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Objective: To evaluate the clinical efficacy of infusion of gemcitabine (GEM) and fluorouracil (5-FU)through the
celiac artery and superior mesenteric artery in the treatment of pancreatic carcinoma (PC).
Methods: We analyzed 20 patients diagnosed clinically or pathologically with PC, without metastases, who had an
estimated survival duration of >3 months in our department from May 2009 to December 2014. Nine patients
were treated directly without surgical resection of the tumor, while the other 11 patients were treated after
surgery. In all patients, the femoral artery was punctured using the Seldinger technique, and a catheter was placed
in the opening of the celiac artery or the superior mesenteric artery. We administered 500 mg/m2 GEM and 500
mg/m2 5-FU. Observational data included data on clinical efficacy and survival rates during the follow-up period
of 3–72 months.
Results: Twenty patients were treated 85 times with transcatheter arterial infusion chemotherapy (TAI). The
survival rates were 80%, 40%, 35%, 20%, 10%, and 5% at 3, 6, 12, 24, and 72 months, respectively.
Conclusion: TAI chemotherapy with GEM and 5-FU may be a therapeutic option for the treatment of PC.
Introduction

Pancreatic carcinoma (PC) is an extremely aggressive cancer type and
one of the leading causes of cancer-rekated death. Due to the anatomical
position of the pancreas, physiological characteristics, and biological
behavior, detecting it at an early stage is challenging. The five-year
survival rate of PC is less than 9%,1 and the survival rate drops to
2.4%2 when there is metastases. Surgery remains the mainstay of the
treatment, but its success depends on the disease stage at diagnosis.3,4

Chemoradiotherapy provides a favorable response for initially unre-
sectable PC.5 Following the 2006 National Comprehensive Cancer
Network guidelines, chemoradiotherapy with systemic fluorouracil
(5-FU) and gemcitabine (GEM) plus radiation therapy are accepted
treatments for locally advanced unresectable PC. With the development
of interventional radiology, transcatheter arterial infusion chemotherapy
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(TAI) can be used to deliver these chemotherapeutic agents for PC
treatment.

We analyzed the data of 20 patients with PC treated in our depart-
ment by TAI through the celiac artery and the superior mesenteric artery.

Material and methods

Ethical approval

The study was approved by the ethics committee of The First Affili-
ated Hospital, Zhejiang University School of Medicine. All clinical prac-
tices and observations were conducted in accordance with the
Declaration of Helsinki. Informed consent was obtained from each pa-
tient before the study was conducted.
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Table 1
Characteristics of the 20 patients with pancreatic carcinoma.

Characteristic N

Clinical presentation
Abdominal pain 9
Jaundice 6

Clay stool 2
Itching 1
Yellow urine 3

Physical findings 2
Waist and back pain (radiating pain) 2
Weight loss 1

Location of pancreatic carcinoma
Head and neck 16
Body and tail 4
Adjacent vascular invasion 5

Comorbid diseases
Hypertension 2
Diabetes 2
Hepatitis B 1
Diarrhea 1

Intrahepatic metastasis after TAI 4
Fever after TAI 3
No significant complications 17
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Study population

From, May 2009 to December 2014, 20 patients were diagnosed with
PC in our department. Included patients had either undergone surgical
resection for PC or had advanced PC that could not be resected with a
Fig. 1. Carcinoma staining at the head of the pancreas when ang

22
general Karnofsky score (KPS) of �60 and an expected survival time of
>3 months. Patients with liver and kidney dysfunction (ALT and AST
>2.5 � the upper limit of normal, total bilirubin >51 μmol/L, serum
Cr >104 μmol/L); or abnormal blood test results (WBC �4 � 10E9/L,
PLTs �100 � 10E9/L, and Hb � 90 g/L) were excluded. Patients were
also excluded if they had undergone chemotherapy or radiotherapy 6
months prior to the study date, had other coexisting malignancies or
metastases, or had severe heart and lung comorbidities or any active
infection. All patients provided written informed consent before TAI.
This study was approved by the Ethics Committee of Zhejiang University
and was carried out in accordance with the Declaration of Helsinki.
Transcatheter arterial infusion chemotherapy (TAI)

TAI was performed using a standard procedure by radiologists trained
and experienced in this technique. The perineumwas disinfected, and the
patient was positioned in the supine position. Under local anesthesia, the
right femoral artery was punctured with a 5 F arterial sheath using the
Seldinger technique. A 5 F hepatic artery catheter or Yashiro catheter was
pushed into the celiac artery and superior mesenteric artery via the
arterial sheath for selective angiography. After angiography, a bolus of
500 mg/m2 GEM and a bolus of 500 mg/m2 5-FU were pushed separately
through the opening of the celiac artery and superior mesenteric artery
(at half of the total perfusion flow tate for each vessel). All patients were
treated once every 4 weeks. In patients in whom surgery was not per-
formed, TAI was stopped when significant progress was observed or
when TAI was not considered suitable. In surgically treated patients, with
iographyat is performed at the opening of the celiac artery.
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no recurrences or metastases, TAI was provided at least three times. In
case of a recurrence or metastasis, TAI was discontinued.

All patients were monitored after the procedure (vital signs, oxygen
saturation, routine blood investigations, and liver and kidney function),
with particular attention paid to the lower limb skin temperature and
color, and dorsalis pedis pulses. Rehydration was considered paramount
to protect the liver and prevent infection.
Statistical methods

This was an observational study, and thus, no power calculation was
performed. Statistical analysis was performed using SPSS 18.0. Descrip-
tive statistics were used for continuous variables (such as age and dura-
tion of follow-up) and are reported as means � standard deviations (SD).
Continuous variables were analyzed using the Kaplan–Meier survival
analysis method.

Results

Patient characteristics

Table 1 presents the clinical characteristics of the patients. Our cohort
included 13 men and 7 women, ranging from 36 to 77 years (mean age,
60.5 � 10.79 years). The location of the PC was the head and neck of the
pancreas in 16 cases, and the body and tail of the pancreas in the
remaining 4 patients. Eleven cases involved surgical resection before TAI,
while the other nine patients were treated only with TAI. The first
Fig. 2. The superior mesenteric artery angiography show
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symptom was abdominal pain in 9 cases and, jaundice in 6 cases, of
which 2 patients passed clay-colored stools, one had itching, and three
passed yellow urine. Two patients were diagnosed through physical ex-
amination, two patients were treated for waist and back pain, and the
remaining patients were diagnosed whileendergoing examinations for
weight loss. Two patients had comorbid hypertension, two had diabetes,
and one had both hypertension and diabetes. Five patients showed close
vascular invasion and lymph node metastasis.

All TAI procedures were considered successful (total 85 times),
withan average of 4.25 � 1.55 procedures per patient. The treatment
regimen involved 3 procedures in 10 cases, 4 procedures in 2 cases, 5
procedures in 2 cases, 7 procedures in 1 case and 8 procedures in 1 case.
Five of the nine patients who did not undergo surgical resection showed a
flaky, pancreatic area that showed lighter staining on superior mesenteric
artery angiography (Fig. 1, Fig. 2). The remaining 15 patients showed no
significant tumor staining (Fig. 3, Fig. 4).

The observed complications were mild nausea and vomiting (two
cases) and mild fever (three cases), while the remaining patients had no
apparent discomfort. All complications improved after symptomatic
treatment.
Follow-up

All patients were followed up until December 2016 or until death, and
the follow-up time ranged from 3 to 72 months (mean, 11.25 � 15.48
months). Survival rates were 80%, 40%, 35%, 20%, 10%, and 5% in 3, 6,
12, 24, 48, and 72 months, respectively. During follow-up, four patients
ing carcinoma staining at the head of the pancreas.



Fig. 3. Digital subtraction angiography (DSA) without tumor staining when angiographyat is performed at the opening of the celiac artery.
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progressed to exhibit intrahepatic metastasis, while one patient had a
complete remission without any symptoms.

Discussion

Pancreatic carcinoma is an extremely aggressive gastrointestinal
tumor that progresses rapidly. The hidden anatomical position of the
pancreas and the lack of specificity of clinical symptoms make early
diagnosis impossible. According to the American Cancer Society, the
latest statistics show that in 2019 there were 56,770 new PC cases
causing up to 45,750 deaths, making PC the third leading cause of cancer
mortality.1,6 Although early diagnosis is sometimes possible, surgical
resection still only results in a survival rate of 10%.7,8 Unresectable PC is
treated with chemotherapy, radiotherapy, or a combination of the two.
Additionally, high-intensity focused ultrasound (HIFU),9,10 a noninvasive
ablation modality for PC, is now accepted as another treatment option. In
recent years, TAI has achieved particularly good results.11–13 We assessed
the outcomes of patients diagnosed with PC and treated them with TAI at
our center.

The efficacy of chemotherapy drugs depends on the drug concentra-
tion in the tumor and the contact time of the drugs within the carcinoma
cells. The fibrous capsule surfacing PC challenges the penetration of
chemotherapeutics. Additionally, PC often expresses high levels of
multidrug resistance, resulting in rapid clearance of chemotherapeutic
drugs from the tumor cells. Therefore, systemic chemotherapy does not
result in a better prognosis. The principle of TAI is based on a local in-
jection of high concentrations of drugs directly into the tumor tissue
24
through the pancreatic artery or the parent artery segment. It increases
the concentration and action time of the drugs in the tumor microenvi-
ronment to deliver toxicity to the tumor tissue and to overcome therapy
resistance resulting in apoptosis and necrosis of PC cells and improving
the therapeutic effect.11,14 This high local concentration of drugs affects
only the pancreas with reduced side effects in all other organs.15 Thus,
relative to intravenous chemotherapy, direct infusion of drugs
intra-arterially leads to secondary perfusion through the portal vein and
effectively kills tumor cells in the portal vein system. This either reduces
or delays the occurrence of liver metastasis and improves the survival
time of patients.16,17 We presume that in surgically resected patients with
PC, postoperative intra-arterial infusion chemotherapy can destroy
micrometastases that existed before surgery, thereby preventing the
development of local recurrences and liver metastasis. In this study, pa-
tients treated with TAI had only mild fever (3/20) and nausea and
vomiting (2/20) as side effects. Compared with the side effects of sys-
temic chemotherapy and radiotherapy, these are almost negligible.
During follow-up, also only four patients developed liver metastases
(4/20). In fact, one patient who had undergone surgical resection showed
complete remission at > 72 months of follow-up (Figs. 3 and 4).

Gemcitabine (GEM) is the first-line chemotherapeutic agent in PC,
with an efficacy rate of 5%–15%. Clinical trials indicated that TAI with
GEM improved the response and resectability, and it was also well
tolerated.18 Some argue that GEM in combination with other
anti-carcinoma drugs does not improve survival,19,20 while others as-
sume that GEM in combination with other anti-carcinoma drugs, or even
combined with other treatments can improve the median survival



Fig. 4. DSA without tumor staining when angiography is performed at the superior mesenteric artery.
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time.21–24 From our experience, we favor combination therapy in safe
doses. Currently, other anti-neoplastic agents such as 5-FU, oxaliplatin,
and mitomycin are also being used. In this study, we used GEM combined
with 5-FU, at doses of 500mg/m2 with good results. The average survival
time of patients was 11.25 � 15.48 months, and the one-year and
five-year survival rates were 35% and 5%, respectively.

Previous studies have shown that when PC is treated by TAI, arterial
angiography of the hepatic artery, duodenal or gastric artery, and supe-
rior mesenteric artery could be used, with each artery injected with half
the infusion dose of the chemotherapy drugs.25,26 The blood supply to the
head and tail of the pancreas is different.27 The pancreatic head is mostly
supplied from the hepatic artery and the superior mesenteric artery or a
branch thereof. In contrast, the body and tail of the pancreas are mostly
supplied by the pancreatic splenic artery from the dorsal artery,
pancreatic artery, transverse pancreatic artery, and pancreatic tail artery.
The head of the pancreas and pancreatic anastomosis are often con-
nected; the superior mesenteric artery often branches into the dorsal
pancreatic artery and the transverse pancreatic artery.28,29 Thus, it is not
enough to provide artery infusion chemotherapy only to the hepatic ar-
tery or gastroduodenal artery and the superior mesenteric artery because
it will result in some part of the pancreas not receiving the chemother-
apeutic agents. We argue that artery infusion chemotherapy at the
opening of the celiac artery and the superior mesenteric artery can
completely cover the pancreas and improve the efficacy of local
chemotherapy.

Although the value of regional chemotherapy has been demonstrated,
the expansion of its clinical use is constrained by some drawbacks. TAI is
more challenging for patients than systemic chemotherapy and
25
radiotherapy as it is an invasive procedure, and patients must be hospi-
talized. However, TAI for PC provides advantages as it is a targeted
therapy, relieves cancer-related pain, causes fewer systemic adverse re-
actions, reduces normal tissue damage, and limits local recurrence.

Our study has some limitations. The sample size was small, obser-
vation indicators were not comprehensive, and further studies are
needed to confirm our results in larger cohorts.

Conclusion

Our data indicate that artery infusion chemotherapy with GEM and 5
FU at the opening of the celiac artery and the superior mesenteric artery
can completely cover the pancreas and may be a therapeutic option in the
treatment of PC.
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