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ABSTRACT
Immune checkpoint modulation in cancer has been demonstrated as a high-value therapeutic strategy in
many tumor entities. VISTA is an immune checkpoint receptor regulating T-cell function. To the best of our
knowledge, nothing is known about the expression and prognostic impact of VISTA on tumor infiltrating
lymphocytes (TILs) in the tumor microenvironment of esophageal adenocarcinoma (EAC). We analyzed in
total 393 EACs within a test-cohort (n = 165) and a validation-cohort (n = 228) using a monoclonal antibody
(clone D1L2G). These data were statistically correlated with clinical as well as molecular data. 22.2% of the
tumor cohort presented with a VISTA expression on TILs. These patients demonstrated an improvedmedian
overall survival compared to patients without VISTA expression (202.2 months vs. 21.6 months; p < 0.0001).
The favorable outcome of VISTA positive tumors is significant in the entire cohort but mainly driven by the
general better prognosis of T1/T2 tumors. However, in the pT1/2 group, VISTA positive tumors show
a tremendous survival benefit compared to VISTA negative tumors revealing real long-term survivors in
this particular subgroup. The survival difference is independent of the T-stage. This unique characteristic
could influence neoadjuvant therapy concepts for EAC, since a profit of therapy could be reduced in the
already favorable subgroup of VISTA positive tumors. VISTA emerges as a prognostic biomarker for long-
term survival especially in the group of early TNM-stages. Future studies have to show the relevance of VISTA
positive TILs within a tumor concerning response to specific immune checkpoint inhibition.
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Introduction

Esophageal cancer is the eighth most common malignant tumor
worldwide and the number of incidences of esophageal adenocar-
cinoma (EAC) is increasing especially in the Western world (see
http://www.wcrf.org). The majority of adenocarcinomas arise
from Barrett metaplasia due to chronic reflux disease, followed
subsequently by an accumulation of different mutations causing
genetic instability (Barrett multistep carcinogenesis).1,2 Frequently
patients present with a locally advanced tumor stage. Despite
improvements in perioperative treatments, the overall survival
rates of patients with esophageal adenocarcinoma remains poor.

To evade immune-control, virtually all fully developed
tumors are associated with an immunosuppressive tumor
microenvironment with elevated levels of tumor associated
macrophages (TAMs) and regulatory T-cells (Tregs). The
immune-escape of tumor cells itself is facilitated e.g. by
a loss of specific antigens and tumor associated immunosup-
pressive cells preventing T-cell activation. Concurrent, infil-
trating effector T-cells develop tolerance against the tumor
cells. This is facilitated by co-inhibitory receptors- so called
immune checkpoints that are able to modulate the effector

T cell function. This has led to numerous studies identifying
therapeutically targets for immune checkpoint modulation.

V-domain Ig suppressor of T cell activation (VISTA) is an
immune checkpoint receptor expressed on tumor infiltrating
T-lymphocytes (TILs) and myeloid cells, leading to suppression
of T-cell activation, proliferation and cytokine production.3 The
extracellular domain is similar to that of PD-L1, although both
proteins interfere with different subsets of T-lymphocytes.

In the here presented study, we analyzed the hypothesis,
that elevated numbers of VISTA-positive TILs in esophageal
adenocarcinomas are associated with differences in prognosis.
Therefore, the number of VISTA positive TILs was assessed
on TMAs of two independent cohorts of esophageal adeno-
carcinoma using immunohistochemistry.

Results

Clinico-pathological and patients characteristics

Patient characteristics are given in Tables 1 and 2. 393 patients
with esophageal adenocarcinomas (EAC) that underwent surgi-
cal tumor resection were immunohistochemically interpretable
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on the single-spot and 165 patients on the multi-spot tissue
micro array (TMA). Reasons for non-informative cases (35
spots; 8.2%) included a lack of tissue samples or an absence of
unequivocal cancer tissue in the TMA spot.

VISTA expression (in test and validation cohort)

VISTA immunostaining was localized in the cytoplasm/mem-
brane of tumor infiltrating lymphocytes (Figure 1(a+b)). In total,
with the applied scoring system, 22.2% (n = 35) of patients on the
multi-spot TMA were considered VISTA positive. In 104
(63.0%) cases we found a heterogeneous expression of VISTA
within the 4 spots of the two localizations (surface and invasive
margin) (Figure 1(c–f ); Figure 2). On the other hand, the overall
expression pattern of the surface compared with the invasive
tumor margin showed only a low heterogeneity, thus 18 cases
(11.6%) were positive for VISTA on the surface and not on the

invasive margin. In cross-table analysis, high amounts of
VISTA-positive TILs were correlated with early (pT1/2) tumor
stages (p < 0.0001), nodal negative patients (p < 0.001) and early
UICC stages (UICC stage I/II) (p = 0.004) (Table 1).

In 1.2% of the analyzed cases we found an expression of
VISTA on carcinoma cells.

In the validation cohort (on the single-spot TMA), 114
patients were considered VISTA positive (29.0%). We found
comparable results to the multi-spot TMA, especially the
strong correlation of VISTA to early tumor stages (pT1/2)
(p = 0.017), nodal negative patients (p = 0.010) and UICC
stages (UICC stage I and II) (p = 0.008) (Table 2).

VISTA expression reveals long-term survivors in EAC

Prognostic significancewith respect to overall survival was seen for
VISTA expression as determined by Kaplan-Meier survival

Table 1. Patient’s characteristics and VISTA expression results on test-cohort (n = 165). Total patient´s numbers do not add to n = 165 due to missing analysable
tumor spots on the multi-spot TMA.

VISTA expression surface margin VISTA expression infiltration margin

low high low high

sex No % No % No % p value No % No % p value

female 16 9.7% 13 81.3% 3 18.8% 11 73.3% 4 26.7%
male 149 90.3% 110 77.5% 32 22.5% 0.508 104 72.2% 39 27.3% 0.614
age group
<65 years 72 43.9% 55 78.6% 15 21.4% 51 73.9% 18 26.1%
>65 years 92 56.1% 67 77.0% 20 23.0% 0.485 63 71.6% 25 28.4% 0.444
tumor stage
pT1 49 30.1% 28 60.9% 18 39.1% 29 63.0% 17 37.0%
pT2 29 17.8% 18 62.1% 11 37.9% 20 69.0% 9 31.0%
pT3 84 51.5% 76 93.8% 5 6.2% 65 80.2% 16 19.8%
pT4 1 0.6% 0 0.0% 1 100% <0.0001 0 0.0% 1 100% 0.062
lymph node metastasis
pN0 63 38.7% 34 56.7% 26 43.4% 35 59.3% 24 40.7%
pN1 72 44.2% 65 92.9% 6 7.1% 57 81.4% 13 18.6%
pN2 13 8% 10 83.3% 2 16.7% 11 84.4% 2 15.4%
pN3 15 9.2% 13 86.7% 2 13.3% <0.0001 11 73.3% 4 26.4% 0.030
UICC stage
I 41 26.1% 21 51.2% 20 48.8% 23 57.6% 17 42.5%
II 21 13.4% 15 71.4% 6 28.6% 14 66.7% 7 33.3%
III 75 47.8% 69 92.0% 6 8.0% 60 78.9% 16 21.1%
IV 20 12.7% 17 85.9% 3 15.0% <0.0001 17 85.0% 3 15.0% 0.045

Table 2. Patient’s characteristics, VISTA expression results, HER2- and p53-status on validation cohort (n = 393).

VISTA Expression

No % low high p value

sex female 40 10,2% 27 67.5% 13 32.5%
male 353 89,8% 252 71.4% 101 28.6% 0.364

age group <65 yrs 203 51,7% 141 69.3% 62 30.7%
>65 yrs 190 48,3% 140 73.4% 50 26.6% 0.224

tumor stage pT1 43 10,9% 22 51.2% 21 48.8%
pT 2 35 8,9% 27 77.1% 8 22.9%
pT 3 305 77,6% 223 73.3% 82 26.7%
pT 4 10 2,5% 6 60.0% 4 40.0% 0.017

lymph node metastasis pN0 148 37,7% 94 63.5% 54 36.5%
pN 1 155 39,4% 111 71.4% 44 28.6%
pN 2 46 11,7% 35 76.1% 11 23.9%
pN 3 44 11,2% 39 88.6% 5 11.4% 0.010

UICC stage I 70 17,8% 40 57.1% 30 42.9%
II 70 17,8% 46 66.1% 24 33.9%
III 160 40,7% 115 71.9% 45 28.1%
IV 92 23,4% 77 83.8% 15 16.2% 0.008

TP53 wildtype 150 41.0% 108 72.2% 42 28.0%
mutation 216 59.0% 153 70.8% 63 29.2% 0.451

HER2 wildtype 307 87.7% 215 70.0% 92 30.0%
amplification 43 12.3% 33 76.7% 10 23.3% 0.236
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analysis. For both, expression on the surface and infiltration mar-
gin, VISTA expression was correlated with favorable outcomes in
patients with EAC (Figure 3(a,b)). Calculated median overall
survival in patients with VISTA expression on the surface margin
was 202.2 months (95% confidence interval (CI) 32.6–
371.8 months) compared to a median OS of 21.6 months in
VISTA negative patients (95%CI 13.3–29.9 months) (p < 0.001).
Similar results were found on the invasive margin. The median
overall survival in VISTA positive patients was 84.6 months (95%
CI 27.2–141.9 months) compared to 22.1 months (95%CI 15.1–-
29.0 months) in VISTA negative patients (p = 0.024). In subgroup
analysis, tumorswithVISTA-positive TILs demonstrate a superior
overall survival in early tumor stages (pT1/2) compared to patients
without VISTA expression on TILs (p < 0.003) (Figure 3(c)). The
survival benefit is not seen in higher tumor stages (Figure 3(d)).
Due to the fact of highly homogenous distribution of VISTA
within the tumor (irrespective of tumor surface or tumor infiltra-
tionmargin), we do not consider the surface or infiltrationmargin
in the single spot TMAof the validation cohort anymore.Wewere
able to confirm the prognostic power of VISTA on the validation
cohort considering 228 additional patients. For the entire valida-
tion cohort, VISTA expression was associated with a prolonged
overall survivalwith amedian overall survival of 41.9months (95%
CI 18.0–65.9 months) vs. 25.7 months in VISTA negative patients
(95% CI 19.1–32.3 months) (p = 0.046) (Figure 3(e)). In subgroup
analysis adjusted for tumor stages, similar results as already

described for the multi-spot TMA were revealed with a survival
benefit especially in the pT1/2 group, where VISTA positive
tumors represent real long-term survivors in this particular sub-
group (Figure 3(f )). The survival difference is independent of the
T-stage (Table 3).

Correlation of VISTA expression in subgroups of tils

To visualize which subtypes of TILs express VISTAwe performed
double stain immunofluorescencewithVISTAandCD4,CD8 and
CD68. A semiquantitative analysis was performed on 40 VISTA
positive cases correlating VISTA and CD4, CD8 and CD68.
VISTA showed a predominant co-expression with CD68, and in
the subgroup of TILs a co-expression with CD4 in most cases
(Figure 4). No reliable co-expression with CD8 was detectable.

Correlation of VISTA expression with other biomarkers of
the tumor-microenvironment

We correlated the VISTA expression on TILs with the expres-
sion pattern of PD-L1 (on tumor cells), LAG3, CD3 and CD8 on
TILs (these data currently under review). In the cohort of EAC
LAG3 is associated with a better outcome, whereas PD-L1
showed no prognostic impact. We were not able to find any
statistically relevant correlation of the aforementioned markers
in the present patient’s cohort. No survival differences were

Figure 1. Immunohistochemistry of VISTA. (a) high expression of VISTA on TILs; (b) VISTA expression on lymphocytes (*) and macrophages (**); (c+d) tumor spots of
the same tumor showing heterogeneous low and high VISTA expression; (e+f) tumor spots of the same tumor showing homogeneous VISTA expression.
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observed for patients with low or high CD3 expression with
respect to VISTA expression (Supplementary Figure 1).

VISTA expression and TP53 and HER2 status

TP53 mutation and HER2 amplification/expression status was
available for the entire patient’s cohort (data not shown).
Within the VISTA positive group 63 patients showed
a TP53 mutation (60.0%) and 42 patients (40.0%) were
TP53 wild-type tumors (p = 0.451). Similar results were
found for HER2 amplification. In tumors with high VISTA
expression 10 patients showed HER2 amplification, but
a correlation via cross-table analysis did not reveal
a significant association between VISTA and HER2 amplifica-
tion (p = 0.236).

Discussion

In a large set of 393 patients with EAC we report the expression
of VISTA positive tumor associated lymphocytes (TILs) evaluat-
ing the level of heterogeneity and distribution within the tumor.
In the patient cohorts, we are able to show a significantly favor-
able outcome for VISTA positive tumors in pT1/T2 stages and
find generally a lower level of VISTA expression in pT3/T4
tumor samples. Furthermore, we do not find any correlation of
VISTA with important molecular alterations like TP53 muta-
tional status and HER2 amplification status, as well as with
further important biomarkers of the tumor microenvironment
like the number of T-cells (CD3) and previously examined
LAG3 expression on TILs (Data are currently under revision).

We created a multi-spot TMA considering two different
tumor localizations (surface, infiltrationmargin) as a test cohort,

Figure 2. Heat-map of VISTA distribution within the multi spot TMA displaying heterogeneous expression. Each line represents one particular patients, each column
represents one spot on the multi-spot TMA. Blue = negative VISTA expression (<1% of TILs), light red = low VISTA expression (1–4% of TILs), dark red = high VISTA
expression (>4% of TILs).
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where we were able to prove a low heterogeneity of VISTA
expression within the tumor. There is a consistent pattern

between the tumor surface and the infiltration margin indicating
that EAC samples taken by endoscopic tumor biopsy can repre-
sent overall tumor VISTA expression. Furthermore, the absence
of significant heterogeneity was one reason to create a single-
spot TMA with 228 additional patients as a validation cohort.

To the best of our knowledge we are the first describing the
expression pattern of VISTA and its prognostic impact in EAC.
Previously, Böger et al.4 examined the role of VISTA in gastric
cancer. Interestingly they found comparable results considering
the cumulative distribution of VISTA in T1/T2 stages in oppo-
site to T3/T4 – they describe a significant decrease of VISTA
positive TILs between the pT2 to the pT3 stage.

Figure 3. Kaplan-Meier survival analysis of VISTA on the multi spot TMA (n = 165 patients). In both, surface (a) and infiltration zone (b) of the tumor, VISTA
expression on tumor infiltrating T-cells (TILs) is correlated with superior overall survival compared to VISTA negative TILs. In subgroup analysis, the survival benefit of
VISTA expression reveals in early invasive tumor stages (pT1/2 (c)) and is not detectable in advanced tumor stages (pT3/4 (d)). A difference in overall survival is also
detectable in the validation cohort (e) which is predominantly driven by the survival difference in early tumor stages (pT1/2 (f)).

Table 3. Multivariate cox-regression model for early invasive tumor stages (pT1
and pT2). HR = hazard ratio.

95% confidence
interval

HR lower upper p value

sex (male vs. female) 1.421 0.377 5.357 0.603
age group (<65 vs. >65) 1.569 0.576 4.271 0.378
tumor stage (pT1 vs. pT2) 1.426 0.536 3.794 0.477
lymph node metastasis (pN0 vs. pN+) 2.751 0.923 8.2 0.069
VISTA expression 0.207 0.055 0.783 0.02
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In the analyzed cohort, VISTA expression significantly repre-
sents a positive prognostic marker in the subgroup of pT1/T2
stage tumors. In addition, the favorable outcome of VISTA
positive tumors is even significant in the entire cohort but
mainly driven by the general better prognosis of pT1/T2 tumors
(VISTA – positive TILs in higher levels in T1/T2 than in T3/T4
stages). However, in the pT1/2 group, VISTA positive tumors
show a tremendous survival benefit compared to VISTA nega-
tive tumors revealing real long-term survivors in this particular
subgroup. The survival difference is independent of the T-stage.
This unique characteristic could influence neoadjuvant therapy
concepts for EAC, since a profit of therapy could be reduced in
the already favorable subgroup of VISTA positive tumors.
Further research in this context might contribute to build
cohorts of profiting versus non-profiting groups of patients.

Nevertheless, the significantly lower expression of VISTA
in pT3/T4 tumor stages remains cryptic. On the one hand, it
is conceivable that changes in tumor biology are responsible
for a loss/reduced amounts of VISTA-positive TILs in locally
advanced tumors; on the other hand VISTA itself could even
influence invasive tumor growth.

The exact physiological mechanism of action for VISTA is
still obscure. It is assumed to suppress T-cell activity and serves
as an immune checkpoint.3 It might therefore play a role in the
immune evasion of tumors. Some studies could provide evi-
dence for this assumption. In oral squamous cell cancer, high
VISTA expression in combination with low CD8 expression is
associated with poor prognosis and lymph node metastases.5 In
mouse models, VISTA blockade impaired tumor growth by
attenuating the tumor microenvironment.3,6 In the here pre-
sented study VISTA expression was a significant and indepen-
dently positive prognostic marker in the subgroup of pT1/T2
stage tumors. In a previous study of gastric cancer, VISTA
expression was predominantly seen in pT1/T2-stages, although
it did not correlate with prognosis.

While VISTA is displayed by antigen-presenting cells
(APCs) and T-cells, Böger et al.4 showed an expression on

gastric carcinoma cells in 8.8%. In the cohort of esophageal
adenocarcinoma, VISTA is only rarely present on carcinoma
cells (1.2%).

The immune regulating functions of VISTA suggest that an
elevated expression is attended by a highly inflamed tumormicro-
environment. In opposite to this and previous results for PD-L1 in
EAC, we were able to show an independent expression of VISTA
concerning the number of T-cells (CD3).7 We found
a predominant co-expression of VISTA and CD68, underlining
the known expression onmyeloid cells.8OnT-cells wewere able to
find a strong and convincing co-expression of VISTA and CD4-
positive T-cells. We did not see a persuading co-expression with
CD8-positive T-cells. This is in keeping with known data showing
VISTA on CD8-positive T-cells to be expressed in a lower fre-
quency and intensity, so we were probably not able to measure
a discrete expression reliably by immunofluorescence.9,10 The
functional impact of VISTA-positive CD4-positive T-cells is not
clear yet, but there is evidence for VISTA regulating T-cell func-
tion both as a ligand and receptor.8,10,11 Anyway, we did not find
any correlation with other checkpoint-markers (PD-L1, LAG3) in
this cohort indicating that VISTA might function in a more inde-
pendently manner. The exploration of alternative mechanisms of
action, besides regulatory effects on inflammatory microenviron-
ment,might lead to a better understanding of immunomodulation
via VISTA in EAC.

Our study has a few limitations. The study is retrospective
and a selection bias cannot be excluded. For example, we were
not able to test patients who received neoadjuvant treatment and
showed a complete tumor response. Functional data on the exact
effect of VISTA-expression in EAC could unfortunately not be
compiled on formalin fixed paraffin embedded (FFPE) tumor
specimen. Our results need to be confirmed by further studies.

Conclusion

Our study reveals the prognostic significance of VISTA
expression in esophageal adenocarcinoma. We find VISTA-

Figure 4. Double staining immunofluorescence of VISTA (red signals) and CD68, CD4 and CD8 (green signals) with counterstaining of the nuclei with DAPI (blue
signals). The photos (a-c) represent one double staining each with different fluorescence filters. (a) VISTA and CD68 show a coexpression representing myeloid origin;
(b) VISTA and CD4 show a strong coexpression within the VISTA positive TILs; (c) No correlation of VISTA and CD8 was seen.
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positive TILs in a significant number of EAC in this cohort,
which correlates with improved overall survival within pT1/
T2 stages. Thus, this subgroup might be a promising approach
to improve personal targeted treatment decisions and lead to
new perspectives on neoadjuvant therapy concepts in EAC.

Methods

Patients and tumor samples

In this retrospective study we analyzed 393 patients with esopha-
geal adenocarcinomas that underwent primary surgical resection
or resection after neoadjuvant therapy between 1999 to 2016 at the
Department of General, Visceral and Cancer Surgery, University
of Cologne, Germany. The recently published criteria for report-
ing recommendations for tumor marker prognostic studies
(REMARK criteria) were followed in this study.12,13

According to the suggestions of the international immuno-
oncology working group for assessing tumor infiltrating lympho-
cytes (TILs) in solid tumors we created a multi spot tissue micro
array (TMA) with up to 12 tumor spots as a test-cohort consider-
ing formalin fixed and paraffin embedded (FFPE) material of 165
patients with EAC.14 148 patients (89%) of the test-cohort did not
receive any neoadjuvant treatment. We considered equally the
tumor surface/centre and the tumor infiltration margin where
possible. Additionally we created a single spot TMA considering
228 additional patients as a validation-cohort (393 patients in
total). The construction of the TMAs was performed as previously
described.15,16 In brief, tissue cylinders with a diameter of 1.2 mm
each were punched from selected FFPE tumor tissue blocks using
a self-constructed semi-automated precision instrument and
embedded in empty recipient paraffin blocks. For the multi-spot
TMA, up to 8 tumor spots were punched out of the tumor, four
spots each from the endoluminal and the invasion front. These
data were statistically correlated with molecular data like TP53
mutational and the HER2 amplification status. Four μm sections
of the resultingTMAblockswere transferred to an adhesive coated
slide system (Instrumedics Inc., Hackensack, NJ) for immunohis-
tochemistry. Standard surgical procedure was laparotomic or
laparoscopic gastrolysis and right transthoracic en bloc esopha-
gectomy with intrathoracic esophagogastrostomy including two-
field lymphadenectomy of mediastinal and abdominal lymph
nodes or transhiatal extended distal esophagectomy with transab-
dominal intrathoracic or cervical anastomosis as described
previously.17 Patients with advanced esophageal cancer (cT3,
cNx, M0) received preoperative chemoradiation (5-FU, cisplatin,
40Gy) or chemotherapy. Follow-up data were available for all
patients. Depending on the effect of neoadjuvant chemo- or radio-
chemotherapy, there is a preponderance of minor responders,
defined as histopathological residual tumor of ≥10%.18 All proce-
dures followed the national and institutional ethical standards and
were in accordance with the relevant version of the Helsinki
Declaration. Informed and ethical approved consent (13-091)
was obtained from all included patients.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on TMA slides.
For VISTA the rabbit IgG monoclonal antibody (D1L2G;

dilution 1:100; Cell Signalling Technology, Netherlands) was
used. All immunohistochemical stainings were performed
using the Leica BOND-MAX stainer (Leica Biosystems,
Germany) according to the protocol of the manufacturers.
The evaluation of immunohistochemical expression was sepa-
rately assessed independently by two experienced pathologists
(AQ and PL), blinded to clinical data. Discrepant results,
which occurred in less than 10% of samples, were resolved
by consensus review of the particular tumor spots.

Strategy of evaluation

VISTA is expressed on myeloid cells and lymphocytes. Only
the expression on lymphocytes was evaluated. VISTA: <1% of
lymphocytes was defined as negative, 1–4% of lymphocytes
was assessed as “VISTA low”, >4% of lymphocytes was
counted as “VISTA high”.

Concerning the multi-spot TMA four spots of tumor surface
and invasive margin each were examined. We built the average of
the scores andmatched the four samples to one category based on
limit values: 0–0.49 = negative, 0.5–1.49 = low, 1.5–2 = high.

(e.g.: VISTA expression in spot 1: 2, spot 2: 1, spot 3: 0,
spot 4: 2, average of the spots: 1.25 → category “low”).

Discrepant results were resolved by consensus review.
For the statistical analysis, high VISTA expression was

assessed as positive and negative or low expression as negative.

Double staining immunofluorescence

Immunofluorescence was performed on TMA slides. For the
immunofluorescence double staining, paraffin sections were
deparaffinised and antigens were retrieved with citrat. Slides
were incubated with the primary antibody (CD4, Thermo
Scientific MS-1528 1:100; CD8, Dako M7103 1:100; CD68
Dako M0876 1:200; VISTA, Cell signalling 649535 1:100) fol-
lowed by incubation with the appropriate secondary antibodies
coupled to Alexa Fluor 488 or Alexa Fluor 594 (Invitrogen) and
counterstaining of the nuclei with DAPI (Sigma-Aldrich).
Tumor tissue was scanned for VISTA positive cells (red signals)
using a 63x objective (DM5500 fluorescent microscope; Leica).
VISTA positive cells were counted and a co-expression with
CD4, CD8 or CD68 (green signals) was assessed.

TP53 status

The immunohistochemical TP53 status was correlated with the
TP53 mutational status using parallel sequencing. A detailed
description was recently published (Quaas A et al., Genomic
characterization of TP53 wild type esophageal carcinoma,
Translational Oncology, in press). In brief, the tumor DNA
was extracted, amplified with a customized GeneRead DNAseq
Targeted Panel V2 (Qiagen), libraries were constructed and
quantified, and exons 5–8 of the TP53 gene were sequenced on
theMiSeq (Illumina). A 5% cut-off for variant calls was used and
results were only interpreted if the coverage was >200x.
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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
staining and clinical data was calculated using the chi-squared
and Fisher’s exact tests, and displayed by cross-tables. Survival
curves were plotted using the Kaplan-Meier method and ana-
lyzed using the log-rank test. Univariate and multivariate ana-
lyses were performed for prognostic factors of overall survival
using the Cox regression model. All tests were two-sided.
P values <0.05 were considered statistically significant.
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