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Initial Clinical Experience with Cytoreductive Surgery and 
Hyperthermic Intraperitoneal Chemotherapy in Signet-Ring 

Cell Gastric Cancer with Peritoneal Metastases
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Purpose: Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) have been shown to improve survival in 
select patients with gastric cancer and peritoneal metastases. It remains unclear, however, whether this multimodal treatment protocol is 
also beneficial for signet-ring cell gastric cancer (SRC) patients with peritoneal metastases.
Materials and Methods: Clinical data of patients scheduled for upfront systemic chemotherapy consisting of 5-FU (2,600 mg/m2), fo-
linic acid (200 mg/m2), docetaxel (50 mg/m2), and oxaliplatin (85 mg/m2) followed by CRS and HIPEC using cisplatin (50 mg/m2) at 
the Comprehensive Cancer Center, University Hospital Tübingen, Germany were retrospectively analyzed.
Results: Eighteen consecutive patients for whom irresectability has been ruled out by a computed tomography scan were enrolled. How-
ever, complete cytoreduction could only be achieved in 72% of patients. When categorizing patients with respect to the completeness of 
cytoreduction, we found no difference between both groups considering tumor- or patient-related factors. The overall complication rate 
following complete cytoreduction and HIPEC was 46%. Within a median follow-up of 6.6 (0.5~31) months, the median survival for 
CRS and HIPEC patients was 8.9 months as opposed to 1.1 months for patients where complete cytoreduction could not be achieved. 
Following complete cytoreduction and HIPEC, progression-free survival was 6.2 months.
Conclusions: In SRC with peritoneal metastases, the prognosis appears to remain poor irrespective of complete CRS and HIPEC. More-
over, complete cytoreduction could not be achieved in a considerable percentage of patients. In SRC, CRS and HIPEC should be restrict-
ed to highly selective patients in order to avoid exploratory laparotomy. 
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Introduction

In early stage (T1 and T2) gastric cancer, surgical resection 

represents definitive treatment, with 5-year survival rates ranging 

70% to 95%.1,2 In locally advanced tumors, however, prognosis is 

poor despite curative resection and extended lymphadenectomy.1,2 

As a consequence, multimodal treatment strategies that consist of 

pre- and postoperative chemotherapy and aim for enhanced local 

control and improved survival have been established. 

Peritoneal metastases in gastric cancer are considered to indicate 

terminal disease. Therapy is mainly based on palliative chemo-

therapy with poor long-term survival because systemic chemo-

therapy is unlikely to accumulate in peritoneal nodules in cytotoxic 

concentrations.3-8

Cytoreductive surgery (CRS) along with hyperthermic intra-

peritoneal chemotherapy (HIPEC) has been suggested to improve 

survival in select patients with limited peritoneal spread, resulting 

in a median overall survival (OS) of 8 to 14 months.8-10 It remains 

unclear, however, whether preoperative chemotherapy might be 
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able to add additional oncological benefits without disproportion-

ately raising adverse events. So far, only few clinical studies evalu-

ated this particular treatment protocol.8-10 In particular, data on the 

management of signet-ring cell cancers with peritoneal metastases 

are still lacking in the current literature.

Signet-ring cell gastric cancer (SRC) is associated with poor 

outcome and its response to systemic chemotherapy is low. To 

date, it remains unclear why SRC patients tend to primarily experi-

ence peritoneal tumor spread and why their response to systemic 

chemotherapy is usually poor.11,12 On the basis of the low response 

rates to systemic chemotherapy and the lack of treatment alterna-

tives, radical surgery with HIPEC is discussed with each patient 

individually as a personalized approach.

With this retrospective analysis, we sought to investigate wheth-

er preoperative chemotherapy followed by CRS and HIPEC could 

also be performed in SRC patients with peritoneal metastases with 

acceptable morbidity and mortality.

Materials and Methods

1. Patient selection

Between July 2008 and February 2013, 18 consecutive patients 

with histopathologically proven SRC and synchronous peritoneal 

metastases were enrolled in this study at the Peritoneal Surface 

Malignancy Program at the University of Tübingen, Germany. 

All patients were treated with upfront chemotherapy, followed by 

CRS and HIPEC. Preoperative diagnostics consisted of a thorough 

clinical examination, blood tests, and a computed tomography (CT) 

scan to rule out distant metastases. CT images were acquired by 

128-slice multi-detector spiral CT at the Department of Radiology, 

University Hospital Tübingen, Germany. The reconstructed slice 

thickness was 5 mm without gaps between slices. Local irresect-

ability was defined as the infiltration of the mesenteric axis, retro-

peritoneal plane, or the pancreatic head. The eligibility for CRS and 

HIPEC was assessed by a surgical oncologist, a medical oncologist, 

a radiologist, a radio-oncologist, and a clinical pathologist, who 

all attend a weekly interdisciplinary oncologic team meeting and 

present the patients’ demographics and imaging results. Patients 

were followed in 3-monthly intervals with clinical examination and 

radiological imaging including CT- or positron emission tomog-

raphy (PET)-CT scans. Recurrence was defined as any new lesion 

detected by CT or PET-CT scans compared to the findings of the 

first examination after CRS and HIPEC. Adverse events were clas-

sified according to the Clavien-Dindo complication score.13 Grade 

1 was defined as any deviation from the normal postoperative 

course, and grade 2 indicated pharmacological treatment. For grade 

3 complications, there was a need for radiological, endoscopic, or 

surgical intervention. Life threatening complications were classified 

as grade 4 and death as grade 5. In-hospital mortality was defined 

as death within 30 days of surgery. Tumors were classified by his-

tology according to the World Health Organization classification.

Data were collected prospectively during daily routine and 

analyzed retrospectively. Patients were retrospectively categorized 

with respect to the completeness of cytoreduction. This study was 

performed in accordance to the local ethical guidelines.

2. Upfront chemotherapy protocol

The neoadjuvant chemotherapy protocol consisted of 4 to 6 cy-

cles of the following regimen: 2,600 mg/m2 of 5-FU for 24 hours, 

200 mg/m2 of folinic acid for 1 hour, 50 mg/m2 of docetaxel for 2 

hours, and 85 mg/m2 of oxaliplatin for 2 hours. 

3. Surgical procedure 

After laparotomy through a mid-line incision and complete 

adhesiolysis, the peritoneal carcinomatosis index (PCI) was deter-

mined following the criteria described by Jacquet and Sugarbaker.14 

Abdominal regions were categorized as the small bowel, consisting 

of Sugarbaker’s abdominopelvic regions (SAPR) 9 to 12; the up-

per abdomen, consisting of SAPR 0 to 3; and the lower abdomen/

pelvis consisting of SAPR 4 to 8. Then, after meticulous explora-

tion of the small bowel, CRS was performed by gastrectomy with 

D2-lymphadenectomy and Roux-Y-reconstruction, along with 

resection of any involved adjacent structures and peritonectomy 

procedures described by Sugarbaker15-17 aiming for complete cy-

toreduction (CC-0 and CC-1 [CC-0 indicates no visible disease; 

CC-1 indicates nodules smaller than 0.25 cm]).

After complete cytoreduction and fashioning of intestinal anas-

tomoses, HIPEC with 50 mg/m2 of cisplatin was administered for 

90 minutes at 42oC using the open coliseum-technique. If complete 

cytoreduction and HIPEC was achieved, patients did not receive 

further postoperative systemic chemotherapy.

4. Statistics

Data are presented as median (minimum~maximum) or num-

ber (%) unless otherwise stated. Qualitative differences were com-

pared using the χ2-test and quantitative differences were assessed 

using the Mann-Whitney U test. Survival analysis was performed 

by the Kaplan-Meier method. For OS, the time to the event was 
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calculated as the time from CRS until death or time to last contact, 

if the patient was alive. Recurrence was calculated from the date of 

surgery to the time of relapse, or to the last known date of follow-

up evaluation, or the date of death using the Kaplan-Meier method. 

A P-value of less than 0.05 was considered significant. SPSS ver-

sion 13.0 software (SPSS Inc., Chicago, IL, USA) was used for all 

statistical analyses.

Results

1. Treatment

Eighteen patients for whom there was radiographical evidence 

of peritoneal disease without signs of irresectability or distant me-

tastases were scheduled for upfront chemotherapy. Intraoperatively, 

complete cytoreduction (CC-0 or CC-1) could be achieved in 13 

patients (72%), whereas 5 patients (28%) underwent only explor-

ative laparotomy due to either the involvement of the pancreas, or 

the retraction of the mesenteric axis, or tumor involvement of the 

small bowel surface. In these particular patients, we found both a 

significantly higher extent of small bowel involvement as well as a 

trend towards a more locally advanced tumor growth (Table 1). In 

one patient, a palliative gastrectomy was performed due to symp-

tomatic gastric outlet obstruction. 

Baseline demographic and intraoperative characteristics are 

shown in Table 2. There was no difference with respect to tumor- 

or patient-related factors between the 2 groups except for the 

intraoperative PCI (12 [1~22] vs. 37 [13~39]; P=0.003) and time 

in the operating room (520 [398~694] vs. 96 [60~306] minutes; P

＜0.0001). 

In order to achieve complete cytoreduction, 7 patients (54%) un-

derwent right upper quadrant, 5 patients (38%) left upper quadrant, 

and 5 patients (38%) pelvic peritonectomy. Additionally, 21 visceral 

resections were performed. In 46% of patients, however, proximal 

and/or distal gastric resection margins were histologically positive 

for tumor involvement (R1-resection) despite complete cytoreduc-

tion (Table 3).

2. Morbidity and mortality

The overall complication rate following complete cytoreduction 

and HIPEC was 46%. There were 11 adverse events (Clavien-Dindo 

I~IV) in 6 patients. However, there was no anastomotic leakage 

and no need for any re-operation. In addition, there was no in-

hospital death. Four patients (31%) experienced mild (＜3,500/ml) 

temporary HIPEC-related leucopenia. Adverse events are listed in 

Table 4. 

3. Postoperative outcome

The median follow-up was 6.6 (0.5~31) months. Within the 

follow-up period, 6 patients (46%) who underwent complete cyto-

Table 1. Distribution of intra-abdominal tumor load

Complete 
cytoreduction and 

HIPEC (n=13)

Explorative 
laparotomy

(n=5)
P-value

PC upper abdomen 
  (APR 0~3)

5 (0~10) 11 (5~12) 0.050

PC lower abdomen
  (APR 9~12)

1 (0~10) 11 (0~12) 0.148

PC small bowel
  (APR 4~8)

0 (0~9) 13 (3~15) 0.034

Location 0.241

    Upper abdomen 63% 25%

    Lower abdomen 12%   0%

    Small bowel 25% 75%

Values are presented as median (range) or number (%). HIPEC 
= hyperthermic intraperitonealchemotherapy; PC = peritoneal 
metastases; APR = abdomino-pelvic region (according to Sugarbaker).

Table 2. Baseline demographic and intraoperative characteristics

Complete 
cytoreduction 

and HIPEC 
(n=13)

Explorative 
laparotomy

(n=5)
P-value

Age (yr) 56 (28~68) 45 (41~57) 0.336

Chemotherapy (cycle) 5 (4~10) 4 (3~8) 0.60

PCI 12 (1~22) 37 (13~39) 0.003

Time in operating room 
  (min)

520 (398~694) 96 (60~306) 0.0001

Hospital stay (d) 14 (9~35) 14 (6~16) 0.336

BMI 23 (16~32) 24 (23~31) 0.208

Tumor stage ≥yp3 10/13 (77)

Nodal involvement (ypN+) 8/13 (62)

Grading ≥3 12/13 (87)

ASA ≥ 3 (17) (40) 0.330

Female 8/13 (62) 2/5 (40) 0.382

Gastric R1 resection 6/13 (46)

Values are presented as median (range), number (%), or only (%). 
HIPEC =  hyperthermic intraperitoneal chemotherapy; PCI = 
peritoneal carcinomatosis index; BMI = body mass index; ASA = 
American Society of Anaesthesiology.
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reduction and HIPEC and 2 patients (40%) who underwent explor-

ative laparotomy died. The median OS was 8.9 months following 

complete cytoreduction and HIPEC and 1.1 months following 

explorative laparotomy (Fig. 1).

Following complete CRS and HIPEC, progression-free survival 

was 6.2 months (Fig. 2). In 2 patients, the recurrence was located in 

the parietal peritoneum. One patient experienced a lymph node re-

currence. Distant metastases were not observed within the follow-

up period.

Discussion

In our investigation, the incidence of postoperative complications 

was comparable with available Phase II and III studies.7-10,18 Yang et 

al.18 reported severe adverse events in 14.7% of patients, and Glehen 

et al.8 found major complications in 27.8% of patients. In their case 

series, Scaringi et al.7 reported that 10 out of 37 patients developed 

at least one complication whereas Hultman et al.9 described grade 

II~IV adverse events in 62.5% of patients. Our surgery-related 

morbidity seemed acceptable without any in-hospital deaths, even 

though several peritonectomy procedures and visceral resections 

had to be performed per patient to achieve complete cytoreduction. 

We observed no anastomotic leakage or duodenal fistula and no 

re-operations were required. The majority of adverse events were 

Table 3. Peritonectomy procedures and visceral resections in 
patients who underwent complete cytoreduction and hyperthermic 
intraperitoneal chemotherapy

Variable Number/total number (%)

Pelvic resection 5/13 (38)

Right upper quadrant 7/13 (54)

Left upper quadrant 5/13 (38)

Colon resection 1/13 (8)

Appendectomy 4/13 (31)

Gynecological operation 3/8 (38)

Splenectomy 3/13 (23)

Small bowel resection 1/13 (8)

Diaphragm resection 1/13 (7)

Pancreatic resection 2/13 (15)

Cholecystectomy 1/13 (8)

Table 4. Adverse events in patients with complete cytoreduction and 
HIPEC

Adverse events (Clavien-Dindo I~IV) Number (%)

Fever 2 (15)

Wound infection 1 (8)

Pleural effusion 1 (15)

Sepsis 1 (15)

Ascites 1 (15)

Mild leucopenia (<3,500/ml) 4 (31)

Nausea 1 (15)

HIPEC = hyperthermic intraperitonealchemotherapy.

Fig. 1. Cumulative survival comparing patients following complete 
cytoreduction and HIPEC (HIPEC = 1) and explorative laparotomy 
(HIPEC = 0). HIPEC = hyperthermic intraperitonealchemotherapy.

Fig. 2. Progression-free survival following complete cytoreductive sur-
gery and hyperthermic intraperitonealchemotherapy.
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HIPEC-related, such as leucopenia. However, only mild leucopenia 

was found without any need for granulocyte-colony stimulating 

factors.

Complete cytoreduction could be achieved in 72% patients. This 

is in accordance with Yonemura et al.5 and Hultman et al.,10 who 

reported a 71% and 44% rate of complete cytoreduction, respec-

tively.9 However, in 28% of patients radical surgery was not possible 

either because of the extent local growth or because of the extent 

peritoneal metastases on the small bowel surface, even though 

there was no a priori evidence of irresectability. Moreover, proxi-

mal, distal, and/or circumferential gastric resection margins were 

histologically proven positive in 46% of patients in whom complete 

cytoreduction could be achieved. This might be related to the tumor 

biology resulting macroscopically in linitis plastica with extensive 

lymphangiosis. 

The median OS was low (8.9 months) and 23% of patients de-

veloped peritoneal recurrence within the follow-up period, whereas 

no patient developed distant metastases. Additionally, taking into 

account that 6 patients died within the follow-up period, peritoneal 

relapse occurred in approximately 50% of patients. Again, this is 

very likely the result of an aggressive tumor biology. The short fol-

low-up period, however, does definitely not allow final conclusions 

to be drawn. In particular, we are not able to issue a statement on 

whether or not this multimodal treatment protocol has the potential 

to improve survival. Because of the low number of patients, PCI 

does not aid in categorizing patients suitable for CRS and HIPEC, 

as recommended by Yonemura et al.19

As stated above, surgery had to be terminated as explorative 

laparotomy in 28% of patients because of tumor spread that could 

not be ruled out by preoperative radiological diagnostics. However, 

the majority of preoperative CT scans have not been performed 

in our hospital. Therefore, the precise initial tumor burden as well 

as the response to chemotherapy could not be evaluated, which is 

a major limitation of our investigation. Since the hospital stay did 

not differ between the 2 groups and the outcome was very poor, 

explorative laparotomy by itself seems to have a negative impact 

on outcome, emphasizing the need for more appropriate selection 

criteria. Since there was no difference between the 2 groups with 

respect to tumor- and patient-related factors, we will in the future 

use laparoscopy and histology with response evaluation in every 

patient prior to performing CRS and HIPEC, in order to avoid un-

necessary exploratory laparotomy. Due to the synchronous perito-

neal spread, laparoscopy is likely to work well because no previous 

extensive oncologic surgery has been performed in these particular 

patients. Nonetheless, a meticulous laparoscopic assessment of the 

entire abdominal cavity remains challenging. However, ruling out 

patients with tumor progression and histological non-responders 

should be possible.

This multimodal protocol consisting of upfront chemotherapy, 

CRS and HIPEC is feasible with acceptable surgical morbidity in 

highly selective SRC patients with peritoneal metastases. However, 

survival seems to remain low and complete cytoreduction is not 

possible in a considerable percentage of patients despite accurate 

preoperative radiographic diagnostics with exploratory laparotomy, 

leading to a worse prognosis. 

In summary, even though a randomized phase-III study by 

Yang et al.18 suggested that CRS and HIPEC prolong survival in 

patients with peritoneal metastases from predominantly non-SRC, 

according to our data, CRS and HIPEC cannot be recommended 

for patients with SRC and peritoneal metastases in general. More-

over, it seems very likely that only patients with limited peritoneal 

spread will benefit from this multimodal approach.19 Therefore, 

initial staging laparoscopy might help as a selection tool for iden-

tifying patients with both high abdominal tumor load and as being 

unlikely to achieve complete cytoreduction.

We modified our treatment protocol utilizing staging laparosco-

py in addition to CT scans in all patients with SRC and peritoneal 

metastases prior to neoadjuvant chemotherapy. After chemother-

apy, re-laparoscopy and biopsy is performed by the same surgical 

team. If the abdominal tumor load remained stable or decreased, 

CRS and HIPEC are performed. Patients with progressive disease 

continue with palliative chemotherapy or best supportive care.
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