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Abstract

Background Despite  recent progress in  systemic
chemotherapy, the prognosis of gastric cancer patients with
peritoneal metastasis (P1) or positive peritoneal cytology
findings (CY1) is still poor. We developed a regimen
combining intraperitoneal (IP) paclitaxel (PTX) with S-1
and PTX, which can produce notable efficacy with regard
to peritoneal lesions. Surgery after response to combination
chemotherapy is a promising option for P1 or CY1 gastric
cancer. A retrospective study was performed to evaluate
the safety and efficacy.

Methods This study enrolled 100 primary P1 or CYl1
gastric cancer patients treated with IP PTX plus S-1 and
PTX at the University of Tokyo Hospital between 2005 and
2011. Radical gastrectomy was performed when peritoneal
cytology findings became negative, and the disappearance
or obvious shrinkage of peritoneal metastasis was con-
firmed by laparoscopy. The same chemotherapy regimen
was restarted after surgery and repeated with appropriate
dose reduction.
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Results Gastrectomy was performed in 64 (P1 56, POCY1 8)
of 100 (P1 90, POCY1 10) patients. RO resection was achieved
in 44 patients (69%). The median survival time was
30.5 months [95% confidence interval (CI) 23.6-37.7 months]
from the initiation of intraperitoneal chemotherapy and
34.6 months (95% CI 26.8-39.4 months) from the diagnosis
of gastric cancer. Postoperative complications included anas-
tomotic leakage and pancreatic fistula, each in two patients,
which were cured conservatively. There were no treatment-
related deaths. The median survival time of the 36 patients who
did not undergo surgery was 14.3 months (95% CI
10.0-17.8 months).

Conclusions Surgery after response to intraperitoneal and
systemic chemotherapy is safe and may prolong the sur-
vival of P1 and CY1 gastric cancer patients.

Keywords Gastric cancer - Peritoneal metastasis -
Intraperitoneal chemotherapy - Surgery

Introduction

The standard of care for gastric cancer patients with distant
metastasis is systemic chemotherapy [1, 2]. According to
the results of pivotal clinical trials [2-5], the combination
of S-1 (tegafur, gimeracil, oteracil) or capecitabine with
cisplatin or oxaliplatin is recommended for first-line
chemotherapy, and paclitaxel (PTX) plus ramucirumab is
recommended for second-line chemotherapy by the Japa-
nese gastric cancer treatment guidelines [1]. Recent pro-
gress in systemic chemotherapy has improved the
prognosis of patients, but the median survival time (MST)
has been prolonged to only approximately 1 year [2-6].
Multidisciplinary treatment combining chemotherapy and
surgery is now regarded as a promising option because
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metastatic lesions apparently disappear or shrink consid-
erably after chemotherapy in some patients. However, the
treatment strategy of gastrectomy followed by chemother-
apy failed to provide a survival advantage compared with
chemotherapy alone, probably because of impaired adher-
ence to chemotherapy after gastrectomy [7]. Another
multidisciplinary strategy is conversion therapy, which is
defined as a surgical treatment aiming at an RO resection
after chemotherapy for tumors that were originally unre-
sectable or marginally resectable for technical and/or
oncological reasons [8]. Conversion therapy has advan-
tages in that chemotherapy is administered to patients with
better general conditions and surgery is performed only on
responders to chemotherapy.

Gastric cancer patients with peritoneal metastasis
(P1) or positive peritoneal cytology findings (CY1) are
generally treated with systemic chemotherapy as
patients with other distant metastasis are. However,
considering the unique mode of tumor spreading in
peritoneal metastasis, it may be reasonable to approach
the metastatic lesions and free cancer cells in the
peritoneal cavity directly = with intraperitoneal
chemotherapy. IP PTX provides a high local concen-
tration over a long time because of its pharmacokinetic
properties [9], and the effects on peritoneal metastasis
have been verified by clinical trials in ovarian cancer
[10] and preliminarily reported in gastric cancer
[11-13]. We designed a regimen combining weekly IP
PTX with S-1 and PTX for gastric cancer, and we
determined the recommended dose of IP PTX to be
20 mg/m? in a phase I trial [14]. In our phase II trials,
the 1-year overall survival rates were 78% in Pl or
CY1 patients [15] and 77% in P1 patients [16]. In our
phase III trial, the MST was 17.7 months [95% confi-
dence interval (CI) 14.7-21.5 months] [17]. In these
trials, the overall response rate was 53-71% and the
amount of malignant ascites decreased in 62-86% of
patients, whereas grade 3/4 neutropenia was observed
in 34-50% of patients and other adverse events were
relatively mild [15-17]. Some of the patients treated
with IP PTX showed disappearance or obvious
shrinkage of peritoneal metastasis after chemotherapy,
whereas the primary tumor was difficult to control for
months, which encouraged us to perform surgery after
response to chemotherapy [18]. A retrospective study
was performed in patients including those enrolled in
the phase I and phase II trials [14-16] to evaluate the
safety and efficacy of surgery after response to sys-
temic and intraperitoneal chemotherapy.

Patients and methods
Patients

This retrospective study enrolled 100 primary gastric cancer
patients with peritoneal metastasis and/or positive peritoneal
cytology findings treated with IP PTX plus S-1 and PTX at
the University of Tokyo Hospital between 2005 and 2011.
Patients who underwent noncurative gastrectomy for palli-
ation before initiation of intraperitoneal chemotherapy were
not enrolled in this study.

Treatment

Patients underwent diagnostic laparoscopy with peri-
toneal cytology and an intraperitoneal port was implan-
ted in the subcutaneous space of the lower abdomen,
with a catheter placed in the pelvic cavity. Combination
chemotherapy of IP PTX plus S-1 and PTX was initiated
approximately 7 days after laparoscopy. S-1 was
administered orally twice daily at 80 mg/m*/day for 14
consecutive days, followed by 7 days of rest. PTX was
administered intravenously at 50 mg/m? and intraperi-
toneally at 20 mg/m? on days 1 and 8. PTX was diluted
in 1 L of normal saline and administered through an
intraperitoneal port in 1 h concurrently with intravenous
infusion after standard premedication for PTX. The
treatment course was repeated every 3 weeks mainly in
the outpatient department until disease progression or
unacceptable toxicity. Tumor responses were evaluated
every three courses by computed tomography and upper
gastrointestinal tract endoscopy. Cytology of ascites or
peritoneal lavage fluid collected through an intraperi-
toneal port was performed by Papanicolaou staining at
the end of each course.

Gastrectomy was considered when a remarkable
response to combination chemotherapy was observed in
patients who would tolerate surgery. The indication cri-
teria for surgery were negative peritoneal cytology find-
ings, the disappearance or obvious shrinkage of peritoneal
metastasis, and no unresectable metastasis identified by
diagnostic imaging. The response of the peritoneal
metastasis was evaluated by second-look laparoscopy, the
timing of which was determined by consideration of the
extent of peritoneal metastasis before chemotherapy and
the response to chemotherapy. Gastrectomy with lymph
node dissection was performed when the tumor was
resectable by standard or extended gastrectomy excluding
pancreaticoduodenectomy or thoracotomy. Splenectomy
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was performed in patients with suspected splenic hilar
lymph node metastasis and/or peritoneal metastasis on the
gastrosplenic ligament. The distal part of the pancreas,
colon, small intestine, or adnexa was resected when direct
invasion of the primary tumor or metastasis was observed.
When white nodules or scar-like lesions remained on the
parietal peritoneum or mesentery, they were resected or
ablated as much as possible with an electric scalpel.
Neither extended peritonectomy nor intraoperative
intraperitoneal chemotherapy with or without hyperther-
mia was performed. The same combination chemotherapy
regimen was restarted after surgery as soon as possible
with appropriate dose reduction. The intensity and dura-
tion of chemotherapy were determined by attending
physicians in each case considering the curability of
surgery and postoperative decreases in chemotherapy
tolerance.

Assessment and statistical methods

The baseline characteristics of patients who underwent
surgery and those who did not undergo surgery were
compared by Pearson$ chi square test or Fisher$ exact
test when appropriate. The extent of peritoneal metas-
tasis was classified according to the Japanese classifi-
cation of gastric carcinoma 12th edition and 1st
English edition [19]: P,, metastases immediately adja-
cent to the stomach; P,, several scattered metastases
within the peritoneal cavity; and P3;, numerous metas-
tases throughout the peritoneal cavity. The operating
procedure, postoperative complications, residual tumor
status, and histological response were evaluated. The
histological response of the primary tumor was classi-
fied according to the Japanese classification of gastric
carcinoma 14th edition and 3rd English edition [20]:
grade 0, no evidence of effect; grade la, viable tumor
cells occupy two thirds or more of the tumorous area;
grade 1b viable tumor cells occupy from one third to
less than two thirds of the tumorous area; grade 2,
viable tumor cells occupy less than one third of the
tumorous area; and grade 3, no viable tumor cells.

The overall survival rates were estimated by the
Kaplan—Meier method. The overall survival rates of groups
divided according to the extent of peritoneal metastasis,
residual tumor status, or histological response were com-
pared with the log-rank test. P < 0.05 was considered
statistically significant, with Bonferroni correction for
multiple comparisons between the three groups. All sta-
tistical analyses were performed with JMP Pro version
11.0.0 (SAS Institute, Cary, NC, USA).
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Results
Intraperitoneal and systemic chemotherapy

Among 100 P1 and/or CY1 gastric cancer patients, 68
showed remarkable clinical response and were considered
for surgery. Excluding one 86-year-old patient who declined
surgery, second-look laparoscopy was performed in 67
patients, and the disappearance or obvious shrinkage of
peritoneal metastasis was observed in 65 patients. Laparo-
tomy was performed in these 65 patients, and gastrectomy
was performed in 64 patients, excluding one patient with a
primary tumor invading the pancreas and duodenum.

Patient characteristics

The clinical characteristics of the patients at the time of
before intraperitoneal and systemic chemotherapy are
shown in Table 1. Most of the patients had an Eastern
Cooperative Oncology Group performance status of 0 or 1.
Systemic chemotherapy had previously been administered
in 43 patients. Among them, 39 patients had received S-1-
based chemotherapy: S-1 and cisplatin in 25 patients, S-1
and taxane in § patients, and S-1 monotherapy in 6 patients.
Many of the patients had type 4 tumors with undifferenti-
ated histological type. The characteristics were similar
among groups in terms of age, sex, receipt of previous
chemotherapy, macroscopic type and histological type.
However, patients who underwent surgery had significantly
better Eastern Cooperative Oncology Group performance
status and fewer peritoneal metastases compared with
patients who did not undergo surgery. Of the 64 patients
who underwent surgery, 53 patients (83%) had metastasis
to the distant peritoneum (P, or P3), and many had com-
plications related to peritoneal metastasis: ascites in 36
patients, intestinal obstruction in 7 patients, and
hydronephrosis in 6 patients. Eighty-one patients had no
other distant metastasis, whereas 15 had metastasis to the
ovary and 4 patients had metastasis to the para-aortic
lymph nodes.

Surgical outcomes

Patients were given combination chemotherapy for a
median of four courses (range 2-18 courses) before sur-
gery. A summary of the types of surgery and the outcomes
is given in Table 2. Total gastrectomy was performed in 58
patients (91%). Splenectomy was performed in 19 patients,
and distal pancreatectomy was performed in 3 patients with
tumors invading the pancreas. Partial or extended
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Table 1 Patient characteristics (n = 100)

Table 2 Surgery and outcomes (n = 64)

Characteristic Surgery No surgery P No. of  Percentage
(n=64) (n = 36) patients  of patients
Age (years)” 57 (28-86) 59 (39-86) 0.20 Operating procedure
Sex 0.88 Total gastrectomy 58 91
Male 33 18 Distal gastrectomy 6 9
Female 31 18 Combined resection
ECOG performance status 0.015 Spleen 19 30
0 49 19 Distal part of pancreas 3 5
1 15 15 Colon 13 20
2 0 2 Small intestine 2 3
Previous chemotherapy 0.83 Adnexa 8 13
Received 28 15 Lymph node dissection
Not received 36 21 D1+ 37 58
Macroscopic type 0.69 D2 26 41
2 (ulcerative) 1 0 D3 1 2
3 (infiltrative ulcerative) 22 10 Postoperative complications
4 (diffuse infiltrative) 41 26 Anastomotic leakage
Histological type 0.53 Pancreatic fistula
Differentiated 6 5 Residual tumor status
Mixed 7 RO (no residual tumor) 44 69
Undifferentiated 51 25 R1 (microscopic residual tumor) 10 16
Extent of peritoneal metastasis (JCGC 12th edition) 0.035 R2 (macroscopic residual tumor) 10 16
POCY1 8 2 Histological response
Py 3 0 Grade la (viable tumor cells occupy >2/3 35 55
P, 18 4 of tumorous area)
Ps 35 30 Grade 1b (viable tumor cells occupy >1/3 13 20
Other distant metastasis 0.30 Gofdtuzlor(')u; area) 1 V3of 14 -
Ovary 10 5 E nforog;lz reee1 )tumor cells occupy <1/3 o
Para-aortic lymph nodes ! 3 Grade 3 (no viable tumor) 2 3
Absent 53 28

CY1 Peritoneal cytology findings positive for carcinoma cells, ECOG
Eastern Cooperative Oncology Group, JCGC Japanese classification
of gastric carcinoma, PO no peritoneal metastasis, P; metastases
immediately adjacent to the stomach, P, several scattered metastases
within the peritoneal cavity, P; numerous metastases throughout the
peritoneal cavity

* The median is given, with the range in parentheses

" In 2 of 10 patients, adnexectomy had been performed before
chemotherapy with a diagnosis of ovarian tumor

colectomy was performed in 13 patients with peritoneal
metastasis on the serosa or in the wall of the colon.
Adnexectomy was performed in eight patients with ovarian
metastasis. The extent of lymph node dissection was D1 in
37 patients, for whom the prophylactic dissection of splenic
hilar lymph nodes was omitted, D2 in 26 patients, and D3
in 1 patient with para-aortic lymph node metastasis. The
median number of lymph nodes dissected was 35 (range
8-101). The median operation time was 296 min (range
165-550 min). The median blood loss was 685 ml (range
130-2340 ml), and a blood transfusion was performed in

11 patients. Postoperative complications severer than Cla-
vien-Dindo grade I included anastomotic leakage and
pancreatic fistula, each in two patients, all of which were
grade II and cured conservatively. There were no treat-
ment-related deaths.

After surgery, 44 patients (69%) had no residual tumor
either macroscopically or microscopically (R0O). The
pathological examination revealed cancer cells in the
resection stump in six patients and biopsied scar-like
lesions on the peritoneum in four patients (R1). In ten
patients, numerous metastatic nodules had shrunk
remarkably after chemotherapy, but it was difficult to
remove all the visible nodules during surgery (R2).

Histological examination of the resected primary tumor
showed necrosis or disappearance of two thirds or more of
the tumor in 16 patients (25%). The median number of
metastatic lymph nodes was 4 (range 0-67). The numbers
of patients with NO, N1, N2, N3a, and N3b metastasis were
12, 14, 14, 9, and 15 respectively. Splenic hilar lymph node
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1 Overall Survival

—Surgery (+)

—Surgery (-)

Probability
o
(9]

0 12 24 36 48 60 72 84 96 108 120
Time (Months)

Number at risk

Surgery (+) 64 56 38 25 13 8 6 4 4 4

Surgery (-) 36 22 6 1 0 0 0

Fig. 1 Kaplan—Meier curve for the overall survival of patients who
underwent surgery (n = 64) and those who did not undergo surgery
(n = 36)

Overall Survival

—POCY1, P,
7P2

Probability
o
(9]

0 12 24 36 48 60 72 84 96 108 120

Time (Months)
Number at risk
POCY1,P, 11 10 8 6 5 4 4 4 4 4
P, 18 18 13 10 4 2 1 0 0 0
P 35 28 17 9 4 2 1 0 0 0

Fig. 2 Kaplan—Meier curve for the overall survival of patients who
underwent surgery according to the extent of peritoneal metastasis.
The difference was significant between POCY1 or P; and P; patients
(log-rank test, P = 0.0037)

metastasis was found in 5 of 19 patients who underwent
splenectomy.

Survival

The MST of all 100 patients was 20.6 months (95% CI
17.3-27.7 months). The MST of the 64 patients who
underwent  surgery was  30.5 months (95% CI
23.6-37.7 months) from the initiation of intraperitoneal
chemotherapy (Fig. 1) and 34.6 months (95% CI
26.8-39.4 months) when it was calculated from the diag-
nosis of gastric cancer. From the date of surgery, the MST
was 25.6 months (95% CI 17.2-33.2 months) and the
l-year overall survival rate was 73.3% (95% CI
61.2-82.7%). The MSTs of patients with POCY1 or Py, P,,
and P; metastasis were not reached (95% CI 22.1 months
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Overall Survival

Probability
o
(4]

0 12 24 36 48 60 72 84 96 108 120
Time (Months)
RO 44 36 24 18 1 8 6 4 4 4

R1 10 10 6 4 1 0 0 0 0 0
R2 10 10 8 3 1 0 0 0 0 0

Fig. 3 Kaplan—Meier curve for the overall survival of patients who
underwent surgery according to residual tumor status. There was no
significant difference between the three groups

Overall Survival

—Grades 2, 3

——Grades 1a, 1b

Probability
o
(4]

0 12 24 36 48 60 72 84 96 108 120
Time (Months)

Number at risk

Grades 2,3 16 15 13 9 5 3 3 2 2 2

Grades 1a,1b 48 41 25 16 8 5 3 2 2 2

Fig. 4 Kaplan—Meier curve for the overall survival of patients who
underwent surgery according to histological response. The difference
was significant between the groups (log-rank test, P = 0.019)

to not reached), 36.9 months (95% CI 23.6-39.9 months),
and 23.8 months (95% CI 15.5-30.4 months) respectively
(Fig. 2). Among these three groups, the difference was
significant between POCY1 or P, and P; patients (log-rank
test, P = 0.0037). According to the residual tumor status,
there was no significant difference in overall survival,
although all the 5-year survivors were RO patients (Fig. 3).
No difference was observed according to the extent of
lymph node dissection. According to the histological
response, the overall survival was significantly longer in
patients with a grade 2 or grade 3 response (viable tumor
cells occupy less than one third of the tumorous area) than
in patients with a grade la or grade 1b response (viable
tumor cells occupy one third or more of the tumorous area)
[MST 39.9 months (95% CI 34.5-79.7 months) vs
26.1 months (95% CI 20.0-30.8 months); log-rank test,
P = 0.019] (Fig. 4). The MST of the 36 patients who did



Surgery after intraperitoneal and systemic chemotherapy for gastric cancer with peritoneal... S133

not undergo surgery was 14.3 months (95% CI
10.0-17.8 months) (Fig. 1).

Relapse or progression was observed in 58 of the 64
patients who underwent surgery, with a median time of
17.0 months (95% CI 13.8-24.6 months). The first site of
recurrence or progression was the peritoneum in 38
patients and was another site in 26 patients (both sites in 6
patients). The site of metastasis other than the peritoneum
was the lymph nodes in 13 patients, liver in 5 patients, bone
in 4 patients, ovary in 3 patients, and pleura, adrenal gland,
and meninges in 2 patients (more than one site in 4
patients). The site of recurrence or progression was not
associated with the histological response in the primary

tumor.

Discussion

We performed surgery on 64 of 100 P1 or CY1 gastric
cancer patients treated with [P PTX plus S-1 and PTX, and
we obtained promising results in terms of safety and effi-
cacy. The results suggest that surgery after response to
chemotherapy has clinical efficacy, although the MSTs of
patients who underwent surgery and patients who did not
undergo surgery are not comparable because of differences
in baseline performance status, the extent of peritoneal
metastasis, and response to chemotherapy.

This combination chemotherapy regimen would be much
more effective for peritoneal metastasis than for a primary
tumor or other metastasis because of a higher concentration
in the peritoneal cavity [19]. We have experienced many
patients in whom peritoneal metastasis had been controlled
for years and the primary tumor progressed within months.
Therefore, our rationale for surgery is to resect the primary
tumor when peritoneal metastasis is well controlled and
thereby prevent new metastasis, bleeding, and stenosis that
may be caused by the primary tumor, which may lead to the
prolongation of survival. In that sense our surgery, espe-
cially in P, and P; patients, might not be the definitive
“conversion surgery” to intend curability, such as gastrec-
tomy after S-1 and cisplatin therapy or docetaxel, cisplatin,
and S-1 therapy in previous reports [21, 22]. Meanwhile,
surgery might cause the progression of the residual disease,
apparent or occult, because of the perioperative pausing of
chemotherapy, a postoperative decrease in the tolerability of
chemotherapy, and a postoperative reduction in antitumor
immunity. Thus, surgery should be performed after peri-
toneal metastasis is sufficiently controlled, or eliminated if
possible, and excessive surgical stress and postoperative
complications should be avoided.

The indication criteria for surgery constitute the most
crucial issue in this conversion therapy. In the early years,
we used to confirm the disappearance of peritoneal

metastasis not only macroscopically but also microscopi-
cally by multiple biopsies of the peritoneum before gas-
trectomy. After having experienced some patients with a
favorable clinical course, we extended the criterion first to
the macroscopic disappearance and then to the obvious
shrinkage of peritoneal metastasis. Along with these
modifications, ten patients had microscopic residual tumor
(R1) and ten patients had macroscopic residual tumor (R2)
after surgery, but there was no significant difference in
overall survival compared with the patients with no resid-
ual tumor (RO) (Fig. 3). This result indicates that residual
peritoneal tumors could be controlled by postoperative
continuation of intraperitoneal and systemic chemotherapy
in patients with a remarkable shrinkage of peritoneal
lesions, suggesting the possible benefit of gastrectomy with
our extended criterion. Regarding the histological response
of the primary tumor, patients with a response of grade 2 or
grade 3 had a significantly better prognosis than patients
with a response of grade la or grade 1b (Fig. 4). Since
peritoneal lesions were similarly controlled in those
patients with a poor histological response, this suggests that
the response in the primary site might be dependent mainly
on the sensitivity to systemic chemotherapy. Therefore, it
may be reasonable to change the postoperative regimen and
use different systemic drugs with the same intraperitoneal
chemotherapy regimen.

The timing of surgery is another important issue. The
best timing would be when the tumor had shrunk the most
by chemotherapy, which is impossible to know beforehand.
On an empirical basis, we perform surgery on POCY1 or
P;, P,, and P; patients after 3, 6, and 9-18 courses
respectively, with modification considering the timing of
negative conversion on peritoneal cytology, computed
tomography findings, and changes in the levels of tumor
markers, especially cancer antigen 125.

Judging from the results of this study, our overall
strategy and treatment can be regarded as appropriate.
However, some patients developed progression soon after
surgery, and it is important to know for which population
surgery was effective. It is clinically suggested that the
extent of peritoneal metastasis and response to
chemotherapy are associated with the prognosis of patients,
but the analysis of prognostic factors is difficult at present
because we have no accurate and precise method to classify
or quantify these two factors.

In conclusion, surgery after response to intraperitoneal
and systemic chemotherapy is safe and may prolong the
survival of gastric cancer patients with peritoneal metastasis
or positive peritoneal cytology findings. Since this is the
retrospective study in a single institute, it will be necessary
to perform a prospective randomized controlled trial or a
large cohort study to verify the efficacy of surgery after
response to chemotherapy. However, the randomization to
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surgery or the continuation of chemotherapy might be dif-
ficult for patients and physicians to accept. We would like to
spread intraperitoneal chemotherapy and surgery after
response to chemotherapy nationwide soon and clarify the
role of surgery by analyzing the accumulated data in detail.
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