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Abstract

Purpose Positive peritoneal lavage cytology for gastric carcinoma cells (CY1) is considered distant metastasis and is classi-
fied as Stage IV. However, patients with CY 1 comprise a heterogeneous population, and their prognosis varies greatly. The
prognostic factors for gastric cancer patients with CY 1 were retrospectively reviewed.

Methods The participants were 80 gastric cancer patients with CY1 in our institution encountered between 2005 and 2017.
Prognostic factors were analyzed using univariate and multivariate analyses.

Results The operative procedure was distal gastrectomy for 30 patients, total gastrectomy for 27 patients, staging laparos-
copy for 10 patients, gastrojejunostomy for 8 patients, and probe laparotomy for 5 patients. Other distant metastases were
recognized in 36 patients. A multivariate analysis revealed that other distant metastases were the strongest independent risk
factor for the overall survival (p <0.0001). When the cohort was limited to CY1 patients without other distant metastases,
cN2-3 (p=0.01), the prognostic nutritional index (PNI) <40 (p =0.02) and Type 4 (p =0.03) were independent risk factors
according to a multivariate analysis. The survivals of patients with cN2-3 or PNI <40 after gastrectomy were equivalent to
those with other distant metastases, as assessed by log-rank analyses.

Conclusions The prognoses of CY1 gastric cancer patients with cN2-3 or PNI <40 were poor, even after gastrectomy.

Keywords Stomach neoplasms - Abdominal lavage cytology - Lymph node metastasis

Introduction

The number of patients who have died of gastric cancer has
gradually been decreasing over the past decade in Japan [1].
However, the treatment outcomes of advanced gastric cancer
patients with positive peritoneal lavage cytology for carci-
noma cells, or CY1, remain poor [2]. Peritoneal dissemina-
tion develops due to floating cancer cells in the abdominal
cavity that are released from the primary gastric cancer and
proliferate at the peritoneal site of adherence.
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To detect abdominal free cancer cells, peritoneal lavage
cytology at laparotomy is the standard method in Japan.
Gastric cancer with CY1 is classified as Stage IV accord-
ing to the Japanese Classification of Gastric Carcinoma [3]
and TNM classification by the Union for International Can-
cer Control [4]. However, gastric cancer patients with CY1
comprise a heterogeneous population, and the treatment and
prognosis vary greatly. If there are no other non-curative
factors, radical gastrectomy is an alternative according to
the Japanese Gastric Cancer Guideline [5], as a phase II
study showed a good prognosis after radical gastrectomy fol-
lowed by adjuvant chemotherapy [6], although no confirma-
tive studies have been reported. In addition, even if other
non-curative factors exist, gastrectomy is often performed
to relieve symptoms such as bleeding or stenosis. Thus, the
optimum therapeutic strategy for CY 1 gastric cancer has not
yet been established.

In the present study, the prognostic factors for gastric can-
cer patients with CY1 were retrospectively reviewed. Our
findings are expected to be helpful for developing a suitable
new therapeutic strategy for this condition.
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Methods
Patients and data retrieval

Between 2005 and 2017, the number of patients who under-
went surgery for gastric cancer was 982, including 898
patients with gastrectomy, 36 with staging laparoscopy, 30
with gastrojejunostomy, and 11 with probe laparotomy at our
institution. Among them, CY1 was detected in 80 patients
(8.2%). The clinical and pathological characteristics, perio-
perative treatment, and postoperative outcomes were retro-
spectively analyzed from the medical records. This study
was approved by the authors’ institutional review board
(approval number; 02-0409).

Outcomes and definitions

Peritoneal lavage cytology was performed routinely imme-
diately after laparotomy or at the staging laparoscopy, before
manipulation of the primary tumor. When ascites existed, it
was aspirated. When ascites did not exist, physiologic nor-
mal saline of 100 ml was instilled and aspirated from Doug-
las’ pouch. Carcinoma cells on peritoneal lavage cytology
were defined as CY 1. Suspicious cases were defined as CYO.

The effects of the following clinical, pathological, and
operative factors and perioperative treatment on the overall
survival (OS) were evaluated by univariate and multivari-
ate analyses: sex, age, preoperative serum albumin level,
Onodera’s prognostic nutritional index (PNI) [7], Eastern
Cooperative Oncology Group Performance Status (PS) score
[8], American Society of Anesthesiology (ASA) physical
status classification [9], operative procedure, extent of lymph
node dissection, macroscopic type of the tumor (Type 4 or
not), histological classification (undifferentiated or not),
clinical tumor invasion (cT), clinical lymph node metastasis
(cN), liver metastasis (H), peritoneal metastasis (P), other
distant metastasis (M), involvement of proximal and distal
resection margin (PM, DM), residual tumor (R), and pre-
and postoperative chemotherapy.

The clinicopathological findings of gastric cancer were
described according to the Japanese Classification of Gastric
Carcinoma 15th edition [3]. The clinical N category was
determined by preoperative computed tomography (CT). A
lymph node was considered positive if the longest diam-
eter was over 1.0 cm or if it was between 0.7 and 1.0 cm
and showed strong enhancement, a round shape, central
necrosis, or perinodal infiltration [10]. The PNI was calcu-
lated using the following formula: 10 X serum albumin (g/
dl) +0.005 x total lymphocyte count (/mm?) [7].

Statistical analyses

Univariate and multivariate analyses to identify prognostic
factors for the OS were carried out using Cox’s proportional
hazards model. The OS was shown on Kaplan—Meier curves
and was compared using the log-rank test. The OS was defined
as the interval from the date of operation to the date of death
from any cause. Surviving patients were censored at the date
that they were last known to be alive. p values of less than
0.05 were defined as significant. All analyses were performed
using JMP software program (version 11.0.0 for Windows;
SAS Institute Inc., Cary, NC, USA).

Results
Patients’ characteristics

The 80 patients’ characteristics, both resected and unresected,
are shown in Table 1. Those characteristics indicated that 36
patients had other distant metastases, including 32 with peri-
toneal metastases, 3 with hepatic metastases, 3 with paraaortic
lymph node metastases, and 1 with skin metastases, including
overlapping patients.

Operative procedure

For CY1 gastric cancer, the indication for resection was left to
the surgeons’ policy, according to the trend at the time, as no
strong evidence of gastrectomy had been established. Resec-
tion was not performed for 23 patients, including 11 with stag-
ing laparotomy, 8 with gastrojejunostomy, and 4 with probe
laparotomy. Staging laparotomy was performed to confirm
peritoneal metastasis in six patients, as a routine check before
neoadjuvant chemotherapy (clinical trial) in four patients, and
to make a decision regarding conversion surgery in one patient.
Probe laparotomy was performed due to pancreas invasion
in three patients and peritoneal seeding in two patients (one
patient had both). No patients were converted to secondary
resection after primary gastrojejunostomy. Distal and total
gastrectomy was performed for 30 and 27 patients, respec-
tively. Standard lymph node dissection with D2 was selected
for 31 patients, while limited lymph node dissection < D2 was
selected for 26 patients. Of those 57 gastrectomized patients, 7
had a macroscopic residual tumor (R2 resection). Gastrectomy
in the current series was performed with open laparotomy, not
via a laparoscopic approach.

Chemotherapy
Before the operation, intensive chemotherapy for unresect-

able cancer was administered for six patients, including
S-1+cisplatin (SP) for three patients, S-1 alone for two
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Table 1 Clinical, operative, and pathological characteristics of 80 gastric cancer patients with CY1

Sex

Age (years)
Albumin (g/dl)

PNI

PS

ASA

Operative procedure

Lymph node dissection*

Macroscopic type

Histological classification

HER2

Clinical depth of tumor invasion (cT)
Pathological depth of tumor invasion (pT)*
Lymphatic invasion (Ly)*

Venous invasion (V)*

Clinical lymph node metastasis (cN)
Bulky N

Pathological lymph node metastasis (pN)*
Hepatic metastasis (H)

Peritoneal metastasis (P)

Other distant metastasis (M)

H1, P1, M1(LYM), or M1(SKI)

Resection margin (PM1 or DM1)*
Residual tumor

Preoperative chemotherapy

Postoperative chemotherapy

male/female 64/16

median (range) 68 (34-91)

median (range) 3.6 (2.3-4.7)

median (range) 43 (25-59)

0/1/2/3/4 66/3/3/6/2

1/2/3 8/65/7

distal gastrectomy/total gastrectomy/staging laparoscopy/gastro-  30/27/10/8/5
jejunostomy/probe laparotomy

<D2/>D2 26/31

0-1/1/2/3/4/5 1/1/12/26/35/5

pap/tub/por/sig/muc/other 2/19/46/5/6/2

0/1/2(FISH-)/2(FISH+)/3/unknown 6/13/4/2/1/54

2/3/4a/4b 6/29/29/16

1b/2/3/4a/4b 1/1/4/42/9

0/1a/1b/1c 3/10/19/25

0/1a/1b/1c 8/17/17/15

0/1/2/3a/3b 29/21/23/6/1

no/yes 72/8

0/1/2/3a/3b 6/4/9/16/22

0/1 77/3

0/1 48/32

1(LYM)/1(SKI) 3/1

no/yes 44/36

negative/positive 49/8

172 50/30

no/yes 65/15

no/yes 19/61

PNI Onodera’s prognostic nutritional index, PS Eastern Cooperative Oncology Group performance status, ASA American Society of Anesthesi-
ologists physical status, HER2 human epidermal growth factor receptor 2, FISH fluorescence in situ hybridization

Clinical and pathological findings are written according to the Japanese Classification of Gastric Carcinoma 15th edition, *for only resected

cases, n=57

patients, and capecitabine + cisplatin (XP) for one patient.
Neoadjuvant chemotherapy for resectable cancer was admin-
istered for nine patients, including SP for seven patients and
S-1 alone for two patients. Postoperative chemotherapy
was administered for 61 patients. The first-line chemo-
therapy after operation contained S-1 alone for 25 patients
(including 1 unresected and 4 R2 resection patients), SP
for 17 patients (including 10 unresected and 1 R2 resection
patients), paclitaxel for 5 patients, docetaxel for 2 patients,
XP for 2 patients, S-1+ oxaliplatin for 1 patient, S-1 4 pacli-
taxel for 1 patient, XP + trastuzumab for 1 patient, ramu-
cirumab + paclitaxel for 1 patient, irinotecan + cisplatin for
1 patient, irinotecan for 1 patient, UFTE for 1 patient, and
S-1+intravenous and intraperitoneal paclitaxel for 1 patient.
The median duration of S-1 chemotherapy was 9 months
(range 0.3-28 months). Fifteen out of 25 patients ceased
S-1 chemotherapy within 12 months because of progressive
disease in 10 patients, adverse events in 2 patients, patients’
rejection in 2 patients, and a poor general condition in 1
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patient. The median number of SP chemotherapy courses
was 3 (range 1-13). The reasons for discontinuation of SP
chemotherapy were progressive disease in nine patients, sta-
ble disease in three patients, adverse events in one patient, a
poor general condition in one patient, and physicians’ judge-
ment in three patients. Nineteen patients did not receive
chemotherapy because of a poor general condition in five
patients, poor oral intake in four patients, old age in three
patients, comorbidity in three patients, cancer progression in
two patients, patient’s rejection in one patient, and unknown
reason in one patient.

The prognosis

At the time of the analysis, 69 patients (86%) had died, and
the median follow-up period of the 11 surviving patients was
60 months. The cause of death was known in 59 patients:
gastric carcinoma in 53 patients (90%), pneumonia in 2
patients, cardiac failure in 2 patients, cerebral infarction in
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1 patient, and other carcinoma in 1 patient. The 5-year OS
rate was 11% (n="7). Those seven patients were all resected
cases without other distant metastases than CY1. They
showed no sign of cancer relapse after surgery. One of them
died of cerebral infarction 71 months after surgery, but the
remaining 6 patients were alive for 60—126 months.

Among the 50 patients who received gastrectomy without
macroscopic residual tumor (R1 resection), cancer relapse
was recognized in 37 patients by postoperative CT. The met-
astatic sites were peritoneum for 31 patients, lymph nodes
for 5 patients (4 in paraaortic lymph nodes, 1 in hepatic
hilar lymph nodes), liver for 5 patients, bone for 4 patients,
and pleura for 4 patients (including duplication). The five
patients who developed lymph node metastases had cN2-3
preoperatively.

Univariate and multivariate analyses for CY1
patients (entire CY1 cohort)

Univariate analyses were performed for 80 patients with
CY 1. In these analyses, the serum albumin level (< 3.5 vs.
> 3.5), PNI (<40 vs. > 40), macroscopic type (Type 4 vs.
non-Type 4), cN (2-3 vs. 0-1), bulky N, peritoneal metas-
tasis (P1), distant metastases (M1) other than CY1, and
absence of postoperative chemotherapy were significantly

Table 2 Univariate and multivariate analyses for CY 1 patients

correlated with a poor OS (Table 2). A multivariate analy-
sis conducted with the significant factors of PNI, macro-
scopic type, cN, M1 other than CY1, and postoperative
chemotherapy revealed that Type 4, cN2-3, M1 other than
CY1, and absence of postoperative chemotherapy were
independent risk factors for death. Of those factors, M1
other than CY1 was the strongest independent prognostic
factor (p <0.0001).

Univariate and multivariate analyses for CY1
patients without other distant metastases (CY1
alone cohort)

As patients with M1 other than CY1 had a significantly
worse prognosis than those with CY1 alone, univariate
analyses were performed for the 44 patients with CY1
without other distant metastases. In these analyses, the
serum albumin level (< 3.5 vs. > 3.5), PNI (<40 vs. > 40),
ASA (3 vs. 1-2), macroscopic type (Type 4 vs. non-Type
4), and cN (2-3 vs. 0-1) were significantly correlated with
a poor OS (Table 3). A multivariate analysis conducted
with these significant factors of PNI, ASA, macroscopic
type, and cN revealed that PNI <40, Type 4, and cN2-3
were independent risk factors for death.

Variables n MST (months)  Univariate analysis Multivariate analysis
HR 95%CI p HR 95%CI p
Sex male/female 64/16 13.2/13.6 0.85 0.48-1.62 0.60
Age (years) >70/< 70 38/42 14.3/11.5 098 0.61-1.59 0.95
Albumin (g/dl) <3.5/>3.5 32/48  9.7/15.8 1.84 1.13-2.98 0.02
PNI <40/> 40 24/56  8.2/15.8 201 1.19-3.33 0.01 1.58 0.91-2.71 0.10
PS 1-3/0 14/66  9.7/15.2 1.80 0.94-3.20 0.08
ASA 3/1-2 7/73  9.0/13.8 232 0.95-4.84 0.06
Macroscopic type Type 4/non-Type 4 35/45 11.5/15.2 1.71 1.04-2.80 0.03 1.80 1.08-3.00 0.02
Histological classification undifferentiated/other ~ 52/28 11.5/17.3 1.56 0.95-2.62 0.08
cT 4/1-3 45/35 12.7/15.2 098 0.61-1.59 0.93
cN 2-3/0-1 30/50 10.0/15.5 2.02 1.20-3.36 0.01 1.88 1.11-3.15 0.02
Bulky N yes/no 8/72  7.9/14.3 3.00 1.13-6.71 0.03
pP 1/0 32/48 10.5/17.3 246 1.48-4.12 0.001
H1, P1, MI(LYM), or M1(SKI) yes/no 36/44 10.4/19.7 2.72  1.63-4.60 0.0001 3.50 2.00-6.24 <0.0001
Resection no/yes 23/57 10.4/15.5 1.65 0.95-2.77 0.08
Residual tumor (R) 2/1 30/50 10.0/15.8 196 1.17-3.23 0.01
Preoperative chemo no/yes 65/15 14.3/8.2 0.80 0.45-1.53 048
Postoperative chemo no/yes 19/61 5.4/154 215 1.22-3.63 0.01 2.68 1.47-4.95 0.003

Clinical and pathological findings are written according to the Japanese Classification of Gastric Carcinoma 15th edition. Bold letters indicate

statistical significance

PNI Onodera’s prognostic nutritional index, PS Eastern Cooperative Oncology Group performance status, ASA American Society of Anesthesi-
ologists physical status, MST median survival time, HR hazard ratio, CI confidence interval
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Univariate and multivariate analyses for CY1
patients with R1 resection (R1 resection cohort)

In addition, univariate and multivariate analyses were per-
formed for the 50 patients with CY1 with R1 resection. This
population included patients with CY1PO or CY1P1 who
underwent gastrectomy leaving no macroscopic residual
tumor. In univariate analyses, the PNI (<40 vs. > 40), mac-
roscopic type (Type 4 vs. non-Type 4), cN (2-3 vs. 0-1),
pP (1 vs. 0), and absence of postoperative chemotherapy
were significantly correlated with a poor OS (Table 4). A
multivariate analysis conducted with these significant fac-
tors of PNI, macroscopic type, cN, pP, and postoperative
chemotherapy revealed that Type 4, cN2-3, and pP1 were
independent risk factors for death.

Subgroup survival analyses by PNI

Given the above-mentioned results, log-rank survival analy-
ses were performed for the following 3 groups: patients who
underwent gastrectomy with PNI>40 and CY 1 without any
other distant metastasis (PNI>40 Group, n=24); patients
who underwent gastrectomy with PNI<40 and CY1 with-
out any other distant metastasis (PNI <40 Group, n=12);
and patients with CY1 and other distant metastases (Other
M1 Group, n=36). The Kaplan—Meier curves are shown
in Fig. 1. The OS of the PNI>40 Group (3- and 5-year OS
rates and MST: 46, 27%, and 31.6 months, respectively)
was significantly better than that of the PNI <40 Group (3-
and 5-year OS rates and MST: 17, 8%, and 10.9 months,

respectively; p=0.006). The OS of the PNI <40 Group
was as poor as that of the Other M1 Group (3- and 5-year
OS rates and MST: 6, 0%, and 10.4 months, respectively;
p=0.30).

Subgroup survival analyses by macroscopic type

Log-rank survival analyses were performed for the following
3 groups: patients who underwent gastrectomy with non-
Type 4 tumor and CY1 without any other distant metastasis
(Non-Type 4 Group, n=21); patients who underwent gas-
trectomy with Type 4 tumor and CY1 without any other
distant metastasis (Type 4 Group, n=15); and the Other M1
Group. The Kaplan—Meier curves are shown in Fig. 2. The
OS of the Non-Type 4 Group (3- and 5-year OS rates and
MST: 55, 38%, and 41.8 months, respectively) was signifi-
cantly better than that of the Type 4 Group (3- and 5-year
OS rates and MST: 13, 0%, and 17.3 months, respectively;
p=0.03). The OS of the Type 4 group was still better than
that of the Other M1 Group (p =0.02).

Subgroup survival analyses by cN

Log-rank survival analyses were performed by the fol-
lowing 3 groups: patients who underwent gastrectomy
with ¢cNO-1 and CY1 without any other distant metasta-
sis (cNO-1 Group, n=21); patients who underwent gas-
trectomy with cN2-3 and CY1 without any other distant
metastasis (cN2-3 Group, n=15); and the Other M1
Group. The Kaplan—Meier curves are shown in Fig. 3.

Table 3 Univariate and multivariate analyses for CY1 patients without other distant metastases

Variables n MST (months) Univariate analysis Multivariate analysis
HR 95% CI )4 HR 95% CI p

Sex male/female 39/5  17.3/32.0 1.15  0.52-6.07 0.52

Age (years) >70/< 70 25/19  19.7/22.0 1.67 0.83-358 0.15

Albumin (g/dl) <3.5/>3.5 17/27  14.3/24.6 2.01 1.05-3.99  0.05

PNI <40/> 40 13/31 9.0/28.3 2.62 1.27-524 0.01 293 1.18-6.69 0.02
PS 1-3/0 5/39  13.2/22.0 143 0.48-339 048

ASA 3/1-2 5/39 9.0/24.6 345 1.12-885 0.03 096 0.27-320 095
Macroscopic type Type 4/non-Type 4 19/25  17.3/28.3 2.19 1.07-4.56 0.03 2.34 1.10-5.12  0.03
Histological classification  undifferentiated/other 26/18  13.2/28.3 1.58 0.80-3.26  0.19

cT 4/1-3 22/22  24.6/16.6 0.77  039-152 046

cN 2-3/0-1 18/26  13.0/31.6 2.63 126547 0.01 294 136638 0.01
Resection no/yes 8/36  11.5/22.0 1.34 0.50-3.08 0.53

Preoperative chemo no/yes 34/10  22.0/20.5 0.79 0.37-1.88  0.58

Postoperative chemo no/yes 10/34  11.6/22.2 1.86 0.85-3.80  0.12

Clinical and pathological findings are written according to the Japanese Classification of Gastric Carcinoma 15th edition. Bold letters indicate

statistical significance

PNI Onodera’s prognostic nutritional index, PS Eastern Cooperative Oncology Group performance status, ASA American Society of Anesthesi-
ologists physical status, MST median survival time, HR hazard ratio, CI confidence interval
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Table 4 Univariate and multivariate analyses for CY1 patients with R1 resection

Variables n MST (months)  Univariate analysis Multivariate analysis
HR 95% CI )4 HR 95% CI p

Sex male/female 42/8 17.3/13.1 0.78  0.37-0.92 0.56

Age (years) >70/< 70 27123 16.6/15.8 126  0.68-2.42 046

Albumin (g/dl) <3.5/>3.5 17/33  12.7/18.2 1.65 0.86-3.09 0.13

PNI <40/> 40 15/35 9.0/22.0 242 124457 001 192 0.884.05 0.10
PS 1-3/0 9/41 10.7/17.3 1.82 0.82-3.68 0.13

ASA 3/1-2 5/45 9.0/17.3 261  0.88-6.37 0.08

Macroscopic type Type 4/non-Type 4 22/28 15.4/21.4 215 113415 0.02 225 115452  0.02
Histological classification  undifferentiated/other 29/21  15.8/19.7 1.27  0.68-2.40 0.48

cT 4/1-3 27123 18.2/13.2 080 0.43-1.49 048

cN 2-3/0-1 21/29  13.0/19.7 237 121463 0.01 231 116459 0.02
Operative procedure total/distal gastrectomy 24/26  13.2/19.7 1.35  0.73-251  0.34

Lymph node dissection <D2/D2 20/30 15.0/17.3 1.39  0.74-2.57 030

pP 1/0 14/36  12.6/22.0 228 111452 0.03 3.04 1.39-6.66 0.01
Resection margin positive/negative 7/43  26.1/15.8 0.89  0.34-199 0.80

Preoperative chemo no/yes 40/10  17.3/10.0 0.82 040-193 0.63

Postoperative chemo no/yes 13/37 8.2/18.2 2.14 1.07-4.07 0.03 220 0.96-4.86 0.06

Clinical and pathological findings are written according to the Japanese Classification of Gastric Carcinoma 15th edition. Bold letters indicate

statistical significance

PNI Onodera’s prognostic nutritional index, PS Eastern Cooperative Oncology Group performance status, ASA American Society of Anesthesi-
ologists physical status, MST median survival time, HR hazard ratio, CI confidence interval

100
. —PNI>40, CY1 alone,
90 3 P=0.006{ resected n=24
80 i -=PNI<40, CY1 alone,
S A P=0.30 resected  n=12
Q 70 1, -+« other distant metastases
®60 4 n=36
S5 &
e
3 40
& 30 3 1 1 1
2 *
O 20 .0
10 )
0 : 2
0o 1 2 3 4 5 6 7 8 9 10 11 12

Follow-up period (year)

Fig. 1 Kaplan—Meier curves of three subgroups: patients who under-
went gastrectomy with PNI>40 and CY1 without any other distant
metastasis; patients who underwent gastrectomy with PNI<40 and
CY1 without any other distant metastasis; and patients with CY1 and
other distant metastases

The OS of the cNO-1 Group (3- and 5-year OS rates and
MST: 52, 33%, and 41.6 months, respectively) was signifi-
cantly better than that of the cN2-3 Group (3- and 5-year
OS rates and MST: 9, 0%, and 13.2 months, respectively;
p=0.002). The OS of the cN2-3 Group was as poor as that
of the Other M1 Group (p =0.28).
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Fig.2 Kaplan—-Meier curves of three subgroups: patients who under-
went gastrectomy with non-Type 4 tumor and CY1 without any other
distant metastasis; patients who underwent gastrectomy with Type
4 tumor and CY1 without any other distant metastasis; and patients
with CY1 and other distant metastases

Discussion
CY1 is classified as distant metastasis both in the Japa-

nese Classification of Gastric Carcinoma [3] and in the
TNM classification [4], and its prognosis is poor. In the
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Fig.3 Kaplan—Meier curves of three subgroups: patients who under-
went gastrectomy with cNO-1 and CY1 without any other distant
metastasis; patients who underwent gastrectomy with ¢cN2-3 and
CY1 without any other distant metastasis; and patients with CY1 and
other distant metastases

Japanese gastric cancer registry in 2009 [2], the 5-year OS
for CYO was 66.9%, while that for CY1 was 13.1%. How-
ever, considering the results of CCOG 0301 [6], which
showed that the MST and 5-year OS rate of the patients
with CY1 (including resectable peritoneal metastasis) was
23.2 months and 26%, respectively, the Japanese Gastric
Cancer Treatment Guidelines additionally recommend
radical gastrectomy followed by S-1 chemotherapy for
gastric cancer with CY1 but no other residual disease
[5]. Recently, Yoshida et al. [11] classified Stage IV gas-
tric cancer into four categories. CY 1PO gastric cancer is
classified in Category 1, and the recommended treatment
is primary tumor resection with or without neoadjuvant
chemotherapy. In contrast, some retrospective studies have
shown that aggressive surgical resection is not associated
with any survival benefit for gastric cancer with CY1, even
in the absence of peritoneal dissemination [12, 13]. Thus,
the strategy for treating CY1 gastric cancer patients has
been confusing, as a patient being CY1 alone does not
seem to be sufficient grounds for deciding on a certain
therapeutic procedure.

Regarding gastric cancer patients with CY1 and other
distant metastases, the treatment had also been contro-
versial, as volume reduction operations have seemed to
be beneficial for the OS. However, the REGATTA trial
showed no survival benefit associated with such opera-
tions for advanced gastric cancer with a single non-curable
factor, including liver, peritoneum, or para-aortic lymph
node (16al/b2) metastases [14]. Therefore, gastrectomy
for those patients is no longer selected except for symp-
tomatic cases, such as patients with pyloric stenosis and
bleeding.
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Given this confusion regarding the optimum strategy for
CY1 gastric cancer, the current study was conducted in a
heterogeneous population of both resected and unresected
patients. Univariate and multivariate analyses showed that
cN2-3 with >3 swelling lymph nodes on preoperative CT
was a significant prognostic factor for the entire CY 1 cohort,
the CY1-alone cohort, and the R1 resection cohort. The log-
rank survival analyses showed that the prognoses of patients
with ctN2-3 CY1 who underwent gastrectomy were as poor
as those with other distant metastases.

Some reports have mentioned that lymph node metastasis
is associated with a poor prognosis for CY 1P0 gastric can-
cer. cN3 (vs. cNO-2) was shown to be a significant independ-
ent indicator for an unfavorable OS by multivariable analy-
ses among CY 1PO patients [10, 15, 16]. Furthermore, Kano
et al. [17] showed that pN3b (vs. pNO-3a) was associated
with an extremely poor prognosis. Saito et al. [18] indicated
that the prognosis of CY1PO patients without pathological
lymph node metastasis was good, whereas that of those with
pathological lymph node metastasis was extremely poor.
Fukuchi et al. [16] noted that patients without serosal inva-
sion may have CY 1, and such patients occasionally develop
recurrence in both the lymph nodes and peritoneum. These
findings suggest that the progression of CY1 gastric cancer
is associated with lymph node metastasis. Indeed, our data
showed that cN2-3 patients developed lymph node metasta-
sis after R1 gastrectomy more frequently (24%) than ¢cNO-1
patients (0%).

We also performed a univariate analysis by dividing
lymph node metastasis into cNO vs. cN1-3 categories and
cNO-2 vs. cN3 categories, but both failed to show a signifi-
cant association with the survival (data not shown). Bulky
N, which indicates nodal involvement of >3 cm or at least 2
adjacent tumors > 1.5 cm surrounding the celiac artery and
its branches, is also said to have a poor prognosis [19] and
was recently described in the gastric cancer treatment algo-
rithm under the latest Japanese Gastric Cancer Treatment
Guideline [5]. Our results showed the significant association
of bulky N with a worse survival in the entire CY1 cohort
by a univariate analysis, but there were only eight bulky
N patients in the entire CY cohort, two in the CY1-alone
cohort, and three in the R1 resection cohort. Therefore,
cN2-3 seems to be a more practical indicator for the OS
than bulky N. Pathological N can be assessed objectively
and is still viewed as a determinant of the OS, along with
cN categories. However, this factor is only available after
an operation, while cN can be assessed before an operation.
We therefore consider cN to be a useful predictor of the
prognosis before an operation.

Type 4 tumors were also reported to have an extremely
poor prognosis compared to non-Type 4 tumors [20, 21].
Kano et al. [22] found by a multivariate analysis that
Type 4 tumor, R2 resection, lymph node metastasis, and
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postoperative chemotherapy were independent prognostic
factors. Our multivariate analyses also showed that Type 4
tumors were associated with a worse OS in the entire CY1
cohort, in the CY1-alone cohort, and in the R1 resection
cohort than non-Type 4 tumors. However, the log-rank test
showed that the prognoses of patients with Type 4 tumors
and CY1 who underwent gastrectomy were significantly bet-
ter than those with other distant metastases.

In addition to the oncological factors, PSO-1 is reported
to be associated with a prolonged OS for advanced gastric
cancer [23], but the current study did not show the same
result, as most cases (86%) were associated with the crite-
rion of PSO-1 Previous studies have demonstrated the asso-
ciation between the serum albumin level and the survival in
gastric cancer patients [24, 25]. The PNI, which is calculated
using the serum albumin level, was originally used to evalu-
ate the risk of postoperative complications and mortality
in gastrointestinal tract surgery, and it has become a pow-
erful prognostic parameter for various types of cancer [7].
Our findings also suggested that low serum albumin levels
(<3.5 mg/dl) and a low PNI (< 40) were poor prognostic
factors. The results of log-rank survival analyses suggested
that the prognoses of patients with a PNI <40 were as poor
as those with other distant metastases.

The CCOG 0301 study included R1 resection and S-1
chemotherapy for 1 year for CYPO or CYPI patients [6];
however, no satisfactory postoperative adjuvant chemother-
apy regimen for gastric cancer patients with CY1 has been
established. In our series, 25 patients received S-1 chemo-
therapy, but 60% of them stopped S-1 within 1 year mainly
because of progressive disease. The univariate analyses
showed the survival benefit of postoperative chemotherapy
for the entire CY1 cohort and the R1 resection cohort, but
failed to show any such benefit for the CY1-alone cohort.
More discussion is needed to develop effective regimens for
CY1 patients.

Our univariate analyses failed to show a survival benefit
of gastrectomy for patients with CY1 with or without other
distant metastases. However, the results of log-rank survival
analyses by subgroups suggest that surgical resection will be
beneficial for the OS if we select patients with CY1 alone
and with a PNI> 40, non-Type 4, or cNO-1. In contrast, the
survival rates of resected patients with CY1 alone and a
PNI <40 or cN2-3 were equivalent to those of patients with
other distant metastases. This finding suggests that aggres-
sive surgical resection may not provide any survival ben-
efit for CY1 patients with a PNI <40 or cN2-3, even in the
absence of other distant metastases. A prospective study in
a larger series of patients is needed to clarify the optimum
treatment strategy for CY1 gastric cancer.

The present study has several potential limitations. First,
this study was limited by its retrospective nature. A selec-
tion bias may have influenced the survival data. Second, this

study was conducted at a single institution in a relatively
small number of patients. Third, clinical lymph node metas-
tasis is not clearly defined in the Japanese Classification of
Gastric Carcinoma or TNM classification. We referred to the
previously described definition [10], but this approach may
differ among institutions and physicians.

Conclusions

We retrospectively analyzed the prognostic factors for
cytology-positive gastric cancer patients. The prognoses
of patients with other distant metastases were significantly
poorer than those of patients without other distant metasta-
ses. Univariate and multivariate analyses of the CY 1 popula-
tion without other distant metastases showed that a PNI <40,
Type 4, and cN2-3 were significantly correlated with a poor
OS. The log-rank analyses demonstrated that CY1 patients
with a PNI <40 or cN2-3 had significantly worse prognoses
than those with a PNI>40 or cNO-1, equivalent to those
with other distant metastases.
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