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Abstract: This study assessed the efficacy and safety of radioactive iodine-125 seed ablation brachytherapy (RS-
ABT) in comparison to microwave ablation therapy (MWAT) for treating inoperable stage I non-small cell lung cancer 
(NSCLC). We conducted a retrospective analysis of data from stage I NSCLC patients who underwent CT-guided 
RSABT or MWAT. The primary outcomes measured were progression-free survival (PFS), overall survival (OS), and 
the occurrence of adverse events. Of the patients included in the study, 71 underwent RSABT and 105 received 
MWAT. The median follow-up time for these groups was 47.4 months and 60 months, respectively. The PFS rates at 
1-year, 3-year, and 5-year for the RSABT group were 87.3%, 72.6%, and 65.8%, while for the MWAT group, they were 
89.5%, 69.3%, and 43.7%, respectively (P = 0.011). The OS rates at 1-year, 3-year, and 5-year for the RSABT group 
were 97.2%, 78.1%, and 66.1%, and for the MWAT group, they were 99%, 75.8%, and 55%, respectively (P = 0.112). 
Upon multivariate analysis, the treatment modality was identified as an independent predictor of PFS (P = 0.008). 
Additionally, both sex and T stage were found to be independent predictors of both PFS and OS (P < 0.05). Adverse 
events, such as pneumothorax, occurred in 50% of the MWAT group and 39% of the RSABT group (P = 0.313). The 
incidence of pleural effusion was 44% in the MWAT group compared to 14% in the RSABT group (P < 0.001). Needle 
bleeding was observed in 32% of the RSABT group and 5% of the MWAT group (P < 0.001). We conclude RSABT 
demonstrates promising efficacy and safety in the treatment of stage I NSCLC. However, further studies are essen-
tial to validate these preliminary findings.
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Introduction

Stereotactic ablative radiotherapy (SABR) is  
the standard treatment for inoperable early-
stage non-small cell lung cancer (NSCLC) [1]. 
However, in clinical practice, some patients 
with early-stage NSCLC who are not surgical 

candidates receive alternative local treat-
ments, such as microwave ablation therapy 
(MWAT) and radioactive iodine-125 seed abla-
tion brachytherapy (RSABT), for various rea-
sons. The NCCN guidelines suggest that ima- 
ge-guided thermal ablation, such as MWAT,  
can be used as a treatment option for selected 
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patients [1]. RSABT, which involves implanting 
radioactive iodine-125 seeds in the tumor to 
produce continuous γ radiation that kills tumor 
cells [2], is increasingly being used in the local 
treatment of tumors, despite not being includ-
ed in the guidelines. RSABT has demonstrated 
effective local control and safety in the treat-
ment of various recurrent and refractory solid 
tumors [3-6]. This study retrospectively com-
pared the clinical outcomes of RSABT and 
MWAT in the treatment of stage I NSCLC to fur-
ther evaluate the efficacy and safety of RSABT 
in the treatment of early-stage NSCLC, provid-
ing a reference for clinical practice and future 
research.

Methods

Clinical data

Given the relatively few cases of stage I NSCLC 
treated with RSABT and MWAT, this study com-
bined data from nine medical centers, retro-
spectively screening case data from December 
2010 to November 2020, and re-staging the 
cases prior to 2017. The inclusion criteria were 
as follows: (1) pathologically confirmed diagno-
sis of NSCLC, (2) stage I (T1a-2aN0M0) based 
on the UICC TNM classification 8th edition [7], 
and (3) RSABT or MWAT used as the initial treat-
ment without surgery and radiotherapy. Both 
the RSABT and MWAT were performed with 
informed consent from the patients and their 
families.

Instrument and equipment

The required instruments and equipment in- 
cluded: (1) I-125 seeds: type 6711_1985, from 
HTA Co., Ltd., with a half-life of 59.4 days and  
a dose rate constant of 0.965 cGy/(h·U). (2) 
Brachytherapy treatment planning system 
(BTPS): The KLSIRPS-3D (Beijing University of 
Aeronautics and Astronautics, and Beijing Astro 
Technology Co., Ltd.) which can calculate and 
display the dose distribution in the target area 
and generate a dose-volume histogram (DVH). 
Planning system source data originated from 
official and supplementary reports updated  
by the American Association of Physicists in 
Medicine (AAPM) [8-10]. (3) Microwave genera-
tors: (3.1) MTC-3C microwave ablation system 
(Qi Ya Research Institute of Microwave Electric, 
Nanjing) or (3.2) ECO-2450B microwave abla-
tion system (ECO Microwave Institute, Nanjing). 

The emission frequency of the microwave 
antenna was 2,450 ± 50 MHz, and the output 
energy ranged from 0 W to 100 W. The micro-
wave antenna had an effective length of 100-
180 mm, an outside diameter of 14-20 G, and 
a long tapered pointed end.

Therapeutic method

RSABT involved three stages: (1) Preoperative 
planning: The first step was to preliminarily 
determine the treatment range, select the app- 
ropriate body position, and perform enhanced 
computed tomography (CT) scanning of the 
tumor site one week before the operation, with 
a layer thickness of 2.5-5 mm. The image was 
then transmitted to the computer treatment 
planning system, and a preoperative plan was 
designed. This included outlining the gross 
tumor volume (GTV) and adjacent organs at risk 
(OAR), setting the prescription dose and seed 
activity, determining the puncture needle path 
(direction, distribution, and depth), calculating 
the number of seeds, and simulating the spa-
tial position distribution of seeds. The pre-
scribed dose did not exceed 100 Gy empirically. 
(2) Intraoperative operation: Local infiltration 
anesthesia of 1% lidocaine was administered. 
Based on the preoperative plan, the seed nee-
dles were inserted into the target lesion under 
CT monitoring. The insertion edge of the seed 
needle reached 0.5 cm from the imaging edge 
of the tumor, and the spacing between each 
row of needles was 0.5-1.0 cm. According to 
the preoperative plan, a Mick applicator was 
used to implant the seeds with a spacing of 
0.5-1.0 cm. CT scan was performed after im- 
plantation to determine whether seed distribu-
tion was accurate. If the spatial distribution of 
seeds was not uniform, supplemented seeds 
could be implanted to avoid cold spots dur- 
ing dosimetry. (3) Postoperative treatment and 
dose verification: Anti-infective and hemostatic 
treatments were routinely administered after 
surgery. Chest CT was performed immediately 
and 24 h after the operation to determine if 
there were complications such as pneumotho-
rax and bleeding. Corresponding treatment was 
administered if necessary, and postoperative 
dose verification was performed simultaneous-
ly (Figure 1).

MWAT involved three stages: (1) Preoperative 
planning: This began by preliminarily determin-
ing the gross tumor region (GTR), selecting an 
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Figure 1. Treatment flow: A. RSABT: a1. Preoperative plan; a2. Intraoperative needle insertion; a3. Postoperative 
dose verification; B. MWAT: b1. Preoperative planning; b2. Intraoperative needle insertion/ablation; b3. Post abla-
tion manifestations.

appropriate body position, designing the punc-
ture path, and formulating the ablation param-
eters. (2) Intraoperative operation: Local infil-
tration anesthesia with 1% lidocaine was ad- 
ministered and ablation needles were inserted 
under CT monitoring according to the preopera-
tive plan. The thickness of the CT scan layer 
was 2.5-5 mm. MWAT with an output of 60-80 
W has an ablative zone of nearly 3.5 × 3 cm. 
For tumors of 3.5 cm or more, the ablation pro-
cedure was performed with two ablative anten-
nas, with a proposed ablative margin of 0.5-1 
cm. During thermal ablation, opaque high-den-
sity areas can appear around the tumor due to 
the damage to the surrounding lung tissue, 
which is called post ablation GGO (ground glass 
opacity). When the GGO after ablation was 5 
mm-10 mm greater than the GTR boundary 
before ablation, the ablation was considered 
sufficient and was terminated. (3) Postopera- 
tive treatment: Anti-infection and hemostasis 
treatments were routinely administered after 
the operation. Chest CT was performed imme-
diately and 24 h after the operation to deter-
mine if there were complications, such as pneu-

mothorax and bleeding, and the correspond- 
ing treatment was administered if necessary 
(Figure 1).

Outcome measures

The primary outcome of this study was progres-
sion-free survival (PFS), and secondary out-
comes were overall survival (OS) and adverse 
events (AE). Changes in tumor size were detect-
ed using CT during the follow-up period.

Response evaluation for RSABT: The response 
evaluation criteria in solid tumors (RECIST) v1.1 
was adopted for RSABT [11]; complete respon- 
se (CR): the target lesion disappears; partial 
response (PR): the target lesion diameter de- 
creases by at least 30% compared with the 
baseline level; progressive disease (PD): the 
target lesion diameter increases by at least 
20% or new lesions appear; and stable disea- 
se (SD): the degree of reduction in the target 
lesions does not reach PR, and the degree of 
increase does not reach the PD level, which 
was between the two.
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Table 1. Comparison of characteristics between the two 
groups
Characteristic RSABT MWAT P-value 
Gender 0.558
    Male 49 (69%) 68 (65%)
    Female 22 (31%) 37 (35%)
Age 70 ± 9.0 71 ± 8.7 0.721
KPS 100 (80-100) 100 (90-100) 0.129
Staging 0.642
    Ia (T1) 47 (66%) 73 (70%)
    Ib (T2a) 24 (34%) 32 (30%)
Site of lung 0.375
    Left 29 (41%) 50 (48%)
    Right 42 (59%) 55 (52%)
Site of lobe 0.507
    Upper 43 (61%) 63 (60%)
    Middle 3 (4%) 9 (9%)
    Lower 25 (35%) 33 (31%)
Pathology 0.072
    SCC* 26 (37%) 22 (21%)
    ADC* 41 (58%) 76 (72%)
    NSCLC 4 (5%) 7 (7%)
Year of treatment < 0.001
    2010-2015 24 (34%) 77 (73%)
    2016-2020 47 (66%) 28 (27%)
Number of needles 7 ± 3.3 1 ± 0.4 < 0.001
*SCC: Squamous cell carcinoma; *ADC: Adenocarcinoma.

Response evaluation for MWAT: For MWAT, 
bleeding, edema, exudation, inflammatory cell 
infiltration, and other changes around the abla-
tion area may last for 3-4 months. Therefore,  
it is better not to rely solely on RECIST for eva- 
luation, but also to dynamically observe the 
changes in the ablation area. The changes 
include: 1) complete ablation (any of the follow-
ing manifestations): the target lesion disap-
pearance, complete formation of a cavity, focal 
fibrosis (which can be a scar), reduction, no 
change, or increase in solid nodules (but there 
is no sign of abnormal enhancement in con-
trast CT scan), or atelectasis (no sign of abnor-
mal enhancement in contrast CT scan of 
lesions in atelectasis); 2) incomplete ablation 
(any of the following manifestations): typical 
ground glass nodule (GGN) imaging manifesta-
tions remaining at the edge of cavity formation 
and fibrosis of the focus; some solid compo-
nents in fibrosis of the focus, and the solid  
part of CT scanning is enhanced and/or PET- 
CT tumor has metabolic activity; no change or 

increase in the size of solid nodules, 
and abnormal enhancement signs of 
contrast CT (or) PET-CT nodules show-
ing abnormal metabolic activity.

Toxicities evaluation: Referring to the 
common terminology criteria for ad- 
verse events (CTCAE) V5.0 [12], treat-
ment-related side effects were divided 
into five grades: Grade 1, asymptomat-
ic and without treatment; Grade 2, 
symptomatic and in need of treatment; 
Grade 3, cannot be completely con-
trolled with drugs and need to be treat-
ed with instruments or invasive opera-
tions; Grade 4, life-threatening, requir- 
ing emergency treatment and rescue; 
and Grade 5, death.

Statistical analysis

The t-test and chi-square tests were 
used to compare the rates of various 
indicators between groups. Kaplan-
Meier survival curves were used to cal-
culate survival rates, which were com-
pared using the log-rank test. Cox and 
logistic regression analyses were used 
to estimate the hazard ratios (HRs)  
and 95% confidence intervals (CIs)  
for the associations between variables 
and outcomes. All statistical analyses 

were performed using R statistical software 
version 4.1 and Statistical Product Service 
Solutions (SPSS) version 23. All tests were con-
ducted at the significance level of α = 0.05 
(two-tailed).

Results

Patients characteristics

We analyzed a cohort of 176 patients who met 
our inclusion criteria: 71 underwent RSABT and 
105 underwent MWAT. The mean postopera-
tive dose of RSABT group was 132 ± 19.34 Gy 
(100-240 Gy). The baseline characteristics of 
the two groups were matched. General patient 
information is listed in Table 1. For all the 
patients, the pathological diagnosis was ob- 
tained through percutaneous lung biopsy. All 
patients received their pathological diagnosis 
via percutaneous lung biopsy. In 11 instances, 
the pathology reports did not specify subtypes, 
such as squamous cell carcinoma or adenocar-
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Figure 2. Survival of patients: A. The PFS of the entire group; B. The OS of the entire group; C. The PFS in the RSABT 
group was better than that in the MWAT group, (P = 0.011); D. The OS in the RSABT group was slightly better than 
that in the MWAT group There was no significant difference between the two groups (P = 0.112); E, F. The PFS and 
OS of females was better than that of males, (P = 0.006 and 0.025, respectively); G, H. The PFS and OS of patients 
with T1 stage was better than that with T2 stage, (P < 0.001).
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ure in both groups, observed in 16% of RSABT 
patients and 40% of MWAT patients. Local 
recurrence rates were 9% and 17% for the 
RSABT and MWAT groups, respectively, with a 
significant difference between the groups (P = 
0.032, Table 2). 

Influencing factors

Patients were divided into subgroups and 
included in the univariate logistic analysis ac- 
cording to several factors potentially influenc-
ing treatment, such as disease progression and 
patient survival. These factors encompassed 
sex, age, KPS score, T stage, lesion location, 
pathology, and treatment year. Analysis reve- 
aled that RSABT conferred protective effects 
across all subgroups, with statistical signifi-
cance observed in the majority of these sub-
groups (P < 0.001, Figure 3). In the multivariate 
Cox analysis, all factors, including treatment 
modality, were considered. The analysis indi-
cated that RSABT-treated patients exhibited a 
reduced risk of disease progression (HR 0.48, 
95% CI: 0.28-0.83). Conversely, male gender 
(HR 2.20, 95% CI: 1.28-3.76) and T2a stage 
(HR 4.08, 95% CI: 2.51-6.64) were associated 
with an elevated risk of progression. Addi- 
tionally, female gender (HR 1.78, 95% CI: 1.02-
3.11) and T1 stage (HR 4.23, 95% CI: 2.56-
6.98) were linked to an increased risk of mor-
tality (Figure 4). The progression-free survival 
(PFS) rates at 1-year, 3-year, and 5-year inter-
vals for males and females were 82.9%, 52.9%, 
and 45.4%, 100%, 68.6%, and 64.3%, respec-
tively (Figure 2E) (P = 0.006). The overall sur-
vival (OS) rates at these intervals for males and 
females were 97.4%, 69.2%, and 52.5%, 100%, 
90.8%, and 70.8%, respectively (Figure 2F) (P = 
0.025). For patients with T1 and T2 stages, the 
1-year, 3-year, and 5-year PFS rates were 
93.3%, 70.9%, and 65.9%, 78.6%, 30.7%, and 
15.2%, respectively (Figure 2G) (P < 0.001). 
The corresponding OS rates for these stages 
were 99.2%, 84.9%, and 72.4%, 96.4%, 58.4%, 
and 27.5%, respectively (Figure 2H) (P < 0.001).

Toxicities

Surgical interventions led to several comp- 
lications, including pneumothorax, pleural effu-
sion, fever, infection, and needle bleeding. 
Among these, pneumothorax emerged as the 
predominant complication. The MWAT group 

Table 2. Comparison of failure patterns be-
tween groups
Failure patterns RSABT MWAT P-value
Progression-free 50 (71%) 45 (43%) 0.032
LR* 5 (7%) 8 (7%)
RR* 4 (6%) 9 (8%)
DM* 9 (13%) 27 (26%)
LR+RR 0 2 (2%)
LR+DM 1 (1%) 6 (6%)
RR+DM 1 (1%) 6 (6%)
LC+RR+DM 1 (1%) 2 (2%)
*LR: Local recurrence; *RR: Regional recurrence; *DM: 
Distant metastasis.

cinoma; therefore, these cases were simply 
classified as NSCLC. Given that only a small 
portion of NSCLC pathologies were unclassified 
(11/99) and were unsuitable for independent 
analysis, we combined unclassified NSCLC and 
SCC cases during the analysis. This approach 
aimed to balance the patient distribution 
across both groups and enhance statistical 
comparability.

Clinical efficacy

As of August 2021, the median follow-up time 
(MST) for all patients was 53.7 months (rang- 
ing from 7-128.3 months). The MST for the 
RSABT and MWAT groups was 47.4 months 
(7-128.3 months) and 60 months (10.8-115.9 
months), respectively. The 1-year, 3-year, and 
5-year progression-free survival (PFS) and over-
all survival (OS) rates of the entire cohort were 
88.6%, 58.1%, and 51.6% (Figure 2A), 98.3%, 
76.4%, and 58.6%, for the RSABT and MWAT 
groups, respectively (Figure 2B). Notably, the 
RSABT group exhibited superior PFS compared 
to the MWAT group. The 1-year, 3-year, and 
5-year PFS of two groups were 87.3%, 72.6%, 
and 65.8%, 89.5%, 69.3%, and 43.7%, respec-
tively, with a statistically significant difference 
between the two groups of P = 0.011 (Figure 
2C). The OS rate for the RSABT group was mar-
ginally better than the MWAT group, but the dif-
ference was not statistically significant (P = 
0.112, Figure 2D). The 1-year, 3-year and 5-year 
OS rates of the two groups were 97.2%, 78.1%, 
and 66.1%, 99%, 75.8%, and 55%, respectively 
with no significant difference between the two 
groups (P = 0.112) (Figure 2D). Distant metas-
tasis was the primary cause of treatment fail-
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Figure 3. Association of treatment technology with disease progression and patients’ survival by subgroup.

Figure 4. Analysis of prognostic factors in the entire group: male, T2 stage and patients receiving MWAT have worse 
PFS (P < 0.01); male and T2 stage have worse OS (P < 0.05).

exhibited a slightly elevated incidence rate 
compared to the RSABT group (50% vs. 39%). 
The frequency of closed thoracic drainage pro-
cedures was 20% in the MWAT group and 10% 
in the RSABT group. This difference was not sig-
nificant (P = 0.313). The incidence of pleural 
effusion in MWAT group was higher than in the 
RSABT group (44% and 14%, respectively, P < 
0.001). Furthermore, the RSABT group demon-
strated a greater incidence of needle bleeding 
compared to the MWAT group (32% and 5%, 
respectively, P < 0.001, Table 3).

Discussion

Patients with early-stage NSCLC typically un- 
dergo surgery or radical external radiotherapy, 
including SABR [1], while a few patients receive 
other local treatments. This study aggregated 
case data from nine centers over a span of 10 
years, comparing the outcomes of RSABT and 
MWAT across a substantial patient cohort.

Our findings suggest that RSABT outcomes  
are comparable to, if not superior to, those of 
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NSCLC. Martinez Monge R., et al., reported 
local or regional recurrence in seven T1N0M0 
stage NSCLC patients treated with RSABT after 
a median follow-up of 13 months [13]. Ji et al. 
documented 3-year and 5-year local control 
rates of 77.5% and 75.7%, respectively, for 
RSABT in treating stage I-II NSCLC, with corre-
sponding OS rates of 70.1% and 54.4% [14]. 
These findings underscore RSABT’s potential in 
treating early-stage NSCLC. In contrast, Yang et 
al. reported 3-year and 5-year local control 
rates of 64% and 48% for MWAT in stage I 
NSCLC, with OS rates of 63% and 43%, respec-
tively [15]. Chan et al.’s meta-analysis of MWAT 
in stage I NSCLC revealed 3-year and 5-year 
PFS and OS rates of 43% and 20%, 93% and 
50%, respectively [16]. Our results align with 
these studies, further reinforcing the findings of 
previous research. For stage I NSCLC, SABR 
data indicated 3-year PFS and OS rates ranging 
from 33%-78%, and 41%-68%, respectively [17-
19]. Recent research on operable NSCLC treat-
ed with SABR showed 3-year and 5-year OS 
rates of 91% and 87%, and PFS rates of 80% 
and 77%, respectively [20]. Thus, while SABR 
may remain the optimal non-surgical treatment 
for early-stage NSCLC, MWAT and RSABT could 
be viable alternatives for those unsuitable for 
SABR.

RSABT and MWAT offer several advantages: 1) 
Single-session treatment minimizes positioning 
errors and organ movement, enhancing tumor 
targeting. 2) Only one hospitalization is requir- 
ed. 3) The cost of treatment is relatively low, 
which is particularly beneficial in areas where 
radiotherapy expenses are not covered by med-
ical insurance or have a low coverage propor-
tion. 4) The equipment is cost-effective, allow-
ing even primary hospitals without accelerators 
to offer treatment, enabling more primary 
patients to benefit. However, their shortcom-
ings include: 1) Both treatments can lead to 
complications like pneumothorax (with inci-
dences up to 40%-50%), bleeding, fever, and 
pleural effusions. Although patients generally 
recover well post-treatment, they must main-
tain good physical health. The RSABT group, 
despite requiring multi-needle puncture, did 
not exhibit a higher pneumothorax incidence 
than the MWAT group. This could be due to 
RSABT’s smaller needle diameter and the 
peripheral location of most lesions. However, 
the RSABT group had a significantly higher nee-
dle bleeding incidence (P < 0.001), which was 

Table 3. Comparison of operation related 
complications between groups
Complications RSABT MWAT P-value
Pneumothorax 0.313
    G*0 43 (61%) 53 (50%)
    G1 18 (25%) 26 (25%)
    G2 3 (4%) 5 (5%)
    G3 7 (10%) 21 (20%)
Pleural effusion < 0.001
    G0 61 (86%) 59 (56%)
    G1 10 (14%) 35 (33%)
    G2 0 2 (2%)
    G3 0 9 (9%)
Fever/infection 0.642
    G0-1 68 (96%) 98 (93%)
    G2 3 (4%) 6 (6%)
    G3 0 1
Needle bleeding < 0.001
    G0 48 (68%) 100 (95%)
    G1 22 (31%) 4 (4%)
    G2 1 (1%) 1 (1%)
*G: Grade.

MWAT. This may imply that the continuous irra-
diation and subsequent tumor cell eradication 
by RSABT are more favorable for tumor control. 
However, the overall survival (OS) between the 
two groups did not differ significantly (P = 
0.112). This could be attributed to the availabil-
ity of salvage treatments for patients with dis-
ease progression, leading to comparable sur-
vival rates across both groups. The survival 
curves showed that the OS of MWAT group was 
better than that of RSABT group before 30 
months; however, RSABT provided higher sur-
vival rates post-30 months, suggesting that 
RSABT may have better long-term efficacy. Due 
to incomplete records of gene testing informa-
tion and patients’ systemic therapy (approxi-
mately one-third of patients have no record of 
systematic therapy, and another one-third of 
patients have missing information), we were 
unable to further analyze the impact of molecu-
lar pattern and medication treatment on patient 
outcomes. However, the multivariate analysis 
revealed that the treatment period (2010-2015 
vs. 2016-2021) did not affect survival. There- 
fore, we postulate that, in contrast to RSABT 
and MWAT, other treatments might exert mini-
mal influence on this patient subset.

Earlier research has evaluated the therapeutic 
efficacy of RSABT and MWAT for early-stage 
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presumed to be associated with the multi-nee-
dle puncture. 2) Procedures often rely on the 
physician’s experience, potentially affecting 
treatment precision and quality. 3) Some treat-
ment parameters, like RSABT dose and MWAT’s 
temperature, power, and ablation time, lack 
standardization. Clinical practice often leans 
on empirical data and retrospective studies, 
which might influence outcomes. Advances in 
treatment technology, especially the emergen- 
ce of puncture technology guided by 3D print-
ing templates [21], is expected to further im- 
prove puncture accuracy and treatment effect, 
thereby reducing the risk of complications.

Conclusion

The therapeutic efficacy of RSABT in treating 
stage I NSCLC is comparable to that of MWAT, 
with both treatments exhibiting similar rates of 
surgical complications. For patients who de- 
cline radical external radiotherapy, alternative 
treatment modalities should be explored. The 
predominant complications observed were 
pneumothorax and needle bleeding. These 
findings warrant validation through high-quality, 
prospective studies. As implantation equip-
ment and technology advance, we anticipate 
enhanced therapeutic outcomes and a reduc-
tion in associated complications.
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