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Introduction

Pancreatic cancer has been accepted as one of the most difficult-
to-treat cancers. There are few effective therapies available for 
the control of locally advanced or metastatic pancreatic cancer. 
Gemcitabine-based chemotherapy is an option that can improve 
survival rate and quality of life in these patients.1 Adding radio-
therapy to chemotherapy may modestly improve the median 
survival rate over chemotherapy alone for those with locally 
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Locally advanced or metastatic pancreatic cancer has been 
a long-term challenge to clinicians, due to the poor overall 
survival rate compared with that of other gastrointestinal 
malignancies. Recently, with the emerging applications of 
therapeutic endoscopic ultrasonography (EUS), EUS- guided 
fine needle injection with antitumor agents is considered a 
promising modality. In this review, we summarize recently 
published data on the efficacy of endoscope guided 
interventional procedures with radioactive seeds. Firstly, EUS-
guided iodine-125 seed implantation was reported to have a 
short-term efficacy on pancreatic cancer, with a three-month 
partial remission rate of 13.6% to 27%. Thereafter, feasibility of 
celiac ganglion radiation was tested in animal models to achieve 
pain relief. Recently, a seed-based stent has been introduced 
in the endoscopic retrograde cholangio-pancreatography 
(ERCP) drainage of biliary obstruction caused by pancreatic 
cancer, with a response rate of 72.7%. In addition, we discuss 
the potential of radioactive seed-based, endoscope-assisted 
interventional treatment of patients with locally advanced 
pancreatic cancer. Further studies should focus on the precise 
amount and distribution of seeds with the aim to improve the 
survival rate as well as the quality of life. 
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advanced pancreatic cancer. External irradiation therapy is usu-
ally regarded as less effective to treat pancreatic cancer, although 
it can relieve pain in 50% to 85% of patients.2 Moreover, side 
effects on the gastrointestinal tract and other organs by exter-
nal beam radiation therapy (EBRT) limit its further application. 
Early in the 1990s, intraoperative brachytherapy was introduced 
for its improvement on the survival time in patients who received 
palliative surgery. 3,4 Other ways to input radioactive seeds in the 
solid tumor include computerized tomography (CT) 5,6 or ultra-
sound-guided methods.7 Advances in image-guided placement of 
the seeds have enabled physicians to use CT or ultrasound to 
deliver conformal radiation doses to the tumor tissue, resulting in 
improved success rates for the local control and significant spar-
ing of the surrounding normal tissues. 

With the development of interventional endoscopic ultraso-
nography (EUS), multiple agents can be delivered by EUS via fine 
needle injection (FNI) for the treatment of pancreatic cancer.8-10 
In addition, interventional EUS can also deliver recombinant 
adenovirus, cytoimplants, radiofrequency probes, photodynamic 
drugs and radioactive seeds into the solid pancreatic tumor. 
Compared with transdermal implantation via CT or abdominal 
ultrasound, EUS provides a more limpid real-time image, with 
a shorter puncture pathway. In the current review, the progress 
on EUS or encoscopic retrograde cholangio-pancreatography 
(ERCP)-guided brachytherapy and other up-to-date modalities 
with radioactive seeds in the treatment of unresectable pancreatic 
cancer is summarized. 

EUS-guided iodine-125 implantation in pancreatic 
cancer

By searching Pubmed with the keywords “brachytherapy”, 
“seeds”, “endoscopy” and “pancreatic cancer” from January 2000 
to July 2010, a list of 9 reports were summarized in Table 1. 
Before EUS-guided radioactive seed implantation could be 
applied in human tumor treatment, animal studies were nec-
essary to confirm the safety and to simulate the protocol. Due 
to the resemblance of anatomy and physiology to humans, pigs 
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became the most suitable animal for the model. Sun et al.11 pio-
neered the EUS-mediated implantation, with 4 iodine-125 (125I) 
seeds in each pig. All the tested six pigs tolerated the trial and the 
median diameter of the lesion around the seed was 3.8 cm after 
sacrifice. The surrounding pancreas was sonographically normal, 
and no seed migration occurred. Most importantly, localized tis-
sue necrosis and fibrosis were only achieved in seed-contained 
pancreas, without significant complications. The usage of 18 or 
19 gauge needles was proved to be safe during the puncture of 
the gastric wall. The study firstly confirmed that EUS-guided 
implantation of radioactive seeds was a safe and minimally inva-
sive technique for interstitial brachytherapy.

The radioactive seeds recommended in brachytherapy are 
iodine-125, iridium-192 or palladium-103. Compared with the 
latter two sources, iodine-125 has a longer half-life of 59.7 days, 
which is appropriate in targeting the rapidly growing tumor 
such as pancreatic cancer. Iridium-192 is always introduced in 
brachytherapy for gynecological malignancies such as endome-
trial cancer, with a similar survival rate as the external beam 
radiotherapy.12 Palladium-103 has been widely accepted as a 
standard particle in brachytherapy for prostate and breast can-
cers.13,14 The source of iodine-125 is Na125I, and the package is a 
titanium alloy tube sealed by laser. Each seed source is 4.5 mm 
in length and 0.8 mm in diameter, with a mean photon energy 
of 27-35 KeV gamma ray, an initial dose rate of 7 cGy/h, and a 
mean radioactivity of 0.694 ± 0.021 mCi (25.6 MBq). As mostly 
concerned, the penetration distance in the human tissue for each 
seed is only 1.7 cm, which allows for localizing the energy inside 
the tumor instead of irradiating the surrounding organs. For the 
same reason, the implanted seeds are harmless to the patient’s 
relatives. The potential harm to the operators can be minimized 
by adequate shielding.

Under EUS, the maximal diameter of the tumor is measured 
by real-time sector ultrasound and the relationship between 
the surrounding vasculature and the tumor is then identified. 
The puncture points should be determined by color Doppler 

Table 1.  Endoscope- assisted brachytherapy for pancreatic cancer

Authors, year Therapy Trial n Tumor response (%) Adverse events
Sun et al, 200511 Iodine seeds implantation Porcine 6 N/A Hyperlipasemia

Sun et al, 200615 Iodine seeds implantation Patient 15 Partial (27)
Minimal (20)
Stable (33)

Progression (20)

Pancreatitis
Pseudocyst

Neutropenia
Anemia

Jin et al, 200816 Iodine seeds implanta-
tion plus chemotherapy

Patient 22 Partial (13)
Stable (46)

Progression (41)

Hyperamylasemia
Mild fever

Seeds translocation
Guo et al, 200936 Iodine seeds implantation* Patient 1 Complete remission None

Wang et al, 200923 Celiac ganglion irradiation Porcine 12 N/A None

Guo et al, 200726 Radioactive stents** Rabbit 27 N/A N/A

Liu et al, 200724 Radioactive stents Porcine 18 N/A Pancreatic duct 
perforation

Liu et al, 200925 Radioactive stents*** Porcine 11 N/A Mild hyperplasia

Liu et al, 200930 Radioactive stents Patient 11 Stable (73)
Progression (27)

None

*Retroperitoneal metastatic adenocarcinoma; **Esophageal cancer; ***Bile duct carcinoma; N/A: Not applicable.

Figure 1.  EUS-guided iodine-125 seed implantation in pancreatic cancer

technology to prevent the injury to the pancreatic duct or the 
vessels. Although the exact seed number needed in the therapy 
can be calculated by the three-dimensional computer system, the 
excise model for EUS-guided implantation has not been set up 
yet. The seeds should be well-distributed as shown in Figure 1.

By now, the only available two clinical trials on EUS-guided 
brachytherapy came from China.15,16 The number of patients 
enrolled in these two studies was 15 and 22, respectively, with 
stage III or IV pancreatic cancer in a majority of cases. The 
study conducted by Sun et al.15 reported an estimated median 
survival time of 10.6 months and 27% patients reached a par-
tial tumor response toward a mean 22 seeds load per patient. 
Procedure-related pancreatitis or pseudocyst was only found 
in three patients, which was considered mild and easily man-
aged. With the combination of gemcitabine, Jin et al.16 fur-
ther evaluated the clinical efficacy and safety of EUS-guided 
interstitial implantation of radioactive iodine-125 seeds in 
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advanced pancreatic cancer. Although this novel technique did 
not significantly improve the overall survival rate, it showed 
an estimated median survival time of 9.0 months, with a par-
tial remission rate of 13.6% and an estimated one-year survival 
rate of 27.3%. Moreover, the visual analogue scale pain score 
significantly dropped from 5.07 to 1.73 one week after brachy-
therapy and maintained this score for one month. Therefore, 
these two reports show promising preliminary data that pan-
creatic cancer can be treated safely with EUS-brachytherapy. 
Additional larger studies are needed to establish this as an 
acceptable option for inoperable pancreatic cancer. Compared 
with single brachytherapy as reported by Sun et al., the seed-
drug combined treatment did not show a better tumor response 
and long-term effect.16 Single gemcitabine chemotherapy pro-
vides a median one-year survival rate of 21% (11.0%-37.2%).17 
Following the proved safety and feasibility in humans, upcom-
ing randomized controlled trials with long-term follow-up are 
expected in order to evaluate the efficacy between single EUS-
guided implantation and single standardized chemotherapy. 
It would also be of interest to compare the efficacy and toler-
ability between EUS-guided brachytherapy and conventional 
external beam radiation.

EUS-guided celiac ganglion radiation for pain relief

Partial pain relief can be achieved simultaneously when the 
radioactive seeds release the tumor-killed ray inside the tumor. 
It is the physician’s duty to retrieve the patient from the unbear-
able pain which leads to the poor living conditions associated 
with the remaining lifetime of the patient. Celiac plexus neu-
rolysis (CPN) and celiac plexus block (CPB) have been consid-
ered the first-line adjuvant therapies for the treatment of pain in 
pancreatic cancer patients.18 Gunaratnam et al.19 reported that 
EUS-guided CPN reduced pain in 78% of pancreatic cancer 
patients. However, CPN can only relieve the pain to a lim-
ited degree, and lasts a short period, and the analgesic effect 
is inversely correlated to the extent of invasion of celiac gan-
glia.20-22 EUS-guided brachytherapy with the implantation of 
iodine-125 seeds beside the celiac ganglion seems to be another 
choice for the pain relief. Recently, Wang et al.23 performed 
a pilot trial in a porcine model. Four pigs in each group were 
implanted with one 0.4 mCi or 0.8 mCi iodine-125 seed in 
either side of the celiac ganglion area with the help of EUS (Fig. 
2). Pigs implanted with non-radioactive seeds were used as con-
trols. All animals were sacrificed and the celiac ganglions were 
checked on days 14 and 60. Compared with the control group, 
neuronal apoptosis in the ganglion was seen in both brachy-
therapy groups, and the intensity of necrosis increased with the 
radiation dose increasing. More apoptotic cells (index as 0.53 
and 0.94, respectively) were seen on day 60 of irradiation than 
on day 14 (0.27 and 0.76, respectively) in both 0.4 mCi and 0.8 
mCi groups. There were no significant complications during the 
experiment. This is the first preliminary evidence for the feasi-
bility and safety of EUS-guided celiac neuron brachytherapy. 
The new technique may introduce an alternative treatment for 
pain accompanied pancreatic diseases in humans. However, 

Figure 2.  EUS-guided celiac ganglion brachytherapy

Figure 3.  Insertion of a radioactive stent in the pancreatic duct
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iodine-125 seeds, which have a long period of decay and thus 
may lead to the maintenance of analgesia, can not reach as 
rapid effect as CPN or CPB. More animal and clinical trials are 
needed to determine whether celiac ganglion radiation is supe-
rior to classic CPN, and whether the technique can be applied 
eventually in clinical practice.

Radioactive stents in drainage of pancreatic cancer- 
induced biliary obstruction

Besides the pain, jaundice is always another symptom that occurs 
in pancreatic cancer patients, and also another reason for the poor 
quality of life. The traditional method to remove the obstruction 
at the lower common bile duct is to insert a plastic or metal stent 
by ERCP. Liu et al.24,25 reported two separate animal experiments 
for the usage of radioactive stents in pancreatic cancer and bile 
duct cancer. For pancreatic cancer, the authors invented a novel 
plastic cholangio-stent loaded with iodine-125 seeds. The stents 
were made of polyurethane, which had a negligible influence 
in shielding the gamma-rays. Brachytherapy was delivered by 
iodine-125 seeds inserted into the plastic stents. They observed 
the feasibility and safety by inserting different doses of 50 Gy, 
100 Gy, 150 Gy and 200 Gy stents in the pancreatic duct (Fig. 
3). The procedures were successfully done on 78% pigs, with 
four cases of pancreatic duct perforation. Histopathologic exam-
ination revealed that the stents were surrounded with necrotic 
tissues and lateral fibrous tissues after one month. The results 
indicate that the radioactive stents are safe in all above doses 
selected, and it is feasible to design a special radioactive stent for 
each patient according to the size, shape, and position of the pan-
creatic tumor. In addition to pancreatic cancer, radioactive stents 
could also be designed to treat esophageal cancer26 or cholan-
giocarcinoma.27,28 Actually, radiation inside the pancreatic duct 
is not new. Mutignani et al.29 tried intraluminal brachytherapy 
by endoscopy in 9 patients with pancreatic head cancer in 2002. 
Compared with the recently used radioactive stent, they used 
nasopancreatic drain as a guide-wire for the input of Iridium-192 
wire into the pancreatic duct. In 2009, Liu et al.30 firstly reported 
a clinical trial of iodine-125 seed-coated stents in pateitns with 
peripancreatic-head cancer. Patients with inoperable extrahepatic 
bile-duct (n=2), pancreatic-head (n=6), or ampullary (n=3) car-
cinomas were treated by intraluminal implantation of radioactive 
stents designed according to a computerized treatment-planning 
system. Both radioactive stents and commonly used self-expand-
ing metallic or plastic stents were placed in the common bile 
duct of the patients. A total of 16 radioactive stents were succes-
sively placed in all 11 patients and there were no life-threatening 
complications. The median survival rate was five months, and 
72.7% patients had stable disease whereas the remaining patients 
showed progressive disease. The trial proved that the combination 
of radioactive stents and metallic and/or plastic stents was tech-
nically feasible and tolerable in patients with advanced tumors 
around the pancreatic-head area. According to the reviews on 

endoscopic stenting,31,32 newer stents will improve management 
of these difficult-to-treat diseases and provide prognostic as well 
as symptomatic benefit in the setting of malignant obstruction.

The therapeutic mechanism of endoscope-assisted 
brachytherapy

The biologic effects of radioactive seeds in pancreatic cancer cells 
remain to be determined. Wang et al.33 found that a continu-
ous low-dose-rate (CLDR) irradiation of iodine-125 seeds was 
more effective in inducing cell apoptosis of Panc-1 cells than an 
acute high-dose-rate 60Co irradiation. Interestingly, CLDR irra-
diation by iodine-125 seeds can cause Panc-1 cell-cycle arrest in 
the G2/M phase and induce apoptosis, which may be an impor-
tant mechanism underlying iodine-125 seed-induced Panc-1 cell 
inhibition. Cron et al.34 suggested that the best time for che-
motherapy is within 3±4 days after implantation of iodine-125 
seeds, because the permeability of the surrounding vasculature is 
promoted by the radiation effects of the seeds at that time. 

Conclusion

Sufficient animal experiments have been done to prove the 
safety and feasibility of EUS-guided brachytherapy in patients 
with pancreatic cancer, but its clinical efficacy is still prelimi-
nary. In addition to brachytherapy, EUS may be useful in the 
management of gastro-intestinal cancers through the endoscopic 
placement of fiducial markers for image-guided radiation ther-
apy.35 EUS-guided brachytherapy may also be used in the treat-
ment of abdominal malignancies other than pancreatic cancer, 
as reported by Guo et al.36 However, the majority of associated 
studies were from China, and thus the technique needs to be fur-
ther validated worldwide. Nevertheless, it is exciting to note that 
EUS-guided brachytherapy has recently become the topic of live 
demonstration in many international conferences. Patients with 
some kinds of malignancies such as prostate cancer have already 
taken the benefit of brachytherapy over the past decade, and the 
limited data available so far is encouraging for brachytherapy 
as a potential treatment for locally advanced pancreatic cancer. 
Although this technique appears to be feasible, safe and may 
improve pain control temporarily, larger studies are still needed 
to further confirm the long-term effect of EUS or ERCP-assisted 
brachytherapy. These studies must be done with the cooperation 
among endoscopists, radiologists and oncologists, and not only 
by the endoscopists alone.
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