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Pancreatic cancer has become a major disease affecting people's health because of its insidiousness, rapid pro-
gression and poor prognosis. Based on the practical needs of clinical work, combined with domestic multi-center
research and experience, this guideline provides constructive suggestions for the interventional treatment of
pancreatic cancer.
1. The definition of advanced pancreatic cancer

Pancreatic cancer is a common malignant tumor of the digestive
system. In 2015, the National Cancer Registration Center (NCCR) pub-
lished the Cancer Statistics of China, CA: A Cancer Journal for Clinicians,
which indicated that there were 4.3 million new cancer cases and over
2.8 million cancer deaths in China in that year.3 Lung cancer, gastric
cancer, pancreatic cancer, and other cancers are common malignant tu-
mors found in patients in China, accounting for approximately 75% of all
new cases and approximately 80% of all cancer-related deaths. Further-
more, between 2000 and 2011, the incidence of pancreatic cancer
showed an increase with the mortality of male pancreatic cancer being
ranked in 7th place. In this guideline, advanced pancreatic cancer is
defined as having local and/or distant metastases that cannot be surgi-
cally resected.1 Additional details are provided in Table 1.

Treatment options differ according to the stage of pancreatic cancer.
Currently, the most effective method for the treatment of pancreatic
cancer is radical resection. From the perspective of radiological images,
pancreatic cancer can be divided into resectable pancreatic cancers,
borderline resectable pancreatic cancers, locally advanced pancreatic
cancers, and distant metastases pancreatic cancers.

The traditional clinical treatment for pancreatic cancer is radio-
therapy, and chemotherapy.4–13 In recent years, there has been an
increasing prevalence of the use of interventional diagnosis and treat-
ment in advanced pancreatic cancer. Interventional therapy can be used
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in patients who are unable to undergo surgical resections, who have
many lesions that are not suitable for surgery, who are unwilling to un-
dergo surgery, and who relapse after surgery; in patients who have
obstructive jaundice, liver metastases, severe lower back pain, and those
who cannot tolerate systemic chemotherapy. Furthermore, the use of
sensitive drugs that are directly perfused through catheters, radioactive
seed implants, interventional biological treatments, percutaneous liver
punctures and drainage of the biliary tracts, and biliary stent placements,
can be used to relieve complications such as obstructive jaundice. Before
implementing interventional therapy, it is recommended to use the
cytological or histopathological diagnosis of pancreatic cancer and ge-
netic testing to guide further clinical treatment.

This guide does not cover the treatment with the HIFU-knife and
nano-knife.

2. Basic concepts of interventional diagnosis and treatment of
advanced pancreatic cancer

2.1. Percutaneous pancreatic biopsies

In a percutaneous pancreatic biopsy, with the use of imaging equip-
ment (guided by ultrasound, CT, or MRI) the pancreatic lesions are
punctured with fine needles, cells or tissues are extracted, and patho-
logical examinations performed to confirm the diagnosis. Sufficient and
high-quality small samples of histology and cytology are obtained
oot, China.
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Table 1
Staging definitions of pancreatic cancer according to the eighth edition of
American Joint Committee on Cancer (AJCC) staging system1,2.

The AJCC (eighth edition) staging definitions for pancreatic cancer

Details Stage T N M

T1 Maximum tumor diameter �2 cm
T2 Maximum tumor diameter >2 cm and �4 cm
T3 Maximum tumor diameter >4 cm
T4 Involvement of celiac axis or superior

mesenteric artery (unresectable tumor)
N0 No regional lymph node metastasis
N1 Metastasis in 1–3 regional lymph nodes
N2 Metastasis in �4 regional lymph nodes
M0 No distant metastasis
M1 Distant metastasis

0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1~3 N0 M0
III T4 Any

N
M0

Any T N2 M0
IV Any T Any

N
M1
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through percutaneous punctures and the performance of accurate his-
tological typing and molecular testing of the pancreatic cancer patients to
guide the treatment.

In 1951, Kirtland14 first used a percutaneous biopsy to diagnose
pancreatic cancer. After the use of ultrasound commenced in clinical
practice, Smith15 used the ultrasound to guide pancreatic biopsies in
1974. As the popularity of CTs increased, Lu16 used CT-guided percuta-
neous pancreatic biopsies in 1985 to improve accuracy. At that point,
important technical means were identified for the diagnosis of pancreatic
diseases. A series of follow-up clinical studies further clarified the diag-
nostic value of percutaneous pancreatic biopsies with regard to the
incidence of complications.

The imaging-guided methods for percutaneous pancreatic biopsy are
ultrasound and CT,17,18, with the main puncture methods being
fine-needle aspiration (FNA) and core-needle biopsy (CNB). While there
are no significant differences between the two methods in terms of
diagnostic sensitivities and complication rates., the use of CNB can pro-
vide more histological specimens, which is convenient for further mo-
lecular pathological testing, clarifying tumor subtypes, and formulating
targeted treatment plans. Furthermore, CNB is recommended when it is
tolerated by the patient, and there is no obvious risk of lesion puncture. If
the lesion is small, adjacent to large blood vessels, or if there are obvious
blood vessels in the lesion, then the use of FNA is recommended. If
conditions permit, on-site rapid cytopathological testing can be per-
formed to increase the positive rate of the biopsy materials. Common
complications of percutaneous pancreatic biopsies include bleeding,
peritonitis, and pancreatic fistulas. A coaxial system puncture needle can
effectively reduce these complications and tumor needle implant
transfer.

Most guidelines of other countries the use of FNA with an ultrasound
endoscopy is the preferred method for pancreatic biopsies, followed by
the use of CT-guided pancreatic biopsies.19 Due to the current diagnostic
level of Chinese cytopathology and the requirement for disposable con-
sumables, ultrasound and CT-guided pancreatic biopsies may have more
clinical application value. Studies have confirmed that in pancreatic
cancer there is high expression of the ROBO3 and PPM1D genes, which
can be targets for inhibition enabling a significant killing of the tumor
cells.
2.2. Transarterial infusion chemotherapy

2.2.1. Definition
Transarterial infusion chemotherapy (TAI) refers to the insertion of a

catheter or microcatheter into the main blood supply artery (such as the
gastroduodenal artery) of the pancreatic cancer lesion. The doctors can
decide the choice of the chemotherapeutic agents and treatment plan
based on the clinical data, and infuse the drugs into the tumor tissue
through the catheter over a specific period of time.
160
2.2.2. Principle
TAI refers to entering the supply artery of the tumor through the

catheter and then infusing the chemotherapeutic drug. Therefore, drug
distribution is not affected by the unrelated blood flow of the whole
body. The tumor area is where the systemic drug distribution and con-
centration are the highest. Even if the dose is less than that used in the
intravenous dose, the drug concentration in the tumor area is still much
higher than the drug concentration in the whole body. The drug that
flows to other parts of the body via the blood circulation also affects other
metastatic lesions that may exist outside the target organ.

PFOB and MicroRNA-26a increase the vascular permeability signifi-
cantly, and the adjuvant chemotherapeutic drugs penetrate the blood
vessels to the tumor site quickly and effectively, enhancing the drug's
lethality. At the same time, Smurf2 and MicroRNA-21 significantly
change the cell osmotic pressure, stimulate high-efficiency cell endocy-
tosis and exocytosis, and improve the therapeutic efficacy of the
chemotherapy drugs.6,20,21

2.2.3. Classification
According to the injection method, TAI can be divided into: (1)

continuous transarterial infusion chemotherapy (cTAI), which generally
requires an indwelling arterial catheter, and where the perfusion time is
determined by the biological characteristics of the tumor and the time
concentration curve of the selected drug; and (2) bolus transarterial
infusion chemotherapy (bTAI), where the perfusion time is generally
30–45 min, mainly when the tumor has an abundant blood supply. If the
blood supply of the tumor is not abundant, the curative effect of this
method is limited. Depending on the actual condition of the patient, the
method can be changed to cTAI or other local physical therapies.22

Depending on the injection site and whether the drug is heated, it can
be divided into regional infusion chemotherapy and heating infusion
chemotherapy.

2.2.4. Embolization
This means that after the completion of TAI, the 75–150 μm absorb-

able microspheres and particles that were used to embolize the tumor
disappear and the responsible artery is kept open.

2.3. Percutaneous 125I seed implantation

2.3.1. Definition
Percutaneous 125I seed implantation refers to the use of image posi-

tioning technology such as CT scanning, and the target area and the
number of 125I seeds based on the treatment planning system (TPS) are
determined. Using a direct puncture method, 125I seeds are implanted
into pancreatic cancer and metastatic lesion tissues to cause necrosis in
the tumor cells.

2.3.2. Principle
Pancreatic cancer is a hypoxic tumor that is insensitive to conven-

tional radiotherapy. The half-life of 125I is 60.14 days, and it can
continuously release γ-rays. These rays are stimulated by the nucleus and
have a higher degree of energy, shorter wavelength, and stronger pene-
trating ability than X-ray photons. They can continuously destroy the
DNA synthesis of tumor cells and prevent tumor cell proliferation.

At the same time, the effective irradiation distance of γ-rays is
5–20 mm, which does not damage the surrounding normal tissues easily.
Existing studies have already established that 125I particles inhibit the
rapid growth of tumors using γ-rays to invade the celiac ganglion plexus.

2.4. Percutaneous ablation

2.4.1. Definition
Under imaging guidance, tumor cell necrosis is inactivated in situ by

chemical or physical methods. The principle is inactivating tumor cells
and protecting normal tissue structures to the greatest extent. According
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to the treatment principle, ablation is divided into chemical and physical
ablations.

1) Chemical ablation: The tumor is exposed to a high concentration of
ablation agents (protein coagulants, sensitive chemotherapeutics, and
tracer slow-release agents) to achieve ablation. The advantage is that
it is easy to implement; however, the disadvantage is that it is difficult
to control the distribution of the ablation agent and the effect is not
ideal.

2) Physical ablation: This can be divided into three categories, based on
temperature: thermal ablation, cold ablation, and normothermic
temperature ablation (irreversible electroporation). The temperature-
based ablation methods include thermal ablation (radiofrequency,
microwave, laser, focused ultrasound, etc.) and cold ablation (helium
knife, liquid nitrogen knife, etc.).

2.4.2. Principle
There are different principles due to the different treatment methods

used. The following is an explanation for percutaneous radiofrequency/
microwave ablation therapy. This refers to the use of a CT scan or ul-
trasound and any other imaging technology to puncture the pancreatic
cancer tumor or metastatic lesion tissues, directly, with thermal ablation
needles, and within a certain degree of power and time frame, to result in
the coagulation and necrosis of the tumor tissue.

Both radiofrequency and microwave ablation use high heat to cause
the coagulation and necrosis of tumor tissue. The main difference is the
method used to generate heat. Radiofrequency ablation uses high-
frequency alternating current oscillation to generate heat, whereas mi-
crowave ablation uses microwaves to drive the polar molecules in the
body to generate heat.

The human body is a complex structure composed of many organic
and inorganic substances. The body fluids contain a large number of
dielectrics, such as ions, water, and colloidal particles. The human body
mainly relies on the movement of ions to conduct currents, and radio-
frequency ablation treatment has a high frequency of 150,000 times per
second vibration. Under the action of a high-frequency alternating cur-
rent, the ions rub against each other and collide with other particles to
produce a biothermal effect. Since the temperature of the tumor tissue is
higher than its neighboring normal tissues and the cancer cells are sen-
sitive to high heat, the goal of effectively killing tumor tissues while
protecting normal tissues is achieved.

Under the guidance of image positioning technology such as a CT scan
or ultrasound, microwave thermocoagulation electrodes are implanted in
the tumor, and the polar molecules in the tissue then move at a high
speed in the microwave field to generate heat. When the temperature
rises to 50–90 �C, the protein of the tumor cells is denatured and coag-
ulated, resulting in irreversible necrosis. The inactivated tumor tissue can
produce heat shock proteins, stimulate the body's immune system,
improve the body's immune function, and inhibit the spread of the tumor
cells.

3. Percutaneous pancreatic biopsy

3.1. Indications and contraindications

1. Indications: Pancreatic biopsy is suitable for, among others, solid
pancreatic masses, cystic solid masses, and suspected diffuse disease
in determining the nature of the pancreatic lesions and distinguishing
primary pancreatic cancer from metastatic cancer.23–27

2. Contraindications: The presence of severe bleeding tendencies, acute
pancreatitis, peritonitis, skin infections, poor cardiopulmonary func-
tion, massive ascites.

3.2. Preparation

1. Patient preparation
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Check the clotting time, platelet count, prothrombin time, and other
routine examinations before puncture. Blood and urine pancreatic
amylase levels should be tested when pancreatitis is suspected. Those
with a severe cough should take antitussives such as codeine tablets and
opiate tablets; those who are too nervous should take sedatives such as
estazolam. After fasting for 6 hours before surgery, continuous intrave-
nous infusion or subcutaneous injection of somatostatin is administered
to inhibit the secretion of pancreatic juice.

2. Equipment preparation

Puncture biopsy kits include sterile surgical hole towels, puncture
needles or cut biopsy needles with different lengths 16 to 18G according
to actual conditions; syringes; local anesthetics, hemostatics; No. 11
surgical blades; sterile test tubes; specimen bottles; and tissue specimen
fixatives.

3.3. Method

1. According to the location of the lesion showed by the image posi-
tioning technology such as a CT scan or ultrasound, select the punc-
ture path, that is, the shortest distance from the skin to the central
area of the pancreatic lesion in order to avoid the large blood vessels
around the pancreas, expanded gallbladder, and common bile duct. A
vertical needle insertion is used for pancreatic head and pancreatic
body lesions while horizontal or oblique needle insertions are used for
pancreatic tail lesions. In addition, the use of ROBIO and other
puncture robots can assist in the selection of a special needle path to
minimize damage to the surrounding normal organs and reduce the
incidence of complications. The puncture specimens are placed in
formalin for routine pathological and immunohistochemical exami-
nations whereas the fresh tissue is placed in a liquid nitrogen tank or
deep-low temperature refrigerator for genetic testing.

2. During fine-needle negative pressure needle biopsies, after the accu-
rate position of the needle tip is confirmed by a CT scan or ultrasound
and any other image positioning techniques, the multi-point and
multi-directional negative pressure aspiration biopsy is performed.
With the assistance of experienced pathologists, the puncture aspirate
is fixed in a formalin solution immediately, smear staining and other
inspections are performed after cytocentrifugation. Doctors can also
use a coaxial trocar to puncture and aspirate repeatedly.

3. The puncture is compressed locally for 10 min after the puncture, using
bandages. The patient lies supine for 1 to 2 hours with the pulse, blood
pressure, and any symptoms of severe abdominal pain being moni-
tored. Generally, a fine needle suction biopsy is performed 2 hours after
the operation. The patient can return home and rest, if there is no
special discomfort. After cutting needle biopsy, if these is no obvious
discomfort, the patient should continue fasting and receiving somato-
statin. Blood and urine amylase should be re-examined the next day,
and food should be consumed only if these results are normal.

3.4. Matters needing attention

The following need to be prevented: intraoperative and postoperative
gastrointestinal or abdominal bleeding, acute pancreatitis, biliary peri-
tonitis, gastrointestinal perforations, secondary abdominal infections,
tumor needle tract implantations, and pancreatic fistulas.

4. cTAI þ cTAE treatment for advanced pancreatic cancer

For patients with advanced pancreatic cancers that cannot be
removed, the local drug concentration of transarterial infusion chemo-
therapy used, is significantly higher than that used in systemic intrave-
nous chemotherapy. This has improved disease-related symptoms,
prolonged survival, and reduced the liver metastases of pancreatic
cancers28.



M. Li Journal of Interventional Medicine 4 (2021) 159–171
4.1. Indications and contraindications

1. Indications: advanced pancreatic cancer that cannot be surgically
removed, pancreatic cancer that has not been treated by other non-
surgical methods, pancreatic cancer with liver metastasis, and the
postoperative recurrence of pancreatic cancer.

2. Contraindications:

Absolute contraindications: being hypersensitive to the contrast
agent, the presence of massive ascites, multiple metastases throughout
the body, systemic failure, and obvious cachexia (ECOG score> 2 points,
with multiple organ failure);

Relative contraindications: patients with bleeding or coagulation
dysfunction diseases that cannot be corrected, and obvious bleeding
tendencies; poor liver and kidney functions, which exceed the normal
reference values by a factor of 1.5; and a white blood cell count
<3.5�109/L and a platelet count <50�109/L.

4.2. Preparation

1. Prepare skin at the puncture site and the patient should fast for 4 h
before the operation;

2. Perform laboratory examinations to check for the tumor markers
(CA199, CEA, CA724, etc.) Conduct routine blood tests, liver and
kidney function tests, coagulation function tests, tests for electrolytes
to understand the patient's systemic and main organ conditions, and
to determine whether there are any contraindications for the treat-
ment. These results are used as a curative effect evaluation index.

3. ECG and chest radiography: Patients who are treated for the first time
and have no pathological diagnosis require more than two imaging
examinations, such as pancreatic ultrasounds and PET/CTs. The scan
range should include the entire pancreas.

4. Before the operation the patient should be informed of the risks and
possible complications and a signed consent form should be obtained.

5. Half an hour before the surgery, intramuscular injections of phe-
nergan, 5-HT3 receptor inhibitors and other antiemetics should be
administered.

6. The equipment includes: a puncture needle, super-smooth guide wire,
catheter sheath, catheter, and a chemotherapy kit (for subcutaneous
chemotherapy kit implantation). Commonly used catheters include:
4–6F RH, Cobra catheters and microcatheters.

7. Medication method: ①Use the tumor cell drug sensitivity test results
as guidance; ②When there are no pathological diagnoses and drug
sensitivity test results, use a combination of the CT, MRI and other
imaging findings, refer to the classic treatment of pancreatic cancer,
such as gemcitabine, fluorouracil, and albumin paclitaxel. The time-
dependent drug infusion period is between 2 and 4 h for 1–2 cell
cycles. Time-independent drugs such as gemcitabine and albumin
paclitaxel are infused for approximately 2 h while fluorouracil can be
infused continuously at 500–700 mg/m2 for two consecutive days.

4.3. Method

1. Position: supine position.
2. Operation steps: Disinfect and drape the conventional groin area,

administer local groin anesthesia, use Seldinger's method to puncture
the femoral artery, place the arterial sheath, and select the method of
arterial intubation.

Selective arterial cannulation29: Place the catheters selectively in the
celiac artery and using superior mesenteric arteriography (the angiog-
raphy continues until the venous phase, observe the venous invasion),
check if the tumor supplying blood vessels are visible, and use supplying
artery perfusion chemotherapy.

Improved regional perfusion technology: Embolize the pancreatic
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blood supply artery from the superior mesenteric artery with a microcoil,
so that the pancreas is supplied with blood from the celiac artery and its
branches. The theoretical basis of this method is the redistribution of
perfused drugs, which reduces the effect of chemotherapy drugs on the
intestines and simultaneously improves the efficacy.

Without a tumor blood supply artery, the target blood vessel will be
determined according to the tumor location, invasion range, and blood
supply. It is recommended that pancreatic head and neck tumors undergo
gastroduodenal arterial infusion chemotherapy; the pancreatic body and
tail tumors depend on the tumor invasion range and blood vessels in the
case of angiography. The chemotherapy is injected through the celiac
artery, superior mesenteric artery, or splenic artery; patients with liver
metastases are also injected chemotherapy through the hepatic artery.
Use an ultra-liquefied lipiodol or a granular embolization agent. Some
studies have indicated that the arterial blood supply is not abundant, the
non-main arteries can be embolized, and the main arteries retained for
intra-arterial infusion chemotherapy.28

3. Drug selection: Gemcitabine, fluorouracil, irinotecan, oxaliplatin, and
albumin paclitaxel can be selected. In principle, a combination of no
more than three drugs should be used.30–32

4. Methods of administration: Three methods can be used, one-shock
perfusion chemotherapy, continuous arterial infusion chemo-
therapy, or arterial hyperthermic infusion chemotherapy.33

(a) One-shock perfusion chemotherapy can be completed intra-
operatively. It is recommended that gemcitabine (800–1000 mg/
m2), fluorouracil 500-700 mg–/mg/m2), and tetrahydrofolate
(200 mg), single or combined application, be used. It can be
repeated for 2–3 weeks, or when the pain is relieved and there is
no recurrence.

(b) Continuous arterial infusion chemotherapy includes indwelling
catheter continuous infusion chemotherapy and subcutaneous
infusion kit system implantation. Continuous infusion chemo-
therapy can be used to select cell cycle-specific drugs and/or non-
specific drugs. It is superior to single-shot perfusion chemotherapy
in terms of the medication method, perfusion time, and other
plannable and controllable variables. The perfusion time is
determined by the characteristics of the drug. For example, fluo-
rouracil can be used for continuous infusion chemotherapy of
500–700 mg/m2 for two consecutive days, repeating the same
cycle of perfusion chemotherapy.

(c) Hyperthermic perfusion chemotherapy refers to the correspond-
ing chemotherapeutic drugs selected according to the physiolog-
ical characteristics of the tumor and the drug sensitivity tests;
normal saline is heated to a certain temperature (such as 60 �C)
before the intra-arterial infusion chemotherapy. The arterial
catheter is perfused directly, to increase the sensitivity of tumor
cells to chemotherapeutic drugs, selectively killing the tumor cells
without harming the normal pancreatic tissue, and prolonging the
survival time of the patients.

4.4. Postoperative treatment

1. Use adequate fluid replacement, liver protection, and symptomatic
treatment (antiemetic, antipyretic, etc.) for 3–5 days.

2. Administer antibiotic treatment when necessary.
3. Re-check the liver and kidney functions, routine blood tests, tumor

markers, and serum amylase within one week after the surgery.
4.5. Common complications

1. Complications related to intravascular operations include hema-
tomas, arterial dissections, arterial spasms, and occlusions.
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2. Complications related to the chemotherapy drugs include pancrea-
titis, nausea, vomiting, pain, fever, bone marrow suppression, liver
damage, and kidney damage.

3. Complications related to decreased body resistance or/and medica-
tions, include gastrointestinal bleeding/stress ulcers.
4.6. Efficacy evaluation and follow-up requirements34–39

1. A monthly follow-up is recommended.
2. Perform quality of life evaluations (QOL, the ECOG scoring system is

recommended), routine blood tests, liver and kidney function tests,
tumor marker tests, and imaging examinations.
4.7. Nursing

1. Preoperative preparation
(a) Prepare the patient and explain the purpose of the operation to

obtain cooperation.
(b) The patient should not consume any solid or indigestible food 4 h

before surgery.
(c) Administer any sedatives and sedative antiemetics as prescribed

by the doctor before the surgery.
2. Postoperative care:

(a) Care of the indwelling arterial catheter: After the successful
intubation, fix the catheter sheath and catheter at the puncture
site, exposing only the three-way joint part, connect the computer
infusion pump to control the drug dose, and continue to admin-
ister the drug daily. Replace the infusion tubing, pay attention to
strict aseptic techniques, and observe the bleeding tendencies. To
avoid the displacement of the catheter and to prevent bending, the
place where the infusion pipeline is connected should be fixed
appropriately and inspections should be strengthened. The pa-
tient's family members should be instructed to massage the lower
extremities regularly, change the puncture point dressings every
other day, observe closely for any exudation, bleeding, and
inflammation, and contact the doctor if any abnormalities are
found.

(b) Observing the side effects of the patient after administration: The
patient may have fever and discomfort in the digestive tract,
which can be treated as prescribed by the doctor.

(c) Observation of the limbs on the surgical side: Observe the pulse of
the dorsal foot artery on the surgical side, the limb temperature,
and the color, closely and enquire whether the patient is experi-
encing pain or numbness. If the dorsal artery pulsation disappears,
the skin is pale and the distal limbs are cold, immediate measures
should be taken. The patient should be instructed to perform ankle
and toe joint activities during the immobilization of the operation
side.

(d) Care after extubation: After the end of the arterial perfusion, the
lower extremity of the operation side should be strictly immobi-
lization look at whether there is bleeding and hematomas around
the puncture point, and check whether the skin has hardened,
whether there is a mass, and check on the dorsal artery pulsation
and peripheral blood circulation. The puncture site can be extu-
bated and bandaged under pressure. The puncture site can be
pressurized using a sandbag for 6 h, and the bandage loosened for
12 h. After 24 h, the patient can get out of bed.

5. Percutaneous 125I seed implantation

5.1. Indications and contraindications

1. Indications:
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(a) The presence of pancreatic cancer metastases and local metastatic
lymph nodes

(b) Patients with an estimated survival time >3 months, in whom the
pancreatic tumor cannot be removed surgically.

(c) Patients who are unwilling and/or unable to undergo radical
surgery due to other concomitant diseases.

(d) Patients with an estimated survival time>3 months for whom this
treatment can be selected carefully, to relieve persistent upper
abdominal and lower back pain.

(e) The presence of residual lesions and/or tumor bed positions dur-
ing the pancreatic tumor resections.

(f) Patients with primary pancreatic tumors with a maximum diam-
eter> 6.0 cm who choose tumor reduction, carefully.40

2. Contraindications:

(a) There is clear clinical evidence that the pancreatic tumors have
spread widely.

(b) The presence of multiple organ failure
(c) The presence of malignant pancreatic tumors with acute pancre-

atic inflammation
(d) Patients with coagulation dysfunctions that will not show any

improvement after drug treatment.
(e) Patients with severe diabetes, whose blood glucose is still higher

than 16.7 mmol/L after hypoglycemic treatment;
(f) Patients with bacteremia and sepsis who cannot undergo radio-

active seed implantation.
5.2. Radiation therapy prescription dose and TPS

1. Radiation therapy prescription dose and 125I particle activity and
quantity.

The recommended prescribed dose of radiotherapy is 110–160 mGy
and an 125I particle activity of 0.38–0.8 m Ci/grain. The particle number
is calculated using Cevc's formula: The total number of particles ¼
(length þ width þ thickness)/3 � 5 � each particle activity. It is rec-
ommended that the type according to the degree of pathological malig-
nancy be considered and that particles with different degrees of activity
be used. The higher the degree of malignancy, the higher the degree of
activity of the selected particles.

2. Treatment planning system (TPS)

(a) Design basis:① CTs and ultrasound images are used to understand
the size and shape of the pancreatic lesions and the relationship
between the surrounding tissues and the organs, such as the
pancreatic duct, duodenum, stomach, and portal vein; and②PET-
CTs are used to understand the functional scope of the pancreatic
tumor lesions.

(b) Design principles: ① Using the TPS, design the puncture route to
avoid important blood vessels, nerves, and lymphatic drainage
areas. The use of radiation covers the functional range of the
pancreatic tumor lesions. Ensure that the radiation is performed as
uniformly as possible with a uniform particle distribution.
5.3. Perioperative treatment

1. Preoperative preparation

General preparation:
(1) For patients with pancreatic malignancies and obstructive jaun-
dice, it is recommended that PTCDs, ERCPs (downward nasal bile
drainages or biliary stent implantations), and other operations be
performed, to relieve biliary obstruction. At the same time,
administer hepatoprotective drugs to restore liver function to a
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level that can withstand anesthesia and surgery in a short time.
Observe the vitamin K3 levels before surgery.

(2) Administer somatostatin routinely for two to three days before
surgery using a 3 mg intramuscular injection, once daily.

(3) The same routine preparations before general surgery are used for
the rest of the preoperative preparations.

(4) 125I particle and postoperative radiation protection preparations
should also be performed.

2. The surgical operation
(1) Perform a CT scan was after placing a marking grid on the body

surface, design the puncture route according to the preoperative
TPS, and mark the puncture point on the body surface.

(2) Perform routine disinfecting and draping.
(3) The use of a CT scan clarifies the position of the puncture needle

and adjusts it according to the angle and depth of the treatment
plan.

(4) According to the treatment plan at all levels and depths, adjust the
particle spacing according to the degree of malignancy of the
tumor and the results of the genetic testing, implant the 125I
particles required for the plan, and remove the needle.

(5) The use of the CT scan clarifies the number and distribution of the
125I particles.

(6) A PET-CT scan is conducted to determine whether the 125I particle
radiation distribution complied with the TPS design. If there is still
a cold radiant zone in the lesion, stage II 125I seed implantation
can be performed without complications after two weeks.40–42

3. Postoperative observation and treatment
(1) The patient should fast for 6 hours postoperatively.
(2) Observe the general vital signs of the patient after the operation,

including signs of abdominal pain, abdominal distension, and
stool color. Blood and urine amylase, blood lipase, routine stool
tests, and stool occult blood should be re-checked within 24 hours.
If there is abdominal drainage, observe whether the amount of
drainage is higher than the amount before the operation, and
observe the amylase in the drainage of the abdominal cavity after
surgery.

(3) If the puncture route passes through the liver, stomach, duo-
denum, etc., antibiotics should be used prophylactically for one to
three days after the operation. Gastrointestinal mucosal protective
agents and drugs can be used to inhibit gastric acid secretions for
one week.

(4) Administer somatostatin prophylactically, a 3 mg intramuscular
injection, once daily for three days after surgery.

5.4. Common complications

1. Pancreatic fistulas caused by puncture injury to the pancreatic duct.

The treatment can be carried out in accordance with the NCCN
treatment principle of acute pancreatitis. Intraoperative punctures
should avoid damage to the main pancreatic duct. Conventional treat-
ment principles include fasting, gastrointestinal decompression, use of
drugs that inhibit pancreatic enzyme secretion, and nutritional support.
This is generally curable.

2. Gastrointestinal symptoms: Common symptoms such as abdominal
distension, nausea, vomiting, loss of appetite. If these continue for a
long time period, and because the particle radiation area is close to
the stomach and duodenum, they can cause radiation inflammation.
In focusing on prevention, care should be taken to control the radi-
ation range and the prescribed dose when formulating the TPS. The
use of gastrointestinal motility drugs and gastrointestinal mucosal
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protective agents, as well as gastric acid inhibitor treatment, the can
relieve the symptoms in a short time.

3. Postoperative ascites, the common causes of which are:

(1) poor nutritional status and hypoproteinemia;
(2) the particles causing radioactive inflammation in the tumor and

surrounding tissues resulting in ascites;
(3) the compression of the portal vein by the radioactive tumor tissue

resulting in poor reflux, which in turn causes increased portal
pressure and ascites; however, with the provision of adequate
nutritional support and somatostatin treatment, the ascites can be
absorbed, slowly;

4. Particle displacement in which the particles may migrate to the liver,
lungs, and other organs; the particles are caused by the entrance vein
and inferior vena cava during the release process after puncture, with
most of these patients requiring no special treatment; and

5. Infections, hemorrhages, and chyle fistulas, although rare in clinical
practice, can be cured after symptomatic treatment. For major
bleeding, embolization of the bleeding target artery is recommended.

5.5. Nursing

1. Preoperative care:
(1) Perform preoperative examinations such as routine blood, urine,

and stool tests; observe the blood clotting time; examine the
blood liver, kidney function, blood sugar, and other biochemical
indicators; and view the electrocardiogram. Prepare the patient's
imaging data, B-ultrasound, chest X-ray, CT.

(2) Provide psychological care to the patients (introduce the purpose,
method, operation process, curative effect).

(3) Prepare the local anesthetics.
(4) Prepare preoperative intramuscular injections of phenergan. Ac-

cording to the doctor's advice, administer phenergan 25 mg
intramuscularly 30 min before the operation, to patients with a
good medical record.

2. Postoperative care:
(1) Observe the bleeding at the puncture point. Keep the wound

dressing clean and dry; if it is contaminated by blood or exudate,
replace it timeously.

(2) Observe the puncture part for any signs of infection.
(3) Observe the area for any symptoms of ectopic embolism and the

surrounding tissues for damage.
(4) Observe the vital signs.
(5) Provide radiological protection.
① Environmental management: Postoperative patients should
live in a single room or be protected with lead clothing, reduce
their range of activities, reduce contact with other patients,
and keep the indoor air flowing. The room temperature should
be controlled between 22 and 25 �C to reduce the combination
of heat and scattered rays from polluting the environment.

② Personnel management: Conduct nursing operations and ra-
diation protection knowledge training for the nursing staff.
When medical staff engage in close treatment and nursing,
they should wear lead-protective aprons, protective neck
coverings, protective glasses, and self-made lead protective
covers. The nursing staff should concentrate on the comple-
tion of the various nursing operations to reduce the contact
time with the patient. There should be limited visiting time for
the patients' family members.

③ Home care: When the seed is implanted, specific protective
measures should be implemented for those in contact with the
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patient within four months. Pregnant women with children
cannot live in the same room as the patients.
6. Percutaneous radiofrequency and microwave treatment of
advanced pancreatic cancer

6.1. Indications and contraindications

1. Indications:
(1) After interventional therapy for advanced pancreatic cancer.
(2) Patients with pancreatic cancer tumors that cannot be removed

surgically and whose expected survival time is greater than 3
months.

(3) Patients who are unwilling to undergo resections of pancreatic
cancer

(4) The estimated survival time is less than 3 months, and its use is
selected carefully to relieve persistent upper abdominal pain.

(5) Patients with primary pancreatic tumors with a maximum
diameter of>7 cm who are selected carefully for tumor reduction
therapy.

2. Contraindications:
(1) There is clear clinical evidence that the pancreatic tumors have

spread widely.
(2) Patients with cachexia
(3) The presence of acute pancreatic inflammation
(4) Patients with coagulation dysfunctions that cannot be improved

with medication.
(5) Patients with severe diabetes, in whom the blood sugar cannot be

controlled below 15.6 mmol/L with hypoglycemic therapy.
(6) Patients with bacteremia and sepses43

6.2. Choice of radiofrequency and microwave44,45

1. Determination of radiofrequency and microwave power

Based on tumor sizes, locations, and internal structures (pathological
malignancy, drug/gene test report), as well as CT/MR lesion enhance-
ments and levels of necrosis, different electrodes from T20 to T40, can be
selected. Table 2 shows the types, numbers, and spacing of the electrodes.

(1) Radiofrequency ablation of pancreatic cancer: It is recommended
that either CT positioning (100ml of 2% iodine water can be taken
before puncture to show the relationship between the gastroin-
testinal tract and the tumor) or open operations, be performed.
Since the pancreas is embedded in a “C” shaped depression
formed by the duodenum and stomach tissues, and there are many
cavities around it, the use of B-ultrasound positioning is not rec-
ommended. A CT, owing to its better resolution, is preferred for
the percutaneous puncture path. While open surgery is more
traumatic for patients and has an anesthesia risk, its advantages
ters and related parameters of radiofrequency and microwave treatment of pa
ber of needles and choice of surgical approach

de type Quantity spacing
(mm)

Target energy
(KJ)

Power setting
(W)

1 9 20
2 7 14 40
3 15 24 60
1 15 30
2 13 25 60
3 15 15–35 90
1 29 40
2 13.3 39 80
3 20 35–70 120
3 25 70–130 120
3 30 130–225 120
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include: biopsies to confirm the pathology can be performed at the
same time during the operation; the abdominal organs that are
prone to metastasis, such as the liver; for the combined bile duct
and duodenum can be explored; patients with obstructions can
undergo bypass surgeries to improve the symptoms of the
obstruction; and complications such as intraoperative vascular
and biliary injuries can be attended to promptly.

(2) Puncture plan

Important organs and blood vessels, such as the pancreatic duct and
bile duct, should be avoided, as much as possible.

(3) Determine the number of ablation electrodes according to the
tumor size.

Generally, 1 to 3 needles are arranged in an equilateral triangle with
an interval of 2.0 cm.

(4) Microwave ablation must be selected carefully due to the poor
controllability of the ablation morphology. If the primary and
metastatic lesions are larger than 5.0 cm in diameter, then tumor
reduction treatment is preferred. The recommended reference
microwave power dosage range is 70 W and the ablation time is
5–10 min. It is recommended that the lesion be treated every
5 min. Position the scan to observe the changes in the ablated
lesion and determine the length of time for re-ablation.

6.3. Perioperative treatment

1. Preoperative preparation:

General preparation:

(1) For patients with malignant pancreatic tumors and obstructive
jaundice, PTCDs, ERCPs, and other operations are recommended
to relieve the biliary obstructions. At the same time, the patient
can be treated with hepatoprotective drugs to restore the liver
function in a short time, to a level that can withstand anesthesia
and surgery. Observe the vitamin K1 levels before surgery.

(2) Administer somatostatin routinely before surgery (3 mg intra-
muscular injection, once daily for 2–3 days).

(3) The rest of the preoperative preparation is the same as the routine
preparation before general surgery.

2. Surgical operation:
(1) Perform a CT scan was after placing a marking grid on the body

surface, design the puncture route according to the preoperative
TPS, and mark the puncture point on the body surface. Qualified
units can make use of a puncture robot.

(2) Perform disinfection and spreading of the towels.
ncreatic cancer.

Treatment length
(mm)

Treatment diameter
(mm)

Treatment volume
(cm3)

22 20 5
25 27 20 7
25 30 30 12
32 22 5.5
35 25 8
35 20–30 14
44 25 14
45 33 25 19
50 30–40 22
55 40–50 47
60 50–60 87
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(3) After making the puncture according to the plan, perform a CT to
determine the position of the puncture needle and adjust it
appropriately.

(4) Perform the ablation according to the set power and time.
(5) Perform a CT scan again to observe if there are active lesions and

bleeding complications
(6) PET-CT scans can be performed in qualified departments to un-

derstand whether the ablation lesions have been completely ab-
lated. Due to the obvious pain at the ablation sites for pancreatic
cancers during radiofrequency ablation, general and intravenous
anesthesia should be administered during the operation, if the
patient's condition permits. In the case of percutaneous puncture
ablations, observation of the patient's breathing is required, and
anesthesia can be administered after the radiofrequency needle is
in place and before the lesion is ablated.

3. Postoperative observation and treatment:
(1) The patient should fast for 6 hours postoperatively.
(2) Observe the general vital signs of the patient after the operation,

including signs of abdominal pain, abdominal distension, and
stool color. Blood and urine amylase, blood lipase, routine stool
tests, and stool occult blood should be re-checked within
24 hours. If there is abdominal drainage, observe whether the
amount of drainage is higher than the amount before the opera-
tion, and observe the amylase in the drainage of the abdominal
cavity after surgery.

(3) If the puncture route passes through the liver, stomach, duo-
denum, etc., antibiotics should be used prophylactically for one to
three days after the operation. Gastrointestinal mucosal protec-
tive agents and drugs can be used to inhibit gastric acid secretions
for one week.

(4) Administer somatostatin prophylactically, a 3 mg intramuscular
injection, once daily for three days after surgery.
6.4. Common complications

1. Pancreatic fistulas caused by puncture injury to the pancreatic duct.

The treatment can be carried out in accordance with the NCCN
treatment principle of acute pancreatitis. Intraoperative punctures
should avoid damage to the main pancreatic duct. Conventional treat-
ment principles include fasting, gastrointestinal decompression, use of
drugs that inhibit pancreatic enzyme secretion, and nutritional support.
This is generally curable.

2. Gastrointestinal symptoms: Common symptoms such as abdominal
distension, nausea, vomiting, loss of appetite, etc. While these may
last for a long time, the use of gastrointestinal motility drugs, mucosal
protective agents, and gastric acid inhibitors can relieve symptoms in
a short time.

3. Postoperative ascites: give adequate nutritional support and so-
matostatin treatment, ascites can be slowly absorbed.

4. Infection, hemorrhage, and chyle leakage are rare in clinical practice
and can be cured after symptomatic treatment. For major bleeding,
the embolization of the bleeding target artery is recommended.
6.5. Nursing

1. Preoperative care
(1) Perform preoperative examinations such as routine blood, urine,

and stool tests; observe the blood clotting time; examine the
blood liver, kidney function, blood sugar, and other biochemical
indicators; and view the electrocardiogram. Prepare the patient's
imaging data, B-ultrasound, chest X-ray, CT.

(2) Preparation for the operation according to different parts of the
tumor.
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(3) Provide psychological care to the patients (introduce the purpose,
method, operation process, curative effect).

(4) Patients undergoing general abdominal anesthesia should fast for
12 hours before surgery.

(5) Administer preoperative injections according to the doctor's or-
ders, gather the medical records, and escort the patients into the
operating room.

2. Postoperative care
(1) Monitor the vital signs and wound bleeding and administer ox-

ygen, hemostatic agents, antibiotics, according to the doctor's
advice. The wound dressing at the puncture site should be kept
clean and dry. If it is contaminated with blood or exudate, it
should be replaced timeously, to prevent wound infections.

(2) Choose the lying position and diet according to the intraoperative
anesthesia method, and for patients who undergo general anes-
thesia, the routine nursing after general anesthesia should be
implemented. Since the needle passes through the gastrointes-
tinal tract during the transabdominal puncture, it is necessary for
the patient to fast for 24 hours after the operation.

(3) Check the body temperature eight consecutive times and observe
whether there are any signs of infection.

(4) Observe whether there is pain in the local area, or whether there
are any physical abdominal signs of the transabdominal puncture,
and report to the doctor if there are any abnormalities.

(5) Observe whether the patient's skin had scalds.

7. Clinical management of common complications of advanced
pancreatic cancer

7.1. Obstructive jaundice

1. Reason:

Tumors in the head of the pancreas, metastases in the hilar lymph
nodes.

2. Disposal strategy:
(1) For PTCDs, internal and external drainage is generally feasible. If

the hilar obstruction is severe, external drainage can be per-
formed for 3–7 days. After the inflammation and edema of the
obstruction disappear, internal and external drainage can be
performed. Its advantages are its relatively simple technical re-
quirements, short paths, simple operation, and easy promotion.
The disadvantage is the trauma.

(2) Internal and external drainage are generally feasible for ERCPs. If
the hilar obstruction is severe, external drainage can be per-
formed for 3–7 days. After the inflammation and edema of the
obstruction disappear, internal and external drainage can be
performed. Its advantage is that it is minimally invasive. Its dis-
advantages include its high technical requirements, long paths,
and relatively difficult operations.

(3) For biliary stent implantations, according to the different causes
of obstruction, choose different specifications of stents, and
implant the stents after the liver function is restored to normal.

(4) For the specific requirements and technical standards of PTCDs,
ERCPs, and biliary stents, please refer to the relevant guidelines
of other professional committees.46,47
7.2. Lymph node metastasis

1. Definition: for an intra-abdominal lymph node metastasis, the cu-
mulative diameter of a single or fused lymph node is more than
1.0 cm.

2. Treatment strategy: same as the treatment method of pancreatic
cancer and intrahepatic metastasis in this guide.48,49
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7.3. Gastrointestinal obstruction

1. Reasons:
(1) intra-abdominal lymph node metastasis and compression of the

gastrointestinal tract;
(2) pancreatic cancer lesion compression;
(3) anastomotic stenosis after pancreatic cancer;
(4) tumor dissemination resulting in intestinal and mesangial

entanglement stenosis.50

2. Treatment strategies:
(1) decompression of the gastrointestinal tract and insertion of the

gastrointestinal nutrition tube to the distal end of the gastroin-
testinal tract obstruction for 3–7 days, followed by stent im-
plantation after inflammation and edema at the obstruction site
disappear;

(2) for stent implantation, stents of different specifications are
selected according to the cause and location of the obstruction;

(3) for the specific requirements and technical standards of gastro-
intestinal stents, please refer to the relevant guidelines of other
professional committees.
7.4. Intractable pain

1. Reasons:
(1) intra-abdominal lymph node metastasis compression;
(2) pancreatic cancer lesion compression;
(3) celiac ganglion invasion

2. Disposal strategies:
(1) radiofrequency ablation;
(2) celiac ganglion block;
(3) principles of three-step pain treatment;
(4) for radiofrequency ablation, specific requirements; and
(5) for technical standards, please refer to relevant guidelines of

other professional committees.

8. Treatment of advanced pancreatic cancer by percutaneous
puncture intratumor chemical induction immunotherapy.51–55

8.1. Indications

(1) After interventional therapy for advanced pancreatic cancer.
(2) Patients with pancreatic cancer whose tumors cannot be removed

surgically and whose expected survival time is > 3 months.
(3) Unwillingness to undergo resection for pancreatic cancer
Table 3
Interventional options for advanced pancreatic cancer.

cTAI treatment Low/undifferentiated adenocarcinoma, rich blood supply,
genetically sensitive ROBO3↑/miR-250b↓, etc.
8.2. Contraindications

(1) There is clear clinical evidence that pancreatic tumors have spread
widely.

(2) Patients with cachexia.
(3) The presence of acute pancreatic inflammation.
(4) Patients with coagulation dysfunction which cannot be improved

by drug treatment.
(5) Patients with severe diabetes whose blood sugar cannot be

controlled to under15.6 mmol/L with hypoglycemic treatment.
(6) Patients with bacteremia and sepsis who cannot receive radio-

frequency or microwave therapy.

Pancreatic head: gastroduodenal artery, superior mesenteric artery
Pancreatic body and tail: short splenic artery, right gastroepiploic
artery
Dominant artery: chemoembolization; non-dominant artery:
embolization

Physiotherapy Medium/highly differentiated adenocarcinoma, insufficient blood
supply, genetic insensitivity ROBO3↓/miR-250b↑etc.
Pancreatic head: 125 I seed implantation
Body tail: radiofrequency/microwave ablation
8.3. Equipment and drugs

These are: 23G � 150 mm and 25G � 90 mm puncture needles, high
pressure syringes; ultrasound/CT, a drug combination of chemothera-
peutic drugs cytarabine (Ara-C), adriamycin (ADM) þ water-soluble
sustained-release agent þ immune adjuvant (DNP).
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8.4. Treatment methods

1. Related inspections should be performed before the treatment.
Fifteen minutes before treatment, the patient should be injected
intramuscularly with 0.1 g bucinazine, 1 KU reptilase or 1.0 g
etamsylate, and 4–8 mg ondansetron to prevent post-treatment pain,
bleeding, and vomiting. For treatment under CT guidance, 500 ml of
1%–2% diatrizoate meglumine solution can be administered orally
before treatment.

2. During the treatment, the puncture point is first guided by ultrasound
and/or CT to determine the distance from the skin puncture point to
the center of the tumor. A 2% lidocaine solution can be used for local
anesthesia, with the puncture needle being inserted into the center of
the tumor according to the ultrasound and (or) CT positioning di-
rection. After confirmation of the center of the tumor using B-ultra-
sound and (or) CT, withdraw the needle core, connect the high-
pressure syringe, and inject the slow-release liquid to saturate the
tumor with the drug. Injection dose (ml) ¼ tumor diameter
(<5 cm) � 2.0, or if the tumor diameter is > 5 cm, then � 1.5.

3. After the injection, pause for a while, pull out the puncture needle,
cover the puncture site with a sterile gauze, and affix it with tape. To
avoid any duodenal obstruction, the patient may consume liquids or
semi-liquid food within 1–3 days after treatment. Symptomatic
treatment should be administered to patients with accompanying
symptoms.

8.5. Matters requiring attention during treatment

Strive to achieve a successful and accurately positioned puncture and
aim to reduce gastrointestinal damage. During the injection, if the patient
experiences any pain, an appropriate drug can be injected after the
lidocaine. If an acute inflammatory reaction of the pancreatic tumor
occurs after treatment, it should be treated according to the routine
treatment methods for acute pancreatitis.

9. Optimal choice of interventional therapy for advanced
pancreatic cancer

Patients with advanced pancreatic cancer should receive the
comprehensive treatment method of cTAI combined with physical ther-
apy for the primary tumor and metastasis as soon as possible. The use of
cTAI can control the primary and metastatic lesions of the pancreatic
cancer effectively. The choice of regimen should be based on the sensi-
tivity of the tumor cells to the chemotherapeutic drugs. Physiotherapy
includes particle, radiofrequency, and microwave therapy for the pri-
mary and metastatic lesions. The selection of specific methods should be
based on the location, blood supply, and internal structure of the tumor
(Table 3).56,57

Tumors in the head of the pancreas should be treated with percuta-
neous 125I seed implantation under imaging guidance. Tumors in the
body and tail should be treated mainly with percutaneous radio-
frequencies and microwaves; for tumors with an insufficient blood sup-
ply, physical therapy is the main treatment (Fig. 1).



Fig. 1. Individualized physical therapy options.
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To improve the clinical immunity of patients, cTAI should be used as
the preferred method, and physical therapy should be used as an effective
supplement. These two can be used interactively and repeatedly.58

9.1 The location of the cTAI catheter for continuous intra-arterial
infusion chemotherapy varies according to the location of the
tumor. Tumors in the head of the pancreas are placed in the su-
perior and inferior duodenal arteries, and tumors in the body of
the pancreas are placed in the dorsal pancreatic artery and
transverse pancreas. Arteries: tumors in the tail of the pancreas,
left in the aorta of the pancreas, and the junctional artery

The chemotherapy regimen should comply with the following prin-
ciples: first, it should be based on the tumor drug sensitivity test report;
second, when there is a lack of pathological diagnosis, combined with CT,
MRI, and other imaging findings, refer to the classic UICC treatment plan.

Drug continuous infusion time: time-independent drugs (such as
gemcitabine) for approximately 2 hours; time-dependent drugs (such as
5-FU) for approximately 20 hours.

9.2 125I seed implantation

First, we should clarify the tumor size, shape, location, and anatom-
ical relationship with adjacent organs, and determine the puncture path;
second, using a TPS determine the specific number of particles and the
125I implantation site. The treatment should follow the following prin-
ciples: nearest to the center of the lesion, minimal damage to adjacent
organs, and simple operation. The layer spacing and spacing of the par-
ticles can be adjusted to between 5 and 10 mm according to the activity
level of the tumor and the results of the genetic testing, as shown in
Fig. 1.

In addition to preoperative preparations for conventional in-
terventions, there should be fasting for one day before the surgery and a
continuous intravenous infusion of somatostatin for 24 hours to suppress
and reduce the incidence of secondary pancreatitis after surgery. Under
CT guidance, complete the biopsy, and implant the 125I particles. After
the operation, confirm using the CT whether the distribution of the
particles was in accordance with the design plan, whether any were
missing or had shifted, and whether there was any local hematoma or
other organ damage. After the operation, the patient should fast and
receive a continuous intravenous infusion of somatostatin for 24 hours,
intravenous nutritional support and hemostatic treatment for one to
three days, and be observed for changes in blood pressure, abdominal
pain, and amylase.

9.3 RF/Microwave therapy
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First, we should clarify the tumor size, shape, location, and anatom-
ical relationship of the adjacent organs; second, we should determine the
number of needles and puncture paths; and third, we should determine
the power and time of the radiofrequency/microwave treatment based
on the tumor size and internal structure of the imaging. The treatment
should follow the following principles: nearest to the center of the lesion,
minimal damage to adjacent organs, and simple operation. During needle
withdrawal, the needle tract should be properly burned to reduce
bleeding of the needle tract and to prevent tumor implantation and
metastasis. Other perioperative treatments are the same as those for seed
implantation.

9.4 Interventional treatment strategy for APC patients, cTAI is the first
choice

However, there are the following manifestations: 1) tumor lesions
continue to grow, 2) tumors do not continue to shrink, and 3) the patient
is unable to tolerate it. 125I seed implantation, radiofrequency, or mi-
crowave ablation therapy, should be considered.

9.5 Selection principles of particles, radiofrequency and microwave

1. To avoid damage to the pancreatic duct, bile duct, and adjacent

descending duodenum, 125I seed implantation is often used for
tumors in the head of the pancreas, and it has been proposed
that the number of lesions should not exceed three at the same
site, with a diameter less than 5.0 cm or at three sites for lesions
less than 3.0 cm and with gene ROBO3↑/miR-250b↓ being
based on percutaneous physical therapy, the ablation power
increases by 5%–10%, the time extended by 10%–15%, and the
seed implantation distance reduced to 5–8 mm.

2. For body and tail tumors, cTAI-125I seed implantation-cTAI
mode, or cTAI-radiofrequency/microwave ablation-cTAI
mode; cTAI-radiofrequency/microwave ablation can also be
selected for part of the residual lesions, and the 125I particle
implantation mode can also be added.
10. Follow-up and efficacy monitoring methods for
interventional therapy of advanced pancreatic cancer

10.1. Clinical efficacy

1. General data comparison

The data summarizes the findings from six tertiary hospitals (Harbin
Medical University Cancer Hospital, Shandong University Second Hos-
pital, Lan University First Affiliated Hospital, Gui Medical University



Fig. 2. OS curve, log-rank test P ¼ 0.000.

3. mRECIST analysis

Table 5
Comparison of clinical remission rates among the three groups.

mRECIST Control
group
n ¼ 215

c TAI
n ¼ 210

c TAI Joint
Group
n ¼ 185

total
n ¼ 610

P value

CR þ PR,
n (%)

38(17.7) 88(41.9) 88(47.5) 214(35.1) 0.000

SD, n (%) 103(47.9) 70(33.3) 51(27.6) 224(36.7)
PD, n (%) 74(34.4) 52(24.8) 46(24.9) 172(28.2)

M. Li Journal of Interventional Medicine 4 (2021) 159–171
Affiliated Hospital, Lishui Central Hospital, and Tongji Tenth Hospital)
from January 2009 to December 2014. According to the relevant data of
the 610 patients who met the enrollment criteria, 19 were lost to follow-
up, with a loss to follow-up rate being 3.11%. Among the enrolled pa-
tients, there were 370 men and 240 women, with an average age of
67.24 � 12.46 years (28–90 years). These patients were divided
randomly into the control group: conventional intravenous chemo-
therapy and the cTAI group: intra-arterial continuous infusion chemo-
therapy. The cTAI combination group comprised of three groups of
continuous intra-arterial infusion chemotherapy combined with physical
therapy (including particles, radiofrequency, and microwave therapy for
primary and metastatic lesions). The general information of patients
before treatment is shown in Table 4. Before treatment, the tumor vol-
ume and renal function status were well balanced between the groups.
Among these, obstructive jaundice and ascites showed differences; the
reason being that the conventional intravenous chemotherapy and intra-
arterial continuous infusion chemotherapy groups required that the liver
function return to normal or basically normal.

The statistical results showed that the overall survival time (OS:
months, mean � SD) of the different groups of patients after treatment
were 6.13 � 5.40 months, 10.52 � 8.17 months and 13.80 � 8.86
months, respectively. There were significant statistical differences among
the three groups (P ¼ 0.000, log-rank test), as shown in Fig. 2.

A comparative analysis of the clinical remission rate among the three
groups showed that the clinical remission rate of the control group was
17.7%, in the cTAI group 41.9%, and in the cTAI combination group,
47.5%. Furthermore, the pairwise control analysis between the groups
showed that the overall clinical remission rate was significantly different
between the three groups (χ2 test, P ¼ 0.000). In addition, the pairwise
control analysis between groups showed that the remission rate of the
cTAI and cTAI combination groups was significantly higher than that of
the control group (Table 5).

Comparing the survival rates at six, 12, and 18 months among the
Table 4
Comparison of general information of the three groups of patients before treatment.

variable Control group
n ¼ 215

c TAI group
n ¼ 210

Age, years 66.31 � 11.76 68.11 � 13.08
gender
Male, n (%) 115(53.5) 150(71.4)
Female, n (%) 100 (46.5) 60(28.6)
TNM staging
T3N1M 0, n (%) 28(13.0) 21(10.0)
T3N1M 1, n (%) 187(87.0) 189(90.0)
Tumor size (cm)
<3.0, n (%) 3(1.3) 0(0.0)
3.0–5.0, n (%) 2(0.9) 0(0.0)
>5.0, n (%) 210(98.8) 210(100.0)
With or without transfer
Yes, n (%) 190(88.4) 182(86.7)
None, n (%) 25(11.6) 28(13.3)
ascites
Yes, n (%) 17(7.9) 5(2.4)
None, n (%) 198(92.1) 205(97.6)
jaundice
Yes, n (%) 45(20.9) 110(52.4)
None, n (%) 170(79.1) 100(47.6)
Child-Pugh classification
A, n (%) 0(0.0) 0(0.0)
B, n (%) 48(22.3) 62(29.5)
C, n (%) 121(77.7) 148(70.5)
CA199
Normal, n (%) 43(20.0) 51(24.3)
Abnormal, n (%) 172(80.0) 159(75.7)

Note:Control group: conventional intravenous chemotherapy; cTAI group: continuou
arterial infusion chemotherapy combined with physical therapy (including particles,
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three groups, the cTAI group and the cTAI combined group showed
significant advantages over the control group (χ2 test, P ¼ 0.000, 0.000,
0.001) (Tables 6–8).
c TAI Joint Group
n ¼ 185

total
n ¼ 610

P value

66.84 � 13.17 67.24 � 12.46 0.167

105(56.8) 370(60.7) 0.068
80(43.2) 240(39.3)

17(9.1) 66(10.8) 0.651
168(90.9) 544(89.2)

0(0.0) 3(0.5) 0.252
0(0.0) 2(0.3)
185(100.0) 605(99.2)

148(80.0) 520(86.2) 0.651
37(20.0) 90(13.8)

7(3.8) 29(4.8) 0.014
178(96.2) 581(95.2)

20(10.8) 175(28.7) 0.000
165(89.2) 435(71.3)

0(0.0) 0(0.0) 0.003
94(50.8) 204(33.4)
91(49.2) 406(66.6)

40(21.6) 134(22.0) 0.774
145(78.4) 476(78.0)

s intra-arterial infusion chemotherapy; cTAI combined group: continuous intra-
radiofrequency, and microwave treatment of primary and metastatic lesions).



Table 6
Comparison of survival rates between the three groups at 6 months.

ending Control
group
n ¼ 215

c TAI group
n ¼ 210

c TAI Joint
Group
n ¼ 185

total
n ¼ 610

P value

Survival, n
(%)

76(35.3) 160(76.2) 162(87.6) 398(65.2) 0.000

Death, n
(%)

139(64.5) 50(23.8) 23(12.4) 212(34.8)

Table 7
Comparison of survival rates between the three groups at 12 months.

ending Control
group
n ¼ 215

c TAI group
n ¼ 210

c TAI Joint
Group
n ¼ 185

total
n ¼ 610

P value

Survival,n
(%)

21(9.7) 51(24.3) 92(49.7) 164(26.9) 0.000

Death,n
(%)

194(90.3) 159(75.7) 93(50.3) 446(73.1)

Table 8
Comparison of survival rates between the three groups at 18 months.

ending Control
group
n ¼ 215

c TAI group
n ¼ 210

c TAI Joint
Group
n ¼ 185

total
n ¼ 610

P value

Survival,n
(%)

8(3.7) 23(11.0) 43(23.2) 74(12.1) 0.001

Death, n
(%)

207(96.3) 187(89.0) 142(76.8) 536(87.9)
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10.2. Comparison with similar research in China and in other
countries59–64

1. Arterial chemotherapy compared with conventional chemotherapy.

In this study the control group had an OS time of 6.13� 5.40 months,
consistent with clinical efficacies reported in the literature, and showed
no significant differences (χ2 test, P > 0.05). The OS time of the arterial
chemotherapy group (c-TAI group) in this study was 10.52 � 8.17
months, and its clinical efficacy was better than that of the conventional
chemotherapy group, and there was a statistical difference (χ2 test,
P < 0.05).

2. Comparison of arterial chemotherapy combined with physical ther-
apy and physical therapy alone.

A recent retrospective clinical trial study by the Eastern Cooperative
Oncology Group of the United States suggested that the OS time for
advanced pancreatic cancer with physical therapy alone was 7.1 months.
In this study, the OS time for the combined groups was 13.80 months,
and their clinical efficacy was significantly better than that of physical
therapy alone, as reported in the literature (χ2 test, P < 0.05).

3. Comparison of arterial chemotherapy and physical therapy with
conventional chemotherapy and physical therapy.

In this study, the OS time for the arterial chemotherapy group com-
bined with the physical therapy group was 13.80 months, while the re-
sults from the American Cooperative Oncology Group Eastern showed an
OS time of 9.2 months. For arterial chemotherapy combined with phys-
ical therapy, the clinical efficacy of the treatment group was significantly
better than that of conventional chemotherapy combined with physical
therapy as reported in the literature (χ2 test, P < 0.05).
170
11. Summary

In summary, for patients with advanced pancreatic cancer whose
tumors cannot be removed surgically, interventional therapies such as
cTAI, 125I seed implantation, radiofrequency, and microwave ablation
are good choices. Choosing one or more interventional treatment
methods, according to tumor size, shape, location, and adjacent organ
anatomy, can improve the overall survival and quality of life of patients
with advanced pancreatic cancer, effectively. With the continuous
development of nanotechnology, gene technology, molecular imaging
technology, and molecular interventional therapy technology, the effi-
cacy of advanced pancreatic cancer therapy will be further improved.
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