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Intraarterial chemotherapy as an adjuvant
treatment in locally advanced gastric cancer

Abstract Background and aims: D2
gastrectomy has improved survival in
gastric cancer. Adjuvant intravenous
chemotherapy, radiotherapy, or multimodal therapy has failed to demonstrate improved survival. The results
of intraarterial chemotherapy (IARC)
as an adjuvant have been encouraging
in a few studies. A prospective
randomized trial was designed to
evaluate the toxicity and survival in
locally advanced gastric cancer using
IARC as an adjuvant after potentially
curative gastrectomy. Patients and
methods: Forty patients with locally
advanced gastric cancer were randomly selected to undergo either
potentially curative gastrectomy and
receive IARC (study group) or gastrectomy only (control group). Clinical and histopathologic data were
analyzed and the toxicity related to
IARC was recorded. Results: The

Introduction
The long-term results of treatment in resectable gastric
cancer have not been significantly improved in recent
decades [1]. Adjuvant intravenous chemotherapy [2],
radiotherapy [3], or multimodal therapy [4] have failed to
demonstrate improved survival. The combination of chemotherapy and radiotherapy in an adjuvant setting after
potentially curative gastrectomy has shown to improve
survival but further studies are required to document these
findings [5]. Survival has undoubtedly been significantly
prolonged in Japan where radical lymph node dissection
has been extensively used [6]. The Japanese results have

groups were comparable (p>0.05).
Three patients in the study group had
minor toxicity. Five-year survival rate
for the study and the control group
was 52 and 54%, respectively
(p>0.05). Mean survival for the study
and the control group was 50±8 and
62±10 months, respectively (p>0.05).
The number of recurrences and the
failure sites were comparable
(p>0.05). Conclusion: Intraarterial
chemotherapy can be safely applied to
gastric cancer patients. As proposed
by the protocol, the method cannot be
recommended as an adjuvant treatment for locally advanced tumors
because it appears that there is no
survival benefit compared to potentially curative gastrectomy alone.
Keywords Gastric cancer . Curative
gastrectomy . Intraarterial
chemotherapy

been reproduced by several European multicentric studies
[7–9]. Nevertheless, other studies have questioned the
effectiveness of D2 lymph node dissection [10, 11]. The
sites of failure play a prominent role in poor survival. In
approximately 50% of the cases, the major sites of failure
in resectable gastric cancer are the liver and the peritoneal
surfaces that ultimately lead to death [12]. The patterns of
treatment failure using adjuvant [13] or neoadjuvant [14]
chemotherapy are essentially the same as after surgery
alone and only extended lymph node dissection has been
proven to prolong survival and decrease locoregional
relapses [6] compared to those seen with limited
surgery [12].
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Intraarterial chemotherapy has been successfully used in
cancer treatment [15, 16] reaching a high first-pass
extraction of the drug to the tumor. The method has been
used in gastric cancer in a few trials [17, 18] in an adjuvant
setting to prevent the development of liver metastases [19]
or in a neoadjuvant setting with encouraging results [20]. It
has also been used in the treatment of pancreatic cancer as
an adjuvant and it has been shown that liver metastases
have been decreased [21], or even as palliation in nonresectable pancreatic cancer and suppression of liver metastases have also been observed [22]. There is no prospective
randomized study investigating the effect of IARC after
potentially curative gastrectomy. The study was designed to
evaluate the toxicity and the long-term effects on survival of
intraarterial chemotherapy in patients with locally advanced gastric tumors undergoing potentially curative
resection.

Materials and methods
From January 1992 to January 1998, 40 patients with
locally advanced gastric tumors without distant metastases
according to routine preoperative staging (physical examination, chest X-ray, CT scan, and bone scan) were enrolled
in the study. Advanced gastric tumors were considered the
T3 and T4 tumors as assessed by preoperative examination.
The study was approved by the ethical committee of the
hospital and was carried out in accordance with the
Helsinki Declaration. Exclusion criteria were prior antitumor therapy or prior malignancy except for basal cell
carcinoma of the skin or carcinoma in situ of the cervix and
pregnancy. Eligible patients had a Karnofsky performance
status of more than 50%, an ASA class I and II without
severe comorbidity, a white blood cell count of at
least 4,000/ml or more, a platelet count of more than
150.000/ml, a blood urea level of less than 40 mg/dl, and a
creatinine level less than 1.5 mg/dl.
The age, sex, tumor location, procedures, T, N, stage
(pTNM), Lauren, Ming, and Bormann classification,
degree of differentiation, residual tumor, complications,
hospital deaths, recurrences, and the anatomic sites of
failure were analyzed. Toxicity related to intraarterial
chemotherapy was recorded. The patients were randomly
enrolled in the control or the study group intraoperatively
after induction of anesthesia.
The proportions of patients with a given characteristic
were compared by chi-square analysis. Differences in the
means of continuous measurement were tested by the
Student’s t test. The survival curves were obtained using
the Kaplan–Meier method and comparison of survival was
calculated using the log-rank test. A two-tailed p
value<0.05 was considered statistically significant.

Surgery
The patients in both groups underwent total or subtotal
gastrectomy with D2lymph node dissection depending on
location and macroscopic type of the tumor. The left gastric
artery was routinely dissected in subtotal gastrectomy and a
short stump was always left. Through the stump of the left
gastric artery the arterial catheter was introduced in the
celiac artery. In D2 lymph node dissection, the lymph node
groups 1–12 were resected en block with the specimen.
Lymph node group 10 was preserved if splenectomy was
not performed. Splenectomy was always performed for
tumors located at the great curvature of the gastric body and
the pancreas was always preserved. The reconstruction of
the alimentary tract was made using hand-sewn Roux-en-Y
esophago-jejunostomy or Roux-en-Y gastro-jejunostomy.
The resected specimens were studied according to the
Japanese Classification of Gastric Carcinoma [23]. The
study group (14 males and six females) underwent
gastrectomy and received intraarterial chemotherapy. The
control group (11 males and nine females) underwent
resection only.
Intra-arterial chemotherapy
Intraarterial chemotherapy (IARC) was infused via a
completely implantable device subcutaneously (infusea-port) that was connected to the arterial catheter. The
catheter was inserted intraoperatively in the celiac artery via
the stump of the left gastric artery after completion of the
resection. The study group received three cycles of IARC
with 1-month interval of rest between each cycle. The
administration of IARC was initiated 20 days after surgery.
One cycle consisted of the administration of IARC once
weekly for four consecutive weeks. On day 1, 600 mg/m2
of 5-FU were infused in approximately 1 h, on day 2,
15 mg/m2 of doxorubicin, and on day 3, 7 mg/m2 of
Mitomycin-C were infused in the same way. The device
was systematically heparinized between each cycle once a
week.
Pathologic examination and classifications
Histopathologic type, TNM category, and stage were
assigned using criteria provided by the Fourth Edition of
the International Union against Cancer classification [24].
Resections were classified as R0 when there was a
complete resection and histologically proven negative
margins and as R1 when the margins of resection were
shown by pathology to be infiltrated. Location of the
tumors and lymph node stations were described according
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to the Japanese Classification of Gastric Carcinoma [23].
Examination of the specimens included evaluation of the
lymph nodes in each station by number of lymph nodes
dissected and number of positive lymph nodes. All patients
with pathologic stages II–IV were included in the final
analysis.
Follow-up
No patient was lost during follow-up. The patients were
assessed in 3–6 months intervals with physical examination, hematological, and biochemical examinations, tumor
markers (CEA, CA 19–9, and CA-125), abdominal CT
scan, upper gastrointestinal tract endoscopy, and chest
X-ray. Whole body bone scan was performed only in cases
in which osseous metastases were suspected. Recurrences
and the sites of failure as well as deaths and their cause
were recorded.

Results
As listed in Table 1, approximately equal number of
patients underwent total and subtotal gastrectomies. All the
specimens were classified according to Lauren, Ming, and
Bormann classification. The degree of differentiation was
also evaluated. The operation was classified as R1 in two
cases (one in each group). Three patients in the study group
were classified as stage IV as group 12 lymph nodes were
infiltrated. The mean number of retrieved lymph nodes was
27.8 (16–49). Although all the tumors were preoperatively
assessed as T3 and T4 histopathology revealed that three
specimens in the study group and one specimen in the
control group were classified as T2 tumors.
Morbidity and mortality
Three patients in the study group and six in the control
group had postoperative complications (Table 2). Only
three patients in the study group (15%) had transient
complications during IARC treatment. One patient presented grade 1 anemia, and each one of the others presented
grade 1 and 2 leukopenia, and neutropenia respectively.
Growth factors were supplied to reverse the hematological
profile when it was required. No other complication related
to IARC was recorded. There was no hospital death in both
groups.
Survival
The overall 5-year survival rate was 53% and mean
survival 60±7 months (CI 95%=46–74). The 5-year
survival rate in the study group was 52%. Mean survival

Table 1 Characteristics of patients treated with surgery plus IARC
or surgery alone
Characteristics

Study group
(surgery±IARC)

Control group
(surgery)

p value

Male/female
Mean age
Location
Fundus
Body
Antrum
Mixed
Gastric
remnant
Performance
status
90–100%
70–80%
50–60%
Procedures
Total
gastrectomy
Subtotal
gastrectomy
Residual tumor
R0
R1
T category
T2
T3
T4
N category
N0
N1
N2
N3
Stage
II
IIIA
IIIB
IV
Lauren
classification
Ming
classification
Bormann
classification
Degree of
differentiation
G1
G2
G3

14/6
65.3±10

11/9
64.9±11

0.327
0.4
0.503

2
6
10
2
0

3
5
11
0
1
0.22

19
0
1

18
2
0

9

11

10

10

19
1

19
1

3
16
1

1
19
0

7
8
2
3

5
9
6
0

5
8
4
3

5
10
5
0

0.752

1.000

0.323

0.145

0.349

0.492
0.677
0.321
0.766
1
3
16

2
2
16
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Table 2 Morbidity
Complication

Study group

Control group

Respiratory
Cardiac failure
Anastomotic leak
Prolonged ileus
Trauma related

1
1
0
0
1

3
0
0
1
2

p value=0.497

in the same group was 50±8 months (CI 95%=34–66). The
5-year survival rate in the control group was 54% and mean
survival was 62±10 (CI 95%=42–81). The difference in
survival was not significant (p=0.9005) (Fig. 1).
Patterns of recurrence
The mean follow-up time was 52±14 months (24–102).
Within 3 years after the initial operation, 11 recurrences in
the study group and nine in the control group were
recorded (p=0.527). Three patients in the study group and
four in the control group were recorded as having distant
metastases. Eight patients in the study group and five in the
control group were recorded as having loco-regional
recurrences but the difference again was not significant
(p=0.423) (Table 3).

Discussion
Most cytotoxic drugs have a steep-dose dependent response curve. Increased response rates can be achieved by
increasing the drug delivery to tumors [25]. Intraarterial
1,1

1,0

,9

,8

,7

chemotherapy is successfully used in cancer treatment
[15, 16] reaching a high first-pass extraction of the drug to
the tumor. Therefore, intraarterial chemotherapy has a
relative theoretical advantage over systemic chemotherapy,
as high local drug concentrations with reduced toxicity can
be achieved [26]. The purpose of intraarterially infused
chemotherapy in locally advanced gastric cancer is to
reduce the probability of secondary tumor growth by
destroying cancer cells directed to the liver or those
entrapped on the peritoneal surfaces of the pancreas by
acting longer on them when blood flow is not high.
Toxicity of systemic chemotherapy is well established.
Systemic side effects, including bone-marrow depression
and gastrointestinal manifestations, are less frequent and
less severe when the chemotherapeutic regimen is given
intraarterially as compared to same doses of agents given
intravenously [27]. The results of the present study showed
that intraarterial chemotherapy was not followed by severe
toxicity probably because the doses were lower than those
used in systemic chemotherapy. Easily reversible anemia,
leukopenia, and neutropenia during IARC treatment were
recorded in 15% of the patients in the study group. The
doses of the cytostatic drugs that were used were not high.
Lower doses (250 mg of 5-FU, 8 mg of Doxorubicin, and
7 mg of Mitomycin-C) had been used with encouraging
results in one nonrandomized study [17], which demonstrated that survival in patients receiving IARC was
significantly higher compared to survival of patients that
received surgery only. It was also observed that the rate of
locoregional failures was lower compared to the rate of
failures in the group that received surgery only.
No hospital death was recorded in both groups. Hospital
morbidity rate was low and no complication related to the
arterial catheter or the infuse-a-port device was recorded.
Therefore, it appears that IARC is an easy and simple
method that can be safely used in gastric cancer.
The analysis of the data regarding the effect of IARC
showed that the study group had no survival benefit over
the control group. The overall 5-year survival rate was high
(more than 50%). This was expected because D2 gastrectomy was routinely performed [6]. Recent studies from
Western countries comparing D1 and D2 gastrectomy
showed that there is a significant survival benefit in D2
gastrectomy with 5-year survival rates over 50% [28, 29].
The recurrence rate was approximately 50% for both
groups and the anatomic sites of failure were the same and
similar to those demonstrated by other studies using other
regimens of systemic chemotherapy [13, 14, 30]. It has
Table 3 Sites of recurrence
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Site

Study group

Control group

120

Distant
Loco-regional

3
8

4
5

Fig. 1 Survival rate for the study (dotted line) and the control
(continuous line) group

p value=0.423
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been demonstrated that patients receiving IARC after D2
gastrectomy have the same survival compared to those with
D2 gastrectomy alone, the sites of failure are almost equal,
and loco-regional recurrences cannot be avoided [17].
The patholophysiology of high incidence of locoregional failure developing after gastrectomy has not
been completely clear. Clinical data support the concept
that cancer cells originating from traumatized interstitial
tissues, particularly when surgery is performed in narrow
limits of resection, from the severed lymphatic network and
from spilled venous blood, are entrapped with fibrin and
blood clots in peritoneal surfaces [31]. During wound
healing, as inflammatory cells infiltrate fibrin depositions,
growth factors are released to stimulate fibroplast proliferation and collagen production, promote cancer proliferation and differentiation [32], and eventually give growth
to loco-regional secondary tumors approximately 2–
3 years after initial operation [33]. If this concept is true,
the most likely explanation for the lack of increased
survival benefit after IARC is that even when higher
concentrations in the tumor are achieved, the chemotherapeutic agents cannot reach the entrapped cancer cells that

are devastated of adequate blood supply. In case that this
concept is not accurate, a possible explanation of the failure
of IARC is that the use of cytostatic drugs in lower doses
than those used in systemic chemotherapy as an adjuvant in
gastric cancer are inadequate to prevent both loco-regional
and hepatic metastases despite encouraging preliminary
reports [17, 33].

Conclusion
The results of the study show that intraarterial chemotherapy is a safe and easy to perform method in patients with
locally advanced gastric cancer undergoing potentially
curative gastrectomy. However, IARC, as proposed by the
protocol of the present study, cannot be recommended as an
adjuvant treatment for locally advanced gastric tumors
because there is no survival benefit for these patients
compared to those treated by surgery alone. Further studies
with more patients are required to document or reject these
results.
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