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Pancreatic carcinoma (PC) is the fourth most common cause of cancer-related death 
in both males and females (1). Abdominal pain, distension and fatigue are relevant 
symptoms. However, these symptoms usually occur with advanced disease due to 

the deep located anatomy of the pancreas, making tumors difficult to detect (2). Tumors 
are inclined to invade vessels, nerves and lymphatic system, explaining its characteristics of 
being peripancreatic and extrapancreatic. Once these situation occur, unresectable disease 
is diagnosed based on certain criteria (3).

For unresectable PC (UPC), some patients may refuse or give up their treatments be-
cause of its late stage when diagnosed, and poor general condition. An improvement 
of local control is an important part of disease management. The current treatment is 
multimodality therapy, including chemotherapy, irreversible electroporation, radiother-
apy, and supportive care. However, the prognosis is poor, with a 1-year survival rate of 
20% and a 5-year survival rate of less than 5% (4, 5). The first-line therapy for UPC with 
or without metastasis is chemotherapy, including gemcitabine with cisplatin or pacli-
taxel, FOLFIRINOX or FOLFOX. Despite advancements in chemotherapy, many patients 
are not able to tolerate treatment, mainly due to their poor mental and physical health 
at the time of diagnosis and the severe toxicities, including myelosuppression and vom-

PURPOSE 
We aimed to explore the feasibility and clinical effectiveness of percutaneous CT-guided io-
dine-125 (¹²⁵I) brachytherapy combined with chemotherapy for the treatment of patients with 
unresectable or locally advanced pancreatic carcinoma (PC).

METHODS
We retrospectively reviewed 66 patients with Stage III and IV PC who had received chemother-
apy. A total of 35 (53%) patients receiving 125I brachytherapy and chemotherapy (gemcitabine + 
cisplatin, GP) were classified as Group A, and 31 (47%) patients who received GP chemotherapy 
alone were categorized as Group B. The evaluated indications were local control rate (LCR), local 
progression-free survival (LPFS), overall survival (OS), treatment-related complications, and the 
degree of symptom relief. Kaplan-Meier curves, log-rank test and Cox regression models were 
generated and used for further analysis to identify predictors of outcomes.

RESULTS
The median follow-up time was 6.00±0.84 months. The 1-, 3-, 6-, 12- and 18-month LCRs for 
Group A were 100% (35/35), 89.3% (25/28), 71.4% (15/21), 37.5% (3/8) and 33.3% (1/3), respec-
tively; and those for Group B were 87.1% (27/31), 69.6% (16/23), 41.2% (7/17), 14.3% (1/7) and 
0% (0/3), respectively. The LCR differed at 1-, 3- and 6-months (p = 0.032; p = 0.009; p = 0.030; 
respectively). The median LPFS was 7.00±0.30 months and 5.00±0.75 months for Groups A and 
B (p = 0.023), respectively; however, the median OS of the groups were not significantly different 
(8.00±0.77 months vs. 6.00±1.04 months. p = 0.917). No life-threatening complications occurred 
during or after the procedures. Patients in Group A experienced better pain control and relief of 
abdominal distension than those in Group B.

CONCLUSION
CT-guided 125I brachytherapy is a feasible, safe, and valuable treatment for patients with unre-
sectable PC.
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iting. Irreversible electroporation, a local 
destructive therapy, is based on the trans-
mission of high-voltage current pulses di-
rect through the tumor tissue, leading to 
alteration of irreversible permeation in the 
integrity of cell membrane and cell death 
(6). Nevertheless, this procedure is often 
implemented under laparotomy and the 
expense is high. New technologies in ex-
ternal beam radiotherapy have also been 
developed, such as stereotactic body ra-
diotherapy and cyberknife. However, PC is 
relatively insensitive to external radiation. 
Also, the higher the dose received, the 
higher the risk of severe adverse effects, 
especially to cardinal organs such as the 
intestine and liver. Thus, the dose has to 

be controlled and rapidly reduced, ulti-
mately increasing the risk of residual tu-
mor and treatment failure.

Iodine-125 (125I) brachytherapy, a treat-
ment as internal radiotherapy, has been 
considered a useful and minimally inva-
sive modality. It has been shown to be a 
safe and effective option for many types 
of tumors such as those on brain, thoracic, 
prostate and soft tissue (7–10), and remark-
able advantage of few complications and 
side effects (11, 12). Under the real-time 
imaging guidance (CT or ultrasound), the 
125I seed-specific needle is used to insert 
the seed into the tumor tissue. When the 
needle reaches the target area according 
to the preoperative plan, the 125I seed is re-
leased by a single use of implantation gun 
after pulling out the needle core. Each seed 
is implanted one by one within the tumor 
by drawing back the needle along the nee-
dle track. The 125I seed continuously emits 
X-rays and γ-rays within the target area, 
with a half-life of 59.6 days and a radiation 
diameter of 1.7 cm. The miniature seed has 
higher local radiation energy than conven-
tional radiotherapy, while decreasing rapid-
ly with increasing distance from the target 
area. CT is characterized by clear images, re-
al-time observations, thin slices, and good 
tissue contrast on enhancement scanning. 

These characteristics make it possible for 
CT-guided 125I brachytherapy to safely and 
visibly cover the target lesion complete-
ly, avoiding injury to the adjacent tissues. 
However, there have been few reports 
about CT-guided 125I brachytherapy com-
bined with chemotherapy for this disease. 
The aim of our study was to evaluate and 
determine the effectiveness and feasibility 
of this combination treatment for UPC.

Methods
Data collection

This study was approved by the ethics 
committees of our center, in accordance 
with the Helsinki Declaration. Written in-
formed consent was waived because it was 
a retrospective study, and patient data were 
kept strictly confidential. From January 2006 
to November 2017, patients diagnosed with 
UPC were reviewed retrospectively. The in-
clusion criteria: (a) Stage III (tumor invading 
the celiac axis or the superior mesenteric 
artery with or without spreading to lymph 
nodes) or Stage IV (metastasis) (based on 
the American Joint Committee on Cancer 
TNM Staging of Pancreatic Cancer, 8th ed., 
2017) that was ineligible for surgical resec-
tion (Fig. 1) and receiving at least two cycles 
of chemotherapy (gemcitabine with cispla-
tin initially, GP); (b) ≤2 sites of metastasis; (c) 

Main points

•	 125I brachytherapy is a feasible method for 
treating unresectable or locally advanced 
pancreatic carcinoma.

•	 125I brachytherapy combined with chemo-
therapy can achieve good local disease con-
trol compared with chemotherapy alone, but 
the overall survival cannot be improved by 
this combination treatment.

•	 125I brachytherapy shows favorable clinical 
symptoms relief without increasing compli-
cations.

Figure 1. a–e. A 67-year-old male pancreatic carcinoma (PC) patient with high-grade adenocarcinoma confirmed by histopathology. Axial fat-suppressed 
T2-weighted image (a) shows an elliptical shaped lesion in the pancreatic tail with slightly higher signal intensity. On axial fat-suppressed T1-weighted 
image (b), the lesion is hypointense. In the arterial phase (c), the lesion is slightly enhanced and its signal intensity is lower than the normal intensity of 
the pancreas. In the equilibrium phase (d), the lesion is clear with delayed enhancement compared with the arterial phase, which is a typical imaging 
characteristic of PC. On the PET-CT image (e), the lesion shows high metabolic activity. There was a small hypermetabolic nodule in liver Segment V/VI, 
indicating a metastatic lesion. This patient was classified with unresectable PC Stage VI.
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histopathological confirmation; (d) receiv-
ing 125I seed treatment; (e) platelet count 
>70.0×109/L, prothrombin time <18 s and in-
ternational normalized ratio <1.5; (f ) alanine 
transaminase and aspartate transaminase 
<50  U/L, total bilirubin <50  µmol/L, serum 
albumin >28 g/L, normal kidney function. 
For patients who had moderate or severe 
pain after one cycle of chemotherapy and 
refused to take more dosages of analgesic, 
after fully informing of the potential risks 
for brachytherapy and obtaining their in-
formed consent, 125I seed was added to their 
treatment before the second cycle of che-
motherapy (7–10 days interval); those who 
refused to receive 125I brachytherapy were 
continued on chemotherapy. The remain-
ing cycles of chemotherapy were continued 
in all patients until disease progression was 
detected. The exclusion criteria were: (a) lack 
of detailed clinical information or loss to fol-
low-up; (b) more than 2 sites of metastasis; 
(c) incomplete or intolerant for two cycles of 
chemotherapy; (d) previous radiotherapy; 
(e) massive ascites or cachexia; (f ) Karnofsky 
performance status <70, and severe heart, 
liver, or renal disorder.

Chemotherapy
Gemcitabine: 1000 mg/m2/once a week/3 

weeks (d1, d8, d15), then ceased for 1 week. 
Cisplatin: 25 mg/m2/once a day/3 days (d1-3).

125I seed implantation
125I seeds (Yunke Pharmaceutical Limited 

Liability Company) were designed as cylin-
drical titanium packages (diameter, 0.8 mm; 
length, 5.0 mm). The particle, which con-
tained 125I radionuclide silver rod (diame-
ter, 0.5 mm; length, 3.0 mm) as the central 
source, was implanted with a mean energy 
of 27–32 KeV, and effective diameter of 1.7 
cm. The initial activity and half-life for each 
seed was 0.6 mCi and 59.6 days, respec-
tively; 88%–94% of the dose was delivered 
within 6–8 months.

CT images (5 mm sections) were ob-
tained from all patients <1 week preopera-
tively, then imported into a treatment plan-
ning system (TPS) (Beijing Atom and High 
Technique Inc.) to optimize the treatment 
plan of each patient. Careful delineation of 
the gross tumor volume (GTV) and planned 
target volume (PTV) in each CT slice was 
verified by an interventional oncologist 
and clinical physicist. GTV was delineation 
of the whole lesion visualized on CT. PTV 
was defined as beyond the edge of the GTV 
of 1.0 cm. The number of 125I seeds needed 
and the total dose activity were calculated 
using the TPS to develop a dose-volume 
histogram, observe the dose distribution, 
and adjust the needle to obtain optimal 
dose distribution in the PTV. The dose 
transmitted to the PTV was 95% of the pre-

scribed dose, with a mean dosage of 120 Gy 
in this study.

On the days of the procedure, con-
trast-enhanced CT scanning was performed 
to obtain clear delineation of the tumor and 
important vessels. After administering 10 
mL 1% lidocaine for local infiltration an-
esthesia, several 18 G spinal needles were 
used for the percutaneous puncture to the 
farthest tumor edge, keeping approximate-
ly 1 cm distance between each needle. An 
implantation gun was used to release the 
125I seeds into the tumor after pulling out 
the needle core. Every seed was released by 
drawing back the needle, and seeds were 
kept adjacent at distances of 5 mm. After 
completing the procedure, repeated CT 
scans were performed and transmitted to 
TPS for dose verification (Fig. 2) and check 
for any complications.

Pre- and postoperative management
Patients were asked to fast 24 h prior to 

the procedure. Octreotide was given one 
day before the procedure. Oral laxatives 
and cleansing enemas were used one night 
before the procedure to flush out the intes-
tine and reduce the complications.

During seed implantation and in the fol-
lowing 24 h, patients underwent electrocar-
diograph monitoring. After the procedure, 
they were strictly confined to hospital bed 
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Figure 2. a–e. Treatment planning system verification. Image (a) shows a tumor in the pancreatic tail. Purple lines represent the tumor's contour; the red 
area received 90% of the prescribed dose. Preoperative dose volume histogram (DVH) (b) determined the prescribed dose as 120 Gy with target = tumor. 
A total of 90% of the tumor area (D90 = 124.1 Gy) received 124.1 Gy, and 91.7% of the tumor area received 100% of the prescribed dose (V100 = 91.7%). 
Postoperative CT image (c) shows two rows of seeds in the pancreatic tail. Image (d) shows postoperative distribution of implanted seeds. Postoperative 
DVH (e) determined D90 = 125.2 Gy, V100 = 92%. The distribution of the postoperative dose was coincident with the preoperative dose.
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and prohibited from drinking and eating 
until anal exhaust. Antibiotics, hemostasis, 
inhibition of gastric acid and digestive en-
zyme secretion, and fluid therapy were giv-
en as needed. 

Follow-up and evaluation criteria
All patients underwent contrast-en-

hanced CT or MRI at follow-up. The tumor 
response of 125I seed was evaluated after the 
first and second month of seed implanta-
tion. The tumor response of chemotherapy 
was evaluated every two courses of chemo-
therapy (8 weeks) in both groups. The ob-
served outcomes included local control rate 
(LCR), local progression-free survival (LPFS), 
overall survival (OS), degree of symptom 
relief, and complications. The primary end-
point was LPFS that was defined as the 
start of 125I seed treatment to the date of 
either local disease progression or the last 
follow-up. OS was defined as the date from 
125I seed treatment to the date of death. Tu-
mor response (including the primary tumor 
and the whole body lesion) was evaluated 
according to the RECIST 1.1. The complete 
response (CR), partial response (PR), stable 
disease (SD) and progression disease (PD) 
were classified accordingly. LCR was defined 
as the proportion of cases with absence of 
tumor progression (CR+PR+SD). The ma-
jor clinical symptoms were pain (including 
flank pain and stomachache), abdominal 
distension, fatigue, and inappetence. Pain 
distribution before and after treatment was 
divided into three classifications based on 
the visual analogue scale, respectively: 0–3 
was mild; 4–6 was moderate; and 7–10 was 
severe. Symptoms for abdominal disten-
tion, fatigue and inappetence between 
pre-treatment and post-treatment were 
categorized by using a four-point categor-
ic scale (worst=1, bad=2, mild=3, and nor-
mal=4). Symptom distribution was re-eval-
uated and recorded after one month of 
treatment in both groups. The differences 
in symptom changes between the Group A 
and Group B, and pre- and post-treatment 
were calculated and compared.

Statistical analysis
Statistical analyses were performed us-

ing SPSS Statistics Software Version 22.0 
(SPSS) and GraphPad Prism version 6.01 
(GraphPad Software). Descriptive statistics 
of the data were presented as n (%). Test of 
normality (Shapiro-Wilk) was used to de-
termine whether the variable had normal 
distribution. If variable was normally dis-

tributed, it was shown as mean ± standard 
deviation, and independent sample t test 
was used for the comparison. Otherwise, 
variable was shown as median (min–max), 
and Wilcoxon’s signed rank test was used for 
the two dependent sample comparison and 
Mann-Whitney U test was used for the two 
independent sample comparison. Follow-up 
time and survival related outcomes were in-
dicated as median ± standard error of medi-
an. Patient characteristics and the LCR were 
analyzed by the Pearson’s chi-square test or 
Fisher Freeman Halton exact test when nec-
essary. Kaplan-Meier analysis and log-rank 

test were used to compare LPFS and OS be-
tween groups. Multivariable Cox proportion-
al hazards model by using stepwise forward 
logistic regression was applied to investigate 
the relationship between variables and LPFS, 
and the p value of the model was shown at 
last step. Values of p  < 0.05 (two-sided) were  
considered statistically significant.

Results
There were 35 patients (53%) receiv-

ing combination treatment (Group A, 125I 
seed and GP chemotherapy) and 31 pa-
tients (47%) receiving GP chemotherapy 

Table 1. Patient characteristics

Characteristics Group A, n (%)a Group B, n (%)a p

Age

   Mean ± SD 56.60±11.41 59.84±11.26 0.251b

Sex 0.258

   Male 26 (74.3) 19 (61.3)

   Female 9 (25.7) 12 (38.7)

Stage 0.678

   III 13 (37.1) 10 (32.3)

   IV 22 (62.9) 21 (67.7)

Lesion diameter (cm)

   Median (min–max) 4.90 (3.10–7.20) 4.79 (3.20–6.90) 0.783c

Tumor location 0.420

   Pancreatic head 17 (48.6) 12 (38.7)

   Pancreatic body or tail 18 (51.4) 19 (61.3)

Histology 0.671

   Low grade 13 (37.1) 14 (45.2)

   Middle grade 15 (42.9) 10 (32.3)

   High grade 7 (20.0) 7 (22.6)

CA19-9 pre-treatment 0.153

   ≤35 U/mL 6 (17.1) 10 (32.3)

   >35 U/mL 29 (82.9) 21 (67.7)

TBIL pre-treatment 0.538

   ≤21 μmol/L 26 (74.3) 25 (80.6)

   >21 μmol/L 9 (25.7) 6 (19.4)

Cycles of chemotherapy (GP) 0.936

   2 5 (14.3) 6 (19.4)

   3 8 (22.9) 8 (25.8)

   4 9 (25.7) 8 (25.8)

   5 6 (17.1) 5 (16.1)

   6 7 (20.0) 4 (12.9)
aDescriptive statistics of categorical variables were expressed as n (%).
bThe independent samples t test was used for the age comparison between two groups.
cThe Mann-Whitney U test was used for the lesion diameter comparison between two groups.
SD, standard deviation; CA19-9, carbohydrate antigen 19-9; TBIL, total bilirubin; GP, gemcitabine + cisplatin.



alone (Group B), respectively. There were 
45 (68.2%) male and 21 (31.8%) female 
patients. The mean age was 56.6±11.4 
years (range, 39–82 years) for Group A and 
59.8±11.3 years (range, 29–77 years) for 
Group B. All patients received 2–6 cycles 
of GP chemotherapy. The patients’ detailed 
characteristics are listed in Table 1.

At 1-, 3-, 6-, 12- and 18-months, the LCRs 
for Group A were 100% (35/35), 89.3% 
(25/28), 71.4% (15/21), 37.5% (3/8) and 
33.3% (1/3), respectively; and those for 
Group B were 87.1% (27/31), 69.6% (16/23), 
41.2% (7/17), 14.3% (1/7) and 0% (0/3), re-

spectively (Table 2). Patients in Group A 
achieved better LCR than those in Group 
B; this difference was evident at 1-, 3- and 
6-months (p  =  0.032; p  =  0.009; p  =  0.030; 
respectively). Kaplan–Meier curves showed 
that the median LPFS for Groups A and 
B was 7.00±0.30 months and 5.00±0.75 
months, respectively. LPFS was significant-
ly longer in Group A than that in Group B 
(p = 0.023; Fig. 3 and 4).

Kaplan–Meier curves showed that the 
median OS for Groups A and B was 8.00±0.77 
months and 6.00±1.04 months, respective-
ly. There was no statistical difference in OS 

between two groups (p  =  0.917; Fig. 5). In 
the multivariate model, stage III (HR=0.668; 
p  =  0.026), tumor size ≤5cm (HR=0.509; 
p = 0.006) and receiving 125I brachytherapy 
(HR=1.398; p = 0.012) were identified as in-
dependent predictors of longer LPFS (Table 
3). Forest plot subgroup analysis of factors 
associated with LPFS is shown in Fig. 6.

No life-threatening complications such 
as death, massive hemorrhage or peri-
tonitis occurred during or after the seed 
implantation. One patient (2.9%) suffered 
seed migration, which was located in the 
peri-intestine after the procedure for two 
months; the patient did not experience dis-
comfort or severe complications during the 
follow-up period.

Before treatment, the symptoms be-
tween the two groups did not show signif-
icant difference. The symptom relief distri-
bution for pain and abdominal distension 
after 125I treatment in Group A was signifi-
cantly better than that in Group B. Fatigue 
and inappetence were not statistically 
different between the two groups (Table 4 
and 5).

Discussion
Radiation, a physical factor to which cell 

division is sensitive, is able to efficiently in-
hibit cell proliferation and promote apop-
tosis. The X-rays and γ-rays can directly in-
duce DNA single-strand and double-strand 
breaks of cells. Additionally, there is an in-
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Table 2. Comparison of clinical efficacy between the two groups

Follow-up period

Group A, n (%) Group B, n (%)

CR PR SD PD LC CR PR SD PD LC p

Primary tumora

1 month 0 (0) 12 (34.3) 23 (65.7) 0 (0) 35/35 (100) 0 (0) 5 (16.1) 22 (71) 4 (12.9) 27/31 (87.1) 0.032

3 months 1 (3.6) 9 (32.1) 15 (53.6) 3 (10.7) 25/28 (89.3) 0 (0) 0 (0) 16 (69.6) 7 (30.4) 16/23 (69.6) 0.009

6 months 2 (9.5) 7 (33.3) 6 (28.6) 6 (28.6) 15/21 (71.4) 0 (0) 0 (0) 7 (41.2) 10 (58.8) 7/17 (41.2) 0.030

12 months 0 (0) 2 (25) 1 (12.5) 5 (62.5) 3/8 (37.5) 0 (0) 0 (0) 1 (14.3) 6 (85.7) 1/7 (14.3) 0.754

18 months 0 (0) 1 (33.3) 0 (0) 2 (66.7) 1/3 (33.3) 0 (0) 0 (0) 0 (0) 3 (100) 0/3 (0) 0.821

Overall responseb

1 month 0 (0) 10 (28.6) 18 (51.4) 7 (20) 28/35 (80) 0 (0) 5 (16.1) 19 (61.3) 7 (22.6) 24/31 (77.4) 0.505

3 months 0 (0) 5 (17.9) 12 (42.9) 11 (39.3) 17/28 (60.7) 0 (0) 6 (26.1) 8 (34.8) 9 (39.1) 14/23 (60.9) 0.815

6 months 0 (0) 1 (4.8) 5 (23.8) 15 (71.4) 6/21 (28.6) 0 (0) 2 (11.8) 3 (17.6) 12 (70.6) 5/17 (29.4) 0.831

12 months 0 (0) 0 (0) 0 (0) 8 (100) 0/8 (0) 0 (0) 0 (0) 0 (0) 7 (100) 0/7 (0) 1.000

18 months 0 (0) 0 (0) 0 (0) 3 (100) 0/3 (0) 0 (0) 0 (0) 0 (0) 3 (100) 0/3 (0) 1.000

LC was calculated as: (CR+PR+SD)/total in each group.
aTreatment response evaluation was performed only for the primary tumor by using RECIST 1.1.
bTreatment response evaluation was performed for the whole body lesion by using RECIST 1.1.
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; LC, local control.

Table 3. Results of univariate and multivariate analyses for LPFS

Variable

LPFS

p

Multivariate

HR (95% CI)

Sex (female vs. male) 0.204

Age (≤60 years vs. >60 years) 0.568

Stage (III vs. IV) 0.668 (0.437–0.904) 0.026

CA19–9 pre-treatment (U/mL) (≤35 vs. >35) 0.278

Tumor location (head vs. body + tail) 0.134

Tumor size (cm) (≤5 vs. >5) 0.509 (0.306–0.818) 0.006

Tumor differentiation (low vs. middle + high) 0.051

Large vessel encapsulated (no vs. yes) 0.322
125I brachytherapy (no vs. yes) 1.398 (1.091–1.821) 0.012

Puncture through liver (no vs. yes) 0.662

LPFS, local progression-free survival; HR, hazard ratio; CI, confidence interval; CA19-9, carbohydrate antigen 19-9.
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direct effect on cell damage. Ionization, es-
pecially as a result of forming free radicals 
and hydroxyl radicals from water molecules 
after absorbing radiation energy, can de-
struct the DNA structure. These events can 
initialize the cell cycle checkpoint which 
is sensitive to DNA damage. When repair-
ment was insufficient to counteract this 
lethal damage, the cell cycle was blocked 
and cell division was terminated. However, 
for surrounding normal tissues that receive 
sublethal doses of radiation, slow-emitting 
radiation from 125I seed allows them to re-
pair and recover in ample time (13). Com-
pared with external radiotherapy, 125I seed 
implantation has advantages. First, 125I seed 
can continuously damage tumor cells by 
keeping them in a resting period, as harm-
ful irradiation is constantly released. Sec-
ond, rays from the seed can target the local 
tumor with overlapping high doses, after 
which the radioactive energy rapidly de-
creases with an increase in distance. Third, 
125I seed treatment has low dependence on 
oxygen for its killing effect in the hypoxic 
environment within the tumor, promoting 
the apoptosis of tumor cells (14).

125I seed, a local treatment, has been 
widely applied in many cancerous diseas-
es as it has been shown to be effective and 
safe (7, 11, 15). With the advent of TPS, the 
operation procedure and dose distribution 
have become normalized, accurate and 
repeatable. Importantly, this modality can 
be used in patients who are not eligible for 
other treatments, providing more salvage-
able options based on their disease and 
intention. There is an interval of about 1–2 
months from original seed implantation to 
therapeutic effectiveness due to continued 
and slow emission of the radiation; the half-
life of 125I seed is 59.6 days. Similarly, there is 
an interval of about 8 months from the start 
of therapeutic effects of the seed to the 
end of its activity. During this three to four 
half-life cycles, nearly 90% of the radiation 
decays. Unlike external radiation, the accu-
mulation of low-dose consecutive radiation 
from 125I seed within the tumor tissue can 
result in tumor cell devitalization gradually. 
Localized inflammatory reaction also takes 
place, which is replaced by fibrous tissue 
later turning into scar and tumor shrink-
age. This pathophysiologic process makes 
radiologic tumor response visible in the 
later period, explaining why the LPFS and 
LCR in Group A were superior to those in 
Group B, particularly the LCR within the first 
6 months.

Table 4. Relief of clinical symptoms in each group

Group Variable
Pre-treatment 

Median (min–max)
Post-treatment

Median (min–max) p *

Group A Pain 7 (2–10) 5 (1–10) <0.001

Distension 2 (1–4) 3 (1–4) 0.001

Fatigue 2 (1–4) 3 (1–4) 0.654

Inappetence 3 (1–4) 2 (1–4) 0.282

Group B Pain 9 (3–10) 7 (2–10) 0.002

Distension 2 (1–4) 2 (1–4) 0.705

Fatigue 2 (1–4) 2 (1–4) 0.414

Inappetence 2 (1–4) 2 (1–4) 0.180

* The Wilcoxon's signed rank test was used between pre-treatment and post-treatment for each symptom.

Table 5. The comparison of clinical symptom relief between two groups

Pain 
Median 

(min–max)

Distension 
Median 

(min–max)

Fatigue 
Median 

(min–max)

Inappetence 
Median 

(min–max)

Pre-treatment

   Group A 7 (2–10) 2 (1–4) 2 (1–4) 3 (1–4)

   Group B 9 (3–10) 2 (1–4) 2 (1–4) 2 (1–4)

   p * 0.050 0.172 0.968 0.249

Post-treatment

   Group A 5 (1–10) 3 (1–4) 3 (1–4) 2 (1–4)

   Group B 7 (2–10) 2 (1–4) 2 (1–4) 2 (1–4)

   p * 0.034 0.007 0.878 0.340

*The Mann-Whitney U test was used between Group A and Group B for each symptom.

Figure 3. Local progression-free survival (LPFS) in Groups A and B. There was statistical difference between 
the two groups with the median LPFS 7.00±0.30 months vs. 5.00±0.75 months, respectively (p = 0.023).
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The median OS and 1-year OS rates were 
in line with or similar to those previous-
ly reported (16–19). However, the overall 
2-year survival rates were less than these 

previous studies. Two possible reasons for 
these differences were as follows. First, our 
study had patients with Stage III and IV un-
resectable disease, whereas other studies 

included patients with Stage I and II disease 
(20, 21). The second reason might be differ-
ences in treatment. The treatment in some 
studies was adjuvant with radiotherapy 
(16), and comparison between pancreati-
coduodenectomy and seed implantation 
has also been made (22). These curative op-
tions could strengthen therapeutic efficacy 
of primary tumor and eliminate the viable 
tumor compared with 125I therapy alone. 
The results from Group B treated with che-
motherapy alone were in accordance with 
other studies. The prognosis with gemcit-
abine alone is poor (~5–6 months). Howev-
er, the addition of other chemotherapeutic 
drugs can increase the median survival time 
to 7.5–9 months (23, 24). The median PFS 
for gemcitabine alone is shorter than that 
with gemcitabine combination chemother-
apy (3.8 vs. 5.3 months) (25). The median 
LPFS in our study was 7.0 months in Group 
A. Therefore, it is reasonable to assume that 
chemotherapy combined with brachyther-
apy can lead to longer local disease control.

There have been few studies focused on 
the effectiveness of this combination thera-
py in PC. Zou et al. (19) and Xu et al. (26) com-
pared OS using radiofrequency ablation with 
125I seed treatment and cryoablation with 125I 
seed implantation, respectively. However, 
these were all local therapies. In Wang et al. 
(21) and Yu et al. (27), they used only single 
therapy of seed implantation to evaluate 
therapeutic efficacy in PC. When we used 
enhanced-CT guidance to direct our proce-
dure, compared with ultrasound guidance, 
CT could not only avoid the interference of 
intestinal gas and echo influence from ul-
trasound, but also eliminate measurement 
variations caused by different sonographers. 
It is more accurate to verify postoperative 
TPS and obtain uniform image each time for 
evaluation. In our study, we calculated the 
LCR at 1-, 3-, and 6-months, as it is more rea-
sonable to assess this index within 6 months 
because the seed is in the “active” stage.

The major complications for 125I seed im-
plantation such as death and massive bleed-
ing are rare. The incidence of minor compli-
cations is relatively low. In the study by Yu 
et al. (16), one patient had massive hemor-
rhaging of the upper gastrointestinal tract 
and three patients had a small amount of 
bleeding between bowel clearances. In the 
study of Zou et al. (19), two patients had bili-
ary leakage, and one had acute pancreatitis. 
These may have been due to intestinal gas 
interfering with ultrasound when implanting 
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Figure 4. a–d. Patient follow-up after 125I treatment. Images (a, b) were acquired one month after 125I 
seed implantation. On axial fat-suppressed T1-weighted image (a), the lesion shows heterogeneous 
hypointensity. In the equilibrium phases (b), the lesion shows heterogeneous enhancement. However, 
the degree and extent of enhancement is lower and smaller than those in the preoperative images, 
indicating a therapeutic response. Images (c, d) were acquired three months after seed implantation. 
On axial fat-suppressed T1-weighted image (c), the lesion shows heterogeneous hypointensity. In 
the equilibrium phases (d), the lesion is still hypointense without enhancement compared with the 
surrounding tissues and preoperative images, indicating no tumor residual.

c

a

d

b

Figure 5. Overall survival (OS) in Groups A and B. There was no statistical difference between the two 
groups with the median OS determined as 8.00±0.77 months vs. 6.00±1.04 months, respectively (p = 0.917).
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the seed or ablative injury in the peripheral 
tract tissue. Also, prior cholangio-jejunosto-
my in their study complicated the original 
anatomic structure around the pancreas.

Pain relieved by 125I seed had also been 
previously reported (28, 29). In the study by 
Wang et al. (17), pain was present in 57.1% 
(8/14) of patients prior to treatment. In his 
study, the rate of pain remission was nearly 
50% during the follow-up period. The mech-
anism of 125I seed for pain and distension 
relief might be related to tumor shrinkage 
and tumor cell growth inhibition caused by 
radiation damage. With decreasing tumor 
size or viable tumor area, the compression 
of the neural plexus around the pancreas 
and gastrointestinal tract and the effect on 
secretion were alleviated and modulated.

This study has several limitations. This was 
a single-center retrospective study with a 
small sample size. In addition, although we 
strictly followed the TPS as much as possible, 
unavoidable change of posture and breath 
movement might cause considerable dose 
deviation from the prescribed plan and 
affect accuracy. Moreover, radioactive tol-
erance or failure could be seen in some pa-
tients (30, 31). Molecular expression and cell 
activity might be two crucial aspects of this 
phenomenon. More signal pathway research 
is encouraged to continue the clarification of 
this basic mechanism in future. Finally, the 
curative efficacy of CT-guided and ultra-
sound-guided seed implantation was not 
compared,  which should be performed in 
later studies for precise and optimal options 
in subsequent treatments.

In conclusion, CT-guided 125I brachythera-
py is a feasible and safe alternative method 
for treating UPC. It results in good LPFS and 

relief of clinical symptoms without decreas-
ing OS or increasing complication.  
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