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Objective: To evaluate the clinical efficacy, safety, and changes in the immune
status of advanced non-small cell lung cancer (NSCLC) patients with disease
progression after chemoradiotherapy treated with CT-guided '?°| radioactive
seed implantation.

Materials and methods: From January 2016 to June 2022, 34 NSCLC patients
who progressed after radiotherapy and chemotherapy were studied
retrospectively. There were 34 evaluable lesions, and 2°| seeds were implanted
into the lesions under CT guidance. The study’s endpoints were as follows: short-
term clinical efficacy, quality of life score, and adverse reaction status
assessment, with patients being collected for immune status assessment.
Results: The average postoperative follow-up period was 16.58 + 7.41 months.
The 1-year postoperative survival rate was 76.47% (26/34), the 2-year
postoperative survival rate was 58.82% (20/34), and the median overall survival
was 16 (6—24) months (95% Cl: 13.7-18.3). The 1-year progression-free survival
(PFS) rate after the operation was 61.76% (21/34), the 2-year PFS rate was 41.18%
(14/34), and the median PFS was 12.5 (1-24) months (95% CI: 10.8-16.2).
Postoperative pneumothorax occurred in 11.76% of patients, minor bleeding in
5.88%, and pneumonia in 2.94%, all of which improved after symptomatic
treatment. Compared with the preoperative results, the percentages of CD3*
and CD4"* T lymphocytes in the treatment group increased 1, 2, 3, and 6 months
after surgery; the percentage of NK cells increased 3 and 6 months after surgery.
The positive immune factor levels of IL-2 and TNF-a were increased at 2, 3, and 6
months after surgery; y-IFN levels were increased at 1, 2, 3, and 6 months after
surgery; IL-4 levels were decreased at 3 and 6 months after surgery; and IL-10
levels were decreased at 6 months after surgery. TH17 (IL-17) levels decreased at
1, 2, 3, and 6 months after surgery.
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Conclusion: CT-guided %°| particle therapy may be an effective treatment for
NSCLC that has progressed following radiotherapy and chemotherapy. Local
treatments improve patients’ quality of life and reduce tumor burden. CT-guided
125| radioactive seed implantation may improve the immune status of patients
with recurrent or progressive NSCLC after radiotherapy and chemotherapy and
may enhance the antitumor immune response.

non-small cell lung cancer, >5| seed, clinical efficacy, peripheral T lymphocyte

cells, cytokines

Introduction

Lung cancer is now the world’s second most common cancer
(1), with non-small cell lung cancer accounting for 80%-85% of all
cases (2). Some patients’ lesions are still progressing after
chemoradiotherapy (3). Second-line chemotherapy has significant
systemic toxicity and side effects that are often unbearable for
patients (4). Because of the cumulative dose of the past, second
radiotherapy is no longer appropriate for such patients (5), but CT-
guided '**I radioactive seed implantation may be an appropriate
treatment (6), which is currently being used to treat lung cancer (7).
Unlike traditional radiotherapy, radioactive seed implantation can
release y-rays from the tumor tissue after seed implantation, causing
DNA damage in tumor cells, leading to apoptosis; the range of '*°I
particles is 1.7 cm, and the dose distribution follows the inverse
square law, increasing with decreasing distance and causing less
damage to surrounding tissue (8, 9). It has been used to treat a
variety of malignant tumors (10). It kills tumor cells by
continuously emitting 7y-rays, alters immune function, and
regulates antitumor immunity (8, 9). Different treatments can
cause changes in immune cells and factors. Chemotherapy
generally impairs immune function. Traditional chemotherapy
can inhibit tumor cell proliferation, but it also causes the
depletion of the adaptive immune system and other defense
mechanisms, such as lymphocyte depletion, bone marrow
depletion, and the depletion of effector cells such as CD8" and
CDA4" (11). Although radiotherapy is considered to be the first-line
treatment for advanced lung cancer, the immune response it causes
is often characterized by a “double-edged sword”. Radiotherapy has
been shown in studies to damage tumor cells and cause the
immunogenic death of cancer cells. Dendritic cells (DCs)
introduce these dead cancer cells to T cells in the draining lymph
nodes. T cells play an important role in cellular immunity and
induce antitumor immune responses (12). Furthermore, RT can
suppress the immune environment, and the main drivers of
immunosuppression are myeloid-derived suppressor cells
(MDSCs), regulatory T cell (Tregs), and M2 macrophages, both
of which can produce sperm, all of which can produce
immunosuppressive factors, through the amidases, directly
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inhibiting antitumor CD4" and CD8" T cell activities. MDSCs
inhibit T-cell function through the Jak/Stat pathway by increasing
Reactive Oxygen Species (ROS) and Inducible Nitric Oxide
Synthase (iNOS) levels, increasing T-cell apoptosis, and reducing
MHC expression (13). This paper retrospectively studied the
clinical efficacy and adverse reactions of 34 patients with
advanced non-small cell lung cancer (NSCLC) who progressed
after radiotherapy and chemotherapy using CT-guided '*’I
radioactive seed implantation at the Affiliated Zhongshan
Hospital of Dalian University from January 2016 to June 2022.
After treatment, we discovered that the immune status of patients
after seeding had changed, so we collected data on the changes in
the immune function of patients with advanced NSCLC who
progressed after radiotherapy and chemotherapy from January
2020 to January 2022, before and after radioactive seed therapy.
The synopsis is as follows.

Materials and methods
Research subjects

This study collected 44 patients with NSCLC who progressed
after radiotherapy and chemotherapy and were admitted to our
hospital’s Interventional Department from January 2016 to June
2022. This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of the
Affiliated Zhongshan Hospital of Dalian University (Approval
Number: KY-2023-041-1). Applying the inclusion criteria, 34
cases met all the requirements, and pathology confirmed the
initial diagnosis. There were 29 men and five women, aged
66.34 + 10.72 years: 26 cases had TNM stage III, eight cases had
IV stage, 18 (52.94%) cases had squamous cell carcinoma, and 16
cases had adenocarcinoma. Of the cases, 47.06% did not indicate
radical surgery or had failed radiotherapy and chemotherapy before
seed implantation surgery. Previously, only eight patients received
radical external radiotherapy, 15 received only radical
chemotherapy (the patients refused re-radiotherapy), and 11
received radical radiation therapy + chemotherapy. The local
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TABLE 1 General information of patients with non-small cell lung
cancer.

Characteristic Number of cases Percentage
Gender
Male 29 82.35
Female 5 17.65
Age (years)
<60 12 35.29
>60 22 64.71
Pathological type
Squaxr?ous cell 18 52,04
carcinoma
Adenocarcinoma 16 47.06
Lesion location
Surrounding type 12 35.29
Central type 22 64.71
TNM stage
111 26 76.47
v 8 23.53
Lesion diameter (cm)
<3 6 17.65
3-5 17 50
>5 11 32.35
Previous treatment
Radical radiotherapy 8 23.53
Radical chemotherapy 15 44.12
el b
Systemic treatment 6 months after operation
Targeted therapy 10 29.41
Immunotherapy 6 17.65
Ta'argeted therapy + 4 1176
immunotherapy
Other or none 14 41.18

The general situation of 34 patients with non-small cell lung cancer can be seen in terms of
sex, age, pathological type, lesion location, stage, tumor diameter, previous treatment, and
postoperative treatment. TNM, tumor, node, metastasis.

ethical agency reviewed and approved this study, and all patients
provided signed informed consent before the operation (Table 1).
Immunity was monitored in 28 of the 34 patients mentioned above,
and the immune status of these patients was analyzed.

The inclusion criteria were as follows: 1) NSCLC patients who
have progressed after first-line radiotherapy and chemotherapy and
2) have stage III or IV disease according to the Union for
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International Cancer Control (UICC) eighth edition TNM staging
criteria and no indication of radical surgery. 3) The tumor was
larger than 1.5 cm but smaller than 7.00 cm in diameter.
4) Karnofsky Performance Status (KPS) score was > 70 points,
with an expected survival time of more than 6 months. 5) The
patients and their families agreed and provided signed informed
consent. 6) Seed implantation therapy had no obvious
contraindications. Exclusion criteria were as follows: 1) additional
radiotherapy and chemotherapy following seed implantation; 2)
poor overall health; 3) a serious organ disorder or failure in the
heart, liver, kidneys, lungs, and other organs; and 4) those who did
not have regular re-examinations 1, 2, 3, and 6 months after surgery.

Instruments and equipment

Beijing Zhibo Hi-Tech Biotechnology Co., Ltd., provided
radioactive '*°I particles with radioactivity of 0.56-0.8 mCi, a
diameter of 0.8 mm, a single particle length of 4.5 mm, a half-life
of 59.6 days, a tissue penetration capacity of 1.7 cm, and a shell of
nickel-titanium alloy cladding. Beijing Tianhang Kelin provided the
particle implantation planning system, particle implantation
positioning, and navigation system. The Mick particle
implantation gun, Sinopharm Foreign Trade (Beijing) Co., Ltd., a
CT analog positioning machine (Toshiba, Tokyo), and a flow
detector (Becton Drive, Franklin Lakes, NJ, USA) were used.

Method
Preoperative preparation

Routine blood tests (coagulation function, liver and kidney
function, and cardiopulmonary function) and other routine
examinations were performed before the operation, as well as
enhanced CT or MRI examinations to determine the location,
extent, and surrounding structures of the tumor.

Seed implantation strategy

The Treatment Planning System (TPS) planning system was
used to calculate the tumor target dose, the number of implanted
radioactive particles, and the placement site. The dosing algorithm
was calculated according to the official report of the American
Association of Physicists in Medicine (AAPM) (14-16). Imaging
revealed that the tumor range was identified as the gross target
volume (GTV), and the clinical target volume (CTV) was generated
after 5 mm of external expansion. GTV and CTV dual-prescription
doses were administered. The plan had to meet the requirements of
the dual-prescription dose before it could be approved, and the
organs at risk around the tumor had to be delineated. The planned
preoperative D90GTV dose was 140 (110, 170) Gy, the CTV dose
was 100 (70, 130) Gy, the median particle number was 35 (11, 132)
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TABLE 2 Seed implantation.

Seed implantation Number

Number of %I seeds 35 (11, 132)
Seed activity (mCI) 0.6 (0.56, 0.8)
D90 dose (Gy) 140 (110, 170)
6-month postoperative effect

CR + PR 16 (47.05%)
SD + PD 18 (52.25%)

Survival rate

1 year 26/34 (76.47%)

2 years 20/34 (58.85%)
Adverse reaction

Grade I-1I 10/34 (29.41%)

Grade III-1V 0

Particle implantation in 34 patients with non-small cell lung cancer and their recent efficacy.
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

particles, and the median dose activity was 0.6 (0.56, 0.8)
mCi (Table 2).

Intraoperative operations

Routine ECG monitoring was conducted during the operation.
After a needle was placed under CT scan positioning, the '*°I seeds
were implanted according to the preoperative plan, ensuring no
blood backflow, and the CT scan was reviewed to assess the
operation quality. Supplemental seed implantation can be
performed in the area to ensure the radiation dose requirement of
the entire target area, observe for complications in the operation,
and provide appropriate treatment.

Postoperative treatment

Symptomatic treatment was routinely administered within 3 days
of seed implantation, and CT was reviewed 3 days later to assess the
condition of the operation area and the presence of complications.
There was no statistically significant difference between D90 and V100
doses preoperatively and postoperatively. The postoperative GTV was
125 (95,155) Gy, and the postoperative CTV was 90 (60,120) Gy.

Immune indicator detection
The percentages of CD3" T cells, CD4" T cells, CD8" T cells,

CD8" T cells, NK cells, and cytokines TH1, TH2, and TH17 were
measured from the peripheral blood of patients 3 days before and 3
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days after surgery, and 1, 2, 3, and 6 months after surgery; the test
data were analyzed using the FlowJo 7.6 software.

Observation indicators

According to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, the changes in lesions before surgery and at 1, 3,
and 6 months after surgery were evaluated to assess the local control
effect (via CT or MRI scan). Specifically, the tumor response
assessment was independently performed by two radiologists with
more than 5 years of experience in thoracic oncology imaging, who
were blinded to the patients’ clinical treatment information (including
surgical details and postoperative adjuvant therapy) to avoid evaluation
bias. In cases of inconsistent judgments between the two radiologists
(e.g., discrepancies in defining partial response vs. stable disease), a
third senior radiologist (with over 10 years of experience in oncology
imaging) was invited to conduct a joint review of the images for
arbitration, and the final consensus result was adopted as the evaluation
outcome (17). The observation focus was the overall survival (OS) and
disease-free stage [progression-free survival (PES)], KPS score, and
adverse reactions [acute radiation injury according to the Radiation
Therapy Oncology Group/European Organization for Research and
Treatment of Cancer (RTOG/EORTC) score as standard (18)]. The
KPS score was used to assess the physical functional status of cancer
patients (commonly applied in clinical practice and research to evaluate
the functional capacity of patients with tumors).

Statistical methods

The SPSS 23.0 statistical software was used for statistical analysis,
and continuous variables that conformed to normal distribution were
expressed as x * s, while data that did not conform to normal
distribution were expressed as M (min, max). General information
was expressed as frequency (n) and percentage (%). Some graphs
were created using GraphPad Prism 8.0.1.

Result
Clinical efficacy

Local lesions were monitored for 1, 3, and 6 months after the
operation, with complete response (CR) in 1/34 at 1 month, partial
response (PR) in 18/34, stable disease (SD) in 15/34, and
progressive disease (PD) in 1/34. The local control rate (CR +
PR + SD) was 97.05%, and the objective remission rate (CR + PR)
was 55.88%; 3-month CR was achieved in 3/34 and PR in 13/34. The
lesions were stable in 15/34 and progressed (PD) in 3/34, the local
control rate (CR + PR + SD) was 91.17%, and the objective response
rate (CR + PR) was 47.05% at 6 months. CR was achieved in 4/34,

frontiersin.org


https://doi.org/10.3389/fonc.2025.1667205
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

TABLE 3 Clinical remission rate.

Months effect 1 month 3 months 6 months
CR 1 3 4
PR 18 13 10
SD 14 15 16
PD 1 3 4
DCR (%) 97.05 91.17 88.23
ORR (%) 55.88 47.05 41.17

Clinical efficacy, local control rate, and objective remission rate of 34 patients with non-small
cell lung cancer 1, 3, and 6 months after operation. Objective Response Rate = (CR + PR +
SD)/(CR + PR + SD + PD). Disease Control Rate = (CR + PR)/(CR + PR + SD + PD).

PR in 10/34, SD in 16/34, and PD in 4/34. The local control rate
(CR + PR + SD) was 88.23%, and the objective response rate (CR +
PR) was 41.17% (Table 3; Supplementary Figure S1).

Lesion diameter and KPS score

Comparing the changes in tumor size before the operation with
those at 1, 3, and 6 months after the operation, it can be seen that the
difference was statistically significant before surgery and 1 month
after the operation (t = 5502, p = 0.000004), 3 months after
the operation (t = 5.45, p = 0.000005), 6 months after the
operation (t = 5.474, p = 0.000005), 1 and 3 months after the
operation (t = 2.257, p = 0.03), and 6 months after the operation
(t=2.4, p = 0.022); the change in tumor size between 3 and 6 months
after the operation (t = 2.65, p = 0.097) had no statistical significance.
The KPS score before the operation was 72.64 + 4.47 points; KPS
scores at 1, 3, and 6 months after the operation were 82.35 + 5.53
points (t = 23.89, p < 0.001), 88.82 + 4.77 points (t = 13.536, p <
0.001), and 93.23 + 6.26 points (t = 6.84, p < 0.001), respectively.
Comparing the changes in KPS before and 1, 3, and 6 months after
the operation, it can be seen that before the operation and 1
month after the operation, t = -9.813, p < 0.0001; 3 months after
the operation, t = 13.536, p < 0.001; and 6 months after the operation,
t=17.581, p < 0.001. The difference was statistically significant 1 and
3 months after the operation (t = 7.713, p < 0.0001), and 6 months
after the operation, the difference was statistically significant
(t = 10.423, p < 0.0001); the difference in KPS score between 3 and

TABLE 4 KPS score and lesion diameter.

Time KPS score Lesion diameter
Preoperative 72.6 + 4.5 43+20

One month after operation 824 + 5.5%* 3.4+ 1.5%

Three months after operation 88.8 + 4.8** 3.0 + 1.3%

Six months after operation 932+ 6.3** 2.8 £ 1.4

F 148.977 13.367

P <0.001 <0.001

Comparison of tumor diameter of 34 patients with non-small cell lung cancer before operation and
1, 3, and 6 months after operation. KPS, Karnofsky Performance Status. ** p < 0.001.
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6 months after the operation (t = 4.703, p < 0.0001) was statistically
significant (Table 4; Figure 1).

Survival time

The postoperative follow-up time was 16.58 + 7.41 months. The
1-year postoperative survival rate was 76.47% (26/34), the 2-year
postoperative survival rate was 58.82% (20/34), and the median OS
was 16 (6-24) months (95% CI: 13.7-18.3). The 1-year PFS rate
after the operation was 61.76% (21/34), the 2-year PES rate was
41.18% (14/34), and the median PFS was 12.5 (1-24) months (95%
CI: 10.8-16.2) (Figure 2).

Side effects

Adverse reactions in the perioperative period

Postoperative pneumothorax in 10 cases, bleeding in two cases,
and pneumonia in one case all improved after symptomatic
treatment, and there were no adverse reactions such as massive
bleeding, hemopneumothorax, or severe hemoptysis.

Particle-related adverse reactions

Perioperative adverse reactions included four cases of
pneumothorax (grade 1), two cases of hemorrhage (grade 1), and
one case of radiation-related acute pneumonia (grade 2). Particle-
related adverse reactions included dyspnea in one case. Radiation-
related esophageal reactions included dysphagia (grade 1) in two
cases, leukopenia (grade 1) in three cases, and pneumonia (grade 1)
in two cases, with no cardiotoxicity, central toxicity, mucosal
hemorrhage, thrombocytopenia, etc. The radiation-related side
effects are shown in Table 5.

Immune cells and factor changes

This study analyzed the changes in lymphocyte subsets 3 days
before the operation and at 1, 2, 3, and 6 months after the operation.
The results revealed that the percentage of CD3™ T cells before the
operation was 65.48 + 9.53. At 1, 2, 3, and 6 months after the
operation, the percentages were 66.81 + 9.86, 68.12 + 9.67, 69.01 +
8.59, and 70.65 * 7.17, respectively. Compared to those before the
operation, the percentages of CD3" T cells gradually increased at 1
month (p = 0.009, 95% CI: —2.295, —0.368), 2 months (p < 0.001,
95% CI: —3.842, —1.445), 3 months (p < 0.001, 95% CI: —4.848,
—2.214), and 6 months (p < 0.001, 95% CIL: —6.747, —3.590) after the
operation. The percentage of CD4" T cells before the operation was
36.01 £ 10.27. At 1, 2, 3, and 6 months after the operation, the
percentages increased to 39.13 + 10.08 (p = 0.006, 95% CI: —5.256,
-0.989), 39.92 + 9.35 (p < 0.001, 95% CI: —5.846, —1.989), 40.34 +
9.65 (p < 0.001, 95% CI: —6.077, —2.586), and 40.45 + 10.12 (p <
0.001, 95% CIL: —6.419, -2.460), respectively. The percentages of
CD4" T cells exhibited a gradual upward trend at 1, 2, 3, and 6
months after the operation. Three days before surgery, the NK cell

frontiersin.org


https://doi.org/10.3389/fonc.2025.1667205
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.
Tumor size
61 il W Preoperation
o
o W 1 month after operation
W 3 months after operation

51 M 6 months after operation
_
£
=~
T 41
N
@

1 E E

2 T T T T

& o & &
& & ¢ ¢
& & &
& s° s
g & & &
CHEEC L
> » ©
Time( month)
FIGURE 1

10.3389/fonc.2025.1667205

KPS Score

* ¥

100+ *% Preoperation

- 1 month after operation

3 months after operation

90+ 6 months after operation

score

70
60 T T T T
S S
& & S &
R i & &
< & & &
*&° S Ry
S & &
& & &
A ~ 5

Time( month)

Lesion size and KPS. Comparison of tumor diameter of 34 patients with non-small cell lung cancer before operation and 1, 3, and 6 months after
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percentage was 21.61 + 7.45. At 1, 2, 3, and 6 months after the
operation, the percentages increased to 22.03 + 9.39 (p = 0.660, 95%
CI: -2.380, 1.531), 23.63 + 9.93 (p = 0.056, 95% CI: —4.092, 0.057),
23.87 £ 9.07 (p = 0.039, 95% CI: —4.399, —0.121), and 24.50 + 8.71
(p =0.014, 95% CI: —5.153, —0.642), respectively. Compared to pre-
surgery levels, the NK cell percentages showed a gradual increase at
3 and 6 months after the operation. The percentage of CD8" T
lymphocytes on the first 3 days before surgery was 27.15 + 10.72; at
1, 2, 3, and 6 months after surgery, they percentages were 26.53 +
10.38 (p = 0.447, 95% CI: —1.034, 2.282), 26.67 £ 9.31 (p = 0.487,
95% CI: —0.911, 1.865), 26.58 + 8.95 (p = 0.427, 95% CI: —0.875,
2.008), and 27.74 + 1045 (p = 0.479, 95% CI. —2.293, 1.105),
respectively. CD8" T lymphocytes exhibited a decreasing trend
post-surgery and began to increase at 6 months post-surgery.
Although the trend is noticeable, the difference is not statistically
significant. The CD4"/CD8" ratio was 1.66 + 1.11 three days before
surgery; it was 1.81 + 1.40 (p = 0.304, 95% CI: -0.448, 0.145), 1.77 +
1.20 (p = 0.294, 95% CI: —0.343, 0.108), 1.75 £ 0.97 (p = 0.231, 95%

CIL: -0.251, 0.063), and 1.75 + 1.13 (p = 0.314, 95% CI: —0.288,
0.096) at 1, 2, 3, and 6 months after surgery, respectively. Although
the CD4%/CD8" ratio exhibited an increasing trend post-surgery,
the difference was not statistically significant (Table 6, Figure 3).
Analyzing the changes in TH1, TH2, and TH17 levels 3 days
before surgery and at 1, 2, 3, and 6 months after surgery, the results
indicated that the preoperative IL-2 level was 1.52 + 1.09 ng/mL; at
1,2, 3, and 6 months after surgery, the levels were 1.63 + 1.22,2.00 +
1.36, 2.34 + 1.94, and 2.62 + 2.23 ng/mL, respectively. Comparing
the preoperative levels with those at 2 months (p = 0.049, 95% CI:
-0.964, —0.001), 3 months (p = 0.025, 95% CI: —-1.531, -0.111), and
6 months after surgery (p = 0.009, 95% CI: —1.896, —0.292), it was
observed that the level of IL-2 increased, and the differences were
statistically significant. The preoperative TNF-o. level was 1.38 +
0.86 ng/mL; the levels increased to 1.52 + 1.09, 2.05 + 1.96, 1.83 +
0.98, and 2.18 + 1.09 ng/mL at 1, 2, 3, and 6 months after surgery,
respectively. Compared with the preoperative level, the TNF-o
levels increased significantly at 2 months (p = 0.038, 95% CI:

1 oS
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FIGURE 2

PFS and OS. The local progression-free survival (PFS) of 34 patients with non-small cell lung cancer is shown. The postoperative median
progression-free survival time of patients was 76.47% (26/34). The survival rate 2 years after operation was 58.82% (20/34), and the median overall
survival (OS) was 16 (6—-24) months. The PFS rate was 61.76% (21/34) 1 year after operation and 41.18% (14/34) 2 years after operation.
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TABLE 5 Information on complications.

10.3389/fonc.2025.1667205

Adverse reaction Symptom Percentage (%)
>l
Pneumothorax 4 4 0 0 11.76
Minimal hemorrhage 2 2 0 0 5.88
Perioperative period
Pneumonia 1 0 1 0 2.94
Dyspnea 4 4 0 0 11.76
Pneumonia 2 2 0 0 5.88
Esophagus 2 2 0 0 5.88
Treatment-associated reaction
Skin 5 3 2 0 14.7
Leukopenia 3 3 0 0 8.82

Particle postoperative adverse reactions in 34 patients with non-small cell lung cancer can be divided into perioperative adverse reactions and particle-related adverse reactions.

—1.298, -0.041), 3 months (p = 0.033, 95% CIL: —0.858, —0.040), and
6 months after surgery (p < 0.001, 95% CI: —1.201, —0.3990), with
statistically significant differences. Similarly, the preoperative y-IFN
level was 1.41 + 1.26 ng/mL; the levels increased to 1.87 + 1.49, 2.15
+1.46,2.33 + 1.67,and 2.82 + 2.18 (ng/mL) at 1, 2, 3, and 6 months
after the operation, respectively. Compared with the preoperative
level, the y-IFN levels increased significantly at 1 month (p = 0.023,
95% CI: —0.840, —0.068), 2 months (p < 0.001, 95% CI: -1.092,
-0.376), 3 months (p < 0.001, 95% CI: —1.349, —0.477), and 6
months after surgery (p < 0.001, 95% CI: —2.064, —0.751), with
statistically significant differences. Compared with preoperative
levels, IL-4 levels decreased at 3 months (p = 0.004, 95% CI:
0.187, 0.905) and 6 months (p = 0.008, 95% CI: 0.154, 0.948) after
the operation, while IL-10 levels decreased at 6 months after the
operation (p = 0.026, 95% CI: 0.156, 2.276), with statistical
significance. The preoperative level of TH17 (IL-17) was 2.53 +
1.62 ng/mL, and at 1, 2, 3, and 6 months after the operation, the
levels were 1.79 + 1.56, 1.86 + 1.59, 1.73 £ 1.49, and 1.67 + 1.08 ng/
mL, respectively. Compared with preoperative and postoperative
levels at 1 month (p = 0.003, 95% CI: 0.268, 1.208), 2 months (p =

TABLE 6 Detection value of lymphocyte subsets in different time periods.

0.008, 95% CI: 0.186, 1.150), 3 months (p = 0.003, 95% CI: 0.292,
1.299), and 6 months (p = 0.003, 95% CI: 0.292, 1.299), IL-17 values
decreased, and the difference was statistically significant
(Table 7, Figure 4).

Discussion

Disease progression in patients with NSCLC following
chemoradiotherapy remains a major clinical challenge at present.
According to some studies, approximately 40% of patients
experience local progression or recurrence after concurrent
chemoradiotherapy (19). Although immunotherapy has emerged
as a new treatment method for NSCLC in recent years, drug
resistance has also developed (20). Local progression remains an
important clinical problem. Studies have shown that the time to
local control and OS in patients with stage III NSCLC who relapsed
after chemoradiotherapy and salvage surgery was 10-22 months
and 13-76 months, respectively (21). The 5-year overall survival
rate was 44.7% (22). Some studies have revealed that after re-

. CD3* cell CD4* cell CD8* cell + + NK cell
Time o o o CD4%/CD8 o
percentage (%) percentage (%) percentage (%) percentage (%)
Preoperative 65.48 + 9.53 36.01 + 1027 27.15 + 10.72 1.66 + 1.11 21.61 + 7.45
One month after
) 66.81 + 9.86** 39.13 + 10.08** 26.53 + 10.38 1.81 + 1.40 22.03 +9.39
operation
Two months after
) 68.12 % 9.67+% 39.92 + 9354+ 26.67 + 9.31 177 +1.20 23.63 +9.93
operation
Th i
ree months after 69.01 + 8.59%% 40.34 + 9,65 26.58 + 8.95 1.75 + 0.97 23.87 + 9.07*
operation
Six months after
i 70.65 + 7.17+** 4045 + 10.124** 27.74 + 1045 175 + 1.13 24.50 + 8.71*
operatlon
F 14.1719 6.2478 0.5149 0.3671 3.5234
p <0.001 0.001 0.725 0.8296 0.021

*p <0.05** p <0.01;* p < 0.001.
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FIGURE 3
Lymphocyte subsets.

radiation with intensity-modulated radiation therapy and proton
beam therapy (PBT), the 2-year OS was 30%-40%, and the rate of
>grade 3 pulmonary toxicity was 0%-20% (23). According to
another study, the rate of >grade 3 toxicity after re-radiotherapy
(PBT) can reach 42% (24). Whether the second-line chemotherapy
is single-agent or combined chemotherapy, the median local control
rate was only 2.7-4.5 months, and the 1-year average survival rate
ranged from 24.8% and 52.7% (25). Therefore, in patients with
advanced NSCLC who continue to progress or relapse after
radiotherapy and chemotherapy, there is an urgent need for a
treatment method with fewer adverse effects to effectively control
local lesions.

In recent years, the concept of precision medicine has gradually
entered clinicians’ minds, and radioactive particle brachytherapy has
been used in the treatment of various solid tumors due to its unique
advantages. There are significant differences in the immune effects
between brachytherapy and external beam radiotherapy (EBRT).
Brachytherapy, via localized high-dose irradiation, is more likely to
induce tumor cell apoptosis and release a large number of tumor-
associated antigens (TAAs), activating specific antitumor immunity.
Additionally, its minimal damage to normal tissues reduces
inflammation-mediated immune suppression. In contrast, EBRT
has a broad dose distribution; although it can trigger a systemic
immune response, extensive irradiation of normal tissues tends to
exacerbate immune suppression, weakening the antitumor immune
effect. Given the continuous emission of low-dose gamma rays and

continuous damage to tumor cells, the scope of action is only 1.7 cm,
so in theory, as long as the target area is planned before surgery, the
damage to surrounding organs is minimal (26). It is currently being
used to treat lung cancer. Wang reported that the median survival
time after '>°I treatment for NSCLC patients was 395 days. The 1-year
survival rate was approximately 78.1%, the 2-year survival rate was
approximately 56.1%, and the complication rate was approximately
14.1% (27). Huo studied 38 cases of locally recurrent NSCLC after
seed implantation and discovered that the 2-month local control rate
was 92%, and the 2-year PFS%, Local Control Rate (LCR), and OS%
were 39.5%, 83.5%, and 83.5%, respectively. Of the cases, 47.4% had
only minor complications that were relieved after symptomatic
treatment (28). The studies mentioned above have confirmed that
radioactive '*°I seed implantation as a local treatment method has a
particular clinical effect on recurrent or progressive NSCLC. In this
study, at 1, 3, and 6 months after surgery, the local control rates were
97.05%, 91.17%, and 88.23%, respectively, and the size of the lesions
was 3.35 + 1.51, 3.01 + 1.26, and 2.77 + 1.5 cm, respectively. A 1.39-
cm lesion gradually shrank after surgery, and the 1-year and 2-year
survival rates were 76.47% and 58.82%, respectively, which were
consistent with the previous research findings and indicated that
radioactive particles had a positive effect on local tumor control. It is
worth noting that most patients in this study received adjuvant
systemic therapies (such as immune checkpoint inhibitors, targeted
therapy, or salvage chemotherapy) before or after seed implantation;
these systemic treatments may have synergistically contributed to the

TABLE 7 Detection value of TH1, TH2, and TH17 cytokines in different time periods.

IL-2 TNF IFN-y IL-4 IL-6 IL-10 IL-17
Preoperative 1.52 + 1.09 1.58 + 0.89 19.42 + 15.65 3.88 + 3.00 1.38 + 0.86 1.41 + 1.26 2.53 + 1.62
One month after operation 1.63 £1.22 137 £ 1.14 21.59 £ 17.15 394 +2.70 1.52 £ 1.09 1.87 £+ 1.49* 1.79 + 1.56**
Two months after operation 2.00 + 1.36* 1.41 +1.39 21.06 + 14.75 3.39 +2.19 2.05 + 1.96* 2.15 + 1.46%** 1.86 + 1.59**
Three months after operation 2.34 + 1.94* 1.04 + 0.88** 19.02 + 13.83 3.49 +2.12 1.83 + 0.98* 2.33 + 1.67** 1.73 + 1.49**
Six months after operation 2.62 +2.23%* 1.03 + 1.02** 17.57 + 13.33 2.67 +1.93* 2.18 + 1.09** 2.82 + 218 1.67 + 1.08**
F 2.86 2.93 1.79 4.08 7.06 7.12 3.08
P 0.045 0.042 0.163 0.012 0.001 0.001 0.035
*p <0.05** p <0.01;* p < 0.001.
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TH1, TH2, and TH17 cytokines

favorable survival outcomes by controlling potential distant micro-
metastases and enhancing the antitumor immune response, thereby
complementing the local control effect of radioactive seeds. Toxicity
and side effects have always been barriers to treating recurrent
NSCLC. Wang et al. reported that *°I radioactive particles were
used to treat NSCLC after first-line chemotherapy failed. When
compared to second-line chemotherapy, '*°I brachytherapy
improved long-term quality of life and had fewer adverse reactions
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(6). In this study, perioperative adverse reactions were predominantly
postoperative pneumothorax in four cases, followed by hemorrhage
and acute pneumonia; particle-related adverse reactions included
dyspnea, radiation-related esophageal reactions, leukopenia, and
pneumonia; all were grade 1-2 adverse reactions that improved
after symptomatic treatment. It is clear that the safety of '*I seed
implantation is high, with a low incidence of postoperative
adverse reactions.
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Changes in lymphocyte subsets are important in antitumor
responses: lymphocytes are thought to be the primary effector cells in
tumor immunity, participating in tumor microenvironment formation
and regulating local tumor immunity. It mainly includes T cells, B cells,
and NK cells. T cells are classified as CD3", CD4", or CD8". Total T
lymphocytes (CD3) are immune functional cells that directly reflect the
activity and number of immune functional cells involved in the immune
response. CD4" helper T lymphocytes (Th) are essential components of
effector T cells (29). CD4" T cells are divided into four subsets: helper T
cells type 1 (TH1) and type 2 (TH2) are the two main classes of CD4" T
helper cells, each with distinct subsets (30). Each subset can secrete
different cytokines; Th1 cells primarily secrete interferon-y (IFN-y), IL-2,
and tumor necrosis factor-alpha (TNF-o); activated Th1 cells and the
cytokines that they secrete have a strong antitumor activity and
immunomodulatory effect and can play a positive regulatory role in
the tumor immune microenvironment. IL-2 can stimulate the
antitumor activity of NK* cells and promote macrophage M1
polarization through the Jak3-Stat pathway (31); TNF-o. can directly
cause tumor cell apoptosis, break tumor cell DNA, cause cell shrinkage
and death, and activate antitumor immunity by affecting natural killer
and CD8" T cells (30, 32). Th2 cells primarily secrete IL-4, IL-6, and IL-
10; IL-4 regulates MDSCs by synthesizing arginase 1 (Argl) and
decomposing L-arginine to induce T-cell apoptosis and tumor
immunosuppressive effects (33). Li et al. reported that lymphopenia,
CD3", CD3"CD4", CD3"CD8" T lymphocytes, B lymphocytes, NK
cells, and CD4"/CD8" ratios were lower in patients with NSCLC who
received radiotherapy (34). Chen et al. reported that when compared to
baseline, after chemoradiotherapy, the proportions of CD3" T cells (p <
0.001), CD8" T cells (p < 0.001), and CD3"CD56" NKT cells (p = 0.025)
increased, while the percentages of CD4" T cells (p < 0.001), CD4/CD8"*
ratio (p < 0.001), CD19" B cells (p < 0.001), and CD3~CD56" NK cells (p
<0.001) decreased (35). There is currently no research on the changes in
immune status following particle surgery. Compared with the
preoperative results, the percentages of CD3" and CD4" T
lymphocytes in the treatment group increased 1, 2, 3, and 6 months
after surgery, and the percentages of NK cells increased 3 and 6 months
after surgery. The positive immune factor levels of IL-2 and TNF-o
were increased at 2, 3, and 6 months after surgery; y-IFN
levels were increased at 1, 2, 3, and 6 months after surgery; IL-4 levels
were decreased at 3 and 6 months after surgery; and IL-10 levels
were decreased at 6 months after surgery. TH17 (IL-17) levels decreased
at 1, 2, 3, and 6 months after surgery. Changes in the body’s immune
status can regulate the immune response. The above findings show that
radioactive particles may alter the immune function of the body at
various times after surgery and boost patients’ antitumor immunity in
the short term.

Conclusion

We believe that after radiotherapy and chemotherapy, CT-
guided '*°I seed implantation may be an effective treatment for
recurrent or progressive NSCLC and that it can be used as one of
the local treatments for reducing local tumor burden and improving
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patients’ quality of life. In addition, CT-guided '*’I seed
implantation may improve the immune status of NSCLC patients
and regulate the body’s immune function. Furthermore, this study
has some limitations, such as a small number of cases, a short
follow-up period, and a retrospective single-arm study. Therefore,
further larger-sample prospective, multi-center trials are required to
verify the efficacy and immune function changes of CT-guided '*°I
seed implantation in the treatment of recurrent or advanced
NSCLC after radiotherapy and chemotherapy.
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