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Abstract
Background: Thymoma, as a malignant tumor with low incidence, is still recommended to be treated with
surgery. For middle and advanced patients who can not be treated with surgery, it is recommended to use
preoperative radiochemotherapy or chemotherapy. After the tumor regressed, the feasibility of surgical
resection will be evaluated. As a new technique developed in recent years, 3D template CT-guided 125I
seed implantation has achieved effective results in the treatment of a variety of solid tumors.

Case presentation: We report a case of locally advanced giant thymoma (more than 10 cm) who received
3D template CT-guided 125I seed implantation and achieved clinical complete remission.

Conclusions: It suggested that radioactive particle implantation may be a new and effective method for
the nonoperative treatments of thymoma.

Background
Thymomas mostly originate from the thymus epithelial cells, and can be classi�ed into type A, B1, B2, B3,
AB and C according to the different cytological characteristics of tumor cells(1).Type A and AB are
clinically considered as benign thymic tumors with low aggressiveness, while type B1, B2, B3 and C are
malignant thymic tumors with high aggressiveness. The clinical incidence of thymoma is very low.
According to 2016 statistics, the incidence of thymoma in China is about 0.39/100,000 people (2).
Masaoka. Koga staging standard is mainly used at the staging of thymoma. For a thymoma patient,
surgical resection is considered to be the main effective treatment. Studies have shown that the complete
resection of the tumor has a signi�cant impact on the local control of the tumor and the survival of the
patients (3). However, for patients with advanced thymoma who cannot be surgically resected, there are
many therapeutic options, including radiotherapy, chemotherapy, immunotherapy and targeted therapy.
And it is no uni�ed conclusion yet for which one to be the best.

125I radioactive seed implantation is one kind of brachytherapy, which is a new treatment method
developed in modern times and different from traditional radiation therapy. It has achieved effective
results in the treatment of some tumors that are di�cult to resect, relapse and metastasize(4–7). In terms
of the application of thymic tumor, several clinical studies have shown that 125I radioactive seed
implantation has achieved a high objective remission rate for patients with postoperative recurrence (8,
9). Jian Cui et al. (10) made a statistical study of 12 thymoma patients with a bulky mass (> 10cm) in
middle and late stage, and treated them with partial surgical resection combined with 125I implantation,
which signi�cantly reduced the local recurrence rate and improved the curative effect of surgical
treatment. However, thymoma is relatively rare in clinical practice. For patients with initially treated and
unresectable large tumor thymoma, there are few clinical reports on using 125I radioactive seed
implantation alone for treatment. Therefore, we report a case of 125I seed implantation in the treatment
of type A thymoma with a bulky mass.
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Three-dimensional printing (TDP) has been developed in recent years, which is based on digital model
�les. It is an advanced technology to manufacture three-dimensional entities by using powdered metal or
plastic and other adhesive materials. At present, it has been widely used in plastic surgery, orthopedics
and other departments (11–13). Some researchers have applied 3D printing technology to the treatment
of 125I seed implantation (14). By making a individualized guidance template from 3D printing, a
reasonable injection route can be determined, and the dose of seed implantation can be precisely
controlled to meet the preoperatively planned requirements. In this case, due to the huge mass of the
patient, the spatial arrangement of particles may well be di�cult to conform to the preoperative plan by
using the traditional CT-guided puncture mode. Therefore, we combined with the 3D printing personalized
template technology.

Case Presentation
A 71-year-old male was admitted to the hospital because of chest sulking, shortness of breath and
fatigue in September 2017. One day before admission, his chest CT indicated a large mediastinal mass
and pulmonary infection. The patient had a history of smoking and drinking for more than 40 years and
was diagnosed with chronic bronchopneumonia 10 years ago. After admission his Chest CT
enhancement (Fig. 1) �ndings : 1.A huge mass was observed in the anterior mediastinum, about
20*18cm in size, irregular and lobulated, surrounding the aorta, oppressing the right lung, unclear
boundary between the tumor and the mediastinal pleura, obvious uneven enhancement, no signi�cant
enlarged lymph nodes were observed in the mediastinum, and aggressive thymotoma in the anterior
mediastinum was considered. 2. Right upper lobe infection. 3. Bilateral small amount of pleural effusion.
The color ultrasound of liver, gallbladder, spleen and pancreas showed no obvious abnormality.
Pulmonary function examination revealed severe diffuse decline and moderate restrictive ventilation
dysfunction. Blood test revealed leukocytosis: 10230/ul (normal range, 3500 to 9500/ul). Liver and
kidney function test, blood coagulation function test were all basically normal. Gram-positive
streptococcus was found in the sputum. Percutaneous puncture biopsy of the mediastinal tumor showed
that the tissue was composed of neonatal thymus epidermal cells, which were spindle or oval in shape
and had no abnormal nuclear division. A small number of non-neonatal lymphocytes were occasionally
observed, which were consistent with the pathological characteristics of type A thymoma. The �nal
diagnosis was: 1. Type A thymoma, stage IIIB; 2. COPD; 3. Right upper lung infection. The surgeon
assessed that it was inoperable. The patient refused systemic chemotherapy. Considering that the patient
may not be able to tolerate the adverse effects of conventional external irradiation with the poor lung
function, 3D template and CT-guided 125I seed implantation was decided after multi-disciplinary
consultation and consulting with the patient and his family members.

Surgical Methods: In a �xed position, a preoperative enhanced CT scan was performed with a 5mm slice
distance. The images were transmitted into the particle treatment planning system (TPS). The radiologist
delineated the target area of the tumor (GTV) and the planned target area (PTV) (GTV was 6 ~ 8 mm).
Selected the appropriate particle activity (close to the spinal cord, large blood vessel area to choose 0.4
mCi particles, conventional area to choose 0.6mCi-0.8 mCi particles), prescription dose (dose, PD) set to
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100-120Gy.The appropriate needle entry path was designed to avoid the dangerous organs and bone
parts, and the particles were distributed on the needle path with spacing ranging from 5 mm to 20 mm to
make the dose uniform as far as possible. and then designed the plan as a 3D printed template. In the
actual operation, the antitussive drugs were taken orally �rst, the �xed position was consistent with the
preoperative scanning, and the 3D template was placed in the designated area to determine the puncture
sites. Local anesthesia with 5% lidocaine was performed at the puncture site �rst, then the interventional
puncture needles were punctured into the tumor under the guidance of 3D template. The positions of the
needle tips were adjusted by CT scan to ensure the consistency with the preoperative plan. The tips were
about 0.5cm away from the distal edge of the tumor and 1.0cm away from the blood vessel. After no
error, all 125I seeds were implanted as planned. Postoperative CT images were collected and input
Panther Brachy 5.0 system for postoperative veri�cation. A small amount of bleeding could be seen when
the needles were pulled and stopped after local compression. The patient complained of mild pain at the
puncture site, and the CT scan revealed no pneumothorax, pulmonary hemorrhage and other
complications.

Results and Follow-up: Three months later after the surgery, a Chest CT(Fig. 2) reexamination of the
patient showed that the tumor basically subsided, and the clinical e�cacy was evaluated as CR. The
pleural effusion disappeared, and the symptoms of chest tightness, shortness of breath and fatigue were
basically relieved. At present, 3 years have gone, the patient is still alive. During telephone follow-up, the
patient complained of mild chest tightness and fatigue, but he could live a normal life and do routine
work, and at the same time refused to come to the hospital for review.

Discussion
Thymoma is a rare disease in clinic. It can be divided into malignant tumor and benign tumor according
to whether it is aggressive or not. Type A thymic tumors are generally considered benign because of less
aggressive. However, studies have shown that some patients with type A thymoma can have occurred
recurrence and distant metastasis even after complete resection (15), indicating that they still have the
characteristics of malignant tumor. Therefore, all thymomas are now considered as malignant tumors
(16).For the treatment of this disease, according to the current domestic and international guidelines and
expert consensus, radical surgical resection is considered as the �rst-line recommended plan for patients
with stage I to IIIA. Postoperative adjuvant radiotherapy and chemotherapy can further reduce the
probability of recurrence and metastasis according to the stage. Curran (17) et al. calculated that
postoperative adjuvant radiotherapy can reduce the local recurrence rate of invasive thymocytoma after
complete resection from 28–5% by multiple studies. For patients in stage IIIB-IV, the treatment is complex.
It is currently recommended to perform induced radiotherapy and chemotherapy for patients who cannot
be surgically excised immediately. Then the possibility of surgical excision will be evaluated after the
mass is reduced. A number of articles have suggested that the indications for surgery are: no extensive
invasion of intrathoracic organs, no invasion to the main vessels or the heart, technically resectable, and
resistant to surgical treatment, as assessed by imaging (18–23). The principle of operation is to complete
resection as far as possible. The standard operation is median sternal cleavage and total thymectomy.
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Dai et al. (24) believe that tumor reduction surgery has a poor prognosis and does not signi�cantly
improve the survival of patients, unless when other treatment methods are not feasible. The patient in
this case was initially diagnosed as type A thymoma, stage IIIB. Imaging examination suggested that the
tumor was huge and had mediastinal pleural invasion. The surgeon's assessment remained that it was
di�cult to completely remove the tumor and the risk was very high.

Preoperative inductive therapy is thought to shrink the size of the tumor, reduce the stage, and gain the
opportunity of surgical resection thereby, which includes neoadjuvant chemotherapy and neoadjuvant
concurrent chemoradiotherapy, while the clinical data of neoadjuvant radiotherapy alone are few. The
effective rate of chemotherapy for patients with thymoma is between 60% and 90% (25). Rea et al. (26)
treated 32 patients with invasive thymoma with neoadjuvant chemotherapy, and the �nal complete
surgical resection rate was 75%, and the 10-year overall survival rate was 61%. The European
Organization for Research and Treatment for Cancer (EORTC) Lung Cancer Collaborative Group, treated
16 patients with advanced thymoma with combined chemotherapy, the median survival was 4.3 years
(27). Thymoma is considered to be moderately sensitive to radiation(28). Wright et al. reviewed 10 cases
with stage - A thymoma, these patients were all treated with induced chemoradiation, eventually 8
cases were complete resection, 5 years survival rate was 69% (29). In addition, a number of studies have
shown that concurrent chemoradiotherapy has a good effect on inoperable locally advanced thymic
tumors, with a total response rate of 69%-92% (30–32). At present, the International Thymoma
Collaboration Group (ITMIG) recommends a dose of 40 ~ 64Gy for concurrent radiotherapy(33). 3D CRT,
IMRT or VMAT technologies are recommended. The adverse reactions of normal organs to radiotherapy
are related to the location and size of the tumor, previous treatment and the physical condition of the
patient. The thymus gland is located between the two lungs, adjacent to the heart, and conventional
radiotherapy techniques are likely to cause adverse reactions. Studies have shown that the radiation dose
of more than 30Gy may lead to side reactions such as radiation pneumonia and radiation pericarditis,
and with the increase of dose, the incidence of ADR also increased further (34, 35). The patient in this
case was older and weak, with poor pulmonary function due to long-term smoking history, pulmonary
infection and bilateral pleural effusion. In addition, the patient’s tumor was huge, surrounding the heart.
After evaluation, the patient could be intolerant to conventional chemoradiotherapy.

125I seed which release gamma rays, can continuously kill tumor cells at a close range when implanted
in tumor tissue. Compared with traditional radiotherapy, the biggest advantage of the technology is that
the tissue dose is inversely proportional to the particle distance, meaning that the dose in the tumor target
area close to the particle is higher, while the dose in the normal organs far away from the particle is
lower(36, 37), thus reducing the adverse reactions of the normal organs. According to the statistics of
some studies, the dose received in the target area of 125I particles is usually 2–3 times of the maximum
prescribed dose of external radiation (38), which is more in line with the requirements of "conformal and
intensity-modulated" radiotherapy. At present, this technique is widely used in China and has achieved
good e�cacy in the treatment of a variety of solid tumors. Moreover, it has been written into the
guidelines for the diagnosis and treatment of prostate cancer of the European Association of Urology
(39–43). In the treatment of thymoma, many articles have reported its effectiveness and safety (8–10).
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After multi-disciplinary consultation and discussion, combined with the opinions of the patient and his
family members, the patient decided to receive 125I seed implantation therapy.

3D printing technology can create a personalized guidance template according to the patient's image,to
guide the implantation of 125I seeds. Zhang Hongtao and Xu Junma et al. (44, 45) compared the
preoperative and postoperative dosimetric parameters of patients with particle implantation guided by 3D
printing templates, the result was no signi�cant difference. They believe that the dose of particle
implantation guided by 3D printing templates could be accurately controlled. Freehand implantation
mainly depends on the experience of the operator. Postoperative particle position and dose cannot be
consistent with the preoperative plan, and the dose in the target area is not uniform, which can easily lead
to a poor tumor control and recurrence, and a higher risk of damage to normal tissues and organs (46).
Based on this, this patient decided to receive 125I seed implantation guided by 3D printing template. The
operation of this patient went smoothly, the dose was 120Gy. Having used the BCCA implantation quality
evaluation criteria for postoperative planning veri�cation, the result of the implantation quality evaluation
was excellent. Three months later, the patient's chest CT reexamination showed that the tumor had
almost completely regressed. The pleural effusion disappeared, and the symptoms of chest tightness,
shortness of breath and fatigue of the patient were basically relieved. The patient has survived for more
than 3 years.

Conclusion
In this case of locally advanced giant thymoma, 125I seed implantation guided by 3D template and CT
has achieved a good therapeutic effect, and no obvious adverse reactions occurred. The introduction of
3D printing template can improve the accuracy and safety of particle implantation. It is suggested that
125I seed brachytherapy may be a new choice for the treatment of thymoma in addition to the traditional
radiotherapy and chemotherapy and surgical treatment. However, the follow-up time of this case is short,
and further follow-up is needed to determine whether the patient can survive for 5 years or even 10 years.

Abbreviations
3D
Three-dimension
COPD
chronic obstructive pulmonary disease
TPS
treatment planning system
GTV
Gross Tumor Volume
PTV
planned target area
CR
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3D CRT
Three -Dimensional Conformal Radiation Therapy
IMRT
Intensity Modulated Radiation Therapy
VMAT
Volumetric Intensity Modulated Radiotherapy
BCCA
British Columbia Cancer Agency
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Figure 1

CT showed a mass was observed in the anterior mediastinum, about 20*18cm in size, irregular and
lobulated, surrounding the aorta (A, red arrow). There was an unclear boundary between the tumor and
the pleura, obvious uneven enhancement (B, red arrow). The coronal image showed the mass almost
�lling the right thoracic cavity, and oppressing the left lung (C, red arrow).

Figure 2
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CT showed the I125 particles were clumped together (A and B, red arrows) as the previously huge mass
retreated signi�cantly, and the pleural effusion largely disappeared.


