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ABSTRACT

Background. Gastroesophageal cancers are often grouped
together even though cancers that originate in the esophagus
often exhibit different histological features, geographical distribu-
tion, risk factors, and clinical characteristics than those originat-
ing in the stomach. Herein, we aimed to compare the molecular
characteristics of three different gastroesophageal cancer types:
esophageal squamous cell carcinoma (ESCC), esophageal adeno-
carcinoma (EAC), and gastric adenocarcinoma (GAC).
Subjects, Materials, and Methods. In total, 3,342 gastroesoph-
ageal cancers were examined. Next-generation sequencing was
performed on genomic DNA isolated from formalin-fixed paraf-
fin-embedded tumor samples using the NextSeq platform.
Tumor mutational burden was measured by counting all nonsy-
nonymous missense mutations, and microsatellite instability
was examined at over 7,000 target microsatellite loci. Immuno-
histochemistry and in situ hybridization techniques were also
performed.
Results. When compared with EAC and GAC, ESCC showed sig-
nificantly lower mutational rates within APC, ARID1A, CDH1,

KRAS, PTEN, and SMAD4, whereas more frequent mutations

were observed in BAP1, CDKN2A, FOXO3, KMT2D, MSH6,

NOTCH1, RB1, and SETD2. Human epidermal growth receptor 2
(HER2) overexpression was observed in 13% of EAC compared
with 6% of GAC and 1% of ESCC (p < .0001). Compared with
EAC and GAC, ESCC exhibited higher expression of programmed
death-ligand 1 (PD-L1) (27.7% vs. 7.5% vs. 7.7%, p < .0001).We
observed that FGF3, FGF4, FGF19, CCND1 (co-localized on
11q13), and FGFR1 were significantly more amplified in ESCC
compared with EAC and GAC (p < .0001).
Conclusion. Molecular comparisons between ESCC, EAC, and
GAC revealed distinct differences between squamous cell car-
cinomas and adenocarcinomas in each platform tested. Differ-
ent prevalence of HER2/neu overexpression and amplification,
and immune-related biomarkers between ESCC, EAC, and GAC,
suggests different sensitivity to HER2-targeted therapy and
immune checkpoint inhibition. These findings bring into ques-
tion the validity of grouping patients with EAC and ESCC
together in clinical trials and provide insight into molecular
features that may represent novel therapeutic targets. The
Oncologist 2018;23:1–9

Implications for Practice: This study highlights the genomic heterogeneity of gastroesophageal cancers, showing striking molecular
differences between tumors originating from different locations. Moreover, this study showed that esophageal squamous cell
carcinomas exhibit a unique molecular profile, whereas gastric adenocarcinomas and esophageal adenocarcinomas have some
similarities, supporting the fact that adenocarcinomas and squamous cell carcinomas are completely different diseases, irrespective
of the tumor location. This raises the question of whether treatment of gastroesophageal tumors should be determined according
to histological subtype and molecular targets rather than anatomical site. These findings provide insights that could enable
physicians to better select patients and inform therapeutic choices in order to improve clinical outcome.
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INTRODUCTION

In 2017 in the U.S., there are expected to be about 28,000 and
16,940 individuals newly diagnosed with gastric and esophageal
cancer, respectively, along with 10,960 and 15,690 deaths from
these diseases [1]. Gastroesophageal cancers are often grouped
together, although cancers that originate from the esophagus and
stomach exhibit different histological features, geographical distri-
bution, risk factors, molecular profiles, and clinical characteristics.

Esophageal cancers comprise two main histological types:
squamous cell carcinoma (ESCC) and adenocarcinomas (EAC).
The former is more prevalent in the upper and mid-esophagus,
whereas the latter predominates in the lower esophagus. The
incidence of ESCC has been decreasing in the U.S. over the last
few decades, in part due to reductions of well-established,
behavioral risk factors such as tobacco and alcohol consump-
tion. However, an increase in the incidence of EAC has been
observed, most likely due to the increasing rates in Western
countries of obesity and gastroesophageal reflux disease
(GERD), the main cause of Barrett’s esophagus, which is consid-
ered the precancerous lesion of EAC [2].

The majority of gastric cancers are adenocarcinomas (GAC).
GAC can be further divided into intestinal and diffuse types
according to Lauren’s classification [3]. These subtypes have dis-
tinct characteristics in terms of cells morphology, pathogenesis,
and molecular and epidemiological features [4]. Gastric cancer
incidence rates have declined in most parts of the world,
although tumors in the cardia have displayed the opposite trend,
mostly due to the increasing rates of obesity and GERD, which
are the main risk factors associated with this type of cancer [5].

An unresolved issue is an appropriate demarcation between
gastric and esophageal adenocarcinomas; thus, tumors arising in
this anatomic area are currently grouped together and termed
gastroesophageal junction (GEJ) cancers. In fact, in the revised
American Joint Committee on Cancer staging system, cancers
involving GEJ that have their epicenter within the proximal 2 cm
of the cardia (Siewert types I/II) are classified as esophageal can-
cers, whereas cancers with an epicenter more than 2 cm distal
from the GEJ are staged using the stomach cancer TNM and
stage groups [6]. However, this anatomical approach to classifica-
tion does not take genomic differences in tumor types into
account, and, therefore, it remains controversial.

In order to better classify gastric and esophageal cancers,
The Cancer Genome Atlas (TCGA) consortium extensively char-
acterized the genetic landscape of these diseases [7, 8]. Gastric
cancers were subdivided into four groups according to the pres-
ence or absence of Epstein-Barr virus (EBV) infection, and three
genetic determinants: microsatellite instability (MSI), genome
stability, and chromosomal instability, which may serve as a
guide for novel targeted therapy [7]. In addition, it has been
shown that the histological subtypes of EAC and ESCC are dis-
tinct in their molecular characteristics across all platforms
tested [8]. Comprehensive molecular studies in the research
setting, using multiple test platforms by TCGA, have suggested
that molecular alterations in tumors of the upper gastrointesti-
nal tract lead to significant heterogeneity that is not reflected
by histologic features. For instance, ESCC shares molecular simi-
larities with head and neck squamous cell cancer (HNSCC),
whereas EAC exhibits features of the chromosomal instability
subtype of gastric cancer that is prevalent in tumors arising in

the GEJ/cardia [8]. These findings raise the issue of whether it
is still advisable to combine EAC and ESCC in clinical trials.

In an attempt to improve the precision of targeted and conven-
tional therapy, we have assessed the molecular profiles of these
tumors, aiming to compare the molecular characteristics of EAC,
ESCC, and GAC. We explored potentially targetable biomarkers in
each of these cancer groups, using a commercially available test
platform, which could be translated into different treatment strat-
egies. In addition, we aimed to compare molecular differences
between intestinal and diffuse gastric cancer, with the goal of pro-
viding insights into molecular features that may represent an
opportunity for the development of novel therapeutic agents.

SUBJECTS, MATERIALS, AND METHODS

Patients
Patients with gastroesophageal tumors profiled by Caris Life
Sciences between 2009 and September 2017 were deidenti-
fied, and their specimens were retrospectively analyzed for
molecular alterations. Tumor histology and diagnoses were taken
from submitted pathology reports and confirmed by board-
certified pathologists.

Next-Generation Sequencing
Next-generation sequencing (NGS) was performed on genomic
DNA isolated from formalin-fixed paraffin-embedded (FFPE)
tumor samples using NextSeq platform (Illumina, Inc., San
Diego, CA). We did not have available matched normal tissue
for sequencing. A custom-designed SureSelect XT assay was
used to enrich 592 whole-gene targets (Agilent Technologies,
Santa Clara, CA). All variants were detected with >99% confi-
dence based on allele frequency and amplicon coverage with
an average sequencing depth of coverage of>500 and with an
analytic sensitivity of 5%. Tumor enrichment was achieved by
harvesting targeted tissue by manual microdissection per-
formed on all cases prior to molecular testing.

Tumor Mutational Burden and Microsatellite
Instability by NGS
Tumor mutational burden (TMB) was measured (592 genes
and 1.4 megabases sequenced per tumor) by counting all non-
synonymous missense mutations found per tumor that had not
been previously described as germline alterations. The threshold
to define TMB-high was greater than or equal to 17 mutations/
megabase and was established by comparing TMB with MSI by
Fragment analysis (FA) in colorectal cancer (CRC) cases, based on
reports of TMB having high concordance with MSI in CRC. MSI
was examined at over 7,000 target microsatellite loci and com-
pared with the reference genome hg19 from the University of
California, Santa Cruz Genome Browser database. Copy number
variation (CNV) was tested by NGS and was determined by com-
paring the depth of sequencing of genomic loci to a diploid con-
trol as well as the known performance of these genomic loci.
Calculated gains�6 copies were considered amplified.

Immunohistochemistry Analysis
Immunohistochemistry (IHC) was performed on full FFPE sec-
tions of glass slides. Slides were stained using automated stain-
ing techniques, per the manufacturer’s instructions, and were
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optimized and validated per Clinical Laboratory Improvement
Amendments/CAO and International Organization for Standari-
zation (ISO) requirements. Staining was scored for intensity
(05 no staining; 11 5weak staining; 21 5moderate staining;
31 5 strong staining) and staining percentage (0%–100%).
Results were categorized as positive or negative by defined
thresholds specific to each marker based on published clinical
literature that associates biomarker status with patient
responses to therapeutic agents. A board-certified pathologist
evaluated all IHC results independently. The primary antibodies
used were ERCC1 (8F1), RRM1 (polyclonal), human epidermal
growth receptor 2 (HER2; 4B5), epidermal growth factor recep-
tor (EGFR; 31G7), PTEN (6H2.1), TLE3 (polyclonal), TOPO1
(1D6), TUBB3 (polyclonal), and P-glycoprotein (PGP; C494).
Chromogenic in situ hybridization (CISH) was used for HER2/
neu amplification (INFORMHER2 Dual ISH DNA Probe Cocktail),
and amplification was defined as HER2/chr17 ratio �2.0. The
primary antibody for programmed death-ligand 1 (PD-L1) was
SP142, and the staining was regarded as positive if its intensity
on the membrane of the tumor cells was �21 and the per-
centage of positively stained cells was>5%.

RESULTS

Patient Characteristics
A total of 3,342 tumors were investigated: 1,391 esophageal
tumors and 1,951 gastric tumors. The tumors originating in

the esophagus were further classified based on histological
subtype: 215 tumors were classified as ESCC and 1,176 tumors
as EAC (Fig. 1). All gastric/GEJ tumors were GACs.

All three cohorts of tumors were more common in males
than females, with a significantly higher prevalence in males of
esophageal tumors (p< .0001) compared with gastric adeno-
carcinomas (Table 1).

Mutational Profile and Copy Number Variations via
Next-Generation Sequencing
NGS was performed on 157 ESCC, 599 EAC, and 1,093 GAC
tumors. As shown in Figure 2A and in Table 2, ESCC exhibits a
different molecular profile compared with EAC and GAC.
Indeed, ESCC showed lower mutational rates in ARID1A, KRAS,
APC, PTEN, SMAD4, and CDH1, whereas more frequent muta-
tions were observed in KMT2D, SETD2, NOTCH1, RB1, CDKN2A,
BAP1, FOXO3, and MSH6 compared with EAC and GAC. On the
other hand, when we compared EAC and GAC, only a few genes
showed different mutational rates (BAP1, CDH1, CDKN2A,
MSH6, RNF43, and SMAD4).

We further analyzed the CNV differences between these
three cohorts (Fig. 2B).We observed that FGF3, FGF4, FGF19,
and CCND1 co-localized on 11q13 and were significantly
more amplified in ESCC compared with EAC and GAC (respec-
tively: FGF3, 33.9% vs. 4.8% vs. 2.1%, p< .0001; FGF4, 32.3
vs. 4.4% vs. 2.1%, p< .0001; FGF19, 33.3% vs. 4.5% vs. 2.2%,
p< .0001; CCND1, 37.1% vs. 5.2% vs. 2.8%, p< .0001). ESCC
also showed more amplified FGFR1 (6.5% vs. 0.0% vs. 0.0%,

Figure 1. Consolidated Standards of Reporting Trials diagram.

Table 1. Patient characteristics

Characteristics
Gastric/GEJ
adenocarcinomas

Esophageal
adenocarcinomas

Esophageal squamous
cell carcinomas p value

Primary/Mets, n (%)

Primary 1,190 (61) 678 (58) 150 (70)

Mets 656 (34) 451 (38) 65 (30)

Unclear 105 (5) 47 (4) 0

Age, years 60.6 62.4 64.1 <.0001

Gender, n (%)

Female 756 (39) 66 (31) 157 (13) <.0001

TOT NextGen sequenced 1,093 599 157

Abbreviations: GEJ, gastroesophageal junction; Mets, metastatic site; TOT, total.
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p< .0001) and PIK3CA (5.0% vs. 0.8% vs. 0.0%, p 5 .002 and
p< .0001) than EAC and GAC, respectively. Finally, EAC
showed more amplified CCNE1 compared with GAC and
ESCC (9.2% vs. 4.9% vs. 1.6%, p 5 .019 and p 5 .044,
respectively).

Comparisons of Immune-Related Biomarkers (MSI-H,
TMB, and PD-L1)
Figure 3 depicts the OncoPrint showing the prevalence of
immune-related biomarkers in the three different cohorts.
We have recently examined the molecular landscape of TMB,

Figure 2. Next-generation sequencing comparison between esophageal squamous carcinomas, esophageal adenocarcinomas, and gas-
tric/GEJ adenocarcinomas. (A): Mutational frequency. (B): Copy number variations analysis.
Abbreviations: *, significantly different mutation rate; GEJ, gastroesophageal junction.

Table 2. Molecular differences between ESCC, EAC, and GAC via next-generation sequencing

Gene ESCC, n (%) EAC, n (%) GAC, n (%)

p value

ESCC vs. EAC ESCC vs. GAC EAC vs. GAC

APC 0 (0) 38 (6.4) 47 (4.3) .001 .008 NS

ARID1A 24 (8.1) 3 (22.9) 57 (22.0) .049 .049 NS

BAP1 2 (3.0) 0 (0) 4 (0.4) .005 NS .02

CDH1 0 (0) 0 (0) 42 (3.9) NS .01 <.001

CDKN2A 8 (14.3) 36 (14.5) 30 (5.4) NS .009 <.001

FOX03 2 (3.0) 1 (0.4) 11 (1.9) .047 NS NS

KMT2D 8 (11.9) 2 (0.8) 14 (2.6) <.001 <.001 NS

KRAS 1 (0.6) 45 (7.5) 84 (7.7) .001 .001 NS

MSH6 2 (3.2) 0 (0) 9 (1.6) .004 NS .041

NOTCH1 7 (4.5) 0 (0) 3 (0.3) <.001 <.001 NS

PI3KCA 14 (9.0) 22 (3.7) 64 (5.9) .006 NS NS

PTEN 6 (4.0) 7 (1.2) 25 (2.4) .023 NS NS

RB1 4 (2.6) 4 (0.7) 4 (0.4) .041 .001 NS

RNF43 0 (0) 1 (0.4) 22 (3.9) NS NS .005

SETD2 3 (4.7) 0 (0) 3 (0.5) <.001 .001 NS

SMAD4 1 (0.6) 35 (5.9) 36 (3.3) .006 NS .01

Abbreviations: EAC, esophageal adenocarcinomas; ESCC, esophageal squamous cell carcinomas; GAC, gastric adenocarcinomas; NS, not significant.
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MSI-high (MSI-H), and PD-L1 among gastrointestinal tumors.
We observed that GEJ exhibit an immune profile that is
different from gastric and esophageal adenocarcinomas [9];

therefore, in the current analysis, we compared GAC, GEJ, EAC,
and ESCC. MSI-H and TMB-high (TMB-H) are more prevalent in
GAC compared with ESCC and EAC. Specifically, MSI-H status

Figure 3. OncoPrint showing the landscape of immune checkpoint inhibitor-associated markers in the subtypes of gastroesophageal
cancers. Every column indicates a tumor: Red indicates MSI-NGS high, TMB high, or PD-L1 overexpression; gray indicates un-notable data.

Abbreviations: GEJ, gastroesophageal junction; IHC, immunohistochemistry; Mets, metastatic site; MSI, microsatellite instability; NGS,
next-generation sequencing; PD-L1, programmed death-ligand 1; TMB, tumor mutational burden; Unc, unclear.

Figure 4. HER2 amplification and overexpression in the three cancer types. (A): All tumors. (B): Primary tumors. (C): Metastatic tumors.
Abbreviations: *, significantly different mutation rate; CISH, chromogenic in situ hybridization; HER2, human epidermal growth receptor

2; IHC, immunohistochemistry.
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was shown in 7% of GAC, 4% in GEJ adenocarcinomas, 0.4% in
EAC, and 0% in ESCC. TMB-H was observed in 8% of GAC, 3% of
GEJ adenocarcinomas, 2% of EAC, and 3% of ESCC. On the
other hand, PD-L1 overexpression was more prevalent in ESCC
(41%) compared with GAC (9%) and EAC (2%). However, none
of these differences were significantly different. Overall,
immune-related biomarkers are more prevalent in primary
tumors than metastatic tumors. Specifically, MSI-H prevalence
was 5.7% in primary/local (31/541) and 2.4% (7/294) in meta-
static sites (p 5 .027).

Protein Expression and Gene Amplification
We further analyzed HER2 overexpression via IHC and amplifi-
cation via CISH. As shown in Figure 4, HER2 overexpression and
amplification are significantly higher in EAC than in GAC or
ESCC (the lowest). Specifically, HER2 overexpression was
observed in 13% of EAC compared with 6% of GAC and 1% of
ESCC (p< .0001), whereas HER2 amplification was seen in 23%
of EAC compared with 9% of GAC and 2% of ESCC (p< .0001;
Fig. 4A). Of note, when we excluded MSI-H tumors and tumors
with diffuse histology, these results remained significant (sup-
plemental online Tables 1, 2). Thus, we analyzed HER2 overex-
pression and amplification in primary and metastatic tumors.
Interestingly, we observed the same prevalence and differen-
ces, regardless of tumor location (Fig. 4B, 4C).

We then analyzed differences in protein expression
between the three cohorts (supplemental online Fig. 1).

Compared with EAC and GAC, ESCC displayed higher expression
of ERCC1 (ESCC vs. EAC vs. GAC: 64.5% vs. 37.0% vs. 32.5%;
p< .0001), EGFR (88.5% vs. 68.5% vs. 69.2%; p 5 .004), PD-L1
(27.7% vs. 7.5% vs. 7.7%, p< .0001), PTEN (68.7% vs. 52.0% vs.
52.2%; p 5 .0003), RRM1 (56.0% vs. 37.9% vs. 32.9%; p 5 .002
and p< .0001, respectively), TLE3 (69.8% vs. 33.9% vs. 31.1%;
p< .0001), and TOPO1 (76.1% vs. 67.0% vs. 62.7%; p 5 .015
and p 5 .0003, respectively). On the other hand, PGP showed
lower expression in ESCC compared with EAC and GAC (9.3%
vs. 50.9% vs. 46.9%; p< .0001).

Comparison Between Intestinal and Diffuse Gastric
Cancers
Among our gastric cohort, 296 gastric adenocarcinomas with
annotated histology (diffuse subtype, n 5 181; intestinal sub-
type, n 5 115) were analyzed. Patients with diffuse type can-
cers were younger than those with intestinal subtype cancers
(mean age, 58 vs. 67.5 years, p< .0001). The majority of
patients with a diffuse subtype were female compared with
those with an intestinal subtype (51% vs. 35%, p 5 .0051; sup-
plemental online Table 3). The most frequently mutated genes
in intestinal subtype cancers were ARID1A (70%), TP53 (57%),
ATRX (20%), and NF1 (15%), whereas the most frequent muta-
tions in diffuse cancers were TP53 (45%), ARID1A (30%), CDH1

(12%), BAP1 (7%), and RNF43 (5%). The intestinal subtype had
a significantly higher mutation rate than the diffuse subtype in
ARID1A (70.0% vs. 30.0%, p 5 .025), ATRX (20.0% vs. 0.0%,

Figure 5. Next-generation sequencing reveals significant difference between mutational landscapes of diffuse (DS) and intestinal (IS) subtypes.
(A): Gene mutations seen more frequently in DS than in IS. (B): Gene mutations seen more frequently in IS than in DS. For A and B: Y axis indi-
cates the mutation frequency (%); data are from both TruSEQ and NextSEQ; significant differences are indicated by an asterisk with the p value
calculated by chi-square test. (C): Mutation pattern seen in DS and IS tumors tested with NextSEQ panel. Blue and red indicate the pathogenic
and presumed pathogenic mutations; gray indicates wild type or nonpathogenic variants, whereas blank indicates unavailable data points.
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p 5 .028), NF1 (15.0% vs. 0.0%; p 5 .005), APC (13% vs. 2%,
p 5 .007), CDKN2A (13.0% vs. 0.0%, p 5 .008), and KRAS

(11.0% vs. 2.0%, p 5 .017), whereas the diffuse subtype had a
higher rate of CDH1 (12.0% vs. 0.0%, p 5 .0049; Fig. 5). There
was no significant difference in PD-L1 tumor expression (dif-
fuse, 3%; intestinal, 9%). Accordingly, MSI-H and TMB-high was
seen in 5% and 4% of diffuse cancers and 13% and 8% of intes-
tinal tumors, respectively, although no significant differences
were observed (supplemental online Fig. 2). Finally, when com-
pared with diffuse subtype, intestinal subtype exhibited greater
HER2 amplification (29% vs. 3%, p< .0001; supplemental
online Fig. 3). Of note, the lack of EBV evaluation may have
impacted the results.

DISCUSSION

In the era of precision medicine, optimizing therapeutics and
drug combinations for a small subset of patients based on their
tumor molecular characteristics is of potential importance in
order to improve outcomes and minimize exposure to unneces-
sary toxicities. For this reason, several studies [7, 8, 10] have
attempted to characterize the molecular profile of these
extremely heterogeneous diseases, although none of these have
been incorporated into clinical practice to guide treatment
choice. In fact, to date, the only available biomarkers to guide
therapeutic decisions include HER2 amplification for trastuzu-
mab [11], MSI-H, or mismatch repair deficient (dMMR), and PD-
L1 expression (>1%) for pembrolizumab [12]. Ramucirumab
[13], an anti-vascular endothelial growth factor antibody, and
nivolumab (approved in Asia) [14] do not require biomarker
selection. Moreover, all these targeted agents are available only
for GAC and GEJ metastatic adenocarcinomas; thus, ESCC
patients are not eligible for these treatments, underlining the
urgent need for more therapeutic options for these patients.

Our study highlights the genomic heterogeneity of gastro-
esophageal cancers, showing differences between tumors origi-
nating from different locations in all the platforms tested.
These data suggest the presence of lineage-specific alterations
that drive progression in EAC, ESCC, and GAC. Moreover, we
showed that ESCC exhibit a unique molecular profile, whereas
GAC and EAC harbor some similarities, supporting the fact that
adenocarcinomas and squamous cell carcinoma are completely
different diseases, irrespective of the tumor location.

In the esophageal tumor cohort investigated in this study,
distinct proteomic and genomic differences were seen between
patients with ESCC and EAC.

ESCC exhibited a unique molecular profile compared with
the other cohorts analyzed. For instance, genes on the MAPK
pathway (KRAS, ERBB2, GNAS, NF1) and WNT pathway activa-
tion (APC, RNF43) are less frequently mutated in ESCC com-
pared with the other cohorts, whereas mutations in chromatin
modifier genes (KMT2D, SETD2), PI3K pathway (PIK3CA, PTEN),
NOTCH1, and RB1 are more frequent (Fig. 2A; Table 2). Our
findings are consistent with previous reports [15–17] and shed
light on molecular alterations that may contribute to ESCC
tumorigenesis, and they might represent the basis for the
development of novel drugs. These differences suggest that
ESCC and EAC should not be considered as one disease and
that they should not be grouped together in clinical trials.

Herein, we observed that 6% of ESCC had amplification of
FGFR1, as presented in prior studies [18, 19] (Fig. 2B). Given
the established roles of aberrant FGFR signaling in oncogenesis,
FGFR-targeted agents may be used to dwarf tumor growth, tar-
get angiogenesis, and reverse acquired resistance to anticancer
agents [20]. Furthermore, in our study, ESCC exhibited a signifi-
cantly higher amplification of CCND1 in comparison with its
adenocarcinoma counterparts (Fig. 2B). CCND1 encodes for the
cyclin D1 protein involved in G1/S cell cycle transition and may
be a potential biomarker of sensitivity to cyclin-dependent
kinase (CDK) inhibitors (e.g., palbociclib) [21]. Although mono-
therapy with CDK inhibitors has shown only modest activity in
gastroesophageal cancers in a small phase II trial [22], the com-
bination with other therapeutic strategies may be of potential
benefit and should be tested in future clinical studies [23].
Interestingly, protein expression of PGP is more than fivefold
higher in adenocarcinomas than in squamous cell tumors, sug-
gesting that adenocarcinomas carry a significantly higher multi-
drug resistance phenotype [24]. Our findings support previous
reports in which PGP expression was associated with chemo
resistance and higher recurrence rate in gastric cancer [25].

Before pembrolizumab was approved for the treatment of
gastric and GEJ adenocarcinomas, using PD-L1 expression as a
predictive biomarker, the only validated predictive biomarker
available was the HER2/neu amplification for trastuzumab [11].
Herein, we showed that HER2 protein expression via IHC and
gene amplification via CISH is observed almost exclusively in
adenocarcinomas (Fig. 4). Despite different results reported previ-
ously [26], we show a near absence of HER2 expression/amplifi-
cation in ESCC. These results are in accordance with the TCGA
report of a 3% HER2 amplification in ESCC and 32% in EAC [8].
The lower positivity rate shown in our study reflects the differ-
ence in platforms used: The American Society of Clinical Oncol-
ogy/College of American Pathologists-required thresholds used
here (IHC: 31, 10% and CISH: HER2/CEP17 ratio of 2.0) provide a
more precise evaluation of patients who could benefit from treat-
ment. Additionally, we also observed that among adenocarcino-
mas, HER2-positive rate is higher in EAC than in GAC (p< .0001;
Fig. 4). Interestingly, the same pattern of HER2/neu overexpres-
sion and amplification was observed in both primary and meta-
static sites (Fig. 4B, 4C).

When we analyzed the landscape of immune-related bio-
markers (Fig. 3), higher expression of PD-L1 was observed in
ESCC (41%) compared with EAC (9%) and GAC (10%). Of note,
pembrolizumab has the indication only for PD–L1-positive
(combined positive score �1) gastric and GEJ adenocarcino-
mas. However, the efficacy of immune checkpoint inhibitors in
squamous cell tumors (e.g., HNSCC [27, 28], squamous non-
small cell lung cancer [29], and anal canal [30]) has been estab-
lished, and nivolumab showed promising activity with a man-
ageable safety profile for patients with treatment-refractory
advanced ESCC [31], suggesting that these patients may poten-
tially benefit from immune checkpoint inhibitor treatment.
MSI-H status is a positive predictive biomarker of benefit from
immunotherapy and should be tested in all gastrointestinal
cancers patients, as this group of patients, although very small,
may experience durable responses, as reported in several clini-
cal trials that have led to the U.S. Food and Drug Administration
approval of pembrolizumab for the treatment of patients with
unresectable or metastatic, MSI-H, or dMMR solid tumors.
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TMB-high has been associated with improved sensitivity to
immune checkpoint inhibitors [32, 33]; therefore, it may be a
useful biomarker, together with PD-L1 and MSI-H/dMMR sta-
tus, to better select those patients who will benefit from immu-
notherapy. It is noteworthy that it has recently been shown
that enhanced T cell response and prolonged survival are asso-
ciated with unique epitope “quality,” instead of the “quantity”
of mutation load [34], opening new horizons in this field. Addi-
tionally, several other biomarkers have been shown to be
potential predictive factors of response to immune checkpoint
inhibitors, such as EBV and human papillomavirus status:
Indeed, EBV-positive low-mutation-burden gastric cancers are a
subset of microsatellite-stable gastric cancers that may respond
to immune checkpoint therapy [35].

Finally, we analyzed the molecular differences between intes-
tinal and diffuse gastric cancers (Fig. 5). Patients with diffuse sub-
type tumors were significantly more likely to be female and
younger compared with those with an intestinal subtype, reflect-
ing the well-known distributions of Lauren’s classification [36]. A
different molecular profile observed with NGS analysis, as well as
a different protein expression with IHC analysis, indicate different
carcinogenic pathways and biology, which may be the underlying
cause of potential differences in response to therapy. Of interest,
intestinal subtype tumors exhibited a higher prevalence of
immune-related biomarkers, such as MSI-H, TMB-high, and PD-L1
overexpression, compared with the diffuse subtype, as well as a
greater HER2 amplification compared with the diffuse subtype,
highlighting a potential higher sensitivity to immune checkpoint
inhibitors and to anti-HER2 targeted therapy.

Gastroesophageal cancers are widely heterogeneous diseases,
not only between different histologies and tumor locations, as we
reported in this study, but also within the same patient, between
primary tumor andmetastatic lesions [37].This is the case even in
patients who have not received prior systemic therapy, suggesting
that high gastroesophageal cancer heterogeneity is likely a natural
feature of this malignancy, rather than a consequence of clonal
selection arising from therapeutic pressure [38].

We certainly acknowledge that our study has some limita-
tions, such as the retrospective nature of the analysis and the
lack of clinical and outcome data for these patients that did not
allow us to correlate biomarkers with outcomes. Furthermore,
the evaluation of PD-L1 in intestinal and diffuse tumors should
ideally be stratified according to MSI status; however, the num-
bers were too small to allow for such analysis.

CONCLUSION
Molecular comparisons between ESCC, EAC, and GAC revealed
distinct separation between squamous cell carcinomas and

adenocarcinomas in each platform tested. Here, we showed
that ESCC exhibits a unique molecular profile that differs from
EAC and GAC, while exhibiting molecular similarity with
HNSCC [39], whereas EAC showed stronger similarity with
GAC. This raises the question of whether treatment of gastro-
esophageal tumors should be determined according to histo-
logical subtype rather than anatomical site. These findings also
provide insights into the different prevalence of HER2/neu
overexpression and amplification and of immune-related bio-
markers between ESCC, EAC, and GAC, suggesting different
sensitivity to HER2-targeted therapy and immune checkpoint
inhibitors. Moreover, among the gastric cancer cohort, the
intestinal subtype exhibited a higher prevalence of immune-
related biomarkers as well as a greater HER2 amplification
compared with the diffuse subtype. In the present study, we
examined the molecular profiles of these tumors in a large
patient cohort with gastroesophageal cancers and attempted
to portray the differences between these three tumor types,
trying to offer a more comprehensive understanding of the
underlying biology, which could enable us to better select
patients and inform therapeutic choices in order to improve
clinical outcome. Further studies are warranted to deeply
investigate potential novel targets for therapeutic develop-
ment and to shed light on the heterogeneity of these tumors,
even within the same patient.
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