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Abstract

Introduction The inflammatory microenvironment has emerged as one of the focuses of cancer research. Little is known
about the immune environment in esophageal adenocarcinoma (EAC) and possible tumor-escape mechanisms to avoid
immune cell attack.

Patients and methods We measured T cell inflammation (CD3, CD8) in the microenvironment using a standardized software-
based evaluation algorithm considering different predefined tumor areas as well as expression of MHC class 1 and PD-L1
on 75 analyzable primarily resected and locally advanced (> pT2) EACs. We correlated these findings statistically with
clinical data.

Results Patients with high amounts of T cell infiltration in their tumor center showed a significant survival benefit of
41.4 months compared to 16.3 months in T cell poor tumors (p =0.025), although CD3 fails to serve as an independent
prognostic marker in multivariate analysis. For the invasion zone, a correlation between number of T-cells and overall sur-
vival was not detectable. Loss of MHC1 protein expression on tumor cells was seen in 32% and PD-L.1 expression using the
combined positive score (CPS) in 21.2%. Most likely due to small numbers of cases, both markers are not prognostically
relevant, even though PD-L1 expression correlates with advanced tumor stages.

Discussion Our analyses reveal an outstanding, though not statistically independent, prognostic relevance of T-cell-rich
inflammation in our group of EACs, in particular driven by the tumor center. For the first time, we describe that the inner
part of the invasion zone in EACs shows significantly fewer T-cells than other tumor segments and is prognostically irrel-
evant. We also demonstrate that the loss of antigen presenting ability via MHC1 downregulation by the carcinoma cells is
a common escape mechanism in EACs. Future work will need to show whether tumors with MHC class 1 loss respond less
well to immunotherapy.
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Introduction

Esophageal adenocarcinoma (EAC) is associated with the
sixth-highest cancer-related mortality. Its incidence has
increased rapidly in Western countries including Europe,
North America and Australia [1, 2]. Despite improvements
in perioperative treatments, the overall survival of patients
throughout all tumor stages remains low with only 20% of
patients surviving for more than 5 years [3-5].

In recent years, the inflammatory microenvironment
has emerged as one of the focuses of cancer research and
many publications have further supported the hypothesis
of the immune system’s influence on cancer development
and recurrence after cancer therapy, thus having a direct
impact on disease-free and overall survival [6-8]. For
EAC, a few studies with up to 130 cases of EAC showed a
favourable outcome in tumors with high numbers of CD3-
or CD8-positive T-cells [9-13].

In colon carcinoma, both the overall inflammation and
the particular effect of special subtypes of tumor-infiltrating
lymphocytes demonstrated that the number, type and loca-
tion of tumor immune infiltrates have prognostic power and
might be a superior way to classify those tumors over the
AJCC/UICC TNM classification [14—19]. Recently, a pub-
lication described the relevance of a precise spatial subdivi-
sion of the invasion zone with respect to T cell distribution
in colon carcinoma [20]. Nothing is known about the distri-
bution and prognostic impact of T-cells in EAC.

MHCI loss is a well-known escape mechanism of tumor
cells to avoid T cell attack—there are no reliable findings
about the frequency of MHCI loss on the tumor cells of
EACs.

For PD-L1, a well-defined immune checkpoint marker,
conflicting data exist in EAC. This is among other things
due to different analysis and especially scoring methods
used in the past [21, 22]. The combined positive score
(CPS) for PD-L1 was established for gastric and gastroe-
sophageal junction adenocarcinomas serving as a predic-
tive marker for PD1-inhibitor therapy [23]. Actually, clini-
cal studies indicate a better progression-free and overall
survival for PD1 treatment in tumors with PD-L1 positiv-
ity according to the CPS [24, 25].

Locally advanced EACs are particularly qualified for
immune checkpoint blockade because of their limited (sys-
temic) treatment options.

The aim of this work is to determine the extent and spa-
tial distribution of T cell inflammation and its prognostic
significance in a group of locally advanced (> pT2) primary
resected EACs and to correlate these findings with possible
tumor-resistance mechanisms against T cell attack.

Our hypothesis is that EACs are heterogeneously
enriched with T-cells considering the tumor center and the
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tumor invasion zone. Furthermore, we assume that T-cell-
rich EACs have a better prognosis in locally advanced
tumor stages and that MHC class 1 loss is an important
and in EAC underestimated tumor-escape mechanism.

We used a standardized software-based evaluation
algorithm to measure T cell inflammation and its distri-
bution within the tumor very precisely, objectively and
reproducibly.

Patients & methods
Patients and tumor samples

Formalin-fixed and paraffin embedded tumor tissue of 99
patients with esophageal adenocarcinomas that underwent
primary surgical resection therapy between 2013 and 2017
at the Department of General, Visceral and Cancer Sur-
gery, University of Cologne, Germany was analyzed. The
standard surgical procedure consisted of a transthoracic
en-bloc esophagectomy with two-field lymphadenectomy
(abdominal and mediastinal lymph nodes), reconstruction
by formation of a gastric tube with intrathoracic esophago-
gastrostomy (Ivor-Lewis esophagectomy) [26]. Technical
details of this operation are described elsewhere [27-29].
Follow-up data were available for all patients (Table 1).
All procedures performed in this study involving human
participants were in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The present study was approved by the Uni-
versity of Cologne Ethics Committee (reference number
20-1393) and written informed consent was obtained from
all patients.

Table 1 Patients” clinical and patho-anatomical tumor characteristics

n=99 %
Sex Male 90 90.7
Female 9 9.3
Age group <69 53 53.2
>69 46 46.8
Tumor stage pT2 28 28.0
pT3 67 68.0
pT4 4 4.0
Lymph node metastasis pNO 20 20.0
pN+ 79 80.0
Grading Gl 0 0
G2 34 34.7
G3 65 65.3
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Immunohistochemistry

Immunohistochemical stainings were performed on full
tumor sections using the BOND MAX from Leica (Wetzlar,
Germany) according to the protocol of the manufacturers.
We used the following antibodies and protocols: CD3 (rabbit
monoclonal, Thermo Fisher Scientific, Karlsruhe, Germany,
citrate buffer 1:50), CD8 (mouse monoclonal, Dako Agilent,
Waldbronn, Germany, citrate buffer 1:200), PD-L1 (rabbit
monoclonal, clone 28-8 Abcam, Berlin, Germany, EDTA
1:100), MHC class 1 (and HLA A, HLA B) (rabbit mono-
clonal, Abcam, citrate 1:300).

Software-based analysis of T cell infiltration

For the purpose of quantifying CD3- and CD8-positive
T cells, slides were scanned using a NanoZoomer S360
(Hamamatsu Photonics, Herrsching, Germany) slide scan-
ner. Subsequently, the analysis was performed using Visiop-
harm Analysis software (Munich, Germany). Tumor areas
were defined as region-of-interest and divided into three
parts: tumor center and tumor infiltration margin, further
sub-divided into areas 50 um above the infiltration margin
(direction to the tumor center) and 300 um beyond the infil-
tration border. All quantitative measurements were normal-
ized to the total amount of counted cells.

Strategy of evaluation of PD-L1 and MHC1

Two pathologists (A.Q. and H.L.) independently of each
other scored PD-L1 and MHC class 1 manually. Scoring
of PD-L1 followed the recommendations for gastroesopha-
geal cancer. The CPS is defined as PD-L1-positive immune
(including macrophages and lymphocytes) and tumor cells
in proportion to all tumor cells and multiplied with 100. For
MHC1, a homogenous and heterogeneous MHC1 expression
on tumor cells was assessed as positive and homogenous
loss of expression was counted as MHC1-negative (=MHC1
loss).

Statistical analysis

Clinical data were collected prospectively according to a
standardized protocol. SPSS Statistics for Mac (Version 21,
SPSS) was used for statistical analysis. Interdependence
between stainings and clinical data was calculated using
the chi-squared and Fisher’s exact tests, and displayed by
cross-tables. Group differences were calculated by the
t-test or ANOVA, respectively. Univariate cox-regression
analysis was performed for determination of interdepend-
ence between survival time and number of T-cells in the
tumor. Survival curves were plotted using the Kaplan—-Meier
method and analyzed using the log-rank test. All tests were

two-sided. P values < 0.05 were considered statistically
significant.

Results
Patients’ cohort

In total, 99 patients were fully analysable with a median age
of 69 years (range 40-86 years). The patient cohort consisted
of 90 men (90.9%) and 9 women (9.1%) (Table 1). Most ade-
nocarcinomas analyzed here presented with a diffuse or solid
tumor pattern and were classified as G3 (65.3%; Table 1).
The median follow-up for the entire patients” cohort was
40.7 months, observed death events were available from
85 patients (85.9%), 14 patients (14.1%) were still at life at
the time of analysis and were censored. Only patients with-
out neoadjuvant treatment prior to surgery were included
in this analysis. The patients are stratified for preoperative
therapy concepts according to pre-interventional diagnos-
tic methods, which can lead to over- or understaging of the
clinical tumor stage. Hence, in our patient cohort, tumors,
which were understaged prior surgery, are included. Another
aspect is that some patients are not suitable for neaodjuvant
therapy due to comorbidity or aphagia. Furthermore, one
tumor in our study revealed microsatellite instability and
was excluded from statistical analysis.

T cell infiltration

The total number of T-cells differed significantly between
the tumor center and the outer and inner infiltration zone
(Fig. 1a). For the tumor center, a median number of
29,800 T-cells were calculated (range 800-427,000), the
outer invasive margin showed a median of 5700 cells (range
490-51,000) and the inner invasive margin a median number
of 1260 T-cells (range 60—-11,800) (p <0.001). The cumu-
lative area, as calculated by the total surface area covered
by T-cells, showed similar results (Fig. 1b). The number of
T-cells normalized to the tumor area (T-cells/mm?) showed
no significant differences between the three areas within the
tumor (Fig. lc).

For dichotomous division of the continuous variable, the
absolute T cell number was divided into a high and a low
inflammatory group based on the upper quartile (75th per-
centile) (Table 2). There was a strong correlation of T cell
richness between the outer and inner infiltration margins, as
only four patients (4.0%) were considered CD3 high at the
inner infiltration zone and CD3 low at the outer infiltration
zone. The remaining patients were either low or high for
CD3 in both infiltration zones (p <0.001). The correlation
between the infiltration zones and tumor center showed also
a strong statistical correlation. However, within the group of
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Fig. 1 Density of T-cells considering different tumor areas. Variation of the total number of T-cells (a), the cumulative area of (b) and the den-
sity of T-cells (¢) in the in outer and inner infiltration margin and tumor center

Table 2 Correlation of T cell infiltration (CD3) with clinical characteristics

CD3 outer infiltration zone

CD3 inner infiltration zone CD3 tumor center

Low High pvalue Low High pvalue Low High p value
n % n % n % n % n % n %
Sex Male 68 756 22 244 1.000 67 744 23 256 0.448 69 767 21 233 0.684
Female 7 778 2 222 8 889 11.1 6 667 3 333
Age group <69 40 8.1 7 149 0.059 39 83 8 17 0.159 36 76.6 11 234 1.000
>69 35 673 17 327 36 692 16 30.8 39 750 13 250
Tumor stage pT2 21 778 6 222 0.563 19 704 8 29.6 0.490 36 704 11 29.6 0.671
pT3 51 739 18 26.1 53 768 16 232 39 783 13 217
pT4 3 1000 0 O 3 100 0 0 2 66.7 333
Lymph node metastasis pNO 15 750 5 250 1.000 14 70 6 30.0 0.562 12 60.0 8 40.0 0.082
pN+ 60 759 19 241 61 772 18 228 63 797 16 203

CD3 high patients in the tumor center, only 55.0% (n=238)
and 66.0% (n=13) of the tumors were also CD3 high at the
infiltration zones (inner and outer, respectively) (p <0.0001,
respectively). In total, from patients with CD3 low in the
tumor center 11 (11.1%) were considered CD3 high at the
outer infiltration zone and eight patients (8.1%) at the inner
infiltration zone.

@ Springer

A linear regression model was performed to assess a
correlation between the number of CD3 and CD8 cells for
each tumor area. A strong correlation between CD3 + and
CDS8 +cells could be seen in every single tumor area, the
correlation coefficient (R) was 0.879 for the outer invasive
margin, 0.857 for the inner invasive margin and 0.885 for
the tumor center (p <0.001, respectively).
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To assess the influence of T cell infiltration with respect
to survival time, univariate cox-regression analysis was per-
formed. For the infiltration zone, a correlation between num-
ber of T-cells and overall survival (OS) could not be shown.
For the tumor center, a correlation was present. However, the
hazard ratio was small (hazard ratio 0.999 (0.9999-1.000,
p=0.023)) due to relatively small changes in the survival
time in dependence of the increasing T cell number.

Subsequently, according to the upper quartile,
dichotomous group comparisons were performed using
Kaplan—-Meier survival analysis. High numbers of T-cells in
the infiltration zone, both outer and inner infiltration margin,
did not affect OS (Fig. 2a and b). Considering the median
survival after tumor resection, high amounts of T cell infil-
tration in the tumor center showed a significant prognostic
effect of 41.4 months (95% confidence interval (95%CI)
22.1-60.1 months) compared to 16.3 months in T cell poor
tumors (95%CI 8.7-22.4 months, p =0.025). CD3 high
tumors at any of the infiltration zones but not in the tumor
center did not affect the OS (Fig. 2¢) (p =0.344). Therefore,

only tumors with high CD3 expression in the tumor center
are associated with a better OS, demonstrating that the over-
all T cell infiltration in the tumor center is prognostic in
EAC. However, in multivariate analysis, CD3 expression
fails to serve as an independent prognostic marker (Table 3).

PD-L1 expression and MHC class 1 (HLA A, HLA B)

To measure PD-L1 expression, the combined positivity
score (CPS) was used and PD-L1 positivity was defined as
a CPS>1. 12 patients (21.2%) revealed as PD-L1 positive
with a CPS of more than 1 (2-100) (Fig. 4a+b, Table 4).
Loss of MHC class 1 expression on tumor cells was seen
in 31 patients (32.0%, Fig. 4c+d, Table 4). A high PD-L1
expression was associated with advanced tumors (p =0.009)
in cross-table analyses. However, the calculated p values are
statistically significant, but the results must be interpreted
carefully due to the small number of 12 PD-L1-positive and
31 MHCl1-negative cases. A correlation between MHC1
loss and clinical features could not be revealed (Table 4).
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Fig.2 Overall-survival (Kaplan—-Meier) depending on the T cell localization within the tumor. Compared overall survival of patients considering
the T cell inflammation (high and low) at the outer invasive margin (a), inner invasive margin (b) and tumor center (c)

Table 3 Multivariate cox- regression analysis for the impact of CD3 +cells in the tumor on overall survival (HR hazard ratio)

Outer infiltration zone

Inner infiltration zone

tumor center

HR 95% confidence p value HR 95% confidence p value HR 95% confidence p value

interval interval interval

Lower Upper Lower Upper Lower upper
Sex (male vs. female) 3463 1.078 11.127 0.037 4.014 1244 12956 0.020 3.652 1.135 11.753 0.030
Age group (<65 yrs. vs>65 yrs)  1.330 0.795 2225 0.277 1.338  0.806 2221 0.260 1.246 0.756 2.054 0.389
pT (pT2 vs pT3/4) 1.507 1.017 2234 0.041 1.455 0.982 2.155 0.061 1.457 0.976 2.174 0.065
PN_(pNO vs pN+) 3.723  1.752 7.913 0.001 3.836 1.796 8.191 0.001 3.562 1.668 7.604 0.001
CD3 + (low vs high) 0.660 0.359 1.212 0.180  0.596 0.321 1.107 0.101  0.709 0.372 1.349 0.295
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Table 4 Correlation of

) MHCI1 PD-L1 (CPS)
expression of MHC1 and PD-L1
with clinical characteristics Loss High pvalue Negative  Positive p value
n % n % n % n %
Sex Male 29 392 59 608 0.714 78 788 12 212 0.595
Female 2 227 7 773 9 90 0 910
Age group <69 18 39.1 28 609 0.192 45 957 2 43 0.030
> 69 13 255 38 745 42 808 10 192
Tumor stage pT2 11 407 16 593 0.286 23 852 4 148 0.009
pT3 20 299 47 701 63 913 6 87
pT4 0 0 3 100 1 333 2 667
Lymph node metastasis  pNO 7 350 13 650 0.791 19 95.0 1 5.0 0450
pN+ 24 312 53 688 68 86.1 11 139

Neither MHC class 1 loss nor PD-L1 expression was cor-
related with OS in Kaplan—Meier analysis (p =0.123 and
p=0.232, respectively). A correlation between the num-
ber of CD3 + and CDS8 + cells and MHC class 1 or PD-L1
expression was not detectable in cross-table analysis (data
not shown).

Discussion

Our study takes into account a standardized, commercially
available software-based evaluation algorithm considering
large tumor sections. Image analyses offer a precise and
reproducible measurement of T cell distribution in differ-
ent parts of the tumor. It is well known that T cell infiltra-
tion correlates with outcome in EAC [14]. However, pre-
vious analyses of colon adenocarcinoma highlighted that

especially the T cell-enriched invasion zone is prognosti-
cally relevant [17]. Berthel et al. has recently demonstrated
the relevance of a further subdivision of the invasion zone
for the colon carcinoma [20]. Our software-based applica-
tion allowed a precise subdivision of the invasion zone into
a 50 pm thin inner, tumor-facing zone and a 300 pm wide
outer zone (Fig. 3). For EAC, this is the first study analyzing
the impact of T cell infiltration of the different tumor parts.

We see significant differences in T cell enrichment not
only between different tumors, but also within the same
tumors. The software-based analysis revealed large differ-
ences in the T cell abundance with fluctuations from 800 to
427.000 T-cells in the tumor center or from 60 to 51.000 T
cells in the invasion zone. Therefore, the invasion zone
has fewer total numbers of T-cells than the tumor center.
Within the invasion zone, the inner zone hardly shows any
T cell infiltration with a four time lower average than in

p=0591 104

CD3 high

CD3 low

Probability of Survival
Probability of Survival

CD3 high

p=0.264 104 p=0.025

CD3 high

Probability of Survival

CD3 low

T
0 % @ 7 % 0 2

Months after Surgery

Fig.3 Computer-based evaluation considering the tumor center
and the invasion zone (divided into a 50 pm wide inner zone and a
300 pm wide outer zone) with regard to their T cell content (magnifi-
cation X 200). a: Two different tumors with high density of CD3 posi-
tive T-cells (black dots) separated in tumor center (1), tumor inner
invasive margin (arrow 2: area between red and blue line; 50 um) and
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Months after Surgery
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“ 72 % 0 % @ 7 %

Months after Surgery

outer invasive margin (arrow 3: area between blue and yellow line;
300 um). b Two different tumors with low density of CD3 positive
T-cells (just very few black dots) separated in tumor center (1) and
tumor invasive margin (arrow 2: area between red and blue line;
50 um) and outer invasive margin (arrow 3: area between blue and
yellow line; 300 pum)
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Fig.4 Immunohistochemical detection of PD-L1 and MHC1. A+B:
PD-L1 strongly positive (a) and with low expression (b) using the
Combined Positive Score (CPS 100) (magnificationx200). Black
arrows show PD-L1 tumor cells positive (a) and negative (b). Orange
arrows show PD-L1 positive inflammatory cells. C+D: MHCI loss

the outer zone (Fig. 3a and b). Anyway, we did not see any
prognostic effect by considering the two different zones of
the invasion zone separately from each other. But we can
show a predictive relevance of T-cell-rich inflammation in
EAC particularly driven by the T-cell-rich inflammation
in the tumor center. This result is in line with the finding
of a previous publication considering the tumor center of
EAC using tissue micro-arrays [15].

The combination of a strong T-cell-enriched tumor
center and a T-cell-enriched invasion zone does not
increase the level of significance. T-cell-rich tumors are
described in gastric carcinoma or colon carcinoma and are
more commonly associated with DNA repair defects (e.g.,
microsatellite instability (MSI)) [30, 31]. However, esoph-
ageal adenocarcinomas do not fit in the four defined TCGA
subgroups of gastric adenocarcinomas [32, 33]. So, the
MSI-subtype is, in contrast to gastric adenocarcinomas,
very rare in EAC. In our study cohort, we found micros-
atellite unstable EACs in only 0.6%, which was published
previously [34]. This conforms to the TCGA data, where
no MSI subtype was found in their cohort [32]. We were
able to exclude a single MSI case from our (highly T-cell-
rich) EACs.
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(c) and preserved expression (d) (magnification X 200). Black arrows
show tumor cells with complete loss of MHCI1 protein (c¢) and pre-
served nuclear staining (d). Orange arrows show internal positive
control of MHCI positive inflammatory cells

Additionally, we considered two possible tumor-escape
mechanisms: protein expression of PD-L1 on the tumor
cells and corresponding inflammatory cells (CPS) as well
as down-regulation of the neo-antigen presentation proteins
of the MHC class 1 complex.

The effectiveness of a drug blockade of the PD-L.1 / PD-1
axis has been impressively demonstrated in recent years in
non-small cell lung carcinomas and malignant melanomas
(among others) [35-37]. For EAC, first results of clinical
studies are promising regarding a better prognosis for PD-1
therapies in PD-L1-positive tumors evaluated by CPS [24,
25]. The data on the extent and prognostic significance of
PD-L1 expression in the EAC vary in the literature and
ranges from 2.9% to 40% [38, 39]. These are the reasons for
these differences of primary antibodies used against PD-L1
(we have used the FDA-approved clone 28-8) or the under-
lying evaluation criteria (Tumor proportion score (TPS) or
combined consideration of carcinoma cells and inflamma-
tory cells (CPS), which we applied, Fig. 4a).

Due to their mutational spectrum, tumors have many
foreign proteins that present to the immune system via the
MHC class 1 complex on the tumor cell surface. It suggests
that down-regulation of MHC class 1 may be an effective
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mechanism of tumor cells to evade detection by the immune
system.

In fact, some studies have presented this mechanism as
highly relevant or as a reason for lack of response rates for
immune checkpoint inhibitor treatment [40, 41].

There are no reliable data on the frequency of MHC class
1 downregulation in EAC.

In our tumor cohort, we detected a MHC1 loss in 32%
of the cases (Fig. 4b). Compared with other tumor entities,
such as malignant melanoma, which shows an MHC1 down-
regulation in up to 45% of the cases, a comparable frequency
can be found in EAC [42]. So, MHC class 1 loss could be a
relevant tumor immune escape mechanism in EAC.

Possible limitations of our study are the retrospective
character of the investigation and the sole analysis of surgi-
cal specimens. It would be interesting to determine the T cell
content of primary endoscopic tumor biopsies to determine
the predictive power of T cell inflammation prospectively,
also in settings with applied immune checkpoint therapies.

Since our study has shown that the T-cell-rich tumor
center is significantly prognostic and that well-obtained
biopsy material can reach this tumor region, we can specu-
late that endoscopic material also produces comparable
results.

Future clinical trials investigating the efficacy of check-
point inhibitors in EAC will show how much the T cell-rich
subtype of EACs and MHC1 tumor cell loss as a tumor-
escape mechanism influence clinical response to therapy.

Author contributions Conceptualization: Alexander Quaas, Florian
Gebauer; Methodology: Axel Lechner, Martin Thelen, Axel Hillmer,
Alexander Quaas; Formal analysis and investigation: Max Schoemmel,
Svenja Wagener-Ryczek, Florian Gebauer, Heike Loeser; Writing—
original draft preparation: Max Schoemmel, Heike Loeser, Florian
Gebauer; Writing—review and editing: Christiane Bruns, Reinhard
Buettner; Resources: Wolfgang Schroder, Thomas Zander; Supervi-
sion: Alexander Quaas, Hans Schlosser.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Compliance with ethical standards

Conflicts of interest The authors declare that they have no conflict of
interest.

Ethics approval The study was approved by the Institutional Review
Board of the University Hospital of Cologne (Ethics number: 20-1393).

Consent to participate Informed consent was obtained by all patients.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

@ Springer

were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Edgren G, Adami HO, Weiderpass E, Nyren O. A global
assessment of the oesophageal adenocarcinoma epidemic. Gut.
2013;62(10):1406—14. https://doi.org/10.1136/gutjnl-2012-30241
2.

2. Lagergren J, Lagergren P. Recent developments in esophageal
adenocarcinoma. CA Cancer J Clin. 2013;63(4):232-48. https
://doi.org/10.3322/caac.21185.

3. Maret-Ouda J, El-Serag HB, Lagergren J. Opportunities for
Preventing Esophageal Adenocarcinoma. Cancer Prev Res
(Phila). 2016;9(11):828-34. https://doi.org/10.1158/1940-6207.
CAPR-16-0170.

4. Gavin AT, Francisci S, Foschi R, Donnelly DW, Lemmens
V, Brenner H, Anderson LA, Group E-W. Oesophageal can-
cer survival in Europe: a EUROCARE-4 study. Cancer Epi-
demiol. 2012;36(6):505—-12. https://doi.org/10.1016/j.canep
.2012.07.009.

5. Njei B, McCarty TR, Birk JW. Trends in esophageal cancer sur-
vival in United States adults from 1973 to 2009: A SEER database
analysis. J Gastroenterol Hepatol. 2016;31(6):1141-6. https://doi.
org/10.1111/jgh.13289.

6. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell.
2000;100(1):57-70. https://doi.org/10.1016/s0092-8674(00)81683
-9.

7. Gooden MJ, de Bock GH, Leffers N, Daemen T, Nijman HW.
The prognostic influence of tumour-infiltrating lymphocytes in
cancer: a systematic review with meta-analysis. Br J Cancer.
2011;105(1):93-103. https://doi.org/10.1038/bjc.2011.189.

8. Fridman WH, Galon J, Dieu-Nosjean MC, Cremer I, Fisson S,
Damotte D, Pages F, Tartour E, Sautes-Fridman C. Immune infil-
tration in human cancer: prognostic significance and disease con-
trol. Curr Top Microbiol Immunol. 2011;344:1-24. https://doi.
org/10.1007/82_2010_46.

9. Zingg U, Montani M, Frey DM, Dirnhofer S, Esterman AlJ,
Went P, Oertli D. Tumour-infiltrating lymphocytes and sur-
vival in patients with adenocarcinoma of the oesophagus. Eur
J Surg Oncol. 2010;36(7):670-7. https://doi.org/10.1016/j.
€js0.2010.05.012.

10. Rauser S, Langer R, Tschernitz S, Gais P, Jutting U, Feith M,
Hofler H, Walch A. High number of CD45RO+ tumor infiltrating
lymphocytes is an independent prognostic factor in non-metas-
tasized (stage I-IIA) esophageal adenocarcinoma. BMC Cancer.
2010;10:608. https://doi.org/10.1186/1471-2407-10-608.

11. Schumacher K, Haensch W, Roefzaad C, Schlag PM. Prognos-
tic significance of activated CD8(+) T cell infiltrations within
esophageal carcinomas. Can Res. 2001;61(10):3932-6.

12. Matthews LM, Noble F, Tod J, Jaynes E, Harris S, Primrose JN,
Ottensmeier C, Thomas GJ, Underwood TJ. Systematic review
and meta-analysis of immunohistochemical prognostic bio-
markers in resected oesophageal adenocarcinoma. Br J Cancer.
2015;113(12):1746. https://doi.org/10.1038/bjc.2015.460.

13. Gokon Y, Fujishima F, Taniyama Y, Ishida H, Yamagata T, Sawai
T, Uzuki M, Ichikawa H, Itakura Y, Takahashi K, Yajima N, Hagi-
wara M, Nishida A, Ozawa Y, Sakuma T, Kanba R, Sakamoto


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/gutjnl-2012-302412
https://doi.org/10.1136/gutjnl-2012-302412
https://doi.org/10.3322/caac.21185
https://doi.org/10.3322/caac.21185
https://doi.org/10.1158/1940-6207.CAPR-16-0170
https://doi.org/10.1158/1940-6207.CAPR-16-0170
https://doi.org/10.1016/j.canep.2012.07.009
https://doi.org/10.1016/j.canep.2012.07.009
https://doi.org/10.1111/jgh.13289
https://doi.org/10.1111/jgh.13289
https://doi.org/10.1016/s0092-8674(00)81683-9
https://doi.org/10.1016/s0092-8674(00)81683-9
https://doi.org/10.1038/bjc.2011.189
https://doi.org/10.1007/82_2010_46
https://doi.org/10.1007/82_2010_46
https://doi.org/10.1016/j.ejso.2010.05.012
https://doi.org/10.1016/j.ejso.2010.05.012
https://doi.org/10.1186/1471-2407-10-608
https://doi.org/10.1038/bjc.2015.460

Clinical and Translational Oncology (2021) 23:1601-1610

1609

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

K, Zuguchi M, Saito M, Kamei T, Sasano H. Immune micro-
environment in Barrett’s esophagus adjacent to esophageal ade-
nocarcinoma: possible influence of adjacent mucosa on cancer
development and progression. Virchows Arch. 2020. https://doi.
org/10.1007/s00428-020-02854-0.

Noble F, Mellows T, McCormick Matthews LH, Bateman AC,
Harris S, Underwood TJ, Byrne JP, Bailey IS, Sharland DM,
Kelly JJ, Primrose JN, Sahota SS, Bateman AR, Thomas GJ,
Ottensmeier CH. Tumour infiltrating lymphocytes correlate with
improved survival in patients with oesophageal adenocarcinoma.
Cancer Immunol Immunother. 2016;65(6):651-62. https://doi.
org/10.1007/s00262-016-1826-5.

Stein AV, Dislich B, Blank A, Guldener L, Kroll D, Seiler CA,
Langer R. High intratumoural but not peritumoural inflam-
matory host response is associated with better prognosis in
primary resected oesophageal adenocarcinomas. Pathology.
2017;49(1):30-7. https://doi.org/10.1016/j.pathol.2016.10.005.
Mei Z, Liu Y, Liu C, Cui A, Liang Z, Wang G, Peng H, Cui L,
Li C. Tumour-infiltrating inflammation and prognosis in colo-
rectal cancer: systematic review and meta-analysis. Br J Cancer.
2014;110(6):1595-605. https://doi.org/10.1038/bjc.2014.46.
Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik
B, Lagorce-Pages C, Tosolini M, Camus M, Berger A, Wind
P, Zinzindohoue F, Bruneval P, Cugnenc PH, Trajanoski Z,
Fridman WH, Pages F. Type, density, and location of immune
cells within human colorectal tumors predict clinical outcome.
Science. 2006;313(5795):1960—4. https://doi.org/10.1126/scien
ce.1129139.

Galon J, Fridman WH, Pages F. The adaptive immunologic
microenvironment in colorectal cancer: a novel perspective.
Can Res. 2007;67(5):1883-6. https://doi.org/10.1158/0008-
5472.CAN-06-4806.

Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G,
Meatchi T, Bruneval P, Trajanoski Z, Fridman WH, Pages F,
Galon J. Histopathologic-based prognostic factors of colorectal
cancers are associated with the state of the local immune reac-
tion. J Clin Oncol. 2011;29(6):610-8. https://doi.org/10.1200/
JCO.2010.30.5425.

Berthel A, Zoernig I, Valous NA, Kahlert C, Klupp F, Ulrich
A, Weitz J, Jaeger D, Halama N. Detailed resolution analysis
reveals spatial T cell heterogeneity in the invasive margin of
colorectal cancer liver metastases associated with improved
survival. Oncoimmunology. 2017;6(3):e1286436. https://doi.
org/10.1080/2162402X.2017.1286436.

Hynes CF, Kwon DH, Vadlamudi C, Lofthus A, Iwamoto A,
Chahine JJ, Desale S, Margolis M, Kallakury BV, Watson TJ,
Haddad NG, Marshall MB. Programmed Death Ligand 1: A
Step Toward Immunoscore for Esophageal Cancer. Ann Thorac
Surg. 2018;106(4):1002-7. https://doi.org/10.1016/j.athoracsur
.2018.05.002.

Dislich B, Stein A, Seiler CA, Kroll D, Berezowska S, Zlobec
I, Galvan J, Slotta-Huspenina J, Walch A, Langer R. Expression
patterns of programmed death-ligand 1 in esophageal adenocar-
cinomas: comparison between primary tumors and metastases.
Cancer Immunol Immunother. 2017;66(6):777-86. https://doi.
org/10.1007/s00262-017-1982-2.

Kulangara K, Zhang N, Corigliano E, Guerrero L, Waldroup
S, Jaiswal D, Ms MJ, Shah S, Hanks D, Wang J, Lunceford
J, Savage MJ, Juco J, Emancipator K. Clinical Utility of the
Combined Positive Score for Programmed Death Ligand-1
Expression and the Approval of Pembrolizumab for Treatment
of Gastric Cancer. Arch Pathol Lab Med. 2019;143(3):330-7.
https://doi.org/10.5858/arpa.2018-0043-OA.

Kato KJMS, Shah MA, Enzinger PC, Adenis A, Doi T, Kojima
T, Metges J-P, Li Z, Kim S-B, Chul Cho BC, Mansoor W, Li
S-H, Sunpaweravong P, Maqueda MA, Goekkurt E, Liu Q, Shah

25.

26.

27.

28.

29.

30.

31.

32.

S, Bhagia P, Shen L. Abstract LBA8_PR - Pembrolizumab plus
chemotherapy versus chemotherapy as first-line therapy in
patients with advanced esophageal cancer: The phase 3 KEY-
NOTE-590 study. Ann Oncol 2020;31(4)

Moehler KS, Garrido M, Salman P, Shen L, Wyrwicz L, Yama-
guchi K, Skoczylas T, Campos Bragagnoli A, Liu T, Schenker
M, Yanez P, Tehfe M, Poulart V, Cullen D, Lei M, Kondo K,
Li M, Ajani JA, Janjigian YY. Abstract LBA6_PR ‘Nivolumab
(NIVO) plus chemotherapy (chemo) versus chemo as first-
line (11) treatment for advanced gastric cancer/gastroesopha-
geal junction cancer (GC/GEJC)/esophageal adenocarcinoma
(EAC): First results of the CheckMate 649 study‘ Ann Oncol
2020;31(4)

Schroder W, Holscher AH, Bludau M, Vallbohmer D, Bollsch-
weiler E, Gutschow C. Ivor-Lewis esophagectomy with and with-
out laparoscopic conditioning of the gastric conduit. World J Surg.
2010;34(4):738-43. https://doi.org/10.1007/s00268-010-0403-x.
Holscher AH, Schneider PM, Gutschow C, Schroder W. Lapa-
roscopic ischemic conditioning of the stomach for esopha-
geal replacement. Ann Surg. 2007;245(2):241-6. https://doi.
org/10.1097/01.s1a.0000245847.40779.10.

Messager M, Pasquer A, Duhamel A, Caranhac G, Piessen
G, Mariette C, groupFRENCH Fw, . Laparoscopic Gastric
Mobilization Reduces Postoperative Mortality After Esopha-
geal Cancer Surgery: A French Nationwide Study. Ann Surg.
2015;262(5):817-22. https://doi.org/10.1097/SLA.0000000000
001470.

Mariette C, Markar SR, Dabakuyo-Yonli TS, Meunier B, Pezet
D, Collet D, D’Journo XB, Brigand C, Perniceni T, Carrere N,
Mabrut JY, Msika S, Peschaud F, Prudhomme M, Bonnetain F,
Piessen G, Federation de Recherche en C, French Eso-Gastric
Tumors Working G. Hybrid Minimally Invasive Esophagectomy
for Esophageal Cancer. N Engl J] Med. 2019;380(2):152-62.
https://doi.org/10.1056/NEJMoal805101.

Richards CH, Roxburgh CS, Powell AG, Foulis AK, Horgan
PG, McMillan DC. The clinical utility of the local inflammatory
response in colorectal cancer. Eur J Cancer. 2014;50(2):309-19.
https://doi.org/10.1016/j.ejca.2013.09.008.

Kang BW, Kim JG, Lee IH, Bae HI, Seo AN. Clinical signifi-
cance of tumor-infiltrating lymphocytes for gastric cancer in the
era of immunology. World J Gastrointest Oncol. 2017;9(7):293—
9. https://doi.org/10.4251/wjgo.v9.i7.293.

Cancer Genome Atlas Research N, Analysis Working Group:
Asan U, Agency BCC, Brigham, Women’s H, Broad I, Brown
U, Case Western Reserve U, Dana-Farber Cancer I, Duke U,
Greater Poland Cancer C, Harvard Medical S, Institute for
Systems B, Leuven KU, Mayo C, Memorial Sloan Kettering
Cancer C, National Cancer I, Nationwide Children’s H, Stan-
ford U, University of A, University of M, University of North
C, University of P, University of R, University of Southern
C, University of Texas MDACC, University of W, Van Andel
Research I, Vanderbilt U, Washington U, Genome Sequencing
Center: Broad I, Washington University in St L, Genome Char-
acterization Centers BCCA, Broad I, Harvard Medical S, Sidney
Kimmel Comprehensive Cancer Center at Johns Hopkins U,
University of North C, University of Southern California Epi-
genome C, University of Texas MDACC, Van Andel Research
I, Genome Data Analysis Centers: Broad I, Brown U, Harvard
Medical S, Institute for Systems B, Memorial Sloan Kettering
Cancer C, University of California Santa C, University of Texas
MDACC, Biospecimen Core Resource: International Genomics
C, Research Institute at Nationwide Children’s H, Tissue Source
Sites: Analytic Biologic S, Asan Medical C, Asterand B, Bar-
retos Cancer H, Bioreclamationlvt, Botkin Municipal C, Chon-
nam National University Medical S, Christiana Care Health S,
Cureline, Duke U, Emory U, Erasmus U, Indiana University

@ Springer


https://doi.org/10.1007/s00428-020-02854-0
https://doi.org/10.1007/s00428-020-02854-0
https://doi.org/10.1007/s00262-016-1826-5
https://doi.org/10.1007/s00262-016-1826-5
https://doi.org/10.1016/j.pathol.2016.10.005
https://doi.org/10.1038/bjc.2014.46
https://doi.org/10.1126/science.1129139
https://doi.org/10.1126/science.1129139
https://doi.org/10.1158/0008-5472.CAN-06-4806
https://doi.org/10.1158/0008-5472.CAN-06-4806
https://doi.org/10.1200/JCO.2010.30.5425
https://doi.org/10.1200/JCO.2010.30.5425
https://doi.org/10.1080/2162402X.2017.1286436
https://doi.org/10.1080/2162402X.2017.1286436
https://doi.org/10.1016/j.athoracsur.2018.05.002
https://doi.org/10.1016/j.athoracsur.2018.05.002
https://doi.org/10.1007/s00262-017-1982-2
https://doi.org/10.1007/s00262-017-1982-2
https://doi.org/10.5858/arpa.2018-0043-OA
https://doi.org/10.1007/s00268-010-0403-x
https://doi.org/10.1097/01.sla.0000245847.40779.10
https://doi.org/10.1097/01.sla.0000245847.40779.10
https://doi.org/10.1097/SLA.0000000000001470
https://doi.org/10.1097/SLA.0000000000001470
https://doi.org/10.1056/NEJMoa1805101
https://doi.org/10.1016/j.ejca.2013.09.008
https://doi.org/10.4251/wjgo.v9.i7.293

1610

Clinical and Translational Oncology (2021) 23:1601-1610

33.

34.

35.

36.

37.

School of M, Institute of Oncology of M, International Genom-
ics C, Invidumed, Israelitisches Krankenhaus H, Keimyung
University School of M, Memorial Sloan Kettering Cancer C,
National Cancer Center G, Ontario Tumour B, Peter MacCallum
Cancer C, Pusan National University Medical S, Ribeirao Preto
Medical S, St. Joseph’s H, Medical C, St. Petersburg Academic
U, Tayside Tissue B, University of D, University of Kansas
Medical C, University of M, University of North Carolina at
Chapel H, University of Pittsburgh School of M, University
of Texas MDACC, Disease Working Group: Duke U, Memo-
rial Sloan Kettering Cancer C, National Cancer I, University of
Texas MDACC, Yonsei University College of M, Data Coordi-
nation Center CI, Project Team: National Institutes of H (2017)
Integrated genomic characterization of oesophageal carcinoma.
Nature 541 (7636):169-175. https://doi.org/10.1038/nature2080
5

Cancer Genome Atlas Research N. Comprehensive molecu-
lar characterization of gastric adenocarcinoma. Nature.
2014;513(7517):202-9. https://doi.org/10.1038/nature13480.
Hewitt LC, Inam IZ, Saito Y, Yoshikawa T, Quaas A, Hoelscher
A, Bollschweiler E, Fazzi GE, Melotte V, Langley RE, Nankiv-
ell M, Cunningham D, Allum W, Hutchins GG, Grabsch HI.
Epstein-Barr virus and mismatch repair deficiency status differ
between oesophageal and gastric cancer: A large multi-centre
study. Eur J Cancer. 2018;94:104—14. https://doi.org/10.1016/j.
ejca.2018.02.014.

Conway JR, Kofman E, Mo SS, Elmarakeby H, Van Allen E.
Genomics of response to immune checkpoint therapies for cancer:
implications for precision medicine. Genome Med. 2018;10(1):93.
https://doi.org/10.1186/s13073-018-0605-7.

Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-Akita H,
Nishimura M. B7-H1 expression on non-small cell lung cancer
cells and its relationship with tumor-infiltrating lymphocytes and
their PD-1 expression. Clin Cancer Res. 2004;10(15):5094-100.
https://doi.org/10.1158/1078-0432.CCR-04-0428.

Salem ME, Puccini A, Xiu J, Raghavan D, Lenz HJ, Korn WM,
Shields AF, Philip PA, Marshall JL, Goldberg RM. Comparative
Molecular Analyses of Esophageal Squamous Cell Carcinoma,
Esophageal Adenocarcinoma, and Gastric Adenocarcinoma.

@ Springer

38.

39.

40.

41.

42.

Oncologist. 2018;23(11):1319-27. https://doi.org/10.1634/theon
cologist.2018-0143.

Creemers A, Ebbing EA, Pelgrim TC, Lagarde SM, van Etten-
Jamaludin FS, van Berge Henegouwen MI, Hulshof M, Krishna-
dath KK, Meijer SL, Bijlsma MF, van Oijen MGH, van Laarhoven
HWM. A systematic review and meta-analysis of prognostic
biomarkers in resectable esophageal adenocarcinomas. Sci Rep.
2018;8(1):13281. https://doi.org/10.1038/s41598-018-31548-6.
Kollmann D, Ignatova D, Jedamzik J, Chang YT, Jomrich G,
Baierl A, Kazakov D, Michal M, French LE, Hoetzenecker W,
Schatton T, Asari R, Preusser M, Gnant M, Guenova E, Schopp-
mann SF. PD-L1 expression is an independent predictor of
favorable outcome in patients with localized esophageal adeno-
carcinoma. Oncoimmunology. 2018;7(6):e1435226. https://doi.
org/10.1080/2162402X.2018.1435226.

Rodig SJ, Gusenleitner D, Jackson DG, Gjini E, Giobbie-Hurder
A, Jin C, Chang H, Lovitch SB, Horak C, Weber JS, Weirather JL,
Wolchok JD, Postow MA, Pavlick AC, Chesney J, Hodi FS. MHC
proteins confer differential sensitivity to CTLA-4 and PD-1 block-
ade in untreated metastatic melanoma. Sci Transl Med. 2018. https
://doi.org/10.1126/scitranslmed.aar3342.

Garrido F, Ruiz-Cabello F, Cabrera T, Perez-Villar JJ, Lopez-
Botet M, Duggan-Keen M, Stern PL. Implications for immuno-
surveillance of altered HLA class I phenotypes in human tumours.
Immunol Today. 1997;18(2):89-95. https://doi.org/10.1016/s0167
-5699(96)10075-x.

Jager E, Ringhofter M, Altmannsberger M, Arand M, Karbach J,
Jager D, Oesch F, Knuth A. Immunoselection in vivo: independ-
ent loss of MHC class I and melanocyte differentiation antigen
expression in metastatic melanoma. Int J Cancer. 1997;71(2):142—
7. https://doi.org/10.1002/(sici)1097-0215(19970410)71:2%3c142
::aid-ijc3%3e3.0.c0;2-0.

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


https://doi.org/10.1038/nature20805
https://doi.org/10.1038/nature20805
https://doi.org/10.1038/nature13480
https://doi.org/10.1016/j.ejca.2018.02.014
https://doi.org/10.1016/j.ejca.2018.02.014
https://doi.org/10.1186/s13073-018-0605-7
https://doi.org/10.1158/1078-0432.CCR-04-0428
https://doi.org/10.1634/theoncologist.2018-0143
https://doi.org/10.1634/theoncologist.2018-0143
https://doi.org/10.1038/s41598-018-31548-6
https://doi.org/10.1080/2162402X.2018.1435226
https://doi.org/10.1080/2162402X.2018.1435226
https://doi.org/10.1126/scitranslmed.aar3342
https://doi.org/10.1126/scitranslmed.aar3342
https://doi.org/10.1016/s0167-5699(96)10075-x
https://doi.org/10.1016/s0167-5699(96)10075-x
https://doi.org/10.1002/(sici)1097-0215(19970410)71:2%3c142::aid-ijc3%3e3.0.co;2-0
https://doi.org/10.1002/(sici)1097-0215(19970410)71:2%3c142::aid-ijc3%3e3.0.co;2-0

	Distribution of tumor-infiltrating-T-lymphocytes and possible tumor-escape mechanisms avoiding immune cell attack in locally advanced adenocarcinomas of the esophagus
	Abstract
	Introduction 
	Patients and methods 
	Results 
	Discussion 

	Introduction
	Patients & methods
	Patients and tumor samples
	Immunohistochemistry
	Software-based analysis of T cell infiltration
	Strategy of evaluation of PD-L1 and MHC1
	Statistical analysis

	Results
	Patients’ cohort
	T cell infiltration
	PD-L1 expression and MHC class 1 (HLA A, HLA B)

	Discussion
	References




