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ABSTRACT
After neoadjuvant chemoradiotherapy for esophageal adenocarcinoma, up to 29% of patients have 
a pathological complete response (pCR). What to do afterward is still under debate. The aim of this 
prospective study was to define which local markers of immune response might act as predictors of pCR 
and of recurrence after pCR. The peritumoral healthy mucosa of the surgical specimen was sampled at 
esophagectomy and analyzed by immunohistochemistry, flow cytometry and Real-Time PCR. One hun-
dred and twenty-three patients received neoadjuvant therapy for esophageal adenocarcinoma and were 
included in the study. Significantly higher rate of natural killer (NK) cells (CD57+), intraepithelial CD8 + T 
lymphocytes and degranulating T- and NK-cells (CD107+) were observed in the healthy mucosa of 
patients with pCR. Moreover, pCR was characterized by a lower immune-check points gene expression 
level. T-cell activation markers mRNA levels were significantly lower in patients with pCR and recurrent 
disease, showing an excellent accuracy in the prediction of the postoperative recurrence. Costimulatory 
molecules mRNA relative levels tended to be lower in patients with pCR and recurrent disease, showing 
a good accuracy in the prediction of postoperative recurrence in patients with pCR. The immune profile 
identified in this study might further be tested in large prospective trials as marker of pCR after 
neoadjuvant therapy and as predictor of recurrence after pCR.
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Introduction

Esophageal adenocarcinoma (EAC) is an increasingly common 
cancer with a poor prognosis. This mainly depends on the fact 
that most patients present with locally advanced or widespread 
metastatic disease. Combined modality treatment protocols 
such as neoadjuvant radiation and/or chemotherapy (CTRT) 
followed by surgery represent the current treatment option.1,2 

Neoadjuvant chemoradiotherapy is commonly proposed to 
downstage the tumor and enhance the R0 resection rate.3,4 In 
fact, neoadjuvant therapy can effectively downstage cancer in 
patients with locally advanced esophageal disease, 5,6 and pro-
longed survival has been observed in patients with 
a pathological complete response (pCR).7,8 In the CROSS 
trial, preoperative chemoradiotherapy improved survival 
among patients with potentially curable esophageal or esopha-
gogastric-junction cancer with acceptable adverse-event rates.9 

In this study, pCR rate was 29% in the group of patients who 
underwent resection after chemoradiotherapy.9

The immune system can specifically identify and eliminate 
tumor cells based on their expression of tumor-specific anti-
gens or molecules induced by cellular stress.10 In this process, 

known as tumor immune surveillance or immunoediting, the 
immune system identifies cancerous and/or precancerous cells 
and eliminates them before they can cause harm. In colorectal 
cancers, signs of loss of immune response within are associated 
with the pathological evidence of early metastatic invasion and 
with poor survival.11 Thus, there is evidence to support that the 
immunological data might be a better predictor of patient 
survival than the histopathological methods currently used to 
stage colorectal cancer.12 In esophageal cancer, the expression 
of the co-stimulatory molecule CD80 is significantly down- 
regulated and inversely correlated with TGF-β1 and IL-10 
expression.13,14 Moreover, metastatic esophageal cancer cells 
are less sensitive to specific cytotoxic lymphocytes.15 In addi-
tion, in these neoplasms, CD3+ and CD8+ tumor-infiltrating 
lymphocytes (TIL) show functional exhaustion and express 
high levels of PD-1.16 In fact, PD-1 shows a 2- or 3-fold 
expression in esophageal adenocarcinoma in comparison to 
normal healthy tissue.17 Furthermore, in esophageal cancer 
patients, the response to neoadjuvant chemoradiation, as mea-
sured according to tumor regression grade (TRG) system, is 
inversely correlated to the frequency of Tregs invading the 
tumor and the rarefaction of local Tregs also correlated with 
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overall and cancer-specific survival.17 These are the main rea-
sons leading to immune escape18 of cancer cells in esophageal 
cancer and these might be the main potential markers of failure 
of neoadjuvant therapy.

While it is well established that in cervical esophageal cancer 
the complete response to CTRT should only be treated surgi-
cally in case of recurrence, what to do after complete response 
in thoracic and abdominal esophageal cancer is still debated.19 

Thus, evaluating the immune surveillance markers in the 
healthy mucosa close to the cancer site in patients with pCR 
after neoadjuvant CTRT compared to that in non-responders 
may have a prognostic/predictive role and therefore allow 
improved patient outcomes. Thus, the aims of this prospective 
study were to investigate the role of the immune microenvir-
onment molecules in the healthy esophageal mucosa: 1. Before 
neoadjuvant therapy, as predictor of pCR; 2. After neoadjuvant 
therapy, as marker of pCR; 3. After pCR, as predictor of 
recurrence.

Materials and methods

Study design

This is a prospective study on the immune surveillance mar-
kers in the esophageal mucosa in patients with esophageal 
cancer who had undergone neoadjuvant CTRT. The peritu-
moral healthy mucosa of the surgical specimen was sampled at 
the end of esophagectomy and a part of the samples was 
preserved in formalin, another part was snap frozen and then 
stored at −80°C for RT-PCR, and a third part was used fresh for 
flow cytometry. The study was conducted according to 
Helsinki Declaration principles and patients gave their consent 
to participate in the study. This prospective study was per-
formed as part of a research project on immunosurveillance 
mechanism in the esophageal and colorectal carcinogenesis 
(MICCE1) which was approved by the Ethical Committee of 
Veneto Oncology Institute (IOV-IRCCS).

External explorative cohort

To identify among immune microenvironment markers pos-
sible molecular predictors of pCR after neoadjuvant therapy, 
we explored GEO datasets and we identified as explorative 
external cohort the series GSE13898 from M.D. Anderson 
Cancer Center.20 In this study, using DNA microarray, gen-
ome-wide gene expression profiling was performed on 75 
biopsy samples from patients with untreated EAC. We 
selected the microarray results from the 28 surrounding nor-
mal fresh frozen tissues obtained before the neoadjuvant 
therapy (28 patients with PR and 6 patients with pCR). We 
selected the following genes as possible markers of immune 
microenvironment on the healthy mucosa surrounding the 
EAC: CD80, CD28, CD38, CTLA4, CD4, CD8alpha, CD8beta, 
CD107a (LAMP1), CD69, Tbet (TBX21), SERPINB3, TP53, 
HER2 (ERBB2), PD1 (PDCD1), PD-L1 (CD274), PD-L2 
(PDCD1LG2), MLH1, MSH6, MSH3, PMS2, BRAF, IFNγ, 
FOXP3, CD25 (IL2RA), CD94 (KLRD1), CTLA4 and TNFβ 
(LT; TNFSF1).

Patients

All 206 consecutive patients presenting with esophageal ade-
nocarcinoma at the Veneto Institute of Oncology in Padua 
(Italy) between April 2011 and May 2017 were evaluated for 
inclusion. Forty-seven patients who did not receive neoadju-
vant therapy and 36 patients who did not participate to 
MICCE1 study were excluded. Finally, 123 patients who 
received neoadjuvant therapy and participated in the 
MICCE1 study were included in this study (Figure 1).

Preoperative staging and neoadjuvant therapy

Based on preoperative staging, tumors staged T3N0 or any T N1 
(locally advanced esophageal cancer) were considered suitable 
for neoadjuvant therapy. Patients were evaluated resectable 
when staged below T3N0 or, after the termination of neoadju-
vant treatment, when there was no evidence of distant metas-
tases (M1) or of local invasion of adjacent organs (T4) at 
restaging. TNM staging was evaluated in accordance with the 
7th edition of the TNM classification.21

The most common preoperative chemotherapy regimen 
consisted of 5-fluorouracil and a platinum agent (standard 
regimen was 100 mg/m2 DDP on day 1, and 5-FU 1000 mg/ 
m2 per day in continuous infusion from day 1–5 for 3–4 
cycles), but taxanes were also prescribed as part of the treat-
ment regimen in some of the patients. Chemotherapy was 
usually administered concurrently with radiation therapy, but 
the exact sequence depended on the clinical protocol or on the 
physician’s preference. Standard radiotherapy was usually per-
formed in 1.8 Gy daily fractions for a total dose of 41.4–45 Gy.

Surgical resection

Details concerning surgical techniques have been published 
elsewhere.22 Briefly, esophagectomy was performed using an Ivor- 
Lewis procedure, through laparotomy and right thoracotomy, for 
tumors of the mid-lower esophagus and esophagogastric junction. 
At least 6–8 cm of healthy esophagus was resected above the 
proximal edge of the tumor to avoid neoplastic involvement of 
the resection margins. In this group of patients, en bloc lymph 
node dissection was performed. Patients were examined by mem-
bers of the surgical team after 1, 3, 6, and 12 months and every 
6–12 months thereafter. Fresh specimens were immediately placed 
in ice-cold HBSS, or frozen in liquid nitrogen, or fixed in formalin 
for subsequent analysis.

Histopathology

Histopathological examination of all resected specimens consisted 
in evaluation of tumor stage, residual tumor, grading, and number 
of lymph nodes involved. The specimens were fixed in 10% for-
maldehyde and set in paraffin. Nodal status (N0, N1) was evalu-
ated in accordance with the 7th edition of the TNM classification, 
but for the purpose of this study the number of metastatic lymph 
nodes and their site is also analyzed.21 In patients who previously 
underwent neoadjuvant therapy and if no neoplastic residue was 
found in the operative piece, the pathological response was defined 
complete, with stage ypT0N0 (pCR). In all cases of regression after 
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secondary to neoadjuvant treatment, the score proposed by 
Mandard, 23 was applied (Suppl. Table S1).

Immunohistochemistry

Immunohistochemical (IHC) analyses were performed using 
standard procedures, and the resulting sections were evaluated 
by a single pathologist in a blinded fashion. Immunocomplexes 
were detected using the Dako Real Envision System Peroxidase 
and 3–3ʹ di-aminobenzidine tetrahydrochloride chromogen as 
a substrate (Dako) in formalin-fixed paraffin-embedded sections. 
IHC staining was performed using monoclonal antibodies for 
CD8 (clone C8/144B, 1:200; Dako), CD107 (LAMP1 marker of 
degranulating T cells and NK cells; clone H5G11, 1:50; Santa 
Cruz Biotechnologies) and CD57 (marker of NK cells, 1:300, 
clone NK-1, Cell Marque). Sections were independently evalu-
ated by a gastrointestinal histopathologist (M.F.) who graded 
CD8, CD57 and CD107 expressions on a semi-quantitative 
scale (low and high prevalence of positive inflammatory cells). 
Furthermore, for all the immunohistochemical markers, the 
absolute number of positive cells was obtained by considering 
the mean number of positive cells observed in 5 High Power 

Field (HPF) (40×). High CD8 infiltration was defined as above 
256.5 positive cells in 5 HPF (40x) while high CD107 and high 
CD57 were defined as above 156 and 3 positive cells in 5 HPF 
(40x), respectively. These thresholds were defined as the upper 
quartile values (Supplementary Table S2). The frequency of 
patients with high markers expression was compared with 
those of patients with no, low or moderate expression.

Flow cytometry

Esophageal mucosal samples were incubated in HBSS supple-
mented with 1 mM DTT and 0.5 mM EDTA with shaking at 37° 
C for 20 min. After washing, the tissues were treated with 1 U/ml 
dispase (Stemcell Technologies) in DMEM containing 5% FCS at 
37°C for 30 min with gentle stirring. Single-cell suspensions were 
subjected to flow cytometry to determine the proportion of 
activated CD8 + T cells (positive for CD28 and CD38) and 
epithelial cells acting as antigen-presenting cells (Cytokeratin 
+HLA-ABC+ and Cytokeratin+CD80+). Flow cytometric analy-
sis was performed using a FACSCalibur based on CellQuest 
software (Becton Dickinson, Franklin Lakes, NJ, United States). 
The antibodies used are summarized in Suppl. Table S3.

Figure 1. Flow chart showing patients selection.
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RNA extraction and real-time PCR of esophageal mucosa

Briefly, total RNA from frozen esophageal peritumoral mucosa 
was extracted using the SV Total RNA Isolation System 
(Promega). This method is based on a lysis-centrifugation pro-
cess followed by a column filtration through a silica membrane. 
Briefly, 30 mg of tissue was homogenized in SV RNA Lysis Buffer 
using the Mixer Mill MM300 (Qiagen). RNA isolation was then 
performed as recommended by the manufacturer’s protocol. 
Complementary DNA (cDNA) synthesis was performed using 
the Applied Biosystems cDNA Synthesis kit according to the 
manufacturer’s directions. Specific mRNA transcripts were quan-
tified with SYBR Green PCR Master Mix in an ABI PRISM 7000 
Sequence Detection System (Applied Biosystems, Foster City, 
CA, USA). We analyzed the mRNA expression of CD80, CD86 
(costimulatory molecules), CD38 and CD69 (markers of lym-
phocytes activation), TLR4 and MyD88 (markers of innate 
immunity), TNFα, Tbet (Th1 marker) and IFNγ (Th1 cytokines), 
PD1, CTLA4 and PD-L1 (checkpoints molecules)., FoxP3 (Treg 
marker), CD25 (IL2 receptor) and CD8β (high-affinity CD8 
receptor). The expression of the target molecule was normalized 
to the expression of the Actb housekeeping gene. The primers are 
summarized in Suppl. Table S4.

Statistical analysis

Continuous data were expressed as median and interquartile 
range (IQR), and categorical data as percentage. Patients who 
achieved complete response after neoadjuvant therapy were com-
pared with those who did not achieve complete response using 
Mann-Whitney test (continuous data) and Fisher’s exact test 
(categorical data). Receiving operating curve (ROC) curve analy-
sis was used to assess the accuracy and the threshold values of the 
possible predictors with their specificity and sensitivity. All tests 
were 2-sided and a p-value less than 0.05 was considered statisti-
cally significant. Statistical analysis was performed using R 3.3 (R 
Foundation for Statistical Computing, Vienna, Austria).24

Results

Patient characteristics

One hundred and twenty-three patients (111 males and 12 
females; median age 61 y) received neoadjuvant therapy for 
esophageal adenocarcinoma and participated in this part of the 
MICCE1 project. Twenty patients had pCR to neoadjuvant 
CTRT, while the remaining 103 had partial response or no 
response (pPR). Patient characteristics according to response 
to neoadjuvant therapy are shown in Table 1. Chemotherapy 
drugs and radiotherapy doses in pCR and pPR groups are 
shown in Supplementary Table S5.

Immunological predictors of pCR after neoadjuvant 
therapy in normal esophageal mucosa

Our first aim was to identify possible predictors of pCR after 
neoadjuvant therapy for locally advanced EAC in an external 
series of patients from the M.D. Anderson Cancer Center (Geo 
series GSE13898). As shown in Figure 2, in patients who 
experienced pCR after neoadjuvant therapy, CTLA4 mRNA 

expression tended to be lower and CD8B mRNA expression 
tended to be higher than in the peritumoral esophageal mucosa 
samples of patients who had pCR after neoadjuvant therapy. 
Moreover, ROC curves demonstrated the good accuracy of 
CTLA4 and CD8B mRNA in normal esophageal mucosa to 
predict pCR after neoadjuvant therapy.

Immunological markers of pCR after neoadjuvant therapy 
in normal esophageal mucosa

Our second aim was to identify possible immune microenvir-
onment markers of pCR to neoadjuvant therapy in the healthy 
esophageal mucosa. Patients with high intraepithelial CD8 + T 
lymphocytes and degranulating cells (CD107+ marker of 
degranulating T cells and NK cells), quantified by immunohis-
tochemistry, in the healthy esophageal mucosa were more 
frequent in the group with complete response compared to 
the group with partial response or progression (p = .05 and 
p = .004, respectively) (Figure 3(a)). Moreover, patients with 
high degranulating cells (CD107+), in the lamina propria of the 
healthy esophageal mucosa were more frequent in the group 
with complete response compared to those with partial 
response or progression (p = .03) (Figure 3(a)). Finally, patients 
with complete response showed a globally higher number of 
CD107+ cells (p = .005) but not CD8+ cells (Figure 3(b)). On 
the contrary, healthy esophageal tissue infiltration by CD57 
positive cells (NK cell marker) was significantly higher in 
patients with pCR (p = .001) (Figure 3(b)).

Moreover, at flow cytometry, CD8+/CD28+ and CD8 
+/CD38+ rates resulted similar in patients with complete 
response to neoadjuvant therapy and in those with partial 
response or progression. Epithelial cell acting as nonprofes-
sional antigen-presenting cell rate was similar in the two 
groups. Flow cytometry analysis is shown in Supplementary 
Table S6 and supplementary Figure S1.

In the healthy esophageal mucosa, CD80, CD86, MyD88, 
CD69, TLR4, FoxP3, CD25, CD8β and CD38 mRNA relative 
levels were similar in patients with complete response to 
neoadjuvant therapy and in those with partial response or 
progression (Supplementary Table S7). On the contrary, 
IFNγ, TNFα, T-bet, PD1 and PD-L1 mRNA expression were 
statistically lower in patients with pCR than in patients with 

Table 1. Patient characteristics.

Partial response or no 
response

Complete 
response p-value

N 103 20 -
Tumor stage (yp stage): 
0 
I 
II 
III 
IV

0 
22 (21) 
30 (29) 
45 (44) 

6 (6)

20 (100) 
0 
0 
0 
0

-

Age, years a 62 (54–67) 60 (54–66) 0.62
Male:Female 95:8 16:4 0.11
Tumor site: 
Lower thoracic 

esophagus 
Esophago-gastric 

junction

11 (11) 
92 (89)

1 (5) 
19 (95)

0.69

Data expressed as n (%) or a median (IQR).
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pPR (p = .02, p = .04, p = .02, p = .0065, and p = .0005, 
respectively) (Figure 3(c)).

Immunological predictors of recurrence after pCR after 
neoadjuvant therapy in normal esophageal mucosa

Our third aim was to explore the predictive value of the 
immunosurveillance markers in patients who had a pCR to 
neoadjuvant therapy, analyzing their levels in patients who had 
recurred within the first 2 y. We identified 23 patients with 
tumor regression grade 1 (TRG1), thus, mucosal complete 
response. Three of them were excluded from this analysis 
because they had nodal metastasis and four of them recurred 
in the first 2 y.

No difference in terms of high intraepithelial or lamina 
propria CD8 + T lymphocytes and degranulating cells 
(CD107+) was observed in mucosal complete response patients 
who recurred or not. Similarly, activated CD8+ ve T cell rates 
as well as epithelial cell acting as antigen-presenting cell rate 
resulted similar in patients with mucosal complete response 
who recurred or not.

On the contrary, CD38, CD69, CTLA-4, T-bet and TRL4 
mRNA relative levels were significantly lower in patients with 
mucosal complete response who recurred (p = .03, p = .02, 
p = .05, p = .05 and p = .04, respectively) (Figure 4(a,c)). ROC 

curve analysis showed a good accuracy in the prediction of the 
postoperative recurrence in patients with mucosal complete 
response (AUC = 0.90 [95%CI: 0.62–0.98], p = .0001; 
AUC = 0.87 [95%CI: 0.59–0.98], p = .0001; AUC = 0.88 [95% 
CI: 0.62–0.98], p = .0001; AUC = 0.88 [95%CI: 0.59–0.98], 
p = .0001; AUC = 0.85 [95%CI: 0.56–0.97], p = .001; respec-
tively). Moreover, CD80, and CD86 mRNA relative levels 
tended to be lower in patients with mucosal complete response 
who recurred (p = .08 and p = .06, respectively) (Figure 4(b)). 
ROC curve analysis showed a good accuracy in the prediction 
of the postoperative recurrence in patients with mucosal com-
plete response (AUC = 0.80 [95%CI: 0.50–0.95], p = .015; 
AUC = 0.82 [95%CI: 0.53–0.96], p = .004; respectively). 
Accuracy, specificity and sensitivity of the immunological mar-
kers for recurrence after pCR are shown in Table 2. MyD88 
mRNA relative levels were similar in patients with mucosal 
complete response who recurred or not (Figure 4(c)).

Discussion

After neoadjuvant chemoradiotherapy plus surgery for esopha-
geal cancer, up to 29% of patients have a pCR in the resection 
specimen.9 What to do after complete response is still under 
debate19 but patients seem to be willing to trade a substantial 
5-year survival for a reduction in the risk of a possible 

Figure 2. Immunological markers in normal esophageal mucosa as predictors of pathological complete response (pCR) after neoadjuvant therapy. (a) CTLA4 and (b) 
CD8B mRNA expression in the peritumoral esophageal mucosa samples (before neoadjuvant therapy) of Geo dataset GSE13898 was compared in patients who 
experienced PR vs. patients with pCR afterward. ROC curves are shown to demonstrate the accuracy of CTLA4 and CD8B mRNA in normal esophageal mucosa to predict 
pCR. Mann-Whitney U test was performed. Data are represented as boxplots showing median and min to max values.
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esophagectomy.25 Thus, it appears essential to have precise 
prognostic markers to satisfy the patients’ need of avoiding 
overtreatment. Several studies have focused on this topic. 
A recent study on circulating tumor cells observed that the 
positive rate of mesenchymal circulating tumor cells was 
almost double in the progressive and stable disease group 
compared to the complete and partial response group.26 

Similarly, a different study aimed to examine the value of 
early changes in quantitative diffusion-weighted imaging and 
18 F-fluorodeoxyglucose positron emission tomography/com-
puted tomography for discriminating pCR to chemoradiation 
in esophageal cancer.27 Moreover, the immune response to the 
tumor has been investigated to predict the pCR to neoadjuvant 
therapy. In fact, a higher absolute lymphocyte count during 
neoadjuvant chemotherapy was observed to be associated with 
a higher rate of pCR for esophageal cancer patients undergoing 
trimodally therapy.28

We analyzed the external explorative cohort GSE13898 and, 
among several immune markers, CTLA4 and CD8β mRNA 
expression resulted promising immunological predictors of 
pCR after neoadjuvant therapy in normal esophageal mucosa. 
CTLA4 is the inhibitor of CD80 activation and it competes with 
CD28 to decrease the duration of CD80-CD28 binding and thus 
the duration of the costimulatory effect on antigen-presenting 
mechanisms. The role of CD80 in esophageal carcinogenesis was 
observed and well demonstrated in our pervious study.29 A high 
expression of CTLA4 in esophageal healthy tissue might in part 
compromise the antigen presentation and, thus, the lymphocyte 
activation that is necessary for the immune response elicited by 
radiotherapy.30 On the other hand, CD8β is the marker of CD8 
cytotoxic activation and low level of it was observed in patients 
with ulcerative colitis and who did not manage to eliminate low- 
grade dysplasia.31 CD8β is the high-affinity receptor of MHC- 
I and the more is expressed the more efficient is the antigen 
presentation and the lymphocyte activation. Its low levels may 
reduce the immune response to EAC elicited by the antigen 
liberation induced by CTRT.

The current standard of care for restaging after finishing 
neoadjuvant CTRT is based on endoscopy with (random) 
bite-on-bite biopsies of the primary tumor site in the esopha-
gus as well as an endoscopic ultrasonography (EUS) with 
fine-needle aspiration of suspected lymph nodes.32 Thus, 
immune markers might be easily retrieved at staging or resta-
ging endoscopy to support the ensuing decision-making pro-
cess. The immune microenvironment in the healthy 
esophageal mucosa on the endoscopic biopsies might provide 
a picture of the local immune response to cancer and to 
CTRT, thus giving further information on cancer progression 
and on the recurrence risk when cancer tissue is no more 
available, such in case of pCR. In our series, we observed that 
high infiltration of intraepithelial CD8 + T lymphocytes and 
intraepithelial and lamina propria degranulating lymphocytes 
and natural killer cells (CD107+) were more frequent in 
patients with pCR compared to those with partial response 
or progression. However, patients with pCR showed 
a globally higher number of CD57+ and CD107+ cells but 
not CD8+ cells suggesting that NK activated cells play a direct 
role in the pCR and that their high infiltration in the healthy 
mucosa can be seen as an echo of the past battle.

Our results seem to indicate that pCR is associated with 
a lower level of immune checkpoints molecules that possibly 
allowed a more effective immune response to esophageal can-
cer after neoadjuvant therapy. On the other hand, CD8 and 
Th1 lymphocytes and their effectors seem not to be associated 
with pCR. In our opinion, CD8 and Th1 lymphocytes have 
been directly involved during the immune response to neoad-
juvant therapy but after 8 weeks this response might have faded 
away or even have been consumed in the struggle for pCR, 
especially in the surrounding healthy mucosa. Similarly, other 
previous studies have observed that peritumoral CD8+ lym-
phocytes infiltration in esophageal cancer specimens is not 
associated with a good prognosis in esophageal 
adenocarcinomas.33 On the other hand, in our previous 
study, we had observed that immunonutrition administration 

Figure 3. Lymphocytes and natural killer (NK) infiltration and activation in the non-cancerous esophageal mucosa after neoadjuvant therapy. Immunological markers in 
non-cancerous esophageal mucosa specimen of patients with pathological complete response (CR) and patients with partial or no response (PR) after neoadjuvant 
therapy were compared. (a) Epithelium (Ep) and lamina propria (LP) CD8 and CD107a expression were graded on a semiquantitative scale in the non-cancerous 
esophageal mucosa specimen of patients with CR and PR, and the frequency of patients with high markers expression (high) was compared with those of patients with 
no, low or moderate expression (low). Fisher exact test was performed. (b) CD8+, CD107+ and CD57+ cells counts were compared in patients with PR vs patients with 
CR. (c) IFNG, TNF, T-bet, PD1 and PD-L1 mRNA expression were compared in patients with PR vs patients with CR. Mann-Whitney U test was performed. Data are 
represented as boxplots showing median and min to max values.
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before surgery was significantly associated with increased 
degranulating CD8 and natural killer cells (CD107+) infiltrat-
ing the healthy esophageal mucosa.34 Moreover, CD107 was 
observed to be involved in the TNM stages and histological 
differentiation of the esophageal squamous cell carcinoma.35 

Thus, in our opinion, the predictive value of CD57 and CD107 

immunostaining in healthy samples of esophageal mucosa as 
a marker of pCR after neoadjuvant therapy deserves further 
investigation and might be possibly tested in large prospective 
trials.

Currently, despite the standard treatment for those patients 
that experience recurrence after pCR implies esophagectomy, 

Figure 4. Immunological markers as predictors of recurrence after pathological complete response (pCR). Immunological markers in non-cancerous esophageal mucosa 
specimen of patients with pCR who experienced (rec) or not (no rec) disease recurrence were compared. (a) Lymphocytes markers activation (CD69, CD38), exhaustion 
(CTLA-4) and differentiation (T-bet) mRNA expression and ROC curves are shown to demonstrate the accuracy of the different lymphocytes markers mRNA to predict 
recurrence after pCR. (b) Costimulatory molecules CD80 and CD86 mRNA expression were compared and ROC curves are shown to demonstrate the accuracy of 
costimulatory molecules mRNA to predict recurrence after pCR. (c) Innate immunity markers TLR4 and MYD88 mRNA expression were compared and ROC curves are 
shown to demonstrate the accuracy of innate immunity markers mRNA to predict recurrence after pCR. (d) The number of natural killer cells (CD57+ cells) was compared 
and ROC curves are shown to demonstrate the accuracy of NK cells number to predict recurrence after pCR. Representative images of CD57 immunohistochemical 
staining are shown (original magnification 40X). Mann-Whitney U test was performed. Data are represented as median ± IQR.
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there is increasing interest from both the patient and provider 
for active surveillance with so-called “salvage” esophagectomies 
for local recurrence as an alternative treatment paradigm.36 

Therefore, the identification of recurrence markers is of primary 
interest. In the present work, we observed that CD38, CD69, and 
Tbet mRNA relative levels were significantly lower in patients 
with mucosal complete response (TRG1) who recurred. These 
results suggest that to prevent recurrence after pCR after neoad-
juvant therapy for esophageal adenocarcinoma an adequate 
lymphocyte activation is required. In a recent study, 
CD4 + T-cells infiltrating esophageal adenocarcinoma tissue 
displayed a decreased activation profile, with significantly 
lower CD45RO and CD69 expression compared with normal 
tissue.37 These data and those obtained in our series seem to 
suggest that CD38 and CD69 expression in the healthy mucosa 
surrounding the cancer or in the site of the previous cancer 
might reveal the immune status of the esophageal mucosa 
microenvironment, which is directly related to the immune 
tumor response. Therefore, since the clinical decision-making 
in this specific patient population includes the accuracy of post- 
induction clinical restaging, 36 these markers might further be 

tested in a large prospective trial as predictors of recurrence after 
mucosal complete response. In fact, with improved diagnostic 
accuracy, nonsurgical treatment can become a solid option for 
patients identified as cCR after treatment administered in 
a neoadjuvant setting.38

Finally, TLR4 mRNA relative levels were lower in patients 
with pCR who recurred, and the ROC curve analysis showed 
a good accuracy in the prediction of the postoperative recur-
rence. In recent studies, increased TLR4 expression in cancer 
tissue associates with advanced stage and poor prognosis in 
esophageal adenocarcinoma, 39 with the pathogenesis of eso-
phageal adenocarcinoma.40 In healthy esophageal mucosa after 
pCR TLR4 might play in the innate immune activation binding 
to HMGB1 (High Mobility Group Box 1) released by cancer 
cell necrosis due to neoadjuvant therapy. The lack of innate 
immune activation might predispose to esophageal cancer 
recurrence after pCR.

This study has some limitations. First, it is a single-center 
study, so the generalization of the findings is limited to 
similar settings. Second, the small sample size prevented 
the performance of a multivariable analysis that would 

Table 2. Accuracy, specificity and sensitivity of immunological markers for recurrence after pCR.

Gene Criterion Sensitivity 95% CI Specificity 95% CI
Area under 

curve 95% CI
p level 

(Area = 0.5)

Cd38 ≤0,0007 100 40,2–100,0 80 44,4–96,9 0,9 0,624 to 0,987 0,0001
Cd69 ≤0,0028 100 40,2–100,0 70 34,8–93,0 0,875 0,593 to 0,983 0,0001
Cd80 ≤0,0003 100 40,2–100,0 70 34,8–93,0 0,8 0,507 to 0,957 0,0154
Cd86 ≤0,0004 75 20,3–95,9 90 55,5–98,3 0,825 0,535 to 0,967 0,0049
MyD88 ≤0,0164 100 40,2–100,0 60 26,4–87,6 0,675 0,382 to 0,891 0,2608
Tlr4 ≤0 100 40,2–100,0 80 44,4–96,9 0,85 0,507 to 0,957 0,001

Figure 5. Immune surveillance in healthy esophageal mucosa: role in pathological complete response (pCR) after neoadjuvant therapy for esophageal adenocarcinoma. 
Markers of immune response in the healthy esophageal mucosa that might act as predictors of pCR and of recurrence after pCR. Abbreviations: Cytotoxic T Lymphocytes 
(CTL); Natural killer (NK) cells; immunohistochemistry (IHC).
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have helped in the analysis of possible confounders. The 
exploratory nature and single 41center setting of the study 
make our conclusion only suggestive and not definitive. 
A prospective validation cohort study should be specifically 
set up and concluded before drawing any definitive conclu-
sion on the possible use of these markers in pCR in esopha-
geal adenocarcinoma. In fact, in the series currently available 
in GEO datasets at the query (Esophageal adenocarcinoma 
OR EAC) AND (predictor markers in normal tissues OR 
predictor markers in surrounding esophageal tissues OR 
predictor markers in surrounding esophageal tumors) there 
is no series describing the analysis of immune microenvir-
onment in the healthy esophageal tissue after neoadjuvant 
therapy comparing patients with pCR and those with no or 
partial response while there are some series describing the 
microarray results obtained from healthy esophageal tissue 
before the neoadjuvant therapy.20 The lack of a validation 
cohort is a clear weakness of the study but, on the other 
hand, it demonstrates the original point of view of it. Finally, 
we did not observe any significant difference according to 
the chemotherapy scheme, but this is possibly due to the 
small sample size of the subgroups that we obtained.

In conclusion, as shown in Figure 5, CD8 and CD107 
immunostaining in healthy samples of esophageal mucosa 
might be possibly tested as a marker of pCR after neoadjuvant 
therapy in large prospective trials. CD38 and CD69 mRNA 
(and possibly CD80 and CD86) expression in the healthy 
mucosa surrounding the cancer or in the site of the previous 
cancer deserves further investigation in large prospective trial 
as predictors of recurrence after mucosal complete response.
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