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Abstract
Aims: The incidence of oesogastric (OG) signet ring cell adenocarcinoma (SRC) is increasing in Western countries. The differential character-
istics between oesophageal and gastric SRC tumours are unknown.We aimed to investigate the role of tumour location on prognosis inOGSRC.
Methods: Among 924 OG SRC resected in 21 centres from 1997 to 2010, consecutive patients who had oesophageal tumours (group OESO,
n ¼ 136) were matched to randomly selected patients who had gastric tumours (group GASTRIC, n ¼ 363). Matching variables were
gender, age, American Society of Anaesthesiologists score, malnutrition, pretherapeutic clinical TNM stage and neoadjuvant treatment.
Patients and tumour characteristics were compared between groups and prognostic factors were identified.
Results: The two groups were well matched. Tumours in group GASTRIC were more advanced at surgical exploration, with higher rates of
linitis plastica (P < 0.001), peritoneal carcinomatosis (P ¼ 0.001), and advanced pTNM stages (P ¼ 0.034). Radicality of resection and
recurrence rates were similar (P > 0.480). Recurrences were more frequently distant (P < 0.001) and peritoneal (P < 0.001) in group
GASTRIC. After adjustment on confounding variables, gastric location (P ¼ 0.034) was independently associated with a better prognosis
than oesophageal location.
Conclusion: Gastric and oesophageal SRC tumours are distinct diseases. Despite similar pretherapeutic factors, gastric tumours were more
advanced with a greater propensity for the peritoneal surface at the diagnosis and recurrence and associated with a better prognosis.
� 2014 Elsevier Ltd. All rights reserved.
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Introduction main tumour location (i.e. gastric including Siewert III tu-
Oesogastric (OG) adenocarcinoma (ADC), ranks second
amongst digestive cancers worldwide, with an incidence
which is expected to continue to rise.1,2

Gastric signet ring cell adenocarcinoma (SRC) is a his-
tological entity based on the microscopic characteristics of
the predominant component of the tumour cells as
described by the World Health Organization.3 Recent
studies have shown a striking increase in the incidence of
the SRC tumours, which has risen by more than 400% in
the United States since the 1970s4e6 and composes
33%e71% of gastric ADC in recent western studies.7e9

We recently demonstrated that, due to specific character-
istics, SRC histology was an independent predictor of poor
prognosis in gastric ADC. These characteristics included
the tendency for these tumours to be more infiltrative,
with high affinity for lymphatic tissue, a high rate of asso-
ciated peritoneal carcinomatosis and evidence of chemore-
sistance when the primary tumour remains in situ.8e10

These results prompted us to consider the need for a dedi-
cated work-up, with particular surgical and therapeutic stra-
tegies for patients with gastric SRC.11

SRC is a rare histologic variant of oesophageal ADC that
has been recently increasing reported in the literature.12e14 A
recently published study showed that patients with a SRC
ADC of the oesophagus or OG junction responded less
well to induction therapy and had decreased overall survival
compared with patients with non-SRC histology.15 The path-
ologic appearance and clinical behaviour of oesophageal
SRCs are still not well defined and comparative studies be-
tween oesophageal and gastric tumours have never been con-
ducted. Whether specific prognosis and tumour
characteristics that were identified for gastric SRCs are
applicable to oesophageal SRCs remains unknown.

The aim of the study was to evaluate whether oesopha-
geal SRCs differed from gastric SRCs in terms of long-term
oncological outcomes and patterns of dissemination.
Patients and methods
Patients
A multicentre database of 2670 patients undergoing
resection for OG ADC in 21 French centres from January
1997 to January 2010 was established with an independent
monitoring team auditing data capture to minimize missing
data and to control concordance, as well as inclusion of
consecutive patients. All patients undergoing OG ADC
resection during this period were included in the database.
Criteria for inclusion in the study were patients with a pre-
therapeutic clinical TNM stage IeIII, considered for cura-
tive treatment, and resected for a SRC (n ¼ 864).

A matched cohort analysis was constructed to test the
hypothesis that SRC tumours differed depending on their
Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin
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mours vs. oesophageal including Siewert I tumours).
Considering, that in France the vast majority of Siewert II
tumours are treated like oesophageal tumours,16 we arbi-
trarely considered Siewert II tumours as oesophageal
tumours.

The study group was composed of 136 patients fulfilling
the inclusion criteria who had an oesophageal, or a Siewert
I or II OG junction SRC (group OESO, n ¼ 136). Accord-
ing to the frequency matching technique, the database was
subdivided into strata determined by each of known strong
confounders linked to (i) the patient: gender, age (�60 vs.
>60 years), American Society of Anaesthesiologists score,
and preoperative malnutrition (weight loss �10% of base-
line body mass over a 6-month period), (ii) the tumour: pre-
therapeutic clinical tumour stage (cTNM) and (iii) the
therapeutic approach: administration of neoadjuvant treat-
ment. A broadly matched control group of patients who un-
derwent resection for a Siewert III or gastric SRC (group
GASTRIC, n ¼ 363) was thus constructed, in which control
subjects were randomly chosen, during the same study
period, to ensure that the distribution of the matching vari-
ables was similar as found in the case group. The maximum
number of patients in group GASTRIC who could be
matched was considered. The sampling fraction was al-
lowed to vary across strata. Investigators were blinded to
the oncological outcomes during the selection process.
Pretreatment work-up
Diagnostic investigations routinely included physical ex-
amination, routine laboratory tests, a barium study and an
oesophago-gastro-duodenoscopy with biopsies, a thoraco-
abdominal CT scan and selective endoscopic ultrasound
evaluation.
Surgical approach
Details of the surgical approach to resection have been
previously described.9 Briefly, for antropyloric tumours a
subtotal gastrectomy was most often performed, whereas
for more proximal gastric tumours a total gastrectomy
was standard with a D2 lymphadenectomy preserving the
spleen and the pancreatic tail. Extended resections were
performed for suspected or confirmed neoplastic invasion
of adjacent structures and included resections of liver,
spleen, pancreas and colon. For Siewert type II tumours
either a total gastrectomy extended to the lower oesoph-
agus or an oesophagectomy was performed depending
upon surgeon preference. When gastric resection was
extended to the oesophagus either a transthoracic or tran-
shiatal approach with a dedicated mediastinal lymphade-
nectomy was used.9 An oesophagectomy was performed
for OG Siewert I and oesophageal tumours. Patients with
metastatic disease at the time of surgery were included in
the analysis.
omas: Different clinicalepathological characteristics of oesophageal and
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Preoperative and postoperative treatments
Preoperative treatment was initiated between 4 and 6
weeks after the first oncological consultation. After 2006,
subsequent to the results of the MAGIC study being re-
ported,17 epirubicin-cisplatin-5-flourouracil (ECF) periop-
erative chemotherapy was included in the French
guidelines for treatment of OG ADC staged IB and greater.
The subsequent presentation of the FNCLCC94012-
FFCD9703 results provided an alternative cisplatin/5-
Fluorouracil regimen.18 Concomitant neoadjuvant radio-
therapy was considered for patients with locally advanced
tumours predominantly invading the oesophagus. Usually
45 Gy were administered in 25 fractions of 1.8 Gy each.
For patients who underwent primary surgery, a decision
regarding adjuvant chemotherapy or radiochemotherapy
was made at the discretion of the multidisciplinary team
meeting in accordance with the French guidelines.19
Histopathological analysis
Histological staging of tumours was based on the 6th
edition of the UICC/TNM classification, being the one of
reference at the time of study accrual. Oesophageal and
OG junction Siewert II and III tumours were classified as
gastric tumours whereas oesophageal and OG junction Sie-
wert I tumours were classified as oesophageal tumours.
SRCs were defined by the World Health Organization clas-
sification as those where more than 50% of the tumour con-
sisted of isolated or small groups of malignant cells
containing intracytoplasmic mucins.3 A radical resection,
with macroscopically and microscopically tumour free
margins, was considered as a R0 resection, a R1 resection
indicated a microscopically positive resection margin and
a R2 resection a macroscopically positive resection margin.
The circumferential resection margin was considered posi-
tive if tumour was found within 1 mm of it. All patients
with pTNM stage IV disease were graded as having an
R2 resection and tumours showing a complete pathological
response were graded as pT0.
Follow-up
All patients were followed until death or the time of clos-
ing the database (March 2010). During follow-up, patients
underwent clinical examination, abdominal ultrasonography
or CT, and chest radiography approximately every 6 months
for 5 years and annually thereafter. In cases of suspected
recurrence, a thoraco-abdominal CT scan and upper gastroin-
testinal endoscopy were performed. Histologic, cytologic, or
unequivocal radiologic proof was required before a diagnosis
of recurrence was made. In the R0 population, the first site of
recurrence was used to define whether locoregional or distal
relapse had occurred. Locoregional relapse included cancer
recurrence within the regional resection area, local anasto-
motic sites, or peritoneal recurrence. A peritoneal recurrence
Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin
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was any recurrence within the abdominal cavity resulting in
intraperitoneal implantation. Distant recurrence included
liver metastasis, metastasis at other extra-abdominal sites,
and nodal metastasis beyond the regional nodes. Mixed re-
currences included concomitant locoregional and distant re-
lapses. All patients surviving operation were followed until
death or the time of closing the database (March 2010), and
the median follow-up was 48.1 (range, 0.3e151.8) months.
Endpoints of the study
The primary endpoint of the study was to evaluate
whether SRCs located in the oesophagus had the same un-
favourable long-term oncological outcomes (survival and
recurrence) than gastric SRCs. The secondary endpoints
were to evaluate whether oesophageal SRC shared the
same characteristics in terms of peritoneal dissemination,
lymphatic spread and tumour infiltration than gastric SRC.
Statistical analysis
Statistical analysis was performed using SPSS version
15.0 software (SPSS, Chicago, IL). Data are shown as the
prevalence, mean (standard deviation), or median (range).
Continuous data were compared using the ManneWhitney
U test. Ordinal data were compared using the Chi squared
test or the Fisher exact test as appropriate. Tests for inde-
pendent samples were used. Survival was estimated using
the KaplaneMeier method and included postoperative
deaths. The predictive factors of survival were analysed
by Cox proportional hazard regression analysis using a
stepwise procedure; the 0.1 level was defined or clinical
relevance in relation with the present study for entry into
the model. Multivariate c2 and P values were used to char-
acterize the independence of these factors. The hazard ratio
(HR) and 95% confidence interval (CI) were used to quan-
tify the relationship between survival and each independent
factor. All statistical tests were 2-sided, with the threshold
of significance set at P <0.050. The study was accepted
by the regional institutional review board and the database
was previously registered on the Clinicaltrials.gov website
(identifier NCT01249859).

Results
Demographic and perioperative parameters (Table 1)
The male to female ratio was 1.4:1 and the median age
of patients was 62.9 (range 19e86) years. Patients’ ASA
grade was I or II in 81.8% of the cases. Malnutrition
affected 22.2% of the patients. The OESO and GASTRIC
groups were, as planned, comparable regarding gender,
age, ASA grade, weight loss, pretherapeutic clinical stage
and administration of neoadjuvant treatment. Neoadjuvant
chemoradiotherapy was, as expected, more frequently
administered in the OESO group (14.7% vs. 1.3%,
omas: Different clinicalepathological characteristics of oesophageal and

.04.019

http://Clinicaltrials.gov


Table 1

Demographic and perioperative parameters of all patients (n ¼ 499).

Variables Total

n ¼ 499 (%)

ESO

n ¼ 136 (%)

GASTRIC

n ¼ 363 (%)

P

Study period <January 2006 279 (55.9) 84 (61.8) 195 (53.7) 0.107

�January 2006 220 (44.1) 52 (38.2) 168 (46.3)

Gendera Female 206 (41.3) 54 (39.7) 152 (41.9) 0.661

Male 293 (58.7) 82 (60.3) 211 (50.1)

Age (years)a �60 205 (41.1) 54 (39.7) 151 (41.6) 0.702

>60 294 (58.9) 82 (60.3) 212 (58.4)

ASA scorea I 134 (26.9) 37 (27.2) 97 (26.7) 0.932

II 274 (54.8) 73 (53.7) 201 (55.4)

III 91 (18.3) 26 (19.1) 65 (17.9)

Malnutritiona No 373 (74.7) 98 (72.1) 275 (75.8) 0.472

Yes 111 (22.2) 33 (24.3) 78 (21.5)

Unknown 15 (3.1) 5 (3.6) 10 (2.7)

Pretherapeutic clinical TNM stagea I 33 (6.6) 8 (5.9) 25 (6.9) 0.521

II 108 (21.7) 34 (25.0) 74 (20.4)

III 358 (71.7) 94 (69.1) 264 (72.7)

Neoadjuvant treatmenta No 317 (63.5) 81 (59.6) 236 (65.0) 0.260

Yes 182 (36.5) 55 (40.4) 127 (35.0)

Macroscopic aspect of linitis plastica No 375 (75.2) 123 (90.4) 252 (69.4) <0.001

Yes 124 (24.8) 13 (9.6) 111 (30.6)

Solid organ metastasis discovered

during surgical exploration

No 485 (97.2) 135 (99.3) 350 (96.4) 0.086

Yes 14 (8.8) 1 (0.7) 13 (3.6)

Peritoneal carcinomatosis No 457 (91.6) 133 (97.8) 324 (89.3) 0.002

Yes 42 (8.4) 3 (4.4) 39 (10.7)

Surgical approach Laparotomy 354 (70.9) 31 (22.8) 343 (94.5) <0.001

Thoracotomy þ Laparotomy 125 (25.1) 105 (77.2) 20 (5.5)

Resection extended to the neighbouring organs No 418 (83.8) 126 (92.6) 292 (80.4) 0.001

Yes 81 (16.2) 10 (7.4) 71 (19.6)

Postoperative 30 day morbidity No 279 (55.9) 67 (49.3) 212 (58.4) 0.067

Yes 220 (44.1) 69 (50.7) 151 (41.6)

Adjuvant treatment No 272 (54.5) 93 (68.4) 179 (49.3) <0.001

Yes 227 (45.5) 43 (31.6) 184 (50.7)

ESO: esophageal and Siewert I þ II tumours; GASTRIC: Siewert III and gastric tumours; ASA: American Society of Anaesthesiologists; Malnutrition:

Weight loss >10% of physical weight over a 6 months period.
a Matching variable.
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P < 0.001). There was a strong trend toward neoadjuvant
treatment over the last years (before January 2006: 16.5%
vs. from January 2006: 61.8%, P ¼ 0.015).

At time of surgery, macroscopic aspect of linitis plastica
(P < 0.001), extension to the neighbouring organs
(P ¼ 0.001) and peritoneal carcinomatosis (P ¼ 0.002)
(that was localized in 92.9%) were more frequent in the
GASTRIC group. Surgical approach was, as expected,
significantly different between the two groups with more
thoracic operations in the OESO group (P < 0.001). Total
gastrectomy with extended resection of the lower oesoph-
agus was significantly more frequent in the OESO group
(19.1% vs. 5.5%, P ¼ 0.001).

The 30-day postoperative mortality rate was 2.6%
(n ¼ 13), and was similar between groups OESO and
GASTRIC (3.7% vs. 2.2%, P ¼ 0.355). Patients in the
OESO group exhibited a trend towards higher 30-day post-
operative morbidity (P ¼ 0.067). Adjuvant treatment was
more frequently administrated in the GASTRIC group
(50.7% vs. 31.6%, P < 0.001) and included radiotherapy
for 59 patients (16.3%) in group GASTRIC and 13 patients
(9.1%) in group OESO (P ¼ 0.058).
Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin
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Histopathological analysis assessment of the resected
specimen (Table 2)
R0 resection rates were comparable between groups
(P ¼ 0.767). The rate of longitudinal (proximal or distal)
and lateral margin involvement did not significantly differ
between the two groups (P > 0.218).

The median numbers of lymph nodes retrieved and
invaded was significantly higher in the GASTRIC group
(P < 0.001 and P ¼ 0.023). There were no significant dif-
ferences in pT (P ¼ 0.258) and pN stages (P ¼ 0.405).
However, pM stage and pTNM stages were more advanced
in the GASTRIC group (P ¼ 0.026 and P ¼ 0.034,
respectively).
Long-term oncological outcomes

Recurrence (Table 3)
The median follow-up was comparable between groups

OESO and GASTRIC (58 [0.3e148.0] vs. 46.8
[0.5e151.8], P ¼ 0.120). The recurrence rate for R0 pa-
tients discharged from the hospital (n ¼ 369) was 56.1%
omas: Different clinicalepathological characteristics of oesophageal and

.04.019



Table 2

Histopathological variables of the resected specimen (n ¼ 499).

Variables Total

n ¼ 499 (%)

ESO

n ¼ 136 (%)

GASTRIC

n ¼ 363 (%)

P

Resection R0 379 (76.0) 102 (75.0) 277 (76.3) 0.099

R1 99 (19.8) 32 (23.5) 67 (18.5)

R2 21 (4.2) 2 (1.5) 19 (5.2)

Proximal margin Negative 450 (90.2) 121 (89.0) 329 (90.6) 0.578

Positive 49 (9.8) 15 (11.0) 34 (9.4)

Distal margin Negative 458 (91.8) 126 (92.6) 332 (91.5) 0.667

Positive 41 (8.2) 10 (7.4) 31 (8.5)

Longitudinal margin Negative 422 (84.6) 113 (83.1) 309 (85.1) 0.575

Positive 77 (15.4) 23 (16.9) 54 (14.9)

Lateral margin Negative 450 (90.2) 119 (87.5) 331 (91.2) 0.218

Positive 49 (11.8) 17 (12.5) 32 (8.8)

Median number of dissected lymph nodes 24.0 [4.0e98.0] 21.0 [4.0e59.0] 26.0 [4.0e98.0] 0.001

Median number of invaded lymph nodes 5.0 [0e63.0] 5.0 [0e48.0] 6.0 [0e63.0] 0.023

pT pT0 2 (0.4) 1 (0.7) 1 (0.3) 0.258

pTis 2 (0.4) 0 (0) 2 (0.6)

pT1 44 (8.8) 15 (11.0) 29 (8.0)

pT2 128 (25.7) 35 (25.7) 93 (25.6)

pT3 229 (45.9) 67 (49.4) 162 (44.6)

pT4 94 (18.8) 18 (13.2) 76 (20.9)

pN pN0 105 (21.0) 33 (24.3) 72 (19.8) 0.405

pN1 158 (31.7) 47 (34.6) 111 (30.6)

pN2 133 (26.7) 32 (23.5) 101 (27.8)

pN3 103 (20.6) 24 (17.6) 79 (21.8)

pM pM0 449 (89.9) 129 (94.9) 320 (88.2) 0.026

pM1 50 (10.1) 7 (5.1) 43 (11.8)

pTNM stage 0eI 77 (15.5) 23 (16.9) 54 (14.9) 0.034

II 79 (15.8) 29 (21.3) 50 (13.8)

III 293 (58.7) 77 (56.7) 216 (59.5)

IV 50 (10.0) 7 (5.1) 43 (11.8)

ESO: esophageal and Siewert I þ II tumours; GASTRIC: Siewert III and gastric tumours.
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(n ¼ 207) and was not significantly different between the
OESO and GASTRIC groups (56.6% vs. 55.9%,
P ¼ 0.913). The median time to first recurrence after sur-
gery was 11.7 months [1.0e111.0] and did not differ be-
tween OESO and GASTRIC groups (11.2 vs. 12.0
months, respectively P ¼ 0.393). Locoregional recurrence
rate was significantly higher in the OESO group
(P < 0.001) whereas distant recurrence and more impor-
tantly peritoneal recurrence were more frequent in the
GASTRIC group (P ¼ 0.005 and P < 0.001, respectively).
Table 3

Recurrence in R0 patients discharged from hospital (n ¼ 369).

Variables

Recurrence No

Yes

Locoregional recurrence No

Yes

Distant recurrence No

Yes

Peritoneal recurrence No

Yes

Mixed recurrence No

Yes

Median time to first recurrence (months) [range minemax]

ESO: esophageal and Siewert I þ II tumours; GASTRIC: Siewert III and gastric

Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin
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Survival
The overall median survival was 19.7 months with 3-

and 5-year survival rates of 31.2% and 19.8%, respectively.
For patients who underwent R0 surgical resection, the 3-
and 5-year survival rates were 38.5% and 25.3%, respec-
tively when compared to 11.4% and 4.3% for R1 resec-
tions, respectively and 0% at 36 months for R2 resections
(P < 0.001).

Median survivals were comparable between the
GASTRIC and OESO groups (19.9 vs. 17.9 months,
Total

n ¼ 369 (%)

ESO

n ¼ 99 (%)

GASTRIC

n ¼ 270 (%)

P

162 (43.9) 43 (43.4) 119 (44.1) 0.913

207 (56.1) 56 (56.6) 151 (55.9)

345 (93.5) 85 (85.9) 260 (96.3) <0.001

24 (6.5) 14 (14.1) 10 (3.7)

240 (65.0) 72 (72.7) 168 (62.2) 0.061

129 (35.0) 27 (27.3) 102 (37.8)

242 (65.6) 81 (81.8) 161 (59.6) <0.001

127 (34.4) 18 (18.2) 109 (40.4)

315 (85.4) 84 (84.8) 231 (85.6) 0.865

54 (14.6) 15 (15.2) 39 (14.4)

11.7 [1e111] 11.2 [1e90] 12.0 [1e111] 0.393

tumours.

omas: Different clinicalepathological characteristics of oesophageal and
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Figure 2. Overall survival curves in R0 resected patients in group OESO

(n ¼ 102 oesophageal and Siewert I þ II tumours) vs. group GASTRIC

(n ¼ 277 Siewert III and gastric tumours).
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P ¼ 0.277) with 5-year survival rates of 21.1% and 16.8%,
respectively (Fig. 1). In the R0 population, when comparing
OESO and GASTRIC groups, median survival was 22.7 vs.
26.8 months (P ¼ 0.089) and 5-year survival rates were
18.1% vs. 28.3% (Fig. 2).

Since pTNM stage and pM stage were more advanced in
group GASTRIC, we performed a survival analysis stage
by stage. Survival stage by stage was significantly different
between groups (P ¼ 0.020), favouring group GASTRIC.
When comparing OESO and GASTRIC groups, median
survival was 50.4 vs. 66.2 months in pTNM stages I and
II patients, 16.9 vs. 18 months in pTNM stage III patients
and 5.8 vs. 7.3 months in pTNM stage IV patients.

Prognostic factors in the overall population
Based on univariate analysis, 11 variables were found to

be statistically related to poor prognosis (Table 4): high
ASA score (P¼ 0.016), malnutrition (P< 0.001), advanced
pretherapeutic clinical TNM stage (P< 0.001), macroscopic
aspect of linitis plastica (P < 0.001), total gastrectomy with
extended resection of the lower oesophagus (P¼ 0.019), 30-
day postoperative morbidity (P ¼ 0.003), advanced pT, pN,
pM and pTNM stages (P < 0.001 for each) and incomplete
tumoural resection (R1 or R2) (P < 0.001).

After adjustment for potential confounding factors,
gastric tumour location was an independent predictor of
good prognosis (HR 0.76, P ¼ 0.033), whereas advanced
pTNM stage (HR 2.03, P < 0.001), incomplete resection
(HR 1.81, P < 0.001), 30-day postoperative morbidity
(HR 1.34, P ¼ 0.009), macroscopic aspect of linitis plastica
(HR 1.36, P ¼ 0.011) and malnutrition (HR 1.36,
P ¼ 0.014) were independent factors of poor prognosis
(Table 5).
Figure 1. Overall survival curves in group OESO (n ¼ 136 oesophageal

and Siewert I þ II tumours) vs. group GASTRIC (n ¼ 363 Siewert III

and gastric tumours).

Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin
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Discussion

Several studies recently demonstrated the specific char-
acteristics of gastric SRCs when compared to non-SRCs.
Such characteristics include their highly infiltrative nature,
high affinity for both lymphatic and peritoneal spread, and
evidence of chemoresistance. All these factors lead to a
dismal prognosis and hence demand the development of a
dedicated oncological and surgical strategy for this histo-
logical subtype.8,9,20 The growing incidence of oesophageal
SRC12e14 prompted us to question whether this tumour
location was associated with similar long-term oncological
outcomes and tumour seeding characteristics as seen in
gastric SRC tumours.

In the present case matched study, we demonstrate that
gastric and oesophageal SRCs are two distinct diseases.
Despite similar pretherapeutic clinical stage and preopera-
tive treatment, gastric tumours were more advanced with
a tendency for more peritoneal disease both at the time of
surgical exploration and of recurrence. Oesophageal
tumour location was independently predictive of poor
prognosis.

A gastric location has been identified in previous publi-
cations to expose patients to higher risk of peritoneal
metastasis at diagnosis when compared to oesophageal or
junctional ADC (28.8% vs. 6e11%).21 In the present study,
the same observations have been made (10.8% vs. 2.2%,
P ¼ 0.002, respectively), with however a lower incidence
of peritoneal carcinomatosis in both groups, possibly
because surgical resection is less likely to be performed
in cases of peritoneal tumour seeding, a fortiori palliative
oesophagectomy. This higher rate of peritoneal seeding at
surgical exploration in the GASTRIC group mainly ex-
plains the more advanced pTNM stage observed since pT
and pN stages were well balanced. We did not show any
difference regarding margin involvement between groups,
but total gastrectomy with extended resection of the lower
omas: Different clinicalepathological characteristics of oesophageal and
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Table 4

Survival in resected patients (n ¼ 499): variables issued from univariate analysis.

Variables Median survival (months) CI (95%) P

Study period <January 2006 19.0 16.9e21.2 0.291

�January 2006 17.9e27.5
Tumour location ESO 17.9 13.3e22.4 0.277

GASTRIC 19.9 17.9e21.9

Gender Female 19.8 16.9e22.6 0.684

Male 19.5 17.1e22.0
Age (years) �60 19.9 15.7e24.0 0.250

>60 19.5 17.3e21.8

ASA score I 36.9 14.5e25.2 0.016

II 48.3 17.9e24.1
III 26.1 11.9e17.4

Malnutrition No 18.1 18.1e23.5 <0.001

Yes 10.6 10.6e16.2
Pretherapeutic clinical TNM stage I 81.5 24.5e138.5 <0.001

II 32.0 21.3e42.7

III 16.7 14.2e19.2

Neoadjuvant treatment No 20.4 18.3e22.5 0.712

Yes 18.0 14.5e21.5

Macroscopic aspect of linitis plastica No 22.6 18.9e26.2 <0.001

Yes 13.5 11; 1e15.9

Total gastrectomy with extended

resection of the lower oesophagus

No 20.4 18.0e22.8 0.019

Yes 14.1 3.6e24.7

30-day postoperative morbidity No 24.4 20.8e28.1 0.003

Yes 13.9 10.8e16.9

Postoperative treatment No 19.1 16.8e21.4 0.466

Yes 20.8 17.7e24.0

pT pT0 60.0 48.8e73.0 <0.001

pTis 96.0 60.9e123.0
pT1 144.0 124.1e161.2

pT2 36.1 33.4e39.2

pT3 18.8 15.3e21.2

pT4 10.6 8.9e12.7
pN pN0 55.5 22.7e88.3 <0.001

pN1 26.8 20.1e33.6

pN2 13.7 11.2e16.2

pN3 12.0 9.7e14.3
pM pM0 44.7 18.5e23.7 <0.001

pM1 10.8 4.3e9.8

pTNM stage 0eI N. R <0.001

II 37.2 23.9e50.6

III 17.3 14.9e19.7

IV 7.2 4.8e9.6

Resection R0 49.3 21; 5e29.0 <0.001

R1 16.8 9.7e12.9

R2 7.3 1.9e9.2

ESO: esophageal and Siewert I þ II tumours; GASTRIC: Siewert III and gastric tumours; CI: confidence interval; NR: not reached; ASA: American Society

of Anaesthesiologists; Malnutrition: Weight loss >10% of physical weight over a 6 months period.
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oesophagus was more frequently required in the OESO
group. Overall, the established propensity of SRCs for the
peritoneal surfaces especially in group GASTRIC8 and
the longitudinal infiltration characteristic in group OESO,
make the argument for systematic laparoscopic exploration
for OG SRC regardless of the tumour location.

With regards to the recurrence pattern, we recently pub-
lished a study dedicated to identifying predictive factors of
peritoneal recurrence among 424 curatively resected pa-
tients.22 Similar to our current findings, gastric tumour
location was a predictive factor of peritoneal recurrence.22

The intra abdominal location of the stomach covered by a
Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin

gastric locations, Eur J Surg Oncol (2014), http://dx.doi.org/10.1016/j.ejso.2014
peritoneal surface may be part of the explanation, favouring
“contact” and transcoelomic tumoural seeding more than a
hematogeneous dissemination.

Our data confirm established parameters like pTNM
stage and R status to be correlated with overall survival
in OG SRCs.8,9 In addition, the present study identified oe-
sophageal tumour location as an independent factor of poor
prognosis. We included tumour location in the multivariate
analysis because of the clinical relevance of this analysis.
Moreover, despite matching of pretherapeutic variables,
the different pTNM stage between groups (more advanced
in group GASTRIC) was a potentially confounding variable
omas: Different clinicalepathological characteristics of oesophageal and
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Table 5

Survival in resected patients: variables issued from multivariate analysis.

Variables Multivariate analysis

P c2 Hazard ratio (95%

confidence interval)

pTNM stage <0.001 62.51 2.03 (1.70e2.41)
Radicality of resection <0.001 33.58 1.81 (1.48e2.20)

Postoperative 30 day morbidity 0.009 6.80 1.34 (1.07e1.67)

Malnutrition 0.014 6.08 1.36 (1.07e1.75)

Macroscopic linitis plastica 0.011 6.45 1.37 (1.07e1.75)
Tumour location

(GASTRIC vs. ESO)

0.034 4.50 0.76 (0.59e0.98)

Neoadjuvant treatment 0.082 3.02 1.25 (0.97e1.59)

Age (<�60 vs. >60) 0.159 1.99 1.18 (0.94e1.49)
ASA grade 0.684 0.17 0.97 (0.81e1.14)
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as shown by the difference of survival stage by stage be-
tween groups (P ¼ 0.020). Among series of gastric ADC
including OG junction tumours, location of the primary
tumour has long since been known to carry prognostic in-
formation, with a worse prognosis for proximal cancers
when compared to distal lesions.23,24 When focussing on
OG junction tumours, long-term outcome has repeatedly
been shown to be better for Siewert I and II tumours rela-
tive to Siewert III tumours in univariate analysis.25,26 How-
ever the prognostic impact of tumour location was lost in
multivariate analysis,26 without consideration being taken
of the SRC histological subtype. One can argue that prox-
imal OG junction cancers may be detected earlier due to
Barrett’s oesophagus surveillance programs or due to
earlier symptoms such as dysphagia related to a narrowed
oesophagus.25 The SRC infiltrative characteristics may
lead to a later onset of dysphagia compared with non-
SRCs and may explain the worse prognosis identified in
the present work.

The occurrence of surgical complications and malnutri-
tion were also identified as independent predictors for
poorer long-term survival, correlating closely with previous
studies.27e29 Linitis plastica is commonly associated with
advanced tumoural stages in gastric SRC cancers, espe-
cially with serosal and lymph node invasion and remains
of high prognostic value after adjustment for these vari-
ables. This strongly suggests a specific carcinogenetic
pathway of the linitis plastic form may be through the tu-
moural micro-environment characterized by the abundant
stroma.30 Of importance, and as previously published by
our group,9 administration of neoadjuvant chemotherapy
in resected OG SRC was not associated with improved
survival.

This study is limited by its retrospective nature, which
may lead to missing data and may introduce bias. The over-
all sample size, however, gives sufficient statistical robust-
ness and the multicentre data collection allows for more
universal results. Moreover, intent to treat analysis has
limited the selection bias and a rigorous and blinded match-
ing process has allowed comparisons of homogenous
groups and robust conclusions. Follow-up end date was
Please cite this article in press as: Piessen G, et al., Signet ring cell adenocarcin

gastric locations, Eur J Surg Oncol (2014), http://dx.doi.org/10.1016/j.ejso.2014
March 2010, time of closing the database and could not
be updated afterwards due to the high number of patients
and centres included. However median follow-up raised
48.1 months with no missing data due to an independent
monitoring team auditing data capture. This study covers
a long period, with a strong trend toward neoadjuvant treat-
ment from 2006 (P ¼ 0.015). However patients were
matched according to the administration of neoadjuvant
treatment. Moreover, survival was similar between groups
when comparing patients operated on with or without neo-
adjuvant treatment and according to the study period.

To conclude, gastric and oesophageal SRCs are two
distinct diseases. Gastric tumours were more advanced with
a greater propensity for peritoneal spread at diagnosis and
peritoneal recurrence after resection. Oesophageal tumour
location is an independently predictive factor for poor prog-
nosis in OG SRCs. In these highly infiltrating tumours, stag-
ing laparoscopy should be performed and an extended
resection should systematically be attempted to achieve an
R0 resection which remains a major prognostic factor.
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