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Abstract
Purpose: To evaluate the e�cacy and safety of 125I seeds implantation for lymph nodes metastasis
(LNM) from radioactive iodine-refractory differentiated thyroid carcinoma (RAIR-DTC), and to verify the
computer three-dimensional treatment planning system (TPS) from the dosimetry accuracy in assisting
seeds implantation to treat LNM.

Methods and materials: Retrospective analysis was performed on 17 RAIR-DTC patients with LNM
admitted to the General Hospital of Northern Theater Command from December 2016 to January 2019 (8
males, 9 females, median age 58 years). All patients underwent preoperative TPS planning design, CT-
guided puncture and 125I seeds implantation (seed activity 14.8-25.9 MBq). The dosimetric results of
postoperative validation were compared with those of preoperative planning, including the dosimetric
parameters such as target volume before and after surgery and the dose received by 90% and 100% gross
tumor volume (GTV) (D90, D100),the percentage of GTV receiving 100% and 150% prescription dose
(V100, V150), homogeneity index (HI). All patients underwent CT after 6 months to compare the LNM
size, serum thyroglobulin (Tg) level, and the improvement of complications before and after treatment.
E�cacies were divided into complete remission (CR), partial remission (PR), stable disease (SD),
progressive disease (PD). Paired t test or Wilcoxon signed rank test were used to analyze the data.

Results: Among 17 patients, a total of 226 125I radioactive seeds were implanted. Among them, 1
achieved CR, 10 achieved PR, 4 were with SD, 2 were with PD. The median diameter of LNM was
1.40(0.65, 3.05) cm before treatment and 0.40(0.21 0.91) cm 6 months after treatment (z=-3.95, P<0.05).
The median Tg before treatment was 23.50(20.94,72.92) μg/L and 8.90(3.20,40.22) μg/L 6 months after
treatment (z=-5.009, P<0.001); Tg antibody were all negative. There were 90.90% (20/22) of patients had
slightly lower D90 than the rescription dose ((12 378.8±3 182.0) vs (12 497.8±1 686.4) cGy; t=0.251,
P>0.05). The postoperative dose parameters D100 and V150 ((6 881.5±1 381.8) cGy, (58.5±18.40)%)
were both lower than that of preoperative plan ((8 085.8±2 330.0) cGy, (66.5±17.70)%; t values: 8.913,
3.032, both P<0.05), and there was no signi�cant differences in the number of implanted particles, PTV,
V100 and HI (t/Z =-0.593,-1.604,1.493,-0.663, respectively, all P>0.05).

Conclusion: According to the TPS preoperative plan, 125I seeds implantation for treating RAIR-DTC LNM
can achieve the expected dose distribution, and the short-term tumor local control is effective. It is a safe
and effective treatment method.

Introduction
Thyroid carcinoma is one of the most common malignant tumors in the endocrine system, and
differentiated thyroid carcinoma (DTC) accounts for about 90% [1]. Most DTC surgeries supplemented
with postoperative thyroid stimulating hormone (TSH) suppression or radioactive iodine (RAI) treatment
have a good prognosis, but some tumor cells lose iodine capacity or decrease the expression of TSH
receptors, forming radioactive iodine-refractory differentiated thyroid carcinoma (RAI-refractory DTC,
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RAIR-DTC), the 10-year survival rate of this part of patients is less than 10% [2]. Finding an effective
treatment for RAIR-DTC has always been a hot topic in the �eld of thyroid cancer. At present, the
commonly used methods for the treatment of RAIR-DTC include targeted drug therapy, local reoperation,
chemotherapy, external radiation therapy, immunotherapy, gene therapy, etc. Part of lymph node
metastases are often due to hidden locations or limitations of important anatomical structures (such as
main trachea, large blood vessels, etc.), causing patients to lose the opportunity for surgery. In recent
years, radioactive seed implantation has been widely used in the local treatment of malignant tumors.
Considering that dose distribution is the most direct and important factor affecting the e�cacy of seed
implantation [3], A reasonable pre-implantation plan can be carried out according to the treatment
planning system (TPS) to achieve the expected dose distribution. This study explored the short-term
e�cacy and adverse effects of 125I seed implantation in the treatment of RAIR-DTC withlymph node
metastases, and we compared the preoperative and postoperative dosimetry results of the computerized
three-dimensional TPS-assisted seed implantation therapy, and evaluated the accuracy of the technology
in guiding the dose distribution of seed implantation therapy.

Materials And Methods

Research object 
A total of 17 RAIR-DTC patients with lymph node metastasis who were hospitalized at the Northern
Theater Command General Hospital and received 125I seed implantation from December 2016 to
January 2019 were collected, including 8 males and 9 females, with a median age of 58 years. The range
was 22 to 70 years old andall ofthemwere digonisedaspapillary thyroid carcinoma (PTC). 22 metastatic
lymph nodes were diagnosed pathologically by needle biopsy, of which 5 patients had 2 lymph node
metastases, 12 cases of them has 1 lymph node metastasis. Each patient took 131I with a cumulative
dose of >22.2 GBq and received 125I seed implantation at least half a year after 131I treatment. (This
study was reviewed and approved by the Medical Ethics Committee of our hospital, and all patients
signed an informed consent form.)Inclusion criteria: (1) Complete thyroidectomy or near-total resection
before operation, according to functional neck dissection and extended radical resection of cervical
lymph nodes, con�rmed by pathology as DTC metastasis, it was identi�ed as RAIR-DTC according to the
2015 American Thyroid Association (ATA) guidelines [4]; (2) WBC count≥3.5×109/L, Hb≥90 g/L,
prothrombin activity>40 %, PLT 100×109/L, normal electrocardiogram, serum alanine aminotransferase
and serum aspartate aminotransferase in liver function test Enzyme value does not exceed 3 times the
normal upper limit; (3) Karnofsky performance status (KPS) scor≥70, with detailed clinicopathological
data and follow-up data, survival time of more than 1 year; (4) no further transfer. Exclusion criteria: (1)
Thyroglobulin antibody (TgAb) positive; (2) Severe heart, lung, liver and kidney dysfunction; (3) Severe
coagulation dysfunction; (4) General condition is very poor or cachexia. 
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Instrument 
A 64-slice CT with Discovery VCT PET/CT produced by GE in the United States was used for routine
scanning. The implant gun and the push thimble are �at-head general-purpose types produced by
Zhejiang Xiangshan Jinheng Machinery Manufacturing Co., Ltd. The 15-20 cm×18 G puncture needle
produced by Yako Co.; Ltd. is used. The particle TPS is provided by Beijing Feitian Zhaoye Technology
Co., Ltd. The 125I radioactive particle source is produced by Beijing Atom Technology Co., Ltd. The
particle length is 4.5 mm, the diameter is 0.8 mm, and the fully enclosed titanium shell. The particle
activity is 14.8-25.9 MBq, the half-life is 59.6 d, and the tissue penetration distance is 17 mm. Steam
sterilization. The whole body 131I imaging adopts the Symbia T16 SPECT/CT instrument of Siemens
company in Germany. Five items of thyroid function (free triiodothyronine, free thyroxine, TSH, TgAb, anti-
thyroid peroxidase autoantibody) and thyroglobulin (Tg) are detected by chemiluminescence method.
The instrument and kit are composed of Soling Diagnostics (Italy) Co., Ltd. provides: Soling-LIAISON
Chemiluminescence Analyzer, Soling-LIAISON Kit. 

Preparation before surgery 
Complete various laboratory tests before surgery, including blood routine, ABO and RH blood types,
coagulation, liver and kidney function, four items of infectious diseases, �ve items of thyroid function, Tg,
electrocardiogram, etc.; inform patients and their families complications and precautions that may occur
during and after the operation and sign the informed consent; Stopdrinking for 2~4 hours before local
anesthesia, establishing thevenous access; performing breathing training to reduce the intervention
caused by the patient’s respiratory activity during the operation Implant deviation; patients with pain
intolerance can be given tramadol analgesia (oral 50-100 mg/time) 30 min before surgery, and codeine
phosphate tablets (oral, 15-30 mg/time) can be given for irritation cough. 

TPS plan 
Import the enhanced or plain CT scan images 1 week before the operation into the TPS system for
design, avoiding important tissues and organs (such as large blood vessels, heart, spinal cord, etc.) as
much as possible. Delineate the gross tumor volume (GTV) and planning target volume (PTV). The PTV
range includes the tumor itself and surrounding tissues that may in�ltrate (such as burr signs around the
tumor). Set an appropriate prescription dose of 110~140 Gy and particle activity (14.8~25.9 MBq) [5],
follow the principle of 0.5~1.0 cm between particles, 1 cm between needle tracks, Making 90% of GTV
received prescription dose (D90)> matched peripheral dose (matched peripheral dose, MPD), and then
calculate the number of particles and particle source distribution to simulate the best way to enter the
needle. Obtain the preoperative planning parameters D90, D100, the volume percentage (V100, V150) of
100% and 150% of the prescribed dose received by GTV, and the dose-volume histogram (DVH). 
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Intraoperative operations 
Select different positions according to the lesion location, place an external positioning grating on the
skin area corresponding to the lesion, select the puncture point by CT scan, and intramuscularly inject 2%
lidocaine for local in�ltration anesthesia, determine the depth and angle of the puncture path, and follow
the TPS plan Needle cloth layer by layer. During the operation, the position and direction of the implanted
needle were adjusted according to the CT scan, so that the depth of the needle into the lesion was
through the center of the tumor and 0.5 cm from the edge of the tumor. Then, one particle was implanted
every 0.5 to 1.0 cm in the backward way, and the particles were supplemented from the periphery to the
center, and the needle was placed again referring to the position of the implanted needle, and the
intraoperative real-time optimization until the implantation was completed. Care should be taken to avoid
important blood vessels and nerves during implantation. During the operation, the patient's heart rate,
blood pressure, respiration and blood oxygen saturation were monitored. At the same time, the patient's
consciousness, pain, breathing, cough, hemoptysis and other conditions were observed, and timely
symptomatic treatment was performed. After the operation is completed, press the puncture point for 10-
20 minutes. 

Post-operative veri�cation plan 
After the operation is completed, the CT images are immediately transferred to TPS for postoperative
veri�cation and particle identi�cation, and D90, D100, V100, V150, DVH, and homogeneity index (HI) are
counted. HI=(VT, ref-VT, 1.5ref)/VT, ref, VT, ref, VT, 1.5ref is the volume of the target area receiving the
prescribed dose, and the volume of the target area receiving 150% of the prescribed dose (cm3); Larger,
indicating that the target dose distribution is more uniform [6]. 

Postoperative review and short-term e�cacy evaluation 
(1) E�cacy judgment. Neck color Doppler ultrasound and neck CT were reviewed before treatment and 6
months after treatment to evaluate the effect of 125I seed implantation. According to the solid tumor
e�cacy evaluation standard (Response Evaluation Criteria in Solid Tumors, RECIST) 1.1 for e�cacy
evaluation [7]. Complete remission (CR): The lesion completely disappeared, and there is no imaging
suggestion of recurrence, tumor residual and metastasis, or only 125I particle metallic shadow; Partial
remission (PR): The sum of the short diameter of the target lesion is at least The baseline short diameter
of the lesion (the sum of the smallest diameters measured before treatment) was reduced by 30%; stable
disease (SD): those who did not meet the criteria for either PR or progressive disease (PD); PD : Based on
the minimum sum of the short diameters of the target lesions during the entire study, the diameter sum
increased by ≥20%; or the absolute value of the diameter sum increased by ≥5 mm (the appearance of
one or more new lesions is also regarded as PD).(2) Adverse reactions. After the operation, closely
observe whether the patient has adverse reactions such as bleeding, hematoma, particle displacement,
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needle implantation, etc., and refer to the United States Tumor Radiotherapy Cooperation
Group/European Organization for Research and Treatment of Cancer (Radiation Therapy Oncology
Group/European Organization for Research and Treatment of Cancer). (RTOG/EORTC) Acute Radiation
Response Scoring Standard evaluates skin radiation damage caused by radioactive seed implantation
[8], observes and evaluates complications during operation, postoperative and follow-up. 

Statistical analysis 
Use IBM SPSS 19.0 software to process data. Quantitative data conforming to the normal distribution are
expressed as ±s, quantitative data not conforming to the normal distribution are expressed as M (P25,
P75); qualitative data are expressed as frequency or percentage. The quantitative data before and after
treatment were compared by paired t test or Wilcoxon signed rank test. P<0.05 indicates that the
difference is statistically signi�cant.

Results
A total of 22 lesions in 17 patients were successfully performed seed implantation, with a single particle
activity of 14.8-25.9 MBq and a total of 226 implants. The number of seeds implanted in the 20 lesions
was consistent with the distribution of the TPS plan, and the coincidence rate was 90.90% (20/22). 2
lesions were not implanted as planned due to the patient's body movement and the closeness of the
tumor to the anatomical structure of the large blood vessels in the neck.

After 6 months of follow-up examination, 1 case was CR, 10 cases were PR, 4 cases were SD, and 2 cases
were PD. The median diameter of lymph node metastases before treatment was 1.4 (0.6 10.60.65, 3.05)
cm, and after 6 months of treatment, it was 0.4 (0.2 4.70.21,0.91) cm (z=-3.95, P<0.05); treatment The
median Tg in the last 6 months was 8.90(3.20,40.22) μg/L, which was signi�cantly lower than the
median Tg [23.50(20.94,72.92) μg/L] before treatment (z=-5.009, P<0.001); TgAb were all Negative. After
treatment, 3 patients with hoarseness and 5 patients with local tenderness were signi�cantly relieved.

According to the TPS design, the 125I seed implantation basically achieved the expected dose
distribution (Table 1). 90.90% (20/22) of the patients had D90 slightly lower than the prescribed dose, but
the difference was not statistically signi�cant (t=0.251, P>0.05). In terms of dosimetry indicators, D100
and V150 were lower than the preoperative plan (t value: 8.913, 3.032, both P<0.05); the number of
implanted particles, PTV, V100, HI were not statistically signi�cant (t/Z = -0.593, -1.64, 1.493, -0.663, all
P>0.05). Figure 1 shows a typical patient image.

Table 1 

Dose validation results before and after 22 lesion particle implantation procedures in 17 patients with
iodine-refractory differentiated thyroid cancer 
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Time Pre-
operative

planning

Post-operative
veri�cation

T/Z P

Number of implanted
particles[grain;M(P25,P75)]

15.5
2.0~32.0

14.5 2.0~30.0 Z
=-0.593

P=0.553>0.05

PTV[cm3 M(P25,P75)] 1.4
0.6~9.8

1.4 0.6~10.6 Z
=-1.604

P=0.109>0.05

D90 cGy;x±s 12 

497.8±1
686.4

12 

378.8±3 182.0

t
=0.251

P=0.402>0.05

D100 cGy;x±s 8 

085.8±2
330.0

6 

881.5±1 381.8

t
=8.913

P=0.013<0.05

V150 %;x±s 66.5±17.70 58.5±18.40 t
=3.032

P=0.035<0.05

V100 %;x±s 94.5±8.27 92.2±14.3 t
=1.493

P=0.161>0.05

HI[M(P25,P75)] 0.3
0.2~0.4

0.4 0.3~0.5 Z
=-0.663

P=0.508>0.05

Table1: D90 and D100 are the prescribed doses received by 90% and 100% of the gross tumor volume
(GTV), HI is the uniformity index, PTV is the planned target volume, and V100 and V150 are the
percentages of the GTV receiving 100% and 150% of the prescribed dose respectively.

No serious bleeding or vascular embolism occurred during the operation. One case had a small amount
of bleeding at the surgical site during the operation, which was relieved after intravenous injection of
hemostatic drugs and compression to stop the bleeding; 2 cases had a skin reaction grade II reaction,
which was improved after anti-in�ammatory and external application of drugs, and no radioactive
particles migrated to other tissues or organs Case.

Discussion
Cervical lymph node metastasis is the most common after PTC. Lymph node metastases are mostly
located near the large blood vessels in the neck, around the trachea, and near the important nerves. The
rapid growth of the tumor will cause invasion of the surrounding adjacent tissues. Patients often
experience facial edema, pain, and voice. Clinical symptoms such as hoarseness and numbness. In
recent years, the advantages of 125I particle therapy have been gradually explored clinically. 125I
continuously attenuates between tissues and releases 27.4 31.4 keV X-rays and 35.5 keV γ-rays [9],
among which γ-rays directly ionize tumor DNA single-strand or double-strand breaks, and X-rays generate
oxygen free from indirect ionization. Base inactivation of tumor cells [10-11]. In addition, 125I particles
act on some cancer cells in the quiescent phase (G0) phase, making them transformed into proliferation
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phase (G2 and M phase) cells that are easily killed after entering the division phase [10-11]. Recently,
Chen Wei et al. [12] performed 125I particle therapy on 15 patients with neck recurrence after DTC. The
volume reduction rate was (83.5±16.9)% after 12 months, and the postoperative serum Tg was 4.9 (0.7,
13.2) μg/L, which is signi�cantly lower than preoperative [57.0(8.6, 114.8) μg/L], 22 high-enhancement
lesions turned into low- or no-enhancement lesions, suggesting that the implantation of 125I particles in
neck lesions has a large scope of application and strong operability , Good tolerance. In this study, 17
patients received 125I seed implantation, including 1 CR, 10 PR, and 4 SD. After treatment, the size and Tg
of the lesion were signi�cantly lower than those before surgery, which were similar to the results of
previous studies [13]. After treatment, the symptoms of 3 cases of hoarseness and 5 cases of local
tenderness were signi�cantly relieved. In this study, a �xed head rest or a body membrane was used to
avoid and reduce patient displacement during the implantation process. The results of this study show
that 125I radioactive particle therapy is minimally invasive, safe, and can signi�cantly improve the quality
of life of patients in the short term.

Dosage determination is an important part of 125I seed implantation. Before TPS, the ideal dose
distribution is automatically designed according to the tumor boundary, important tissue location,
prescription dose, particle activity, etc., after the operation, the target area dose and the prescription dose
are veri�ed after the operation. Errors etc. evaluate the quality of radioactive seed implantation. In this
study, according to the "Speci�cations for the Clinical Application of Radioactive Particles in Tumor
Therapy", the prescribed dose of radiotherapy was set to 110-140 Gy [5]. If the dose is too small, the
purpose of killing the tumor will not be achieved; if the dose is too large, it will Cause damage to normal
tissues and organs around the lesion. In this study, D90, V100, HI and other dosimetry parameters were
not statistically signi�cant before and after surgery, and D90 reached (12 378.8±3 182.0) cGy and V100
reached (92.2±14.3)% after surgery, indicating that radioactive seed implantation The expected plan
distribution is basically achieved, and the dosimetry requirements can be better met according to the TPS
preoperative plan. However, the HI before and after the operation in this study was low, and the
postoperative veri�cation V150 was more than 50%, suggesting that the dose distribution in the target
area is uneven and the volume of the high-dose area is too large. Analyze the possible reasons for the
error: (1) Postoperative changes in the size of the lesion and rapid reduction of edema around the lesion
accelerate the dispersion and regression of radiation doseand reduce the conformation index of the dose
distribution within the lesion [14-19]; and The veri�cation dose is not the actual absorbed dose of the
tumor. In this study, the postoperative veri�cation time was within 24 hours. Local tissue edema that did
not resolve within a short period of time after surgery would affect the assessment of the biological
effect dose [18]; (2) due to postoperative CT Artifacts, imaging of a particle on two levels and overlapping
of some particles make it di�cult to identify the precise position of the particle, leading to a deviation in
the postoperative veri�cation and measurement dose; (3) The density of the tumor is different due to
hemorrhage or necrosis due to particle radiation effects. This produces a change in particle position. In
addition, postoperative veri�cation found that 2 patients had progressed to the target lesion about 4
months after implantation treatment. Further research found that their postoperative D90 was
signi�cantly lower than the prescribed dose planned before surgery. The main considerations are as
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follows: (1)2 The structure of the operation area was disordered, and the patient’s age was too old, and
the neck tissue was soft, which made implantation deviations during the operation; (2) Before and after
the operation, the local muscles contracted due to posture examination, intraoperative anesthesia, and
puncture stimulation. The shape of the volume changes.

RAIR-DTC lymph node metastasis is mostly close to the body surface, and the γ-rays released by 125I
particles can cause DNA double-strand breaks and affect skin cell metabolism [20]. Two patients in this
study developed painful erythema, pigmentation after 1 week of anti-in�ammatory treatment, and no skin
ulceration. The analysis was due to multiple lesions being super�cial and close to each other. With the
elimination of tumor tissue in the coverage area, particles occurred Caused by the formation of local "hot
spots" after aggregation. This suggests that when implanting particles, the distance between the particles
and the skin surface should be at least 1 cm, and the activity and number of particles should be
appropriately reduced according to the anatomical part of the lesion.

In summary, 125I seed implantation for the treatment of RAIR-DTC lymph node metastasis has the
advantages of good curative effect and fewer complications. The use of TPS can make the target dose
conformity better, effectively kill the tumor and better protect the surrounding normal tissues. However,
this study is a single-center retrospective study with a small sample size and a short follow-up period. It is
necessary to expand the sample size and analyze the effects of factors such as dose and tumor size on
the e�cacy to provide better guidance for the standardized diagnosis and treatment of 125I particles.
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Figure 1

131I SPECT/CT imaging of a patient with 131I refractory differentiated thyroid cancer with metastasis to
the left neck lymph node (male, 37 years old) before and after 125I seed implantation (the cross and the
arrow show the lesion). A. 131I SPECT/CT neck fusion imaging showed no iodine uptake in the left
cervical lymph node metastases; B. Treatment planning system (TPS) preoperative needle placement; C.
Reexamination of the left cervical lymph node 6 months after treatment Signi�cantly shrink, particle
aggregation, local skin pigmentation


