone D6O8R, 
Cell Signaling), MSH2 (#790–5093 Clone G219-1129, 
Roche), MSH6 (#790–5092 Clone SP93, Roche), MLH1 
(#790–5091 Clone M1, Roche), PMS2 (#790–5094 Clone 
A16-4, Roche), MUC6 (#760–4390 Clone MRQ-20, 
Roche), Ki-67 (#790–4286 Clone 30–9, Roche), TP53 
(#790–2912 Clone DO-7, Roche) and HER2 (#790–2991 
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Clone 4B5, Roche). For all antibodies, antigen retrieval 
was carried out with CC1 (EDTA) and counterstained with 
hematoxylin for 8 min. A positively staining control tissue 
was present on each processed slide. For in situ hybridiza-
tion (ISH) the Dual ISH DNA Probe Cocktail (800–4422, 
Roche) and Epstein–Barr Virus (EBV) Early RNA (EBER) 
(800–2842, Roche) probes were used for HER2 and EBV, 
respectively, together with the UltraView SISH DNP 
Detection Kit (#800–098, Roche) and UltraView Red ISH 
DIG Detection Kit (#800–505, Roche).

Morphological evaluation, immunohistochemistry 
and in situ hybridization interpretation

The histological classification was performed in all cases 
according to both Lauren`s classification and the 5th edi-
tion of the WHO classification of Tumours of the Digestive 
System [10, 18]. Cases presenting tubular morphology were 
classified as low grade (well and moderately differentiated) 
or high grade (poorly differentiated), the latter presenting 
solid structures and barely recognized tubules [18]. We 
recorded, in all cases, the presence or absence of signet ring 
cells (SRC) and the proportion of SRC relative to all tumor 
cells independently on the histological type. SRCs were 
defined as tumor cells with ample cytoplasmic mucin opti-
cally clear on hematoxylin and eosin (H&E) staining with 
an eccentrically placed nucleus [19].

Cases were classified as MMR proficient (MMRp) if 
any intensity of nuclear staining of MMR proteins, MLH1, 
MSH6, MSH2 and PMS2 was present in all neoplastic cells. 
Peritumoral lymphocytes, stromal cells, and non-neoplastic 
epithelial cells were used as internal protein controls. Only 
cases showing loss of nuclear staining with positive internal 
control for at least one of the proteins were classified as 
MMR deficient (MMRd).

In the ISH study for EBER, the cases showing nuclear 
staining in 100% tumor cells were considered as EBV-pos-
itive [20, 21].

For HER2 analysis, the cases were classified as positive 
(3 +), equivocal (2 +), or negative (1 + or 0) according to 
the intensity and extent of the membranous expression of 
the protein in the invasive adenocarcinoma component fol-
lowing the College of American Pathologists guideline [22]. 
Cases classified as HER2 equivocal (2 +) were further evalu-
ated by ISH to assess HER2 amplification status.

The percentage of tumor cells showing nuclear p53 
expression with any intensity was recorded. Further, a semi-
quantitative evaluation of p53 expression by the Histoscore 
(H-score) was performed. First, we estimated the percentage 
of tumor cells presenting no staining (score 0), weak (score 
1), moderate (score 2), or strong staining (score 3). The 
H-score for each case was determined by multiplying the 
score of staining intensity by its corresponding percentage 

and summing the resulting values, following the formula: 
[0 × percentage of immunonegative tumor cells] + [1 × per-
centage of weakly stained tumor cells] + [2 × percentage of 
moderately stained tumor cells] + [3 × percentage of strongly 
stained tumor cells]. The resulting H-score ranged in value 
from 0 to 300. Cases were classified using a dichotomous 
approach: If the H-score was equal to 0 or greater than 280, 
cases were classified as having a p53 aberrant pattern [20]. 
The remaining cases with an H-score between 1 and 279 
were considered to have a p53 normal pattern.

The combined positive score (CPS) for PD-L1 was evalu-
ated following the PD-L1 IHC 22C3 pharmDx Interpreta-
tion Manual for gastric cancer [23]. The number of positive 
mononuclear inflammatory cells (cytoplasmic or membra-
nous staining) and positive tumor cells (presenting mem-
branous staining) in the tumor invasive area were recorded 
separately.

Tumor infiltrating CD3, CD8, and FoxP3 positive lym-
phocytes were counted using the positive cell detection 
script of the open-source software Qupath [24]. For CD3 
and CD8 counting, two hotspot areas of 0.30  mm2 were 
selected. For FoxP3 counting, one hotspot area of 0.20 mm2 
was selected. Normal mucosa, gastritis, granulation tissue, 
and necrosis were avoided. For Ki-67 expression, at least 
500 consecutive neoplastic tumor cells were manually anno-
tated in Qupath. The percentage of nuclear positivity was 
calculated by using the positive cell detection script on the 
annotated area.

For MUC6, the percentage of positive tumor cells pre-
senting cytoplasmic staining with any intensity was esti-
mated in each case. Normal mucosa, gastritis, intestinal 
metaplasia, and necrosis were not considered. The cases 
were divided between MUC6 high or neg/low using 20% of 
positive cells as cut-off.

TP53 mutational analysis

Tumor FFPE samples were also used for custom broad NGS 
(Panel300v4) using Maxwell® 16 FFPE Tissue LEV DNA 
Purification Kit (Promega), SureSelect XT Library Prep 
Kit ILM (Agilent Technologies) followed by sequencing in 
the Illumina MiSeq instrument and in-house bioinformatics 
pipeline (VarScan2, GATK, frequent SNPs in the population 
are filtered with the 1000 g database MAF > 0.005) and man-
ual interpretation of variant pathogenicity. The assay covers 
mutations and copy number alterations in 425 cancer genes.

Molecular classification

We classified each case into one molecular subtype: EBV-
positive, microsatellite instability (MSI), genomically sta-
ble (GS), and chromosomal instability (CIN), following an 
immunohistochemical and ISH algorithm recently proposed 
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[20]. For this, EBER-positive cases were classified as EBV-
positive, and MMR protein loss was indicative of MSI. The 
remaining EBV-negative and MMRp cases were categorized 
as CIN if p53 expression exhibited an aberrant pattern. If the 
immunohistochemical pattern of p53 was normal in these 
MMRp and EBV-negative tumors, the cases were classified 
as GS.

Helicobacter pylori

The abundance of the Helicobacter genus was obtained from 
amplicon sequence variants (ASVs) and transformed by 
applying the log10(x + 1). ASVs were generated from micro-
biome sequencing reads analyzed as previously described 
[25].

Statistical analysis

All analyses were carried out by using Stata® IC 15.1 (Stata 
Corp, College Station, Texas, USA). Continuous data were 
summarized as mean ± standard deviation if the variables 
were normally distributed or median and interquartile ranges 
if the variables did not follow a normal distribution. The 
normality of continuous variables was assessed using the 
Shapiro–Wilk test. In the case of continuous variables that 
follow a normal distribution, the two groups were compared 
using Student’s t-test and, for those who did not follow a 
normal distribution, we used the Mann–Whitney U test or 
Kruskal–Wallis test, as appropriate. Categorical data were 
presented as counts and proportions and were compared 
using Pearson χ2.A p-value ≤ 0.05 was considered as sta-
tistically significant.

Results

A total of 259 patients with locally advanced and metastatic 
gastric/GEJ cancer were included in the study: 137 (53%) 
from LATAM and 122 (47%) from Europe (Table 1).

In both regions, the most common histological subtype 
was intestinal/tubular adenocarcinoma (Lauren and WHO 
classification, respectively), comprising 43% and 40% of 
cases in LATAM and 53% and 51% of cases in Europe, 
respectively. Tumors from Europe were more commonly 
located in the proximal stomach (cardia/gastroesophageal 
junction), whereas those from LATAM were predominantly 
found in the middle region (body/fundus). High-grade 
tumors were significantly more prevalent in LATAM (51%) 
compared to Europe (23%). Additionally, LATAM tumors 
exhibited a higher mean percentage of the signet ring cell 
(SRC) component. In LATAM, 52 cases (38%) showed 
at least 1% SRC, with a mean SRC percentage of 39.7% 
among cases with any SRC component. In contrast, 33 cases 

(27%) from Europe displayed at least 1% SRC, with a mean 
percentage of 30.2% among cases with SRC components 
(Table 1, additional data not shown).

The European cohort exhibited a higher frequency of 
HER2 positivity compared to the LATAM cohort (11% vs. 
4%, p = 0.048). Mismatch repair (MMR) deficiency was 
slightly more common in cases from Europe (15% vs. 10%), 
as was EBV expression (7% vs. 3%). However, these differ-
ences were not statistically significant (Table 1).

Of all cases, 35% (n = 89) exhibited a p53 aberrant pattern 
of immunohistochemical expression, with a significantly 
higher frequency in the European cohort (46% vs 26%, 
p = 0.001; Table 1). Out of 165 cases suitable for both TP53 
mutational analysis and p53 immunohistochemical evalu-
ation, 75 (45%) were confirmed to harbor a mutation. Of 
these, 45 (60%) were non-truncating mutations, while 30 
(40%) were truncating mutations. (Table 2). The classifica-
tion based on the dichotomous immunohistochemical pattern 
(aberrant vs normal pattern) was associated with the TP53 
mutational status (p < 0.001). Using this approach, 67% 
(n = 50) of TP53 mutated cases and 87% (n = 78) of the TP53 
wild-type cases were accurately classified by immunohisto-
chemistry (Table 2). The sensitivity of the IHC classification 
for detecting TP53 truncating and non-truncating mutations 
was consistent, with both types showing a detection rate of 
67%. However, among cases with aberrant p53 expression, 
the staining pattern was significantly associated with the 
mutation type (p < 0.001). All cases with non-truncating 
mutations exhibited pronounced p53 overexpression, with 
H-scores ranging from 280 to 300. In contrast, 18 (90%) 
of the 20 cases with truncating mutations demonstrated 
a complete loss of p53 protein expression, reflected in an 
H-score of 0. Although, the p53 IHC aberrant pattern was 
more frequently encountered in tumors from Europe, there 
were no significant differences regarding the TP53 muta-
tional status or type (truncating vs non-truncating) between 
the two regions. Nevertheless, both TP53 mutations and p53 
overexpression were significantly associated with the intes-
tinal histological type (65% and 64%, respectively), higher 
proliferative activity and lower SRC content (Fig. 1A–K, 
Supplementary Tables 1 and 2). No specific relationship 
between TP53 mutational status or p53 IHC expression and 
CD3, CD8 or PD-L1 was observed (data not shown). Fig-
ure 1A–I displays immunohistochemical patterns of p53 and 
Ki-67 expression in three cases.

GC cases from Europe showed higher frequency of 
PD-L1 expression, regardless of the CPS cut-off point 
(p < 0.001 for CPS ≥ 1, ≥ 5, and ≥ 10) (Table 1). The Euro-
pean cases were also enriched in FoxP3-positive tumor-
infiltrating lymphocytes (< 0.001). Across the entire series, 
PD-L1 CPS was significantly correlated with the content of 
CD3-positive (p < 0.001 for CPS ≥ 5, and ≥ 10), CD8-posi-
tive (p < 0.001 for CPS ≥ 5, and ≥ 10) and FOXP3-positive 
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Table 1   Clinicopathological 
variables in European vs Latin 
American (LATAM) countries

Total, n = 259 LATAM, n = 137 (53%) Europe, n = 122 (47%) p value

Laurén Classification
 Intestinal 124 (48%) 59 (43%) 65 (53%) 0.387
 Diffuse 77 (30%) 43 (32%) 34 (28%)
 Mixed 24 (9%) 14 (10%) 10 (8%)
 Unclassifiable 34 (13%) 21 (15%) 13 (11%)

WHO classification
 Tubular 115 (44%) 54 (40%) 61 (51%) 0.357
 Papillary 6 (2%) 5 (3%) 1 (1%)
 Poorly cohesive 77 (30%) 43 (31%) 34 (28%)

Mucinous 12 (5%) 9 (7%) 3 (2%)
 Mixed 22 (9%) 12 (9%) 10 (8%)
 Hepatoid 1 (1%) 0 (0%) 1 (1%)
 Lymphoid stroma-rich 7 (3%) 4 (3%) 3 (2%)
 Undifferentiated 18 (7%) 10 (7%) 8 (7%)

Tumor gradea

 Low grade 82 (62%) 34 (49%) 48 (77%) 0.001
 High grade 50 (38%) 36 (51%) 14 (23%)

Tumor location
 Lower 61 (38%) 23 (24%) 38 (34%) 0.015
 Middle 80 (59%) 47 (49%) 33 (29%)

Upper 67 (39%) 26 (27%) 41 (37%)
Signet ring cell content
 Mean (mean SD) 11.9 (26.1) 15.1 (29.43) 8.3 (21.45) 0.055
 Median (min–Max) 0 (5–100) 0 (10–100) 0 (5–100)

MMR proteins
 MMRp 226 (88%) 123 (90%) 103 (85%) 0.191
 MMRd 31 (12%) 13 (10%) 18 (15%)

EBV infection
 Negative 245 (95%) 127 (93%) 118 (97%) 0.221
 Positive 13 (5%) 9 (7%) 4 (3%)

HER2
 Negative 236 (93%) 130 (96%) 106 (89%) 0.048
 Positive 19 (7%) 6 (4%) 13 (11%)

P53 IHC pattern 0.001
 Normal pattern 164 (65%) 99 (74%) 65 (54%)
 Aberrant pattern 89 (35%) 34 (26%) 55 (46%)

TP53 genomic status b 0.235
 Wild-type 92 (55%) 41 (60%) 51 (51%)
 Mutated 76 (45%) 27 (40%) 49 (49%)

Molecular type
 MSI 31 (12%) 18 (10%) 13 (15%)  < 0.001
 EBV 13 (5%) 9 (7%) 4 (3%)
 GS 129 (51%) 83 (62%) 46 (40%)
 CIN 80 (32%) 28 (21%) 52 (43%)

PD-L1 CPS
  < 1% 47 (20%) 40 (31%) 7 (6%)  < 0.001
  >  = 1% 191 (80%) 88 (69%) 103 (94%)
  < 5% 89 (37%) 66 (52%) 23 (21%)  < 0.001
  >  = 5% 149 (63%) 62 (48%) 87 (79%)
  < 10% 118 (50%) 77 (60%) 41 (37%)  < 0.001
  >  = 10% 120 (50.%) 51 (40%) 69 (63%)
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cells (p < 0.001 for CPS ≥ 5 and p < 0.002 for CPS ≥ 10). 
These association correlates with the differences in FOXP3 
distribution observed between Europe and LATAM. How-
ever, no regional differences were detected in the distribu-
tion of CD3 or CD8-positive cells (Table 1). Additionally, 
in cases from Europe a significantly higher proliferative 
index was observed (mean Ki67: 75.8% vs 69.0%, p = 0.02) 
(Table 1).

Following the molecular classification by the immuno-
histochemical algorithm (Table 1, Fig. 1L, M) the most 
striking differences concerned that cases classified as CIN 
tumors were underrepresented in the LATAM cohort (21% 
in LATAM vs 43% in Europe) while the GS group was the 
most frequent genomic subtype in LATAM countries (62%). 

By categorizing cases into two molecular groups based on 
their immunogenicity (immune: MSI/EBV vs. non-immune: 
GS/CIN), cases classified within the immune subtype dem-
onstrated significant associations with distinct features, 
including lymphoid-rich stroma/solid morphological phe-
notype, higher frequency of PD-L1 expression, increased 
proliferative activity, reduced signet-ring cell (SRC) com-
ponent, and elevated levels of CD8-positive immune cells 
(Supplementary Table 3). When focusing only on the non-
immune subgroup, regional differences in PD-L1 expression 
between Europe and LATAM were still evident (p < 0.001 
for CPS ≥ 1, CPS ≥ 5 and ≥ 10).

The mean percentage of positive cells for MUC6 was 
significantly higher in cases from EU compared to those 

Values in bold indicate statistically significant differences (p < 0.05), while italicized values represent non-
significant trends
Staining interpretation in some cases was hindered by lack of tumor representation
a Applies to tubular and papillary carcinomas and not to other GC subtypes
b Evaluated in a subset of cases

Table 1   (continued) Total, n = 259 LATAM, n = 137 (53%) Europe, n = 122 (47%) p value

CD3
 Mean (mean SD) 1042.9 (938.3) 983.1 (906.4) 1111.4 (973.0) 0.293
 Median (min–Max) 795 (11–6025) 729 (11–5413) 842 (142–6025) 0.202

CD8
 Mean (mean SD) 733.5 (787.9) 687.8 (644.4) 784.9 (923.2) 0.340
 Median (min–Max) 503.5 (5–7069) 482 (32–2994) 527.5 (5–7069) 0.594

FoxP3
 Mean (mean SD) 92.5 (93.8) 63.6 (70.2) 124.5 (105.9)  < 0.001
 Median (Min–Max) 69 (0.4–564) 43 (0.4–288) 89 (7–564)  < 0.001

MUC6
 Mean (mean SD) 18.6 (29.4) 12.4 (25.2) 25.6 (32.1)  < 0.001
 Median (Min–Max) 0.6 (0–100) 0 (0–100) 10 (0–100)  < 0.001

Ki-67
 Mean (mean SD) 72.3 (23.8) 69.0 (25.6) 75.8 (21.3) 0.022
 Median (Min–Max) 80 (4–100) 77.0 (4–100) 83.5 (10–100) 0.043

Table 2   Correlation between 
TP53 mutational status and 
p53 immunohistochemical 
expression pattern

Values in bold indicate statistically significant differences (p < 0.05), while italicized values represent non-
significant trends

Total, n = 165 TP53 mutational status

WT, N = 90 (55%) Non-truncating 
mutation, n = 45 
(27%)

Truncating 
mutation, N = 30 
(18%)

p value

P53 H-score
 Mean (mean SD) 161.7 (105.7) 141 (82.4) 258.7 (74.2) 64.9 (82.4) 0.000
 Median (Min–Max) 160 (0–300) 137.5 (0–300) 290 (16–300) 137.5 (0–102)

P53 IHC pattern
 Aberrant pattern 62 (38%) 12 (13%) 30 (67%) 20 (67%) 0.000
 Normal pattern 103 (62%) 78 (87%) 15 (33%) 10 (33%)
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from LATAM (25.6% vs 12.4%, p < 0.001; Table 1). High 
MUC6 expression was observed in 26% (n = 67) of cases 
and demonstrated a significant association with PD-L1 
positivity across all CPS thresholds (p = 0.03, 0.05, and 
0.04 for CPS ≥ 1, ≥ 5, and ≥ 10, respectively) (Table 3, 
Fig. 2A–G). Approximately 48% of MMRd cases exhibited 
MUC6 overexpression, in contrast to only 23% of MMRp 
cases (p = 0.003) (Fig. 2H). When focusing only within the 
non-immune GS/CIN subtypes, this correlation between 
MUC6 and PD-L1 clinically relevant cut-off point was 
missed. However, we observed a slightly but statistically 
significant overexpression of PD-L1 in cases presenting 
MUC6 staining in at least 50% of tumor cells (Fig. 2I). 

Helicobacter pylori was successfully assessed in 163 
cases and was detected in more than 80% of GC cases from 
both regions (89% in LATAM and 85% in Europe). There 
were no statistically significant differences regarding H. 
pylori prevalence or abundance in tumors from LATAM 
and Europe (Supplementary Table 4). Furthermore, no 
significant relationships were observed between H. pylori 
infection and histological type, tumor location, expres-
sion of GC predictive biomarkers (HER2, MMRd or EBV 

Fig. 1   A–I Immunohistochemical patterns of p53 and Ki67 expres-
sion. A tubular low-grade adenocarcinoma (HE, 20X, A) shows 
strong p53 immunostaining in all tumor cells (aberrant pattern, 
H-score = 300) (p53, 20X, B) and high proliferative activity (Ki67, 
20X, C). An undifferentiated carcinoma (HE, 20X, D) exhibits a 
complete absence of p53 immunostaining in all tumor cells (aber-
rant pattern, H-score = 0) (p53, 20X, E) and high proliferative activity 
(Ki67, 20X, F). A poorly cohesive adenocarcinoma with signet ring 
cell morphology (HE, 20X, G) presents heterogeneous p53 expres-

sion in some tumor cells (normal pattern, H-score = 185) (p53, 20X, 
H) and proliferative activity below the median (Ki67, 20X, I). J–K: 
Distribution of cases according with TP53 mutational status (inner 
ring) and p53 immunohistochemical pattern (external ring) in Latin 
America (J) and Europe (K). L, M Correlation between histologi-
cal Lauren’s classification (inner ring), WHO classification (middle 
ring) and the molecular surrogate immunohistochemical classification 
(external ring) in Latin America (L) and Europe (M)

Table 3   Clinicopathological variables according to MUC6 immuno-
histochemical expression

Values in bold indicate statistically significant differences (p < 0.05), 
while italicized values represent non-significant trends

Total, n = 258 MUC6 immunohistochemical 
expression

Neg/Low, 
n = 191 
(74%)

High, n = 67 
(26%)

p-value

Region
 Europe 121 (47%) 74 (39%) 47 (70%)  < 0.001
 LATAM 137 (53%) 117 (61%) 20 (30%)

MMR status
 MMRp 225 (88%) 173 (92%) 52 (78%) 0.003
 MMRd 31 (12%) 16 (8%) 15 (22%)

PD-L1 CPS
  < 1% 47 (20%) 41 (23%) 6 (10%) 0.03
  >  = 1% 191 (80%) 137 (77%) 54 (90%)
  < 5% 89 (37%) 73 (41%) 16 (27%)  < 0.05
  >  = 5% 149 (63%) 105 (59%) 44 (73%)
  < 10% 118 (50%) 95 (53%) 23 (38%) 0.04
  >  = 10% 120 (50%) 83 (47%) 37 (62%)
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infection) or the number of CD3, CD8, PD-L1 or FoxP3 
positive cells (data not shown).

Discussion

Our study demonstrates that there are significant biologi-
cal differences in gastroesophageal cancer between Europe 
and LATAM. These differences are centered on cell-cycle 
and molecular drivers expressed by tumor cells (HER2, p53, 
and Ki67), phenotypic attributes (high differentiation grade, 
SRC content, and MUC6 expression), and microenvironment 
features (FOXP3 and PD-L1).

While the frequency of diffuse/poorly cohesive adeno-
carcinoma was very similar between the two cohorts, we 
observed a slight predominance of SRC content in tumors 
from LATAM. This high SRC content has been previously 
described in LATAM series in association with young age; 
however, studies on the prognostic effect of this finding 
remain contradictory [26, 27]. Additionally, a predominance 
of SRC carcinoma has been noted in the LATAM popula-
tion in a study conducted in the United States, suggesting a 
potential role of genetic factors in the development of these 
tumors [27]. The same authors performed a specific analysis 
of the Hispanic population in the SEER (National Cancer 
Institute’s Surveillance, Epidemiology, and End Results) 
database obtaining similar results.

Consensus recommendations and guidelines for GEJ can-
cer management from Europe and North America estimate 
HER2 overexpression between 10 and 20%, and 12% and 
23%, respectively [28, 29]. HER2 was amplified in 17% of 
cases in the TCGA (The Cancer Genome Atlas) Research 
Network’s molecular classification of GEJ cancer [30]. 
Remarkably, our findings reveal a significantly lower rate of 
HER2 positivity in LATAM (4%), underscoring a notable 
regional difference that could have profound implications for 
targeted therapies and patient outcomes. In Costa Rica and 
Mexico a similar low prevalence of HER2 overexpression 
was described [26, 31, 32], whereas in Chile the prevalence 
was found to be higher [33, 34]. One possible explanation 
for the difference in HER2 frequency observed in both set-
tings may be the deviation in the distribution of molecular 

subtypes in LATAM compared to the TCGA classification 
report with significant enrichment in GS cases and a rela-
tively low frequency of CIN cases in LATAM. TP53 muta-
tions are enriched in the chromosomal instability (CIN) 
molecular subtype, which concentrates most HER2-amplified 
cases (71% of CIN cases were TP53 mutated, according to 
TCGA) [30]. Additionally, the molecular classification from 
the Asian Cancer Research Group (ACRG) indicates that 
copy number variations (CNVs) in various genes, including 
HER2, are frequently encountered in the MSS/TP53 inactive 
group, where TP53 mutations are more prevalent [34]. In 
our series, TP53 mutations were significantly correlated with 
other features characteristic of the CIN subtype (intestinal 
histology, HER2 amplification) and the frequency of TP53 
mutations in Latin America was slightly lower (40%) com-
pared to Europe (49%). The previously discussed enrichment 
of SRC in Latin countries may also be a consequence of the 
overrepresentation of the GS molecular subtype in this popu-
lation. Additionally, we observed a significant increase in 
SRC levels in TP53 wild-type cases and in those displaying 
a p53 normal immunohistochemical pattern, as previously 
noted in a Chilean cohort [33].

Notably, the immunohistochemical analysis of p53 
revealed an aberrant pattern of expression in nearly half 
(46%) of the European cases, a prominent feature compared 
to LATAM cases (26%). This dichotomous classification of 
p53 immunohistochemical expression showed good speci-
ficity for predicting the TP53 mutational status (87%), as 
most TP53 wild-type cases were accurately classified as hav-
ing a normal pattern of protein expression. However, the 
sensitivity of this approach was modest (65%), with TP53 
mutational status being adequately predicted in only two-
thirds of the cases classified as having a p53 aberrant pattern 
by immunohistochemistry. One limitation of this method 
is the intratumoral heterogeneity of the protein, which has 
been demonstrated in gastric and GEJ adenocarcinoma 
and may explain the decreased sensitivity when applied to 
small biopsies [36]. Despite this limitation, in our series, p53 
immunohistochemical aberrant expression was associated 
with characteristics typical of CIN tumors (intestinal his-
tology and HER2 overexpression), supporting the utility of 
p53 immunohistochemistry in identifying this more aggres-
sive subtype [36, 37]. Furthermore, the proliferative Ki-67 
index, another differential characteristic between European 
and LATAM tumors, was consistently associated with both 
the presence of TP53 mutations and p53 aberrant pattern of 
protein expression, aligning with our hypothesis.

An interesting finding in our study is the differential 
expression profile of MUC6 between Europe and LATAM. 
MUC6 is a gel-forming mucin constitutively expressed in 
the stomach, pancreas, duodenum, and female reproduc-
tive tract [38]. In gastric mucosa, MUC6 has been identi-
fied as an oncogenic driver, mutated in around 20% of 

Fig. 2   A–D A high-grade tubular adenocarcinoma (HE, 10X, A) 
shows loss of MLH1 and PMS2 nuclear expression in all tumor cells 
(MLH1, 20X, B). There is intense immunostaining of MUC6 in most 
neoplastic cells (MUC6, 20X, C) and diffuse expression of PD-L1 in 
the inflammatory component with a CPS score of 75 (PD-L1, 20X, 
D). E–G Correlation between the percentage of tumor cells express-
ing MUC6 and PD-L1 CPS categories: CPS ≥ 1 (E), CPS ≥ 5 (F), and 
CPS ≥ 10 (G). H Variation in MUC6 expression in tumor cells based 
on MMRp status. I Differences in PD-L1 CPS scores stratified by 
MUC6 expression levels (high: > 50% of tumor cells; low: ≤ 50% of 
tumor cells)

◂
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all cases [35, 39], and its downregulation associated with 
tumor progression [40]. Notably, we found a significant 
positive relationship between PD-L1 and MUC6 expres-
sion, irrespective of the CPS cut-off point. It has been sug-
gested that mucins may play a role in immune regulation 
in solid tumors through various mechanisms, including 
direct interaction with dendritic cells, macrophages, and 
natural killer cells; interaction with Toll-like receptors; the 
generation of neoantigens; or their transcriptional regula-
tion by pro-inflammatory cytokines [41–43]. We identi-
fied a significant association between MUC6 expression 
and MMRd, a relationship previously reported in colo-
rectal carcinoma [44]. In our series, the strong correla-
tion between PD-L1 and MUC6 was primarily driven by 
the immune-active MSI group. However, within the non-
immune GS/CIN subtypes, a subtle correlation between 
these markers persisted, highlighting a potentially nuanced 
interplay that warrants further investigation. This is espe-
cially important in the era of immunotherapy for gastric 
cancer, where significant scientific effort is focused on 
understanding the mechanisms regulating the immune 
response and refining biomarkers for patient selection. 
Additionally, PD-L1 expression was significantly higher 
in Europe, and a low prevalence of PD-L1 expression was 
previously observed in an exploratory analysis conducted 
in Chile [34].

Our analysis identified significant distinctions between 
immune-related tumors (EBV/MSI) and non-immune tumors 
(GS/CIN) across multiple dimensions, including morphol-
ogy, PD-L1 expression, proliferative activity, SRC com-
ponent, and the presence of CD8-positive immune cells. 
These differences may hold functional relevance. Neverthe-
less, despite these findings, the distribution of immune and 
non-immune subtypes was comparable between LATAM 
and European cohorts. This similarity suggests that other 
intrinsic factors may be responsible for the observed regional 
differences.

Finally, our differential analysis of H. pylori prevalence 
and abundance revealed no differences between LATAM and 
Europe. Therefore, at least in our study, none of the observed 
regional differences can be attributed to H. pylori infection.

We conducted a detailed morphological and protein 
expression analysis using IHC and ISH to explore intrinsic 
differences between Latin American and European gastric 
cancer (GC) cohorts. To achieve this, we utilized a molecu-
lar surrogate classification based on morphology and IHC, a 
method that has demonstrated both clinical value and feasi-
bility [20]. However, it is important to recognize the limita-
tions of this approach. The surrogate classification may not 
fully align with the more intricate TCGA molecular classifi-
cation, which integrates multi-omics data for a comprehen-
sive analysis. This highlights the need for further studies to 
refine and validate surrogate methods in diverse populations.

Another limitation of our study is that all analyses were 
conducted on endoscopically obtained biopsies, which 
reflect only the superficial portion of the tumor. This limi-
tation is particularly relevant in GEJ cancer, where tumor 
heterogeneity is a prominent characteristic. Additionally, 
our study lacks data on Claudin-18.2 and FGFR2b expres-
sion—key targets in emerging antibody–drug therapies—
further constraining its scope. Finally, it is important to 
consider that for PD-L1 analysis we have utilized the 22C3 
antibody–based LDT on the Ventana BenchMark platform. 
While this may be considered a limitation, published har-
monization studies have shown comparable results when 
compared with the regulatory-approved, PD-L1 IHC 22C3 
pharmDx test, supporting the validity of our approach 
[45].

In summary, the LEGACy study underscored significant 
biological distinctions between European and LATAM 
patients with gastric and GEJ cancer:

1.	 Distribution of molecular subtypes: our results sug-
gest a deviation from TCGA results, notably showing a 
decreased proportion of CIN and HER2-positive cases, 
and an overrepresentation of GS tumors, in LATAM. 
The increased SRC content observed in LATAM cases 
may align with this trend.

2.	 TP53 mutations: While the immunohistochemical 
approach for predicting TP53 mutations has limitations, 
we did find a significant correlation between p53 aber-
rant expression and other CIN features: intestinal histol-
ogy and HER2 overexpression.

3.	 Correlation between MUC6 and PD-L1: Both MUC6 
and PD-L1 overexpression was seen more frequently 
in European cases. Across both cohorts, MMRd cases 
showed high expression levels of MUC6 and PD-L1. 
MMRp cases displayed a weaker but still significant 
association between these two markers. This lends sup-
port the hypothesis of MUC6 acting as an immune regu-
lator, which suggests avenues for further investigation.

4.	 H. pylori infection relevance: differences in H. pylori 
distribution or abundance were not observed in the com-
parison between European and LATAM cases; hence the 
observed differential features cannot be attributed to this 
infection.

Altogether, the findings of this study underscore a need 
for region-specific approaches in gastric and GEJ cancer 
treatment. In LATAM, where tumors exhibit lower HER2 
and PD-L1 expression, current treatment strategies may be 
less effective. Further research tailored to the unique bio-
logical profiles in different regions is crucial for address-
ing these disparities effectively.
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