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Objective: To evaluate the therapy effects of 125I implan-

tation combined with chemoradiotherapy on pancreatic

cancer patients.

Methods: 30 patients with Stage III or IV pancreatic

cancer were equally divided into two groups (control and

treatment group). The patients in the treatment group

(nine males, six females) received chemotherapy in the

first week and 125I implantation in the third week, followed

by combined chemoradiotherapy in the fifth week. The

patients in the control group (10 males, 5 females)

received the same treatment except 125I implantation.

The therapy in the control group and treatment group

was repeated every 4 weeks.

Results: The median conformal radiotherapy dose in the

treatment group (30.62Gy) was significantly lower than

that in the control group (47.86Gy). The total radiation

dose was 88.716 27.39Gy, and the surface activity was

0.6mCi in the treatment group. After treatment, the

average tumour size decreased both in the treatment

group [9.17 cm2, 95% confidence interval (CI):

5.60–12.74, p,0.001] and in the control group

(4.54 cm2, 95% CI: 2.74–6.35, p,0.001). The median

survival time in the treatment group was 14 months

(95% CI: 12.215–14.785) and in the control group was 12

months (95% CI: 10.884–13.116). There was no statistical

significance in survival rates between the two groups

(x250.908, p50.341).

Conclusion: 125I implanted into tumour combined with

chemoradiotherapy has higher local control rate of ad-

vanced pancreatic cancer than chemoradiotherapy.

Advances in knowledge: We combined chemoradiother-

apy with 125I implantation to treat advanced pancreatic

cancer and obtained a higher local control rate and better

quality of life than when using chemoradiatherapy alone.

Pancreatic cancer is currently one of the most intractable
cancers with high and continually rising mortality in China.1

The main risk factors are smoking, age and some genetic
disorders, although the primary causes are poorly un-
derstood.2 Pancreatic cancer causes no early symptoms, so the
majority of patients are diagnosed as having advanced cancer
with rapid progressionwhen they come to the hospital.3 Thus,
patients miss the opportunity for tumour resection when first
diagnosed. Even if the cancer is discovered early, only 20% of
patients can undergo surgical excision, whereas the other 80%
cannot.2 For patients who have undergone radical excision,
the 5-year survival rate is just 20–25%.4–9

Advanced pancreatic cancer, according to the TNM stage of
pancreatic carcinoma by the American Joint Committee on
Cancer (AJCC),10 includes Stages III and IV, and pancre-
atectomy is not well accepted.11 It is reported that ap-
proximately 40% of pancreatic cancer patients present with
locally advanced, non-metastatic disease.12 Local lesions

play a vital role in a patient’s survival.13–16 The aim of
advanced pancreatic cancer treatment is to enhance local
lesion control and improve the quality of life (QOL).17,18

Gemcitabine is a type of pyrimidine analogue, which acts
as a ribonucleoside reductase inhibitor and destroys cells
and terminates the DNA chains. It has been approved by
the US Food and Drug Administration as a gold standard
agent in chemotherapy19 for the treatment of cancer,
especially for advanced pancreatic cancer.20 Currently, the
major therapy is comprehensive treatment, namely che-
moradiotherapy, which is superior to either radiotherapy21

or chemotherapy.22 But the overall survival time is not pro-
longed by chemoradiotherapy in advanced pancreatic cancer
compared with single-agent gemcitabine.23 The 5-year sur-
vival rate is still ,5%.24 However, interstitial implantation of
radioactive seeds (brachytherapy) combined with conformal
radiotherapy (external beam radiation therapy) has a good
effect for local control of pancreatic cancer.25,26 125I particles
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are reported to be the most commonly used for brachytherapy
because of their long half-life and short radiation distance.27

Therefore, we infer that 125I implantation combined with che-
moradiation may obtain better curative effects.

In this study, we compared the local control rate, pain relief and
survival rate of 30 patients with advanced pancreatic cancer who
were treated with or without 125I implantation combined with
chemoradiotherapy in our hospital during October 2006 to January
2012.We expected that the implantation of 125I particles could be an
efficient therapy for patients with advanced pancreatic cancer.

METHODS AND MATERIALS
Inclusion and exclusion criteria
Informed consent about the basic process of radiotherapy,
chemotherapy and 125I implantation and possible complications
was obtained from all participating individuals. The protocol
was approved by the Zhejiang Cancer Hospital Medical Research
Ethics Committee, Zhejiang, China.

The inclusion criteria were as follows: (1) pathology-diagnosed
pancreatic cancer or (2) two kinds of image examination com-
bined with laboratory and clinical examination leading to a di-
agnosis of pancreatic cancer; (3) patients with unresectable
pancreatic carcinoma, includes Stage III (cancer has spread to
lymph nodes near the pancreas and may or may not spread
to nearby organs) and Stage IV (although cancer has spread to

places far away from the pancreas, such as the liver or lungs, the
local lump was considered to be the major factor that caused
pain or obstructive jaundice) according to TNM stage standards
provided by AJCC.10

The exclusion criteria were as follows: (1) patients with mental
disorders and those with other diseases and (2) patients with
severe cardiopulmonary dysfunction, advanced cachexia, tumours
with a diameter $7 cm or diffuse tumours.

All the patients’ stages and inclusion criteria were decided by
professors of the pancreatic surgery and abdominal radio-
therapy department.

Patient information and groups
A total of 30 patients were included in this study, and the patients’
data and characteristics are displayed in Table 1. They were ran-
domly divided into a treatment group and a control group (n5 15).
The treatment group received 125I implantation combined with
chemoradiotherapy, whereas 125I implantation was absent in the
control group. The average age was 61.2 years in the treatment
group, and 59.5 in the control group with no statistical significance
between these two groups. In the treatment group, there were 14
patients diagnosed with pancreatic cancer by pathology, whereas 1
patient who underwent CT-guided puncture biopsy had no obvious
cancer cells in the pathological report but was diagnosed with Stage
IV pancreatic cancer combined with intrahepatic multiple transfer

Table 1. Patient information and treatment characteristics

Data
Treatment group Control group

x2 p-value
Cases % Cases %

Age (mean 6 standard deviation) 61.206 12.50 59.476 10.62 t520.410 0.685

Sex x25 0.144 0.705

Male 9 60.00 10 66.67

Female 6 40.00 5 33.33

Diagnostic methods x25 1.154 0.283

Pathological diagnosis 14 93.33 12 80.00

Imaging and laboratory diagnosis 1 6.67 3 20.00

Clinical manifestations before treatment x25 0.304 0.859

Pain 15 100.00 15 100.00

Jaundice 2 13.33 1 6.67

Elevated carbohydrate antigen 19-9 14 93.33 13 86.67

Diameter of nidus (largest) 2.0–5.0 cm 2.1–6.0 cm

Location of pancreatic tumours x25 3.086 0.214

Head 2 13.33 5 33.33

Body 9 60.00 9 60.00

Tail 4 26.67 1 6.67

Clinical stage x25 1.540 0.215

Stage III 11 73.33 14 93.33

Stage IV 4 26.67 1 6.67
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and retroperitoneal lymph node metastasis with carbohydrate an-
tigen 19-9 (CA19-9) .12 000 Uml21 (reference value was 0–
37 Uml). In the control group, 12 cases were pathologically
diagnosed with pancreatic cancer, whereas the remaining 3 cases
were diagnosed as malignant pancreatic cancer by imaging and
CA19-9 . 370 Uml21.

All the patients’ stages and inclusion criteria were decided by
professors of the pancreatic surgery and abdominal radiotherapy
department.

Scheme of treatment
The scheme of treatment is displayed in Table 2. Patients in the
treatment group received chemotherapy on the first and eighth
days, 125I particles implantation in the third week and conformal
radiotherapy in the fifth week. Chemotherapy was simultaneously
performed every 4 weeks as a cycle for a total of 4–6 cycles when
treated with 125I particle implantation or external radiotherapy.
Patients in the control group received the same treatment as the
treatment group but without the implantation of 125I particles.

Chemotherapy regimens
Single-agent gemcitabine was given as 1000mgm22 once on the
first day and eighth day.19 For patients with hepatic metastasis,
interventional therapy (coeliac perfusion chemotherapy com-
bined with transcatheter arterial chemoembolization) plus sys-
tematic venous chemotherapy on the eighth day was performed.

Radiotherapy regimens
Radiotherapy was performed as in previous reports.28 Pinnacle®
6.2b [three-dimensional (3D) radiation treatment planning
system; Philips Medical Systems, Andover, MA] was used. The
patients were in the supine position, fixed with a ventral thoracic
covering and external radiation technology was used (10-MV
linear accelerator, Elekta, Crawley, UK). A multileaf collimator
was used to form a geometric conformal field. The planning
target volume (PTV) was surrounded by a 95% isodose to make
the conformal index close to 1. For the control group, a single

dose was 1.8 Gy (5 times per week), and the accumulated dose
reached 45.0–50.4Gy within 4–6 weeks. In the treatment group,
a single dose was 1.8 Gy (5 times per week), and the accumu-
lated dose reached 30.6–39.6 Gy within 3–4 weeks. The maxi-
mum dose in the spinal cord was ,42Gy; in the small intestine
was ,45Gy; in the liver, V5 was ,86%, V2 ,49%, V30 ,28%,
the average dose was ,23Gy; in the two kidneys, V12 was
,50%, V22.5 was ,30%, and the average dose was ,16Gy.
Finally, the external radiation dose in the treatment group was
30.626 10.18Gy and 47.866 32.11Gy in the control group.

Radioactive 125I particle implantation plan
Patients underwent CT or minimal remission (MR) examination
(HiSpeed CT/i; General Electric Company, New York, NY), and the
images were entered into a treatment plan system (TPS; Radio-
logical Institute of Fudan University, Shanghai, China). Gross tu-
mour volume (GTV) was confirmed by the radiation oncologist or
intervention practitioner. The PTVadds 0.5–1.0 cm to the boundary
of the GTV. 125I radiological particles (radioactivity, 0.55–0.65mCi;
dose rate, 0.05–0.10Gyh21; half-life, 59.6 days; effective radius,
1.72 cm; Junan Pharmaceutical Company, Ningbo, China) were
implanted at a dose of 120–140Gy in the periphery of tumours. The
radioactive dose was evaluated 1 week after the implantation. D90

(the dose to 90% of the volume) should have reached 60–140Gy. If
the actual dose was less than the reference dose, the evaluated
images (Figure 1) were analysed carefully, and then it was decided
whether supplementary particles should be implanted.

Radioactive particle implantation method
Intraoperative implantation or CT-guided percutaneous punc-
ture implantation was used.

Preoperative preparation Patients were given laxatives (en-
ema) to clean the intestine and were asked to have fluids for dinner
on the day before the operation. The routine blood examination,
coagulation function and abdominal enhanced CT examination
were completed before the 125I particle implantation. Karnofsky
performance status (KPS) scores29 were no less than 70.

Table 2. Scheme of treatment

Cycle Week Treatment group Control group

1

1 Chemotherapy (Day 1) Chemotherapy (Day 1)

2 Chemotherapy (Day 8) Chemotherapy (Day 8)

3 125I implantation /

4 / /

2

5 Chemotherapy (Day 1)1 radiotherapya Chemotherapy (Day 1)1 radiotherapya

6 Chemotherapy (Day 8) Chemotherapy (Day 8)

7 / /

8 / /

/, no chemotherapy.
Treatment group: patients underwent chemotherapy (gemcitabine, 1000mgm22 once) on the first and eighth days, repeated every 4 weeks (Q4W);
implantation was conducted on the third week (synchronous chemotherapy); three-dimensional (3D) conformal radiotherapy was performed in the
fifth week (the beginning of the second cycle of chemotherapy).
Control group: patients underwent chemotherapy (gemcitabine, 1000mgm22 once) on the first day and eighth day, repeated every 4 weeks (Q4W);
3D conformal radiotherapy was performed in the fifth week (the beginning of the second cycle of chemotherapy).
aRadiotherapy continued to the end of the course.
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Based on the prescription dose (140Gy) and the total activity the
number of treatment particles required was calculated. Particles
and the implantation instruments were disinfected by high-
pressure dry steam sterilization before use for more than 8min,
0.21MPa and 135 °C.

Intraoperative implantation Open intraoperative implanta-
tion was performed according to the radioactive 125I particle
implantation plan. When the pancreatic tumour area was ex-
posed after conventional pancreatic tumour surgery, the radio-
active particle implantation needle (18G, 100–150mm; Doctor
Japan Co., Ltd, Tokyo, Japan) was placed in the PTV, and the
particles were implanted into the tumour. One patient who was
pre-operatively diagnosed with pancreatic cancer accompanied

by hepatic metastasis and for whom pathological diagnosis was
obtained during exploratory laparotomy underwent intra-
operative implantation. Pancreatic CT scanning was performed
1 week after surgery, and the images were entered into the TPS
again for dose verification.

CT-guided implantation Patients adopted a supine position
(needle inserted from the anterior and lateral path) or prostrate
position (needle inserted from the posterior path). For those
patients undergoing the lateral path, a lateral position, left front,
right anterior oblique position was also available. The location
device was stuck on the skin surface of the pathological position.
Then the needle’s entry point was marked. After regular disin-
fection, spreading towels and local anaesthesia (2% lidocaine,

Figure 1. CT scanning images and dose–volume histogram (DVH) curves before and after 125I implantation. (a) Particle isodose curve

before implantation; (b) DVH figures before implantation; (c) particle isodose curve after implantation; (d) DVH after implantation.
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3ml), the radioactive particle implantation needles (18G) were
inserted into the nidus under CT guidance. The needles were
arranged at intervals of 10mm. After the needles were verified as
being in the right position, the stylet was extracted and the 125I
particle (0.8m3 4.5mm) was implanted into the nidus. The
distance between every two particles was about 10–15mm. After
implantation, dose verification was performed based on CT
scanning (section thickness, 5mm). If the result was not con-
sistent with the original plan or there appeared to be a “cold
spot”, implantation was repeated. In this study, there were
15 patients who accepted 18-G puncture implantation under CT
guidance. The anterior path (Figure 2a) was used for 10 cases,
the lateral path (Figure 2b) for 3 cases and the anterior–
posterior path (Figure 2c,d) for 2 cases.

Finally, a total of 374 seeds of 125I were implanted in 15 patients
in the treatment group with an average number of 24.93 (16–43)
seeds. The dose test results after 125I implantation indicated that
the D90 was 80–130Gy (median, 100Gy), and the average dose
was 88.71Gy.

Curative evaluation indicators
The local control rate
According to the World Health Organization response evalua-
tion criteria in solid tumours guideline, the local control rate
was investigated in our study. Complete remission (CR): tumour
lesions disappeared for at least 4 months; partial remission (PR):
the product of the maximum horizontal diameter and the
maximum vertical diameter of the lesion was reduced by .50%;
MR: the product of the maximum horizontal diameter and the
maximum vertical diameter was reduced by 25–50%; no change
(NC): the product of the maximum horizontal diameter and the
maximum vertical diameter of the lesion was reduced by ,25%.
The total effective rate was the sum of CR and PR.

Carbohydrate antigen 19-9 evaluation
The reference value of CA19-9 evaluation was 0–37Uml21.

Visual analogue scale pain scoring
The pain scores before and after treatment were recorded by
patients according to the visual analogue scale (VAS) scoring
system, which divided pain into 10 grades (Grades 0–10), and
the results were collected and analysed by one experienced
doctor. Grade 0 indicated no pain, Grades 1–3 mild pain (dis-
comfort, pressing sensation, passive pain, inflammatory pain
and sleep not being affected), Grades 4–6 moderate pain (such
as pain and cramps, burning sensation, squeezing feeling,
stabbing pain, haphalgesia, pressing pain and sleep being af-
fected), Grades 7–9 severe pain (such as preventing normal
activities and sleep being significantly affected) and Grade
10 extreme pain (could not be controlled).

Statistical analysis
Data were analysed by the SPSS® v. 16.0 software (SPSS Inc.,
Chicago, IL). The comparison of the size of the tumour was
performed using Student’s t-test, and the reductions in the two
groups were compared by paired-sample t-test. Local control
rates between the two groups were compared by x2 test. VAS

Figure 2. The puncture paths used in this study. (a) Anterior

path puncture; (b) lateral path puncture; (c) two puncture path

—the anterior path; (d) two puncture path—the posterior path.

Table 3. Comparison of tumour size in the two groups before
and after treatment

Group

Tumour size (cm2)

Before
treatment

After
treatment

Control group (mean 6
standard deviation)

12.85 6 4.09 7.65 6 4.16

Treatment group (mean 6
standard deviation)

12.74 6 4.99 4.09 6 4.66

t 0.065 2.088

P 0.949 0.047

The comparison of tumour size was performed 2 weeks before
treatment and 1 month after treatment based on CT images.

Table 4. Comparison of short-term effects in the two groups

Local control
effects

Treatment
group

Control
group

Cases % Cases %

CR 6 40.00 0 0.00

PR 5 33.33 4 26.67

MR 1 6.67 6 40.00

NC 3 20.00 5 33.33

CR1PR 11 73.33 4 26.67

CR, complete remission; MR, minimal remission; NC, no change; PR,
partial remission.
The comparison was performed 2 weeks before treatment and 1 month
after treatment based on CT images (for CR patients, the comparison
was between 2 weeks before treatment and 2 months after treatment).
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pain scores between the two groups were compared using the
t-test before surgery and the Mann–Whitney U-test after surgery
(non-normal distribution). The pain scoring differences before
and after treatment in the two groups were compared with the
paired-sample t-test. The Kaplan–Meier method was used to
estimate survival as a function of time, and survival differences
were analysed by the log-rank test. p, 0.05 was considered
significantly significant.

RESULT
Local control rate comparison
There was no statistical significance in tumour size between the
two groups before treatment (Table 3). After treatment, the size
of the tumours in the treatment group was significantly smaller
than that of those in the control group (t5 2.088, p5 0.047).
The size of the tumours was reduced by 4.54 cm2 [95% confi-
dence interval (CI): 2.74–6.35] in the control group, and by
9.17 cm2 (95% CI: 5.60–12.74) in the treatment group. Paired
t-test showed that the local control rate in the treatment group
was better than that in the control group (t5 5.494, p, 0.01).
Table 4 shows that the overall remission (CR1 PR) in the
treatment group was 73.33% (11/15), and 26.67% (4/15) in the
control group with a significant difference (x25 4.821,
p5 0.028), and there were six cases in the treatment group that
reached CR (Figures 3 and 4).

Changes in tumour maker carbohydrate antigen 19-9
The CA19-9 curve reflected the progress of the disease
(Figure 5). Before treatment, CA19-9 was negative in one case in
the treatment group and two cases in the control group, and it
was higher than the reference value (37Uml21) in the rest of the
cases. CA19-9 in the two groups had different degrees of re-
duction after treatment, but there was no significant difference.
Both the groups showed no statistical significance before treat-
ment and after treatment.

Pain scoring
Pain scoring in the control group (5.206 1.47) was significantly
higher than that in the treatment group before treatment
(4.276 1.67, p, 0.05), whereas, after treatment, no statistical
difference was found (U5 85, p5 0.102). The pain scoring in
the control group and the treatment group were both signifi-
cantly reduced after treatment (p, 0.001).

Analysis of survival rate
The median survival time in the treatment group was 14
months, whereas it was 12 months in the control group
(Figure 6). No statistical difference was found by log-rank test in
the survival rate at 6 months, 1 year, 2 years and 5 years between
the two groups (x25 0.908, p5 0.314).

Comparison of toxic effects and side effects of the
two groups after treatment
There were five patients in the treatment group and seven
patients in the control group who suffered acute radiation side
effects, such as mild abdominal pain, abdominal distension,
nausea and vomiting in the 2 months after treatment. These side
effects were relieved by antinausea therapy and a low dose of
hormone. Bleeding, cancerous ulcer and hepatic metastases

occurred in a patient (Figure 4) who died 5 months after the
treatment. In the control group, one patient suffered incomplete
ileus, and the condition improved after receiving conservative
treatment. The remaining patients had no obvious side effects.

The complications of 125I implantation
Among 15 patients in the treatment group, 14 patients un-
derwent percutaneous pancreatic puncture 125I implantation
guided by CTwith 18G implanting needles for 65 times, among
whom 4 patients had intra-abdominal haemorrhage (occurrence
rate 6.15%, 4/65). Massive haemorrhage of the upper gastroin-
testinal tract occurred in one patient and was stopped by op-
eration. Another three patients suffered a small amount of

Figure 3. (a,b) CT of a male patient (aged 50 years) 3 months

after pancreatic cancer treatment. CT shows 3.832.7 cm

occupying lesions at the junction of the body and pancreas

head, with para-aortic lymph node enlargement and carbohy-

drate antigen 19-9 elevation and biopsy-confirmed tumour

recurrence; (c) five 125I seeds were implanted into the para-

aortic lymph nodes using a posterior pathway. The minimum

peripheral dose was 120Gy, and the particle surface activity

was 0.6mCi; (d) 20 125I seeds were implanted into the lesion

using an anterior pathway. The minimum peripheral dose was

120Gy, and the particle surface activity was 0.6mCi; (e,f)

treatment after 6 months, complete remission of the lesion and

the patient has survived 63 months.
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bleeding (,5ml estimated) between bowel clearance, and the
patients accepted no specific treatment since there were no any
uncomforted.

DISCUSSION
In this study, we evaluated the curative effects of 125I particle
implantation combined with chemoradiotherapy for patients with
unresectable advanced pancreatic cancer. As previous reports have
indicated, for unresectable advanced pancreatic cancer, un-
controlled local lesions and treatment failure were the main fac-
tors influencing survival time and QOL.14 Thus, strengthening the
local control of the lesion is the key to scientific and efficient
treatment15,16 and is also our main purpose in the study. A high
local control rate of 73.33% (CR1PR) was achieved, and 6

(40%) patients in the treatment group achieved CR, which was
significantly higher than in the control group.

3D conformal radiotherapy has been widely used in the treat-
ment of unresectable advanced pancreatic cancer, especially
when combined with chemotherapy.30 Since pancreatic cancer is
not sensitive to radiotherapy, the cumulative dose of radiotherapy
needed to be ,60Gy to obtain satisfactory curative effect.15 In
Stage I of the clinical trials reported by Koong et al,31 a single
segment illumination dose was 25Gy and the local control rate
could reach 100%. Chang et al13 have reported a total 6-month
local control rate of 91%, and a total 12-month local control rate
of 84%, with a combination of 25Gy single segment illumination
and 45–54Gy fractional integral exposure. All these studies were
expected to improve the local control rate and to obtain the
greatest clinical benefit by increasing the feasible exposure dose.
Expanding the target region is necessary to avoid the influence of
respiration. But because the pancreatic lesions are closely related to
the surrounding enteric cavity, the surrounding organs, especially
the small intestine, are affected by the high irradiation dose, which
furthermore limits the improvement of the radiation dose rate in
the pancreas. Recently, 125I interstitial implantation for treating
tumour lesions has been used in clinics because of its long half-life
and short radiation distance, so that the dosage distribution can fit
well with the tumour target. The incessant and short radioactive
rays produced by the miniature radioactive source can continue to
work and the cumulative dosage to the target can reach to 160Gy.27

This can damage the tumour tissues to a great extent, while the
surrounding normal tissue has no or only minor damage. Addi-
tionally, there is little influence from external radiotherapy. In the
present study, implantation of 125I particles effectively improved the
feasible dose where the total radiation dose in the cancer lesion
reached 88.71Gy. This was mainly contributed by 125I particles,
whereas the conformal radiotherapy dose of the treatment group
(30.62Gy) was significantly lower than that of the control group
(47.86Gy). This indicated that 125I particles combined with che-
moradiotherapy result in a lower external radiation dose.

From the above, 125I particle implantation and chemo-
radiotherapy can be complementary and combined theoretically.
Their combination can reduce the dose of 3D conformal radio-
therapy and make up for the dose “cold spot” produced by

Figure 4. (a,b) CT of a male patient (62 years old) with upper

abdominal pain lasting 1 year. CT examination showed

pancreatic mass lesions invading the gastric wall (arrow); the

carbohydrate antigen carbohydrate antigen 19-9 was 301Uml21;

and biopsy verified pancreatic adenocarcinoma. (c,d) On the

third day after implantation, upper gastrointestinal bleeding

occurred. 2 months later, lesions achieved CR, but hepatic

metastasis occurred (see arrows).

Figure 5. Patients’ carbohydrate antigen 19-9 (CA19-9) curves during treatment progress. If the course was stable, the CA19-9 curve

dropped from the high value at the beginning to a lower value and stayed low (a). If the disease progressed, the curve moved

towards a high value (b).
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implanted 125I particle radiotherapy. So the total radiotherapy
dose rate and the distributive uniformity of the radiotherapy dose
can be ensured, and the exposure dose of the surrounding normal
tissues can be reduced as well. Their combination can improve the
local control rate and reduce the occurrence of complications,
thus improving the short-term and long-term curative effect.
There are many studies26,32–34 reporting the outcomes of com-
bined therapy of 125I particle implantation and chemotherapy or
radiotherapy for pancreatic cancer. Among which, the highest con-
trol rate (CR1PR) was 61.3% with 125I implantation (51.5Gy)1
chemotherapy [gemcitabine, 1.0 gm221 5-fluorouracil (5-FU)
300mgm22],33 and the highest 1-year survival rate was 63.1%with
125I implantation (51.5Gy)1 cryosurgery1 adjuvant regional
chemotherapy (5-FU 500mgm221mitomycin C 8.5mgm221
gemcitabine 500mgm22)34. We performed 125I particle implan-
tation (88.71Gy) combined with chemotherapy (gemcitabine,
1000mgm22) and radiotherapy (30.62Gy) and obtained a higher
local control rate (73.33%) and higher survival rates (1 year, 72.0%;
2 years, 60.0%; 5 years, 24.0%).

In our study, obvious clinical benefit and long-term curative
effects were obtained. Pains were eased in both groups. In the
treatment group, the total remission rate reached 80%, signifi-
cantly higher than that in the control group (20%). Data showed
that the median lifetime in the treatment group was 14 months,
and 12 months in the control group, but the comparison was not
significant (x25 1.5400, p5 0.215). From the treatment group,
two patients are still alive and have lived for 52 months and
63 months, respectively, and they are both Stage III with no distant
metastasis. Therefore, we consider that it is a superior therapeutic
method for Stage III pancreatic cancer with no distant metastasis.

CT-guided percutaneous puncture for 125I particle implantation
should be adopted first. In principle, a fine needle should be
used for puncture to avoid great vessels and the main pancreatic
ducts; if not, intraoperative implantation should be used by
surgical operation. In this study, 14 patients underwent CT-
guided percutaneous puncture, and one patient underwent
intraoperative implantation because hepatic metastasis was
found by preoperative imaging examinations and laboratory
CA19-9 tests.

However, the complications and side effects and toxic effects
should be noted. On the third day after implantation, upper
gastrointestinal bleeding occurred in a patient and was stopped
by operation. Cancerous ulcer caused by tumours invading the
posterior wall of the stomach was found (Figure 4), which might
be the main reason for cancerous ulcer bleeding, and the ra-
dioactive side effects and puncture implantation were secondary.
This patient recovered after surgery. However, because of hepatic
metastases, severe anaemia and dyscrasia, the patient died 5
months after treatment.

The low number of samples is the major limitation in this study,
which was due to pancreatic cancer being diagnosed relatively
late and most patients not wanting to take the risk of pancreatic
puncture implantation or intraoperative implantation and giv-
ing up treatment. Another limitation of our study is the lack of
the QOL assessment after surgery, e.g. KPS scores, to which
attention should be paid in future research. The factors that
limited the application of this technique are complex operations
and researchers lacking experience.

Consequently, we conclude that 125I implanted into tumours
combined with radiotherapy and chemotherapy has a higher
local control rate in patients with unresectable advanced pan-
creatic cancer than chemoradiotherapy, especially for Stage III
pancreatic cancer with no distant metastasis. More attention
should be focused on the percutaneous pancreatic puncture
path and the improvement of long-term survival rate in future
studies.
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