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Retrospective Study
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Abstract
BACKGROUND 
Pancreatic cancer is one of the common malignant tumors of the digestive system, 
and radical resection is the first choice of treatment for pancreatic cancer. If 
patients with locally advanced pancreatic cancer cannot be treated in time and 
effectively, their disease often develops rapidly and their survival period is very 
short.

AIM 
To evaluate the therapeutic effect of 125I seed implantation in patients with locally 
advanced pancreatic cancer.

METHODS 
The demographics and perioperative outcomes of a consecutive series of patients 
who underwent 125I seed implantation to treat locally advanced pancreatic cancer 
between January 1, 2017 and June 30, 2019 were retrospectively analyzed. 
According to the results of preoperative computed tomography or magnetic 
resonance imaging, the treatment planning system was used to determine the area 
and number of 125I seeds implanted. During the operation, 125I seeds were 
implanted into the tumor under the guidance of intraoperative ultrasound, with a 
spacing of 1.5 cm and a row spacing of 1.5 cm. For patients with obstructive 
jaundice and digestive tract obstruction, choledochojejunostomy and 
gastroenterostomy were performed simultaneously. After operation, the patients 
were divided into a non-chemotherapy group and a chemotherapy group that 
received gemcitabine combined with albumin-bound paclitaxel treatment.

RESULTS 
Among the 50 patients, there were 29 males and 21 females, with a mean age of 
56.9 ± 9.8 years. The main reason for the failure of radical resection was superior 
mesenteric artery invasion (37, 74%), followed by superior mesenteric vein 
invasion (33, 66%). Twenty-one (62%) patients underwent palliative surgery and 
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postoperative pain relief occurred in 40 (80%) patients. The estimated blood loss 
in operation was 107.4 ± 115.3 mL and none of the patient received blood 
transfusion. The postoperative hospital stay was 7.5 ± 4.2 d; one patient had 
biliary fistula and three had pancreatic fistula, all of whom recovered after 
conservative treatment. After operation, 26 patients received chemotherapy and 
24 did not. The 1-year survival rate was significantly higher in patients who 
received chemotherapy than in those who did not (60.7% vs 35.9%, P = 0.034). The 
mean overall survival of patients of the chemotherapy group and non-
chemotherapy group was 14 and 11 mo, respectively (χ2 = 3.970, P = 0.046).

CONCLUSION 
Radioactive 125I seed implantation combined with postoperative chemotherapy 
can prolong the survival time, relieve pain, and improve the quality of life of 
patients with locally advanced pancreatic cancer.

Key words: Pancreatic cancer; Radioactive 125I seeds; Radiotherapy; Permanent 
implantation

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The survival period of patients with locally advanced pancreatic cancer is very 
short. Radioactive 125I seed implantation can prolong the survival time, relieve pain, and 
improve the quality of life of patients with locally advanced pancreatic cancer.
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INTRODUCTION
Pancreatic cancer is one of the common malignant tumors of the digestive system, 
which has the characteristics of late detection, early metastasis, rapid progression, and 
poor prognosis. In recent decades, the incidence of pancreatic cancer has been 
increasing year by year in the world. Although the surgical resection rate has been 
improved, the overall prognosis and survival of patients have not improved 
significantly[1-3]. Radical resection is the first choice of treatment for pancreatic cancer, 
which is considered to be the best choice to prolong the survival of patients. However, 
due to the atypical early symptoms of pancreatic cancer, most of the patients were 
diagnosed at an advanced stage. About 10%-30% of all pancreatic cancer patients 
could receive radical resection, and the 5-year survival rate was less than 10%[4-6].

If patients with pancreatic cancer cannot undergo radical resection and be treated in 
time and effectively, their condition often deteriorates rapidly and their survival time 
is very short. The mean survival time of those patients is only 6-10 mo[7]. Radioactive 
seed implantation is an alternative treatment for locally advanced pancreatic cancer. In 
1965, radioactive 125I seed came out. 125I seeds were first used in the treatment of 
prostate cancer patients and achieved success[8]. Up to now, 125I seeds have been used 
as the first choice for the treatment of early prostate cancer in developed countries 
such as Europe and the United States. Its curative effect is equivalent to that of radical 
resection[9,10].

In recent years, with the rapid development of computer technology, imaging, and 
radiation physics, radioactive seed implantation has been widely used. At the same 
time, the physical and biological characteristics of 125I seeds have been studied 
intensely. In particular, the clinical efficacy and complications of 125I seed implantation 
in the treatment of tumors have been considered and discussed, and a large amount of 
valuable experience has been accumulated. These results promoted the rapid 
development of 125I seed implantation technology, and provided a new choice for the 
treatment of patients with locally advanced pancreatic cancer[11-13]. The purpose of this 
study was to summarize a single center experience with 125I seed implantation in the 
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treatment of locally advanced pancreatic cancer.

MATERIALS AND METHODS
Patients
The clinical data of 50 patients with locally advanced pancreatic cancer who 
underwent 125I seed implantation between January 1, 2017 and June 30, 2019 were 
retrospectively analyzed. This study was approved by the Institutional Review Board 
of Chinese PLA General Hospital.

Selection of the patients
The inclusion criteria were: (1) Advanced pancreatic cancer confirmed by pathology; 
(2) No distant metastasis detected by preoperative imaging; and (3) Anastomosis was 
performed and 125I seed were implanted in the tumor to relieve jaundice and 
obstruction of the digestive tract. The exclusion criteria were: (1) Karnofsky 
Performance Scale score < 70; (2) Systemic failure symptoms; and (3) Other medical 
conditions that contraindicated anesthesia and surgery.

Physical characteristics of 125I seeds
The physical half-life of the radioactive 125I seeds (China Isotope and Radiation 
Corporation, Beijing, China) used in this study is 59.6 d, the diameter is 0.8 mm, the 
length is 4.5 mm, and the wall thickness is 0.05 mm. The half value layer of the seeds 
for lead is 0.025 mm and it is 20.0 mm for soft tissue in human body. Activity range of 
a single seed is 11.1-37 MBq and it can radiate 27.4 and 31.4 keV X-ray and 35.5 keV γ-
ray.

Preoperative evaluation
Magnetic resonance imaging (MRI) or contrast-enhanced computed tomography (CT) 
was performed as a routine diagnostic procedure. According to the results of 
preoperative CT or MRI, the treatment planning system (TPS) was used to determine 
the area and number of 125I seeds implanted. During the operation, 125I seeds were 
implanted into the tumor under the guidance of intraoperative ultrasound, with a 
spacing of 1.5 cm and a row spacing of 1.5 cm. The matched peripheral dose of 125I 
seeds implanted in patients in this study was 110-160 Gy.

Perioperative data
The baseline demographics and perioperative and pathology data were obtained from 
the electronic medical records. The clinical outcomes, including estimated blood loss 
(EBL), postoperative complications, and postoperative hospital stay (PHS), were 
analyzed retrospectively. Postoperative biliary fistula was defined as the outflow of 
bile or bile containing fluid from the abdominal drainage tube. Postoperative 
pancreatic fistula was defined as pancreatic juice flowing out of the body through 
abdominal drainage tube or incision, and the amylase content in the drainage fluid is 
three times higher than that in blood.

Surgical technique and postoperative chemotherapy
During the operation, the resectability of the tumor was explored first. If the tumor 
invades the superior mesenteric vein or the superior artery or locally invades the 
retroperitoneum, the radical resection cannot be performed and frozen pathology was 
performed by puncture biopsy. 125I seeds were implanted into the tumor under the 
guidance of intraoperative ultrasound after being confirmed by pathology as 
pancreatic cancer. For patients with obstructive jaundice or digestive tract obstruction, 
choledochojejunostomy and gastroenterostomy were performed simultaneously. After 
operation, the patients were divided into a non-chemotherapy group and a 
chemotherapy group that received gemcitabine combined with albumin-bound 
paclitaxel treatment.

All patients were followed 1 mo after discharge and then at 3-mo intervals 
thereafter.

Statistical analysis
Continuous data are presented as the mean ± SD or the median and interquartile range 
according to their distributions. The Student’s t-test was used to compare normally 
distributed variables between groups, whereas the Mann–Whitney U test was used for 
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non-normally distributed variables. Overall survival (OS) was estimated using the 
Kaplan-Meier method, and comparison of OS between subgroups was analyzed using 
the log-rank test. A P value of < 0.05 was considered statistically significant. All 
analyses were performed with the IBM SPSS statistical software, version 22 (SPSS, 
Chicago, IL, United States).

RESULTS
Patient characteristics
Table 1 shows the detailed characteristics of the 50 patients. The patients included 29 
men and 21 women with a mean age of 56.9 years. The most common tumor site was 
the pancreatic head (28, 56%), followed by the pancreatic neck and body (17, 34%) and 
pancreatic tail (5, 10%). The main reason for the failure of radical resection was 
superior mesenteric artery invasion (37, 74%), followed by excellent mesenteric vein 
invasion (33, 66%), and tumor invaded the artery and vein at the same time in half of 
all the patients. Twenty-one (62%) patients underwent palliative surgery and 
postoperative pain relief occurred in 40 (80%) patients. All the tumors were pancreatic 
adenocarcinoma on final histopathological examination.

Perioperative outcomes
All patients were successfully implanted with 125I seeds; 15 patients underwent 
choledochojejunostomy, and six underwent choledochojejunostomy combined with 
gastroenterostomy. The EBL in operation was 107.4 ± 115.3 mL and none of the patient 
received blood transfusion. The PHS was 7.5 ± 4.2 d; one patient had biliary fistula and 
three had pancreatic fistula, all of whom recovered after conservative treatment. 
Figure 1 shows that the 125I seeds were evenly distributed in tumor as revealed by 
postoperative CT reexamination.

Postoperative survival analysis
As of the last follow-up, 11 patients were still alive and 39 died. After operation, 26 
patients received chemotherapy and 24 did not. Table 2 shows the baseline data of the 
two groups of patients, and there was no significant difference between the two 
groups in age, gender, tumor location, or operation mode. The 1-year survival rate was 
significantly higher in patients who received chemotherapy than in those who did not 
(60.7% vs 35.9%, P = 0.034). Figure 2 shows that the mean OS of patients of the 
chemotherapy group and non-chemotherapy group was 14 and 11 mo, respectively (χ2 
= 3.970, P = 0.046).

DISCUSSION
The pancreas is a typical retroperitoneal organ with a complex and special anatomic 
location that is deeply surrounded by gastrointestinal organs, the liver, the kidney, the 
spinal cord, and other organs. The biological behavior of pancreatic cancer is not 
sensitive to radiotherapy, and the radiation tolerance of surrounding tissues is low. 
Conventional external radiotherapy cannot accurately locate the lesion area so that the 
therapeutic dose of radiation reaches the non-target area or even the normal tissue 
area, causing severe damage to surrounding organs[14-16].

Local adaptation and low-dose continuous therapy are the main and superior 
characteristics of 125I seeds in the treatment of pancreatic cancer. 125I seeds have 
beneficial biological characteristics and regulatory ability for the distribution ratio of 
the radiation dose between the treatment target and normal tissue. They are suitable 
for clinical application in implantable radiotherapy and are effective in the treatment 
of various malignant tumors[17-19]. For locally advanced pancreatic cancer, the TPS 
combined with ultrasound guidance can ensure the reasonable space location of 125I 
seeds and maximize their killing effect.

The invasion and growth of pancreatic cancer are mainly caused by continuous 
proliferation of tumor cells. The DNA of tumor cells in the proliferative period is in the 
late stage of synthesis and mitosis and is extremely sensitive to gamma rays. A small 
number of gamma rays can destroy DNA, preventing tumor cell proliferation[20,21]. 
After implantation into tumor tissue, 125I seeds can continuously release low-dose 
gamma rays to kill tumor cells, damage the DNA of tumor cells, inhibit tumor cell 
proliferation, and induce tumor cell apoptosis. At the same time, studies have shown 
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Table 1 Characteristics of patients with locally advanced pancreatic cancer (n = 50), n (%)

Clinicopathologic feature Value

Mean age (range), yr 56.9 ± 9.8 (38-80)

Sex

Male 29 (58)

Female 21 (42)

Tumor location

Head 28 (56)

Neck and body 17 (34)

Tail 5 (10)

Vascular involvement

Any superior mesenteric vein 33 (66)

Any superior mesenteric artery 37 (74)

Both venous and arterial 25 (50)

Palliative operation 21 (62)

Choledochojejunostomy 15 (71.4)

Choledochojejunostomy and gastroenterostomy 6 (28.6)

Postoperative pain relief

Complete remission 10 (20)

Partial remission 30 (60)

No relief 10 (20)

Postoperative hospital stay, d 7.5 ± 4.2 (4-25)

Estimated blood loss, mL 107.4 ± 115.3 (10-600)

Postoperative complications

Biliary fistula 1 (2)

Pancreatic fistula 3 (6)

Vital status at last follow-up

Alive 11 (22)

Dead 39 (78)

Median overall survival (range), mo 12.0 (4-24)

that 125I seeds can enhance the sensitivity of hypoxic cells in tumors and enhance their 
ability to kill tumor cells. Continuous irradiation in tumor tissue can significantly 
improve its biological effect and has the advantages of minor damage to surrounding 
normal tissues and a low incidence of adverse reactions[22,23].

Our results showed that patients with locally advanced pancreatic cancer who 
received radioactive particle implantation had improved pain and quality of life. The 
combination of postoperative chemotherapy is helpful to prolong the survival period 
of patients. We recommend that all patients have a biopsy during or before surgery. If 
possible, gene detection should be carried out on the patient biopsy samples to choose 
a possible and effective scheme for further chemotherapy after surgery.

Complications of 125I seed implantation in the treatment of pancreatic cancer can 
occur not only during implantation but also after implantation. Complications during 
surgery are rare, mainly due to direct damage caused by the puncture needle 
accidentally penetrating the surrounding blood vessels and tissues during the 
implantation of particles, leading to bleeding and pancreatic fistula at the puncture 
site. The needle channel should be carefully adjusted under ultrasound guidance to 
avoid puncture into the blood vessels and dilated pancreatic duct[24,25]. Our experience 
is that a 4/0 Prolene suture should be used to suture the puncture point after 
removing the puncture needle after each particle implantation to reduce the incidence 
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Table 2 Baseline data of patients of the two groups (n = 50)

Clinicopathologic feature Non-chemotherapy (n = 24) Chemotherapy (n = 26) P value

Mean age (range), yr 58.75 (38-80) 55.31 (38-69) 0.220

Sex

Male 14 15 0.595

Female 10 11

Tumor location

Head 15 13 0.645

Neck and body 7 10

Tail 2 3

Palliative operation

Choledochojejunostomy 10 5 1.000

Choledochojejunostomy and gastroenterostomy 4 2

1-year survival rate (%) 35.9 60.7 0.034

Figure 1  Radioactive 125I seed implanted in locally advanced pancreatic cancer. A: Preoperative computed tomography (CT) showed locally 
advanced pancreatic cancer (arrow); B: Postoperative CT showed the radioactive 125I seeds implanted in the tumor.

of bleeding and pancreatic leakage. Postoperative complications include seed 
displacement, local embolism, pain, liver dysfunction, and pancreatic fistula. The 
complications of radiation inflammation and bleeding and obstruction of the 
gastrointestinal tract reported in the literature have not occurred in this study.

In conclusion, our experience shows that 125I seed implantation not only is effective 
for patients with unresectable local advanced pancreatic cancer but can also reduce the 
clinical symptoms and prolong the relative survival time of those patients.
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Figure 2  Kaplan-Meier cumulative survival curves according to the chemotherapy status. The median survival for 26 patients who received 
chemotherapy was 14 mo, which was significantly longer than that for 24 patients who did not receive chemotherapy (11 mo) (P = 0.046).

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer has the characteristics of late detection, early metastasis, rapid 
progression, and poor prognosis.

Research motivation
Application of 125I seeds in the treatment of pancreatic cancer.

Research objectives
To summarize a single center experience with 125I seed implantation in the treatment of 
locally advanced pancreatic cancer.

Research methods
The demographics and perioperative outcomes of a consecutive series of patients who 
underwent 125I seed implantation to treat locally advanced pancreatic cancer were 
retrospectively analyzed. According to the results of preoperative computed 
tomography or magnetic resonance imaging, the treatment planning system was used 
to determine the area and number of 125I seeds implanted.

Research results
Among the 50 patients, there were 29 males and 21 females, with a mean age of 56.9 ± 
9.8 years. The main reason for the failure of radical resection was superior mesenteric 
artery invasion, followed by superior mesenteric vein invasion. Twenty-one patients 
underwent palliative surgery and postoperative pain relief occurred in 40 patients. The 
estimated blood loss in operation was 107.4 ± 115.3 mL and none of the patient 
received blood transfusion. After operation, 26 patients received chemotherapy and 24 
patients did not. The 1-year survival rate was significantly higher in patients who 
received chemotherapy than in those who did not. The mean OS of patients of the 
chemotherapy group and non-chemotherapy group was 14 mo and 11 mo, 
respectively.

Research conclusions
Our experience shows that 125I seed implantation is not only effective for unresectable 
local advanced pancreatic cancer patients, but can also reduce the clinical symptoms 
and prolong the relative survival time of those patients.

Research perspectives
The diversification of cancer treatments has contributed to its survival rate.
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