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Abstract
Background: The treatment of recurrent mediastinal lymph node metastasis
(MLNMs) is challenging. We conducted this study to evaluate the effectiveness and
safety of computed tomography (CT)-guided percutaneous iodine-125 brachytherapy
for MLNMs.
Methods: We retrospectively analyzed 33 patients with recurrent MLNMs treated
with CT-guided interstitial implantation of iodine-125 seeds. Regular contrast-
enhanced CT was conducted to evaluate the tumor response. Follow-up survival, qual-
ity of life, and adverse events were analyzed.
Results: The number of implanted seeds was 16–85 (median, 40). The matched
peripheral dose was 110–160 Gy. The patients were followed up for 5–24 months
(median, 14 months). At the last follow-up or death, complete response to therapy
was achieved in 11 patients (33.3%) and partial response in 18 patients (54.5%). The
median survival time of this cohort was 15.2 months (95% confidence interval [CI],
9.9–20.5 months); the estimated one- and two-year survival rates were 68.6% and
31.1%, respectively. The Karnofsky performance score increased significantly after the
procedure (p = 0.007). Pneumothorax with pulmonary compression of 30% to 40%
occurred in five (15.2%) patients and was cured after drainage. No severe complica-
tions occurred.
Conclusions: CT-guided iodine-125 brachytherapy provided a safe and effective
choice for recurrent mediastinal lymph node metastasis with significant local thera-
peutic effects and minor complications, especially for patients who were not eligible
for surgical resection and had failed to benefit from systemic therapy.
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INTRODUCTION

Thoracic cancer and other malignancies often lead to medi-
astinal lymph node metastasis (MLNMs).1,2 Approximately
25%–35% of patients with early lung cancer who underwent
surgical resection presented with MLNMs.3 Recurrence is
considered the major prognostic factor for patients with
esophageal cancer, non-small cell lung cancer (NSCLC), and
thyroid cancer.2,4,5 Moreover, recurrent MLNMs are more
likely to compress the proximal critical structures and cause
severe symptoms such as pain, dysphagia, dyspnea, and

superior vena cava syndrome.6 Longer survival may be
predicted after effective treatment of lymph node recur-
rence.7 The treatment of MLNMs is challenging, given their
specific location and the modality of previous multiple ther-
apies, such as surgery, chemotherapy, and radiation.2,8

Currently, there is no standard treatment approach
for recurrent MLNMs. Surgical salvage can be infeasible
due to the unstable physical condition of the patient,
or the involvement of proximal critical organs.9

Chemoradiotherapy is recommended by the National Com-
prehensive Cancer Network (NCCN) for recurrent MLNMs,
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but the efficacy is not promising.10,11 Iodine-125 brachyther-
apy has been considered a standard therapy for prostate car-
cinoma and is also used to treat various tumors with
adequate efficacy.12–14 However, there are few reports
regarding iodine-125 brachytherapy for recurrent MLNMs,
and the clinical value of this therapy needs to be further
evaluated. Therefore, we conducted this study to evaluate
the effectiveness and safety of iodine-125 brachytherapy for
the treatment of recurrent MLNMs to provide an alternative
therapy for these difficult cases.

METHODS

Patients

This study was conducted in accordance with the Declara-
tion of Helsinki. This study was approved by the Institu-
tional Ethics Committee of our hospital. Written informed
consent forms were provided and signed by the patients or
their authorized trustees. A total of 62 patients were diag-
nosed with recurrent MLNMs between March 2017 and
September 2019 in our hospital. Of the 62 patients,
15 patients declined iodine-125 brachytherapy. Seven
patients were excluded because the primary tumor was con-
sidered uncontrollable (n = 3), or the patient had severe car-
diac dysfunction (n = 2), uncontrolled coagulation
dysfunction (n = 1), or a poor Karnofsky performance score
(n = 1). Seven patients were lost to follow-up. A total of
33 patients were included in the final data analysis. All
33 patients (14 men and 19 women; mean age, 64 years;
range, 43–81 years) had primary tumors of the following
origins: lung cancer (n = 18), esophageal cancer (n = 9),
hepatocellular carcinoma (n = 4), and gastric cancer (n = 2).
All patients had surgical treatment to remove the primary
tumor combined with systemic therapy (in 24 patients) or
with radiotherapy plus systemic therapy (in nine patients).
Symptoms reported included coughing in 16 patients, short-
ness of breath in 14 patients, pain in 11 patients, and
hoarseness in five patients. Additionally, six patients pres-
ented with superior vena cava syndrome.

The initial diagnosis of MLNMs was made using
contrast-enhanced computed tomography (CECT). The
description of MLNMs was based on the international
lymph node map of lung cancer developed by International
Association for the Study of Lung Cancer (IASLC).15 A total
of 30 patients underwent CT-guided needle biopsy to obtain
histological evidence of metastasis before undergoing
iodine-125 brachytherapy. The other three patients refused
biopsy and received iodine-125 brachytherapy based on
diagnostic imaging and clinical features. The mean size of
the MLNMs was 3.8 ± 1.5 cm (range, 1.4–7.4 cm) with the
largest diameter. Baseline clinical characteristics of the
33 patients are shown in Table 1.

Inclusion criteria for this study included patients: (i) with
solitary mediastinal lymph node metastasis with a short-axis
diameter larger than 1.0 cm, (ii) no other evidence of

recurrence, except the MLNMs, (iii) who were not eligible for
surgery after a multidisciplinary comprehensive evaluation,
and (iv) with MLNMs that were proven to have no response
to systemic therapy (including chemotherapy, immunother-
apy, or molecular targeted therapy) or radiation therapy.

Exclusion criteria for this study included patients with:
(i) malignant tumors involving other systems or other sites
(excluding MLNMs), (ii) an expected survival time ≤ 3 months,
(iii) a Karnofsky Performance Score (KPS) < 60, (iv) severe dys-
function of the liver, kidney, or coagulation system, and
(v) severe cardiovascular and/or cerebrovascular disease.

Iodine-125 seeds

The iodine-125 seeds (Chinese Jaco Pharmaceuticals Co.,
Ltd.) used in this study were cylindrical and 4.5 mm long

TAB L E 1 Baseline characteristics of the patients and mediastinal
lymph node metastasis (MLNMs)

Variables Datum

Patients 33

Age (years)

Mean 53.6 ± 12.4

Range 33–75

Sex

Male 14 (42.4%)

Female 19 (57.6%)

Site of MLNMs

Upper mediastinal 13 (39.4%)

Paraaortic 5 (15.2%)

Lower mediastinal 11 (33.3%)

N1 4 (12.1%)

Original tumor

Lung cancer 18 (54.5%)

Esophageal cancer 9 (27.3%)

Hepatocelluar carcinoma 4 (12.1%)

Gastric cancer 2 (6.1%)

Prior treatments

Surgery 33(100%)

System therapy 33(100%)

Radiotherapy 9(27.3%)

Tumor size (cm)

Mean 3.8 ± 1.5

Range 1.4–7.4

Symptoms

Cough 16 (48.5%)

Shortness of breath 14 (42.4%)

Pain 11 (33.3%)

Superior vena cava syndrome 6 (18.2%)

Hoarseness 5 (15.2%)
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with a diameter of 0.8 mm. The seed activity was 0.6 mCi
and had a half-life of 59.6 days. The tissue half-value layer
was 1.7 cm. The seeds continued to decay and release low-
dose γ-rays (5% of 35 keV) to target the tumor. About 93%–
97% of the energy of the seed was delivered into the tumor
after 8–10 months.

Preoperative planning

Contrast-enhanced CT (General Electric Medical System)
was performed of the area of interest less than seven days
before seed implantation. A treatment planning system
(TPS) (Beijing University of Aeronautics and Astronautics)
was used to develop a treatment plan. A specialized medical
physicist and radiologist delineated the planning target vol-
ume (PTV) of target MLNMs together in every slice. PTV
was obtained by applying 5 mm of expansion to the gross
target volume (GTV). The matched peripheral dose (MPD)
was prescribed as 110–160 Gy. For the nine patients who
had prior radiotherapy, such factors as time interval since
previous radiotherapy and previous dose to the adjacent risk
organs were considered in the TPS plan. If the interval was
less than three months, previous dose and iodine-125
brachytherapy dose were converted to biologically effective
doses (BEDs). For external radiotherapy, BED was calcu-
lated according to the formula: BED = Nd[1 + d/(α/β)]; for
iodine-125 brachytherapy, BED was calculated according to
the formula: BED = D[1 + R0/(μ + λ) (α/β)]. In these formu-
las, N is number of fractions, d is dose/ fraction (Gy), D is
total dose, R0 is initial dose rate, μ is cell repair constant, λ is
radionuclide decay constant; assuming α/β value of 10 for
acute toxicities, and assuming α/β value of 3.0 for late toxic-
ities. The TPS plan was made based on the summation of
BEDs. Dose constraints of normal tissue were based on the
Radiation Therapy Oncology Group (RTOG) 0236 and 0813
guidelines. The information including the dose-volume his-
togram (DVH), number of seeds implanted, and isodose
curves was acquired from the TPS. The entry position and
approach of the applicator were determined based on the
location of the MLNMs in order to avoid injury to the sur-
rounding vital tissue.

Procedure

The procedures were performed under intravenous anesthesia
with dexmedetomidine combined with local anesthesia using
lidocaine. The appropriate position of the patient was fixed
based on the preoperative plan using a vacuum cushion. The
entry site of the applicator was marked according to the plan.
Then, 18-gauge coaxial needles (Hakko Co., Ltd.) were punc-
tured into the target, and the tips were inserted into the distal
edge of the lesion under CT guidance. Iodine-125 seeds were
implanted into the tumor with a clip implant applicator
(Chinese Jaco Pharmaceuticals Co., Ltd.) in compliance with
the TPS plan. Repeat CT scans were performed immediately

after the implantation to verify the placement and dose distri-
bution and ensure that no complications occurred. Supplemen-
tary seeds were implanted into the cold area where the dose
was measured as inadequate. All iodine-125 brachytherapy was
carried out by the interventional radiologists who had more
than 10 years of experience. After implantation, the patients
were clothed with a radiation protection pad (containing
0.25 mmPb) and transferred to a ward separate from other
wards. These patients were required to be more than 75 cm
away from the vulnerable population, including pregnant
women and children for six months after being discharged.16

Follow-up and study endpoints

Follow-up CECT was conducted at one month after the pro-
cedure, three months after the procedure, and then every
three months thereafter. The primary endpoint of this study
was the objective response rate (ORR). The secondary end-
points included the clinical benefit response (CBR), overall
survival (OS), and incidence of adverse events. The objective
response rate (ORR) was defined as the proportion of patients
achieving complete response (CR) and partial response (PR).
The therapeutic effectiveness of iodine-125 brachytherapy
was assessed based on the Response Evaluation Criteria in
Solid Tumors Version 1.1.17 The CBR was evaluated
according to the KPS score, with a positive CBR indicating an
improvement in the patient’s functional impairment.18 Over-
all survival (OS) was defined as the time between the date of
iodine-125 brachytherapy and the last follow-up or death.
Adverse reactions were assessed according to the new classifi-
cation of the Society of Interventional Radiology.19

Statistical analysis

The data analysis was performed using SPSS (version 24;
SPSS). Continuous variables were expressed as the
mean ± SD. Comparisons of KPS before and after the proce-
dure were performed using the Mann–Whitney U test. Sur-
vival analysis was assessed by Kaplan–Meier methods. A p-
value <0.05 was considered to be of statistical significance.

RESULTS

Iodine-125 implantation and dosimetry
description

A total of 30 patients underwent one brachytherapy session
followed by a postoperative dose evaluation. The other three
patients received supplemental seed implantation to meet
the TPS criteria. A median number of 40 (range 16–85)
iodine-125 seeds were implanted with a median MPD of
130 Gy (range 110–160 Gy) and median dose 90 (D90, min-
imum absorbed dose at 90% target volume) of 146 Gy
(range, 118.7–155.3 Gy).
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F I G U R E 1 Case 1. (a) Contrast enhanced computed tomography (CT) showed mediastinal metastatic lymph node recurrence from lung cancer after
surgery and systemic therapy. The superior vena cava (triangle) and right bronchus (arrow) were compressed. (b) Multiple 18 gauge needles were inserted
into the tumor accurately under CT guidance. (c) Iodine-125 seeds were implanted into the tumor with satisfactory distribution. (d) A CT scan six months
after brachytherapy showed that the tumor had disappeared and the compressed superior vena cava (triangle) and right bronchus (arrow) were relieved

F I G U R E 2 Case 2. (a) CT image showed recurrence of mediastinal metastatic lymph nodes. (b) Multiple 18 gauge needles were inserted into the lesion.
(c) Iodine-125 seeds were implanted into tumors via the 18 gauge needles. (d) Follow-up CT scan six months later showed that the metastatic lymph nodes
had disappeared and the iodine-125 seeds were gathered together
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Tumor response and overall survival

The patients were followed for 5–24 months (median,
14 months). At the last follow-up or death, complete
response was achieved in 11 patients (33.3%) (Figures 1 and
2) and partial response in 18 patients (54.5%). The ORR in
this group was 87.8%. A total of 19 patients died during
follow-up, with a median time from brachytherapy to death
of 11.8 months (3.6–21.4 months). The main cause of death
was multiple metastases. The median survival time of this
cohort was 15.2 months (95% CI: 9.9–20.5 months); the esti-
mated one- and two-year survival rates were 68.6% and
31.1%, respectively (Figure 3).

Clinical benefit response

Patients obtained a varying degree of alleviation of symp-
toms in cough (75%, 12/16), shortness of breath (71.4%,
11/14), pain (63.6%, 7/11), those relating to superior vena
cava syndrome (66.7%, 4/6), and hoarseness (40%, 2/5). The

KPS increased significantly after iodine-125 brachytherapy,
which indicated that the patients had a positive CBR
(P = 0.007) (Table 2).

F I G U R E 3 Kaplan–Meier overall
survival of iodine-125 seeds
brachytherapy for recurrent mediastinal
lymph node metastasis. The median
survival time was 15.2 months (95% CI:
9.9–20.5 months); the estimated one-
year and two-year survival rates were
68.6% and 31.1%, respectively

T A B L E 2 Change of Karnofsky physical score

Karnofsky physical score

p-value100 90 80 70 60

Before 0 (0/33) 6 (2/33) 21 (7/33) 45 (15/33) 27 (9/33) 0.007*

After 0 (0/33) 21 (7/33) 42 (14/33) 21 (7/33) 15 (5/33)

Note: Data are presented as % (cases).
*Mann–Whitney U test.

TAB L E 3 Adverse events related to iodine-125 brachytherapy for
mediastinal lymph node metastasis (MLNMs)

Complications No. of complications

Mild adverse events

Pneumothorax 11 (33.3%)

Hemoptysis 12 (36.4%)

Local hematoma 4 (12.1%)

Seeds displacement 2 (6.1%)

Moderate adverse events

Pneumothorax 5 (15.2%)

Severe adverse events 0

Disabling adverse events 0

Deaths 0
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Adverse events

Mild and moderate pneumothorax occurred in 16 (48.5%)
patients. A total of 11 (33.3%) of the 16 patients had mild
pneumothorax and did not need therapy. The other five
(15.2%) patients with mild cases were cured after drainage.
Mild hemoptysis occurred in 12 (36.4%) patients but had
resolved two days after the procedure without intervention.
Mild local hematoma in the lung related to needle puncture
occurred in four (12.1%) patients. Two (6.1%) patients pres-
ented with seed displacement. No radiation pneumonitis or
esophagitis was observed. No severe complications such as
significant hemorrhaging occurred. The aforementioned
adverse events related to iodine-125 brachytherapy are sum-
marized in Table 3.

DISCUSSION

Mediastinal lymph nodes are common sites of metastases
for malignant tumors.3 A total of 79 % of lung cancer cases
are diagnosed after regional lymph nodes or distal organ
involvement.20 MLNMs are the major form of locoregional
recurrence and are independent predictors of overall
survival.7,21 The standard therapy for recurrent MLNMs
recommended by NCCN guidelines is concurrent
chemoradiation and systemic therapy.22 However, for
patients in which chemoradiotherapy and systemic therapy
were unsuccessful or could not be tolerated, no clear effec-
tive treatment option has existed, other than supportive
treatment. In the present prospective study, CT-guided
iodine-125 brachytherapy achieved encouraging results in
regards to both efficacy and safety for this patient group.

Iodine-125 brachytherapy was first utilized for head and
neck tumors in 2002 and is mainly used to treat prostate
cancer in the West.23 Evidence of clinical value of this ther-
apy has emerged rapidly in the treatment of lung cancer,
pancreatic cancer, liver tumors, and other solid
tumors.13,14,24 A significant advantage of iodine-125 brachy-
therapy compared with external radiotherapy is the higher
dose delivered to the tumor, which is associated with a bet-
ter local control rate. It is considered to be an ablative dose
if the biological effective dose is more than 100 Gy.25 In this
study, MPD of 130 Gy and median D90 of 146 Gy were
achieved with iodine-125 brachytherapy for MLNMs. An
encouraging local control rate was found with an ORR of
87.8% in these 33 patients, which was better than that
reported using conventional radiotherapy.26 Moreover, our
results appeared to be in line with those of previous studies.
Lin et al. treated 13 patients with recurrent MLNMs using
iodine-125 brachytherapy, and the ORR was 100%
(CR 85.7%, PR 14.3%).27 Gao et al.28 and Liu et al.29 also
showed promising therapeutic effects for the treatment of
MLNMs using this therapy. Wang et al. found that iodine-
125 implantation provides a better local control rate and
quality compared with second-line chemotherapy for
NSCLC after failure of first-line chemotherapy.30 We believe

that brachytherapy may be an alternative therapeutic modal-
ity that would provide a remarkable improvement for
MLNMs, especially for patients who are ineligible for sur-
gery or continued to progress after system therapy or radia-
tion therapy.

A total of 22 of these 33 patients died during follow-up
in this study, although the ORR was high. The main cause
of death was multiple metastases. The reason for this could
be that iodine-125 brachytherapy was a local treatment
modality, but was not systemically treating other malignan-
cies. Concomitant or sequential effective systemic therapy
should be applied to improve overall survival. Potentially
synergistic effects of iodine-125 brachytherapy and other
therapies is possible. Li et al. found that the combination of
iodine-125 and lobaplatin could be a better therapy for
hepatocellular carcinoma.31 A meta-analysis including 1 188
cases showed that the combination of iodine-125 brachy-
therapy and chemotherapy significantly improved the OS
and clinical efficacy for advanced NSCLC with no difference
in complications.32 Sui et al. reported encouraging results
using iodine-125 brachytherapy and anti-PD-1 antibodies
for lung cancer.33

The key to success of iodine-125 brachytherapy for
MLNMs was the accurate placement of the needles and
seeds according to the preoperative plan. The complex
mediastinal anatomy, especially the vital organs, such as the
aorta, pulmonary artery and vein, and esophagus, must be
taken into account when planning the puncture path and
performing the procedure.

Unintended injury of these vital structures could lead to
serious complications such as a massive hemorrhage. We
performed iodine-125 seed implantation under CT guid-
ance, which helped display the tumor volume, the surround-
ing vital organs, the needles, and the distribution of iodine-
125 seeds clearly, allowing accurate insertion or adjustment
of needles, proper implantation of the seeds, and reduction
of the risk of injury to important organs. For MLNMs adja-
cent to the esophagus, the stomach tube was intubated to
distinguish the tumor from normal tissue. Tissue deforma-
tion and tumor distortion during needle insertion and
retraction should be concerned to prevent misplaced
seeds.34

Pneumothorax and hemoptysis are common adverse
events in transpulmonary puncture procedures. Haramati
et al. performed CT-guided needle biopsy through the lung
in 79 cases and pneumothorax occurred in 36 (46%) cases.35

The complication rate of pneumothorax in this study was
48.5% (16/33). However, 68.8% (11/16) of the pneumotho-
rax was mild and the fluid absorbed by itself. Hemoptysis
and local hematoma were attributed to lung injury, which
occurred with numerous punctures through the lungs. No
radiation injury complications such as radiation pneumonia
and/or esophagitis were found in any of the included
patients, which was consistent with the results reported by
Gao et al.28 We encountered no massive bleeding or other
severe complications during the procedure and follow-up,
indicating the adequate safety of this procedure.
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Common symptoms for patients with MLNMs include
cough, shortness of breath, pain, superior vena cava syn-
drome, and hoarseness. These symptoms can seriously affect
the patient’s quality of life. It has been reported that these
symptoms may be improved with palliative radiotherapy.36

In our study, more than half of the patients acquired posi-
tive CBR and continuous alleviation of symptoms during
follow-up, which indicated that iodine-125 brachytherapy
offered substantial control of MLNMs. This finding is con-
sistent with the results reported by Wang et al. who also
used iodine-125 seed implantation for lymph node
metastasis.37

This study had several limitations. First, the number of
patients included was relatively small. A study of a larger
cohort should be conducted in the future to confirm our
findings. Finally, this study is a single-arm study with a lack
of parallel controls, and only external historical data can be
compared to evaluate the safety and efficacy of this method.
It is difficult to obtain historical research data that is
completely consistent with the current study design,
resulting in a bias in evaluating the results.

In conclusion, CT-guided iodine-125 brachytherapy pro-
vided a safe and effective choice for recurrent MLNMs with
significant local therapeutic effect and minor complications.
This therapy may especially benefit patients who are not eli-
gible for surgical resection and/or fail to benefit from sys-
temic therapy.
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