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Objectives: The objective of this study was to assess the efficacy of computed tomography 

(CT)-guided 125I brachytherapy alone in improving the survival and quality of life of patients 

with unresectable locally advanced non-small-cell lung cancer (NSCLC) after one cycle of 

first-line chemotherapy.

Patients and methods: Sixteen patients with locally advanced NSCLC were treated with CT-

guided 125I brachytherapy after one cycle of first-line chemotherapy (group A). Sixteen patients 

who received only best supportive care (group B) were matched up with the patients in group A. 

Primary end point included survival, and secondary end point included assessment of safety, 

effectiveness of CT-guided 125I brachytherapy, and improvement in the quality of life.

Results: The two groups were well balanced in terms of age, disease histology, tumor stage, 

tumor location, and performance status (P.0.05). The median follow-up time was 16 months 

(range, 3–30). The total tumor response rate was 75.0% in group A, which was significantly 

higher than that in group B (0.0%) (P,0.01). The median progression-free survival time 

was 4.80 months for patients in group A and 1.35 months for patients in group B (P,0.001). 

Kaplan–Meier survival analysis showed that the median survival time of group A was 

9.4±0.3 months versus 8.4±0.1 months in group B (P=0.013). Tumor-related symptoms of 

patients were significantly relieved, and the quality of life was markedly improved in group A 

than in group B.

Conclusion: CT-guided 125I brachytherapy improved the survival of patients with locally 

advanced NSCLC and quality of life after one cycle of first-line chemotherapy compared with 

best supportive care.
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Introduction
Lung cancer remains the leading cause of cancer-related mortalities,1,2 among which 

85% of deaths are caused by non-small-cell lung cancer (NSCLC).3,4 Up to 70% of 

NSCLC patients were diagnosed at an advanced stage with no chance of curative resec-

tion.5 The expected survival time of patients with locally advanced NSCLC is less than 

6 months if patients did not receive any medical intervention.6,7 For patients with stage 

III NSCLC, treatments are delivered to the patients with a goal of achieving a local 

tumor control and preventing the systemic metastases.8 Chemotherapy, particularly 

combined with external beam radiotherapy, can offer some benefits of prolonging over-

all survival (OS) to the patients with advanced NSCLC.9–11 However, a large number 
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of patients at an advanced tumor stage are not eligible for 

the currently available treatment modalities due to their poor 

general conditions and intolerability to severe toxicities after 

one or more cycles of first-line chemotherapy, especially the 

severe adverse events occurring in vital organs.12,13 Despite the 

wide application of sophisticated radiotherapy technologies, 

such as three-dimensional computerized planning systems, 

multileaf beam collimators, and altered fractionation sched-

ules, the adverse effects of radiotherapy remain inevitable.14 

In the meanwhile, clinical trials have shown that second-line 

chemotherapy has only limited therapeutic effect on patients 

with good or intermediate performance status (PS) (0–2).15 

Therefore, there is a pressing demand of using effective and 

less toxic alternative treatments for the patients in despair 

after the failed chemoradiation therapy.
125I brachytherapy performed by implantation of 125I 

radioactive seeds in the tumors can induce extensive necro-

sis of tumors and improve the quality of life of patients.16,17 

Previous studies have shown that 125I seed brachytherapy 

is accepted as a minimally invasive and effective therapy 

for various tumors,18 such as prostate cancer, pancreatic 

cancer, liver cancer, gynecologic malignancies, and brain 

cancers.12,19–21 Recently, a few studies have also attempted 

to use 125I brachytherapy for managing unresectable locally 

advanced lung cancers.22 However, most of these studies 

focused on evaluating the effectiveness of the combina-

tion therapy of 125I brachytherapy with chemotherapy or 

radiotherapy.23,24 In clinical practice, a considerable number 

of patients decline to receive any antitumor treatments 

due to various reasons, such as the intolerable severe side 

effects of chemotherapy or radiation therapy, the poor 

general conditions caused by multiple comorbidities, and 

the unaffordable high cost of chemotherapeutic regime. 

Computed tomography (CT)-guided 125I brachytherapy is 

accepted as a minimally invasive, relatively cost-effective 

treatment option for managing unresectable cancers. Cur-

rently, no studies have ever investigated the effective-

ness of CT-guided 125I brachytherapy alone with regard 

to improving the OS and quality of life of patients with 

unresectable locally advanced NSCLC after one cycle of 

first-line chemotherapy.

The purpose of this study was to assess whether CT-

guided 125I brachytherapy alone could result in longer 

survival than best supportive care for patients with unresec-

table locally advanced NSCLC after one cycle of first-line 

chemotherapy. In the meanwhile, the safety and effectiveness 

of CT-guided 125I brachytherapy in improving the quality of 

life of patients were investigated as well.

Patients and methods
study design
This study was reviewed and approved by ethics commit-

tee of the Fifth Affiliated Hospital of Wenzhou Medical 

University according to the standards of the Declaration 

of Helsinki. The ethics committee of the Fifth Affiliated 

Hospital of Wenzhou Medical University deemed patient 

consent not necessary due to the retrospective nature of this 

study. Written informed consent was obtained for publication 

of the associated images. All the records of patients were 

anonymized and deidentified prior to analysis.

Between January 2010 and December 2015, the medical 

records of 378 NSCLC patients who received comprehen-

sive treatments were reviewed. Sixteen consecutive patients 

diagnosed with unresectable locally advanced NSCLC were 

treated with CT-guided 125I brachytherapy (group A) after 

one cycle of first-line chemotherapy.

Study inclusion criteria were as follows: 1) histologi-

cally or cytologically proven unresectable locally advanced 

NSCLC, 2) unilateral lung lesion with a diameter less than 

5 cm, 3) NSCLC in stage III according to the International 

Union Against Cancer staging system with a PS of 0–2, 4) 

progressive disease (PD) after one cycle of first-line che-

motherapy, 5) life expectancy longer than 3 months, and 6) 

platelet count .20.0×109/L and normal coagulation function. 

Exclusion criteria were 1) unable to tolerate percutaneous 

lung biopsy procedure, 2) severe cardiopulmonary dysfunc-

tion, 3) refusal of 125I seed implantation treatment, and 4) 

treated with any other antitumor treatment (immunotherapy, 

biologic systemic anticancer therapy, etc.).

A cohort of 69 unresectable locally advanced NSCLC 

patients who received best supportive care after one cycle 

of first-line chemotherapy was used as the candidates of 

subjects in the control group (group B). To obtain a compa-

rable outcome, we selected a subgroup of 16 patients from 

the 69 patients who matched up very well with the patients 

in group A in the context of their age, tumor histology char-

acteristics, union for international cancer control tumor node 

metastasis (UICC TNM) stage, tumor location, and PS.

All the patients received one initial cycle of chemo-

therapy. The commonly used regimens and dosage were as 

follows: 1,000 mg/m2 of paclitaxel on days 1, 8, and 15 or 

1,000 mg/m2 of gemcitabine on days 1 and 8, followed by 

30 mg/m2 of cisplatin on days 1–3.

cT-guided 125i seeds implantation
125I seeds (0.8×4.5 mm2; Seeds Biological Pharmacy Ltd., Tian-

jin, China) were sealed in 0.05-mm-thick titanium capsules. 
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The core of the radioactive source was a 125I radionuclide 

silver rod with a diameter of 0.5 mm and a length of 

3.0 mm. The 125I seed continuously emits low-dose gamma 

rays (average energy of 27.4–35.4 keV) with a half-life of 

59.6 days, and the matched peripheral dose was 120–140 Gy. 

The 125I seeds had antineoplastic activity in a radius of 1.7 cm. 

Within 8–10 months, 93%–97% of the brachytherapy dose 

was delivered to the tumors.

All the patients underwent an enhanced CT scan at a slice 

thickness of 5 mm 1 week before the 125I seed implantation 

procedure. These imaging data were integrated into a treat-

ment planning system (TPS; RT-RSI; Beijing Atom and 

High Technique Industries Inc., Beijing, China) to optimize 

the dosing scheme of radioactive seeds implanted in the 

tumor. The radiation therapist formulated the gross tumor 

volume, planning target volume (PTV, a perimeter including 

a 0.5–1 cm range surrounding tumor lesions), and surround-

ing vital organs and vascular location and calculated the 

minimal prescribed dose (MPD) tumor value, which averaged 

120 Gy (100–140 Gy). According to the preoperative plan, 

we determined the required number and location of the seeds 

and marked the puncture access of the needle on the patient’s 

body surface (Figure 1). Preprocedure breath training was 

performed to ensure a smooth and steady breath movement 

during the procedure. Then, we chose the shortest puncture 

pathway to minimize the incidence of pneumothorax, as well 

as avoiding puncture of critical organs. Under CT-imaging 

guidance, an 18-gauge needle was gradually inserted into 

the tumor, and the turntable implantation gun was used to 

implant seeds into the tumor at 0.5–1.0 cm intervals. CT 

scan postseed implantation was performed to examine any 

postoperative complications, such as pneumothorax and 

hemothorax. The imaging data were exported into the TPS 

program to verify the location of particles and sufficient 

MPD. Patients who accepted 125I seed implantation underwent 

continuous electrocardiograph monitoring for a duration 

of 24 h. All postoperative symptoms were recorded, and 

patients received the necessary medication for managing the 

uncritical symptoms.

Bsc treatment
Patients in group B only received palliative supportive 

treatments after one cycle of first-line chemotherapy includ-

ing administration of antibiotics and analgesic drugs of 

transfusions.

imaging follow-up
Enhanced CT scan was performed once per month for 

the first 3 months and then once every 3 months after 

the procedure. Follow-up imaging examinations were 

performed to evaluate the therapeutic effectiveness of 
125I brachytherapy. The treatment outcome of all patients 

was evaluated, including the overall response rate, progres-

sion-free survival time (PFST), OS, and treatment-related 

complications.

evaluation criteria
The effectiveness of 125I brachytherapy was evaluated 

according to the response evaluation criteria in solid tumors.25 

The complete response (CR), partial response (PR), stable 

disease (SD), and PD were classified accordingly. The overall 

response rate was calculated using the following formula: 

response rate = the sum of CR cases plus PR cases/the total 

patient number. PFST was defined as the time interval from 

the time point of the initiation of the treatment to the time 

point of documented disease progression, death, or end of 

the study. OS was defined as the time from the first treat-

ment to death. Adverse effects of irradiation were evaluated 

according to the Toxicity Criteria of the Radiation Therapy 

Oncology Group.

Figure 1 a 58-year-old male patient with adenocarcinoma located in the middle lobe of the right lung next to heart.
Notes: (A) Dose distribution on TPS 1 week after one cycle of the first-line chemotherapy. (B) Dose distribution after cT-guided percutaneous 125i seed implantation.
Abbreviations: TPs, treatment planning system; cT, computed tomography.
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study end points
The primary end point of the study was survival, and the 

secondary end point included assessment of safety, effec-

tiveness (CT-guided 125I seed implantation), and patients’ 

quality of life.

statistical analysis
All statistical analyses were performed using the SPSS 

19.0 statistical software (SPSS Inc., Chicago, IL, USA). 

Continuous data were expressed as mean ± SD. Continuous 

variables of the two groups were compared using Student’s 

t-test. Categorical variables were analyzed using the χ2 test 

or Fisher’s exact test. Survival of patients in two groups 

was analyzed using the method of Kaplan–Meier survival 

analysis and compared using the log-rank test. All reported 

P-values are two sided. A P-value ,0.05 was considered as 

statistically significant.

Results
Baseline characteristics and technique 
effectiveness
Of the 32 patients, 23 (71.9%) were men and 9 (28.1%) were 

women. The two groups were well balanced in terms of age, 

tumor classification, tumor stage, and patient PS. The demo-

graphic and disease characteristics of patients are shown in 

Table 1. The procedures of 125I seed implantation were per-

formed successfully in all patients in group A, and the average 

number of seeds implanted per patient was 18 (range: 6–43).

response rate and survival outcomes
The median follow-up time was 16 months (range: 3–30). 

The median tumor diameter of the patients in group A was 

4.1 cm (range: 3.6–4.6 cm) and 3.2 cm in group B (range: 

2.4–3.8 cm) (t=4.370, P=0.242). The implanted 125I seeds 

yielded a mean D90 of 109 Gy (range: 81–138 Gy) accord-

ing to the posttreatment dosimetric measurement. After 

6-month follow-up of the patients in both groups, CR 

and PR were observed in 7/16 (43.8%) and 5/16 (31.3%) 

patients in group A and 0/16 (0.0%) and 0/16 (0.0%) in 

group B (χ2=8.96, P=0.003; χ2=5.926, P=0.015), 3/16 

patients with PD (18.8%) in group A versus 13/16 patients 

(81.3%) in group B. The tumors of 12/16 (75.0%) patients 

in group A had total response to the treatment versus 0/16 

(0.0%) in group B (χ2=19.20, P,0.001; Table 2). The 

median PFST of patients in group A was 4.80 months 

(95% confidence interval [CI]: 4.61–4.99) and 1.35 months 

(95% CI: 1.01–1.59) in group B (log-rank test, χ2=36.10, 

P,0.001; Figure 2). The median OS time was 9.4±0.30 

(95% CI: 8.81–9.99) months in group A and 8.4±0.10 (95% 

CI: 8.21–8.60) months in group B (log-rank test, χ2=6.114, 

P=0.013; Figure 3).

complications
The needle puncture procedure caused pneumothorax 

with pulmonary collapse of less than 30% of the unilateral 

lung volume in two patients in group A, who did not need 

tube drainage. Two patients developed minor bleeding at 

the needle puncture site, which was controlled by pressing the 

puncture site with gauze. No incidences of seed migration and 

substantial radiation pneumonitis were seen in the patients of 

group A. The 125I seeds were implanted successfully into the 

tumors of all the patients in group A. No procedure-related 

deaths occurred in the patients of group A.

Table 1 Demographic characteristics of patients in the study

Characteristics Group A 
(n=16)

Group B 
(n=16)

P-value

age, mean (sD) 56.6 (12.0) 58.3 (10.7) 0.80
gender (male:female) 12:4 10:6 0.45
histology

scc 5 5 .0.99
ac 7 7 .0.99
lcc 4 4 .0.99

UICC TNM classification
stage iiia 7 (43.8) 7 (43.8) .0.99
stage iiiB 9 (56.2) 9 (56.2) .0.99

Tumor location
The central type 5 5 .0.99
The peripheral type 11 11 .0.99

lesion diameter
#3 cm 6 6 .0.99
3–5 cm 10 10 .0.99

concomitant illness
cOPD 3 3 .0.99
Diabetes 5 5 .0.99
hypertension 8 8 .0.99

Performance status
0 2 2 .0.99
1 3 3 .0.99
2 11 11 .0.99

Abbreviations: sD, standard deviations; scc, squamous cell carcinoma; ac, 
adenocarcinoma; lcc, large cell carcinoma; Uicc TnM, union for international 
cancer control tumor node metastasis; cOPD, chronic obstructive pulmonary 
emphysema.

Table 2 Clinical efficacy of 125i brachytherapy in locally advanced 
nsclc

Group Local control efficacy (%) RR = CR + PR (%)

CR PR SD PD (P,0.01)

a 7 (43.8%) 5 (31.3%) 1 (6.25%) 3 (18.8%) 12 (75.0%)
B 0 (0.0%) 0 (0.0%) 3 (43.8%) 13 (81.3%) 0 (0.0%)

Abbreviations: nsclc, non-small-cell lung cancer; rr, response rate; cr, complete 
responses; Pr, partial responses; PD, progressive disease; sD, stable disease.
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relief of clinical symptoms
The frequently seen symptoms of patients with stage III 

NSCLC include cough, chest pain, bloody sputum, hoarse-

ness, and chest tightness. The symptoms of patients in group A 

significantly improved compared with the patients in group B 

(Table 3, P,0.01). In group A, we found obvious relief of 

cough in seven patients, chest pain relief in five patients, mod-

erate cough relief in four patients, and moderate chest pain 

relief in two patients. In group B, no patients had significant 

symptom improvement. Improvement in the symptoms of 

bloody sputum, hoarseness, and chest tightness was seen in 

9/12, 6/8, and 8/11 patients in group A, respectively, and no 

patients had the symptom improvement in group B.

Discussion
The findings of our study show that CT-guided 125I brachyther-

apy is a safe and effective treatment for patients with unre-

sectable locally advanced NSCLC after one cycle of first-line 

chemotherapy. The 125I seed implantation procedure was 

successful in all of the 16 patients. No severe procedure-

related major complications, such as massive hemoptysis, 

tumor seeding along the needle tracts, radiation pneumonitis, 

or death were seen in the patients. The median PFST and OS 

time were significantly longer for the patients with 125I seed 

brachytherapy than best supportive care alone group. In addi-

tion, the treatment of intratumoral 125I seed brachytherapy 

offered better local tumor control and improvement in the 

quality of life (Figure 4).

For patients with locally advanced NSCLC, the tumori-

cidal dose needs to reach a certain level of 80–120 Gy to 

control tumor progression.26 Although the increasing radia-

tion dose of external radiation could significantly improve the 

local control rate, it will inevitably lead to damage of normal 

tissue simultaneously, and the lowest effective dose could 

not be reached.27 These factors resulted in locally advanced 

NSCLC recurrence and distant metastasis.

As an internal radiotherapy, 125I permanent brachytherapy 

has been reported since 1940s, which has been successfully 

used in the treatment of prostate cancer, glioma, pancre-

atic cancer, hepatocellular carcinoma, and head and neck 

neoplasms.19–21,28,29 Recently, CT-guided 125I seed implantation 

has been attempted to treat NSCLC.30 Zhang et al31 found that 

Figure 2 Kaplan–Meier survival analysis and log-rank test compared the progression-
free survival time between patients in groups a and B (median progression-free 
survival time, χ2=36.1, P,0.001, log-rank test).
Abbreviation: cum, cumulative.

Figure 3 Kaplan–Meier survival analysis and log-rank test compared the overall 
survival time between patients in groups a and B (median overall survival time here, 
χ2=6.114, P=0.013, log-rank test).
Abbreviation: cum, cumulative.

Table 3 relief of symptoms associated with the tumor in both 
groups

Symptoms Group A Group B P-value

SR PR NR AG SR PR NR AG

cough 7/14 4/14 2/14 1/14 0/15 0/15 5/15 10/15 ,0.01
chest pain 5/9 2/9 1/9 1/9 0/12 0/12 4/12 8/12 ,0.01
Bloody 
sputum

6/12 3/12 2/12 1/12 0/16 0/16 3/16 13/16 ,0.01

hoarseness 2/8 4/8 1/8 1/8 0/7 0/7 4/7 3/7 ,0.01
chest 
tightness

3/11 5/11 1/11 2/11 0/10 0/10 6/10 4/10 ,0.01

Abbreviations: SR, significant remission; PR, partial responses; NR, no remission; 
ag, aggravation.
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CT-guided 125I radioactive seed implantation combined with 

chemotherapy of gemcitabine plus cisplatin are effective and 

safe for treating advanced NCSLC. The 1- and 2-year survival 

rates were 62.5% and 16.7% in the combination therapy group 

and 41.4% and 13.8% in the chemotherapy alone group, 

respectively. Jiang et al32 reported that interstitial permanent 

brachytherapy of 125I seeds under CT guidance is a feasible, 

effective, and safe modality for patients with recurrence of 

NSCLC after external beam radiation therapy. The estimated 

median OS is 18 months (95% CI: 11.91–24.09 months). The 

1- and 2-year OS rates were 67.5% and 27.0%, respectively. 

A few studies showed that 125I permanent brachytherapy has 

been accepted as a safe and effective treatment in patients 

with unresectable NSCLC, offering a long-term benefit of 

local tumor control and improvement in the quality of life.33,34 

However, these studies involved the combination therapy of 
125I permanent brachytherapy with chemotherapy or external 

beam radiation therapy. The benefits may attribute to the 

mixed therapeutic effect of both therapies. No studies have 

investigated the efficacy of 125I permanent brachytherapy 

alone in prolonging OS and improving the quality of life of 

the patients with NSCLC. Our study retrospectively compared 

the outcome of the intention-to-treatment patients receiving 
125I permanent brachytherapy alone with those patients who 

declined to receive further antitumor treatment after one cycle 

of chemotherapy other than best supportive care. Our study 

preliminarily indicates that 125I permanent brachytherapy can 

contribute alone to a prolonged OS time, PFST, and improved 

quality of life.
125I permanent brachytherapy has marked advantages 

compared with external beam radiation therapy. The intra-

tumorally implanted 125I seeds can locally deliver high dose 

of gamma rays to tumor cells with minimal irradiation to 

adjacent critical structures.35 Permanent low-dose irradiation 

can continuously exert the antineoplastic effect on the tumor 

cells in different cell cycles.36 Meanwhile, the low oxygen 

dependence of gamma rays can improve the killing effect 

on tumor cells.37 Additionally, the low emission rate of the 

radiation also gives surrounding normal tissue sufficient time 

to repair from sublethal damage, protecting healthy organs 

from late tissue damage.38,39

In our study, the median PFST and survival time were 

much higher in group A than group B, with significant dif-

ference revealed by Kaplan–Meier analysis. There may be 

two explanations for this result. First, 125I seed implantation 

with the preoperative TPS allows the PTV to cover .95% of 

the tumor volume, which will receive 100% of the radiation 

dose. Therefore, we could guarantee the administration of a 

Figure 4 a 69-year-old male patient with adenocarcinoma of the right lower lobe who underwent 125I permanent brachytherapy 2 weeks after one cycle of the first-line 
chemotherapy.
Notes: (A) PeT-cT scan before treatment. (B–D) PeT-cT imaging follow-up 1, 3, and 6 months after 125I permanent brachytherapy, the treatment induced significant 
shrinkage of tumor size due to the tumor necrosis in the center of tumor (cr). The particles remained in the tumor without any migration into the lung.
Abbreviations: PeT-cT, positron emission tomography-computed tomography; cr, complete response.
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sufficiently high dose to the local tumor without damaging 

the surrounding tissue. Second, the relatively long half-

life (59.6 days for 125I seeds) provides prolonged radiation 

exposure to the seed-implanted tumor volume, with a longer 

treatment time.

Very few 125I seed implantation-caused complications 

occurred in the patients treated by 125I seed brachytherapy. 

This may attribute to several factors: 1) preprocedure breath 

training was essential to ensure a smooth and steady breath 

movement during the procedure. 2) We chose the shortest 

possible needle trajectory in healthy lung tissue. 3) Enhanced 

CT images were very useful as a reference for guiding the 

needle placement, which could prevent puncturing into 

the vessels, trachea, and bronchus. 4) We used a single needle 

to release seeds. After the needle was located in the center 

of the tumor, we withdrew the needle to the margin of the 

tumor and then advanced the needle in difference angles into 

the tumor for releasing seeds. 5) CT scan postseed implanta-

tion was performed to ensure there were no postoperative 

complications, such as pneumothorax and hemothorax.

Our study has a few limitations. This is a retrospective 

study with a small sample size due to the small number of 

patients who had the intention to receive the 125I permanent 

brachytherapy alone and patients who gave up the anti-

tumor treatment because of various reasons. Our study 

focused on investigating the single efficacy of 125I permanent 

brachytherapy with respect to the benefits of improving the 

OS and progression-free survival. We did not compare the 

outcome of 125I permanent brachytherapy with any other 

antitumor therapies, such as systemic chemotherapy and 

chemoradiation therapy. Our study provided a useful clue that 

it is feasible to launch a well-designed, multicenter, random-

ized clinical trial involving the comparison of 125I permanent 

brachytherapy with systemic chemotherapy for patients with 

unresectable, locally advanced NSCLC.

Conclusion
CT-guided 125I permanent brachytherapy alone can offer 

some benefits of prolonging survival to patients with unre-

sectable localized advanced NSCLC after one cycle of first-

line chemotherapy. For patients who refuse to receive any 

other antitumor treatments, 125I permanent brachytherapy is 

an acceptable choice of treatment to achieve a local tumor 

control with less adverse events.

Disclosure
The authors report no conflicts of interest in this work.
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