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Abstract

Background: Peripheral blood helper T cell subsets are pivotal in assessing im-
mune function and predicting treatment outcomes in cancer patients. This study
sought to determine the prognostic significance of these subsets in gauging the ef-
ficacy of radiotherapy for esophageal cancer patients. Methods: 80 patients diag-
nosed with esophageal cancer underwent a comprehensive analysis of their helper
T cell subsets before and after radiotherapy. Treatment efficacy was meticulously
evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) guide-
lines. Results: Radiotherapy induced significant immunological alterations, evi-
denced by a notable increase in the proportions of Th17 and Tth cells, while the
percentages of Th2, Treg, and Tfr cells decreased significantly (all P < 0.05). Post-
treatment, the responsive group exhibited higher Tth cell proportions (P <0.05) and
lower Treg cell percentages (P < 0.05) compared to the non-responsive group. Lo-
gistic regression analysis identified Tth cells as a protective factor and Treg cells as

a risk factor for treatment response (P < 0.05). Receiver operating characteristic
(ROC) curve analysis further underscored the predictive utility of Tth (AUC =
0.930) and Treg (AUC =0.830) cells. Conclusion: The proportions of Tth and Treg
cells represent independent determinants of radiotherapy response and hold promise
as robust biomarkers for predicting treatment outcomes in esophageal cancer pa-
tients, offering potential implications for personalized immunotherapeutic strate-
gies.
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1. Introduction

Esophageal cancer, a prevalent and menacing form of malignancy, ranks among the leading causes of cancer-related
deaths globally. According to the global cancer burden data released by the International Agency for Research on
Cancer in 2020, there were approximately 604,100 new cases of esophageal cancer worldwide, with around 544,000
deaths [1]. Helper T cell subsets in peripheral blood play a crucial role in immune regulation. The changes in the
numbers and functions of different helper T cell subsets, such as Th1, Th2, Th17, etc., can affect the immune response
to tumor cells [2-4]. When patients receive radiotherapy, the immune system will be activated, and the helper T cell
subsets in the peripheral blood may change, which may be closely related to the efficacy of radiotherapy [5, 6].
However, there are relatively few reports on the changes in the proportions of helper T cell subsets in the peripheral
blood in esophageal cancer. This research endeavors to comprehensively assess the composition and functional char-
acteristics of helper T cell subsets in the peripheral blood of esophageal cancer patients.
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2. Materials and Methods
2.1 General Information

This study enrolled 80 esophageal cancer patients who underwent three-dimensional conformal radiotherapy or in-
tensity-modulated radiotherapy at the Department of Radiotherapy of The First Affiliated Hospital of Bengbu Medi-
cal College between September 2022 and March 2024. The inclusion criteria were as follows: Patients aged 18 years
and above; Those without a history of radiotherapy, kidney diseases, immunodeficiency, or other concurrent compli-
cations; Histopathologically confirmed esophageal cancer; A Karnofsky performance status score of > 70; No prior
history of malignant tumors or severe medical conditions. Patients were excluded according to the following exclu-
sion criteria: Those who did not complete the treatment course or were removed due to treatment interruption, Preg-
nant or breastfeeding patients, and individuals with mental disorders that hindered their cooperation with the treat-
ment. The study protocol was approved by the Ethics Committee of Bengbu Medical University (Approval Code:
LKPZ [2024]051). Clinical data of patients meeting the above-mentioned inclusion and exclusion criteria were col-
lected and organized, encompassing radiation dose, basic tumor characteristics, age, gender, smoking history, and
drinking history, among others.

2.2 Detection Method of Helper T Cell Subsets in Peripheral Blood

Within one week before and after radiotherapy, 5 ml of peripheral venous blood was collected from the patients. An
equal volume of lymphocyte separation medium was added. After centrifugation at 2000 rpm for 30 minutes, periph-
eral blood mononuclear cells were aspirated. The cells were washed twice with PBS, and the concentration of the cell
suspension was adjusted to 2x10° cells per 100 pL.

Detection of CD4*CD25'Foxp3* Treg cells, CD4*CXCRSICOS* Tfh cells, and CD4'CXCRSTCOS*Foxp3*
Tfr cells: Take 100 pL of the cell suspension and add it to a microplate. Add 0.05 pL of Fixable Viability Stain 700
(BD Biosciences, San Jose, CA, USA), and then add 1 pL of anti-human CD4-Percp-cy5.5 (BioLegend, San Diego,
CA, USA), 1 pL of anti-human ICOS-BV605 (BioLegend), 1 pL of anti-human CD25-BV510 (BioLegend), and 1
uL of anti-human CXCRS5-BV786 (BioLegend) monoclonal antibodies, respectively. Incubate in the dark for 30
minutes, and then add 200 pL of PBS to wash the cells twice. Add 200 pL of cell membrane permeabilization solution,
incubate in the dark for 30 minutes, and then wash the cells twice with PBS. Finally, add 1 pL of anti-human CD4-
Percp-cy5.5 (BioLegend) and 1 pL of anti-human Foxp3-PE (BioLegend) monoclonal antibodies, respectively, incu-
bate in the dark for 30 minutes, wash the cells twice with PBS, resuspend them, and detect them with a flow cytometer.

Detection of CD4* IFN-y* Th1 cells, CD4'I1L4* Th2 cells, and CD4*IL-17* Th17 cells: Take 100 pL of the cell
suspension and add an equal volume of cell stimulant. After incubating for 6 hours, wash the cells twice with PBS.
Add 0.05 pL of Fixable Viability Stain 700 and 1 pL of anti-human CD4-Percp-cy5.5 (BioLegend) monoclonal anti-
body, incubate for 30 minutes, and then wash the cells twice with PBS. Add 200 pL of cell membrane permeabiliza-
tion solution (Thermo Fisher Scientific), incubate in the dark for 30 minutes, and then wash the cells twice with the
membrane permeabilization washing solution. Add 1 pL of anti-human CD4-Percp-cy5.5 (BioLegend), 1 pL of anti-
human IFN-y-APC (BioLegend), 1 pL of anti-human IL-4-BV421 (BioLegend), and 1 pL of anti-human IL-17-PE
(Thermo Fisher Scientific), respectively. Incubate in the dark for 30 minutes, wash the cells twice with PBS, resus-
pend them, and detect them with a flow cytometer.

2.3 Efficacy Evaluation

Four weeks post-treatment, an associate chief radiologist and an associate chief radiotherapy physician, both blinded
to the research data results, evaluated the tumor size, location, and lymph node metastasis. They performed this as-
sessment using contrast-enhanced CT scans of the chest, abdomen, and neck. Based on the Response Evaluation
Criteria in Solid Tumors 1.1 (RECIST 1.1) [7], the treatment response was categorized into four grades. A complete
response (CR) was defined as the complete disappearance of all lesions. A partial response (PR) was characterized
by a decrease of more than 30% in the longest diameter of the target lesions compared to the baseline measurement.
Disease progression (PD) was identified when new target lesions emerged or when there was an increase of less than
20% in the target lesions. Stable disease (SD) was determined when the lesion size decreased by less than 30% or
increased by less than 20%.
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2.4 Statistical Analysis

Statistical analyses were performed using GraphPad Prism 10.0 software. Enumeration data were expressed as rates
(%), and comparisons between two groups were conducted using the Mann-Whitney U test (nonparametric). When
there were more than two groups, the Kruskal-Wallis test (nonparametric) was performed. The paired t-test was used
to examine the proportions of cell subsets before and after radiotherapy. The chi-square ()?) test was used to analyze
the enumeration data, which were expressed as n. The SPSS software was used for logistic regression analysis to
explore the factors affecting the efficacy of radiotherapy. The receiver operating characteristic (ROC) curve was
employed to analyze the sensitivity and specificity. P < 0.05 was considered to indicate a statistically significant
difference.

3. Results
3.1 Patient Characteristics

Table 1 summarizes the characteristics of 80 patients who met the above inclusion criteria. There were 56 male pa-
tients and 24 female patients, and there was no statistically significant difference between male and female patients
(x> =0.785, P=0.654). The median age of this cohort was 65 years (range: 35-80 years). The median radiation dose
was 60 Gy/30F (range: 50-66 Gy/25-33F).

Table 1. Baseline Characteristics of Patients

Characteristic No. of People (%)
Sex
Female 24 (30.00%)
Male 56 (70.00%)
Age
Median 65
Range 35-80
History of smoking
Yes 60 (75.00%)
No 20 (25.00%)
History of drinking
Yes 22 (27.50%)
No 58 (72.50%)
Radiotherapy dose
Median 60 Gy/30F
Range 50-66 Gy/25-33F

3.2 Correlation Between the Short-term Efficacy of Radiotherapy and the Peripheral Blood Helper T Cell
Subsets

In order to elucidate the relationship between the alterations in peripheral blood helper T cell subsets and the short-
term therapeutic effect of radiotherapy, an analysis was conducted on the variation patterns of these subsets in pe-
ripheral blood before and after radiotherapy. Post-radiotherapy, when compared to the pre-treatment levels, the per-
centages of Th17 cells and Tth cells showed an increase, whereas the percentages of Th2, Treg, and Tfr cells de-
creased. These changes were statistically significant (P < 0.05) (Figure 1). Conversely, for Thl cells, no statistically
significant difference was observed (P > 0.05) (Figure 1).
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Figure 1. Changes in proportions of peripheral blood helper T-cell subsets before and after radiotherapy. (A)-(F) represent the
cell proportions of Th1, Th2, Th17, Treg, Tfh, and Tfr in the patients before and after radiotherapy.

3.3 Relationship Between the Proportions of Peripheral Blood Helper T Cell Subsets Before Radiotherapy
and the Efficacy of Radiotherapy
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Figure 2. Differences in the Proportions of Peripheral Blood Helper T-cell Subsets before Radiotherapy between Responding
and Non-responding Groups. (A)-(F) represent the cell proportions of Th1l, Th2, Th17, Treg, Tfh, and Tfr between responding
and non-responding groups.
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Patients were divided into a responsive group (CR + PR; n = 47) and a non-responsive group (PD + SD; n = 33)
according to their treatment response at 4 weeks. A comparative analysis demonstrated that the proportions of Tth (P
<0.001) cells in the responsive group were significantly higher than those in the non-responsive group (Figure 2). In
contrast, the proportions of Treg (P < 0.01) cells in the responsive group were significantly lower than those in the
non-responsive group (Figure 2).

3.4 Logistic Regression Analysis of the Factors Influencing the Efficacy of Radiotherapy

To investigate the relationship between the short-term efficacy of radiotherapy and the peripheral blood helper T cell
subsets prior to radiotherapy, logistic regression analysis was performed on the proportions of these subsets. The
treatment efficacy was set as the dependent variable (with 0 representing responsive and 1 representing non-respon-
sive), while the proportions of peripheral blood helper T cell subsets served as the independent variables. Through
this, a Logistic regression equation was developed. The univariate logistic regression results indicated that Tth (OR
=3.725,95% CI=1.597-8.689, P < 0.05) acted as an independent protective factor for a favorable treatment response.
Conversely, the proportions of Treg (OR =0.016, 95%CI = 0.290-0.729, P < 0.05) cells were identified as risk factors
for a positive treatment outcome (Table 2).

Table 2. Univariate logistic regression analysis of factors affecting treatment efficacy

Project B SE Wald P OR 95% C1
Thl 0.016 0.016 0.178 0.701 1.016 (0.985, 1.048)
Th2 -0.048 0.182 0.352 0.672 0.953 (0.667, 1.361)
Th17 0.135 0.125 0.975 0.216 1.145 (0.896, 1.462)
Treg -0.777 0.235 8.588 0.016 0.460 (0.290, 0.729)
Tth 1.315 0.432 23.238 <0.0001 3.725 (1.597, 8.689)
Tfr -0.15 0.20 0.563 0.453 0.861 (0.581, 1.275)

3.5 Predictive Value of the Proportions of Peripheral Blood Helper T Cell Subsets Before Radiotherapy
for Treatment Efficacy

Taking the response after 4 weeks of treatment as the standard, the ROC curve was applied to evaluate the predictive
value of Treg and Tth for the effectiveness of treatment. As shown in Figure 3, the proportions of Tth (AUC:0.930)
and Treg (AUC:0.830) cells had predictive value for the response to treatment.
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Figure 3. Predictive Value of the Proportions of Treg and Tfh before Radiotherapy for the Efficacy of Radiotherapy.
3.6 Toxicity Evaluation

The incidence of side effects in the overall patients was 27.5% (22/80). Among them, there were 3 cases of acute
pneumonia, 7 cases of bone marrow suppression, 2 cases of cardiac toxicity, 4 cases of hypothyroidism, 5 cases of
increased amylase, and 1 case of increased muscle enzymes. No esophagitis or pneumonia of grade > 3 was found,
and there was no radiotherapy-related death.
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4. Discussion

Currently, anti-tumor immunity is an important factor affecting the efficacy of radiotherapy and the prognosis of
tumors [8]. It is closely related to the type of primary tumor, the radiotherapy site, radiotherapy parameters, dose
planning, and the time points of blood collection (before and after radiotherapy). Relevant studies have shown that
radiotherapy affects the number of peripheral blood lymphocytes. For example, the number of CD8" T cells decreases
in nasopharyngeal carcinoma after radiotherapy, the number of CD8" T cells increases in esophageal cancer and
colorectal cancer after radiotherapy, and there is no significant change in the number of CD8" T cells in prostate
cancer and breast cancer after radiotherapy [9-13]. This indicates that patients experience obvious immunological
changes in a short period after radiotherapy, which can lead to apoptosis and a decrease in T lymphocytes, affecting
the balance of peripheral blood immune cells. The degree of the immune response induced by radiotherapy varies
depending on the type of tumor [14]. Studies have also reported that the number of peripheral blood lymphocytes is
closely related to the prognosis of tumor patients [15]. An increase in the number of CD4"CD25 Foxp3™ Treg is
associated with a poor prognosis in patients with advanced breast cancer, and patients with a decreased Treg ratio
after chemotherapy have a better prognosis [16]. This study aimed to evaluate the value of peripheral blood helper T
cell subsets in patients with esophageal cancer for the short-term efficacy of radiotherapy.

Helper T cells can secrete various cytokines, activate macrophages and natural killer cells, and enhance their ability
to attack tumor cells. Among them, Treg cells exert immunosuppressive effects by secreting IL-10 and transforming
growth factor-f [17]. Treg cells are T cells that can recognize self-antigenic peptides presented by MHC molecules
of target cells through the T cell antigen receptor and have certain immunosuppressive functions. They maintain self-
tolerance by down-regulating the immune response level of the body against foreign or self-antigens, which is mainly
manifested in two aspects: immunological anergy and immunosuppression. Tth cells are a key subset that helps B
cells differentiate into plasma cells. An overly strong Tth helper signal will lead to excessive differentiation of B cells,
interfere with the recognition of tumor cells, and assist in their immune escape [18, 19]. The proportions of Tth cells
before radiotherapy are related to the short-term efficacy of radiotherapy. After radiotherapy, the proportion of Tth
cells increases, while the proportion of Treg cells decreases, which is beneficial to patients. The significant increase
in the proportion of Tth cells after radiotherapy may reflect the remodeling of the immune microenvironment induced
by radiotherapy, enabling Tth cells to play a greater role in anti-tumor immunity. At the same time, the decrease in
the proportion of Treg cells may reduce immunosuppression, thereby enhancing the ability of the immune system to
attack tumors. However, there are still certain limitations. This study is a single-center retrospective study with a
relatively small sample size, which may increase statistical bias. Further studies with large samples and multiple
centers are needed for verification.

5. Conclusion

The proportions of Tth and Treg cells among the peripheral blood helper T cell subsets have a certain predictive value
for the short-term efficacy of radiotherapy, and it is of positive significance for guiding the individualized treatment
of patients with esophageal cancer.
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