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Background: Advanced non-small-cell lung cancer (NSCLC) is a huge challenge for physi-

cians. Traditional chemoradiotherapy is associated with high rates of toxicities, especially 

when treating gerontal patients. Our study was focused on investigating the safety and efficacy 

of permanent iodine-125 seed implantation and chemotherapy for the treatment of advanced 

NSCLC in the elderly.

Methods: Fifty elderly patients with stage III or IV NSCLC at our hospital from January 2011 

to June 2017 were treated with the chemotherapy regimens (paclitaxel/cisplatin) and computed 

tomography (CT)-guided iodine-125 brachytherapy (group A), 50 patients who received chemo-

therapy consisting of paclitaxel and cisplatin only (group B) were matched-up with the patients 

in group A. The local response rate was evaluated by CT. Progression-free survival (PFS) and 

overall survival (OS) data were obtained through clinical follow-up.

Results: The patients were followed-up for 3–46 months. With a median follow-up time of 

20 months, the OS and PFS were 20 months (95% CI: 19.09–20.90 months) vs 15 months (95% 

CI: 14.48–15.51 months) (P0.05) and 13 months (95% CI: 11.96–14.04 months) vs 8 months 

(95% CI: 7.63–8.37 months) (P0.05) in group A and group B, respectively. The symptoms of 

patients in group A were significantly relieved when compared with group B. Severe complica-

tions were not observed in either of the groups.

Conclusion: The combination of iodine-125 seed brachytherapy and chemotherapy is an effective 

and safe therapy and is superior to chemotherapy alone for advanced NSCLC in the elderly.
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Introduction
Lung cancer (LC) has become a major malignancy worldwide, and it has been the 

primary cause of cancer-related mortality in recent decades.1 Approximately 80% of 

LCs are classified as advanced non-small-cell lung cancer (NSCLC), which is the most 

common form of LC. Most NSCLC patients are diagnosed when the disease is at the 

extremely late stage, when it has metastasized to the liver, bone or brain, especially in 

elderly patients. The WHO chronologically classified old age into three categories as 

follows: middle aged (45–59 years old), elderly (60–74 years old), and advanced age 

(75 years or older).2 Therefore, patients aged 60 years are considered to be elderly 

patients. Elderly LC patients are characterized by poor short-term deterioration and rapid 

decline of general condition, ie, cough, chest pain, dyspnea, and weight loss. Currently, 

the standard treatments available, including surgery, chemotherapy, and radiation, are 

far from being satisfactory when treating elderly patients. Although chemoradiotherapy 

is recommended for subsequent treatment, it is associated with higher rates of toxicities, 
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including radiation pneumonitis, radiation esophagitis, and 

tracheal necrosis.3 Particularly in the elderly, either from 

continuous damage caused by long-term smoking or any 

other physiologic reason, they easily develop pneumonia, 

pulmonary blisters, COPD, and poor general condition. A 

series of clinical trials indicated that quality of life (QOL) has 

been considered an all-important end-point for clinical cancer 

research, especially in elderly patients with NSCLC.4

The physical characteristics of the iodine-125 seed include 

small size, low-energy, and short half-life decay time. Gener-

ally, the treatment time does not exceed 30–45 minutes.5 The 

permanent implantation of the iodine-125 seed is thought to 

have the advantage of releasing a high radiation dose (100–140 

Gy) to a tumor mass, and this dose is sharply reduced within a 

short distance. To a large extent, the risk of serious radiation-

induced pneumonitis is reduced.6 Additionally, other toxicities 

such as hematologic toxicities, esophagitis, mucositis, and 

radiodermatitis are rarely reported, and the incidence of com-

plications of chemotherapy is not increased.7 It is promising 

that patients showed better adherence because of the short treat-

ment time. Currently, iodine-125 seed implantation has been 

successfully used for the treatment of advanced and refractory 

LC.7–10 However, this therapy has been rarely reported for 

treating elderly patients with advanced NSCLC.

In recent years, we have performed iodine-125 seed 

implantation therapy on a large number of elderly patients with 

NSCLC in our oncology department. The purpose of this retro-

spective study was to evaluate the efficacy and safety of com-

bination of iodine-125 seed implantation and chemotherapy for 

elderly patients with advanced NSCLC. Meanwhile, the QOL 

of patients undergoing computed tomography (CT)-guided 

iodine-125 brachytherapy was still under discussion.

Materials and methods
Patients
One hundred patients with stage III or IV NSCLC were 

enrolled from January 2011 to June 2017. The diagnosis of 

all cases was confirmed by needle biopsy or bronchoscopic 

biopsy. Pathologists confirmed the malignant morphology 

based on H&E examination, immunohistochemical staining, 

and molecular studies. Imaging such as CT or positron emis-

sion tomography-CT was used primarily for detection and 

staging. The clinical characteristics of these patients were listed 

in Table 1. The TNM staging of the tumors was performed 

according to the American Joint Committee on Cancer seventh 

Edition.11 The general condition of the patients was accept-

able (lifespan longer than 3 months, sufficient hematopoietic 

and hepatorenal function, normal coagulation function), and 

the mean age was 68 years (range, 60–79 years). Patients in 

group A (50 elderly patients with stage III or IV NSCLC treated 

with the chemotherapy regimens [paclitaxel/cisplatin] and 

CT-guided iodine-125 brachytherapy) were excluded from the 

study if they met the following criteria: refusal of iodine-125 

seed implantation treatment, or not suitable for iodine-125 seed 

implantation treatment (tumors near the heart, large blood ves-

sels, spinal cord, or the mediastinum). All the patients received 

chemotherapy, and patients in group A underwent iodine-125 

implantation 2 weeks after the first cycle of chemotherapy. The 

research protocol was approved by the Ethics Committee of the 

Jiangjin Center Hospital of Chongqing, and written informed 

consent was received from each patient.

chemotherapy
All the patients received chemotherapy consisting of pacli-

taxel (135 mg/m2 on day 1) and cisplatin (30 mg/m2 on days 1, 

2, and 3). The chemotherapy regimen had a 21-day schedule, 

and the schedule was repeated for 4–6 cycles in both group A 

and B patients, if tolerated. Routine blood examination and 

coagulation function, liver and kidney function tests were 

performed, and enhanced-CT scans were also performed 

every 3 months to evaluate the tumor volume.

CT-guided implantation of iodine-125 
seeds
A CT scanner (Siemens Somatom Sensation 64 CT Scanner) 

was applied to calculate the tumor margin and implantation of 

Table 1 clinical features of patients enrolled in this study

Characteristics Group A
(n=50)

Group B
(n=50)

P-value

age (average, scale) 68 (60–76) 68 (60–79) 0.986
gender

Male 38 35 0.653
Female 12 15

Pathology
adenocarcinomas 23 26 0.689
squamous cell carcinomas 27 24

stage
iii 17 14 0.666
iV 33 36

Pain score
0 6 8 0.78
1–3 18 19
4–6 26 23
7–10 0 0

ecOg score
0–1 16 14 0.828
2 34 36

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: cT, computer tomography; ecOg, eastern cooperative Oncology 
Group; NSCLC, non-small-cell lung cancer.
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iodine-125 seeds. The radiotherapy (RT) treatment planning 

system (TPS; HGGR-2000) was provided by Beijing Feitian 

Zhaoye Technology Development Co. LTD (Beijing, China). 

The preoperative TPS was used for precise localization of the 

radioactive seed implantation. The RT physicians formulated 

the planning target volume dose of 100–140 Gy. Under CT 

guidance, the implantation needles accurately reached the 

tumor without injuring vital organs such as the major bronchi, 

vital blood vessels, heart, and spinal cord. The iodine-125 

seeds were released by needles at an interval of 1–1.5 cm. 

After the operation, CT was used to examine whether there 

were complications related to implantation (eg, bleeding, 

seed migration, and pneumothorax). Next, the patients were 

kept in the radiation oncology ward, and a piece of lead towel 

covered the surgical wound.

Evaluation of efficacy and safety
The efficacy and safety were evaluated 6 months after 

treatment. The tumor response was evaluated according 

to the Response Evaluation Criteria in Solid Tumors crite-

ria.12 The response rate (RR) was calculated as (complete 

response [CR]+partial response [PR])/total number of 

patients ×100%. The progression-free survival (PFS) time 

was based on the time interval from the start of treatment 

to disease progression, death, or end of the study. The 

overall survival (OS) time was the time interval from start 

of treatment to death. The toxicity criteria of the Radiation 

Therapy Oncology Group (RTOG) were applied to assess 

the acute and late adverse effects of irradiation. The pain 

score was calculated using the numerical rating scale: 

0 points indicated no pain, 1–3 points indicated mild pain, 

4–6 points indicated moderate pain, and 7–10 indicated 

severe pain.13 The Eastern Cooperative Oncology Group 

(ECOG) performance status of patients was calculated 

as follows: 0 points indicated fully active and completely 

normal, one point indicated freedom of movement and light 

physical activity, two points indicated patient was awake 

more than half the day, three points indicated patient spent 

more than half the day in bed or in a wheelchair, four points 

indicated a bedridden status – patient was not self-reliant, 

and five points indicated death.14

Follow-up
All patients were followed-up at 3 months following chemo-

therapy with or without seed implantation, and then every 

3 months for up to 46 months, with a median of 20 months. 

Routine laboratory examination and imaging examination 

were performed to identify possible complications. The 

patients’ blood cell count, liver and renal function, pain score, 

radiation-induced pneumonia status, RR, progressive-free 

time, and death time were recorded in detail.

statistical analysis
Data processing and analysis were performed using SPSS 

version 17.0 for Windows. Continuous data were expressed 

as mean ± SD and were determined by performing Student’s 

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

Fisher’s exact test. The survival curves of patients in the 

two groups were analyzed using the Kaplan–Meier method. 

P0.05 was considered statistically significant difference.

Results
Patient characteristics
The baseline characteristics of the two groups were well-balanced 

in terms of age, gender, pathology, tumor stage, ECOG status, 

and pain score (Table 1). All the patients in group A successfully 

tolerated brachytherapy with iodine-125 seed implantation.

relief of clinical symptoms
Compared with group B (50 elderly patients with stage 

III or IV NSCLC treated with chemotherapy consisting of 

paclitaxel and cisplatin only), the symptoms of patients in 

group A were significantly relieved after treatment, especially 

regarding pain relief (Table 2, P=0.025) and ECOG scores 

(Table 3, P=0.036).

rr and survival outcomes
The median follow-up time was 20 months (range: 3–46 

months). After the 6-month follow-up of patients in both 

groups, CR and PR were observed in 4/50 (8%) and 32/50 

(64%) patients in group A and 0/50 (0.0%) and 25/50 (50%) 

in group B (Figure 1), and 2/50 patients with progressive 

disease (4%) in group A vs 7/50 patients (14%) in group B. 

The RR of the tumors of patients in group A was 36/50 (72%) 

vs 25/50 (50%) in group B (χ2=8.837; P=0.032; Table 4).

The median PFS of patients was 13 months (95% CI: 

11.96–14.04) in group A and 8 months (95% CI: 7.63–8.37) 

in group B (log-rank test, χ2=118.47, P=0.000; Figure 2). The 

median OS time was 20 months (95% CI: 19.09–20.90) in 

Table 2 analysis of pain in patients after treatments

Group Pain score P-value

0 1–3 4–6 7–10
a 19 18 11 2
B 10 13 19 8 0.025

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: CT, computer tomography; NSCLC, non-small-cell lung cancer.
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group A and 15 months (95% CI: 14.48–15.52) in group B 

(log-rank test, χ2=116.06; P=0.000; Figure 3).

complications
After brachytherapy, four patients developed mild pneu-

mothorax, two patients experienced seed migration, and one 

patient received re-implantation of iodine-125 seeds. No 

patient developed radiation pneumonitis, local skin erythema, 

or hemoptysis (Table 5).

Table 3 analysis of physical status score in patients after 
treatments

Group ECOG score P-value

0–1 2 3 4
a 25 21 4 0
B 18 17 12 3 0.036

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: cT, computer tomography; eastern cooperative Oncology group; 
NSCLC, non-small-cell lung cancer. 

Figure 1 cT scan images of typical patients in group a.
Notes: (A1, A2) CT scan of a 62-year-old male patient with adenocarcinoma. (A1) The pre-treatment CT image shows a mass in the left upper lobe (October 14, 2013). 
(A2) The target lesion completely disappeared after the combination of iodine-125 seed implantation and chemotherapy regimen. The chest pain symptoms were relieved 
considerably (March 12, 2014). (B1, B2). CT scan of a 60-year-old male patient with adenocarcinoma. (B1) The pre-treatment lung CT image shows a mass near the trachea 
in the right upper lobe (October 8, 2016). (B2) six months after treatment, the cT scan indicated a complete response (april 17, 2017). (C1, C2) CT scan of a 67-year-old 
male patient with squamous cell carcinoma. (C1) The pre-treatment CT image shows an irregular mass in the left lower lobe (June 1, 2016). (C2) The lesion is significantly 
decreased in size and partially cavitated 6 months after treatment. Difficult breathing was relieved obviously (December 5, 2016). Group A, 50 elderly patients with stage III 
or IV NSCLC treated with the chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy.
Abbreviations: CT, computer tomography; NSCLC, non-small-cell lung cancer.
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Hematological toxicity was defined as leukocyte decrease, 

anemia, and platelet decrease. No statistically significant dif-

ference was found in the hematological toxic events between 

group A and group B (Table 6, P0.05). Meanwhile, severe 

liver toxicity was not observed in either of the two groups 

(eight of 50 patients [16%] in group A vs six of 50 patients 

[12%] in group B, P=0.790) (Table 6). Severe complications 

of grade 4 or above did not occur.

Discussion
LC is characterized by high morbidity and seriously 

threatens human life and health. Most LC patients are 

diagnosed at advanced stage and cannot undergo surgi-

cal resection. Thus, chemoradiotherapy is recommended 

for these patients. It is unsatisfactory that chemotherapy 

with cytotoxic drugs has achieved very small survival 

benefits and is encumbered by significant toxicity such 

as myelosuppression, nausea and vomiting, liver and kid-

ney function damage, cardiotoxicity, skin pigmentation, 

and hair loss. External irradiation is usually regarded as 

standard treatment but is associated with more serious side 

effects, such as radiation pneumonitis and esophagitis. In 

addition, the RT period is generally more than 1 month, 

greatly affecting the patient’s treatment compliance. Elderly 

patients with LC usually suffer from poor lung function 

(eg, chronic obstructive emphysema) and poor general 

condition. QOL assessment is of great concern in clinical 

cancer research dedicated to elderly patients. The MILES 

trial has shown that QOL was one of the factors that impact 

whether combination chemotherapy or single drug therapy 

is used for elderly NSCLC patients.15 However, proper treat-

ment strategies for elderly patients are far from convinc-

ing. Therefore, NSCLC in elderly patients is considered a 

model in the field of tumor research, and attention should 

be focused on QOL evaluation.

It was demonstrated in the RTOG 94–10 trial that 

several common toxicities of concurrent chemoradio-

therapy in patients with local advanced (LA)-NSCLC – 

specifically, the acute toxicities of radiation pneumonitis 

Table 4 Comparison of treatment effect in both groups

Group CR PR SD PD RR = CR+PR(%) P-value

a 4 32 12 2 36 (72%) 0.032
B 0 25 18 7 25 (50%)

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with 
the chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 
brachytherapy. Group B, 50 patients who received chemotherapy consisting of 
paclitaxel and cisplatin only.
Abbreviations: CT, computer tomography; NSCLC, non-small-cell lung cancer; 
RR, response rate; CR, complete response ; SD, stable disease; PR, partial response; 
PD, progressive disease.

Figure 2 Kaplan–Meier curve of progression-free survival of patients in groups A 
and B.
Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: CT, computer tomography; cum, cumulative; NSCLC, non-small-
cell lung cancer.

Figure 3 Kaplan–Meier curve of overall survival of patients in groups a and B.
Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: CT, computer tomography; cum, cumulative; NSCLC, non-small-
cell lung cancer.

Table 5 Complications after brachytherapy with iodine-125 seed

Complications Group A Group B

Mild pneumothorax 4 0
radiation pneumonitis 0 0
seed migration 2 0
local skin erythema 0 0

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the 
chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and 
cisplatin only.
Abbreviations: CT, computer tomography; NSCLC, non-small-cell lung cancer.
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and esophagitis – result in chemotherapy delay or che-

motherapeutic drug reductions, late radiation-induced 

pulmonary fibrosis, and cardiac toxicities, significantly 

impacting the QOL of patients and even their survival time.16 

Recent advances in new RT technologies, such as IMRT,17 

IGRT,18,19 and SBRT,20 are associated with higher radiation 

doses and more conformal RT at the tumor site, while the 

radiation dose outside of the primary target is decreased 

rapidly. Better knowledge of supportive care has reduced the 

rates of RT-induced toxicities.21,22 A report from the M.D. 

Anderson Cancer Center noted that the use of proton beam 

therapy allowed the safe delivery of a higher radiation dose; 

however, the incidences of severe radiation pneumonitis and 

esophagitis were lower.23

As an internal RT, iodine-125 seed implantation has 

been successfully used to treat a series of malignant tumors, 

such as prostate cancer,24 brain tumors,25,26 pancreatic 

cancer,27 skin cancer,28 ovarian cancer,29 recurrent cervical 

cancer,30 and head and neck neoplasms,31 especially in 

NSCLC. Santos et al indicated that the use of iodine-125 

brachytherapy after sublobar resection significantly 

improved local control compared with sublobar resection 

alone (18.6 vs 2%; P0.0001).32 Fernando et al reported 

resection plus brachytherapy vs wedge resection alone with 

a median follow-up of nearly 4.4 years and 222 evaluable 

patients, with a little less than 13% of patients developing 

local recurrence at 3 years. His research has led to surgeons 

focusing more on what should be considered an appropriate 

surgical margin despite sublobar surgery.33 Both of their 

studies showed that adjuvant intraoperative brachytherapy 

in combination with sublobar resection did not increase peri-

operative pulmonary complications or worsen pulmonary 

function. Li et al found that patients with multiple recur-

rence or metastatic stage III/IV NSCLC could obtain longer 

PFS time and higher OS rates when treated with iodine-125 

seed brachytherapy.10 Yu et al explored the effectiveness of 

brachytherapy plus chemotherapy vs chemotherapy alone 

for recurrent stage III NSCLC (52 patients were equally 

divided into two groups), and the PFS was 8 months vs 

5.5 months (P0.05) with a median follow-up time of 11 

months, and no severe complications.34 In our study, the 

median PFS (13 months vs 8 months) and OS (20 months 

vs 15 months) time were significantly longer for the patients 

with iodine-125 seed implantation combined with chemo-

therapy than with chemotherapy alone (Figures 2 and 3). 

In addition, the combined treatment offered better tumor 

control (Figure 1 and Table 4). The longer PFS and OS, as 

well as better RR rate mean that iodine-125 brachytherapy 

combined with chemotherapy was more effective when com-

pared with chemotherapy alone. Our study showed that the 

PFS of group A was longer than that in Yu et al’s research, 

it may be because our median follow-up time was longer 

(20 months), our patients were stage III or IV NSCLC, and 

our sample number was greater (100 patients divided into 

two groups).

Iodine-125 implantation has remarkable superiority in 

improving QOL and relieving tumor-related symptoms. 

Song et al elucidated that, compared with best supportive 

care, it is noteworthy that iodine-125 brachytherapy not only 

improved the survival and QOL of patients with LA-NSCLC 

but also significantly relieved tumor-related symptoms, 

such as cough, chest pain, chest tightness, and hoarseness.35 

Jiao et al explored the efficiency and safety of iodine-125 

seed brachytherapy for painful bone metastases caused by 

malignancy, and patients who received radiofrequency abla-

tion treatment or iodine-125 implantation obtained good 

long-term pain relief, and the complications were lower, 

with no treatment-related mortality. Thus, iodine-125 seeds 

can be used as a safe and effective method for patients who 

develop painful bone metastases.36 In our research, there 

was no severe complications, such as massive hemoptysis, 

radiation pneumonitis, severe pneumothorax, infection, 

hematological toxicity, liver or kidney function lesion, or 

death (Tables 5 and 6). Patients treated in group A were 

Table 6 Adverse events observed in both groups upon follow–up

Grade Group A Group B P-value

0 1 2 3 4 5 0 1 2 3 4 5

hematology toxicity
leukocyte decrease 19 18 9 4 0 0 20 17 8 5 0 0 0.974
anemia 17 26 6 1 0 0 15 25 7 3 0 0 0.748
Platelet decrease 18 25 4 3 0 0 20 22 6 2 0 0 0.825
liver function lesion 42 6 2 0 0 0 44 5 1 0 0 0 0.790

Notes: Group A, 50 elderly patients with stage III or IV NSCLC treated with the chemotherapy regimens (paclitaxel/cisplatin) and CT-guided iodine-125 brachytherapy. 
Group B, 50 patients who received chemotherapy consisting of paclitaxel and cisplatin only.
Abbreviations: CT, computer tomography; NSCLC, non-small-cell lung cancer.
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clearly better than those in group B regarding many aspects, 

such as health status/QOL, physical functioning, fatigue, and 

pain relief. In group A, we found obvious pain relief in 19 

patients (Table 2), and the ECOG scores were improved in 

25 patients (Table 3). In group B, the pain was significantly 

worse in eight patients, and three patients were bedridden. 

The better pain relief and ECOG scores mean that iodine-

125 brachytherapy combined with chemotherapy was more 

effective when compared with chemotherapy alone, and 

able to contribute to better QOL in elderly patients with 

advanced NSCLC.

There was no occurrence of severe complications during 

the study. In group A, no patient developed radiation pneu-

monitis, local skin erythema, or hemoptysis (Table 5). The 

patients with mild pneumothorax did not experience chest 

suppression, and the pneumothorax was gradually absorbed 

and required no further therapy. Some patients experi-

enced toxicities such as asthenia, vomiting, and anorexia 

which were rapidly resolved after active supportive care. 

Hematological toxicity was infrequent, however, in group A, 

four patients had severe leukocyte decrease (grade 3), one 

patient had severe anemia (grade 3), and three patients had 

serious platelet decrease (grade 3). The hemocyte count 

was elevated following treatment with granulocyte colo-

ny-stimulating factor, thrombopoietin, recombinant human 

IL-11, and erythropoietin. In group B, five of 50 patients 

(10%) showed severe leukocyte decrease (grade 3), while 

three patients (6%) displayed severe anemia (grade 3) 

(Table 6). Our study proved that iodine-125 brachytherapy 

combined with chemotherapy was safe, and did not pose a 

greater risk to patients.

Conclusion
Our study preliminarily demonstrated that iodine-125 seed 

implantation combined with chemotherapy was effective 

and safe for advanced NSCLC in elderly patients, leading 

to fewer side effects, higher survival rate, and better QOL. 

Future research is needed to further confirm the efficacy and 

safety of this treatment.
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