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 Abstract 
  Background . The aim was to evaluate the feasibility and the effectiveness of neoadjuvant systemic chemotherapy followed 
by cytoreductive surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC) and early postoperative intraperi-
toneal chemotherapy (EPIC) in patients with peritoneal carcinomatosis (PC) from gastric cancer.  Material and methods . 
Eighteen patients (median age 57 years, range 38 – 74) were scheduled for three months ’  neoadjuvant systemic chemo-
therapy followed by CRS  �  HIPEC  �  EPIC.  Results . At the time of surgery, the peritoneal tumor burden was extensive with 
tumor growth on the entire peritoneal cavity. Only eight patients received the entire treatment and OS was 14.3 months 
(range 6.1 – 34.3, 95% CI 6.6 – 20.3). Six patients had macroscopically radical (CC0) surgery and for this subgroup OS was 
19.1 months (range 6.1 – 34.3, 95% CI 6.9 – 27.1). Postoperative 90-day mortality was 10% (one patient) and the periop-
erative grades II – IV adverse events (AE) rate was 62.5%.  Discussion . Neoadjuvant chemotherapy followed by 
CRS  �  HIPEC  �  EPIC does not seem to be associated with prolonged OS in patients with extensive PC growth from 
gastric cancer unless macroscopically radical surgery is achieved. However, morbidity from this treatment is considerable 
and it cannot be recommended for routine care until a prospective randomized trial has been performed.   

 Metastatic gastric cancer is regarded as a terminal 
stage and in the absence of more effective therapeu-
tic options, systemic chemotherapy is used in patients 
with a median overall survival (OS) of 11 months 
[1]. Peritoneal carcinomatosis (PC) from gastric can-
cer implies a very poor prognosis, with median OS 
of approximately three months [2] and no survival at 
fi ve years [3]. In these patients, cytoreductive surgery 
(CRS) followed by intraperitoneal chemotherapy, 
e.g. as hyperthermic intraperitoneal chemotherapy 
(HIPEC) and/or early postoperative intraperitoneal 
chemotherapy (EPIC), has demonstrated a median 
OS ranging from 8.0 to 11.5 months [4 – 10]. Post-
operative 30-day mortality in these studies was 
0 – 11% and perioperative morbidity was 14 – 67%. 
Neoadjuvant chemotherapy in combination with 
CRS  �  HIPEC was used in one of the studies [7]. 
EPIC was given only to patients in Farma ’ s [9] study 

and to a few patients in Glehen ’ s study [7]. However, 
data is still lacking on the possible benefi t from a 
multimodal treatment approach in patients with PC 
from gastric cancer. 

 The aims of this study were to investigate whether 
multimodal treatment consisting of neoadjuvant sys-
temic chemotherapy followed by CRS  �  HIPEC  �  
EPIC in patients with PC from gastric cancer is 
feasible and appears effective.  

 Material and methods 

 Between January 2005 and March 2009, 18 con-
secutive patients with PC from gastric cancer were 
scheduled for neoadjuvant systemic chemotherapy 
followed by CRS  �  HIPEC  �  EPIC at Uppsala 
University Hospital, Uppsala, Sweden. The regional 
ethics committee approved the study and informed 
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consent was obtained from each patient and the 
study was registered in ClinicalTrials.gov, with iden-
tifi er NCT01379482. The eligibility requirements 
for treatment were: histologically confi rmed diagno-
sis of primary gastric adenocarcinoma; histologically 
and radiologically confi rmed PC diagnosis; no dis-
tant metastases; adequate renal, hematopoietic and 
liver functions, and Karnofsky performance status 
(KPS) of  �    70. Table I summarizes demographic and 
basic clinical patient data.  

 Patients 

 Eighteen patients (eight female and 10 male), with 
a median age of 57 years (range 38 – 74), were 
included in the study. Treatment began with three 
months ’  (range 2 – 4.5) neoadjuvant systemic che-
motherapy. Four weeks after receiving the last 
course of chemotherapy, patients with no clinical 
and radiological signs of tumor progression under-
went laparotomy in preparation for CRS  �  HIPEC 
followed by EPIC for fi ve days. Patients with clinical 
and radiological signs of tumor progression during 
the neoadjuvant systemic chemotherapy did not 
undergo the planned loco-regional treatment but 
continued with palliative systemic chemotherapy at 
the discretion of the physician in charge of the 
patient.   

 Neoadjuvant chemotherapy 

 The intention was to treat the patients with combi-
nation chemotherapy for three months. The choice 
of chemotherapy was individualized, but all patients 
received optimal drug combinations suitable for 
good performance patients with metastatic gastric 
cancer. 

 Routine clinical controls and blood sampling 
were done before every treatment cycle. In order to 
rule out patients with progressive disease and distant 
metastasis, abdominal and thoracic computed tomog-
raphy (CT)-scan evaluations were performed prior 
to surgery.   

 Surgical treatment 

 Depending on disease extent, CRS was performed as 
described by Sugarbaker [11]. Immediately postop-
eratively, tumor load and completeness of cytoreduc-
tion for PC were recorded using the Peritoneal 
Cancer Index (PCI) [12] and Completeness of 
Cytoreduction scores (CC) [13] respectively. The 
PCI (range 1 – 39) consists of lesion size scores in 13 
different regions of the abdomen: 0  �  no tumor seen, 
1  �  tumor up to 0.5 cm, 2  �  tumor up to 5 cm and 

3  �  tumor  �    5 cm. The PCI score is calculated by 
adding together the lesion size scores for the 13 
regions. The CC score is based upon the size of 
tumor left after cytoreduction: CC0  �  no peritoneal 
seeding visible, CC1  �  nodules up to 2.5 mm, 
CC2  �  nodules up to 2.5 cm and CC3  �  nodules 
 �    2.5 cm.   

  Table I. Demographic data, basic clinical data and treatment data 
of 18 patients with peritoneal carcinomatosis from gastric 
adenocarcinoma enrolled for loco-regional treatment.  

Variables Number of patients

Median age 57 years (38 – 74)
Gender
 Female 8
 Male 10
Karnofsky performance status
 90 – 100 14
 70 2
 MD 2
Tumor grade status
 T3 11
 T4 1
 MD 6
Lymph node status
 N0 2
 N1 3
 N2 3
 N3 1
 MD 9
Signet ring cells
 Yes 13
 No 5
Neoadjuvant chemotherapy
 Irinotecan  �  Nordic FLv 6
 EOX 6
 FLOX 3
 Docetaxel  �  Irinotecan  �    5-FU  �  LV 1
 FOLFIRI 1
 ECF 1
Cytoreductive surgery
 Yes 8
 No 8
Open and shut 2
Peritoneal Cancer Index for cytoreductive 

surgery patients
    �    9 3
  9 – 12 1
  13 – 18 2
    � 18 2
Completeness of cytoreduction scores for 

cytoreductive surgery patients
  CC0 6
  CC1 1
  CC2 1

    CC0, no peritoneal seeding visible; CC1, nodules up to 2.5 mm; 
CC2, nodules up to 2.5 cm; ECF, epirubicin  �  cisplatin  �    
5-fl uorouracil; EOX, epirubicin  �  oxaliplatin  �  capecitabine; 5-FU, 
5-fl uorouracil; FLOX, 5-fl uorouracil  �  leucovorin  �  oxaliplatin; 
FOLFIRI, leucovorin  �    5-fl uorouracil  �  irinotecan; LV, leucovorin; 
MD, missing data; Nordic FLv, bolus 5-fl uorouracil  �  
leucovorin.   
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 HIPEC and EPIC 

 HIPEC was administered according to the Coliseum 
technique [14] and was combined with EPIC for fi ve 
days. Before perfusion, the patient ’ s body tempera-
ture was lowered to 35 ° C with a cooling blanket 
(Allon  ®  ). The intra-abdominal temperature during 
perfusion ranged from 42 ° C to 44 ° C. Four intra-
abdominal drains were left in place after surgery and 
EPIC was given daily during the fi rst fi ve postopera-
tive days.   

 Tumor markers, histopathology and adverse events 

 Five serum tumor markers (CEA, CA 125, CA 19-9, 
CA 15-3 and CA 72-4) were taken one to six days 
before surgery and 10 days after surgery, to analyze 
the frequency of the impact of gastric cancer with 
PC on these tumor markers. 

 The sixth edition of the TNM classifi cation was 
used. The presence of signet ring cells and the grade 
of differentiation according to Lauren ’ s classifi cation 
[15] were reported. 

 Therapy-related adverse events were graded 
according to the National Cancer Institute ’ s com-
mon toxicity criteria (NCI-CTC) version 3.0 [16]. 
OS was calculated for all patients from the date of 
the fi rst neoadjuvant chemotherapy.   

 Statistical methods 

 All analyses were performed on the basis of inten-
tion-to-treat. OS and disease-free survival (DFS) 
were analyzed for patients treated with CC0. Results 
were presented as the median, with a 95% confi -
dence interval (CI). A p-value of less than 0.05 was 
considered statistically signifi cant. The computer 
software package STATISTICA AXA version 10.0, 
StatSoft Scandinavia, Sweden, was used for statisti-
cal evaluation of the survival data.    

 Results  

 Treatment 

 All patients had poorly differentiated tumors and 
50% (9/18) were of the diffuse type according to 
Lauren ’ s classifi cation. Signet ring cells were detected 
in 72% of the patients (13/18). 

 Eight patients did not undergo CRS � HIPEC 
due to peritoneal tumor progression during the sys-
temic chemotherapy (4), death during the neo-adju-
vant treatment (1), the fi nding of lung metastasis (2) 
or due to severe depression (1). Ten of the 18 patients 
were scheduled for CRS � HIPEC � EPIC: eight 
patients were treated with CRS � HIPEC � EPIC 
whereas two patients underwent only laparotomy, i.e. 

not treated by loco-regional procedure due to exten-
sive tumor growth on the entire small bowel surface. 
The following CRS procedures were carried out: 
total (6) or subtotal gastrectomy (1) with D2 lymph-
adenectomy and greater omentectomy; cholecystec-
tomy (2) and dissection of the duodenal-hepatic 
ligament (2); splenectomy (6); parietal peritonec-
tomy (3); right (4) and left (3) upper quadrant 
peritonectomy; colon (4) and small bowel resection 
(1); pelvic peritonectomy (5); rectosigmoid resection 
(1) and hysterectomy (1). PCI for the eight patients 
who received the planned treatment was 12 (range 
5 – 26) and PCI for those who were not treated by 
loco-regional procedure due to extensive tumor 
growth on the entire small bowel surface was 19 and 
22. CC0 was achieved in six patients, CC1 in one 
patient and CC2 in one patient. PCI for the CC0 
subgroup was 12 (range 5 – 22). The patients with 
macroscopically radical surgery (CC0) had a median 
baseline Karnofsky performance score (KPS) of 100, 
whereas the patients who did not undergo macro-
scopically radical surgery (CC  �    0) had a median 
KPS of 90. Median follow-up time was 14.3 months 
(range 2.8 – 37.2). 

 During HIPEC, fi ve patients received cisplatin 
at a dose of 50 mg/m 2  combined with doxorubicin 
15 mg/m 2 . The carrier solution used for these drugs 
was low calcium peritoneal dialysis solution PD4 
[Dianeal 13.6 mg/ml (Baxter, USA)]. The treat-
ment lasted 90 minutes. Three patients were treated 
during HIPEC by oxaliplatin 460 mg/m 2   �  concom-
itant intravenous (IV) 5-FU 500 mg/m 2  bolus and 
intravenous LV 60 mg/m 2  for 30 minutes [17]. 
The carrier solution for oxaliplatin was 50 mg/ml 
glucose IV solution. 

 Six patients received EPIC, fi ve with 5-FU (550 
mg/m 2  daily) and intravenous LV (60 mg/m 2  daily) 
and one with paclitaxel (20 mg/m 2  daily). Two 
patients did not receive EPIC treatment due to che-
motherapy-related toxicity. Five patients received 
postoperative systemic chemotherapy, three in the 
adjuvant setting and two in the palliative setting. 
Median time to start the postoperative systemic 
chemotherapy was seven weeks (range 6 – 72).   

 Morbidity 

 Fourteen of the 18 patients had AEs of grades II – IV 
related to the neoadjuvant treatment period and one 
died in multi-organ failure caused by chemotherapy 
treatment. Five of the eight patients undergoing 
CRS � HIPEC � EPIC had AEs grades II – IV related 
to the in-hospital period of CRS � HIPEC � EPIC. 
No patients died within 30 days of surgery, but one 
patient died within 90 days of surgery. Eight of the 
10 patients in the palliative setting (not undergoing 
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CRS  �  HIPEC  �  EPIC) had AEs grades II – IV. Table 
II presents details on morbidity.   

 Survival 

 The median OS for the CRS  �  HIPEC  �  EPIC group 
was 10.2 months (range 1.2 – 34.3, 95% CI 6.9 – 13.7). 
For the eight patients undergoing all treatment as 
planned, OS was 14.3 months (range 6.1 – 34.3, 95% 
CI 6.6 – 20.3). Six of the eight patients had macro-
scopically radical surgery (CC0) and for this sub-
group OS was 19.1 months (range 6.1 – 34.3, 95% CI 
6.9 – 27.1) with a DFS of 9.0 months (range 2.2 – 16.1, 
95% CI 3.2 – 12.6).   

 Tumor markers 

 Tumor markers were normal in three of the eight 
patients who had CRS  �  HIPEC  �  EPIC and in fi ve 
of the eight patients at least one tumor marker was 
elevated. In contrast, all 10 patients without 
CRS  �  HIPEC  �  EPIC treatment had at least one 
elevated tumor marker.    

 Discussion 

 This is the fi rst prospective study testing combined 
treatment with neoadjuvant systemic chemotherapy 
followed by CRS, HIPEC and EPIC, in patients with 
PC from gastric cancer. Our objectives were to inves-
tigate whether this multimodal treatment of PC from 
gastric cancer is feasible and to evaluate the clinical 
outcomes. 

 In patients with operable, non-metastatic gastric 
cancer, a perioperative regimen of ECF (epirubicin, 

cisplatin and 5-FU) decreases tumor size and staging 
and improves survival [18]. Patients with PC from 
gastric cancer are mostly treated with systemic che-
motherapy [2,19]. A growing treatment option for 
PC is CRS  �  HIPEC  �  EPIC, with promising results 
in colorectal cancer [20] and pseudomyxoma [13]. 
There is no technical difference in the performance 
of CRS for PC from gastric cancer compared to PC 
from colorectal cancer [21 – 23], but the prognosis is 
worse for patients with PC from gastric cancer [24]. 
This could presumably result from different tumor 
biology and HIPEC ’ s lower effi cacy in PC from gas-
tric cancer, compared to PC from colorectal cancer. 
However, data are still lacking on the possible ben-
efi ts from such an approach in patients with PC from 
gastric cancer and there is debate as to whether this 
treatment should be applied in this disease [19]. 

 Seven studies have been published testing various 
combinations of CRS  �  HIPEC  �  EPIC in patients 
with gastric cancer and PC (see Table III): one ran-
domized clinical trial [10], two prospective [4,8], 
one non-randomized with case control patients [5], 
and three retrospective [6,7,9]. OS for our 
CRS  �  HIPEC  �  EPIC group was in line with these 
seven studies, and so was OS for the subgroup CC0 
(19.1 months in this study and 8.0 – 36.3 for the com-
parable studies). Signet ring cell carcinoma is a major 
and independent factor of poor prognosis in gastric 
cancer [25] and to some extent this is also true for 
cancer with diffuse histo-clinical type according to 
Lauren ́ s classifi cation [26], as well as poorly differ-
entiated tumors [27]. In our study, the patients ’  
tumor histopathology was less favorable than in the 
comparable studies. All our patients had poorly dif-
ferentiated tumors: 50% were of the diffuse type, and 
signet ring cells were detected in 72% of the patients. 
In comparable studies [4,6 – 8,10,28] 56% of patients 
had poorly differentiated tumors (range 33 – 82) and 
only one group reported in two studies [8,10] the 
presence of signet ring cells, in 4 – 11.8% of the 
patients. There has been speculation that histopatho-
logically, signet cell type cancers could also be an 
exclusion criterion. In a study by Fanelli et   al. [29], 
there was a signifi cant correlation between signet cell 
type cancers and the presence of PC at diagnosis, but 
signet cell type cancers were not a predictor of poor 
survival. In addition, patients in our study were 
treated with extensive CRS, even if tumor involve-
ment was found in more than seven regions, and we 
refrained from surgery only if PC was widespread on 
the small bowel [30]. Careful patient selection seems 
essential for good results from loco-regional treat-
ment for patients with PC from gastric cancer [4 – 7] 
and baseline performance status seems to be an 
important tool in the selection process [7]. Our 
current study supported those opinions concerning 

  Table II. Adverse events (AEs) of grades II – IV in relation to 
neoadjuvant period; cytoreductive surgery (CRS)  �  hyperthermic 
intraperitoneal chemotherapy (HIPEC)  �  early intraperitoneal 
chemotherapy (EPIC) period; and late period (postoperative 
in-hospital until death).  

Neoadjuvant
CRS/HIPEC/

EPIC
Late 

period

Thromboembolism 2 1
Intracranial haemorrhage 2
Anastomotic leakage 3
Bowel perforation 1 1
Intra-abdominal abscess 1 1 1
Septicemia 1
GI-function disturbance 19 2 6
Psychiatric/psychological 3 1 3
Neurological 11 5
Hematogenic 2 1 1
Dermatological 2
Variety of symptoms 10 2 7

    GI-function disturbance, AEs related to gastrointestinal function 
such as diarrhea, nausea, vomiting, obstipation and dysphagia; 
Psychiatric/psychological, depression, anxiety, insomnia.   
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gastric cancer with PC: all the patients who had mac-
roscopically radical surgery had a very good perfor-
mance status, while one of the patients who had no 
macroscopically radical surgery had a reduced per-
formance status. 

 Over the past two decades, many studies have 
revealed that tumor markers are useful as a means of 
checking the prognosis, predicting a favorable out-
come after treatment, and predicting recurrence and 
risk of death for patients with advanced GC [31 – 39]. 
Tumor markers could also be potential tools in the 
selection process. Thus, of the 10 patients in the sub-
group that received no CRS  �  HIPEC  �  EPIC, none 
had normal tumor marker levels in contrast to three 
of the eight patients receiving the entire planned 
treatment. However, due to the small number of 
patients, conclusions about the value of tumor mark-
ers must be made with care. 

 Postoperative 30-day mortality in our study was 
at the low end (0%) compared with patients in previ-
ously published studies (range 0 – 11%). However, 
the perioperative morbidity rate in our study was at 
the high end (62.5%) compared with patients in pre-
viously published studies (Table III). In this study, 
grades II – IV morbidity were reported, not just grades 
III and IV toxicity, as presented in some other stud-
ies. Interestingly, Glehen et   al. [7] noted that the 
complication rate was higher (60%) in the EPIC sub-
group, well in line with the complication rate in the 
study by Farma et   al. [9], including patients receiving 
EPIC (67%). A learning curve is not a plausible rea-
son for the morbidity rate, as dedicated surgeons 
have performed CRS with HIPEC/EPIC with good 
results at our center for the past two decades [21]. 
Moreover, higher morbidity could be expected with 
the use of platinum-based HIPEC [21], and this 
could be one reason for higher morbidity in our 
cohort [21], as both Glehen et   al. [4] and Hall et   al. 
[5] used only Mitomycin C, and Yang et   al. [8,10] 

used relatively low doses of cisplatin. The value 
of each intraperitoneal chemotherapy treatment 
(HIPEC or EPIC) on survival could not be addressed 
by our study. However, due to the increased morbid-
ity rate that is observed when EPIC treatment is 
applied [7], perioperative morbidity could be reduced 
in the future if the EPIC regimen is excluded. 

 In conclusion, the results of this study support 
previous reports [4 – 10] that PC from gastric cancer 
has a dismal prognosis regardless of treatment. If fea-
sible, CRS  �  HIPEC  �  EPIC treatment seems to give 
a slightly prolonged survival, even though it is associ-
ated with a rather high degree of morbidity. Before 
this treatment can be recommended for routine care 
in patients with gastric cancer with PC, further stud-
ies, preferably a prospective randomized trial must 
be performed.          
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