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Article 
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Simple Summary: T cell phenotypes that are differentially expressed in esophageal adenocarcinoma (EAC) as 

compared to Barrett esophagus (BE) and the T cell phenotypes that are of clinical significance in EAC are not 

well defined. In this study, we characterized T cell phenotypes by quantitively assessing protein expression of 

T cell markers using multiplex immunofluorescence technique in tumor (n=54) and BE (n=21) samples from 

patients (n=54) with EAC. We identified significantly high density of several T cell subtypes including, 

cytotoxic T cells, memory T cells, effector memory T cells, memory T regulatory cells and T cells expressing 

LAG3 in EAC as compared to BE. Higher density of T regulatory cells was associated with early-stage tumors 

and absence of tumor cells in blood vessels. Higher density of TIM3 expressing T cells was associated with 

shorter disease-free survival. This study identifies candidate T cell phenotypes in EAC that are relevant to 

tumor biology and patient outcome. 

Abstract: The T cell composition of the tumor microenvironment (TME) of esophageal 

adenocarcinoma (EAC) in comparison to the T cell composition of the TME of Barrett esophagus 

(BE) and in the context of clinicopathologic features and patient survival is unknown. To help fill 

these knowledge gaps, we used a multiplex immunofluorescence platform to study adaptive T cells 

and T cell subtypes based on costimulatory/inhibitory markers in EAC (n=54) and matched BE 

(n=21) samples from 54 patients with EAC and correlated the T cell phenotype distribution with 

clinicopathologic features and disease-free survival. We observed significant enrichment of 

cytotoxic T cells (CTCs), memory T cells, effector memory T cells, memory T regulatory cells 

(MTregs), and T cells expressing costimulatory/inhibitory markers LAG3, TIM3, and ICOS in EAC 

compared to BE, in the stroma. In EAC, increased TIM3 expression on T cells significantly correlated 

with increased CTCs but not T regulatory cells (Tregs). In EAC, higher densities of Tregs and 

MTregs correlated with pT1 disease, low pathologic stage, and absence of lymphovascular invasion. 

In EAC, patients with higher density of TIM3-expressing T cells had shorter disease-free survival 

by univariate and multivariate analyses. Our results identify T cell subtypes that are relevant to 

EAC biology and patient outcome. Furthermore, our results identify TIM3 as a potential target for 

optimization of immunomodulatory therapy in EAC. 
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Introduction 

Most patients with esophageal adenocarcinoma (EAC) present with advanced disease and have 

very poor survival outcomes; patients with locoregional disease have a 5-year survival rate of 22%, 

and those with distant metastasis have a median survival duration of less than 20 months [1,2]. 

The role of immune checkpoint inhibitors in improving survival in patients with EAC and 

gastroesophageal junction adenocarcinoma is evolving. A recent randomized phase 3 trial 

(CheckMate 577) demonstrated significant benefit of adjuvant nivolumab in improving survival of 

patients with surgically resected stage II-III EAC regardless of tumor PD-L1 expression . In addition, 

the combination of nivolumab and chemotherapy as first-line therapy resulted in better disease-free 

survival than chemotherapy alone in patients with unresectable gastric adenocarcinoma, 

gastroesophageal junction adenocarcinoma, and EAC whose tumors had a PD-L1 combined positive 

score higher than 1 [3]. 

Despite progress in understanding of immune checkpoint inhibitor–based therapy and use of 

PD-L1 expression as a predictive marker in EAC, there is limited information regarding T cell 

phenotype distribution and its biologic and prognostic relevance in development and progression of 

EAC. Prior studies have demonstrated differences in T-helper cell subtypes between Barrett 

esophagus (BE) and EAC and have helped to elucidate the roles of critical immune mediators [e.g., 

interleukin (IL)-2, IL-4, IL-6, IL-8, tumor necrosis factor-alpha, and interferon-gamma] in the 

development of BE and progression of BE to EAC [4–9]. Higher T cell infiltration, higher CD3:CD163 

ratio, and Th2 genotypes were associated with better response of EAC to preoperative 

chemoradiation [10]. However, achieving success with immune checkpoint inhibitors in the 

treatment and prevention of EAC will require an improved understanding of the T cell repertoire in 

the microenvironment of treatment naïve EAC and BE.  

In this study, we used multiplex immunophenotyping analysis of EAC and matched BE 

specimens to compare the T cell composition of the tumor microenvironment in EAC and BE and to 

study the relationship between the T cell composition of the EAC tumor microenvironment and 

clinicopathologic features and patient survival. We identified characteristics of T cell distribution 

unique to EAC. We also found that TIM3 is a prognostic marker in EAC, and that higher density of 

T regulatory cells (Tregs) signifies favorable tumor biology in EAC. 

Material and Methods 

The retrospective study was approved by the Institutional Review Board of The University of 

Texas MD Anderson Cancer Center with a waiver of informed consent (protocol LAB-04-0979). 

Patient Population and Samples 

The institutional databases were searched to identify patients with EAC who underwent 

esophago-gastrectomy without preoperative tumor-targeted therapy from 2000 through 2017 and 

tumor samples were available for the study. Pretreatment clinical stage was determined by computed 

tomography and/or positron emission tomography, esophagogastroduodenoscopy, and endoscopic 

ultrasonography. Endoscopic findings were reviewed to determine the presence of BE; the segment 

length of BE (long, short, or ultrashort); the epicenter of the tumor; the presence and extent of invasion 

of the tumor into the stomach beyond the gastroesophageal junction; and the subtype of GE junction 

adenocarcinoma  per the Siewert classification [11]. Patients with emergency surgery, death within 

3 months of surgery, limited amount of tumor in the specimen/tissue block, tumor-associated 

ulceration, extensively (>90%) necrotic tumor or insufficient tumor cellularity for construction of 

tissue microarrays (TMAs) were excluded. 
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TMAs of EAC were prepared by obtaining three 1-mm cores composed exclusively of tumor 

cells and stroma without ulceration or admixed normal tissue. The tissue cores were designed to 

include both superficial and deep invasive components of the tumor. For each patient with BE, a 

separate TMA was built by obtaining three 1-mm cores of non-dysplastic BE without ulceration or 

admixed normal squamous mucosa from surgical resection specimens.  

Multiplex Immunofluorescence (mIF) Phenotyping 

mIF staining was performed using techniques developed and validated previously [12,13]. 

Briefly, 4-micrometer-thick formalin-fixed, paraffin-embedded TMA sections were stained using an 

autostainer (BOND-RX; Leica Biosystems). As previously described [14] all the antibodies were 

linked with a fluorophore from the Opal 7-color fluorescent immunohistochemistry kit 

(#NEL797001KT; Akoya Biosciences, Marlborough, MA), including DAPI (4’,6 diamidino-2-

phenylindole) and Opal Polaris fluorophores 480, 520, 540, 570, 620, 650, and 690. The slides were 

incubated with the antibody for 30 to 60 min at room temperature, depending on the antibody, at 

fixed dilutions (Supplementary Table 1). The slides were washed and then incubated for 10 min at 

room temperature with polymer horseradish peroxidase conjugated to anti-mouse/rabbit secondary 

antibody (Akoya Biosciences). After successive washes with BOND wash solution (BOND-RX; Leica 

Biosystems), the slides were incubated for 10 min with each Opal fluorophore tyramide to detect the 

different antibodies. After additional washes with BOND wash solution, the slides were 

counterstained with DAPI. Staining for the different markers of each panel was performed 

consecutively using the same steps, and detection of each marker was completed before application 

of the next antibody. Uniplex immunofluorescence staining was performed simultaneously for each 

fluorophore to make a spectral library in human tonsil formalin-fixed, paraffin-embedded tissues, 

and the tonsil specimens were used as controls in the multispectral analysis. 

The stained slides were scanned using the Vectra Polaris 3.0.3 (Akoya Biosciences), a 

multispectral imaging system, at 10x magnification (1.0 μm/pixel) through the full emission 
spectrum, from 440 to 720 nm, to extract fluorescence intensity information, with the tonsil positive 

controls run in parallel with the samples. The Immunofluorescence markers used were grouped into 

two antibody panels: panel 1 for conventional adaptive T cells with activation and regulation markers 

of T cells, including CD3, CD8, CD45RO, Granzyme B, FOXP3, and pan cytokeratin; and panel 2 for 

T cell costimulatory and inhibitory immune checkpoint markers, including CD3, TIM3, LAG3, 

VISTA, ICOS, OX40, and pan cytokeratin. Each tissue core with EAC and BE regions was assessed as 

one region of interest by a pathologist using the phenochart 1.0.9 whole slide viewer (Akoya 

Biosciences) [13,15]. 

inForm 2.4.8 image analysis software (Akoya Biosciences) was used to analyze the scanned 

multispectral component images. Using the tissue segmentation tool, each region of interest was 

divided into the intraepithelial compartment, defined as glandular structures and nests of tumor cells 

in EAC and intestinal-type glandular epithelium in BE; and the stromal compartment, defined as the 

connective tissue between epithelial nests and less than 1 mm from the invasive border of the tumor 

or deepest focus of BE epithelium. The combined analysis of stroma and epithelium was designated 

as the total compartment. The inForm algorithm was optimized by a pathologist for tissue 

segmentation and cell segmentation. For tissue segmentation, areas of intraepithelial and stromal 

compartment were identified and annotated using pan cytokeratin marker (positive in epithelial and 

tumor cells). For the cell segmentation, optimization of the algorithm was performed for nuclear and 

cytoplasmic components. The nuclear segmentation was performed using DAPI counterstain and 

using minimum nuclear size and nucleus splitting sensitivity as the criteria for optimization. 

Subsequently, the cytoplasmic segmentation was optimized by adjusting the values for cytoplasmic 

thickness defined as part of the cell from nuclear membrane to the cell membrane.  
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Figure 1. Workflow for multiplex immunofluorescence image analysis. A) Spectrally unmixed 

composite image of a single esophageal adenocarcinoma TMA core imported into InForm software. 

B) Tumor tissue segmentation into tumor (red) and stroma (green) using InForm’s trainable tissue 

segmentation algorithms. C) Individual cell segmentation performed using InForm. D) Cell 

phenotyping performed based on individual cell markers using InForm’s trainable cell phenotyping 
algorithm (cytokeratin- cyan, CD3- red, others- blue). E to O) Microphotographs of representative 

examples of multiplex IF markers in Panel 1 and 2. E and F - Cytokeratin (CK) and CD3 which are 

common makers for both the panels. G to J – Panel 1 specific markers (CD8, CD45RO, FOXP3 and 

Granzyme B). K to O - Panel 2 specific markers (TIM3, LAG3, ICOS, VISTA and OX40). 

Once cell segmentation was optimized, cell phenotyping was performed using inForm’s 
phenotyping feature, which automatically classifies cell phenotypes to differentiate cell types across 

a tissue section (Figure 1). 

Phenotypes were defined based on the markers in panels 1 and 2, and cells not expressing any 

of the markers were classified as “others”. Training for phenotype identification involved selecting 
initial set of approximately five example cells for each marker, followed by iterative addition of 

additional cells to refine the classifier. When the training was complete, the algorithm was applied to 

a batch of similarly stained sections. Due to staining variability across tissue samples, the 

phenotyping results were verified for each case, and manual phenotype edits were made, if 

necessary, for individual cases [16]. The phenotypes were defined on the basis of co-localization of 

antibodies (Supplementary Table 2). To determine the co-expression of markers used to define cell 

phenotypes, the x and y coordinates of the individual markers of interest within each cell were 

merged using the phenoptr script from R Studio (Akoya Biosciences). The densities of T cell 

phenotypes were calculated as number of cells per unit area (n/mm2) for all tumor compartments: 

intraepithelial, stromal, and total. 

Statistical Analysis 

Statistical analyses were performed using SPSS 23 software (IBM Corp, Armonk, NY). The 

differences in nonparametric continuous variables were assessed using the Mann-Whitney U test. 

Overall survival curves were obtained using the Kaplan-Meier method and compared using the log-

rank test. Univariable Cox regression analysis for disease-free survival was then performed, and 

covariates with p less than 0.25 were entered into a multivariable analysis. Stepwise Wald backward 

elimination was used in multivariable Cox regression analysis to identify variables predictive of the 
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outcome of interest. Statistical significance was defined as p less than 0.05. Spearman’s correlation 
coefficient was calculated using GraphPad Prism Version 9.0.0 software to calculate monotonic 

association for quantitative changes between two T cell phenotypes. 

Results 

Patient and tumor characteristics 

A total of fifty-four patients with EAC met the inclusion criteria for the study, and twenty-one 

of these patients also had BE. Among the twenty-one patients with BE, the area of BE analyzed with 

mIF was adjacent to EAC in twenty patients and distant from focus of EAC in one patient. Table 1 

shows the demographic and clinicopathologic characteristics of the patients in the study. 

Table 1. Demographic and clinicopathologic characteristics of the patients (n=54). 

Characteristic Valuea 

Age y, median (range), y 65 (42-80) 

Sex  

Male 47 (87) 

Female 7 (13) 

Race and ethnicity  

White 50 (93) 

Hispanic 4 (7) 

Smoking status  

Smoker 37 (68) 

Nonsmoker 17 (32) 

Body mass index, kg/m2  

<30 26 (48) 

≥30 28 (52) 

Surgery type  

Ivor-Lewis esophagogastrectomy 32 (59) 

Transhiatal esophagectomy 13 (24) 

Minimally invasive esophagectomy 8 (15) 

Tumor epicenter  

Mid-esophagus 2 (4) 

Distal esophagus 18 (33) 

Gastroesophageal junction type I 24 (44) 

Gastroesophageal junction type II 9 (17) 

Gastroesophageal junction type III 1 (2) 

Pathological tumor category  

pT1 33 (61) 

pT2-4 21 (39) 

Pathological nodal category  

pN0 33 (61) 

pN1-3 21 (39) 

AJCC stage  

I 27 (50) 

II 14 (26) 

III 12 (22) 

IV 1 (2) 

Tumor differentiation  

Well or moderately differentiated 25 (46) 

Poorly or undifferentiated 29 (54) 

Lymphovascular invasion present  

Yes 35 (65) 

No 19 (35) 
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Abbreviation: AJCC, American Joint Committee on Cancer. aValues in table are number of patients 

(percentage) unless otherwise indicated. 

The characteristics of our study population with respect to male/female ratio, race, and age were 

similar to characteristics previously reported for EAC [14,17]. The proportions of patients who were 

smokers and who were obese were higher than previously reported [17]. More patients had pT1 or 

pN0 disease than had pT2 or higher or node-positive disease. More than half of the patients had 

poorly differentiated tumors, and more than half had lymphovascular invasion (LVI) 

T cell phenotypes in EAC 

For all the T cell phenotypes, T cell infiltration in EAC was significantly higher in the stroma 

than in the intraepithelial compartment (Table 2). 

Table 2. T cell phenotypes in EAC (n=54). 

 Cell density, median (range), n/mm2 

Cell subtype Epithelium Stroma Total 

T cells 111 (3-951) 967 (64-5488) 411 (75-2620) 

Cytotoxic T cells (CTCs) 17 (0-242) 102 (0-855) 53 (0-522) 

Activated CTCs 0 (0-12) 1 (0-36) 1 (0-14) 

Memory T cells 22 (0-177) 241 (20-4220) 129 (17-1441) 

Effector memory CTCs 3 (0-103) 31 (0-662) 17 (0-336) 

T regulatory cells (Treg) 13 (0-166) 102 (0-891) 53 (0-452) 

Memory Tregs 4 (0-89) 50 (0-668) 21 (0-367) 

TIM3+ T cells 2 (0-42) 12 (0-140) 6 (0-82) 

LAG3+ T cells  77 (0-407) 810 (7-2747) 345 (10-1132) 

VISTA+ T cells 0 (0-14) 4 (0-101) 2 (0-21) 

ICOS+ T cells 11 (0-139) 84 (0-732) 46 (0-307) 

OX40+ T cells 0 (0-3) 0 (0-35) 0 (0-18) 

In both the intraepithelial and stromal compartments, memory T cells were the most abundant 

conventional adaptive T cells, followed by cytotoxic T cells (CTCs) and T regulatory cells (Tregs). The 

effector memory CTCs and activated CTCs were the least abundant conventional adaptive T cells 

and constituted a very small proportion of CTCs, and the median number of activated CTCs per 

square millimeter was 0 or 1, indicating poor activated CTC response. Among the tested 

costimulatory and inhibitory T cell markers, the most abundantly expressed on T cells was LAG3, a 

negative regulatory and T cell exhaustion marker, followed by ICOS, a costimulatory marker, and 

TIM3, a T cell exhaustion marker. There was very low expression of VISTA, a negative regulator of T 

cell function and absent to minimal expression of OX40, a T cell activation marker on T cells.  

Results of analysis of Spearman correlation between conventional adaptive T cell phenotype and 

costimulatory/inhibitory phenotype are summarized in Figure 2. Moderate correlation was observed 

between CTCs and TIM3-expressing (TIM3+) T cells in the intraepithelial and stromal compartments 

and in the total compartment (Figure 2A-C). Moderate correlation was also observed between CTCs 

and ICOS+ T cells in intraepithelial (r=0.33, p=0.015) and stromal (r=0.43, p=0.0012) compartments 

and in the total compartment (r=0.50, p=0.0001). Moderate to strong correlation was observed 

between CTCs and LAG3+ T cells in intraepithelial (r=0.57, p<0.0001) and stromal (r=0.72, p<0.0001) 

compartments and in the total compartment (r=0.84, p<0.0001). The patterns of correlation between 

memory T cells and TIM3+, ICOS+, and LAG+ T cells were identical to the patterns of correlation 

between CTCs and TIM3+, ICOS+, and LAG+ T cells. Moderate correlation was observed between 

Tregs and ICOS+ T cells in intraepithelial (r=0.36, p=0.07) and stromal (r=0.50, p=0.0001) 

compartments and the total compartment (r=0.57, p<0.0001). Moderate correlation was observed 

between Tregs and LAG3+ T cells in the stromal compartment (r=0.49, p=0.0002) and in the total 
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compartment (r=0.50, p=0.0001) but not in the intraepithelial compartment (r=0.24, p=0.08). In 

contrast, no significant correlation was observed between Tregs and TIM3+ T cells in intraepithelial 

or stromal compartments or in the total compartment ((Figure 2D–F) 

 

Figure 2. Spearman correlation curves of TIM3 expressing T cells (TIM3+TC) with T regulatory cells 

(Tregs) and cytotoxic T cells (CTC) in the intraepithelial compartment (A and D), stromal 

compartment (B and E) and the entire EAC (C and F). EAC: Esophageal adenocarcinoma. 

These findings indicated that density of TIM3+ T cells was correlated with density of CTCs but 

not correlated with density of Tregs. 

Comparison of T cell phenotypes between BE and EAC 

Table 3 shows the T cell phenotypes in matched BE and EAC samples from twenty-one patients. 

Table 3. Comparison of T cell phenotypes in matched BE and EAC samples (n=21). 

 Epithelium Stroma Total 

 
Cell density, median 

(range), n/mm2 
 

Cell density, median 

(range), n/mm2 
 

Cell density, median 

(range), n/mm2 
 

Cell subtype BE EAC p BE EAC p BE EAC p 

T cell 
186 (30-

358) 

114 (19-

951) 
0.47 419 (89-1159) 

998 (111-

5488) 
0.009 318 (89-715) 

398 (96-

1540) 
0.082 

CTC 19 (0-181) 25 (0-242) 0.51 33 (0-113) 119 (0-773) 0.005 29 (0-110) 61 (9-351) 0.018 

Activated CTC 0 (0-19) 0 (0-12) 0.047 1 (0-20) 0 (0-36) 0.256 2 (0-16) 0 (0-12) 0.54 

Memory T cell 16 (0-95) 37 (0-177) 0.084 41 (0-291) 233 (20-4200) 0.041 40 (0-180) 126 (17-585) 0.012 

Effector memory 

CTC 
3 (0-43) 6 (0-39) 0.36 2 (0-73) 40 (0-662) 0.031 3 (0-60) 20 (0-90) 0.014 

Treg 18 (0-63) 21 (0-166) 0.3 60 (7-247) 125 (0-550) 0.065 41 (8-163) 48 (0-187) 0.84 

Memory Treg 3 (0-21) 8 (0-89) 0.021 9 (0-61) 51 (0-416) 0.006 6 (0-43) 20 (0-123) 0.005 

TIM3+ T cell 0 (0-19) 1 (0-42) 0.8 5 (0-41) 22 (0-78) 0.002 5 (0-27) 8 (0-49) 0.123 
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LAG3+ T cell 81 (13-273) 
136 (19-

837) 
0.3 197 (52-490) 893 (7-2455) <0.001 142 (43-327) 353 (10-917) 0.001 

VISTA+ T cell 0 (0-4) 0 (0-4) 0.66 1 (0-16) 5 (0-78) 0.11 1 (0-10) 2 (0-16) 0.28 

ICOS+ T cell 11 (0-103) 9 (0-139) 0.28 53 (0-148) 92 (0-589) 0.009 43 (6-87) 4 (2-307) 0.125 

OX40+ T cell 0 (0-3) 0 (0-3) 0.081 1 (0-11) 1 (0-29) 0.06 1 (0-7) 1 (0-18) 0.049 

For most phenotypes of conventional adaptive T cells, density in the stromal compartment was 

significantly higher for EAC than for BE (Figure 3). Interestingly, activated CTCs, which are cytotoxic 

against tumor cells and dysplastic cells did not differ significantly between BE and EAC in stroma or 

total (Table 3). TIM3+, LAG3+, and ICOS+ T cells were more abundant in EAC, primarily in the 

stromal compartment, than in BE (Table 3). As in EAC, VISTA+ T cells and OX40+ T cells were absent 

to minimal in BE. 

 

Figure 3. Comparison of T cell phenotypes in BE and EAC. (A, B) Composite mIF low-power (x200) 

images showing higher density of immune cells in EAC stroma (A) than in BE stroma (B). (C-N) Cell 

density was higher in EAC than in BE for CD3+ T cells (C and I), CD3+CD8+ CTCs (D and J), 

CD3+CD45RO+ memory T cells (E and K), ICOS+ T cells (F and L), LAG3+ T cells (G and M), and 

TIM3+ T cells (H and N). 

Correlation of T cell phenotypes with clinicopathologic characteristics of EAC 

There was no significant correlation between the densities of the T cell phenotypes with majority 

of the clinical characteristics of the patients. Density of ICOS+ T cells in the intraepithelial 

compartment was higher in tumors from obese patients than in tumors from non-obese patients. 

Density of TIM3+ T cells in the intraepithelial compartment was lower in tumors from smokers than 

in tumors from non-smokers.  

Higher T cell density in the total compartment was significantly associated with lack of LVI 

(Figure 4A, higher T cell density in the intraepithelial compartment was associated with lack of LVI 

(Figure 4B) and with pN0 versus pN1-3 disease (Figure 4C); and higher T cell density in the stromal 

compartment was associated with lack of LVI (Figure 4D) and with pT1 versus pT2-4 disease (Figure 

4E). 
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Higher Treg density in the total compartment, higher Treg density in the intraepithelial 

compartment, and higher Treg density in the stromal compartment were associated with pT1 versus 

pT2-4 disease (Figure 5A,C,E, respectively) and with lack of LVI (Figure 5B,D,F, respectively). 

 

Figure 4. Correlation of T cell density with pathologic characteristics of EAC. (A-E) Box plots show 

relationships between densities of total T cells and lymphovascular invasion (LVI) (A), intraepithelial 

T cells and LVI (B) and pN category (C), and stromal T cells and LVI (D) and pT category (E). (F, G) 

mIF images (x200) show lower density of T cells (seen as red membranous/cytoplasmic staining) in 

LVI-positive EAC (F) than in LVI-negative EAC (G). 

Treg density in intraepithelial, stromal, and total compartments was lower in stage II-IV tumors 

than in stage I tumors [median (range), 14 (0-151) vs. 27 (0-165) n/mm2, p=0.002, 72 (0-237) vs. 214 (2-

891) n/mm2, p=0.001, and 47 (0-171) vs. 87 (2-450) n/mm2, p=0.016, respectively]. Memory Treg density 

in intraepithelial, stromal, and total compartments was also lower in pT2-pT4 tumors than in pT1 

tumors [median (range), 5 (0-61) vs. 12 (0-89) n/mm2, p=0.016, 39 (0-231) vs. 124 (0-668) n/mm2, 

p=0.003, and 22 (0-63) vs. 51 (2-367) n/mm2, p=0.001, respectively]. Memory Treg density in stromal 

and total compartments was lower in stage II-III tumors than in stage I tumors [median (range), 57 

(0-416) vs. 127 (0-668) n/mm2, p=0.005, 27 (0-123) vs. 54 (2-365) n/mm2, p=0.04] and in tumors without 

LVI than in tumors with LVI [median (range), 63 (0-416) vs. 142 (2-668) n/mm2, p=0.005, 25 (0-86) vs. 

66 (2-367) n/mm2, p=0.02]. TIM3+ T cell density in intraepithelial and total compartments was higher 

in pT2-4 tumors than in pT1 tumors [median (range), 8 (0-42) vs. 4 (0-42), p=0.019, 17 (0-82) vs. 8 (0-

49), p=0.056]. 
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Figure 5. Correlation of Treg density with pathologic characteristics of EAC. (A-F) Box plots show 

relationships between densities of total Tregs and pT category (A) and LVI (B), intraepithelial Tregs 

and pT category (C) and LVI (D), and stromal Tregs and pT category (E) and LVI (F). mIF images 

(x200) show lower density of Tregs (seen as green nuclear staining) in LVI-positive EAC (G) than in 

LVI-negative EAC (H). 

Correlation of T cell phenotypes and clinicopathologic features with disease-free survival in EAC. 

Figure 6 and Table 4 show the results of univariate and multivariate analyses of the variables 

that were significant predictors of disease-free survival. 

In univariate analysis, higher than median TIM3+ T cell density in the total compartment was 

associated with shorter disease-free survival than lower TIM3+ T cell density (mean, 93 months vs. 

154 months, p=0.063). Higher than median TIM3+ T cell density in the intraepithelial compartment 

was associated with significantly shorter disease-free survival than lower TIM3+ T cell density (mean, 

92 months vs. 156 months, p=0.049) (Figure 6B). Higher than median TIM3+ T cell density in the 

stromal compartment was associated with significantly shorter disease-free survival than lower 

TIM3+ T cell density (mean, 94 months vs. 163 months, p=0.032) (Figure 6A–E). In the multivariate 

analysis higher than median TIM3+T cell densities as compared to lower than median TIM3+T cell 

densities in total (p=0.01), intraepithelial (p=0.013) and stromal (p=0.042) were associated with shorter 

disease-free survival.  
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Figure 6. Relationship between TIM3+ T cell density in EAC and disease-free survival. (A-C) Kaplan-

Meier disease-free survival curves of patients with lower or equal to the median or higher than the 

median density of TIM3+ T cells in the total compartment (A), the intraepithelial compartment (B), 

and the stromal compartment (C) of EAC. The cutoff values shown in the labels are median values. 

(D-E) Representative mIF images (x200) showing lower than or equal to median (D) and higher than 

median (E) density of TIM3+ T cells in EAC. Inset in E shows a higher magnification of TIM3+ T cells. 

 

Other significant variables of shorter disease-free survival in the multivariate analysis included 

regional lymph node metastasis, higher pathologic tumor stage and poorly differentiated histology. 

Patients with regional lymph node metastasis had shorter disease-free survival than patients without 

regional lymph node metastasis (mean, 64 months vs. 89 months, p=0.006). Patients with tumor 

invading into or beyond the muscularis propria (pT2-pT4) had shorter disease-free survival than 

patients with tumor invasion limited to the mucosa or submucosa (mean, 40 months vs. 104 months, 

p=0.014). Patients with poorly differentiated tumors had shorter disease-free survival than patients 

Variable HR 95% CI p HR 95% CI p

Pathological tumor stage: 

pT1 vs pT2-4 3.6 1.28-10.15 0.015 2.88 1.237-6.689 0.014

Pathologic nodal stage:

N0 vs N1-3 2.19 0.764-6.32 0.144 3.36 1.42-7.99 0.006

Tumor differentiation: 2.36                  0.822-6.7 0.111 2.31               1.02-5.23 0.044

Well/moderate vs Poor

Intraepithelial TIM3+ T cells 1.048 0.998-1.100 0.63 1.046 1.01-1.08 0.013

Stromal TIM3+T cells 1.013 1.001-1.027 0.042 1.011 1.00-1.021 0.042

Total TIM3+T cells 1.028 0.999-1.057 0.057 1.025 1.006-1.044 0.01

Intraepithelial Tregulatory cells 0.942 0.889-0.998 0.044

Table-4: Univariate and multivariate Cox regression disease-free survival analysis for  

clinicopathologc features and T cell phenotypes in esophageal adenocarcinoma

Univariate analysis Multivariate analysis
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with well or moderately differentiated tumors (mean, 64 months vs. 94 months, p=0.044). Higher Treg 

density in the intraepithelial compartment was associated with longer disease-free survival than 

lower Treg density (mean, 135 months vs. 99 months, p=0.044) in the univariate analysis but not in 

the multivariate analysis.  

Discussion 

In this quantitative analysis based on multiplex immunophenotyping of several T cell 

phenotypes in EAC and matched BE, we observed higher T cell response in EAC than in BE. The 

more pronounced increase in T cells in stroma compared to epithelium in EAC than in BE raises the 

question of how much of the T cell response is directly targeting tumor cells. Higher density of 

stromal and/or intraepithelial CD3+ T cells correlated with lower T category, lower N category, and 

absence of LVI, suggesting higher T cell response is associated with better tumor biology. Among the 

tested adaptive T cell subtypes, higher FOXP3+ Tregs and memory regulatory T cell responses were 

associated with pathologic features of better tumor biology and with a trend toward improved 

survival. Other than correlation of higher intraepithelial CTC density with absence of LVI, neither 

CTC density nor activated CTC density correlated with pathologic parameters or patient outcome. 

These findings, along with the very low to absent activated CTC response, suggest that functionally 

effective T cell response in EAC is biased towards FOXP3+ Tregs and not towards CTCs.  

Using immunohistochemistry analysis, Svensson et al demonstrated that higher T cell and 

FOXP3+ T cell responses were associated with better survival outcomes in patients with esophageal 

cancer treated with neoadjuvant chemoradiation followed by surgery [18]. The findings from our 

current study, taken together with the findings of Svensson et al indicate the need to further 

explore the role of Tregs in the tumor microenvironment of EAC. Different FoxP3+ Treg 

subpopulations are associated with different outcomes in patients with colon cancer: high-FOXP3-

expressing CD4+CD45RA- Tregs are associated with poor outcome, while low-FOXP3-expressing 

CD4+CD45RA- Tregs are associated with better outcome [19]. A proposed subtyping of Foxp3-

positive T  cells [19,20] into Foxp3lowCD45RA+CD25low resting Tregs (fraction 1), Foxp3highCD45RA-

CD25high effective Tregs (fraction 2), and Foxp3lowCD45RA-CD25low non-Tregs (fraction 3) in EAC may 

provide further insight into the functional role of Tregs in EAC. 

Association of higher intraepithelial TIM3+ T cell density with higher T category and significant 

correlation of higher TIM3+ T cell density with shorter disease-free survival in univariate and 

multivariate analyses indicate a role of T cell exhaustion marker TIM3 in tumor behavior and patient 

outcome. Our findings of stronger correlations between CTCs and memory T cells and TIM3 

expression than between Tregs and TIM3 expression suggest higher likelihood of T cell exhaustion 

through TIM3+CTCs than through FOXP3+ Tregs in EAC. TIM3+ T cell subsets have been shown to 

be of prognostic significance in other epithelial tumors, including esophageal squamous carcinoma 

and gastric and ovarian serous carcinomas (22-25). Humphries et al (23), using single-plex 

immunohistochemistry, demonstrated an association of high density of TIM3+ T cells with poor 

overall survival and poor response to 5-fluorouracil-based adjuvant chemotherapy in gastric cancer. 

The range and median values of TIM3+ T cell density were not significantly different between our 

study and the study of Humphries et al Given the similarity in mucin profile and other intracellular 

proteins between esophageal and gastric adenocarcinoma, findings in these studies strongly support 

further exploration of TIM3 as a target of immune modulation in preclinical and clinical settings. 

In our current study, LAG3 expression was identified in more than two-thirds of T cells in EAC 

and was the dominant marker among all tested costimulatory and inhibitory markers. Prior gene 

expression–based analysis identified higher T cell TIM3 and LAG3 expression than PD-1 or PD-L1 

expression in EAC [21]. De Klerk et al [22], in a phase 2 trial of pembrolizumab in esophageal 

carcinoma, observed lower frequency of expression of LAG3 in EAC and squamous carcinoma than 

we observed in our present study. A likely explanation for this difference is that tumor samples in 

the de Klerk et al study were EAC samples obtained after treatment whereas samples in our present 

study were from patients who did not receive any preoperative tumor-targeted therapy. In a study 

of a large cohort of patients with EAC by Gebauer et al [23], LAG3 expression by single-plex and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 December 2023                   doi:10.20944/preprints202312.1053.v1

https://doi.org/10.20944/preprints202312.1053.v1


 13 

 

limited multiplex immunophenotyping correlated with overall survival. High frequency of LAG3 

expression in our study and prognostic relevance of T cell LAG3 expression shown by Gebauer et al 

support exploration of LAG3 as a potential target of immune modulation in EAC. 

Humphries et al found significant presence of CD45RO-positive T cells in EAC and found that 

higher ICOS+CD45RO+ T cells were associated with better patient survival [24]. Conroy et al studied 

T cell subtypes by single-plex immunohistochemistry and found that higher level of CD8+CD45RO+ 

T cells (memory T cells) was not significantly correlated with patient outcome  [14]. The difference 

in findings between our study and other studies can be partly explained by differences in the 

methodology used to analyze T cell subtypes (multiplex immunofluorescence vs. single-plex 

immunohistochemistry). 

In summary, ours is the first study to comprehensively analyze adaptive T cells and candidate 

costimulatory and inhibitory T cell markers in EAC and BE. Our results contribute to identifying 

candidate T cell subtypes with relevance to tumor biology and patient outcome in EAC and support 

further studies to better understand roles of Tregs and TIM3+ T cells in EAC. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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