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Abstract: 125I seed implantation brachytherapy (ISIB) is the preferred treatment for prostate cancer. Is ISIB techni-
cally suitable for glottic carcinoma (GC)? This question has not been answered in the literature; thus, the present 
study was carried out to evaluate the feasibility and effect of ISIB on GC in animal and clinical studies. An animal 
model of Tu-212 cell laryngeal carcinoma xenografts (n = 20 animals) underwent ISIB treatments [experimental 
group (EG) using 0.8-mCi/seed, control group (CG) using 0-mCi/seed]; at 4 weeks, haematoxylin-eosin (HE) stain-
ing was performed, and the mRNA and protein expression of Bax, Bcl-2 and PCNA was analysed. Moreover, thirty 
healthy beagle dogs underwent ISIB under CT guidance (EG, 0.8 mCi/seed, CG, 0 mCi/seed), and injuries to the 
normal tissue were analysed by HE and Masson staining at 2, 4, and 8 weeks. Finally, twenty-one GC patients (T2-
3N0M0) underwent percutaneous ISIB at a mean prescription dose of 116.8 Gy; the technical success, complica-
tions, local tumour response, voice quality, local progression and overall survival were analysed. The results showed 
that the xenograft tumours were significantly inhibited in the EG. The Bax protein levels were significantly increased 
in this group (P<0.05), while the Bcl-2 and PCNA protein levels were decreased (P<0.05). Moreover, the glottic injury 
scores increased with the dose accumulation (P<0.05), while the adjacent tissue did not show pathohistological 
injury, and the routine blood tests showed no change between the pre-treatment baseline levels and the levels 2, 4, 
or 8 weeks later (P>0.05). The clinical study found that the rate of technical success was 100% with no procedure-
related complications; furthermore, complete response was achieved in all patients, and no local progression oc-
curred. All patients survived and showed improvements in their voice quality (P<0.05) during the follow-up period 
(median 23.5 months). The results show that ISIB is a safe and effective treatment for GC; randomized controlled 
trials are needed to further evaluate its clinical efficacy.
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Introduction

Laryngocarcinoma is a common malignant 
tumour of the head and neck; epidemiological 
studies show that the incidence of this disease 
is 7.0-16.2/100,000 in North America and 
Europe and 1.5-3.4/100,000 in China [1]. 
Laryngocarcinoma can occur in all areas of the 
larynx, and the most common site is the glottis; 
glottic carcinoma (GC) accounts for approxi-
mately 60% of all laryngocarcinoma cases [2]. 
Total or partial laryngectomy is a major surgical 
procedure used for the treatment of laryngeal 
cancer; the former procedure involves the 
removal of the hyoid bone and all laryngeal 
structures, resulting in the complete loss of 
laryngeal function and, thus, a poor quality of 

life (QoL) [3]. The latter procedure can preserve 
the function of the larynx to some extent, re- 
sulting in a better QoL than the former proce-
dure, but the indications need to be strictly  
controlled, and the choice of treatment is espe-
cially difficult in elderly patients who have con-
traindications to anaesthesia or refuse surgical 
treatment [4]. Traditional external radiotherapy 
is the main treatment used for early or localized 
advanced laryngeal carcinoma but carries a 
risk of several common complications, such as 
irradiation-induced ridge myelitis, gland secre-
tion disorder, hypothyroidism, peripheral skin 
injury and laryngeal oedema; moreover, this 
approach requires a long radiotherapy cycle 
(60-70 Gy/6-7 weeks) that is costly to adminis-
ter [5]. Therefore, a new therapy is urgently 
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needed to replace or supplement the existing 
therapies to promote functionality and improve 
patients’ QoL.

Over the past 30 years, with the emergence of 
the computerized three-dimensional treatment 
planning system (TPS) and the development of 
modern imaging technology, 125I seed implanta-
tion brachytherapy (ISIB) has become widely 
used in the clinical treatment of several types 
of cancer, including prostate cancer [6], glioma 
[7], lung cancer [8], and pancreatic cancer [9]. 
ISIB has the advantages of a simple operation, 
sustainable low-dose effects, low damage to 
surrounding tissues, and easy protection from 
radiation exposure for medical staff and pa- 
tients. Moreover, most cases of GC are squa-
mous cell carcinoma, which is sensitive to 125I 
brachytherapy. Therefore, ISIB is theoretically 
feasible for GC. To the best of our knowledge, 
the use of ISIB for GC has not been reported; 
therefore, this experimental and clinical pilot 
study evaluated the feasibility of ISIB for GC.

Materials and methods

125I seeds

Radioactive 125I seeds (Saide Biological Te- 
chnology Co., Ltd., Tianjin, China) were gener-
ated by laser welding of an external titanium 
alloy to a silver rod with an 125I seed inside, 
yielding a cylinder with a length of 4.8 mm, a 
diameter of 0.8 mm, and a titanium shell thick-
ness of 0.05 mm. The average energy was 27.5 
keV, the half-life was 59.4-60.2 days, and the 
radiation distance was 1.7 cm. In the animal 
experiments, 0.8 mCi/seed (29.6 MBq) was 
used in the experimental group (EG), and 0 
mCi/seed (0 MBq) was used in the control 
group (CG). The implantation instrument was a 
set consisting of an 18 G puncture needle and 
a thimble.

Animal study I

Cell lines and cell culture: A human laryngeal 
carcinoma cell line (Tu-212) was purchased 
from Guangzhou Genio Biotechnology Co., Ltd. 
The cells were cultured in DMEM containing 
10% foetal bovine serum and 1% penicillin/
streptomycin dual antibiotic solution in a 5% 
CO2 incubator at 37°C. The cells were passaged 
after reaching 80-90% coverage.

Construction of the animal model: Tu-212 laryn-
geal cancer cells in the logarithmic growth 
phase were digested with trypsin and resus-
pended in DMEM. The cell concentration was 
adjusted to 1×107/ml. A 0.2 ml volume of cell 
suspension was injected subcutaneously using 
a 1 ml sterile syringe into 20 nude mice (4-6 
weeks old, weight 16-18 g). The growth of the 
xenograft tumours was observed every other 
day, and the time of tumour formation was 
recorded. At 3-4 weeks after the cell suspen-
sion inoculation, the tumour size was approxi-
mately 7-9 mm, and the 20 animals, all of which 
bore tumours, were randomly divided into the 
following two groups: EG (n = 10) and CG (n = 
10).

125I seed implantation brachytherapy (ISIB): 
The mice were anaesthetized with pentobarbi-
tal sodium, and the animals in the EG and CG 
underwent ISIB with two 0.80-mCi seeds and 
two 0-mCi seeds, respectively. The nude mice 
were singly housed in cages spaced more than 
30 cm apart to prevent the cross-contamina-
tion of the 125I radiation effects across the ani-
mals. Four weeks after the implantation of the 
125I seeds, the nude mice were killed by decapi-
tation. In an ultra-clean surgical field, each 
tumour was removed with ophthalmic scissors, 
stripped of fat and calcifications, and weighed. 
The positions of the 125I seeds in the tumour 
were observed; then, the seeds were removed, 
stored in a lead box, and disposed of according 
to the relevant regulations. One part of each 
tumour was fixed with 4% paraformaldehyde 
solution for the HE staining and immunohisto-
chemistry, and the other part was stored at 
-80°C for the qRT-PCR and Western blot 
analyses.

RNA extraction and qRT-PCR: The total RNA 
was extracted with TRIzol reagent (TaKaRa), 
and cDNA was synthesized by reverse tran-
scription using PrimeScript™ RT Master Mix 
(TaKaRa) according to the manufacturer’s 
instructions. The levels of GAPDH, Bax, Bcl-2 
and PCNA were detected by qRT-PCR using 
SYBR@ Premix Ex TaqTM (Roche). The results 
were normalized to the expression of GAPDH. 
The primer sequences were synthesized by 
Sangon (Table 1). The relative expression levels 
of Bax, Bcl-2 and PCNA were quantitatively cal-
culated by the 2-ΔΔCT method.
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Western blot (WB) analysis

The proteins were extracted from the tumour 
tissues using RIPA lysis buffer supplemented 
with protease inhibitors. The proteins were sep-
arated by SDS-PAGE. After electrophoresis, the 
protein bands were transferred to PVDF mem-
branes (Solarbio). The PVDF membranes were 
blocked with 5% skim milk and incubated over-
night at 4°C with the following primary antibod-
ies: rabbit anti-Bax (1:2000, Sanying), rabbit 
anti-Bcl-2 (1:2000, Sanying), rabbit anti-PCNA 
(1:2000, Sanying), and rabbit anti-GAPDH 
(1:2000, Sanying). Subsequently, the mem-
branes were incubated with the appropriate 
goat anti-rabbit IgG secondary antibodies (1: 
5000, Affinity) for 1 hour. An enhanced chemi-
luminescence (ECL) detection reagent (Santa 
Cruz) was added to the membranes to detect 
the signals. GAPDH was used as a loading con-
trol. The greyscale values of the protein bands 
were analysed using ImageJ.

Immunohistochemistry

The immunohistochemistry results were anal-
ysed in a semi-quantitative manner. The soft-
ware ImageJ (version 1.52a, https://imagej.nih.
gov/ij/) and the image analysis plug-in IHC 
Profiler (https://sourceforge.net/projects/ihc- 
profiler/) were used. The staining intensity was 
evaluated using a four-point scale as follows: 1, 
none; 2, weak; 3, moderate; and 4, strong. The 
following calculation formula was used: Score = 
[(Number of pixels in a zone) × (Score of the 
zone)]/(Total number of pixels in the image).

Animal study II

Animals and groups: The animal study was 
approved by the Institutional Animal Care and 
Use Committee of Zhengzhou University. Thirty 

normal beagle dogs (half males and half 
females, weighing 15-16 kg) were randomly 
divided into the EG (10 animals, 0.8 mCi/seed) 
and CG (10 animals, 0 mCi/seed) and under-
went ISIB under CT guidance (Brilliance16, 
Philips, the Netherlands).

125I seed implantation brachytherapy (ISIB)

Each animal was anaesthetized by an intrave-
nous injection of 3% pentobarbital sodium (30-
35 mg/kg). After successful general anaesthe-
sia, the animal was placed in the supine 
position with the head and neck fixed in place 
using a special head fixator of our own design. 
After local disinfection and local anaesthesia, 
an 18 G needle was inserted into one of the 
two normal vocal cords under CT guidance 
(Figure 4). The 125I seeds were implanted at 
intervals of 5 mm. A treatment planning system 
(TPS) was used to calculate the local cumula-
tive dose, and the prescription dose applied in 
the EG was 100 Gy.

General observations

The dogs’ throats were dissected at exactly 2, 
4, and 8 weeks after the operation. The local 
mucosa was observed to detect bleeding, per-
foration, rupture and ulceration, and photo-
graphs were obtained.

HE and Masson staining

The vocal cord specimens were collected 2, 4, 
and 8 weeks after the operation. The speci-
mens were fixed with formalin and sent for HE 
staining. The histological scoring standards are 
listed in Table 2. To further characterize any 
fibrosis, Masson staining was performed.

Clinical study

Patients: This study was approved by the ethics 
committee of the First Affiliated Hospital of 
Zhengzhou University (2016-ky-339). Twenty-
one patients with GC (T2-3N0M0) were treated 
by percutaneous ISIB with a prescription dose 
of 120 Gy. The inclusion criteria were as fol-
lows: (1) age within the range of 18-80 years; 
(2) ECOG score ≤ 2; (3) refusal to undergo  
surgical treatment; (4) local tumour stage 
T2-3N0M0; (5) normal heart, liver and lung 
function; (6) requirement for laryngeal preser-
vation treatment; and (7) voluntary participa-

Table 1. List of primer sequences
Gene Primer sequence
Bax Forward GCGACTGATGTCCCTGTCT

Reverse TGAGTGAGGCGGTGAGC
Bcl-2 Forward GCGGATTGACATTTCTGTG

Reverse CATAAGGCAACGATCCCA
PCNA Forward AGTAATGTCGATAAAGAGGAGGAA

Reverse CACCGTTGAAGAGAGTGGAGT
GAPDH Forward GACATCAAGAAGGTGGTGAAGCA

Reverse CATCAAAGGTGGAAGAGTGGGA
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Figure 1. A: Tumours in the 0.8-mCi and 0-mCi 
groups 30 days after ISIB; B: 125I seed in the 
tumour (arrow); C, D: 125I seed dose TPS and 
dose volume histogram, with an absorbed 
dose of 23.06 Gy at 4 weeks; E: HE showing 
local necrosis (marked with a star) near the 
125I seed after 4 weeks of ISIB (×200, bar = 
50 μm); F: Tumour weight comparison be-
tween the 0.8- and 0-mCi groups; G: Tumour 
volume comparison between the 0.8- and 
0-mCi groups; *P<0.05, **P<0.01.
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tion in clinical research and follow-up pro- 
tocols.

C-arm CT-guided ISIB: All patients lay in the 
supine position and underwent intravenous 
anaesthesia combined with laryngeal mask air-
way ventilation while their electrocardiograms 
were monitored. 125I seeds with activity of 0.8 
mCi/seed were implanted into the tumour 
under the guidance of the iGuide virtual naviga-
tion system (Siemens, Artis zeego). The seeds 
were placed at intervals of 5 mm. The TPS was 
used postoperatively to verify the absorbed 
dose. Postoperative single photon emission 
computed tomography (SPECT) was used to 
test the seed dose coverage 3 days after the 
ISIB initiation.

Definition and follow-up: Information regarding 
the clinical features, such as smoking history, 
extent of the tumours, vocal fold closure and 
mobility, and details of ISIB were collected. The 
patients were followed up at 4 months to 
assess the local tumour response, phoniatri-
cian-rated voice quality according to the GRB 
system [grade (G), roughness (R), breathiness 
(B), graded from 0 to 3 (0 = not present, 1 = 
slight disorder, 2 = mild disorder and 3 = severe 
disorder)], and self-reported visual analogue 

scale (VAS) score (from 0 to 100%). CT and 
laryngoscopy were performed every 2 months 
to evaluate the condition of the tumours. The 
patients were followed-up every 3 months after 
achieving a complete response.

Statistical analysis

IBM SPSS statistics 26.0 was used for the data 
analysis. The measurement data are expre- 
ssed as the mean ± SD (standard deviation). 
The qRT-PCR, WB and immunohistochemistry 
results were all obtained using an independent-
sample t-test. For the comparisons of the 
paired numerical data, a paired t-test or a non-
parametric Wilcoxon signed-rank test was 
used. P<0.05 was considered indicative of a 
statistically significant difference. The software 
GraphPad Prism 8 was used to generate the 
graphs.

Results

Iodine 125 particles can inhibit the growth of 
laryngeal carcinoma xenografts and promote 
apoptosis 

The 125I seed dose TPS and dose volume histo-
gram showed that the seed placement could 

Figure 2. A, B: mRNA and protein expression of Bax, Bcl-2 and PCNA in the 0.8- and 0-mCi groups, all of which 
showed significant differences between the groups; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Figure 3. Protein expression of Bax, Bcl-2 and PCNA in the 0.8- and 0-mCi groups, all of which showed significant 
differences between the EG and CG (×200, bar = 50 μm); *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

Figure 4. A: Local disinfection and puncture of a normal vocal cord in a beagle dog; B, C: Four 125I seeds were 
implanted on one side of the normal vocal cord under CT guidance; D-F: TPS dose verification and dose volume 
histogram after ISIB; E: Local radiation damage resulted in mucosal atrophy on the side of the 125I seed, while the 
contralateral side was normal.
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effectively cover the tumour area (Figure 1B-D). 
ISIB significantly inhibited the growth of the 
xenograft tumours (Figure 1A, 1F and 1G). The 
HE staining sections showed that the nuclei of 
the tumour tissues in the CG were large, deeply 
stained, and closely spaced, and numerous 
sites of degeneration and necrosis were ob- 
served in the EG (Figure 1E). The expression of 
Bax, which was analysed by mRNA, WB and 
immunohistochemistry analyses, in the EG was 
higher than that in the CG (all P<0.05), while 
the expression of Bcl-2 and PCNA in the EG  
was lower than that in the CG (all P<0.05) 
(Figures 2 and 3).

ISIB is a safe treatment method

To explore the safety of ISIB, thirty healthy bea-
gle dogs underwent ISIB under CT guidance. 
After ISIB, the animals in the EG showed tran-
sient increased white blood cells (WBCs) on  
day 3 (P<0.05), which returned to the normal 
level at 1, 2, 4, and 8 weeks. The other routine 
blood parameters, such as haemoglobin and 
platelets, were maintained within the normal 
reference ranges in all groups (P>0.05). The 
blood biochemical analysis (including alanine 

aminotransferase, aspartate aminotransfer-
ase, total cholesterol, urea nitrogen, and total 
protein) showed no significant differences on 
day 3 or at 1, 2, 4, or 8 weeks (P>0.05) (Table 
3).

Postoperative SPECT showed precise γ-ray cov-
erage and no seed displacement (Figure 7E). 
The atrophy in the vocal cords on the ISIB side 
decreased in a dose-dependent manner, espe-
cially at 8 weeks. The skin and mucosa showed 
slight and mild irradiation damage, while the 
contralateral vocal cord was completely normal 
(Figure 4).

The injury scores in the EG gradually increased 
over time compared to those in the CG (P< 
0.05) (Table 4). Two weeks after the operation, 
the main manifestations in the EG were epithe-
lial cell rupture and local tissue oedema; at 4 
weeks, granulation tissue hyperplasia and local 
slight fibrosis were observed; and at 8 weeks, 
mild fibrosis and muscle layer thickening were 
observed. Regarding the Masson staining, the 
EG showed slight proliferation of collagen fibres 
and muscle fibres at 2 weeks; slight prolifera-
tion of collagen fibres was observed at 4 weeks; 

Table 2. Histological scoring standards

Index
Score

0 1 2 3
Epithelium detachment None <1/3 1/3-2/3 >2/3
Capillary dilatation and congestion Absent Mild Moderate Marked
Lymphocytic infiltration Absent Focal scattered Focal dense Dense
Neutrophil infiltration Absent Focal scattered Focal dense Dense
Submucosal glands Normal Swelling Atrophy Necrosis
Erythrocyte exudation Absent Mild Moderate Marked
Cartilage necrosis Absent <1/3 1/3-2/3 >2/3

Table 3. Blood indexes of the 0.8-mCi animal group at different time points
Index Baseline 3 days 1 week 2 weeks 4 weeks 8 weeks Reference
RBC (106/μL) 6.53±0.42 7.18±0.39 6.96±0.49 6.35±0.50 6.68±0.75 6.69±0.65 5.57-7.82

WBC (103/μL) 10.50±1.73 14.98±0.98a 11.24±1.43 10.58±2.77 10.64±2.96 10.31±0.69 5.81-14.71

PLT (103/μL) 243.43±94.12 363.98±90.16 316.80±92.04 295.92±85.57 285.41±77.96 293.43±20.73 175.35-484.28

HG (g/dL) 13.86±1.49 14.99±1.14 14.37±1.55 13.41±1.03 13.95±1.44 14.02±0.83 11.95-17.68

ALT (U/L) 29.35±8.13 29.37±4.59 28.56±8.71 28.88±7.76 28.16±8.44 30.27±7.38 14.52-39.85

AST (U/L) 31.78±6.80 32.00±7.00 33.66±7.84 32.35±8.13 32.58±8.02 31.96±3.28 21.32-48.41

TC (mmol/L) 1.40±0.52 1.78±0.74 1.50±0.66 1.48±0.61 1.50±0.60 1.69±0.55 0.31-2.65

UN (mmol/L) 3.87±1.24 3.52±1.18 3.48±0.79 3.32±0.78 3.34±0.96 3.69±1.22 1.98-5.66

TB (g/L) 55.89±2.94 59.48±4.99 58.78±5.10 59.33±3.68 58.36±5.59 56.17±4.22 48.94-65.74
Red blood cell: RBC; white blood cell: WBC; haemoglobin: HG; platelets: PLT; alanine aminotransferase: ALT; aspartate aminotransferase: AST; total cholesterol: TC; urea 
nitrogen: UN; total protein: TB; Pa<0.05, “a” reflects a comparison with the baseline value.



125I seed implantation brachytherapy for glottic carcinoma

1328 Am J Cancer Res 2021;11(4):1321-1334

and the proliferation of the muscle fibres was 
more obvious at 8 weeks (Figure 5) (P<0.05), 
while cartilage, the thyroid gland and muscles 
showed normal structures and no irradiation 
injury at 2, 4, and 8 weeks (Figure 6).

ISIB is an effective treatment for GC

In total, 21 patients with an average age of 
65.3 years (range: 59-82) successfully under-
went ISIB with a technical success rate of  
100% and a maximum tumour diameter of 2.7 
cm (range: 2.0-3.4). In total, 283 radioactive 
seeds (seed activity 0.8 mCi) were implanted, 
with an average of 13.5 seeds per case. The 
average matching dose of TPS was 116.8 Gy 
(range: 100.2-132.5 Gy). A complete response 
was achieved in all patients, and no procedure-
related complications occurred (Figure 8). All 

patients survived without tumour progression 
throughout the follow-up period, which had a 
median duration of 23.5 months (range, 16.0-
32.0). The subjective and objective voice quali-
ty scores significantly improved compared with 
the pretreatment values (P<0.05); more de- 
tailed information is provided in Tables 5 and  
6.

Discussion

The initial chief complaint of most patients with 
GC is aggravated hoarseness as even a small 
GC can affect vocal cord activity, leading 
patients to seek medical advice as early as 
possible [10, 11]. GC can be managed with sur-
gery, transoral endoscopic laser surgery, irradi-
ation alone, or irradiation combined with che-
motherapy (cisplatin and fluorouracil). Many 

Figure 5. HE and Masson staining of vocal cords at different times in the high-activity group. Large white arrow: a 
small amount of inflammatory cell infiltration; large black arrow: epithelial cell rupture and shedding; small black 
arrow: epithelial cell proliferation and protrusion; black five-point star: collagen fibre hyperplasia; white five-point 
star: muscle fibre hyperplasia. HE and Masson staining showing that the radiation injury and fibrosis were gradually 
aggravated (×100, bar = 100 μm).

Figure 6. Cartilage, thyroid gland and muscle showing a normal structure with no irradiation injury at 8 weeks 
(×200, bar = 50 μm).
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factors can influence the treatment plan adopt-
ed by patients, such as the tumour characteris-
tics, general heath, personal preferences, 
anticipated voice quality and costs [12, 13], 
and the core purpose is not only tumour eradi-
cation but also the preservation of laryngeal 
function. Irradiation is recommended as the 
first choice for patients with T2-3N0M0, espe-
cially those with anterior commissure involve-
ment, and the radiotherapy dose in early GC is 
60-70 Gy/6-7 weeks [14, 15]. The radiotherapy 
cycle is long and costly, and patients need to 

return to the hospital over a long period for 
repeated radiotherapy.

An increasing number of animal experiments 
and clinical studies have confirmed that squa-
mous cell carcinoma is sensitive to ISIB [16-
18], and most early GCs are confined to one of 
the two vocal cords. 125I seeds can be implant-
ed percutaneously in a linear distribution along 
the base of the GC to establish an “125I protec-
tion wall” preventing the tumour from progress-
ing below the vocal cord; a similar technique 
has been used for the treatment of tumours 
invading the spinal canal, and this technique 
can significantly reduce the rate of tumour inva-
sion and the risk of paraplegia in such a context 
[19]. Moreover, ISIB is a minimally invasive 
treatment, and patients can return home to 
rest after a single treatment; there is no need 
to return to the hospital for regular long-term 
radiotherapy, which is of great practical signifi-
cance in underdeveloped rural areas with limit-
ed medical resources.

Table 4. Tissue damage scores in each ex-
perimental group at different time points

Group
Injury score

2 weeks 4 weeks 8 weeks
0 mCi 2.00±0.67 2.02±0.59 2.04±0.45
0.8 mCi 2.11±0.74 3.78±0.63a 5.89±1.20b

Pa<0.05, “a” indicates a comparison between the 2- and 
4-week scores; Pb<0.05, “b” indicates a comparison 
between the 4- and 8-week scores.

Figure 7. A, B: C-arm CT guided 125I seed implantation, C, D: Implantation of 10 125I seeds under fluoroscopy; E: The 
positioning of the 125I seeds was confirmed by CT; F: SPECT showing the local nuclide concentration with good dose 
coverage; G, H: TPS dose verification and dose volume histogram.
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Figure 8. (A-F) An 82-year-old male patient with hoarseness and dyspnoea. (A) Preoperative PET showing that the 
local metabolism of the right vocal cord was active and involved the anterior commissure; (B) Preoperative laryngos-
copy; (C, D, F) Laryngoscopy at 2 months (C), 6 months (D) and 12 months (E) postoperatively showing that the local 
tumour completely disappeared after ISIB. (F) PET/CT showing no local metabolism 32 months after the operation. 
(G-I) A 69-year-old male patient with severe hoarseness. (G) Preoperative PET showing active local metabolism in 
the right vocal cord; (H) A GC was located on the right vocal cord; 24 months after ISIB, the tumour curvature was 
no longer visible on laryngoscopy.

Since it is difficult to establish an animal model 
of carcinoma in situ in the vocal cords of dogs, 
the inhibitory effect of 125I was simulated and 
evaluated in normal vocal cords with Tu-212 
xenograft tumours. In animal study I, ISIB sig-
nificantly inhibited the tumours by inducing 
apoptosis and decreasing proliferation as dem-
onstrated by the HE staining, qRT-PCR, WB and 

immunohistochemistry analyses. These results 
are not surprising as the absorbed dose at 4 
weeks was 23.06 Gy according to TPS. In gen-
eral, the greater the cumulative absorbed dose, 
the more obvious the inhibition effect [20]. 
Jiang Yuliang et al. [21] reported that continu-
ous low-dose irradiation of human laryngeal 
carcinoma Hep-2 cells with 125I was more effec-
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Table 6. Comparison of the subjective and objective evaluations of 
the voice quality and vocal fold function at 4 months

Parameter Before ISIB 4 months  
after ISIB P-value

Phoniatrician’s evaluation
    Grade score 2.85±0.72 0.85±0.81 0.00
    Roughness score 2.52±0.81 1.14±0.73 0.00
    Breathiness score 0.42±0.81 0.24±0.44 0.21
Patients’ evaluation (VAS, %) 56.19±13.95 80.00±10.95 0.00
Vocal fold mobility
    Normal 0 6 0.02
    Impaired 21 15
Vocal fold closure 0.02
    Complete 0 6
    Incomplete 21 15

Table 5. Patient information and clinical results
Index Number or %
Total number 21
Sex (male/female) 18/3
Age (mean ± SD, range, years) 65.32±9.11 (59-80)
Number of lesions 21
Location of GC (left/right) 12/9
Max. diameter (mean ± SD, range, cm) 2.72±0.36 (2.0-3.4)
Anterior commissure involvement 14
History
Tobacco/alcohol use 16/17
Clinical manifestation
    Hoarseness 21
    Dry throat 1
    Dyspnoea 3
ECOG score (0/1) 18/3
Technical success 21
Procedure time (mean ± SD, range, min) 30.85±5.74 (21.0-43.0)
Number of seeds 13.47±3.34 (8.0-18.0)
D90 116.77±8.49 (100.2-132.5)
Hospital stay (mean ± SD, range, day) 3.62±0.92 (2.0-5.0)
Cost (dollars) 1752.19±339.21 (1300.0-2605.8)
Major complications 0
Tumour response at 4 months (CR/PR) 21/0
Tumour response at 12 months (CR/PR) 21/0
Follow-up period (months) 23.52±4.64 (16.0-32.0)
Local progression 0

tive than a single high-dose radiotherapy with 
the same radiation dose, indicating that brachy-
therapy may be more effective than single-dose 
radiation in treating GC.

lighter with this treatment than with external 
radiotherapy, enabling better preservation of 
larynx function; however, additional controlled 
animal studies are needed.

Animal study II confirmed 
the safety of ISIB in the 
vocal cords. The absorbed 
dose of radiation from 125I 
was 106.5 Gy in the treated 
normal vocal cord at 8 
weeks. Local vocal cord 
atrophy and various am- 
ounts of mucosal surface 
injury were observed after 
ISIB. The HE and Masson 
staining showed that the 
vocal cord with ISIB gradu-
ally exhibited fibrosis, while 
the contralateral vocal cord 
and other structures within 
2 cm, such as cartilage, 
muscle and the thyroid 
gland, had no irradiation 
injury. The Masson staining 
further revealed the devel-
opment of fibrosis, i.e., the 
proliferation of collagen 
fibres, ultimately followed 
by an increase in muscle 
fibres, which is a phenome-
non whose development 
and evolution require fur-
ther investigation. ISIB-
induced radiation injury to 
the nerves [22], blood ves-
sels [23], trachea [24]  
and other structures has 
been previously investigat-
ed, and all results showed 
slight or no injury to the tar-
get or surrounding organs 
mainly due to the rapid dis-
tance-dependent decline in 
the dose of radiation deliv-
ered by 125I; the dose can 
decreased by more than 
85% within 1.7 cm [25], giv-
ing sufficient time for the 
surrounding normal tissues 
to fully mobilize their own 
repair mechanisms. There- 
fore, the damage is slight, 
and the extent fibrosis 
should theoretically be 
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The local high-dose injury of 125I can focus spe-
cifically on a single vocal cord while protecting 
the surrounding normal organs, which is the 
greatest concern in our clinical practice. 
Transient 192Ir interpolation has been used in  
a pilot study as local brachytherapy for GC, but 
the procedure is very complicated and time 
consuming [26]. In our study, the GC local  
control rate was 100%, with no recurrence, 
indicating that ISIB showed technical advan-
tages over external irradiation or 192Ir brachy-
therapy. The patients’ evaluations showed a 
more favourable outcome than the phoniatri-
cian’s evaluation. The reason may be that the 
aerodynamic measurements are applied only 
to samples of the voice and do not reflect com-
munication with people during daily life. Vocal 
fold mobility and closure also improved com-
pared with their pretreatment values. Con- 
tinuous low-dose radiation resulted in slight to 
mild fibrosis; the fewer scars that are present, 
the better the vibration of the vocal cords, 
which has a great impact on the recovery of 
sound. Mekis J et al. [27] analysed 50 patients 
with T1 GC and compared their voice quality 
before and 3 months after radiotherapy; their 
voice quality significantly improved even within 
this short period, but the extent of the tumour, 
post-irradiation changes, and repeated biop-
sies could adversely influence the voice quality, 
and the conclusions were consistent with our 
conclusions.

During follow-up laryngoscopy, we found that 
after the seed implantation, the treated vocal 
cords of some ISIB recipients atrophied due to 
local radiation damage, while the contralateral 
vocal cords were enlarged by compensatory 
hyperplasia. After 4 months, with the disap-
pearance of the tumour and the rapid decrease 
in the ISIB irradiation dose, the affected vocal 
cord gradually grew again and, in some cases, 
reached the same size as the healthy cold one 
year later, which can improve the preservation 
of larynx functions. Moreover, the cost of ISIB  
is low, at only 1752.2 dollars, and the mean 
hospital stay is 3.6 days (radiotherapy requires 
7 weeks of hospitalization and costs more than 
5000 dollars at our hospital), indicating that 
ISIB represents a major improvement in treat-
ment efficiency. Therefore, we believe that this 
treatment has immense market potential in the 
future.

It is recommended that percutaneous ISIB be 
performed under general anaesthesia with 

laryngeal mask airway ventilation, which can 
prevent severe coughing due to irritation and 
increase the efficacy of the procedure while 
keeping the respiratory tract unobstructed in 
the case of vocal cord oedema or bleeding. In 
addition, hormone dehydration for 3 days after 
ISIB is important for patients with prior dys-
pnoea to reduce postoperative complications 
[28]. Surprisingly, in a clinical pilot study, ISIB 
achieved a 0% rate of local tumour progression 
and no complications; this procedure may be a 
suitable treatment for GC patients under the 
following conditions: (1) the patient refuses  
surgical laryngectomy because of a strong 
desire to preserve laryngeal function; (2) the 
diameter of the laryngeal tumour is 3 cm or 
less, and only one side was involved; (3) the 
patient is unwilling or unable to undergo exter-
nal radiotherapy; (4) the tumour recurs after 
surgical resection; (5) the patient is elderly; or 
(6) the patient is from a low-income family.

Notably, this study also has many shortcom-
ings. The dog model was not a model of GC in 
situ; additionally, the animal experiments used 
only one cell line, i.e., Tu-212. Finally, the hu- 
man study had a short follow-up during and no 
CG. Future randomized controlled studies, 
especially studies comparing ISIB with external 
radiotherapy, have great clinical significance.

In conclusion, ISIB is a safe and effective meth-
od for the treatment of patients with GC; ran-
domized controlled trials are needed to further 
evaluate its clinical efficacy.
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