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A B S T R A C T

Purpose
Studies in Asia have questioned the dictum that signet ring cell carcinoma (SRC) has a worse
prognosis than other forms of gastric cancer. Our study determined differences in presentation
and outcomes between SRC and gastric adenocarcinoma (AC) in the United States.

Patients and Methods
The National Cancer Institute Surveillance, Epidemiology, and End Results database was reviewed
for SRC and AC from 2004 to 2007.

Results
We reviewed 10,246 cases of patients with gastric cancer, including 2,666 of SRC and 7,580 of AC.
SRC presented in younger patients (61.9 v 68.7 years; P � .001) and less often in men (52.7% v
68.7%; P � .001). SRC patients were more frequently black (11.3% v 10.9%), Asian (16.4% v 13.2%),
American Indian/Alaska Native (0.9% v 0.8%), or Hispanic (23.3% v 14.0%; P � .001). SRC was more
likely to be stage T3-4 (45.8% v 33.3%), have lymph node spread (59.7% v 51.8%), and distant
metastases (40.2% v 37.6%; P � .001). SRC was more likely to be found in the lower (30.7% v 24.2%)
and middle stomach (30.6% v 20.7%; P � .001). Median survival was not different between the two
(AC, 14.0 months v SRC, 13.0 months; P � .073). Multivariable analyses demonstrated SRC was not
associated with mortality (hazard ratio [HR], 1.05; 95% CI, 0.96 to 1.11; P � .150). Mortality was
associated with age (HR, 1.01; 95% CI, 1.01 to 1.02; P � .001), black race (HR, 1.10; 95% CI, 1.01 to
1.20; P � .026), and tumor grade. Variables associated with lower mortality risk included Asian race
(HR, 0.83; 95% CI, 0.77 to 0.91; P � .001) and surgery (HR, 0.37; 95% CI, 0.34 to 0.39; P � .001).

Conclusion
In the United States, SRC significantly differs from AC in extent of disease at presentation.
However, when adjusted for stage, SRC does not portend a worse prognosis.

J Clin Oncol 30:3493-3498. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Signet ring cell gastric carcinoma is a histologic di-
agnosis based on microscopic characteristics as de-
scribed by the World Health Organization.1 It has
longbeenthoughttohaveaworseprognosisthanother
formsofgastriccancer.2,3 Recently, studies inAsiahave
begun to question this idea.4-8 No studies have ana-
lyzed signet ring cell carcinoma (SRC) versus gastric
adenocarcinoma in a large national database in the
United States. The aim of our study was to determine
differences in presentation and outcomes between sig-
net ring cell gastric carcinoma and gastric adenocarci-
noma in order to determine whether signet ring cell
histologyconveysworseprognosis intheUnitedStates.

PATIENTS AND METHODS

Data Source

After approval from the Temple University institu-
tional review board, data from the 17 Surveillance, Epide-

miology, and End Results (SEER) cancer registries of the
National Cancer Institute were obtained. Information col-
lected by SEER is obtained through participating cancer
registries. The database comprises 28% of the United
States population. Information evaluated from SEER in-
cluded: patient age, sex, race, primary tumor site, stage at
diagnosis, number of lymph nodes, surgery, radiation, and
follow-up vital status. The public-use data files were con-
verted into Stata data sets for statistical analysis (Stata 12,
StataCorp, College Station, TX).

Study Sample

Records from 2004 to 2007 were analyzed for this
study. Records from this time period were correlated with
the American Joint Committee on Cancer (AJCC) staging
manual (6th edition). Signet ring cell gastric cancer is a
histologic diagnosis based on microscopic characteristics.
These cells contain a large amount of mucin, which pushes
the nucleus to the cell periphery.1 The International Clas-
sification of Diseases code 8490 was used to identify pa-
tients with signet ring cell gastric carcinoma, whereas code
8140 was used for adenocarcinoma, not otherwise specified.

Of 15,339 patients with gastric adenocarcinomas and
signet ring cell gastric carcinomas, we excluded individuals
from our analytic sample using the following criteria: vital
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status unknown (n � 0), staging unknown (n � 2,337), race unknown (n �
47), surgery status unknown (n � 0), radiation status unknown (n � 191),
tumor location unknown (n � 1,906), and missing data on study covariates
(n � 612), leaving us with a final analytic sample of 10,246 patients. Charac-
teristics of patients included and excluded were compared using multivariable
analysis. Variables in which differences were observed were included in our
multivariable models.

Statistical Analysis

To examine unadjusted (bivariate) associations, t tests and �2 tests were
used. Survival curves were generated using the Kaplan-Meier method and then
compared with the log-rank test. Survival was determined using cause-specific
mortality. Cox proportional regression analysis was performed for multivari-
able analysis of prognostic factors, including age at diagnosis, race, surgery,
radiation, grade, and stage. Stage and radiation were stratification variables.
Data was analyzed using Stata statistical software.

RESULTS

Patient Demographics

Patient demographics are listed in Table 1. Of the 10,246 patients
included in the study, 2,666 patients (26.0%) had signet ring cell
carcinoma and 7,580 patients (74.0%) had adenocarcinoma. Signet
ring cell carcinoma presented at a younger age (61.9 v 68.7 years; t test
P � .001). Both groups were predominantly male; however, a smaller
proportion of signet ring cell patients were male (52.7% v 68.7%; �2

P � .001). Patients with adenocarcinoma were more frequently white
(75.1% v 71.4%; �2 P � .001). Signet ring cell carcinoma patients were
more frequently black (11.3% v 10.9%; �2 P � .001) and Asian/Pacific
Islander (16.4% v 13.2%; �2 P � .001). Patients who reported His-
panic ethnicity were also more frequently represented among signet
ring cell carcinoma patients (23.3% v 14.0%; �2 P � .001).

We compared characteristics of individuals included to those
excluded from this sample using a multivariable logistic regression
model. Results indicated that there were no differences between
groups on distribution of reported SRC frequency, sex, race, Hispanic
ethnicity, tumor grade, tumor stage, or tumor location. Individuals
included in the sample were younger than those excluded (mean
difference, 3.8 years younger; multivariable Cox HR, 0.99; 95% CI,
0.98 to 0.99; P � .001) and were diagnosed at an earlier date (mean

difference, 21 days earlier; multivariable Cox HR, 0.72; 95% CI, 0.66 to
0.78; P � .001). Patients included in the study were more likely to have
received surgery (multivariable Cox HR, 3.36; 95% CI, 2.71 to 4.17;
P � .001) and were more likely to have received radiation (multivari-
able Cox HR, 3.12; 95% CI, 2.33 to 4.18; P � .001). Thus, we conclude
that our analytic sample broadly represents the demographic and
clinical presentation characteristics of all identified gastric adenocar-
cinomas and signet ring cell carcinomas, with the above caveats. All
characteristics on which differences were observed were included in
our multivariable models.

Tumor Presentation

Signet ring cell carcinoma was more likely to present at AJCC
stage 4 (50.0% v 42.8%; �2 P � .001) as listed in Table 2. A higher
proportion of patients with signet ring cell carcinoma presented with
tumor stages T3 (24.4% v 16.7%; �2 P � .001) or T4 (21.3% v 16.6%;
�2 P � .001). More patients with signet ring cell carcinoma presented
with node stages N2 (15.2% v 8.4%; �2 P � .001) or N3 (8.4% v 2.8%;
�2 P � .001) or with distant metastases (40.2% v 37.6%; �2 P � .001).

Patients with signet ring cell carcinoma were also more likely to
present with tumor grades T3 (93.6% v 61.3%; �2 P � .001) or T4
(3.4% v 1.8%; �2 P � .001). The distribution of anatomic location of
the two cancers is listed in Table 3. Signet ring cell carcinoma was more
likely to be found in the middle stomach (30.6% v 20.7%; �2 P� .001),
defined as the body, greater, and lesser curvature, and the lower stom-
ach (30.7% v 24,2%; �2 P � .001), defined as the antrum or pylorus.

Table 1. Demographics of Entire Cohort (N � 10,246)

Variable

Signet Ring Cell
Carcinoma
(n � 2,666)

Adenocarcinoma
(n � 7,580)

P
No. of

Patients %
No. of

Patients %

Age, years
Mean 61.9 68.7 � .001
SD 14.8 13.2

Men 1,405 52.7 5,207 68.7 � .001
Race/ethnicity

White 1,904 71.4 5,690 75.1 � .001
Black 302 11.3 825 10.9 � .001
API� 436 16.4 1,003 13.2 � .001
AIA† 24 0.9 62 0.8 � .001
Hispanic 620 23.3 1,062 14.0 � .001

Abbreviation: AIA, American Indian/Alaska Native; API, Asian/Pacific Islander;
SD, standard deviation.

Table 2. Tumor Characteristics at Presentation

Variable

Signet Ring Cell
Carcinoma Adenocarcinoma

P
No. of

Patients %
No. of

Patients %

AJCC stage 2,666 7,580 —
1A 317 11.9 1,366 18.0 � .001
1B 249 9.3 897 11.8 � .001
2 332 12.5 1,081 14.3 � .001
3A 335 12.6 843 11.1 � .001
3B 109 4.1 148 2.0 � .001
4 1,324 50.0 3,245 42.8 � .001

Tumor stage 2,346 6,523 —
T1 510 21.7 2,098 32.2 � .001
T2a 189 8.1 655 10.0 � .001
T2b 572 24.4 1,599 24.5 � .001
T3 574 24.5 1,089 16.7 � .001
T4 501 21.3 1,082 16.6 � .001

Node stage 2,365 6,763 —
N0 962 40.3 3,258 48.2 � .001
N1 870 36.1 2,743 40.6 � .001
N2 351 15.2 571 8.4 � .001
N3 182 8.4 191 2.8 � .001

Metastases stage 2,644 7,564 —
M0 1,581 59.8 4,722 62.4 .018
M1 1,063 40.2 2,842 37.6 .018

Tumor grade 2,298 6,739 —
1 7 0.3 342 5.1 � .001
2 61 2.7 2,211 31.8 � .001
3 2,150 93.6 4,060 61.3 � .001
4 80 3.4 126 1.8 � .001

Abbreviation: AJCC, American Joint Committee on Cancer, 6th edition.
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Adenocarcinoma was more frequently found in the upper stomach
(48.5% v 24.9%; �2 P � .001), defined as the cardia or fundus. Signet
ring cell carcinoma was more common in overlapping locations
(13.8% v 6.6%; �2 P � .001).

Survival

Kaplan-Meier (KM) survival curves are shown in Figure 2.
Disease-specific survival for all stages of signet ring cell carcinoma and
adenocarcinoma was not significantly different (14.0 v 13.0 months;
KM P � .073). Of 7,580 patients with gastric adenocarcinoma, 3,920
patients (51.7%) died. Of 2,666 patients with signet ring cell carci-
noma, 1,432 patients (53.7%) died. When comparing stage 1 signet
ring cell carcinoma with adenocarcinoma, survival was not signifi-
cantly different (KM P � .429). Median survival for SRC versus
adenocarcinoma was not significantly different for stage 2 (40.0 v 30.0
months; KM P � .194) and stage 3 (20.0 v 19.0 months; KM P � .671)
cancers. When comparing stage 4 cancers, signet ring cell carcinoma
had longer median survival (7.0 v 6.0 months; KM P � .010).

Predictors of Mortality

Unadjusted (bivariate) associations with mortality are listed in
Table 4. Signet ring cell carcinoma added no additional risk of mor-
tality (bivariate Cox HR, 1.06; 95% CI, 1.00 to 1.12; P � .070). Factors
associated with increased mortality included age at diagnosis (bivari-
ate Cox HR, 1.01; 95% CI, 1.00 to 1.01; P� .001, per year increased age
at diagnosis), Alaska/American Indian ethnicity (bivariate Cox HR,
1.33; 95% CI, 1.02 to 1.72; P� .032), Hispanic ethnicity (bivariate Cox
HR, 1.09; 95% CI, 1.02 to 1.17; P � .013), increasing AJCC stage,
increasing tumor stage, increasing node stage, presence of distant
metastases, and increasing tumor grade (Table 4). Unadjusted (bivari-
ate) associations with survival included Asian/Pacific Islander race
(bivariate Cox HR, 0.74; 95% CI, 0.69 to 0.81; P � .001), surgical
resection (bivariate Cox HR, 0.25; 95% CI, 0.24 to 0.26; P � .001),
radiation therapy (bivariate Cox HR, 0.43; 95% CI, 0.37 to 0.49;
P � .001), radiation before surgery (bivariate Cox HR, 0.38; 95% CI,
0.35 to 0.41; P � .001), and radiation after surgery (bivariate Cox HR,
0.45; 95% CI, 0.19 to 0.66; P � .001).

Multivariable results from Cox proportional hazards regression
analysis are listed in Table 5. Signet ring cell carcinoma was not an
independent predictor of mortality (multivariable Cox HR, 1.05; 95%
CI, 0.96 to 1.11; P � .150). Age at diagnosis (multivariable Cox HR,
1.01; 95% CI, 1.01 to 1.02; P � .001), black race (multivariable Cox
HR, 1.10; 95% CI, 1.01 to 1.20; P � .026), and increasing tumor grade
(Table 4) were independently associated with mortality. Factors inde-
pendently associated with survival include Asian/Pacific Islander eth-
nicity (multivariable Cox HR, 0.83; 95% CI, 0.77 to 0.91; P � .001)
and surgical resection (multivariable Cox HR, 0.37; 95% CI, 0.34 to
0.39; P � .001).

To determine whether the outcomes of signet ring cell gastric
cancer were influenced by tumor location, differences in anatomic
location between signet ring cell carcinoma and adenocarcinoma were
evaluated in three different ways. First, we estimated models excluding
proximal tumors, and the conclusions were identical. Second, we
tested interactions between tumor location and signet ring cell carci-
noma to assess potential effect modification. All interaction coeffi-
cients were nonsignificant. Finally, we tested proportionality of odds
for signet ring cell carcinoma by stage, adjusting for location, and there
was no evidence that the odds were not proportional. Each of these
evaluations offers support that the association between signet ring cell
carcinoma and survival is not dependent on anatomic location.

DISCUSSION

Overall survival for gastric cancer in the United States remains poor,
with no marked improvement over the last 20 years.9,10 Greater char-
acterization of the various histologic subtypes of gastric cancer in the
United States is merited. This is especially true for signet ring cell
carcinoma, as few studies have examined its presentation and progno-
sis in the United States.

Recent studies from Asia4-6,8,11 demonstrate that when adjusting
for stage, patients with signet ring cell gastric carcinoma do not have
worse outcomes than patients with adenocarcinoma. Gastric cancer in
Asia is known to behave differently than gastric cancer in Europe and
the United States.12,13 It has a different prognosis and patients do
better with extensive lymph node resection.14,15

Table 3. Anatomic Location of Tumor in the Stomach

Variable

Signet Ring Cell
Carcinoma
(n � 2,666)

Adenocarcinoma
(n � 7,580)

P
No. of

Patients %
No. of

Patients %

Upper stomach 665 24.9 3,680 48.5 � .001
Middle stomach 816 30.6 1,569 20.7 � .001
Lower stomach 818 30.7 1,828 24.2 � .001
Overlapping 367 13.8 503 6.6 � .001

Patients diagnosed with gastric adenocarcinoma 
and signet ring cell gastric carcinoma

(N = 15,339)

Removal of patients with unknown vital status
(n = 15,339)

Removal of patients with unknown AJCC staging
(n = 13,002)

Removal of patients with unknown race
(n = 12,955)

Removal of patients with unknown surgery or radiation status
(n = 12,764)

Removal of patients with unknown tumor location
(n = 10,858)

Removal of patients with unknown covariates
(n = 10,246)

Fig 1. CONSORT diagram. AJCC, American Joint Committee on Cancer,
6th edition.
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A study carried out using the California Cancer Registry in 1999
determined that signet ring cell carcinoma did not impact survival in
advanced gastric cancer cases. That study found that signet ring cell
cancers were more likely to be found in women and in the distal

stomach.16 However, a literature review found no similar study has
been carried out using a national database in the United States.

Our findings indicate that signet ring cell carcinoma has a dis-
tinct presentation when compared with gastric adenocarcinoma. It
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P = .073

AC
SRC

Median survival
AC: 14.0 months
SRC: 13.0 months

Median survival
AC: 30.0 months
SRC: 40.0 months

Median survival
AC: 19.0 months
SRC: 20.0 months

Median survival
AC: 6.0 months
SRC: 7.0 months

No. at risk
AC 7,580 3,387 1684 837 334 0
SRC 2,666 1,146 537 270 98 0

P = .429

AC
SRC

No. at risk
AC 2,263 1,328 847 457 199 0
SRC 566 337 196 124 46 0

P = .194

AC
SRC

No. at risk
AC 1,081 690 370 194 77 0
SRC 332 204 122 60 30 0

P = .671

AC
SRC

No. at risk
AC 991 527 253 112 35 0
SRC 444 242 118 51 12 0

P = .010

AC
SRC

No. at risk
AC 3,245 842 214 74 23 0
SRC 1,324 363 101 35 10 0

Fig 2. Kaplan-Meier survival curves comparing months of survival in gastric adenocarcinoma (AC) and signet ring cell carcinoma (SRC) are shown for (A) all stages,
(B) American Joint Committee on Cancer, 6th edition (AJCC) stage 1 tumors, (C) AJCC stage 2 tumors, (D) AJCC stage 3 tumors, and (E) AJCC stage 4 tumors. Median
survival for AJCC stage 1 tumors is not shown because more than 50% of patients had censored data for survival.
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presents in younger patients. The majority of signet ring cell carci-
noma patients are men, and more women have signet ring cell carci-
noma than adenocarcinoma. This is similar to what was seen in the
study carried out using the California Cancer Registry by Theuer et
al,16 and has also been demonstrated in Asian studies.11,17 Signet ring
cell gastric carcinoma also has a different ethnic distribution, as it is
more common among black, Asian/Pacific Islander, American
Indian/Alaska Native, and Hispanic ethnic groups, which has not been
described previously.

Signet ring cell carcinoma appears to present at later stages, with
a greater proportion of patients presenting at AJCC stage 4, with more
advanced TNM stage, and higher tumor grade. Interestingly, studies
from Asia have found that signet ring cell gastric cancers do not
demonstrate more frequent lymph node metastases than other types
of gastric cancer.18 The two tumors also appear to present at
different anatomic locations. Whereas adenocarcinoma presents
more proximally, signet ring cell was more likely to present in the
body or lower stomach. Signet ring cell carcinoma is also more
likely to present with an overlapping location. This was also ob-
served in the study by Theuer et al.16

The differences in presentation of signet ring cell carcinoma that
we have identified in our study may support an emerging concept that

signet ring cell carcinoma might actually be a disease distinct from
gastric adenocarcinoma.19,20 Studies have shown that subtypes of gas-
tric cancer with histologic and epidemiologic distinctions can also be
distinguished by gene expression data, which suggests that signet ring
cell carcinoma may be a completely distinct entity. This gene expres-
sion data may allow for a new classification of gastric cancers that
improves our understanding of the disease19 and improves our ability
to predict prognosis.20 It may also allow for the identification of
molecular markers that are unique to each individual gastric sub-
type.19,20 In addition, it may improve our ability to predict patient
response to chemotherapy.20

The primary finding of our study is that signet ring cell carcinoma
is not independently associated with mortality, compared with adeno-
carcinoma when stratifying for radiation and AJCC stage. Signet ring
cell carcinoma has long been thought to confer worse prognosis.
However, our results indicate that it is not a negative prognostic
indicator. Overall median survival did not differ between the two
tumor types. Patients with AJCC stage 4 signet ring cell carcinoma had
better survival than those with gastric adenocarcinoma (7.0 v 6.0
months). Although this increased survival of 1 month was statistically
significant, its clinical significance is of modest magnitude. Of note,
the years analyzed in this study correspond to the AJCC staging man-
ual (6th edition).

Interestingly, studies in Asia have reported improved survival
with early stages of signet ring cell carcinoma compared with adeno-
carcinoma,4,6 and relatively worse survival in later stages of the dis-
ease.7,21 This could reflect differences in staging systems. In addition, it
may indicate that the signet ring cell carcinoma subtype behaves
differently in patients in the United States. Such differences in out-
comes could also reflect the aggressive screening and resection strate-
gies seen in Asian countries.

In this study, Asian ethnicity was found to bestow a survival
advantage to patients with signet ring cell carcinoma and adenocarci-
noma. Numerous studies have shown superior survival rates in gastric
cancer patients treated in Asian countries compared with those in the
United States.22,23 In addition, patients of Asian descent, living in the
United States, have higher survival rates than other ethnicities.24 Nu-
merous hypotheses have been proposed to explain these findings, such

Table 5. Multiple Variable Model Predicting Risk of Mortality (stratified by
radiation and AJCC stage)

Characteristic Hazard Ratio 95% CI P

Signet ring cell histology 1.05 0.96 to 1.11 .150
Age at diagnosis 1.01 1.01 to 1.02 � .001
Female sex 1.01 0.95 to 1.07 .790
Race/ethnicity, %

Black 1.10 1.01 to 1.20 .026
API 0.83 0.77 to 0.91 � .001
AIA 1.01 0.73 to 1.39 .972
Hispanic ethnicity 1.01 0.94 to 1.09 .847

Surgical resection 0.37 0.34 to 0.39 � .001
Tumor grade

2 1.20 0.98 to 1.45 .071
3 1.47 1.22 to 1.78 � .001
4 1.49 1.03 to 1.55 .022

Abbreviations: AIA, American Indian/Alaska Native; AJCC, American Joint
Committee on Cancer, 6th edition; API, Asian/Pacific Islander.

Table 4. Unadjusted Associations With Mortality

Characteristic Hazard Ratio 95% CI P

Signet ring cell histology 1.06 1.00 to 1.12 .070
Age at diagnosis 1.01 1.00 to 1.01 � .001
Female sex 1.04 0.99 to 1.10 .135
Race/ethnicity, %

Black 1.04 0.96 to 1.14 .317
API 0.74 0.69 to 0.81 � .001
AIA 1.33 1.02 to 1.72 .032
Hispanic ethnicity 1.09 1.02 to 1.17 .013

Surgical resection 0.25 0.24 to 0.26 � .001
AJCC stage

1B 0.98 0.85 to 1.13 .766
2 1.35 1.19 to 1.53 � .001
3A 2.13 1.88 to 2.41 � .001
3B 1.86 1.54 to 2.26 � .001
4 5.36 4.82 to 5.95 � .001

Tumor stage
2A 0.70 0.61 to 0.81 � .001
2B 1.02 0.92 to 1.12 .740
3 1.30 1.18 to 1.43 � .001
4A 2.73 2.48 to 2.99 � .001
4B 4.11 3.73 to 4.54 � .001

Node stage
1 1.33 1.24 to 1.41 � .001
2 1.19 1.08 to 1.30 � .001
3 1.63 1.45 to 1.84 � .001

Metastases stage 1 4.10 3.88 to 4.33 � .001
Tumor grade

2 1.55 1.28 to 1.89 � .001
3 2.06 1.71 to 2.49 � .001
4 2.04 1.59 to 2.60 � .001

Radiation therapy administered 0.43 0.37 to 0.49 � .001
Radiation before surgery 0.38 0.35 to 0.41 � .001
Radiation after surgery 0.45 0.19 to 0.66 � .001

Abbreviations: AIA, American Indian/Alaska Native; AJCC, American Joint
Committee on Cancer, 6th edition; API, Asian/Pacific Islander.
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as differences in tumor biology and more aggressive screening and
treatment regimens; however, the reasons are likely multifactorial.25

The survival advantage observed in the Asian population, whether in
the United States or in Asia, merits further investigation.

There are some limitations to our study, including those related
to retrospective analysis and use of large databases. SEER data are
obtained from cancer registries, thus, adding some degree of selection
bias. However, SEER is a large, population-based sample that is rep-
resentative of the United States population, which can reduce the
effect of bias and allow examination of the main variables of interest in
our study. In our multiple-variable Cox regression model, we did
stratify for AJCC stage and receipt of radiation therapy. Future re-
search could extend these analyses using SEER-Medicare data, which
would allow further adjustment for chemotherapy and comorbidities.

Finally, one must consider that classification of gastric carcinoma
subtypes may differ among pathologists. For this reason, we compared
only those cases that have been clearly distinguished as adenocarcino-
ma to those distinguished as signet ring cell carcinoma. Future re-
search could examine other gastric subtypes, for which histologic
diagnosis is not as clearly defined.

In conclusion, our study shows that signet ring cell gastric carci-
noma presents with more advanced disease; however, on multivari-
able analysis it does not independently bestow additional risk of
mortality. Although the histologic subtype of signet ring cell carci-
noma was once thought to convey additional risk of mortality, our
study demonstrates that, stage for stage, signet ring cell carcinoma
does not have worse prognosis.
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