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Dose and local efficacy analysis
of iodine-125 seed implantation
therapy for lung tumors
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Ke Xu1, Juan Wang1 and Hongtao Zhang1*

1Department of Oncology, Hebei General Hospital, Shijiazhuang, China, 2Department of Radiotherapy,
the Second Hospital of Hebei Medical University, Shijiazhuang, China
Objective: To explore the dose and local efficacy of iodine-125 seed

implantation therapy for lung tumors.

Methods: The clinical data of 85 patients with lung tumors who underwent

iodine-125 seed implantation therapy were retrospectively analyzed. The impact

of prescription dose D90 (minimum peripheral dose received by the 90% target

volume) on the local treatment effect six months after seed implantation was

analyzed, and the critical value for predicting efficacy was determined. Factors

affecting the local complete response (CR) rate six months after surgery were

also analyzed.

Results: The local control rate at six months after treatment was 89.41% (76/85),

and the objective response rate (ORR) was 70.59% (60/85), with a CR rate of

31.76% (27/85). Patients with a post-procedure D90 > 140 Gy had a significantly

higher local CR rate. Multivariate analysis revealed that post-procedure D90 and

tumor size were independent prognostic factors for achieving CR six months

after lung tumor seed implantation.

Conclusion: Iodine-125 seed implantation therapy is effective for lung tumors.

Tumor size (P = 0.0003) and post-procedure D90 (P = 0.0005) were found to be

independent prognostic factors for achieving post-procedure CR after lung

tumor seed implantation.
KEYWORDS

D90, iodine-125 seed, lung tumor, prognostic factors, tumor size
1 Introduction

The incidence and mortality rates of lung cancer remain the highest worldwide (1).

Surgical tumor resection is recognized as the most effective treatment for early- and

intermediate-stage lung cancer. However, by the time lung cancer is diagnosed, patients are

often already in the intermediate or advanced stages. Owing to their physical condition and

other factors, more than 50% of these patients are no longer suitable candidates for radical
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surgery (2). Currently, the 5-year survival rate of patients with lung

cancer is only 19.7% (3). Due to their unique anatomical

characteristics, the lungs are the second most common organ for

tumor metastasis, with approximately 20%–54% of patients having

secondary lung lesions (4, 5). While prior studies have focused on

the safety and general local control rates of iodine-125 seed

implantation (6–8), consensus on optimal dosimetric parameters

—particularly dose-response relationships for tumor eradication—

remains elusive. This study systematically defines a quantitative

dose threshold (D90 ≥140 Gy) for achieving complete remission in

lung tumors. Our findings bridge this critical gap by demonstrating

that dose escalation within organ-specific constraints not only

significantly improves CR rates but also establishes actionable

benchmarks for brachytherapy optimization.
2 Data and methods

2.1 Study design and patient selection

This retrospective analysis included 85 patients with lung

cancer and metastatic lung cancer who were admitted to our

hospital between January 2017 and March 2021. The primary

disease conditions were detailed in Table 1. Among the 85

patients, 64 were male and 21 were female, with an average age of

64.1 (range 41–90) years. Of these, 47 patients received seed

implantation combined with systemic treatment, while 38 did not

receive systemic treatment. Systemic treatment included

chemotherapy, targeted therapy, and immunotherapy, among

others. Patients who were pathologically confirmed to have lung

cancer through surgery or percutaneous biopsy before treatment

and who received standardized comprehensive treatments such as

external radiation therapy and chemotherapy, who had confirmed

lung tumors before treatment through CT or positron emission

tomography (PET)-CT, who were evaluated by two associate chief

physicians or higher in the oncology department, who were deemed

unsuitable for or refused local treatments such as radiation therapy

or surgery, who had a Karnofsky Performance Status score ≥70

points, who had an expected survival time ≥3 months, and who had

a normal platelet count and coagulation function were included in

the study. This study was approved by the Medical Ethics

Committee of our hospital.
2.2 Iodine-125 seed implantation protocol

The Prowess 3D Version 3.02 close-range treatment planning

system (TPS; SSGI, Chico, CA, USA) was used in this study. The
Abbreviations: PET-CT, positron emission tomography; TPS, treatment

planning system; CR, complete response; PR, partial response; SD, stable

disease; PD, progressive disease; ORR, objective response rate; D90, minimum

peripheral dose received by the 90% target volume; ROC, curve receiver operating

characteristic curve.
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equipment used included an 1820-C implantation needle (diameter

of 1.22 mm) and a Mick200-TPV20 cm implantation gun (Mick

Radio-Nuclear Instruments, Inc., NY, USA). Radioactive iodine-

125 seeds, with a g-ray energy range of 27–35 keV, a radioactive

activity of 0.4–0.8 mCi, and a half-life of 59.4 days, were provided by

Atomic High Technology Co., Ltd. Preoperative enhanced chest CT

scans were routinely performed within one week before iodine-125

seed implantation, and the CT scan data were transferred to the TPS

to delineate the 90% dose curve of the target area, including the

tumor target volume, and to calculate the number and spatial

distribution of the implanted iodine-125 seeds. According to the

TPS treatment plan, the prescription dose D90 was set to ≥80 Gy.

Timely CT scans were obtained during the implantation process to

ensure proper positioning of the seeds according to the TPS. Post-

procedure symptomatic treatments, such as electrocardiographic

monitoring, oxygen therapy, and hemostasis, were administered.

Closed thoracic drainage was performed for patients with

significant pneumothorax.
2.3 Follow-up and efficacy evaluation

Enhanced chest CT scans were performed at 1, 3, and 6 months

post-procedurally to monitor changes in tumor size. The follow-up

period was ≥6 months. The local efficacy evaluation of the tumor

was based on the Response Evaluation Criteria in Solid Tumors

version 1.1 (RECIST 1.1), as follows (9): complete response (CR)

referred to the complete disappearance of the tumor, with imaging

examinations showing no evidence of the tumor or only linear or

thread-like images; partial response (PR) referred to a tumor

shrinkage of ≥50%; stable disease (SD) referred to an increase in

tumor size of no more than 25% or a shrinkage of less than 50%;

and progressive disease (PD) referred to an increase in tumor size of

more than 25% or the appearance of new lesions. The objective

response rate (ORR) was defined as the proportion of patients

achieving either complete response (CR) or partial response (PR)

according to RECIST 1.1 criteria (9), with both responses required

to be maintained for a minimum duration of 4 weeks.
2.4 Statistical analysis

The data were analyzed using SPSS version 25.0 (IBM, Armonk,

NY, USA). Independent sample t tests were used to analyze the

dose–response relationships between the treatment efficacy groups.

The optimal D90 threshold of the post-procedure dose was

determined by constructing a receiver operating characteristic

(ROC) curve. The chi-square test was used to analyze the

correlation between various factors and treatment efficacy.

Univariate logistic regression analysis was performed for clinical

and pathological factors, including variables related to systemic

therapies. Binary logistic regression was used for multivariate

analysis to evaluate independent prognostic factors while

accounting for systemic treatment heterogeneity. A P value <0.05

was considered to indicate statistical significance.
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3 Results

3.1 Follow-up

As of September 30, 2021, all 85 patients were followed up for ≥6

months. The local control status of the patients at six months after seed

implantation was as follows: 27 (31.76%) achieved CR, 33 (38.82%)

achieved PR, 16 (18.82%) showed SD, and 9 (10.59%) showed PD. The

CR rate was 31.76% (27/85), the overall response rate was 70.59% (60/

85), and the disease control rate was 89.41% (76/85).
3.2 Clinical efficacy and analysis

3.2.1 For patients with lung cancer, the post-
procedure dose D90 in the CR group was 138.70
± 19.14 Gy, while in the non-CR group (PR + SD
+ PD), it was 118.33 ± 28.62 Gy

The difference in post-procedure dose D90 between the CR

group and the non-CR group was statistically significant (t = 2.34, P

= 0.024). For patients with metastatic lung cancer, the post-

procedure dose D90 in the CR group was 151.33 ± 41.49 Gy,

while in the non-CR group (PR + SD + PD), it was 116.76 ± 25.90

Gy. The difference in post-procedure dose D90 between the CR and

non-CR groups was statistically significant (t = 2.95, P = 0.006).

There was no statistically significant difference in the post-

procedure D90 between the CR group of patients with lung

cancer and the CR group of patients with metastatic lung cancer

(t = 0.99, P = 0.335). Similarly, there was no statistically significant

difference in the post-procedure D90 between the non-CR group of

patients with lung cancer and the non-CR group of patients with

metastatic lung cancer (t = 0.2, P = 0.839) (Table 2).

When we combined the CR group patients with lung cancer and

metastatic lung cancer and compared them with the non-CR group

patients with lung cancer and metastatic lung cancer, we observed a

statistically significant difference in D90 between the combined CR
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and non-CR groups (t = 3.94, P = 0.00; Table 3). The optimal

thresholds for post-procedure D90 and the CR rate were obtained

by creating an ROC curve, with an area under the curve of 0.749.

The maximum Youden index corresponded to a post-procedure

D90 of 140.46 Gy (Figure 1). When comparing groups based on a

post-procedure D90 cutoff of 140 Gy, the CR rates for the D90 ≥140

Gy and D90 <140 Gy groups were 60.71% (17/28) and 17.54% (10/

57), respectively, and the difference was statistically significant (c2 =
16.14, P = 0.0001; Table 4).

3.2.2 Analysis of the correlation between post-
procedure local control and clinical
characteristics

In this study, we categorized general patient information, tumor

histopathological classification, the tumor microenvironment, and

treatment into seven clinicopathological factors and performed

univariate analysis to examine their associations with the post-

procedure CR rate six months after seed therapy. The results

showed that both tumor size (c2 = 16.28, P = 0.0001) and post-

procedure D90 (c2 = 16.14, P = 0.0001) significantly influenced the

effectiveness of seed therapy (Table 5). However, age, sex,

pathological type, preoperative hemoglobin level, and whether

combined systemic therapy was administered did not significantly

differ. Subgroup analysis demonstrated no significant difference in

complete response (CR) rates between patients receiving combined

systemic therapy (29.8%, 14/47) and those treated with iodine-125

seed implantation alone (34.2%, 13/38) (c2 = 0.19, P=0.663). When

factors such as tumor size, post-procedure D90, and whether

combined systemic therapy was administered were included in a

binary logistic analysis, tumor size (P = 0.0003) and post-procedure

D90 (P = 0.0005) were found to be independent prognostic factors

for post-procedure CR.
3.3 Complications

Among the patients who underwent seed implantation, 43 had

pneumothorax, accounting for 51.4% (43/85) of the total cases. Of

these, 12 patients were classified as having small pneumothorax,

which resolved spontaneously without symptomatic intervention.

For the remaining 31 patients, closed thoracic drainage was

performed, and the drainage tube was removed after three days.

Bleeding was reported in three patients: Two cases of

intrapulmonary bleeding, one of which was accompanied by
TABLE 2 Comparison of post-procedure D90 dose between the complete response (CR) group and the non-CR group for lung tumors originating
from different types of primary cancers.

Primary disease origin CR group D90 (Gy) Non-CR group D90 (Gy) t P

Lung cancer 138.70 ± 19.14 118.33 ± 28.62 2.34 0.024

Lung metastases 151.33 ± 41.49 116.76 ± 25.90 2.95 0.006

Lung cancer CR vs metastatic CR 0.99 0.335

Lung cancer non-CR vs metastatic
non-CR 0.2 0.839
TABLE 1 Composition of lung tumors from different primary sources
and pathological types.

Primary
disease type Cases

Pathological
type

No. of
cases

Lung cancer 50 Carcinoma 77

Metastatic lung cancer 35 Sarcoma 8
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hemoptysis. Both patients received symptomatic hemostasis, with

resolution achieved within 48 hours. One case of subcutaneous

hematoma at the implantation site, which resolved spontaneously

within two days without intervention. No significant pain, tumor

implantation, metastasis, air embolism, or radiation pneumonitis

were observed post-procedurally.
4 Discussion

Lung cancer has the highest morbidity and mortality rates

among malignant tumors in China (10). Due to the lack of early

diagnosis, nearly 75% of patients are already in the intermediate and

advanced stages when they first seek medical attention, and more

than half of these patients, including those with recurrent lung

cancer and lung metastasis, miss the optimal window for surgery

(11). Studies have shown that metastasis accounts for more than

90% of tumor-related deaths, and 30% to 40% of patients with

malignant tumors will develop lung metastasis (12, 13). With the

clinical application of the TPS system, iodine-125 radioactive seed

implantation, a minimally invasive and effective brachytherapy

method, has been widely used for various tumors, such as lung

cancer, prostate cancer, and liver cancer (14–17). Numerous studies

have shown that seed implantation therapy is highly effective and

safe for treating lung cancer and lung metastasis. This article
Frontiers in Oncology 04
reviews and analyses studies on the treatment of lung tumors

with iodine-125 seed implantation, focusing on the relationship

between local efficacy and dose.

This study revealed that the local control rate of seed

implantation therapy was 89.41% (76/85), the ORR was 70.59%

(60/85), and the CR rate was 31.76% (27/85). Wang Z et al. reported
FIGURE 1

ROC curve to determine the optimal post-procedure D90 threshold
to achieve a complete response.
TABLE 3 Comparison of post-procedure D90 dose between the combined complete response (CR) and non-CR groups.

Primary disease origin
Combined CR group

D90 (Gy)
Combined non-CR group

D90 (Gy) t P

Lung cancer + lung metastases 145.25 ± 33.93 117.77 ± 27.92 3.94 0.000
TABLE 4 Comparison of CR and non-CR patients based on a post-
procedure D90 cutoff of 140 Gy.

Post-procedure
D90 CR non-CR Rate (%) c2 P

<140Gy group 10 47 17.54
16.14 0.0001

≥140Gy group 17 11 60.71
frontie
TABLE 5 Univariate analysis of the post-procedure 6-month complete
response rate in 85 patients with seed pulmonary tumors treated with
seed therapy.

Characteristic Cases CR Non-CR
Chi-square

value
P

Sex 1.58 0.208

Male 64 18 46

Female 21 9 12

Age (y)

<65 41 13 28 0 0.991

≥65 44 14 30

Preoperative hemoglobin
(g/L)

0.08 0.775

<120 39 13 26

≥120 46 14 32

Pathological type 1.51 0.219

Carcinoma 77 26 51

Sarcoma 8 1 7

Tumor size (cm) 16.28 0.0001

<4 42 22 20

≥4 43 5 38

Post-procedure
D90 (Gy)

16.14 0.0001

<140 57 10 47

≥140 28 17 11

systemic therapy 0.19 0.663

Yes 47 14 33

No 38 13 25
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a 6-month local control rate of 85.18% and an effective rate of

48.14% for patients with lung cancer. Although the local control

rate was consistent with our findings, the effective rate was

significantly lower than that in our study (18). Another study by

Li et al. showed that with an average D90 value of 132 Gy for seed

implantation, the 6-month local control rate for patients with

pulmonary metastases was 87.69%, and the effective rate was

78.46%. The local control rate was similar to ours, but the

effective rate was greater (19). Li et al. (20) reported that the local

control rate of iodine-125 brachytherapy combined with sorafenib

for treating liver cancer patients with lung metastasis was 82.4%,

which was lower than the rate observed in our study. Vogl et al. (21)

compared the local control rates of laser ablation, radiofrequency

ablation, and microwave ablation for treating pulmonary metastases

from colorectal cancer, reporting rates of 68%, 69.2%, and 88.3%,

respectively. The local control rate of seed implantation therapy in

our study was comparable to that observed with microwave

ablation. While there are numerous studies on the local effective

rate and control rate of minimally invasive tumor treatments, few

studies have focused on the local complete remission rate. This

study analyzed the relationship between the local complete

remission rate and dose after seed implantation.

Our analysis suggested that the dose threshold obtained

through the ROC curve for achieving CR after seed implantation

for lung tumors is 140 Gy. This means that the local CR rate of the

tumor significantly increases when a prescribed dose of 140 Gy or

more is administered during seed implantation. This dose is

equivalent to a biological equivalent dose of 141.91Gy, and when

converted into conventional radiotherapy of 2 Gy fractions, it is

equivalent to an external exposure dose of 118.26 Gy. The 2021

National Comprehensive Cancer Network (NCCN) guidelines

recommend that the biological equivalent dose for stereotactic

ablative radiotherapy for non-small cell lung cancer (NSCLC)

should be more than 100 Gy for effective local control (22). This

study showed that a biologically equivalent dose of 146 Gy or more

can achieve better local efficacy. The recommended dose for

conventional radiotherapy for NSCLC in the 2021 National

Comprehensive Cancer Network (NCCN) guidelines is 60–70 Gy,

and dose escalation is associated with better survival (22). From a

radiobiological perspective, NSCLC is moderately sensitive to

radiation, and studies suggest that a dose of more than 84 Gy is

required for more than 50% local control of NSCLC with

conventional radiotherapy. However, owing to the limitation of

lung tissue tolerance, achieving a dose of more than 60 Gy in

conventional radiotherapy is already difficult (23, 24). Radioactive

iodine-125 seeds can increase the local tumor absorption dose while

reducing radiation doses to adjacent critical organs in the

surrounding tissue due to their unique radiobiological

characteristic of a high dose gradient. Therefore, extremely high

irradiation doses can be administered to the tumor tissue. This

study confirmed that the administration of a prescribed dose of 140

Gy or more can significantly improve the CR rate in patients with

lung cancer and lung metastases.

Studies have shown that the prognosis for lung cancer tumors

larger than 4 cm differs significantly from that for tumors smaller
Frontiers in Oncology 05
than 4 cm (25). Multiple studies have identified tumor size as a

prognostic factor for the efficacy of radiotherapy, which is

consistent with the results of this study (26, 27). A possible

reason is that as tumors grow, interstitial invasion becomes more

obvious, leading to hypoxia within the tumor cells. This hypoxia

results in radiation resistance and poor radiotherapy outcomes due

to inadequate blood supply. In this study, both univariate and

multivariate analyses revealed that post-procedure D90 (with 140

Gy as the cutoff point) and tumor size were independent prognostic

factors for achieving a 6-month CR after lung tumor seed

implantation. However, this study has limitations such as a small

sample size and a lack of long-term follow-up studies; hence, further

research and analysis are warranted.
5 Conclusions

In conclusion, radioactive seed implantation therapy is a safe and

effective method for achieving local control of pulmonary tumors. This

study further revealed that administering a prescribed dose of 140 Gy or

more can lead to complete remission of local tumors, which is crucial for

symptom relief and long-term survival. Although this study conducted

detailed analyses of systemic treatment variables (including

chemotherapy, targeted therapy, and immunotherapy), the

heterogeneity in regimen types and administration timing limited our

ability to draw definitive conclusions regarding specific drug effects.

Additionally, the small cohort size and absence of long-term follow-up

data highlight the need for further research to validate these findings
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Hebei General

HospitalEthies Committee Application for Approval of Research

Protocol. The studies were conducted in accordance with the local

legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.
Author contributions

GC: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. XC: Data curation, Formal Analysis, Writing – review &

editing. ZW: Data curation, Formal Analysis, Writing – review &

editing. XL: Investigation, Writing – review & editing. KX:

Investigation, Writing – review & editing. JW: Conceptualization,
frontiersin.org

https://doi.org/10.3389/fonc.2025.1589325
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Cao et al. 10.3389/fonc.2025.1589325
Writing – review & editing. HZ: Conceptualization, Supervision,

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Oncology 06
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin.
(2024) 74:12–49. doi: 10.3322/caac.21820

2. He Y, Liang D, Li D, Shan B, Zheng R, Zhang S, et al. Incidence and mortality of
laryngeal cancer in China, 2015. Chin J Cancer Res. (2020) 32:10–7. doi: 10.21147/
j.issn.1000-9604.2020.01.02

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. (2020)
70:7–30. doi: 10.3322/caac.21590

4. Stella GM, Kolling S, Benvenuti S, Bortolotto C. Lung-seeking metastases. Cancers
(Basel). (2019) 11:1010. doi: 10.3390/cancers11071010

5. Mohammed TL, Chowdhry A, Reddy GP, Amorosa JK, Brown K, Dyer DS, et al.
ACR Appropriateness Criteria screening for pulmonary metastases. J Thorac Imaging.
(2011) 26(1):W1–W3. doi: 10.1097/RTI.0b013e3182010bf9

6. Ji Z, Ni Y, He C, Huo B, Liu S, Ma Y, et al. Clinical outcomes of radioactive seed
brachytherapy and microwave ablation in inoperable stage I non-small cell lung cancer.
Am J Cancer Res. (2023) 13:3753–62.

7. Han HM, Zhao XX, Shi LJ, Li XS, Li CW, Chen GL, et al. Clinical efficacy and safety
analysis of 125I seed implantation in the treatment of mediastinal lymph node metastasis of
lung cancer. Zhonghua Yi Xue Za Zhi. (2023) 103:1781–6. doi: 10.3760/cma.j.cn112137-
20221205-02573

8. Wang Y, Zhu L, Lin X, He C, An Z, Tang J, et al. Therapeutic effect of CT-guided
125I seed implantation on advanced lung cancer and pulmonary metastatic carcinoma.
Zhongguo Fei Ai Za Zhi. (2020) 23:424–8. doi: 10.3779/j.issn.1009-3419.2020.103.04

9. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New
response evaluation criteria in solid tumors: revised RECIST guideline (version 1.1).
Eur J Cancer. (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

10. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

11. Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, et al. Cancer incidence and
mortality in China, 2014. Chin J Cancer Res. (2018) 30:1–12. doi: 10.21147/j.issn.1000-
9604.2018.01.01

12. Wu G, Woodruff HC, Shen J, Siegel RL, Torre LA, Jemal A. Diagnosis of invasive
lung adenocarcinoma based on chest CT radiomic features of part-solid pulmonary
nodules: A multicenter study. Radiology. (2020) 297:E282. doi: 10.1148/radiol.2020209019

13. Daskalaki A, Xenaki S, Athanasakis E, Chrysos E, Chalkiadakis G. Advanced
mesodermal (Millerian) adenosarcoma of the ovary: metastases to the lungs, mouth,
and brain. Case Rep Surg. (2015) 2015:403431. doi: 10.1155/2015/403431

14. Li H, Li W, Zhang L, et al. Combination treatment with iodine 125 seeds implant and
systemic therapy vs. Systemic therapy alone for non-small cell lung cancer: A systematic review
and meta-analysis. J Coll Physicians Surg Pak. (2023) 33:84–91. doi: 10.29271/jcpsp.2023.01.84

15. Li C, Zhang M, Wang J, Zhang X. The 45-month therapy outcomes of
permanent seed implantation and radical prostatectomy for prostate cancer patients.
Invest New Drugs. (2022) 40:660–7. doi: 10.1007/s10637-021-01189-0
16. Chen X, Zhu F, Wang B, Zhou Y, Xiong H, Fan T, et al. Clinical effect of iodine-
125 seed implantation in patients with primary liver cancer and its effect on th1/th2
cells in peripheral blood. J Oncol. (2021) 2021:6199732. doi: 10.1155/2021/6199732

17. Li J, Zhang L, Sun Z, Ge Y, Zhou J, Xie Q. Iodine-125 seed implantation
treatment of lung metastases <2.5 cm using 5-ml syringe as a guide. J Contemp
Brachytherapy. (2020) 12:335–42. doi: 10.5114/jcb.2020.98112

18. Wang Z, Chen S, Su M, Zhao G, Zhou J, Chuang L, et al. Analysis of the clinical
efficacy and safety of computerized tomography-guided 125I seed implantation in the
treatment of non-small cell lung cancer that relapsed after chemoradiotherapy. J Cancer
Res Ther. (2022) 18:426–31. doi: 10.4103/jcrt.jcrt_1660_21

19. Li J, Zhang L, Xu W, Wang T, Zhou L, Xie Q, et al. Computed tomography-
guided implantation of 125I seeds brachytherapy for recurrent multiple pulmonary
oligometastases: initial experience and results. J Contemp Brachytherapy. (2017) 9:132–
8. doi: 10.5114/jcb.2017.67023

20. Li C, Zhang F, Zhang W, Zhang L, Huang Z, Wu P. Feasibility of (125)I
brachytherapy combined with sorafenib treatment in patients with multiple lung
metastases after liver transplantation for hepatocellular carcinoma. J Cancer Res Clin
Oncol. (2010) 136:1633–40. doi: 10.1007/s00432-010-0821-z

21. Vogl TJ, Eckert R, Naguib NN, Beeres M, Gruber-Rouh T, Nour-Eldin NA.
Thermal ablation of colorectal lung metastases: retrospective comparison among laser-
induced thermotherapy, radiofrequency ablation, and microwave ablation. AJR Am J
Roentgenol. (2016) 207:1340–9. doi: 10.2214/AJR.15.14401

22. National Comprehensive Cancer Network (NCCN). NCCN clinical practice
guidelines in oncology: non-small cell lung cancer (Version 1.2021) (2020). Available
online at: https://www.nccn.org/professionals/physician_gls (Accessed March 7,
2025).

23. Hayman JA, Martel MK, Ten Haken RK, Normolle DP, Todd RF 3rd, Littles JF,
et al. Dose escalation in non-small cell lung cancer using three-dimensional conformal
radiation therapy: update of a phase I trial. J Clin Oncol. (2001) 19:127–36. doi: 10.1200/
JCO.2001.19.1.127

24. Martel MK, Ten Haken RK, Hazuka MB, Kessler ML, Strawderman M, Turrisi
AT, et al. Estimation of tumor control probability model parameters from 3-D dose
distributions of non-small cell lung cancer patients. Lung Cancer. (1999) 24:31–7.
doi: 10.1016/S0169-5002(99)00019-7

25. Rami-Porta R, Bolejack V, Crowley J, Ball D, Kim J, Lyons G, et al. The IASLC
lung cancer staging project: proposals for the revisions of the T descriptors in the
forthcoming eighth edition of the TNM classification for lung cancer. J Thorac Oncol.
(2015) 10:990–1003. doi: 10.1097/JTO.0000000000000559

26. Xiang Z, Zhong Z, Mu L, Li G, Zhou C, Wang H, et al. The clinical value of CT-
guided 125I brachytherapy for locally advanced NSCLC after radiochemotherapy
progression. Cancer Manag Res. (2021) 13:5297–307. doi: 10.2147/CMAR.S313438

27. Wang J, Wang T, Yang YY, Chai YL, Shi F, Liu ZI. Patient age, tumor appearance
and tumor size are risk factors for early recurrence of cervical cancer. Mol Clin Oncol.
(2015) 3:337–40. doi: 10.3892/mco.2014.465
frontiersin.org

https://doi.org/10.3322/caac.21820
https://doi.org/10.21147/j.issn.1000-9604.2020.01.02
https://doi.org/10.21147/j.issn.1000-9604.2020.01.02
https://doi.org/10.3322/caac.21590
https://doi.org/10.3390/cancers11071010
https://doi.org/10.1097/RTI.0b013e3182010bf9
https://doi.org/10.3760/cma.j.cn112137-20221205-02573
https://doi.org/10.3760/cma.j.cn112137-20221205-02573
https://doi.org/10.3779/j.issn.1009-3419.2020.103.04
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.3322/caac.21492
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1148/radiol.2020209019
https://doi.org/10.1155/2015/403431
https://doi.org/10.29271/jcpsp.2023.01.84
https://doi.org/10.1007/s10637-021-01189-0
https://doi.org/10.1155/2021/6199732
https://doi.org/10.5114/jcb.2020.98112
https://doi.org/10.4103/jcrt.jcrt_1660_21
https://doi.org/10.5114/jcb.2017.67023
https://doi.org/10.1007/s00432-010-0821-z
https://doi.org/10.2214/AJR.15.14401
https://www.nccn.org/professionals/physician_gls
https://doi.org/10.1200/JCO.2001.19.1.127
https://doi.org/10.1200/JCO.2001.19.1.127
https://doi.org/10.1016/S0169-5002(99)00019-7
https://doi.org/10.1097/JTO.0000000000000559
https://doi.org/10.2147/CMAR.S313438
https://doi.org/10.3892/mco.2014.465
https://doi.org/10.3389/fonc.2025.1589325
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Dose and local efficacy analysis of iodine-125 seed implantation therapy for lung tumors
	1 Introduction
	2 Data and methods
	2.1 Study design and patient selection
	2.2 Iodine-125 seed implantation protocol
	2.3 Follow-up and efficacy evaluation
	2.4 Statistical analysis

	3 Results
	3.1 Follow-up
	3.2 Clinical efficacy and analysis
	3.2.1 For patients with lung cancer, the post-procedure dose D90 in the CR group was 138.70 &plusmn; 19.14 Gy, while in the non-CR group (PR + SD + PD), it was 118.33 &plusmn; 28.62 Gy
	3.2.2 Analysis of the correlation between post-procedure local control and clinical characteristics

	3.3 Complications

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


