

[image: Prognostic value of immunosuppression scores in patients with esophageal squamous cell carcinoma: a multicenter study]
Prognostic value of immunosuppression scores in patients with esophageal squamous cell carcinoma: a multicenter study





ORIGINAL RESEARCH

published: 07 January 2025

doi: 10.3389/fimmu.2024.1517968

[image: image2]


Prognostic value of immunosuppression scores in patients with esophageal squamous cell carcinoma: a multicenter study


Shao-jun Xu 1,2,3†, Yun-fan Luo 1,2,3†, Jin Huang 1,2,3†, Jia-hua Tu 4, Chao Chen 1,2,3, Yan-ming Shen 1,2,3, Zhao-min Sun 1,2,3 and Shu-chen Chen 1,2,3*


1 Department of Thoracic Surgery, Fujian Medical University Union Hospital, Fuzhou, Fujian, China, 2 Key Laboratory of Ministry of Education for Gastrointestinal Cancer, Fujian Medical University, Fuzhou, Fujian, China, 3 Key Laboratory of Cardio-Thoracic Surgery (Fujian Medical University), Fujian Province University, Fuzhou, Fujian, China, 4 Department of Thoracic Surgery, The First Hospital of Putian, Putian, Fujian, China




Edited by: 

Noha Mousaad Elemam, University of Sharjah, United Arab Emirates

Reviewed by: 

Wei Zhang, The University of Utah, United States

Xiaobin Gu, First Affiliated Hospital of Zhengzhou University, China

*Correspondence: 

Shu-chen Chen
 cscdoctor@163.com

†These authors have contributed equally to this work and share first authorship


Received: 27 October 2024

Accepted: 13 December 2024

Published: 07 January 2025

Citation:
Xu S-j, Luo Y-f, Huang J, Tu J-h, Chen C, Shen Y-m, Sun Z-m and Chen S-c (2025) Prognostic value of immunosuppression scores in patients with esophageal squamous cell carcinoma: a multicenter study. Front. Immunol. 15:1517968. doi: 10.3389/fimmu.2024.1517968






Introduction

The prognostic impact of human leukocyte antigen-E (HLA-E) expression and the proportion of natural killer (NK) cells in esophageal squamous cell carcinoma (ESCC) was investigated.





Methods

This study retrospectively evaluated 397 ESCC patients across two centers. The cumulative incidence of recurrence (CIR) and the incidence of tumor-related death (CID) were analyzed in various groups. An immunosuppression score (ISS) was developed based on HLA-E expression and NK cell proportion. Differences between groups were adjusted using inverse probability treatment weighting (IPTW). The factors influencing cancer-specific survival (CSS) and recurrence-free survival (RFS) were also examined.





Results

Patients with low HLA-E expression had significantly higher five-year CIR and CID compared to those with high expression (CIR: 20.7% vs. 45.1%, CID: 19.3% vs. 40.1%; p< 0.001). Similarly, NK cell-positive patients had significantly better five-year CIR and CID than NK cell-negative patients (CIR: 16.3% vs. 59.6%, CID: 13.9% vs. 53.7%; p < 0.001). The Sankey diagram indicated that the low ISS group had a lower recurrence and tumor-related mortality rate (p < 0.05). After IPTW adjustment, the low ISS group showed improved five-year RFS (80.1% vs. 35.4%, p < 0.001) and five-year CSS (82.3% vs. 42.5%, p < 0.001) compared to the high ISS group.





Conclusions

ESCC with different ISS statuses represents two distinct biological subtypes, underscoring the need for personalized treatment strategies tailored to varying tumor behaviors.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is the most prevalent form of esophageal cancer in Asia, accounting for approximately 90% of cases (1, 2). In recent years, immune checkpoint blockade (ICB) immunotherapy has shown promising results in advanced ESCC, but its efficacy remains limited, with objective response rates ranging from 6.4% to 33.3% (3–5). Therefore, identifying novel immune checkpoint biomarkers and developing more effective immunotherapeutic strategies is crucial.

Human leukocyte antigen-E (HLA-E), a non-classical class I HLA molecule, is widely expressed on nucleated cells and has been associated with prognosis in various malignancies (6–8). HLA-E interacts with NK Group 2 member A (NKG2A) on natural killer (NK) cells, inhibiting cytotoxic activity and facilitating immune evasion by tumors (9, 10). NKG2A acts as an inhibitory checkpoint receptor, and blocking the NKG2A/HLA-E axis has been shown to enhance anti-tumor immune responses by increasing NK cell activity (11, 12).

Moreover, NK cells are a key component of the innate immune system and play a critical role in the surveillance and elimination of tumor cells (13–15). In gastric and colorectal cancers, NK cell levels serve as sensitive prognostic markers, with higher NK cell infiltration associated with a more favorable prognosis (16–18). Studies have suggested that the combined assessment of HLA-E expression in tumors, immune cells, and antigen-presenting cells, along with NK cell levels, could provide an effective prognostic tool for advanced gastric cancer patients (19). However, the potential of combining NK cell and HLA-E levels to predict clinical outcomes in ESCC remains unclear.

This study utilized various immunofluorescence techniques to examine the relationship between HLA-E levels and NK cell proportion in ESCC. Additionally, an immunosuppression score (ISS) was proposed based on both NK cell proportion and HLA-E expression. To the best of our knowledge, this is the first investigation to explore the prognostic potential of combining HLA-E expression and NK cell status after surgical resection of ESCC.





Materials and methods




Patients

This research included 397 diagnosed ESCC patients who enrolled at Fujian Medical University Union Hospital (n = 299) and The First Hospital of Putian (n = 98) from January 2011 to December 2016. Patients who (1) had histopathologically confirmed ESCC; (2) fell into the I-IVA stages defined by the American Joint Committee on Cancer (AJCC; 8th edition); (3) had not undergone neoadjuvant chemoradiotherapy before surgery; (4) had no other type of malignancy; (5) had no distance were selected for this research. Exclusion criteria: (1) patients with incomplete clinicopathological data or missing follow-up; (2) those who died within 30 days after surgery. This investigation was authorized by the Ethics Committee of the institution (No. 2021KJCX068).





Multiplex immunofluorescence

Following formalin-fixation and paraffin-embedding, tissue section (4 µm) were dewaxed and rehydrated with gradient ethanol. Then, after antigen repairing, the activity of endogenous peroxidase was quenched with 0.3% H2O2 and the tissues were blocked using 5% goat serum. The samples were tagged with rabbit anti-human HLA-E (Abcam, ab203082, 1:2000) antibodies and with NK cells using rabbit anti-human CD56 (Abcam, ab119587, 1:2000) and CD3 (Abcam, ab16669, 1:2000) antibodies. Subsequently, the sections were treated with the corresponding horseradish peroxidase (HRP) conjugate secondary antibody and with DAPI to stain the nucleus. After quenching of self-fluorescence, the sections were sealed, and evaluated and imaged under fluorescence microscopy.





Multiplex immunofluorescence analysis

In evaluating the positive signal intensity (SI) of HLA-E expression, we employ a more objective quantification method. We use a digital pathology slide scanner to perform high-resolution, high-quality digital scanning of tissue sections. Then, the images are automatically analyzed using Aipathwell, an AI-based digital pathology image analysis software developed by Servicebio (20). The specific process is as follows: first, mthe system automatically locates and delineates the region of interest; next, the SI is automatically calculated based on the HIS (Hue-Saturation-Intensity) model; finally, the SI is classified according to the calculated results. This process can be manually adjusted as needed to ensure the accuracy of the results.

In evaluating the positive or negative expression of CD56, we also use Aipathwell, Aipathwell utilizes deep learning principles and algorithm training based on vast amounts of data to build an efficient automated image analysis system. In this system, if the positive SI of CD56 is graded as 0, it is classified as negative; if the SI is graded ≥1, it is classified as positive.





HLA-E expression and NK cell proportion

The semi-quantitative immunoreactive score (IRS) of HLA-E was evaluated. IRS = positive intensity (SI)× positive cell ratio (PP) (21). The SI was divided into the following grades: 0, no staining; 1, weak positive/light yellow; 2, medium positive/brown-yellow; 3, strong positive/brown. Moreover, PP levels included: 0 = 0 ~ 5%, 1 = 6 ~ 25%, 2 = 26 ~ 50%, 3 = 51 ~ 75%, and 4 = > 76% (19). The IRS has an overall score of 0-12.

Ten high-power (10×40) fields were randomly selected to measure the number of NK cells in tumor nests. CD56 positive and CD3 negative staining identified NK cells. NK cell proportion = number of NK cells/total number of cells.





Definition of concept

According to the median HLA-E score (Supplementary Figure S1A), IRS < 6 = low expression of HLA-E and IRS ≥ 6 = high expression of HLA-E (Figures 1A, B). NK cells exhibit CD3 negative and CD56 positive staining (Figure 1C), whereas CD56 negative and CD3 positive (Figure 1D) or CD56 positive and CD3 positive (Figure 1E) are not associated with NK cells. Using the median NK cell proportion (Supplementary Figure S1B), NK cells ≥ 4.18% = positive (Figure 1F) and NK cells < 4.18% = negative (Figure 1G).




Figure 1 | Expression of human leukocyte antigen E [low expression (A); high expression (B)] and NK cells(the NK cells exhibit CD3 negative and CD56 positive staining (C), whereas CD56 negative and CD3 positive (D) or CD56 positive and CD3 positive (E) are not associated with NK cells) in ESCC [positive (F) negative (G)].







Follow-up analysis

Post-surgery, patients were followed up every three months for the first year, every six months for the subsequent five years, and annually thereafter until either death or the cutoff date of December 2019. Recurrence-free survival (RFS) was defined as the time from surgery to the occurrence of tumor recurrence, metastasis, or death. Cancer-specific survival (CSS) was determined from the days between surgery and death due to the tumor or the end of the last follow-up.





Statistical analysis

For intergroup categorical variables, Fisher exact or χ2 tests was applied with t-tests or Mann-Whitney U tests for continuous variables. The cumulative incidence curve compared the influence of HLA-E level and NK cell proportion on cumulative incidence of recurrence (CIR) and cumulative incidence of tumor-related death (CID). The receiver operating characteristic (ROC) area under the curve (AUC) was used for comparing predictive capabilities. Associations between mortality, recurrence rates, and the HLA-E-NK cell interaction with immunosuppressive scores (ISSs) were analyzed by Sankey diagrams.

Inverse probability treatment weighting (IPTW) is used to balance the intergroup differences, and the standardized mean difference (SMD) < 0.1 is considered a variable balance. IPTW for low ISS is calculated as 1/propensity score (PS), and IPTW for high ISS is calculated as 1/(1-PS). The Kaplan-Meier test was employed to elucidate patients’ RFS and CSS. Furthermore, with the help of the log-rank test, the intergroup survival differences were determined. Univariate and multifactorial analyses were performed with Cox regression to elucidate independent risk factors affecting patients with ESCC. All analyses were bilateral, and p-values <0.05 were termed significant. Both SPSS v26.0 and R v3.6.3 were applied for analyses.






Results




Clinicopathological characteristics of different groups

Table 1 demonstrates the clinicopathological features of different groups. High HLA-E expression patients had higher N stages (p = 0.039) and included more males (p = 0.027) than low HLA-E expression patients. No marked variations were seen in terms of age (p = 0.405), tumor location (p = 0.154), BMI (p = 0.241), histological grade (p = 0.076), T stage (p = 0.145), lymphadenectomy (p = 0.269), TNM stage (p = 0.251), and operative procedure (p = 0.391).


Table 1 | Clinical characteristics of different HLA-E expression and NK cell status.



Cases with NK-cell positivity had lower TNM (p = 0.038) and N stage (p = 0.001) than negative cases. Sex (p = 0.503), age (p = 0.870), BMI (p = 0.151), histological grade (p = 0.057), tumor location (p = 0.194), T stage (p = 0.233), lymphadenectomy (p = 0.073) and operative procedure (p = 0.731) were similar in both groups.





Cumulative incidence curve

The five-year CIR was 45.1% in patients with high HLA-E and 20.7% in those with low HLA-E (p < 0.001) (Figure 2A), while the five-year CID values were 40.1 and 19.3%, respectively (p < 0.001) (Figure 2B). Multivariate analysis showed an association between high HLA-E and increased CIR [95%
confidence interval (CI): 1.291 - 3.000, hazard ratio (HR) = 1.968, p = 0.002] and CID (95% CI: 1.126 - 2.643, HR = 1.725, p = 0.012) (Supplementary Table S1).




Figure 2 | The CIR and CID of different HLA-E (A, B) and NK cell expressions (C, D) in ESCC patients.



The five-year CIR (Figure 2C) were 16.3 and 59.6% in the NK cell-positive and -negative groups, and the differences were significant (p < 0.001). Furthermore, the five-year CID was 13.9 and 53.7% in the NK cell-positive and -negative groups (Figure 2D), and the differences were significant (p < 0.001). Multivariate
analysis indicated that the negative status of NK cells was linked with increased CIR (95% CI: 3.106 - 6.832, HR = 4.606, p < 0.001) and CID (95% CI: 3.693 - 8.739, HR = 5.681, p < 0.001) (Supplementary Table S1).





The ISS was established based on the HLA-E expression and NK cell status

According to Cox multivariate regression analysis, low HLA-E expression = 0 score, high HLA-E
expression = 1 score, negative NK cell = 1 score, and positive NK cell = 0 score. The overall score
of 0 or 1 was defined as a low ISS, whereas a score of 2 indicated a high ISS (Supplementary Figure S2).

The AUC showed that the ISS was higher than the expression of HLA-E and NK cell status alone in
predicting patient recurrence (ISS: AUC = 0.747; HLA-E: AUC = 0.639; NK cell: AUC = 0.730) (Supplementary Figure S3A). Additionally, ISS was also higher than the HLA-E level and NK cell status in predicting
tumor-related death in patients (ISS: AUC = 0.763; HLA-E: AUC = 0.632; NK cell: AUC = 0.745) (Supplementary Figure S3B).





Dynamically analyzed the effects of ISS on patient’s recurrence and tumor-related death by Sankey diagram

The Sankey diagram dynamically indicated the relationship of ISS with patient’s recurrence and tumor-related death. In the low ISS group, 51 (20.5%) patients indicated recurrences, whereas in the high ISS group, 102 (68.9%) patients had recurrences, and the differences in the recurrence rate were significant (p < 0.001).

In terms of survival, there were 44 (17.7%) patients had tumor-related deaths in the low ISS group, and 101 (68.2%) patients had tumor-related deaths in the high ISS group, and the differences were significant (p < 0.001) (Figure 3).




Figure 3 | Sankey diagrams shows recurrence and tumor-related death with different ISS.







The association of IPTW balance ISS with clinicopathological factors

The relationship between ISS and patients’ clinicopathological features is presented in Table 2. Before IPTW, the low and high ISS groups were unbalanced (SMD > 0.1) on most baseline features, including N stage, tumor location, TNM stage, BMI, T stage, lymphadenectomy, sex, and histologic grade. However, after IPTW, all baseline features were well balanced (SMD < 0.1) (Figure 4).


Table 2 | The difference between low and high ISS before and after IPTW.






Figure 4 | The difference between the low-ISS and high-ISS of influencing factors before matching and after IPTW.







Survival analysis of the effect of ISS on prognosis before and after adjustment for IPTW

Before adjustment, the five-year RFS was 40.5% in cases with high ISS and 81.1% in those with low ISS, while the values for five-year CSS were 40.5 and 83.1%, respectively, with significant differences (p < 0.001) (Figures 5A, B). Whereas, after IPTW adjustment, five-year RFS were 80.1 and 35.4%, and those for five-year CSS were 82.3 and 42.5% for high and low cases, respectively, both of which were significant (p < 0.001) (Figures 5C, D).




Figure 5 | Kaplan-Meier curves analyzed the RFS and CSS of low and high ISS before matching [RFS (A); CSS (B)] and after IPTW [RFS (C); CSS (D)].



Additionally, multivariate analysis demonstrated that before IPTW adjustment, ISS was
independently predictive of adverse RFS (HR = 5.21, 95% CI: 3.62 - 7.49, p <
0.001) and CSS (95% CI: 3.96 - 8.47, HR = 5.79, p < 0.001) (Supplementary Table S2). Consistently, after IPTW adjustment, ISS was found to be independently predictive of both RFS (95% CI: 4.24 - 8.98, HR = 6.17, p < 0.001) and CSS (95% CI: 4.66 - 10.75, HR = 7.08, p < 0.001) (Table 3).


Table 3 | Univariate and multivariate analysis of factors affecting RFS and CSS in ESCC patients after IPTW.







Analysis of therapeutic effect of ESCC patients on PACT under different ISS groups

In this study, paclitaxel plus cisplatin was recommended after R0 resection in patients with
postoperative pathologically confirmed T4aN0M0 or T1-4aN+M0. The effect of postoperative adjuvant
chemotherapy on the prognosis of patients was then evaluated in low and high ISS subgroups. In the high ISS group, the 5-year CSS and 5-year RFS of patients who received postoperative adjuvant chemotherapy (PACT) were significantly improved compared with those who did not receive PACT (CSS:6.50% vs 39.5%, p < 0.001, Supplementary Figure S4A; RFS:2.20% vs 30.9%, p < 0.001, Supplementary Figure S4B). However, in the low ISS subgroup, the PACT did not significantly improve CSS and RFS
(CSS:76.2% vs 74.1%,p=0.931, Supplementary Figure S4C; RFS:74.6% vs 72.4%,p= 0.678, Supplementary Figure S4D). These data suggest that patients with ESCC in a higher level of immunosuppressive microenvironment may be more responsive to PACT.






Discussion

This study employed multiplex immunofluorescence assays to investigate the association between NK cell proportion, HLA-E levels, and both cumulative incidence of recurrence (CIR) and cumulative incidence of tumor-related death (CID) in ESCC patients. The immunosuppression score (ISS), derived from NK cell proportion and HLA-E expression, proved to be a more robust predictor of recurrence and tumor-related mortality compared to NK cell status or HLA-E levels alone. Moreover, after adjusting for group differences using inverse probability treatment weighting (IPTW), a high ISS was independently associated with poor recurrence-free survival (RFS) and cancer-specific survival (CSS) outcomes in patients.

The literature suggests that HLA-E expression in tumors is associated with poor outcomes in gastric, pancreatic, and breast cancer patients (19, 22, 23). Generally, HLA-E is expressed in dendritic cells, tumor cells, macrophages, and other nucleated cells within tumor nests (24, 25). Therefore, solely evaluating the HLA-E expression in tumor cells may not be sufficient; understanding its presence within the tumor microenvironment (TME) provides more compelling evidence. In this study, the level of HLA-E expression in ESCC tumor nests was quantified, and immunoreactivity scores (IRS) were assessed. The results indicated that elevated HLA-E levels (IRS ≥ 6) are associated with lymph node metastasis in ESCC and are predictive of both the cumulative incidence of recurrence (CIR) and tumor-related death (CID).

Immune system cells, including NK cells, have been identified as potential biomarkers for predicting the prognosis of cancer patients (26–29). NK cells, as innate immune effectors, play a critical role in the anti-tumor immune response within the TME. Reduced NK cell infiltration has been linked to disease progression and shorter survival in cancer patients (16, 17). NK cells are characterized by CD3 negative and CD56 positive expression, which can be divided into CD56 bright and CD56 dim subgroups (19). In this study, a multiplex immunofluorescence assay was used to evaluate the expression of CD56 and CD3, confirming that the status of NK cells significantly influences recurrence and tumor-related mortality in ESCC patients.

Recent research has demonstrated that combining PD-L1 expression with tumor-infiltrating lymphocytes (TILs) can characterize four distinct TME types. Tumors positive for both PD-L1 and TILs are more likely to respond to immune checkpoint blockade (ICB) therapy (29). Moreover, stratifying patients based on PD-L1 expression and TIL status further differentiate overall survival in esophageal cancer patients (30). A study in gastric cancer also indicated that NK cell status, combined with HLA-E expression, can serve as a prognostic factor for evaluating recurrence-free survival (RFS) in advanced gastric cancer patients (19). Based on NK cell proportion and HLA-E expression, an immunosuppression score (ISS) was proposed as a biomarker to evaluate the immune status of the TME. This study found significant differences in recurrence and tumor-related mortality between high and low ISS groups. Notably, after adjusting for baseline differences using inverse probability treatment weighting (IPTW), ISS was independently predictive of poor cancer-specific survival (CSS) and RFS. This may be attributed to the immunosuppressive effects of high HLA-E expression and decreased NK cell infiltration in the TME, which together contribute to immune escape and poor oncological outcomes.

The limitations of this study include its retrospective nature, based on data from ESCC patients who underwent surgical resection at two centers. Further prospective research is needed to validate the prognostic value of HLA-E expression and NK cell status. Additionally, while this study focused on ESCC confirmed by histopathology, the prognostic significance of NK cell status and HLA-E expression in esophageal adenocarcinoma remains unclear. However, this is the first study to combine NK cell status and HLA-E expression to propose the ISS as a marker of immune status in the TME, specifically for ESCC.

In conclusion, this study links NK cell status and HLA-E expression with poor RFS and CSS in ESCC patients. The ISS, which integrates both parameters, effectively stratifies patients into distinct prognostic subgroups. After IPTW adjustment for confounding factors, ISS emerged as a key prognostic factor for ESCC. Given the limited therapeutic value of current PD-L1 pathway inhibitors, future research should explore adoptive NK cell therapies or strategies targeting the NKG2A/HLA-E axis for improved therapeutic outcomes.
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