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Oesophageal cancer

Infiltrative tumour growth pattern
correlates with poor outcome in
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ABSTRACT

Objective Oesophageal cancer (OEC) is an aggressive
disease with a poor survival rate. Prognostic markers are
thus urgently needed. Due to the demonstrated prognostic
value of histopathological growth pattern (HGP) in other
cancers, we performed a retrospective assessment of HGP
in patients suffering from invasive OEC.

Design A first cohort composed of 89 treatment-naive
operated patients with OEC from The Cancer Genome Atlas
(TCGA) public database was constituted, from which H&E
images and RNA-sequencing data were retrieved. Next, a
second cohort composed of 99 patients with OEC treated
and operated in a Belgian hospital was established.
H&E-stained sections and extracted tumorous RNA were
obtained from the samples. HGP were assessed on H&E
slides as infiltrative (IGP) or expansive (EGP). TCGA RNA-
sequencing data were analysed through the gene set
enrichment analysis and Cytoscape softwares. Real-time
quantitative PCR (qPCR) experiments were performed to
assess gene expression in the Belgian cohort.

Results IGP patients displayed a grim prognosis
compared with EGP patients, while IGP was found as
associated with numerous lymphovascular emboli

and perinervous infiltrations. Analyses of the TCGA
expression data showed that angiogenesis, epithelial-to-
mesenchymal transition (EMT) and inflammation were
significantly upregulated in IGP compared with EGP
samples. gPCR experiments of three genes appearing as
highly upregulated in each pathway showed no difference
in expression according to the HGP.

Conclusion The current study demonstrates the

poor prognostic value carried by IGP in OC and

suggests angiogenesis, EMT and inflammation as key
carcinogenetic pathways upregulated in this pattern.

INTRODUCTION

Over the past decades, intensive research
has led to the consensus that cancer is a
genetic disease, resulting from mutations
acquired by the tumour cells. Oncogenes and
tumour suppressor genes were designated as
driver events in oncogenesis. More recently,
tumour-extrinsic factors were demonstrated
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What is already known about this subject ?

» Histopathological growth pattern (HGP) have been
observed in different cancer settings and carry dis-
tinct prognosis values.

» In oesophageal cancer (OEC), the scarce literature
shows that patients suffering from an expansive
growth pattern (EGP) tumour display a better sur-
vival than patients displaying an infiltrative growth
pattern (IGP) tumour.

» Nevertheless, the biological pathways underlying
these distinct morphological profiles are currently
unclear.

What are the new findings ?

» Adverse risk factors such as lymphovascular emboli
and perinervous infiltrations are correlated with IGP
profiles, carrying the poorest prognosis.

» Cancer hallmarks such as angiogenesis, epithelial-
to-mesenchymal transition and inflammation are
enhanced in IGP compared with EGP samples.

How might it impact on clinical practice in the

foreseeable future?

» These findings underline the need to consider this
clinical parameter when composing clinical cohorts.

» As IGP seems to rely more heavily on specific targ-
etable hallmarks, these findings may be of interest
in the development of precision medicine in OEC.

as essential in tumourigenesis. These include
immune cells and stromal cells or extracel-
lular matrix (ECM) components. Collec-
tively designated under the term of ‘tumour
microenvironment’ (TME) actors, they play a
role in several hallmarks of cancer." Genetic
changes, and potentially TME alterations
associated with tumour growth and spread,
result in observable morphological profiles
of the tumour, suggesting that the tumour
morphology is a potential surrogate of acti-
vated oncogenic processes.’
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growth pattern displaying cords of tumour cells (arrows),
(B) the expansive histopathological growth pattern with
characteristic sheets of tumour cells (arrows). The scale is
depicted in the lower left corner of each image.

The histopathological growth pattern (HGP) describes
the interface between the tumour border and the
surrounding healthy tissue. It is assessed by light micros-
copy on H&E-stained tissue sections, easily performed
and readily available. This accessibility has yielded
research on HGP and their prognostic impact. Never-
theless, there is no universally applicable pathological
classification scheme that would classify any patient with
cancer according to the HGP.

HGP have been mostly described in colorectal cancer
(CRC) setting. CRC HGP is either infiltrating when
the tumour invaded in a diffuse manner with wide-
spread penetration into normal tissue or pushing if well

circumscribed. The infiltrating pattern is an independent
adverse prognostic factor in CRC*® and is associated with
the aggressive mutation BRAF® In contrast, the pushing
pattern tumours are at lower risk for metastases and are
often correlated to microsatellite instability status.” Thus,
HGP assessment is well established in CRC diagnostic
pathology for prognosis stratification.®

Deeper molecular investigations have been carried
in colorectal liver metastases (CRLM), in which three
HGP have been established and confirmed in interna-
tional guidelines9 19 1) the desmoplastic pattern, where
the metastasis is separated from the liver parenchyma by
a rim of connective tissue; 2) the replacement pattern,
where tumour cells infiltrate the liver, disrupting its
microscopic architecture and replacing the hepato-
cytes; 3) the pushing pattern, where liver cells at the
tumour-normal parenchyma interface are pushed away
and compressed by the tumorous lesion.'” "' These HGP
display distinct microenvironment features; desmoplastic
tumours generate blood vessels in the desmoplastic rim,
by angiogenesis. There is often a dense lymphocytic
infiltrate at the interface of the desmoplastic and liver
tissues, as confirmed by higher levels of inflammatory
genes in these tumours. On the opposite, in the replace-
ment pattern, cancer cells form cell plates in continuity
with the hepatocytes, enabling them to co-opt the blood
vessels at the interface, without using neoangiogenesis.
Lymphocytes are not observed within the tumour or in
the invasive margins.” A correlation between the metas-
tasis and the primary CRC HGP has been suggested.'?

The desmoplastic subgroup is associated with a better
prognosis as compared with the replacement or pushing
subgroups. The lymph node status of the primary tumour,
the absence or presence of metastasis within 1year after
resection of the primary CRC and the systemic treatment
prior resection differ significantly in the different HGP
subgroups.'’ Indeed, a significant association between
neoadjuvant chemotherapy and the presence of desmo-
plastic HGP in colorectal liver metastases was shown.'?
Moreover, a post-treatment increased prevalence of the
replacement HGP in patients that progressed following
treatment  with  chemotherapy+bevacizumab  was
observed.'*

The aggressiveness of oesophageal cancer’s (OEC)
natural history warrants the evaluation of its malignant
potential through the identification of relevant prog-
nostic factors.” In this context, two major HGP have

Table 1 Characteristics of primers according to the manufacturer

Amplicon length (bp) Assay design

Company Assay ID Targeted gene
ThermoFisher Scientific Hs00266705_g1 GAPDH
ThermoFisher Scientific Hs99999906_m1 PGK1
ThermoFisher Scientific Hs01552593 _m1 OLR1
ThermoFisher Scientific Hs01113713_m1 SFRP4
ThermoFisher Scientific Hs00171065_m1 CXCL9

74 Probe spans exons
75 Probe spans exons
68 Probe spans exons
65 Probe spans exons
60 Probe spans exons
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Table 2 TCGA and Belgian cohort patients’ clinical
characteristics

TCGA cohort, Belgian cohort,

Parameter n=89 n=99

Sex N (%) N (%)
Female 12 (13.5) 24 (24.2)
Male 77 (86.5) 75 (75.8)

Age Median (IQR) Median (IQR)

58.8 (563.4— 61.4 (56.3-69.2)
67.975)

Histological type N (%) N (%)
Adenocarcinoma 35 (39.3) 61 (61.6)
Squamous cell carcinoma 54 (60.7) 38 (38.4)

Histological grade N (%) N (%)
Well differentiated 14 (15.7) 19 (19.2)
Moderately differentiated 36 (40.45) 58 (58.6)
Poorly differentiated 27 (30.35) 22 (22.2)
Unknown 12 (13.5) 0(0)

Location N (%) N (%)
Upper third 4 (4.5) 15 (15.15)
Middle third 21 (23.6) 19 (19.2)
Lower third 61 (68.5) 65 (65.65)
Unspecified 3(3.4) 0(0)

Tumour depth N (%) N (%)

T1 15 (16.85) 23 (23.2)
T2 25 (28.1) 19 (19.2)
T3 45 (50.55) 50 (50.5)
T4 4 (4.5) 3 (3.05)
Unspecified 0(0) 4 (4.05)
Lymph node metastasis N (%) N (%)
NO 36 (40.4) 43 (43.4)
N1 40 (45) 33 (33.3)
N2 8(9) 10 (10.1)
N3 4 (4.5) 6 (6.05)
Unspecified 1(1.1) 7 (7.05)

Smoker N (%) N (%)
Smoker 46 (51.7) 61 (61.6)
Non-smoker 26 (29.2) 37 (37.4)
Unspecified 17 (19.1) 1(1)

Drinker N (%) N (%)
Drinker 39 (43.8) 51 (51.5)
Non-drinker 12 (13.5) 46 (46.5)
Unspecified 38 (42.7) 2(2)

HGP N (%) N (%)
IGP 41 (46) 59 (59.6)
EGP 48 (54) 40 (40.4)

EGP, expansive growth pattern; HGP, histopathological growth
pattern; IGP, infiltrative growth pattern; TCGA, The Cancer Genome
Atlas.

been described for OEC by WHO: the expansive growth
pattern (EGP) and the infiltrative growth pattern (IGP).
Similar to CRC, EGP is characterised by a broad and

smooth invasion front with little or no tumour cell dissoci-
ation, whereas IGP shows an irregular invasion front and
a marked tumour cell dissociation. The degree of desmo-
plastic or inflammatory stromal reaction is extremely
variable.'” Nakanishi e alwere the first to report the poor
survival associated with cancers presenting scattered
tumour nests.'®

Common biological processes, based on the interplay
between cancer and the organ microenvironment, may
thus be responsible for the HGP in different organs. It
is though unclear whether these distinct HGP require
different therapeutic strategies.'’ Furthermore, the lack
of common HGP between the different cancers limits
the comparison of the HGP impact on outcome, as well
as the study of their underlying cell signalling processes.
This study aims primarily to assess the prognostic value
of HGP in OEC, and secondarily to appraise the under-
lying biological processes associated with each HGP.
These investigations will be performed on treatment-
naive patients from The Cancer Genome Atlas (TCGA)
public database. Finally, a second cohort composed of
operated patients with or without neoadjuvant treatment
will be explored to detect the previous treatment impact
on HGP.

METHODS
Patient characteristics
TCGA patients
Clinical data, H&E slides and RNA-sequencing (RNAseq)
data from fresh frozen tumorous samples of patients with
OEC were retrieved from the National Cancer Institute’s
Genomic Data Commons (GDC) portal.17 Information
concerning sample collection and RNAseq pipeline can
be found in the corresponding TCGA publication.'®
Inclusion criteria for TCGA patients into the present
study were the following: availability of H&E slides and
RNAseq data from the tumour surgical specimen, appear-
ance of the tumour border on the H&E slide and estab-
lished diagnosis of an invasive OEC.

Belgian patients

Patients who had undergone surgery for invasive OEC
from 2005 to 2017 at Institut Jules Bordet, for whom a
formalin-fixed, paraffin-embedded (FFPE) tumorous
block was retrievable were included in the second cohort.

Table 3 Belgian patients’ distribution regarding HGP and
treatments

Surgery Neoadjuvant Neoadjuvant
HGP only (%) CT (%) CRT (%)
IGP 18 (18.2) 26 (26.3) 15 (15.15)
EGP 16 (16.2) 16 (16.15) 8 (8)

CRT, chemoradiotherapy; CT, chemotherapy; EGP, expansive
growth pattern; HGP, histopathological growth pattern; IGP,
infiltrative growth pattern.
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Table 4 Contingency tables for indicated parameter and

HGP, regarding the TCGA cohort

TCGA

Parameter IGP (%) EGP (%)

Histological Adenocarcinoma 19(21.3) 16 (18)

type Squamous cell 22 (24.7)  32(36)
carcinoma
P value 0.3

Histological Well differentiated 5(5.6) 9 (10.1)

grade Moderately 16 (18) 20 (22.5)
differentiated
Poorly differentiated 16 (18) 11 (12.3)
Unknown 4 (4.5) 8(9)
P value 0.1

T stage T1 1(1.1) 9 (10.1)
T2 10(11.2) 14 (15.7)
T3 22 (24.7) 16 (18.0)
Unknown 8 (9.0) 9 (10.1)
P value 0.02

N stage NO 15 (16.9) 18 (20.2)
N1 10(11.2) 14 (15.7)
N2 8(9) 9(10.1)
N3 7(7.9) 2(2.2)
Unknown 1(1.1) 5 (5.6)
P value 0.9

TP53 status ~ Non-mutated 8 (9 8 (9)
Mutated 32 (36) 35 (39.4)
Unknown 1(1.1) 5 (5.6)
P value >0.99

Erbb2 status  Non-amplified 37 (41.6) 38 (42.7)
Amplified 3(3.3) 5(5.6)
Unknown 1(1.1) 5 (5.6)
P value 0.7

CDKN2A Epigenetic silencing 29 (32.6) 37 (41.6)

status No silencing 11(12.4)  6(6.7)
Unknown 5 (5.6) 1(1.1)
P value 0.17

OESCC C1 12 (22.2) 16 (29.6)

subtype c2 9(16.7) 13 (24.1)
C3 0(0) 2 (3.7)
Unknown 1(1.1) 1(1.9)
P value 0.7

All percentages are relative to the entire cohort, except OESCC
subtype: relative to OESCC samples only. T stage and N stage
concern the pTNM evaluation. Fisher’s exact test was performed
using the core package of R.
EGP, expansive growth pattern; IGP, infiltrative growth pattern;
OESCC, oesophageal squamous cell carcinoma; TCGA, The
Cancer Genome Atlas.

3

As oesophageal surgery is uncommon for non-
tumourous indication, control normal oesophageal tissue
were retrieved from proximal margin blocks of patients
operated for gastric cancer. A total absence of tumour
cells and inflammatory infiltrate was required to consider
the tissue as normal tissue.

HGP assessment of both cohorts

A minimum of 10% of residual tumorous area over total
tissue area was required to representatively assess HGP
on the H&E diagnostic slide. HGP was qualitatively classi-
fied by a pathologist experienced in gastrointestinal (GI)
oncology (PD) as either EGP if solid sheets of tumour
cells present a well-demarcated tumour-stromal interface,
or IGP if cords of tumour cells infiltrate the surrounding
stroma in a spray-like pattern (figure 1).

Bioinformatical analyses of the TCGA cohort

Data retrieval

RNAseq raw counts data were downloaded from the GDC
portal'” and normalised into counts per millions. A pre-
filtering step removed the low counts genes (total counts
for all patients below 10 reads) before final normalisation
using Deseq2 R package."

Gene set enrichment analysis

Gene set enrichment analysis (GSEA), developed at
the Broad Institute, was then conducted on this set of
data. Using hallmarks predefined gene signatures from
the Molecular Signatures Database, genes were ranked
according to their fold change in IGP versus EGP, and
an enrichment score (ES) ranging from -1 to 1 was
calculated. Typically, not all members of the gene set
will participate in the ES. Hence, a leading-edge subset
of genes among the gene set is defined and gathers the
genes contributing the most to the ES.*

Cytoscape

The differentially expressed genes found with the Deseq?2
R package were also used to perform analyses using the
Cytoscape software. This open source software is intended
for molecular interaction network and biological path-
ways visualisation from gene expression profiles.”’ The
gene sets from the Reactome pathways database were
explored with this tool.”

Estimating the Proportion of Immune and Cancer cells

The tool Estimating the Proportion of Immune and
Cancer cells (EPIC), developed by Gfeller lab at the
University of Lausanne® was also run on this dataset
with the EPIC R package. To this aim, raw counts were
normalised into transcripts per million.

Gene expression experiments in the Belgian cohort

Tumour macrodissection

Tumour cells on diagnostic H&E slides were marked by
experienced GI pathologists (PD and MGG). Manual
macrodissection of marked regions was performed to
increase the tumorous content of the sample. A standard

Anciaux M, et al. BMJ Open Gastro 2020;7:000431. doi:10.1136/bmjgast-2020-000431
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Figure 2 Kaplan-Meier overall survival (OS) of (A) the 89 patients with oesophageal cancer (OEC) of the The Cancer Genome
Atlas (TCGA) cohort for infiltrative growth pattern (IGP) and expansive growth pattern (EGP), (B) the 99 patients with OEC of
the Belgian cohort for IGP and EGP. EGP is an indicator of better survival. Forest plot figure was drawn using the survminer R

package.

of eight sections of 5pm were obtained using a micro-
tome. This number could be adapted according to the
size of the delineated tumour area. Two sections were
also obtained for further immunohistochemistry (IHC)
experiments.

Finally, an additional H&E staining was performed
after cutting the sections intended for extraction and
THC, to ensure that the required minimum of 10% of
residual tumorous area was respected.

IHC experiments

Mounted slides were dried overnight in a 37°C incubator
and stained within 24hours after cutting. Dual IHC for
CD3/CD20 and CD4/CD8 were performed following
Buisseret et al protocol.** THC were scored by a patholo-
gist experienced in assessment of inflammatory infiltrates
(RDW) for percentage of tumorous surface occupation,
either in the intratumoural compartment or in the migra-
tion front. On control samples, IHC were scored on the
total surface of the tissue. Absence or presence of tertiary
lymphoid structures (TLS) was assessed on CD3/CD20
slides. Presence of plasmocytes in the tumorous area was
categorised from absence to strong presence following
four categories.

DNA and RNA extraction
Simultaneous DNA and RNA extraction from FFPE
samples was performed within 24hours of cutting using
the Allprep DNA/RNA FFPE kit (Qiagen, Hilden,
Germany) and following the manufacturer’s instructions.
The RNA amount was quantified using a Qubit 3.0 fluo-
rometer (Invitrogen, Life Technologies, USA) and the
Qubit dsRNA BR assay kit (Invitrogen, Life Technologies).
RNA samples quality was assessed by BioAnalyzer exper-
iments following the manufacturer’s instructions (DNA
High Sensitivity Bioanalyzer (Agilent, USA)).

Quantitative PCR experiments

Retrotranscription of RNA into complementary DNA
(cDNA), preamplification of targeted genes and real-time
quantitative PCR (qPCR) experiments were performed
following the method described by Gu-Trantien et al.*’
An amount corresponding to 20ng of initial RNA was
added per qPCR well and the following programme was
run on the Applied Biosystems QuantStudio 3 Real-Time
PCR System: 50°C for 2min, 95°C for 10min, then 40
cycles at 95°C for 15s and 60°C for 1 min. Samples were
run in duplicates. Primers used for preamplification and
qPCR experiments are detailed in table 1. Genomic DNA
was used to confirm the specificity of primers binding to
cDNA.

Material obtained from tonsil samples was used as exog-
enous positive control for CXCL9. A no template control
(NTC) was also replicated for each mix on each plate.

We considered the first three GSEA hallmarks statisti-
cally enriched in IGP compared with EGP to choose one
gene per hallmark to investigate in qPCR experiments.
In these hallmarks’ gene sets, the genes of interest were
chosen on the following Deseq?2 criteria: log2FoldChange
(log2FC) of atleast 1 and an adjusted p value <0.05. More-
over, an association between the gene of interest and the
biological signature investigated had to be established in
the literature.

For each gene, the mean cycle threshold (CT) of
samples’ duplicates was calculated. Then, the median of
these CT was set as threshold for high and low expression
in survival curves. CT values above 32 cycles were consid-
ered as probable background noise and not included in
the analysis.

Statistical analyses
The primary objective of the study was to assess the asso-
ciation between HGP and overall survival (OS). For the
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Table 5 Contingency tables for indicated parameter and
HGP regarding the Belgian cohort

Belgian cohort

Parameter IGP (%) EGP (%)

Histological type Adenocarcinoma 40 (40.4) 21 (21.2)
Squamous cell 19(19.2) 19(19.2)
carcinoma
P value 0.14

Histological grade Well differentiated 12 (12.1) 7(7.1)
Moderately 32(32.3) 26(26.3)
differentiated
Poorly 15 (15.1) 7(7.1)
differentiated
P value 0.5

T stage T 9 (9.1) 7(7.1)
T2 13 (13.1) 6 (6.1)
T3 32(32.3) 21(21.2)
T4 2 (2.0) 2 (2.0)
Unknown 3 (3.0) 4 (4.0
P value 0.8

N stage NO 17 (17.2) 19 (19.2)
N1 32(32.3) 11(11.1)
N2 2 (2.0) 1(1.0)
N3 1(1.0) 0 (0.0
Unknown 7(7.1) 9(9.1)
P value 0.04

Treatment Surgery only 18 (18.2) 16 (16.2)
CT 26 (26.3) 16 (16.2)
CRT 15 (15.1) 8 (8)
P value 0.6

Lymphovascular  Presence 25 (25.2) 22

embolus Absence 21(21.2) 16(16.2)
Unknown 13(18.1) 22 (22.2)
P value 0.002

Perinervous Presence 24 (24.2) 2(2)

05 12 e Absence 20(202) 14 (14.2)
Unknown 15(15.1) 24 (24.2)
P value 0.004

T stage and N stage concern the cTNM evaluation. Fisher’s
exact test was performed using the core package of R.

CRT, chemoradiotherapy; CT, chemotherapy; EGP, expansive
growth pattern; IGP, infiltrative growth pattern; OESCC,
oesophageal squamous cell carcinoma.

univariate analysis, Kaplan-Meier curves were used to
compare OS of patients according to their HGP group.
Hazard Ratio (HR) and 95% Confidence Interval (CI)
were calculated using Cox proportional hazards model
and logrank tests were used to compare survival curves.
Fisher’s exact test was used to assess the relationship
between HGP and clinical parameters in contingency

3

tables. Results were considered statistically significant at
the bilateral p<0.05.

The second aim of the study was to assess the associa-
tion between HGP and differential activation of several
biological pathways. As database of multiple gene sets
were run on the data, GSEA results were assessed using
an adjusted p value, the false discovery rate (FDR), to
account for multiple hypothesis testing.”’ Results with an
FDR value <0.1 were considered statistically significant.
Similarly, the Cytoscape gene sets displaying an FDR
value 0.1 were considered statistically significant.

In IHC experiments, Mann-Whitney U tests were used
to compare the distribution of CD3-CD20-CD4-CD8
regarding HGP, or regarding HGP and preoperative
treatments. Fisher’s exact test was used to compare the
distribution of HGP groups with the four categories of
plasmocytes presence and to assess HGP regarding the
absence or presence of TLS.

In qPCR experiments, Mann-Whitney U tests were used
to compare the distribution of the HGP groups for each
gene expression. Similarly, differences in EPIC immune
profiles were assessed using Mann-Whitney U test.

R V.3.5.1 and GraphPad Prism V.7 were used for statis-
tical analyses.

RESULTS

Patients’ characteristics

The TCGA cohort and the Belgian cohort, respectively,
included 89 and 99 patients with OEC. Their character-
istics are described in table 2. The distribution of the
Belgian cohort regarding HGP and preoperative treat-
ments is shown in table 3. Fifteen normal control samples
were obtained from archived tissues.

Survival and contingency analyses

TCGA patients

IGP is seemingly associated with a poorer outcome
compared with EGP. In the TCGA cohort, median OS is
respectively 25.7 months (16.2-Not Available (NA)) and
44.6 months (23.9-NA) for IGP and EGP (HR 1.7 (95%
CI 0.87 to 3.35), p=0.092).

Contingency tables (table 4) for this cohort show no
association between HGP and histological type or grade,
N stage, TP53 mutation status, £rbb2 amplification status,
CDKNZ2A silencing status or oesophageal squamous cell
carcinoma (OESCC) subtype as established by the TCGA,
while higher T stage samples displayed more often the
IGP.

Belgian patients
In the Belgian cohort, median OS is respectively 27.7
months (21.6-67.3) and 74.3 months (37.4-NA) for IGP
and EGP (HR 1.9 (95% CI 1.1 to 3.2), p=0.022) (figure 2).
In the Belgian cohort (table 5), we found a significantly
higher proportion of tumours presenting higher N stage,
lymphovascular emboli or perinervous infiltrations in the
IGP group. No association between HGP and previous
treatment was found.

6
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Differential gene expression results expression of predefined gene sets related to specific

TCGA patients

biological processes in IGP compared with EGP. Three
GSEA gene sets were found with an FDR <0.1 (figure 3):

Gene set enrichment analysis angiogenesis,  epithelial-to-mesenchymal  transition
GSEA investigations were performed to measure the

Table 6 Leading edge subset of GSEA angiogenesis, EMT and inflammatory response gene sets

Gene set

Leading edge subset

Angiogenesis
EMT

Inflammatory
response

NRP1, COL3A1, POSTN, TIMP1, FSTL1, VCAN, COL5A2, OLR1, S100A4, LUM, LPL, SPP1, KCNJ8

PDGFRB, BGN, LOXL1, SFRP4, ECM2, GREM1, FBLN5, NTM, MMP2, FBN1, COL6A3, SGCD, FAP,
DAB2, THY1, MXRA5, DCN, COL3A1, POSTN, SPARC, CTHRC1, COL6A2, TIMP1, PMP22, FSTLA1,
ABI3BP, VCAN, LAMA2, TIMP3, FBLN2, COL1A2, PRRX1, THBS2, COL1A1, PCOLCE, COL5A2, TPM1,
NNMT, NID2, CDH11, MMP14, IL6, MGP, THBS1, LRRC15, LUM, VIM, ACTA2, TPM2, CALD1, CXCL12,
MFAPS5, ELN, TAGLN, FERMT2, SPP1, HTRA1, GADD45B, COL11A1, GAS1, ADAM12, SPOCK1, SLIT2,
ITGA5, TGM2, COL5A1, MYL9, ITGB1, COL12A1, INHBA, CAP2, GEM, TGFBR3, VCAM1, FGF2, PMEPA1,
FZD8, FN1, ITGAV, EMP3, COL5A3, WIPF1, COL16A1, SLIT3, CALU, EFEMP2, CDH6, GLIPR1, FUCA1,
PLAUR, FLNA, MYLK, SGCB

MSR1, PTGIR, TIMP1, IL1R1, TNFAIP6, RGS1, C5AR1, GPR132, NMUR1, STAB1, MMP14, IL6, CCL5,
P2Rx7, LCP2, SLAMF1, PTGER4, IL15RA, C3AR1, LCK, FPR1, CMKLR1, IL10RA, GPR183, ABCAT,
IL2RB, P2Rx4, CYBB, RGS16, CXCL9, CXCR®6, ICAM1, ITGA5, CD48, IL10, TNFRSF9, INHBA, IL18RAP,
TNFRSF1B, PIK3R5, CSF3R, OSM, NDP, APLNR, SCARF1, LTA, SLC11A2, NLRP3, GABBR1, AXL,
CCL22, CALCRL, VIP, AQP9, EMP3, SGMS2, CCR7, KCNA3, CSF1, PTPRE, PLAUR, SPHK1, ACVR1B,
KLF6, SELL, EBI3, PDE4B, ITGB3, CD55, CLEC5A, BEST1, IRF1

Genes further investigated in quantitative PCR experiments are in bold.
EMT, epithelial-to-mesenchymal transition; GSEA, gene set enrichment analysis.
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(EMT) and inflammatory response. When comparing
infiltrative samples only (oesophageal adenocarcinoma
(OEAC) vs OESCC) or expansive samples only (OEAC vs
OESCC), no significant enrichment of one of these gene
sets was found in one histology relatively to the other
(FDR>0.3).

Among the leading-edge subsets (table 6), OLRI
(log2FC=1.3, adjusted p=0.01), SFRP4 (log2FC=1.8,
adjusted p=0.01) and CXCL9 (log2FC=1.45, adjusted
p=0.035) showed respectively established association in
the literature with angiogenesis,*’ 7 EMT® % and inflam-
mation” ! and were hence further investigated in qPCR
experiments in the Belgian cohort.

Cytoscape

Using the Reactome pathways database, ECM organ-
isation (FDR=3.2x107%), degradation of the ECM
(FDR=2.9x10%), collagen degradation (FDR=0.004),
activation of matrix metalloproteinases (FDR=0.01),
innate immune system (FDR=0.02) and activation of
C3 and C5 (FDR=0.037) were significantly upregu-
lated in IGP versus EGP and concordant with the GSEA
findings.

Estimating the Proportion of Inmune and Cancer cells

EPIC analyses did not show any difference for B cells,
CDS8 cells, CD4 cells, natural killer (NK) cells, endothe-
lial cells and macrophages between IGP and EGP in the
TCGA cohort. Cancer-associated fibroblasts (CAFs) were
more numerous in IGP than EGP (median IGP vs median
EGP: 16.4 vs 5.35, p=0.0003) (figure 4).

Belgian patients
Quantitative PCR
Of the 99 patients included in the Belgian cohort, many
RNA samples did not show detectable signal in qPCR
(>32CT), leading to subsequent smaller analysable
cohorts (13 patients for OLRI, 40 patients for SFRP4 and
45 patients for CXCLY9). To investigate a potential RNA
quality issue, we tested the samples for two constitutive,
supposedly highly expressed genes®®: GAPDH and PGK]I.
These samples also gave poor signal for these two genes.
We performed BioAnalyzer experiments on a subset of
35 samples of the cohort and obtain a median quality,
expressed as Distribution Value 200 (DV200) of 12%.
No difference in expression of OLRI (p=0.19), SFRP4
(p=0.77) or CXCL9 (p=0.14) was found between IGP and
EGP.
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The Kaplan-Meier survival curve of CXCL9 showed an
improved OS for patients with low expression (HR 0.45
(95% CI0.21 to 0.98); p=0.035). Patients with low expres-
sion of SFRP4 seem to display improved survival SFRP4
(HR 0.50 (95% CI 0.22 to 1.15); p=0.086). No differ-
ence in survival was observed in the smaller groups of
patients analysed for OLRI (HR 0.50 (95% CI 0.085 to
2.9); p=0.44) (figure 5).

IHC

Although IHC for CD3/CD20 and CD4/CDS8 showed
that treatment-naive tumours are significantly more
infiltrated in CD3, CD20, CD4 and CDS8 than control
tissue (figure 6), the stainings did not show any signifi-
cant difference in immune cells proportions (figure 7),
TLS count or plasmocytes frequency between IGP
and EGP in the Belgian cohort (table 7). The analysis
of immune cells proportions depending on HGP and
preoperative treatment showed no association except
for a significant decreased infiltration of CD20 in the
migration front of IGP samples compared with EGP
tumours (p=0.04).

DISCUSSION
OEC tumours are aggressive cancers that remain difficult
to cure despite novel neoadjuvant approaches that have
become progressively standard of care.”® This prompts
the need for new biomarkers giving insights into tumour’s
behaviour and food for thoughts about disease manage-
ment improvements. Overall, our results are concordant
with the current literature regarding HGP in OEC and
confirm the poor prognostic value of the infiltrative
pattern.16 o

This trend was observed in both cohorts, although with
a non-significant trend in the TCGA patients. IGP is also
associated with higher N and T stage, lymphovascular
emboli and perinervous infiltrations, both processes
contributing to tumour spread, although results were
dissimilar between both cohorts. We found no associa-
tion between HGP and other clinical parameters such
as histological type and grade. Similarly, there was no
difference between HGP in any of the tumour genetic
alterations investigated, in contrast to CRC.* Neverthe-
less, only three of the most common mutations found
in OEC were tested; it is therefore possible that other
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Table 7 Contingency tables for indicated parameter and
HGP in the Belgian cohort

Parameter IGP EGP
Plasmatocytes N (%) N (%)

0 28 (28.3) 9(9.1)
+ 9(9.1) 10 (10.1)
++ 17 (17.2) 14 (14.1)
+++ 5 (5) 7(7.1)
P value 0.07

TLS N (%) N (%)
Absence 21 (21.2) 16 (16.2)
Presence 38 (38.4) 24 (24.2)
P value 0.68

Fisher’s exact test was performed using the core package of R.
EGP, expansive growth pattern; HGP, histopathological growth
pattern; IGP, infiltrative growth pattern; TLS, tertiary lymphoid
structure.

less frequent mutations show an association with HGP.
Indeed, molecular profiling in lung cancer defined
distinct growth pattern-specific gene signatures, not
necessarily matching with molecular subtypes established
on transcriptional or genomic profiles.*

The GSEA investigation conducted in the TCGA cohort
identified several signalling networks driving progression
that are upregulated in IGP tumours suggesting that
angiogenesis, EMT and inflammation may be enhanced
in IGP compared with EGP. Such pathways were also
found as differentially expressed in HGP in other cancer
types such as CRLM and glioblastoma and were associated
with distinct prognoses. As described in the literature,'
many common pathways are somatically altered in OEAC
and OESCC, although the specific genes affected are
dissimilar, probably reflecting distinct pathophysiology.
The GSEA analyses comparing the same HGP according
to distinct histology did not show differences in angio-
genesis, EMT and inflammatory response. However,
these analyses were performed on groups composed of a
low number of patients. Taking into account the current
literature and the absence of association between HGP
and histology in this study, we suggest that HGP does not
rely on the biological pathways differentiating OESCC
and OEAC.

Concordantly with EMT,® CAFs were significantly
more numerous in IGP than EGP, which is also in concor-
dance with the work of Nakanishi et al, who showed
that the pattern with the deepest infiltration tends to
display a fibroblastic stroma.'® Considering the leading-
edge subset associated with the inflammation response,
the innate immune system seems particularly active in
IGP. Genes participating in macrophage physiological
processes (MSRI, P2Rx7, CSFI), in granulocyte lineage
functions (CSF3R, inflammasome activator NLRPS3),
in myeloid lineage functions (CCL22, CLEC5A), in NK
cells activation (LCP2), in neutrophile recruitment

3

(NOX2) and complement receptor (C5ARI, C3ARI) or
genes regulating the complement system (CD55) were
all central components of the inflammatory response-
enriched signal found in IGP versus EGP. Similarly, the
Cytoscape software pointed the innate immune system
and the activation of C3 and C5 complement factors as
gene sets significantly upregulated in IGP, suggesting
a critical role of the innate immune response over the
adaptative immune response. Concordantly with these
results, the EPIC analysis on the TCGA cohort and the
IHC performed in the Belgian cohort did not show any
differential proportion in CD8, CD4 and CD20 cells.
However, the EPIC analysis did not point to differences
in macrophage and NK cells proportions either. Never-
theless, as IGP remains significantly more inflamed in the
TCGA analyses, this lead warrants further investigation.
Moreover, CRLM desmoplastic patterns correlate with
high levels of peritumoural CD4+, CD45RO+ and CD8+
cellsand present a distinct cytokinic profile.” 57

In the leading-edge subset generated by the GSEA
investigations, OLRI, SFRP4 and CXCL9Y9 genes
were shown as significantly highly expressed in IGP
compared with EGP. Upregulated by reactive oxygen
species and tumour necrosis factor-o., OLRI may acti-
vate NF-kB signalling and lead to upregulation of pro-
angiogenic markers. In CRC, high expression of OLRI1
has also been associated with immunosuppressive TME
and worse prognosis,”® while it has been linked with
angiogenesis in prostate cancer.”” SFRP4 co-expressed
with EMT markers in CRC samples and associated with
poor prognosis.”’ The chemokine CXCL9 has a prepon-
derant role in the chemotaxis of immune cells. Its role
in carcinogenesis is controversial and seems depen-
dent on histology, disease stage, secreting type of cell
and concentration in TME.”" These reasons explain
the choice to select these three genes for investigation
in the Belgian cohort. We were however confronted
to technical hurdles caused by the poor RNA quality
of our histological FFPE samples, a well-known issue
in the literature.* During formalin bath and paraffin
embedding, RNA undergoes chemical modifications
and fragmentation. The variability of fixation proto-
cols, as well as prolonged storage time further impact
RNA degradation. One-third of the samples repeatedly
showed an absence of signal in qPCR experiments,
despite using a qPCR protocol designed and optimised
for breast cancer-derived FFPE RNA. Moreover, oesoph-
ageal surgical procedure is long and tumour speci-
mens undergo a protracted devascularisation before
entering formol bath proceduresfw Taken together,
these elements could explain the low DV200 value and
sparsed qPCR signals obtained from the samples.

In this context, we were not able to find a difference
in expression of these three genes between IGP and
EGP samples, although CXCL9 low expression shows
a positive prognostic impact, while SFRP4 displays a
similar tendency. OLRI expression, with fewer analysable
samples, did not show any prognostic value.
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Altogether, this work pointed several interesting actors
involved in HGP development, although limitations
remain. The treatments administered to the second
cohort might have buffered the role of the key genes
identified in the TCGA cohort. Indeed, previous studies
showed that preoperative treatment such as chemo-
therapy could impact the development of HGP, evoking
their potential dynamic nature."”” '* *' Hence, neoadju-
vant chemotherapy has been associated with fibrosis and
ECM modifications in CRLM. These histological modi-
fications have also been associated with neoadjuvant
chemoradiotherapy in OEC, which concerns 25% of
the Belgian cohort. It is thus plausible that treatments
might have impacted HGP and their underlying biolog-
ical mechanisms compared with the results obtained
on the treatment-naive TCGA cohort. Nevertheless,
the contingency table analysis did not show differential
HGP frequency for patients with or without pretreat-
ment (chemotherapy or chemoradiotherapy). Similarly,
we investigated the potential well-known modulatory
effect of neoadjuvant treatment on immune profiles,*
depending on HGP subtypes: the infiltration of B cells
is significantly weaker in IGP samples compared with
EGP samples in the chemoradiotherapy group. In head
and neck squamous cell carcinoma, a decrease in CD20
is observed after chemoradiotherapy.” Thus, it might
be that this effect has a stronger impact on IGP than
EGP tumours. However, the small size sample of each
subgroup and the lack of information on the function-
ality of the immune cells impedes further interpretation.

Furthermore, an extensive assessment of several
tumorous blocks per patient might lead to the distinction
of an intermediate group between EGP and IGP. ‘Mixed’
CRLM samples, composed partly of desmoplastic and
replacement patterns, display a prognosis similar to pure
replacement pattern patients.

In conclusion, this study demonstrates the poor prog-
nostic value carried by IGP and suggests key carcinoge-
netic pathways associated with this pattern. We believe a
comprehensive RNAseq analysis of angiogenesis, EMT
and inflammation markers might shed light on the inter-
twined, complex processed leading to HGP develop-
ment. The poor quality of the RNA extracted from the
tissue advocates for the adoption in high-volume centres
specialised in oesophageal surgery for a precise protocol
concerning the fixation and paraffin-embedding proce-
dure that limit sequencing analysis.

This article underlines the need to consider this clinical
parameter when composing clinical cohorts. Moreover,
dissecting such pathways may be of interest in the devel-
opment of precision medicine in OEC, which currently
relies mainly on standard systemic therapies.
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