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the rho-shaped intestine, and the outlet from the stomach
flows in two directions, preventing DGE. However, the
usefulness of this reconstruction method has not been
established, because there has not been a prospective study
to evaluate the method. Therefore, we conducted a ran-
domized controlled trial (RCT) comparing rRY and
conventional RY reconstruction after distal gastrectomy.
The aim of the present study was to prospectively
evaluate the frequency of DGE in patients who had
undergone distal gastrectomy for gastric malignant disease,
in comparison with conventional RY and rRY
reconstructions. ’

Patients and methods
Eligibility criteria

Between May 2004 and October 2006, 70 patients with
gastric cancer cared for in Osaka National Hospital were
enrolled. Disease staging was performed according to the
guidelines for clinical and pathologic studies on gastric
cancer of the 13th edition of the Japanese Classification of
Gastric Carcinoma [12]. Patients who required distal gas-
trectomy for gastric cancer with reconstruction other than
BI were eligible for this study. Other eligibility criteria
were age between 20 and 90 years; Eastern Cooperative
Oncology Group (ECOG) performance status of O or 1, RY
reconstruction after resection required: acceptable renal
and hepatic function, and normal electrocardiogram
(ECG). Patients were excluded if they had active infection,
severe heart disease, pregnancy, active synchronous car-
cinoma, interstitial pneumonia or pulmonary fibrosis,
carcinoma of the remnant stomach, Borrmann type 4 dis-
ease (linitis plastica), or noncurative conditions such as
peritoneal dissemination, hepatic metastasis, or severe
invasion of other organs at preoperative diagnosis. A
patient with an anamnesis of laparotomy for upper gas-
{rointestinal diseases was also excluded. Written informed
consent from all patients and the approval of the Institu-
tional Review Board were obtained. This protocol was
registered in a suitable electronic and freely accessible
registry (UMIN-CTR ID # 960).

Randomization and statistical analyses

The primary endpoint was the frequency of DGE after
operation, and secondary endpoints were the length of
postoperative hospital stay, postoperative complications,
and nutritional status after operation. Because the likelihood
of DGE was nearly in proportion to T stage, patients were
randomly assigned intraoperatively to undergo either stan-
dard + conventional RY reconstruction (RY group) or rRY

reconstruction (rRY group) performed with the minimiza-
tion method, according to T stage (sT1 versus sT2-3), age
(below 70 years versus above 70 years), and body mass
index (below 25 versus above 25). Nutritional status after
gastrectomy has generally been believed to be affected by
various factors, such as age and body mass index.
Intraoperatively. the surgeon was informed of the ran-
domization arm immediately, and then completed the
operation according to the established protocol. The post-
operative course and dietary schedules were regulated in a
clinical pathway in our institute. Patients were diagnosed
with DGE based on the criteria [7, 13] that postoperative
oral feeding was prohibited because of postprandial pain,
nausea, or vomiting and the postoperative hospital stay was
longer than 21 days. We determined the time of patient
discharge according to the “discharge criteria” in a clinical
pathway. These criteria were defined by (1) absence of
fever over 37°C and (2) capacity to eat half of the daily
regular solid diet. Abdominal x-ray, upper gastrointestinal
(GI) series, and endoscopic examinations were performed
to rule out possible causes of clinical symptoms other than
DGE, such as remnant gastritis, anastomotic stricture, and
intestinal obstruction. Thus DGE was defined as functional
obstruction of the Roux limb, including RY stasis syn-
drome. The reported frequency of DGE after RY
reconstruction is 15%, whereas that after BI was 4% (13) in
our institution. Under the selection design of a randomized
phase II trial, the sample size was estimated to be 70 (35 in
each group) to select the better reconstruction method with
probability of 90%, based on the expectation that a 10%
difference will be observed in the frequency of DGE
between the two groups. This protocol followed the nutri-
tional status assessed by body weight and serum albumin
for one year following surgery. Mann-Whitney U-test and

" chi-square test were used for the analysis where appropri-

ate to assess differences between groups. Univariate and
multivariate analyses were performed by using logistic
regression analysis adjusting the baseline confounding
factors. All statistical analyses were performed with SPSS
software version 15.0 J. Two-sided P values were calcu-
lated and presented, A P value <0.05 was considered to
indicate statistical significance. :

Operative procedure

Endotracheal anesthesia and a standard midline laparotomy
incision were used for all patients in our institution. Gastric
tumors located in the lower third or the lower two-thirds of
the stomach were treated by distal or subtotal gastrectomy.
For D1-2 lymphadenectomy as defined in the Japanese
Classification for Standard Dissection [12], DI meant dis-
secting paragastric nodes, and D2 involved dissection of
the nodes along the left gastric artery, the nodes along the
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Fig. 1 Scheme of the conventional RY reconstruction (a) and rho-
shaped RY reconstruction (b)

common hepatic artery, and the nodes around the celiac
artery in addition to D1 lymphadenectomy. D3 lymphad-
enectomy meant dissection of the hepatoduodenal nodes,
retropancreatic nodes, those along the superior mesenteric
vein, and the para-aortic nodes between the level of the
celiac axis and the inferior mesenteric artery, all in addition
to standard D2 lymphadenectomy.

- For conventional RY gastrojejunostomy, the jejunum
was divided 20 cm distal to the ligament of Treitz, and the
portion of the jejunum closest to the patient’s head was
closed in two layers, followed by the remaining gastric
pouch, which was anastomosed retrocolically to the jeju-
num about 2 cm distal to the closed site by an end-to-side
procedure. The orad portion of the jejunum was then
anastomosed to the mid-jejunum 20 cm distal to the gas-
trojejunostomy. For the rRY reconstruction, rho-shaped
jejunum 30 cm long was prepared and the remaining gastric
pouch was anastomosed to the top of the rho shape, with the
orad portion of the jejunum anastomosed to the mid-jeju-
num 20 cm distal to the gastrojejunostomy (Fig. 1).
Uniformly, the anastomoses were done by hand sutures.

Results

Recruitment commenced in May 2004 and was concluded
in October 2006. A total of 70 adult patients (45 men and
25 women) with gastric adenocarcinoma who underwent
distal gastrectomy at Osaka National Hospital were enrol-
led: 35 in RY group and 35 in rRY group. A total of 44
patients had stage I disease, 6 stage II, 14 stage III, and 6
stage IV disease. A D1 lymphadenectomy was performed
in 1 patient, with D2 done in 58 patients, and D3 in 11
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Table 1 Patient characteristics

Variables RY group rRY group P value
(n = 35) (n = 35)
Age (years) : 0.52
Median (range) 64 (28-82) 65 (41-90)
Sex. no. (%) 0.32
Male 20 (57 25(7h
Female 15 (43) 10 (29}
Body mass index 1.00
<25.0 30 (86%) 30 (86%)
>25.0 5 (14%) 5 (14%)
Surgical TNM stage 0.79
TLorII 26 (74%) 24 (69%)
Mor IV 9 (26%) I (31%)
Preservation of vagal 1.00
trunks. no. (%)
Yes 13337 12 (34)
No 22 (63) 23 (66)
RY Roux-en-Y:; rRY rho-shaped Roux-en-Y reconstruction
patients. Patient characteristics were well balanced

between the two groups (Table 1). Because one patient in
the rRY group was mistakenly assigned to the RY group
intraoperatively, he was included in that group based on the
intention-to-treat principle (Fig. 2). ’
The overall operative morbidity rate was 14% (Table 2).
The blood loss for the rRY group patients was more than
for the RY group (260 ml and 150 ml, respectively), but
the difference did not reach statistical significance
(p = 0.06). Operative time and postoperative hospital stay
showed no significant differences between the two groups.
Postoperative hospital death did not occur in either group.
No patients in this study had the dumping syndrome or
severe esophageal reflux after bperation (data not shown).
The relative body weight, at one year after surgery, was
90% for the RY group and 91% for the rRY group. The
serum albumin level was not changed, even one year after
surgery (99% for both groups). There were no statistically
significant changes in the relative body weight (P = 0.40)
and serum albumin (P = 0.90) between the two groups.
Postoperatively DGE occurred in two patients (6%} after
the RY operation, and four patients (11%) after rRY
reconstruction (P = 0.67) (Table 3). We routinely admin-
istered the motility agent erythromycin lactobionate
(1,000-1,200 mg/day, oral or intravenous administration),
to patients who had DGE postoperatively for 1-2 weeks.
All 6 patients who had DGE after operation were dis-
charged within 34 days from the hospital without
symptoms. The interval from the day when oral feeding
was stopped until the day it was restarted was 2 to 12 days.
On average, the postoperative day (POD) on which DGE
occurred and oral feeding was stopped was POD 10 (range:
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Fig. 2 CONSORT flow chart T
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Table 2 Surgical outcomes and morbidities

Variables RY group fRY group P
(n = 35) (n = 35) value
Blood loss, ml 0.06
Median (range) 150 (70-1100) 260 (30-1070)
Operative time, min 0.64
Median (range) 214 (136-349) 219 (146-295)
Postoperative hospital stay, 0.34
days
Median (range) 14 (9-81) 14 (10-46)
Any complication, no. (%) 5(14) 5 (14) 1.00
- Abdomincal abscess 2(6) 4 (i1) 0.67
Bleeding 1(3) 1(3) 1.00
Pancreatic fistula 1(3) 0 (0) 1.00
Bile fistula 1 (3) 0 (0) 1.00
Mortality, no. (%) 00 0(0) 1.00

6-14 days) in the RY group and POD 13 (4-19 days) in the
rRY group (Table 3).

We analyzed the predictive factors of DGE occurrence
with univariate and multivariate analyses (Table 4).
When assessed by univariate analysis, preservation of the
vagal trunk entering the celiac axis statistically signifi-
cantly increased the risk of DGE occurrence.
Multivariate analysis identified that preservation of vagal
nerves was the only significant predictor of DGE
occurrence, and the odds ratio was 23.5 (95% confidence
intervals, 1.74-316.8).

Discussion

Gastric surgery may potentiate or induce DGE and result in
chronic gastroparesis [14]. Two major hypotheses have
been proposed and reported to explain functional DGE or
Roux stasis syndrome [7]. According to the first hypothe-
sis, the gastric remnant produces acid that passes into the
Roux limb and disturbs its motility. The acid is probably
poorly buffered by alkaline secretion in the proximal part
of the Roux limb. The second hypothesis is that the Roux
limb itself causes functional obstruction of the gastric
outlet. Miedema and Kelly [9] found that separation of the
Roux limb from the duodenal pacemaker [15] by jejunal
transection allowed the ectopic pacemakers to arise in the
Roux limb and drive contractions orad.

Because the changes in gastric emptying after the vari-
ous forms of vagotomy, drainage procedures, gastric
resection, and the several methods of gastrointestinal
reconstruction have been discussed elsewhere [16], we
confine our discussion here to the increased postoperative
risk of DGE in predisposed individuals. Patients with
obstructive ulcer disease have been reported to be at
increased risk of postoperative gastric atony [17]. The
prevalence of DGE after gastrectomy has been reported to
range from 5% to 30% [5-7, 18]. Delayed gastric emptying
has also been reported to continue to affect a considerable
number of patients (24%) after gastric surgery, and to be
particularly common in patients with diabetes, malnutri-
tion, and gastric or pancreatic cancer [18]. Moreover, it has
been reported that RY reconstruction after gastric cancer
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Table 3 Characteristics of the patients with DGE following operations

Group Age Sex BMI sStage Presv nerves POD stopped Ineerval POH s=z»
RY 67 Male 24.5 1A Yes 14 9 el
RY 67 Male 26.7 1A Yes 6 12 2
RY 75 Male 24.6 1A No 4 8 32
rRY 69 Male 24.2 1A Yes 14 2 24
RY 74 Male 22.8 1A Yes 12 3 30
RY 67 Male 214 IA Yes 19 2 34

DGE delayed gastric emptying, BM! body mass index, sStage surgical TNM stage. Presv nerves preservation of vagal trunks, POD stopped
postoperative day when oral feeding was stopped. Interval interval from the day when oral feeding was stopped until the day it was restarted
(days), POH stay postoperative hospital stay

Table 4 Association between

clinical and surgical factors and Factors Category =~ Univariate Multivariate

DGE occurrence Odds ratio (93% CIy P value Odds ratio (95% CI) P value
Age 1.06 (0.97-1.16) 0.19 1.13 (0.99-1.29) 0.08
Sex Male NE 1.00 - -
BMI >25.0 1.22 (0.13-11.7) 0.86 1.70 (0.14-21.3) 0.68
sStage MorlV NE 1.00 - -
Presv nerve Yes 11.0 (1.21-100.4) 0.03 23.5(1.74-316.8) 0.02

NE, not able to estimate

resection causes DGE significantly more often than BI
reconstruction after gastrectomy for gastric carcinoma [13].

Delayed gastric emptying occurring in the early post-
operative period is generally thought to resolve
spontaneously within 6 weeks of surgery, and the tempta-
tion to reoperate on a nonobstructed stomach should
therefore be avoided [14, 17]. Various prokinetic agents
have been tested as means of enhancing gastric emptying
of solids after RY reconstruction, including bethanechol
chloride [19], metoclopramide [18, 20], cisapride [21],
ondansetron [22] (a potent S-hydroxytryptamine-3 receptor
antagonist), and erythromycin lactobionate [23] (as a
motilin agonist), and may be useful agents in patients with
stasis, although the long-term results of use of these agents
is still unknown. In the present study, erythromycin lac-
tobionate was administered after operation for about 1-
2 weeks to all 6 patients who had DGE.

The uncut Roux-en-Y gastrojejunostomy has been
reported to be an attractive alternative to distal gastrec-
tomy, because ectopic pacemaker potentials and potential
motor abnormalities in the Roux limb have been found to
be suppressed with it, at least in dog and pig models (8, 9,
24, 25]. It was reported that the uncut Roux loop was less
suitable for clinical use because of staple dehiscence.
However, evidence of the clinical efficacy of the uncut
Roux-en-Y gastrojejunostomy is lacking [26]. Other sur-
* gical methods such as rho-shaped RY reconstruction have
been reported to be effective in preventing RY syndrome
[10, 11]. Rho-shaped anastomosis after gastrectomy was
previously reported to be feasible and useful by Ou-Uti
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et al. [11], who investigated rho-shaped jejunal passage
after total gastrectomy using an elaborate barium meal
examination. Moreover, the hypothesis that an ectopic
pacemaker of the Roux limb is located at the top of the rho-
shaped jejunum and that the outlet from stomach flows in
two directions has been proposed to explain the effective-
ness of rRY reconstruction in preventing RY stasis
syndrome. In our study, however, postoperative DGE
occurred in two patients (6%) after RY operation, and in
four patients (11%) after rRY- reconstruction (p = 0.67).
Secondary endpoints, the length of postoperative stay,
postoperative complications, and nutritional status after
operation in some patients, also showed no significant
differences between two groups. Although the rRY oper-
ation was considered to be a safe and feasible method, we
could not see the advantage of rRY comparing to con-
ventional RY method. Although the exact mechanism was
unclear, the rho-shaped Roux limb of rRY reconstruction
was considered to cause similar functional obstruction to
that occurring after a conventional RY repair.

We additionally analyzed the predictive factors of DGE
occurrence. We have previously reported that the DGE after
RY operation for gastric cancer was more frequent among
patients undergoing extensive lymph node dissection than
among those receiving conventional dissection in the ret-
rospective study [13]. This prospective study showed that
lymph node dissection was not associated with the occur-
rence of DGE. Our study also showed that truncal vagotomy
was associated with the inhibition of the RY DGE. It is
difficult to explain these contradictory findings.
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Preservation of the vagal trunk entering the celiac axis
might change the location of the ectopic pacemaker point in
the rho-shaped Roux limb, or it might drive the contractions
of the proximal part of the limb in a reverse or orad direc-
tion toward the stomach in the early phase, 1-2 weeks after
operation. According to the hypothesis noted above, the
gastric remnant produces acid that passes into the RY limb
and may disturb its motility. In this study, the remnant
stomach, with preservation of the vagal trunk, might also
have produced more acid than is produced in the early
postoperative phase following surgery with vagotomy.

The limitation of our study was the small number (35 in
each group) of patients. The negative results of our study
may result from the study design with low power due to
small number of patients. Furthermore, this study was
conducted in a non-blinded fashion, because surgical RCT
has various difficulties for blinding to patients or doctors.
However, the DGE occurrence in rRY was twice as high as
that in RY, suggesting that the possible superiority of rRY is
low, even if we conducted a large RCT in a blinded fashion.

This RCT was conducted in one hospital where about
200 gastrectomies are performed annually. It is well known
that single-institutional RCTs have an issue regarding the
generalizability of the results; however, a RCT comparing
surgical methods has the additional issue of quality control
of surgical techniques. On this point, our study has the
advantage of homogeneity, because all surgeries were
performed by three surgeons (M.H., K.F,, and T.T.) with
sufficient experience of gastric surgery.

To our knowledge, this is the first RCT report in the
world concerning the occurrence of DGE following gastric
surgery. Our findings show that DGE occurred to a similar
extent and that operative morbidity and nutritional status
after operation did not significantly differ between the RY
and rRY groups. Our findings suggest that RY recon-
struction after distal gastrectomy may be as simple and
effective as conventional reconstruction.
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Feasibility Study of S-1 plus Weekly Docetaxel Combined
with Concurrent Radiotherapy in Advanced Gastric
Cancer Refractory to First-line Chemotherapy
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Departments of {Surgery and 2Radiology, National Osaka Medical Center, Osaka, Japan

Abstract, Background: As there is no standard treatment for
advanced gastric cancer refractory to first-line chemotherapy,
the feasibility of S-1 plus weekly docetaxel combined with
concurrent radiotherapy was evaluated. Patients and
Methods: Ten patients were enrolled in this study. Patients
were given S-1 at a daily dose of 40 mg/m? and docetaxel at
a weekly dose of 20 mg/im? for 5 consecutive weeks, with
concurrent radiotherapy (RT) amounting to a total irradiation
dose of 45 Gy or 504 Gy. Results: Hematological toxicities
were grade 3 or less except for anemia. Non-hematological
toxicities were all grade 2 or less, apart from one grade 3
asthenia. There was one treatment-related death, resulting
from melena, in a patient with a mechanical device in the
radiation field. Planned treatment was delivered with relative
dose intensity for S-1, docetaxel and RT as 94% , 98% and

97% , respectively. Median survival time of 297 days was .

obtained, with an objective response seen in 2 patients and
symptom relief achieved in all patients. Conclusion; S-1 plus
weekly docetaxel combined with concurrent RT exhibited a
tolerable toxicity profile with sufficient symptom palliation
and prolonged survival in patients with advanced gastric
cancer refractory to first-line chemotherapy.

Surgical resection remains the mainstay for curative treatment
of advanced gastric cancer (AGC). However, even when a
complete resection can be achieved, postoperative recurrence
may occur. Once the disease relapses, it seems lethal,
Treatment mainstream for the recurrent disease 1is
chemotherapy. Various chemotherapy regimens have been
studied in patients with AGC, Although a median survival time
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(MST) of 6-11 months has been obtained (1-6), the therapeutic
impact of these results on survival is considered to be modest
and there has been no generally accepted standard regimen for
the treatment of AGC so far. However, S-1 (an oral
fluoropyrimidine) plus cisplatin has recently shown an MST of
13 months in a phase III trial and holds promise of becoming
a standard first-line treatment for AGC (7). Contrary to these
developments in first-line chemotherapy for AGC, standard
regimen for second-line therapy still remains unclear as there
have been no randomized phase III studies.

* As for radiotherapy (RT), another treatment modality for
AGC, several studies have shown the efficacy of RT against
AGC concurrently used with chemotherapy either preoperatively
(8-11) or postoperatively (12). High pathological complete
response (pCR) rates of 20% to 30% and good local control
obtained by chemoradiotherapy (CRT) suggest that CRT
could also be a candidate for post first-line therapy in
patients with AGC.

Although infusional 5-fluorouracil (5-FU) has been used
most commonly with RT because of its radiosensitizing
property (8-12), other agents such as cisplatin (11) and
paclitaxel (9, 10) have also been used in combination with
5-FU. There has been no generally accepted standard
chemotherapy regimen combined with RT against AGC.

S-1 is an active agent against AGC (13), composed of
tegafur (1-(2-tetrahydrofuryl)-5-fluorouracil; FT) and two
modulating agents, 5-chloro-2 4-dihydroxypyridine (CDHP)
and potassium oxonate (Oxo0), at a molar ratio of 1:0.4:1 (14).
FT is converted primarily in the liver to 5-FU, a conventional
radiosensitizer. CDHP is a reversible competitive inhibitor of
dihydropyrimidine dehydrogenase (DPD) which degrades 5-
FU, and is also known to have a radiosensitizing property.
Therefore, S-1 can be anticipated as a suitable agent for CRT
against AGC because of its radiosensitizing properties as well
as its cytotoxic activity. Recently, synergism of S-1 with RT
has been confirmed in human cancer xenografts (15, 16).

Docetaxel, another active agent for AGC, has also been
identified clinically as an effective radiosensitizer in various
types of cancer with weekly dosing (17, 18). Docetaxel

3385



ANTICANCER RESEARCH 29: 3385-3392 (2009)

dl dg d1s

d22 d29 d36

- : |
'O S

Docetaxel:

20 mg/m?

di1-5

S-1: 4812

40 mg/m?

RT:
1.8 Gy/day

Figuré 1. Treatment schedule. RT, radiotherapy.

d1-5 dg-12

synchronizes the cell cycle to the G,/M-phase, which is the
most vulnerable period for radiation (19), and shows
synergistic cytotoxicity with RT in various human cancer cell
lines in vitro (20, 21).

Anticipating radiosensitizing effects as well as tumoricidal
effects by S-1 and docetaxel, we conducted the present
feasibility study of CRT employing S-1 and weekly
docetaxel in patients with AGC refractory to first-line
chemotherapy.

Patients and Methods

Eligibility criteria. Tumor assessment was performed within 4 weeks
before entry, and a complete blood cell count, liver and renal function
tests were carried out within 2 weeks prior to entry. Patients enrolled
in this study were required to fulfill the following criteria: (i)
histologically proven unresectable or recurrent GC with measurable
lesions, (ii) performance status of 1 or less on the Eastern
Cooperative Oncology Group (ECOG) scale, (iif) life expectancy of
at least 3 months, (iv) age of 80 years or younger, (v) at least one
prior -chemotherapy for the disease before entry, (vi) no prior
radiation therapy, (vii) adequate bone marrow function (WBC count
3,000-12,000/mm3, platelet count 2100 ,000/mm?3, and hemoglobin
280 g/dl), hepatic function (total bilirubin <20 mg/dl, serum
transaminases <3.0 x upper institutional limit), and renal function
(serum creatinine <1.5 mg/dl), (viii) tolerance of oral feeding, (ix)
no other severe medical conditions, (x) no other concurrent active
‘malignancy, and (xi) provision of written informed consent.

Treatment schedule. The treatment schedule is illustrated in Figure 1.
S-1 was given orally twice daily after meals at a dose of 40 mg/m?/day
every Monday through Friday for 5 consecutive weeks. The dose of
S-1 was assigned according to the body surface area (BSA) of the
patient as follows: BSA<1.25 m?, 40 mg/day; 1.25 m2< BSA<1.5 m?,
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50 mg/day; and BSA=1.5 m?, 60 mg/day. Docetaxel was administered
intravenously at a dose of 20 mg/m2 over 60 minutes before irradiation
with a standard antiemetic prophylaxis every Monday for 5
consecutive weeks, Radiotherapy was also delivered concurrently with
chemotherapy every Monday through Friday for 5 consecutive weeks.
A total irradiation dose of 45 Gy was delivered in 25 fractions of 1.8
Gy over 5 weeks to the former 5 patients and 50.4 Gy in 28 fractions
of 1.8 Gy over 5.5 weeks to the latter 5 patients, consequtively.

Chemotherapy was continued if the biological parameters still
conformed to the eligibility criteria, except for the leukocyte count
(=2,000/mm3) and the platelet count (=75,000/mm?3), When the
patient developed non-hematological toxicity of grade 3 or more,
chemotherapy was suspended.

Radiation fields encompassed the tumor with a 2-cm margin. The
fields were modified as needed to shield at least two-thirds of one
kidney. Linear accelerators delivered the radiation dosage using 10-
MV photons and, if necessary, a three-dimensional conformal
technique was used to spare the heart, lungs and spinal cord, and to
minimize the radiation dose to the small bowel and liver. While
undergoing RT, patients were evaluated weekly by a radiation
oncologist. The RT schedule was interrupted if the patient developed
grade 4 leukopenia, neutropenia, and/or thrombocytopenia.
Granulocyte colony-stimulating factor (G-CSF) was used when grade
4 leukopenia and/or neutropenia were observed. The treatment was
continued unless disease progression or intolerable toxicity occurred.

Evaluation of toxicity and efficacy. A complete blood cell count and
measurements of liver and renal function were assessed at least
every week during the treatment, Non-hematological toxicities were
also verified at least every week by patient interview and physical
examination. Toxicity was graded according to the National Cancer
Institute (NCI) common toxicity criteria version 3.0.

Within 4 weeks after the completion of CRT, patients were
evaluated with abdominal computed tomography (CT) scans and
assessed for locoregional control according to the RECIST criteria. A
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Table 1. Patient characteristics.

Patient Gender Age PS PriorGx T,Nstage Histology Prior chemotherapy Target tumor RT dose
no. (years) (Gy)
1 M 68 1 Total T2N3 Intestinal S1/CPT, TXL. Lymph node 45
2 F 74 1 Total T4N1 Diffuse S1/CDDP Local 45
3 M 57 1 Distal T3N1 Intestinal S1/CPT Lymph node 45
4 M 71 1 Total T3N1 Diffuse S1, CPT/CDDP, TXL Lymph node 45
5 M 57 1 =) T3N2 Diffuse S1/CDDP/TXL, S1/CDDP Local 45
6 M 69 0 Distal T2N3 Intestinal S1/CDDP, S1/CPT Lymph node 504
7 M 67 1 Total T3N1 Diffuse S1 Local 504
8 F 76 1 Distal T3N2 Diffuse S1 Lymph node 36*
9 M 71 0 Total T3N3 Intestinal S1/CDDP, CPT/CDDP, TXL.TXT Lymph node 504
10 M 75 1 ) T3N1 Diffuse S1/CPT, S1/CDDP Lymph node 50.4

M, Male; F, female; PS, performance status; Gx, gastrectomy; CPT, irinotecan; TXL, paclitaxel; CDDP, cisplatin; TXT, docetaxel; RT, radiotherapy.
Asterisk indicates the case of treatment-related death (TRD), in whom RT was discontinued at the dose of 36 Gy.

complete response (CR) was defined as complete disappearance of the
tumor by CT scan. A partial response (PR) was defined as shrinkage
in 230% of the tumor diameter. An increase in 220% of the tumor
diameter, or the appearance of new lesions, was defined as progressive
disease (PD). Stable disease (SD) was defined as not qualifying as a
CR, PR or PD. Patients were also assessed for symptom relief.
Overall survival (OS) time since the initiation of CRT to the date
of death of any cause or confirmed survival was recorded, and the
Kaplan-Meier method was used to draw the survival curve. Patients
who were alive at the time of our analysis were censored for survival.

Results

Patient characteristics. The clinical characteristics of the
patients are shown in Table I. Ten patients, 8 males and 2
females with a median age of 70.0 years (range: 57-76),
entered this single-center study between October 2006 and
October 2008. All the patients had a performance status of 0
or 1. Five patients had previously undergone total
gastrectomny and 3 had distal gastrectomy, while two patients
had no gastrectomy because of the presence of distant
metastasis (M1). T stage of the primary tumor was T2 in 2
patients, T3 in 7, and T4 in 1. N stage of the primary tumor
was N1 in 5 patients, N2 in 2, and N3 in 3, Histologically, 4
patients had intestinal-type adenocarcinoma and 6 patients
had diffuse-type adenocarcinoma. Prior chemotherapy had
been given in all patients, with 1 regimen in 4 patients, 2
regimens in 4 patients, 3 regimens in 1 patient, and 4
regimens in 1 patient. As a target tumor of RT, lymph node
relapse was observed in 6 patients and local recurrence in 2
patients after prior gastrectomy, while 2 patients with M1
disease had primary tumor and lymph node, respectively.

Toxicity, All the patients were assessable for toxicity. Table II
lists all adverse events. Hematological toxicities were grade
3 or less in all the patients but one. A 76-year-old female

Table II. Toxicities recorded during the study.

NCI-CTC Grade (n)

1 2 3 4
Leukopenia 2 2 2
Neutropenia 2 4 1
Anemia 5 0 3 1*
Thrombocytopenia 2 1*
Stomatitis 2
Diarrhea 2 1
Anorexia 4 1
Nausea 5
Vomiting 1
Asthenia 7 1 1
T-bil : 1
AST/ALT 1

Asterisk indicates the case of treatment-related death (TRD),

developed grade 4 anemia accompanied by melena and grade

2 thrombocytopenia, resulting in treatment-related death

(TRD) immediately after the discontinuation of the treatment

despite hospitalization and blood transfusion. Non-

hematological toxicities were all grade 2 or less, apart from
grade 3 asthenia observed in one patient who had

chemotherapy withheld for the last three days during the

treatment. No patient suffered from febrile neutropenia of

grade 3 or more, neuropathy of any grade or radiation

dermatitis over grade 2.

S-1 administration was skipped in 4 patients: for 3 days
in 2 and for 5 days in 2, due to grade 3 leunkopenia in 2,
grade 3 asthenia in 1, and TRD in 1, respectively. Docetaxel
was delivered as scheduled in all the patients but one, who
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Table 1I1. Clinical efficacy.

Patient no. Response Prcsenfing symptom - Symptom relief Alive/Dead
1 PR Pain Disappeared D
2 SD Pain and dysphagia Improved D
3 PR None D
4 SD ) None D
5 SD Dysphagia Improved A
6 SD None A
7 SD Dysphagia Improved D
8 SD Obstructive jaundice with PTCD D (treatment-related)
9 SD None D
10 SD None D
PR, partial response; SD, stable disease; PTCD, percutaneous transhépatic cholangiodrainage.
could not receive the fifth weekly dose of docetaxel because 1.04
of TRD during the treatment. Received dose intensity was
37.6 mg/m? per day for S-1 and 19.6 mg/m? per week for ~ § 081
docetaxel, corresponding to a relative dose intensity of 94% I3
and 98% , respectively. : 067
RT was conducted as scheduled in 9 out of 10 patients, é 0.4-
excluding the case of TRD in whom RT was discontinued E
after reaching a dose of 36 Gy. The relative dose intensity of g 0.2
RT was 97% . ©
0 -
Clinical efficacy. The objective response to treatment is 0 200 400 600 800

shown in Table III. A PR was achieved in 2 patients while the
remaining 8 patients showed SD, yielding a disease control
rate of 100% .

Just prior to the CRT, two patients with lymph node
recurrence each complained of pain or obstructive jaundice.
Of the other 3 patients presenting with dysphagia because of
local relapse around the esophagojejunal anastomosis in 2 and
primary tumor of the gastroesophageal junction in 1, one
complained of pain as well. After the completion of CRT, pain
disappeared in 1 and decreased in 1, respectively. Dysphagia
improved in all 3 patients, greatly facilitating oral intake.

The MST of all patients after the commencement of CRT
was 297 days, as shown in Figure 2. Seven patients died of
disease progression, and one patient suffered from TRD.
Additional chemotherapy was given after the completion of
CRT in 5 out of 10 patients.

Discussion

The first-line treatment for recurrent gastric cancer remains
chemotherapy, despite the lack of a generally accepted
standard regimen. Recent advances have yielded a prolonged
MST of 13 months for AGC (7). Contrary to this
development in first-line chemotherapy for AGC, the optimal
modality for post first-line therapy is uncertain due to the lack
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Figure 2. Overall survival, Circles indicate the censored cases.

of any randomized phase III studies. On the other hand, CRT
has demonstrated superior local control against AGC when
used preoperatively (8-10) and significant improvement in
overall survival as adjuvant therapy (12). These findings lead
us to a growing interest in CRT as a post first-line treatment
in patients with recurrent gastric cancer.

Concurrent CRT commonly employs infusional 5-FU at a
dose of around 300 mg/m? because of its radiosensitizing
property (8-10). In this study, S-1, composed of tegafur and
CDHP, was administered instead of infusional 5-FU because
tegafur is converted to 5-FU and CDHP is also
radiosensitizing. S-1 at a dose of 40 mg/m?/day, the amount
delivered in this study, is known to be equivalent to protracted
venous infusion of 5-FU at a dose of 250 mg/m?/day in terms
of the area under the plasma concentration time curve (AUC)
of S-FU (22). In addition, S-1, being an oral
fluoropyrimidine, can avoid the need for inconvenient and
troublesome indwelling catheters and portable pump systems
required for infusional 5-FU, which makes a striking
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difference from conventional 5-FU-based regimens. Recently,
S-1 plus low-dose cisplatin combined with RT has been
reported to show a high response rate of 65% as an initial
treatment for incurable or unresectable AGC (23).

Docetaxel is another potent radiosensitizer as well as
being an active agent for AGC. Through its synchronization
of the cell cycle to the G,/M phase (19), docetaxel shows
synergistic effect with RT on cancer cells (20, 21). When
used concurrently with RT, docetaxel is usually administered
on a weekly basis at a dose of 10-20 mg/m?%/week (17, 18).
- Weekly docetaxel is considered to inhibit progression of the
tumor by shortening the interval between drug
administration, and is known to show a better -overall
tolerability profile than 3-week dosing (24).

In anticipation of additive radiosensitizing effects as well
as tumoricidal effects by both S-1 and docetaxel, we
- combined these two drugs with RT in patients with recurrent
gastric cancer refractory to first-line chemotherapy.

The overall toxicity of this combination therapy was
highly acceptable, as shown in Table II. Hematological
toxicities were favorable except for grade 4 anemia which
was related to a TRD. Non-hematological toxicities were
also mild, apart from grade 3 asthenia observed in only one
patient. In a recent phase II study of S-1 plus cisplatin
combined with RT for AGC, the incidence of adverse
reactions above grade 3 was 6.7% for anemia, 66.7% for
leukopenia, 33.3% for thrombocytopenia, 6.7% for
diarrhea, 23.3% for anorexia, 23.3% for nausea, and 6.7%
for renal dysfunction, including 13.3% for grade 4 bone
marrow toxicity (23). Likewise, a high incidence of grade 4
toxicities over 20% was reported when continuous infusion
of 5-FU plus weekly paclitaxel was given conéun‘ently with
RT preoperatively (10). Although there are limitations to
comparing different studies because of variations in the
agents, dosage and schedule of chemotherapy, as well as
the extent of prior treatment, the toxicity profile of this
combination therapy seems highly acceptable compared
with those reported in other studies. Such a low toxicity
profile enabled the high relative dose intensity of
chemotherapeutic agents and RT obtained in this
combination therapy.

However, of note, one TRD was observed in this study. A
76-year-old female, who had a percutaneous transhepatic
cholangiodrainage (PTCD) tube inserted in the radiation field
because of obstructive jaundice due to lymph node
recurrence, developed TRD accompanied by melena and
grade 4 anemia. Although the origin of gastrointestinal (GI)
bleeding was unknown because the patient received neither
endoscopy nor angiography, RT might had been implicated
as bleeding from the PTCD tube placed in the radiation field
was observed. The incidence of GI complications associated
with RT delivered to the right upper quadrant of abdomen has
been reported to be 5.9% for gastric ulcer, 9.2% for duodenal

ulcer, 5.9% for gastroduodenitis, 1.3% for perforation, 7.2%
for bleeding, and 0.7% for fatal bleeding in patients with
irradiated hepatoceliular carcinoma (25). In addition, when
delivering CRT, careful management of the patient is needed
to monitor the safety of the treatment, especially in patients
with mechanical devices present in the radiation field. As for
the irradiated patients with esophageal stenting for advanced
esophageal cancer, high morbidity rates are reported,
including formation or worsening of esophageal fistulae
(28% ), massive hematemesis or GI bleeding (21%), and
TRD (21%), with an overall grade 3-5 nonhematological
toxicity rate of 51% (26). Considering the risk of life-
threatening complications during RT, palliative intubation of
mechanical devices in the radiation field might have to be
delayed until CRT appears to have failed.

The objective response to treatment is shown in Table III.
A PR was achieved in 2 patients, while the remaining 8
patients showed SD. Although high pathological CR rates of
13-26% as well as good response to CRT were observed
when it was delivered as an initial treatment for AGC (10,
23), the response rate (RR) of 20% obtained in this study
might be reasonable, given that all the patients had failed to
respond to first-line chemotherapy. Significant correlations
have been reported between the response to first-line
chemotherapy and the response to subsequent CRT in
patients with head and neck cancer and non-small cell lung
cancer (27, 28). Generally, in patients with AGC refractory
to first-line chemotherapj/, objective response to second-line
treatment is considered to be around 20% (29-31). In
addition, it is of interest that an objective response to CRT
was achieved only in patients with intestinal-type GC. The
associations of intestinal-type GC with good response to
CRT and better OS by CRT have already been reported
elsewhere (12, 32).

Patients were also assessed for symptom relief.
Satisfactory palliation of clinical symptoms such as pain and
dysphagia was achieved in all patients. The three most
frequent symptoms caused by AGC are pain, bleeding
(hematemesis, melena), and obstruction (dysphagia,
vomiting) (32, 33). These can have a significant impact on a
patient’s quality of life. RT has been used to alleviate these
symptoms and control rates for pain, bleeding and
obstruction have been reported to be 25-86% , 54-70% and
25-81% , respectively (32, 33).

The MST of all patients recruited into this study was 297
days from the commencement of CRT, as shown in Figure 2.
This result is considered acceptable because MST obtained
by second-line chemotherapy has been reported to be 8-9
months in patients with AGC refractory to first-line
chemotherapy (29-31). In addition, the MST of 10 months
shown in this study was comparable to the period of 12-14
months previously reported in patients with unresectable GC
treated with CRT as first-line treatment (34, 35).
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In conclusion, S-1 plus weekly docetaxel combined with
concurrent RT was demonstrated to exhibit a tolerable
toxicity profile with sufficient palliation of clinical symptoms
and prolonged survival in patients with unresectable or
recurrent GC refractory to first-line chemotherapy. Despite
the limited number of patients treated in this study, we believe
that this regimen could be a candidate for additional testing in
phase II trials, paying careful consideration to the added risk
of life-threatening complications associated with palliative
intubation of mechanical devices in the radiation field.
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Intraperitoneal Chemotherapy followed by Systemic Chemotherapy (Hybrid Chemotherapy) for Scirrhous Gas-
trie Cancer Patients with Peritoneal Dissemination: Imano M*!2, Yasuda T*!, Imamoto H*!, Sinkai M*1, Ying-Feng
Peng*!, Yasuda A*}, Shiraishi O*1, Takemoto T*1, Nishiyama A*!, Iwama M*!, Nakamori Y*!, Itoh T*3, Satou T*3,
Okuno K*12, Shiozaki H*! and Ohyanagi H*! (*'Department of Surgery, **Department of Ambulatory Treatment Cen-
ter, *3Department of Pathology, Kinki University School of Medicine)

Scirrhous gastric cancer has a poor prognosis because of the high incidence of peritoneal metastasis. There are many
cases that already have wide metastasis especially to peritoneal at a diagnosis. In addition, even if peritoneal dissemina-
tion cannot confirm, presence of a cancer cell in intra-abdominal cavity is proved to a high rate. So, even if we have done
curative resection, the most common cause of death is peritoneal dissemination.

There fore, control of peritoneal dissemination is required to improve treatment outcome of the scirrhous gastric can-

cer that have remarkable poor prognosis.
We describe results our present studies that mtzapeutoneal chemotherapy followed by systemic chemotherapy

(hybrid chemotherapy) plus gastrectomy on this report.
Key words: Scirrhous gastric carcinoma, Peritoneal dissemination, Intra-peritoneal chemotherapy, Systemic chemothe-

rapy, Hybrid chemotherapy
Jpn J Cancer Clin 55(1): 59~64, 2009
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TS-1 80 mg/m?2 weeks p.o
D EHIcycle BITT 2

1 ESAPATHIST B IEIIBEE 5 5 EOICH T DERRAER

£1 AFLABEIOFOBER=

FRRR(E 60.5

EHTY 58.3

g 8k 17: 13

PS 0:1 29:1
e

5 & MR LA

S OREEAIC A RIS RE DR
BOAL#EX, BLWTE 14POD I, HPIHE
B AT IctE 7POD 1 Weekly Paclitaxel IZ & %
(L mEpe r £A L L, BEDBIRBROBA
RECENBETS-1OBO0BEEBTLT
wa (E3).

6 & JAE IR

e i @

2005 %€ 1 7 LA# Hybrid Chemotherapy % 117
L7 18 fish, CT £QOEEZE CHESDHRS
B n7- & HE L 14 FIC 2nd look laparosco-
py RHEfT L7z, ZOHT1HAORICEEERM

BBk L UKEEAR CEARAREINL
#, 13 @it CYO, pP0 TH D, UV HBFZ
B> BUIBRE T L. ‘

IEREEEI RO & D P EMEE DL
F sub-methotelial layer B IZ 2B E EZ K ¥
3. BEEAEREOL TRERACESF SN
BHOBEE~OBBBEESRON SO sub-
methotelial layer EBICHFET AEMICHDR
FRLNIICVEEZONS M, EEPALERE
L o HbaEE S H 4 4 H& 7 Hybrid Chemo-
therapy MITHOBEEAR T, PERMREHC
4 DB O A7 & § sub-methotelial layer
EBOSEMREY LMK LREFEROBEES
b Tz (B4,

Hybrid Chemotherapy ® B B#RZEENDIHF
PB4 2L, clinical & L < it surgical i 13 fi
£ T3 (SE) OZEITH - 7ond, REFHIC
13 @b 12 {5 T2 TFIRRZE{ LT, Hybrid
Chemotherapy O EBB LN D EE LN
5.

F-EB Y V/ EIT BT S Hybrid Chemother-
apy DR LB T 5 &, clinical 3 L < H sur-



62(62) OB #55% 815 2009414

2" ook BIts
Laparoscopy -y -[gcci; DD22-N0.10
> pREtR —

m

2 %A% & LT Debulking Surgery

CYo, pPO
TG: D2(-No. 10) . > DG:D2
A Y
14 POD 7 POD
> Weeky Paclitaxel —
2~3 7 -
S-1

3 fR{LPEE

Hybrid Chemotherapy 14
4 Hybrid Chemotherapy Fi#E DI EFABEBPHHAR




BOWE 5% FH15 2009917 63(63)

®2 PREEMA

 HEERIER 14
¢« No 13 U v/SEiFEs 161
—HEEEE-RERTV M EE
 EEEEER 14
- RIEEER 1

—KEE~REATV N EE BHESY

gical (= N1 A O 6, N2FEFIAB 4 FITH-7c
%, BiELY v REOREEHREOER, Y
~ REE® O Down stage BB b AFESIIT N1
FEEI 6 0, N2EFICBWTIZ LAITH - 7.
D&, clinical & L < {3 surgical [T N1 &
HEL T 9ERAMD > B 2 4 FlE Hybrid
Chemotherapy B TH HIC DL LT I'Jathologi—
cal N2 L WHOBRTH- 7. EiU v/ EHAHE
DRI I ERSERERERSRD DN AHE
FEH, 13UBRAEO>L6FICREDLNL. D
E@BEOBBIEMEY VREER, JLRE
BIHETHLOpHNE>EHE . LHLaH
LEEE TR I3YREAFIAIHEREZRDS
B, SO3FTTICY VB AEOEEERA
KEMENEMRERSRDON TS, T0D3
EROORBERBRER2ICTT. 2D, &
DEICEORBHA 2 MAEMAICH L TGRET-
T\ 5 Hybrid Chemotherapy (I RTR LD »
LA, :

% 7= Hybrid Chemotherapy 12§ VIR = & 17

L= 13 ploBEE TOERIL, MST T877
A, 1E4£5%, 284FREH 610V}
<H5H (5.
TEH
— #2891 {3 palliative chemotherapy DB IE T
Ll OISR > AF IV ABBICHLT,

-induction chemotherapy & L ¢ Hybrid Chemo-

therapy + BYIBRMORE 2 M E Lo, ERBIE
FlOEEICMZ, 4 %3 induction chemother-
apy Tid7z < neoadjuvant® chemotherapy &L
T{HERTEE Th HBA I LUK E S TEORES
Hgnhs.

X B

1) k&, BN K, REEXR-f AFVAERE
(BfEs, FEBEAE &), BEVx—TNV, K
IR, 78-98, 1997 _

2) $EH5iE Bkl LU REEREREHAROER
BTG RESEAOBT TS, EAESE (Med [ Kinki Univ)
20: 105-119, 1995

3) 4ETE, KHAETE, $EKRE L EEEE (¢t
sk FEAEEREYS - 5 {LERE— BR
— B BEEOT v 75— F—. BAREER (EHF)
§6: 592-602, 2008

1) 4B, RELTF. THLE - . REFHERE
BABY+BR e SBERROBEEEXHEOERE
SEFICHT SR, EOBK 54: 329-336, 2008

Zea,. NEs—Er. ERRED  EBT FEE

1= 331+ 5 S-1+ Weekly Paclitaxel $fREEOR

3)

TITS

#

100 i)

[ —

90

80 i

70

60

50

40

30

20 -
10 -

0 200 400 600 800 1000 1200 1400 1600 1800

5 BYREAFIABEOLEFME



64(64) BOBK $£55% - %1% 2009414

=t. 5k {L4% 33 (Supplement I): 91-94, 2006

http: // www.cancer.gov / Templates / db _ alpha.

aspx?CdrID=45815

7) http://www.cancer.gov/dictionary /?searchTxt=in-
duction&sgroup = Starts + with&lang = &btnGo.x=

6

—

11&btnGo.y=6
8) http://www.cancer.gov/dictionary/ ?searchTxt=ne-
oadjuvant&sgroup = Starts + with&lang = &btnGo.x

=11&btnGo.y=6



H bas®k, 48(5) : 586-591, 2009

(LpREEre T IRk E | (DI 20T

U -BEBEMINTS
JHF—/N—XF L AW

fEREA LR

¥R *H OB
BE Et RAEET
aM % mUETF
PR FRRREAE
fERERE R REEE
BE B KNEE™

Key Words : intraperitoneal chemotherapy, intraperi-
toneal catheter, reservoir gastric cancer

U &I

BEEBIITTAEEAEN—FRELTHE
BER{LEREOENEIRESRTVEI, €
By P4V BRBRIZBVWAEEREE LTORE
M{bEBENEREII2LWTHOREEI L, b
Nbhi e LEFREPICRERKTELLE
BEIIF LTI HF = N=V AT LERVIE
BERbFEEER BT L. KEOFHESEIT
DBRBREIZOVWTERRE,

BEKEFMICHTHI U —N=2XT A
(ERAAR— N OFESE
LHHRBTCHORENET LY. KRB
AHRERBATHEEMELLTINETH S,
BHREBRTOTELVIREIFAINLGN
E B ERERD LA IEKEFT A5EE,
Wb U IREBERICEEICILIVEKOET
BEAOTHPEL, BETETTRESD
BlOBITERELELD, LHTREGHE

TISHBERE LT, BExlRE, 260
CEBERTITY, EREECHERLERS
D=L AT LEEEL TV,

He MIE TESAAROBERR— % H
Wb, BF—FNEIIarEOERRF 21—
TThY, MBETHIEADFERLITRETH S,
PRIy 70 0 a 7HPEFESRTVE (47
SR SATVAY, BEITESATORY,

K= M, REQOLIABERFE- M2 EE
BENEETAZLERwEELLN, 724
BOBETIITHEBIZEFL -V BXEETS
72, TERLTI VY —R, NN FOREL
b VENTHOME PR LIIREL TS,
COBSIEDEYES, BEHHREICES
b EERTS, ETEHFEVEETIE, #ifk
ICR— PR ETAZENELEENH LT
LIZBELZITNMEIR SV, AT — TV
BETM ALEERL, LEBESFRIET
LTV A IEE PRI, PR roE
BERANEATS. 77— FILOERIHIBHE
DEDIFIARTHOEKRERIRLL TV
DouglasB;i -8B T 5. #7— 7 MHMEE%:

CEBELERE, BIEEKORTREN O

* Intra-peritoneal chemotherapy using intraperitoneal catheter and reservoir for the patients with malignant as-

cites after chemotherapy.
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