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Abstract

AIM: To evaluate the feasibility, efficacy and safety of
intraoperative radiofrequency ablation (RFA) combined
with Ziodine seed implantation for unresectable pan-
creatic cancer.

METHODS: Thirty-two patients (21 males and 11 fe-
males) at the age of 68 years (range 48-90 years) with
unresectable locally advanced pancreatic cancer admit-
ted to our hospital from January 2006 to May 2008
were enrolled in this study. The tumor, 4-12 cm in di-
ameter, located in pancreatic head of 23 patients and in
pancreatic body and tail of 9 patients, was found to be
unresectable during operation. Diagnosis of pancreatic
cancer was made through intraoperative biopsy. Patients
were treated with FRA combined with “iodine seed
implantation. In brief, a RFA needle was placed, which
was confirmed by intraoperative ultrasound to decrease
the potential injury of surrounding vital structures, a
Zjodine seed was implanted near the blood vessels and
around the tumor border followed by bypass palliative
procedure (cholangio-jejunostomy and/or gastrojeju-
nostomy) in 29 patients.
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RESULTS: The serum CA 19-9 level was decreased from
512 + 86 U/mL before operation to 176 + 64 U/mL, 108
+ 42 U/mL and 114 = 48 U/mL, respectively, 1, 3 and
6 mo after operation (P < 0.05). The pain score on day
7 after operation, 1 and 3 mo after combined therapy
was decreased from 5.86 + 1.92 before operation to 2.65
+ 1.04, 1.65 £+ 0.88 and 2.03 + 1.16, respectively, after
operation (P < 0.05). The rate of complete response (CR),
partial response (PR), stable disease (SD), progressive
disease (PD) in 32 patients was 21.8% (7/32), 56.3%
(18/32), 15.6% (5/32) and 6.3% (2/32), respectively, 6
mo after operation, with a median overall survival time
of 17. 5 mo. The median survival time of patients at
stage Il was longer than that of those at stage IV (19
mo vs 10 mo, P = 0.0026). The median survival time of
patients who received and did not receive chemotherapy
after operation was 20 mo and 16 mo, respectively (P
= 0.0176). Of the 32 patients, 3 (10.6%) experienced
postoperative complications including transient biliary
leaks in 2 patients and acute pancreatitis in 1 patient. All
the patients recovered well after conservative support
treatment.

CONCLUSION: Intraoperative RFA combined with '*io-
dine seed implantation is a feasible and safe procedure
for unresectable pancreatic cancer with acceptable mi-
nor complications, and can prolong the survival time of
patients, especially those at stage 1.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The prognosis of patients with pancreatic adenocarcinoma
is dismal due to its delayed diagnosis and aggressiveness.
Pancreatic adenocarcinoma, characterized by a late presen-
tation, is one of the most lethal human cancers and cur-
rently the fifth and sixth most common causes of cancer-
related death in men and women, respectively". Only 10%
of the tumors are confined to the pancreas at the time of
presentation, 30%-40% are locally advanced and 50% have
distant metastases. Surgical resection is the only potentially
curative procedure for pancreatic cancer. However, only
5%-22% are resectable at the time of presentation”, The
median survival time of such patients is 3-4 mo if they are
untreated, and less than 5% of such patients can survive
5 years after treatment”), The 5-year survival rate for most
patients who undergo resection and adjuvant therapy does
not exceed 29%"". Some palliative therapeutic modalities
have been applied in treatment of unresectable locally ad-
vanced pancreatic cancer, such as chemotherapy, chemora-
diation therapy, external-beam radiation therapy, intraop-
erative radiation therapy (IORT), iodine-125 implantation
and RFA®". However, these modalities have almost no
effect on the overall survival rate of such patients, indicat-
ing that more effective treatment modalities should be
developed for improving their prognosis.

The aim of this study was to evaluate the feasibility,
efficacy and safety of intraoperative RFA combined with
iodine-125 implantation for unresectable pancreatic cancer.

MATERIALS AND METHODS

Patients

Thirty-two patients (21 males and 11 females) at the age
of 68 years (range 48-90 years) with untesectable locally
advanced pancreatic cancer admitted to our hospital from
January 2006 to May 2008 were enrolled in this study. The
patients presented with variable symptoms including an-
orexia, nausea/vomiting, fatigue, weight loss, pruritus. Of
these patients, 19 had painless obstructive jaundice, and
12 had mild epigastric or back pain with 2 almost addict-
ed to pethidine or morphine because of intolerable pain.
Abdominal ultrasound, contrast-enhanced computed
tomography, abdominal and pelvis MRI imaging showed
pancreatic cancer in all patients. Their mean serum CA
19-9 level was 512 + 86 U/mL (range 344-1028 U/mL).
The tumot, 4-12 cm in diameter, located in pancreatic
head of 23 patients and in pancreatic body and tail of 9
patients, was found at operation to be untesectable due to
infiltration of adjacent vessels and metastases in peritone-
um or distant organs. Diagnosis of pancreatic cancer was
thus made through intraoperative biopsy with hematoxy-
lin and eosin staining. The tumor was classified as stage
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Il in 24 patients and stage [V in 8 patients according to
the TNM staging system (UICC, 2002)"". The patients
were treated with intraoperative FRA combined with
Piodine seed implantation followed by a bypass palliative
procedure (cholangio-jejunostomy and/or gastrojejunos-
tomy) for 25 patients. All patients and their relatives were
informed about the treatment options. All possible and
potential complications were explained in detail to the
patients and their relatives before they gave their written
consent. The study was approved by the Hospital Ethical
Committee.

RFA procedure

A RITA 1500X RF generator (RITA Medical Systems Inc.,
Mountain View, CA, USA), which generates 100-150 W
of powet, and a UniBlate™ electrode (AngioDynamics
Inc., Queensbury, NY, USA) were used. The UniBlate™
electrode, consisting of a 17-gauge insulated cannula, 15
cm in length with a 1-3 cm exposure length for tumor de-
struction, 1s a unique new concept in RFA electrode design
that provides lineatly scalable ablations from 1 to 3 cm
in length and 1 to 2.5 cm in diameter. A built-in thermo-
couple provides full temperature feedback and RF power
control as well as a cool down cycle and track ablation
capabilities. Two-four ablations were performed for each
pancreatic mass depending on its size. A RFA needle was
placed, which was confirmed by direct vision and intraop-
erative ultrasound to decrease the potential injury of sur-
rounding vital structures (duodenum and vessels). The tat-
get temperature controlled with a thermosensor at tip of
the needle was 90-100°C. Each application of RFA energy
lasted for 12 min to gain an about 3 cm X 2 cm ablation
zone. Coagulation necrosis was confirmed by intraopera-
tive ultrasound after the procedure. Each needle tract was
packed with thrombin-coated Gelfoam to prevent possible
pancreatic leakages. A drainage tube was left in the ablated
tumor.

lodine-125 seed implantation

Type 6711 iodine-125 sealed seed sources were provided by
HTA Co., Ltd (Beijing, China). The core source used is sil-
ver containing Na'”I and the package used is a titanium al-
loy tube sealed with laser. Each seed source is 4.5 = 0.3 mm
in length and 0.8 * 0.03 mm in diameter. The half-life of
radioactivity of each seed is 59.43 d. The mean photon
energy of each seed is 27.4-35.5 KeV, with a human tissue
penetration distance of 1.6 cm, an initial dose rate of 7
cGy/h and a mean radioactivity of 0.694 £ 0.021 mCi (25.6
MBgq). After RFA, iodine-125 was implantated. The seeds
were implanted at the site of tumor near blood vessels and
around the tumor border, with each seed at a distance of
1.0 cm. The number of implanted seeds depended on the
tumor size. Thirty-two patients were treated with a median
number of 18 seeds (range 16-26).

Palliative surgery

Of the 23 patients, 15 with lesions in pancreatic head
underwent common bile duct-jejunostomy and 8 re-
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ceived both cholangio-jejunostomy and gastrojejunos-
tomy. Of the 9 patients with lesions in pancreatic body
and tail, 6 underwent gastrojejunostomy. The main cri-
terion for cholangio-jejunostomy and/or gastrojejunos-
tomy was anticipated tumor in pancreatic head with or
without obstruction in bile duct and/or in duodenum or
tumor invading in the retroperitoneal ligament of Treitz.

Postoperative management

After operation, all patients were observed in wards for
10-14 d. The patients were instructed to stop eating for
4-6 d. All patients received prophylactic intravenous
antibiotics for 5-7 d. An analogue of sandostatin LAR
(Novartis) was intravenously infused for 5-7 d. Serum
amylase and lipase levels were measured on days 1, 3, and 7,
respectively, after operation. Drain output was also closely
monitored for any significant amount of fluid and sent
for fluid amylase estimation to rule out pancreatic leak or
ascites formation.

Postoperative systemic chemotherapy

Chemotherapy with gemcitabine (700 mg/ m*)” was con-
ducted for patients 2 wk after surgery. Gemcitabine was
given intravenously for over 30 min on days 1, 8 and 15,
respectively, after operation. This therapy was repeated
every 4 wk for 6 cycles if tolerated.

Follow-up

All patients were followed up for 6-33 mo (mean 18.2 mo).
Follow-up CT scanning was performed 4 wk and then
every 3-6 mo after operation to assess the effectiveness of
treatment and monitor disease progression in all patients.
Laboratory tests, such as a complete blood cell count, liver
function and serum CA 19-9 level, were also repeated.
Tumor diameter and general condition of the patients
wete recorded during follow-up. The pain was scored us-
ing a 10-point visual analog scale (VAS)"™" 25 0 (none),
1-3 (mild), 4-7 (moderate), and 8-10 (severe). The effect of
treatment on pain control was assessed by collecting pain
score 7 d, 1 and 3 mo, respectively, after operation. The
response evaluation criteria for solid tumor (RECIST)™
were adopted in assessment of change in tumor burden.
Complete response (CR) was defined as complete disap-
pearance of all lesions lasting for at least 4 wk. Partial
response (PR) referred to the situation where the sum of
maximum diameter of all lesions was decreased by more
than 30%. Stable disease (SD) was defined as the sum of
maximum diameter of lesions was decteased by less than
30%. Progressive disease (PD) defined as at least 20% in-
crease in the sum of maximum diameter of lesions, or the
appearance of one or more new lesions.

Statistical analysis

Statistical analysis was performed using SPSS version17
softwatre (SPSS, Chicago, USA). Pain score of patients
and serum CA19-9 level before and after treatment were
compared using paired #test or nonparametric methods.
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VAS score

Preoperation 7thd 1 mo 3 mo

Figure 1 Pain score of patients before and after combined therapy.

Survival time was calculated using the Kaplan-Meier
method""” and difference was assessed with the log-rank
test. P < 0.05 was considered statistically significant.

RESULTS

No major procedure-related death occurred. Of the 32
patients, 3 (10.6%) experienced postoperative complica-
tions, 2 had surgical anastomosis-associated transient bili-
ary leak which was treated nonoperatively, 1 had RFA-re-
lated acute pancreatitis which was treated with somatosta-
tin infusion for 2 wk. The patients recovered well. None
required any form of surgical or radiological intervention
for minor complications. All patients were advised to re-
ceive postoperative adjuvant chemotherapy. However, 6
patients refused any further treatment. Of the 32 patients,
15 completed the full course of chemotherapy and 11 did
not because of severe toxicity after one cycle.

The serum CA 19-9 level was decreased from 512
+ 86 U/mL before operation to 176 + 64 U/mlL, 108
142 U/mL and 114 £ 48 U/ml, respectively, 1, 3 and
6 mo after operation (P < 0.05). The mean pain score
for the 26 patients with mild epigastric or back pain be-
fore and after operation is shown in Figure 1. The pain
score was decreased from 5.86 £ 1.92 before operation
to 2.65 = 1.04, 1.65 + 0.88 and 2.03  1.10, respectively,
7 d, 1 and 3 mo after combined therapy (P < 0.05). CT
showed partial necrosis after therapy in all patients. Most
patients showed varying degrees of tumor necrosis 3 mo
after operation (Figure 2). The rate of CR, PR, SD and
PD for 32 patients was 21.8% (7/32), 56.3% (18/32),
15.6% (5/32) and 6.3% (2/32), respectively, 6 mo after
operation. No significant difference was observed in tu-
mor diameter of patients with SD before and 3 mo after
operation. Two or more new lesions were found in 2
patients with PD after operation.

The survival time of all patients was calculated using
the Kaplan-Meier method (Figure 3A). The mean and
median survival time was 17.6 mo (95% CI: 15-20) and
17.5 mo (95% CI: 12-20), respectively. The overall 12 and
24 mo-survival rate was 65.6% and 21.9%, respectively.
The maximun survival time was 33 mo in a patient who
was still alive without evidence of disease progression at
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Figure 2 Computed tomography scan showing a tumor in pancreatic head
(white arrow) before combined therapy (A) and a 4 cm x 4 cm necrosis with
non-enhancement in tumor region of pancreas (arrowhead) 3 mo after com-

bined therapy with "“iodine seeds distributed around the tumor (arrow) (B).

the time when we wrote this paper. The mean and median
survival time of patients at stages Il and IV was 19 mo
(95% CI: 16-22) and 19 mo (95% CI: 14-23), and 11 mo
(95% CI: 7-15) and 10 mo (95% CI: 7-12), respectively.
The 12 mo and 24 mo-survival rate was 75% and 33.3%
for patients at stage IIl, and 37.5% and 0% for patients
at stage [V. Log-rank test showed that the survival rate
for patients at stages Il and IV was significantly different
(P = 0.0026, Figure 3B). The mean and median survival
time of patients who received and did not receive che-
motherapy after operation (#z = 15) was 19 mo (95% ClI:
15-23) and 20 mo (95% CI: 13-206), and 16 mo (95% CI:
13-19) and 16 mo (95% CI: 9-22), respectively. The 12
and 24 mo-survival rate was 80% and 40% for patients
who received chemotherapy after opetration, and 47.1%
and 11.8% for those who did not receive chemotherapy
after operation. Log-rank test showed a significant differ-
ence in survival rates for patients who received or did not
receive chemotherapy after operation (P = 0.0176, Figure
30).

DISCUSSION

Pancreatic cancer is difficult to diagnose at its eatly stage
and would be unresectable in most patients when they
present with symptoms. Traditional therapeutic options
for patients with advanced unresectable pancreatic cancer
include chemotherapy, combined chemoradiation, external
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Figure 3 Total cumulative survival time of 32 patients with pancreatic can-
cer (A), Kaplan-Meier survival curves for patients with pancreatic cancer at
stages Il and IV (B), and for those who received or did not receive chemo-
therapy after operation (C).

beam irradiation, IORT and radioactive seed implantation.
Palliative chemotherapy with gemcitabine can improve the
outcome of patients with advanced pancreatic cancer. It
was reported that the median survival time of patients is
only about 6 mo with a 12-mo survival rate of less than
20% after chemotherapy with gemcitabine although it is
supetior to bolus 5-Fu"™". The effect of combined gem-
citabine and bolus IV 5-FU on advanced pancreatic cancer
is similar to that of gemcitabine monotherapy. However,
it has been shown that the 1-year survival rate of patients
with advanced pancreatic cancer is 23% after combined
erlotinib and gemcitabine therapy and is 17% after gem-
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citabine monotherapy“‘ﬂ. Chemotherapy with or without
radiotherapy can improve the symptoms and quality of
life of patients, but cannot prolong their survival time. Se-
lection of patients, side effects and complications of che-
motherapy and radiotherapy should also be considered".
IORT and conformal external-beam radiation therapy
plus protracted 5-FU infusion for advanced pancreatic
cancer have been evaluated in a phase II study'”, show-
ing that combined therapy could not prolong the survival
time of such patients, the median survival time of all en-
rolled patients, those without and with metastasis was 7.8,
12.9, and 5.8, respectively. It was reported that 1-125 seed
implantation controls growth of the tumor but increases
perioperative morbidity"™"”.

RFA is a relatively new procedure for liver and lung
tumors”*" and other solid tumors such as small breast
cancer, renal tumor, cancers of adrenal gland, spleen,
prostate, bone and brain®*¥. However, RFA has not been
widely performed as a treatment procedure for pancreatic
tumorts because of the fragile pancreatic parenchyma and
the proximity to some important structures such as duo-
denum, common bile duct and vessels. The technical feasi-
bility and effect of RFA have been studied in normal por-
cine pancreatic tissues with encouraging results because
discrete zones of coagulation nectosis can be noticed with
no majot complicarionslzgj. In 2000, Matsui e a/” first
reported 20 patients with stage IV pancreatic adenocar-
cinoma treated with RFA. Complications were observed
only in 2 patients (a cyst and an abscess formation). No
significant difference was found in the prognosis of these
patients compared with those at the same stage who did
not receive RFA, indicating that RFA is relatively safe and
can be used in treatment of unresectable tumors without
metastasis or benign pancreatic tumors. Since then, some
reports on RFA for pancreatic cancer have been pub-
lished”"™. However, the number of patients who were
treated with RFA was small in most reports. It is difficult
to comment on the improvement in survival. RFA for
pancreatic tumors has also various complications such as
acute pancreatitis, pancreatic fistula, and pancreatic ascites.
It was more recently reported that the effect of RFA and
palliative therapy on advanced pancreatic cancer is similar
and RFA can prolong the survival time of patients with
stage Il unresectable pancreatic cancer"”

In the present study, intraoperative FRA in combina-
tion with “iodine seed implantation was performed in
order to evaluate its feasibility, efficacy and safety in pa-
tients with unresectable pancreatic cancer.

In our series, no major complications occurred except
for RFA-associated acute pancreatitis. In our experience,
it is important to adequately expose the tumor before
RFA by liberal kocherization and/or opening the meso-
colon depending upon its location. Under intraopera-
tive ultrasound guidance, the electrode can be accurately
placed into the tumor. The ablation should be restricted
within the tumor to avoid damage to normal pancreatic
tissue, surrounding organs and nearby large blood vessels.
To minimize the residual tumor near the blood vessels,
iodine seed was implanted into duodenum and normal
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pancreatic tissue. Distal common bile duct injury caused
by ablation was taken into consideration in patients with
tumors in pancreatic head. A cholangio-jejunostomy was
performed to circumvent this effect after RFA. Soma-
tostatin analogues were used after operation to reduce
possible complications such as acute pancreatitis, pancre-
atic fistula. Our results demonstrate that RFA combined
with Piodine seed implantation for unresectable pan-
creatic tumors is feasible and safe with acceptable minor
complications.

Better tumor responses, significantly decreased tumor
marker levels and pain score, were observed during follow-
up. The pain was relieved in all patients, and 3 patients
who were almost addicted to pethidine or morphine for
intolerable pain stopped any related medication after
combined treatment. Objective local cytoreduction was
confirmed in tumor of all patients with contrast-enhanced
CT during follow-up. The rate of CR, PR, SD and PD was
21.8%, 56.3%, 15.6% and 6.3%, respectively, 6 mo after
operation. The median and maximun survival time of 32
patients was 17.5 and 33 mo in a patient who was still alive
at the time when we wrote this paper. The 12 and 24 mo-
survival rate was 75% and 33.3% for patients at stage III,
and 37.5% and 0% for patients at stage IV, indicating that
chemotherapy after operation can improve the survival
rate of patients with pancreatic cancer”. In this study, the
median survival time of patients who received and did not
receive chemotherapy after operation was 20 and 16 mo,
respectively, suggesting that systemic chemotherapy after
operation can prolong their survival time. In this study,
some patients did not receive chemotherapy due to their
older age and organ dysfunction as well as toxicity of the
therapy. Thus, further study is needed to verify the effect
of postoperative chemotherapy on unresectable pancreatic
cancer after intraoperative RFA combined with Plodine
seed implantation in.

In conclusion, RFA combined with iodine seed im-
plantation is a feasible and safe procedure for unresectable
pancreatic cancer. However, a greater number of patients
and long-term follow-up are needed to confirm its effect
on the survival time and quality of life of such patients.

COMMENTS

Background

The prognosis of pancreatic cancer is dismal due to its late diagnosis and aggres-
siveness. Surgical resection is the only potentially curative procedure for pancre-
atic cancer. However, only 5%-22% are resectable and less than 5% of patients
can survive for 5 years after operation. The 5-year survival rate for most patients
does not exceed 29% after resection and adjuvant therapy. Some palliative
therapeutic modalities can be used in treatment of unresectable locally advanced
pancreatic cancer, such as chemotherapy, chemoradiation, external-beam radia-
tion therapy, intraoperative radiation therapy, iodine-125 implantation and radiofre-
quency ablation (RFA). However, they cannot improve the overall survival rate of
such patients, thus more effective treatment modalities should be developed.
Research frontiers

RFA is commonly used in treatment of liver and lung tumors with encourag-
ing results but not in treatment of pancreatic tumor because of the fragile
pancreatic parenchyma and the proximity to some important structures. A few
reports are available on RFA in treatment of pancreatic cancer but the number
of patients is small in most reports. It is difficult to comment on its feasibility
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and safety. Moreover, no report is available on iodine seed implantation as a

complementary therapy for pancreatic cancer after RFA.

Innovations and breakthroughs

This is the first study on RFA combined with “iodine seed implantation for
pancreatic cancer, which has a complementary effect on pancreatic cancer with
different mechanisms of action.

Applications

Surgical resection is the only potentially curative procedure for pancreatic cancer,
but only 5%-22% are resectable at the time of presentation, 30%-40% are locally
advanced and 50% have distant metastases. RFA combined with iodine seed

implantation is a feasible and safe procedure for unresectable pancreatic cancer.
Terminology

Pancreatic adenocarcinoma accounts for 90% of all pancreatic cancers with
80% occurring in pancreatic head. Carcinoma in pancreatic body and tail is
much less common. Microscopically, these tumors may vary from well-differ-
entiated to undifferentiated tumors. Approximately two thirds of all pancreatic
cancer patients will have metastasis at the time of diagnosis, and the tumor
will become unresectable in the majority of the remaining patients. Ultrasound,
computed tomography and magnetic resonance imaging are the currently used
methods in diagnosis and staging of pancreatic cancer.

Peer review

The authors described a series of pancreatic cancer patients with unresectable
cancer who received intraoperative RFA along with i-125 seed implantation.
The data are fairly compelling and the article is well written.
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