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Abstract: Background: The aim of this study was to investigate the efficacy and safety of 125I particle implantation 
for treating advanced non-small cell lung cancer (NSCLC). Methods: Data from 56 patients with advanced NSCLC 
between January 2013 and May 2016 were retrospectively analyzed. The changes of tumor size, objective response 
rate (ORR), disease control rate (DCR), survival rate of patients and occurrence rate of complications were calcu-
lated, and the levels of carcinoembryonic antigen (CEA) and cytokerantin-19-fragment (CYFRA21-1) before and 
after the treatment were evaluated. Results: The 125I particles implantation therapy significantly inhibited the tumor 
local growth of NSCLC (from 7.75±6.69 to 3.39±2.12 cm) (P<0.001), suggesting a better effectiveness with an RR 
of 55.4% and DCR of 98.2%. In addition, the 125I particle implantation down-regulated the CEA expression level of 
lung adenocarcinoma (LAC) patients (P<0.05). The one-year, two-year, three-year survival rate were 41.1%, 39.3% 
and 19.6% respectively after the implantation therapy. However, patients implanted 125I particles had no serious 
complications except for slight fever. Conclusions: NSCLC patients at different clinical features all can benefit from 
the 125I particle implantation therapy. Moreover, the level of CEA can be used as an efficacy predictor for the 125I 
particle implantation therapy for LAC. 
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Introduction

At present, the incidence and mortality of lung 
cancer are among the highest in all kinds of 
tumors, and the incidence of lung cancer is 
increasing year by year [1]. One study suggests 
that there are about 733,000 newly diagnosed 
lung cancer cases in 2015 in China, and in the 
same year about 610,000 Chinese die from 
lung cancer [2]. As we all know, 5-year survival 
rate of lung cancer patients is relatively low. 
How to choose the best individual treatment for 
patients is an important issue facing the treat-
ment of lung cancer. Non-small cell lung cancer 
(NSCLC) has become the most common dis-
ease which threats human health [3]. Due to 
the considerable toxicity of chemotherapy regi-
mens and the decline of efficacy caused by 

tumor cell resistance, patients with advanced 
NSCLC have no further indications for these 
medications [4]. And advanced NSCLC patients 
generally show poor health status, can no lon-
ger tolerate further chemotherapy and radio-
therapy. Therefore, some less side effects or 
more tolerable treatment methods continue to 
be developed [5]. In recent years, with 125I par-
ticles in clinical applications, interstitial perma-
nent implantation of 125I particles for the treat-
ment of malignant tumors has attracted 
widespread attention [6, 7].

The 125I particle is a kind of miniature radiation 
source, which is made of the 0.5 × 3.0 mm sil-
ver bar infiltrated by iodine-125 is sealed in a 
titanium tube with 0.8 mm diameter, 4.5 mm 
long and 0.05 mm wall thickness. It emits C and 
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G rays, while also emitting fluorescent C rays 
from the silver bar. Its half-life is 59.43 days. 
The effective radiation radius is 1.0 cm. The 
effective time in vivo is 120 days. The 125I par-
ticles emit continuous low energy radiation, 
which act directly on the DNA molecules of 
tumor cells to break up single strand of DNA 
molecules, break the double bond, and lead a 
decline in the proliferation ability of tumor cells. 
But at the same time, the normal tissues are 
not damaged or only are slight damaged [8-10]. 
Computed tomography (CT) guidance, the 
implantation of radioactive 125I particles is high-
ly accurate and highly suitable for the treat-
ment of malignant tumors, and has been 
applied clinically. Conventional treatment of 
lung cancer has only limited effect on long-term 
survival, so the treatment of 125I particles has 
been used for lung cancer treatment [11, 12]. 
This study retrospectively reported the data on 
radioactive 125I particles implantation therapy 
for the patients with advanced NSCLC, evalu-
ated its curative effect, and analyzed the rela-
tionship between clinical efficacy and tumor 
markers.

Methods

Ethics statement

All patients were approached based on 
approved ethical guidelines, and agreed to par-
ticipate in this study and signed the informed 

vous system diseases; (7) no acute infection 
and (8) leukocytes, platelets, hemoglobin lev-
els were not less than 3 × 109/L, 100 × 109/L, 
90 g/L respectively.

Exclusion criteria

Exclusion criteria: (1) primary tumor lesions had 
a wide range of distant metastases; (2) accom-
panied by a serious mental disorder or mental 
illness; (3) solid tumors in the lung could not be 
measured; (4) could not cooperate with punc-
ture treatment and (5) refused to accept follow-
up survey.

Patients

A total of 56 patients with primary bronchial 
lung cancer who received the radioactive 125I 
particles implantation therapy at the Gansu 
Provincial Hospital, Lanzhou, Gansu, China 
from January 2013 to May 2016 were included 
in this retrospective study. All patients were 
categorized according to the tumor-node-
metastasis (TNM) classification of the In- 
ternational Association for The Study of Lung 
Cancer (IASLC, Eighth edition, 2015) [13, 14]. 
The tumors were histologically subtyped and 
graded according to the third edition of the 
World Health Organization guidelines. Clinical 
characteristics were retrieved from the clinical 
records available. Follow-up was performed 
after the first intervention, and the follow-up 

Table 1. Clinico-pathological features of lung cancer 
cases (N=56)
Group Characteristics Number (%)
Sex Male 37 (66.1%)

Female 19 (33.9%)
Age <60 18 (32.1%)

≥60 38 (67.9%)
Smoking Yes 20 (35.7%)

No 36 (64.3%)
Histology LAC 34 (60.7%)

LSCC 22 (39.3%)
Pathologic grade Poorly differentiated 20 (35.7%)

Moderately differentiated 26 (46.4%)
Well-differentiated 10 (17.9%)

Lymphatic invasion Positive 40 (71.4%)
Negative 16 (28.6%)

Clinical staging III 33 (58.9%)
IV 23 (41.1%)

LAC, lung adenocarcinoma; LSCC, lung squamous cell carcinoma.

consent before including the study. The 
study was approved by Research Ethics 
Committee of Gansu Provincial Hospital 
(Lanzhou, Gansu, China). We stated that 
all methods were performed in accordan- 
ce with the relevant guidelines and 
regulations.

Enrollment criteria

The inclusion criteria: (1) patients with 
exact pathology and radiographic evidence 
of advanced NSCLC (III and IV); (2) the 
tumor lesions of patients could not be sur-
gically removed or patients were not willing 
to receive the treatment of surgery; (3) 
none of the patients received radiothera-
py, chemotherapy and targeted therapy 
before 125I particles implantation therapy 
or after; (4) expected survival >2 months; 
(5) physique status score (karnofsky score)  
≥50 points; (6) without serious heart, 
lungs, liver, kidney, blood system and ner-
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time ranged from 1 to 37 months. All patients 
were followed up and the patient’s death time 
was recorded as the last follow-up date. The 
detailed clinical characteristics of patients 
included in this study were shown in Table 1.

Collection and treatment of blood samples

Each patient received this therapy is given a 
serial number, and the specimen collection 
container is numbered according to the num-
ber. At the beginning of the treatment and 6 
months after the treatment, the patient’s 
venous blood was taken in a fasting early morn-
ing from the patient’s elbow vein. The blood 
samples were immediately shaken and mixed 
to prevent coagulation and the serum was sep-
arated as soon as possible at 3000 rpm for 10 
minutes. The collected serum was stored at 
-20°C under freezing conditions. The frozen 
serum was thawed at room temperature when 
testing.

Test of carcinoembryonic antigen (CEA) and 
cytokeratin 19 fragments (CYFRA 21-1)

The expressions of CEA (Roche Diagnostics, 
Cat No, 11731629) and CYFRA 21-1 (Roche 
Diagnostics, Cat No, 11820966) in serum of 
patients were tested using a Roche Elecsys 
E601 immunoassay analyzer. Briefly, 20 µL of 
sample, a biotinylated monoclonal CEA or 
CYFRA 21-1-specific antibody, and a monoclo-
nal CEA or CYFRA 21-1 antibody labeled with a 
ruthenium complex were mixed to form a sand-
wich complex. Streptavidin-coated microparti-
cles were added to the complex and allowed 
them bind to the microparticles through the 
reaction between biotin and streptavidin. The 
reaction mixture is sucked into the measuring 
pool and the particles are adsorbed onto the 
electrode by the magnet (unconsolidated sub-
stances were washed away by washing liquid). 
The electrode took place a chemiluminescence 
after adding voltage and was measured by pho-
tomultiplier tube. The test results were auto-
matically detected according to a standard 
curve. The normal range was defined as CEA 
0-5 ng/ml and CYFRA 21-1 0-3.3 ng/ml in this 
study.

Equipments and materials for 125I particles 
implantation therapy

The equipments and instruments included: 
16-slice Spiral CT and Pinpoint Piercing Gui- 

dance System from Phillips, Netherlands. Ra- 
dioactive particle computer treatment plann- 
ing system (TPS 2.0) was from Shanghai Fudan 
University. The 125I radioactive particles were 
purchased from Shanghai Xinke Pharmaceu- 
tical Co., Ltd. The properties of 125I radioactive 
particles are as follows: (1) 4.5 mm in length 
and 0.8 mm in diameter; (2) the half-life of the 
particles is 59.6 days; (3) the average photon 
energy is 27-35 KeV; (4) the initial dose rate 
was 7 cGy/h; (5) the tissue penetration dis-
tance is 1.7 cm; (6) particle activity is 0.50~0.80 
mCi.

Process of particle implantation

All patients enrolled were required to be hospi-
talized before treatment, and to be completed 
the basic preoperative examination, including 
blood tests, coagulation tests, blood chemistry 
and electrocardiography. Before implantation, 
the patient underwent a CT scan of the thorax 
with a layer thickness of 5 mm and a layer dis-
tance of 5 mm (when the boundaries between 
tumor and the adjacent blood vessels were not 
clear, a further enhanced scanning was need-
ed). The CT images were subsequently trans-
mitted to the radioactive particle computer 
treatment planning system for three-dimen-
sional digital image reconstruction, and the 
researchers delineated the target. Based on 
the three mutually perpendicular diameters of 
the tumor target volume, the spatial distribu-
tion and number of particles that would place in 
patient’s tumor were determined. Finally, iso-
dose curves and dose-volume histograms were 
determined based on matched peripheral dose 
of planning target volume. 

Based on the CT scan of the tumor area to mea-
sure the depth of the body surface to the tumor, 
the appropriate length of the puncture needle, 
the puncture point and needle orientation were 
determined. Through local anesthesia with lido-
caine, the needle was punctured into the tumor 
and the expected location of the needle tip 
within the lesion was confirmed by CT scan. 
According to the TPS treatment plan combined 
with CT real-time scan images, the direction 
and depth of the needle was adjusted and was 
kept in parallel. Through pumping back, when 
there was no blood reflux, the particles are 
implanted, and the implantation interval of the 
particles was about 0.8 to 1.2 cm (Figure 1A 
and 1B). 
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Tumor efficacy evaluation

CT scan was employed to measure the size  
of NSCLC lesions before the 125I particles 
implantation therapy and after six months of 
implantation. All patients adopted the same cri-
teria recommended by Response Evaluation 
Criteria in Solid Tumors (RECIST) for evaluating 
the treatment efficacy [15, 16]. CR: all target 
lesions disappear, and at least 4 weeks or 
more; PR: the longest diameter sum of baseline 
lesions is reduced by more than 30% at least 4 
weeks; SD: the baseline lesions have a 
decrease in the sum of the longest diameter 
but did not reach PR or increase but did not 
reach PD; PD: baseline lesions increase the 
total length of 20% or new lesions appear. 
Objective response rate (ORR)=CR + PR/overall 
cases; disease control rate (DCR)=CR + PR + 
SD/overall cases.

Statistical analysis

The patient’s clinical characteristics were anal-
ysed by descriptive statistics. The efficacy of 
125I particles implantation therapy was ana-
lyzed using the Student’s t test. The asso- 
ciations between the expressions of CEA  
and CYFRA 21-1 and the efficacy of 125I parti-
cles implantation were determined by Stu- 
dent’s t test and nonparametric rank sum te- 
st. The survival time was measured from  
the date of 125I particles implantation to the 
date of finally follow-up patients and the oc- 
currence rate of complications of patients were 
displayed through descriptive statistics. All 
tests were two-sided, and p-values <0.05  
were considered to be statistically significant. 
The SPSS 20.0 software package (Chicago, 
USA) was used to perform the statistical 
analysis. 

Figure 1. Implantation process of CT-guided 125I particles. (A) Based on the CT scan of the tumor area to mea-
sure the depth of the body surface to the tumor, the puncture point, needle orientation and depth of needle were  
determined; (B) According to the TPS treatment plan combined with CT real-time scan images, the particles are 
implanted in lesion, and the implantation interval of the particles was about 0.8 to 1.2 cm; TPS, treatment planning 
system.
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Figure 2. Images before and after CT-guided 125I particles implantation for treating NSCLC. (A) Compared with before implantation, the lesions of LAC of the right 
lung were significantly reduced after implantation therapy for 6 months; (B) Compared with before implantation, the lesions of LSCC of the left lung were significantly 
reduced after implantation therapy for 6 months; (C) The 125I particles implantation therapy significantly inhibited the growth of local tumor; NSCLC, non-small cell 
lung cancer; LAC, lung adenocarcinoma; LSCC, lung squamous cell carcinoma.
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Results

The 125I particles implantation therapy showed 
a better tumor local control rate

All patients with advanced NSCLC were fol-
lowed up to 6 months and underwent a chest 
CT scan. By comparing with pre-treatment CT, 
we performed a short-term efficacy evaluation. 

As shown in Table 3, compared before implan-
tation with after six months of implantation,  
whether in male patients (P<0.001) or in 
women patients (P<0.001), in patients with 
smoking (P<0.001) or non-smokers (P<0.001), 
in lung adenocarcinoma (LAC) patients (P< 
0.001) or lung squamous cell carcinoma (LSCC) 
patients (P<0.001), in patients with poor differ-
entiation cancer (P<0.001) or moderate and 

Table 2. The effect of 125I particles implantation therapy to local 
growth of advanced NSCLC by CT measurement

Groups
Measurement of tumors by CT scan (mean ± SD, cm)

The maximum 
diameter

The maximum vertical 
diameter

The sum of the 
two

Before therapy 3.93±1.37 2.96±0.98 7.75±6.69
After therapy 2.01±1.21 1.38±0.93 3.39±2.12
Degree of free 55 55 55
T value 15.529 18.01 4.83
P value <0.001 <0.001 <0.001
NSCLC, non-small cell lung cancer; CT, computed tomography; SD, standard devia-
tion; cm, centimeter; The sum of the two, the maximum diameter + the maximum 
vertical diameter.

Although none of the cases 
were shown as complete re- 
sponse (CR), a total of 31 
cases showed as partial res- 
ponse (PR), and 24 cases sh- 
owed as stable disease (SD). 
In particular, only one patient 
appeared disease progres-
sion (Figures 2A-C, 3A). The 
125I particles implantation th- 
erapy suggested a better tu- 
mor local control rate, which 
showed an objective response 
rate (ORR) of 55.4% and a dis-
ease control rate (DCR) of 
98.2%.

The 125I particles implantation 
therapy significantly inhibited 
the local growth of advanced 
NSCLC

As shown in Table 2, com-
pared before implantation 
with after six months of 
implantation, no matter the 
maximum diameter of the 
tumor (3.93±1.37 vs. 2.01± 
1.21 cm) (Figure 3B) or the 
maximum vertical diameter 
(2.96±0.98 vs. 1.38±0.93 
cm) (Figure 3C), they all dis-
played a obvious decrease 
(P<0.001), showing that the 
125I particles implantation th- 
erapy significantly inhibited 
the local growth o NSCLC (the 
sum of the two: from 7.75± 
6.69 to 3.39±2.12 cm) (Figure 
3D).

Advanced NSCLC patients 
with different clinico-path-
ological features all could 
benefit from the 125I particle 
implantation therapy

Figure 3. Efficacy of 125I particles implantation therapy for treating advanced 
NSCLC. (A) The 125I particles implantation therapy showed a better tumor  
local control rate, which suggested an ORR of 55.4% and DCR of 98.2%;  
(B) Compared before implantation with after six months of implantation,  
the maximum diameter of the tumor displayed a obvious decrease 
(3.93±1.37 vs. 2.01±1.21 cm) (P<0.001); (C) Compared before implanta-
tion with after six months of implantation, the maximum vertical diameter 
displayed a obvious decrease (2.96±0.98 vs. 1.38±0.93 cm) (P<0.001); 
(D) Compared before implantation with after six months of implantation, 
the sum of the maximum diameter and the maximum vertical diameter 
displayed a obvious decrease (7.75±6.69 vs. 3.39±2.12 cm) (P<0.001); 
NSCLC, non-small cell lung cancer; ORR, objective response rate; DCR, dis-
ease control rate.
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well differentiation patients (P<0.001), in 
patients with lymphatic metastasis (P<0.001) 
or those without lymphatic metastasis (P< 
0.001) and in patients at III stage (P< 
0.001) or IV stage (P<0.001), the 125I particles 
implantation therapy all obviously decreased 
the size of local tumor of advanced NSCLC 
(Figure 4A-F).

The degree of tumor reduction by 125I particle 
implantation therapy did not correlated with 
different clinico-pathological parameters of 
advanced NSCLC patients

We further calculated the degree of tumor 
reduction [(before treatment: the maximum 
diameter + the maximum vertical diameter) - 
(after treatment: the maximum diameter + the 
maximum vertical diameter)] in each patient 
after the 125I particle implantation therapy. The 
following clinico-pathological factors were 
assessed retrospectively: gender (male vs. 
female), smoking (yes vs. no), histological clas-
sification (LAC vs. LSCC), grade of differentia-
tion (poor vs. moderate and well), lymph node 
metastasis (yes vs. no) and clinical staging (III 
vs. IV). As shown in Table 4, in terms of differ-
ent clinico-pathological factors of NSCLC 
patients, the anti-tumor effect of 125I particle 
implantation therapy did not show a statistic 
difference (P>0.05), indicating that advanced 
NSCLC patients of different clinical features all 
could choose the 125I particle implantation as 

an treatment as long as the physical condition 
of patients permitted.

The efficacy of 125I particle implantation 
therapy was negatively correlated with the 
serum level of carcinoembryonic antigen (CEA) 
in treating advanced LAC patients

As shown in Table 5, as to LAC patients, wheth-
er in patients with smoking (P=0.046) or non-
smokers (P=0.001), in patients with poor di- 
fferentiation cancer (P=0.020) or moderate 
and well differentiation patients (P=0.007), in 
patients with lymphatic metastasis (P=0.005) 
or those without lymphatic metastasis (P= 
0.041) and in patients at III stage (P=0.010) or 
IV stage (P=0.020), the 125I particles implanta-
tion therapy all down-regulated the expression 
level of CEA (Figure 5A-D). The results indicat-
ed that the efficacy of 125I particle implantation 
therapy was negatively correlated with the level 
of CEA in treating LAC patients. 

The level of cytokeratin 19 fragments (CYFRA 
21-1) expression in advanced LSCC patients 
was not related to the efficacy of 125I particle 
implantation therapy

As shown in Table 5, when compared the level 
of CYFRA 21-1 expression on various clinical 
parameters between before implantation ther-
apy and after, there was no a statistical signifi-
cance (P>0.05). In addition, when we only com-

Table 3. Relationship between efficacy of 125I particles implantation therapy and clinical-pathological 
features of NSCLC

Items Groups

Measurement of tumors by CT scan (cm)

N
The maximum diameter + the maxi-
mum vertical diameter (mean ± SD) DF T value P value

Before implantation After implantation
Gender Male 37 7.07±2.11 3.53±2.05 36 15.618 <0.001

Female 19 6.51±2.60 3.13±2.27 18 18.715 <0.001
Smoking Yes 20 7.09±2.56 3.54±2.62 19 15.556 <0.001

No 36 6.76±2.14 3.32±1.81 35 15.222 <0.001
Histology LAC 34 6.80±2.20 3.15±1.91 33 16.080 <0.001

LSCC 22 7.01±2.35 3.78±2.39 21 14.065 <0.001
Pathologic grade Poor 20 7.01±2.57 3.53±2.53 19 15.014 <0.001

Moderate and Well 36 6.81±2.14 3.32±1.88 35 15.154 <0.001
Lymphatic metastasis Yes 40 6.86±2.08 3.39±1.98 39 16.995 <0.001

No 16 6.91±2.81 3.41±2.48 15 12.368 <0.001
TNM stage III 33 6.67±2.11 3.38±1.94 32 18.376 <0.001

IV 23 7.18±2.53 3.43±2.38 22 12.216 <0.001
NSCLC, non-small cell lung cancer; SD, standard deviation; DF, degree of free; LAC, adenocarcinoma of the lung; LSCC, squa-
mous cell carcinoma of the lung; TNM, Tumor-Node-Metastasis Staging system.
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pared the level of CYFRA 21-1 between various 
clinical parameters before the 125I particle 
implantation therapy or after, it still did not 
show the statistical difference (P>0.05). These 
results suggested that the efficacy of 125I parti-
cle implantation therapy for treating LSCC 
patients was not related to the level of CYFRA 
21-1 expression.

Effect of 125I particle implantation therapy on 
advanced NSCLC patient survival

We further analyzed the impact of 125I particle 
implantation therapy on the survival of patients 
with advanced NSCLC. Valid survival data was 
obtained from all 56 patients. Of the 56 
patients, 23 patients had a survival time of 

Discussion

NSCLC is one of the most common malignan-
cies and is the leading cause of cancer-related 
deaths in China [17]. Unfortunately, in China, 
the majority of NSCLC patients are diagnosed 
at an advanced stage of disease. At this point, 
most of the treatments can not be given due to 
the poor physique of the patient, such as surgi-
cal removal and chemotherapy. Stereotactic 
body radiotherapy (SBRT), which is character-
ized by high dose and low frequency of treat-
ment, has become one of the treatments for 
NSCLC patients who can not be surgically treat-
ed in recent years [18]. In particular, in recent 
years, the 125I particle implantation therapy  
has gradually been applied clinically and has 

Figure 4. Correlation between different clinico-pathological features and the 
efficacy of 125I particles implantation therapy. (A) Whether in male patients 
(P<0.001) or in women patients (P<0.001); (B) whether in patients with 
smoking (P<0.001) or non-smokers (P<0.001); (C) whether in LAC patients 
(P<0.001) or LSCC patients (P<0.001); (D) whether in patients with poor dif-
ferentiation cancer (P<0.001) or moderate and well differentiation patients 
(P<0.001); (E) whether in patients with lymphatic metastasis (P<0.001) or 
those without lymphatic metastasis (P<0.001) and (F) whether in patients 
at III stage (P<0.001) or IV stage (P<0.001), the 125I particles implantation 
therapy all showed an obvious inhibition efficacy on the local growth of 
NSCLC; Before, before the 125I particles implantation therapy; After, after the 
125I particles implantation therapy; LAC, lung adenocarcinoma; LSCC, lung 
squamous cell carcinoma.

more than one year (one-year 
survival rate was 41.1%). 
Twenty-two of 56 patients sur-
vived for more than 2 years, 
and the 2-year survival rate 
was 39.3%. Finally, among the 
56 patients, the 3-year sur-
vival rate even also reached 
19.6% (11/56) (Figure 5E). 

Side effects and complica-
tions of 125I particle implanta-
tion therapy

As shown in Figure 5F, no sig-
nificant hemorrhage occurr- 
ed at the puncture site of  
the patient during operation. 
However, pneumothorax was 
found in 2 cases (3.5%) and 
compression of lung tissue 
was 5%~20%, but there was 
no obvious symptom of short-
ness of breath in patients and 
the pneumothorax was obvi-
ously absorbed after conser-
vative treatment (high con-
centrations of inhaled oxygen) 
in two weeks. In addition, 
eight patients (14.3%) had s 
symptom of fever, the degree 
of fever was mild to moderate. 
After symptomatic treatment, 
the fever disappeared in a few 
days. Especially, postopera-
tive imaging follow-up did not 
find that particles migrated 
from implantation site.
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Table 4. Relationship between efficacy of 125I particles implantation therapy and clinical-pathological 
features of NSCLC

Items Groups
Measurement of tumors by CT scan (cm)

N The degree of tumor reduction 
(mean ± SD) DF T value P value

Gender Male 37 3.53±1.37 54 0.466 0.643
Female 19 3.37±0.93

Smoking Yes 20 3.55±1.02 54 -0.303 0.763
No 36 3.44±1.35

Histology LAC 34 3.64±1.32 54 1.256 0.215
LSCC 22 3.22±1.07

Pathologic grade Poor 20 3.47±1.03 54 -0.032 0.975
Moderate and Well 36 3.48±1.35

Lymphatic metastasis Yes 40 3.47±1.29 54 0.068 0.946
No 16 3.50±1.13

TNM stage III 33 3.29±1.03 54 1.361 0.179
IV 23 3.75±1.47

NSCLC, non-small cell lung cancer; SD, standard deviation; DF, degree of free; LAC, adenocarcinoma of the lung; LSCC, squa-
mous cell carcinoma of the lung; TNM, Tumor-Node-Metastasis Staging system.

Table 5. Impact of 125I particles implantation therapy on serum levels of CEA and CYFRA 21-1 in treat-
ing NSCLC

Items Groups

Level of CEA for LAC Level of CYFRA 21-1 for LSCC

N
M ± SD (ng/ml)

T P value N
M ± SD (ng/ml)

T P valueBefore of 
therapy

After of 
therapy

Before of 
therapy

After of 
therapy

Smoking Yes 10 35.87±32.44 18.61±15.44 1.588 0.046 10 34.85±26.02 17.46±14.13 1.858 0.080

No 24 56.03±40.94 24.83±17.68 3.427 0.001 12 30.17±30.10 18.13±19.80 1.058 0.302

T 1.383 -0.967 0.484 -0.090

P value 0.176 0.341 0.632 0.929

Pathologic grade Poor 15 59.44±44.83 28.67±17.45 2.477 0.020 5 19.16±10.81 9.02±5.26 1.886 0.096

Moderate and well 19 42.73±33.68 18.54±15.79 2.835 0.007 17 37.08±32.19 20.42±18.54 1.849 0.074

T 1.242 1.773 -1.206 -1.337

P value 0.223 0.086 0.242 0.196

Lymphatic metastasis Yes 24 46.65±38.59 21.71±16.02 2.920 0.005 16 33.26±27.92 17.63±17.22 1.905 0.066

No 10 58.39±41.72 26.12±19.93 2.207 0.041 6 32.34±36.29 18.34±18.23 0.844 0.418

T -0.790 -0.681 0.064 -0.085

P value 0.435 0.501 0.950 0.933

TNM stage III 17 47.51±36.42 20.66±17.85 2.729 0.010 16 36.49±33.15 20.15±19.11 1.708 0.098

IV 17 52.69±42.89 25.35±16.46 2.453 0.020 6 23.71±14.74 11.63±7.93 1.767 0.108

T -0.380 -0.797 0.901 1.046

P value 0.707 0.431 0.378 0.308
CEA, carcinoembryonic antigen; CYFRA 21-1, cytokeratin 19 fragments; LAC, lung adenocarcinoma; LSCC, lung squamous cell carcinoma; TNM, Tumor-Node-
Metastasis Staging system.

achieved certain therapeutic effects. We con-
ducted a retrospective study in order to dis-
close the short-term efficacy, feasibility and 
safety of 125I particle implantation in the treat-
ment of NSCLC. Our research data showed that 
the 125I particles implantation therapy had a 
better tumor local control rate, which respond-
ed an ORR of 55.4% and DCR of 98.2%. 

Because the patients included in our study all 
belonged to advanced stage of disease (III and 
IV). We believe CT-guided 125I particle implanta-
tion therapy appears to be ideally suited for 
patients who can not afford surgery and che-
motherapy, suggesting that this method espe-
cially is suited to the patients with advanced 
disease. A new study showed that the intraop-
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erative implantation of 125I particles during R2 
resection of NSCLC may be a safer and more 
reliable method to reduce the local recurrence 
rate compared with conventional radiotherapy 
and the overall survival rate of patients in the 
125I seed implantation group was higher com-
pared with the postoperative radiotherapy 
group [19]. Patients with advanced NSCLC have 
limited options for treatment because the prog-
ress of the disease and physical deterioration, 
the emergence of 125I particle implantation 
therapy undoubtedly bring a new help to these 
patients.

In order to accurately reflect the effect of treat-
ment, we measured the size of NSCLC lesions 
before the 125I particles implantation the- 
rapy and after six months of implantation. We 
found that, no matter the maximum diameter of 
the tumor or the maximum vertical diameter, 
they all displayed an obvious reduction. Es- 
pecially, we analysed the correlation between 
the different clinico-pathological features and 
the efficacy of 125I particles implantation th- 
erapy and found that the 125I particles im- 

plantation therapy could inhibit the local grow- 
th of advanced NSCLC patients in any cli- 
nical state. We also further determined the  
correlation between the different clinico- 
pathological features and the degree of tumor 
lesion reduction treated through treating by 125I 
particles implantation. The results suggested 
that NSCLC patients of different clinical fea-
tures all benefited from 125I particles implanta-
tion therapy, indicating that any advanced 
NSCLC patient, as long as the physical condi-
tion is acceptable, all can choose it as an alter-
native treatment. Recent basic research points 
out CT-guided 125I particle implantation therapy 
markedly suppressed rabbit VX2 transplant- 
ed tumor cell proliferation, promoted tumor 
regression, induced tumor cell apoptosis, re- 
duced Bcl-2 expression, and up-regulated Bax 
expression level, suggesting that CT-guided 125I 
particle implantation therapy can inhibit tumor 
proliferation and growth by regulating the 
expression of apoptosis-related genes and pro-
teins [7]. Of the patients we treated, the largest 
lung lesion was 7.5 × 5.1 cm and the smallest 
is 1.8 × 1.5 cm. We did not find the size of the 

Figure 5. Impact of 125I particle implantation therapy on the expression of CEA in LAC, on the survival rate, complica-
tions and side effects of patients with advanced NSCLC. (A) As to LAC patients, whether in patients with smoking 
(P=0.046) or non-smokers (P=0.001); (B) whether in patients with poor differentiation cancer (P=0.020) or moder-
ate and well differentiation patients (P=0.007); (C) whether in patients with poor differentiation cancer (P=0.020) 
or moderate and well differentiation patients (P=0.007); and (D) whether in patients at III stage (P=0.010) or IV 
stage (P-0.020), the 125I particles implantation therapy all down-regulated the expression level of CEA; (E) Of the 56 
patients, One year survival rate was 41.1% the 2-year survival rate was 39.3%, the 3-year survival rate even reached 
19.6%; (F) No significant hemorrhage occurred at the puncture site of the patient during operation; occurence rate 
of the pneumothorax and the fever was 3.5% and 14.3%; NSCLC, non-small cell lung cancer; LAC, lung adenocar-
cinoma; CEA, carcinoembryonic antigen; Before, before the 125I particles implantation therapy; After, after the 125I 
particles implantation therapy.
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lesion has an effect on the efficacy of 125I par-
ticle implantation therapy. Due to the limited 
number of patients we included in this study, 
we can not give a positive answer to this phe-
nomenon and further research is still needed in 
the future.

Carcinoembryonic antigen (CEA) is the earliest 
serum tumor marker for the diagnosis of LAC. It 
is a complex acid glycoprotein, which is pro-
duced by normal embryonic tissues and gradu-
ally disappears after birth. Only very low expres-
sion can be detected in the body [17]. Some 
studies have pointed out that CEA can be used 
as an indicator for treatment efficacy evalua-
tion and prognosis in LAC patients [20, 21]. In 
our study, we investigated whether the 125I par-
ticle implantation therapy affects the level of 
serum CEA expression in LAC patients and 
found that the efficacy of 125I particle implanta-
tion therapy was negatively correlated with the 
level of CEA in treating LAC patients, which 
directly demonstrated that the 125I particle 
implantation therapy down-regulated the CEA 
expression level of LAC patients. In other words, 
the better the efficacy of 125I particle implanta-
tion therapy, the lower the level of CEA, which 
means that CEA can be used as a predictor of 
treatment outcome for treating LAC patients by 
the 125I particle implantation therapy. However, 
in analyzing the relationship between the effi-
cacy of 125I particle implantation therapy and 
CYFRA 21-1 in LSCC patients, we found that the 
efficacy of 125I particle implantation therapy 
was not related to the level of CYFRA 21-1 
expression in LSCC patients. The CYFRA 21-1 
has been reported to be expressed in histologi-
cal types of NSCLC, especially in LSCC. Now the 
CYFRA 21-1 assay has been developed for the 
detection in serum and one study even shows 
that the CYFRA 21-1 level was higher in pleural 
effusion of LSCC patients than that in LAC 
patients [22]. Similarly, this conclusion can not 
be affirmed due to the limited sample size of 
this study and further large sample research is 
still needed in the future.

Analysis of survival data for patients undergo-
ing the 125I particle implantation therapy 
showed that 1 year, 2 years, 3 years survival 
rates were 41.1%, 39.3% and 19.6% after the 
125I particle implantation therapy. Survival does 
not seem to be as expected. We thought that 
the possible causes included: (1) most patients 
could not tolerate chemotherapy or were not 

suitable for targeted drug therapy due to their 
physical condition, so only received the 125I par-
ticle implantation therapy. Although the local 
lesion control was better, pulmonary metasta-
sis or distant metastasis had taken place, thus 
cutting down the patient’s survival time; (2) 
because the patients included in our study all 
belonged to advanced stage of disease (III and 
IV), which also affected the survival of patients; 
(3) the number of patients in this study was 
less, the result would inevitably have a possibil-
ity of bias. Previous study reports that the com-
bination of chemoradiotherapy with 125I par- 
ticle implantation obtains a higher local con- 
trol rate and better quality of life than when 
using chemoradiatherapy alone [23]. Moreover, 
CT-guided radioactive seed 125I implantation 
has been found to be effective and safety in 
treating metastatic lymph nodes, with mini- 
mal damage and few complications [24]. 
Radioactive seed implantation has its unique 
advantages, but also has many risks. Percu- 
taneous implantation of radioactive particles 
may cause adverse reactions such as pneumo-
thorax, hemothorax, hemoptysis and particle 
translocation. In our study, no significant hem-
orrhage occurred at the puncture site of the 
patient during operation. Although pneumotho-
rax was found in 2 cases (3.5%) and eight 
patients (14.3%) had symptom of fever. After 
symptomatic treatment, the above abnormity 
gradually improved. In our study, the patients 
had no serious complications such as severe 
bleeding and cardiopulmonary failure, which 
further illustrated that the 125I particle implan-
tation therapy is safe and effective. The limita-
tion of this study is mainly that the number of 
patients included in the study was small, so the 
future clinical studies require a larger sample 
size and long-term follow-up to confirm our 
conclusions.

Conclusions

In summary, the 125I particle implantation ther-
apy significantly inhibited the local growth of 
advanced NSCLC, suggesting a better dis- 
ease control rate. Moreover, the therapy of  
125I particle implantation down-regulated the 
CEA expression level of LAC patients, indicating 
that CEA can be used as an efficacy predictor 
of this therapy. After the 125I particle implanta-
tion therapy, the 1 year, 2 years, 3 years sur-
vival rates of patients were 41.1%, 39.3% and 
19.6% respectively. Especially, this treatment 
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did not show obvious complications and side 
effects.
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