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Background: Due to the fact that the definition of gastric signet ring cell cancer (GSRC)
was still controversial in the past decades, the prognosis affected by the proportion of
signet ring cells within gastric cancer is uncertain. This study compared the
clinicopathological features and prognosis of GSRC with the various proportions of
signet ring cells.

Methods: We collected GSRC cases without metastasis who underwent curative (R0)
resection between 2011 and 2018. Individuals who were in the low-proportion signet ring
cell group (LSRC, <50%) were matched to those who were in the high-proportion signet
ring cell group (HSRC, >50%) through propensity score matching (1:1). We used Cox
proportional hazard regression to calculate the adjusted hazard ratios (HR) and 95%
confidence intervals (CI) and explored interactions with gender and stage.

Results: We had 1:1 matched individuals including 231 cases from the LSRC group and
231 cases from the HSRC group. Patients with HSRC had a significantly higher overall
survival rate in the multivariable model (aHR = 0.56, 95%CI = 0.38, 0.84) compared with
those with LSRC. The association of HSRC appeared to be more substantial among
individuals at early stage and N0 stage (p-interaction < 0.01).

Conclusions: This study confirms that GSRCwith different proportions of signet ring cells
could affect the survival of the patient. Further clinical studies should be developed in the
future to provide an appropriate treatment strategy for GSRC.
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INTRODUCTION

Gastric cancer (GC) is one of the most common causes of cancer-
related mortality all over the world, with an estimated 1,033,000
new cases and 780,000 deaths in 2018 (1–3). In the past decades,
a steady decline in the incidence of non-cardia intestinal GC has
been observed in many parts of the world, which was caused by
the decreased prevalence of Helicobacter pylori (4–6), while a
steady increase in the diffuse type of GC was seen during this
period, which was driven by the increase in gastric signet ring cell
carcinoma (GSRC) (7). As a special entity of gastric cancer,
gastric signet ring cell carcinoma is an uncommon pathological
type. The incidence of GSRC in Asia, Europe, and the United
States accounted for 35% of all adenocarcinomas (8).

GSRC, a poorly cohesive carcinoma, is composed
predominantly or exclusively of signet ring cells, which are
characterized by the accumulation of abundant intracellular
mucin with a compressed and eccentrically placed nucleus to
the cell, presenting the appearance of a signet ring (9). Several
studies have demonstrated that GSRC has a better outcome with
a lower rate of lymph node metastasis at the early stage, while it
has a worse prognosis in advanced stages (10, 11). However,
research conclusions on the survival outcome of GSRC remain
inconsistent, for example, there was no significant difference in
the 5-year overall survival between GSRC and gastric mucinous
adenocarcinoma at stages I, II, and III (P > 0.05) (12). The reason
for the conflicting prognostic results of signet ring cell carcinoma
appears to be the lack of commonly standardized GSRC
definitions. According to WHO standard 2010, if the
percentage of signet ring cells is predominant (>50%), GC can
be recognized as GSRC, while the cutoff percentage is 90%
according to the European Chapter of International Gastric
Cancer Association 2019 (9, 13). Meanwhile, the diagnosis of
signet ring cell proportion in GSRC may vary widely among
clinicians in different countries (14). These classifications were
not supported by clear and adequate evidence to explain the
differences of GSRC in clinicopathological features and
prognosis worldwide.

The standardization of subgroup classifications is a critical
step to precisely assess epidemiological tendencies, to allow
estimating the prognosis and response to pre/postoperative
chemotherapy of patients with GSRC, and to design tailored
treatment strategies. Therefore, we conducted a study on the
effect of the proportion of signet ring cells on the overall survival
outcome in GC to disentangle the mentioned inconsistency for
GSRC prognosis.
MATERIALS AND METHODS

Study Population
We collected a total of 1,069 GSRC cases who underwent
curative (R0) resections with total or subtotal gastrectomy and
retrieved their corresponding clinicopathological characteristics
from January 2011 to December 2018. Patients with metastasis
were excluded. Subtotal gastrectomy was performed for distal or
Frontiers in Oncology | www.frontiersin.org 2
middle third GC, while total gastrectomy was performed for
proximal third GC. Based on the National Comprehensive
Cancer Network Clinical Practice Guidelines, standard D2
lymph node dissection was performed in patients with curative
intent (15). The follow-up data were prospectively collected and
regularly updated every 3 months by surgeons after surgery. The
overall survival was defined from the date of surgery to the date
of death or the end of follow-up (April 30, 2020).

Ethical approval was obtained through the Independent
Ethics Committee of the National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Science, and Peking
Union Medical College, and all participants gave written
informed consent.

Proportion of Signet Ring Cells
The amount of signet ring cells in histological specimens was
independently confirmed by two experienced pathologists
according to the definition of signet ring cells, which is cells
with ample cytoplasmic mucin which appears to be optically
clear on hematoxylin and eosin staining and has an eccentrically
placed nucleus. The pathologists reported the percentage of
signet ring cell volume as compared with the total volume of
the tumor cells. The amount of signet ring cells was coded into
four categories as follows: (a) minority (<10% signet ring cells),
(b) partialness (10–50% signet ring cells), (c) majority (50–90%
signet ring cells), and (d) total (>90% signet ring cells),
considering the classification by the European Chapter of
International Gastric Cancer Association, WHO standard
2010, and previous experience. As shown in Supplementary
Figure S1, we conducted a pairwise comparison of four
categories. A significant difference was observed on survival
between the partialness group (10–50%) and the majority
group (50 90%) as well as between the minority group (<10%)
and the majority group (50–90%). As for the other four groups
(A, C, D, and F in Supplementary Figure S1), no differences
were observed (p > 0.05). Therefore, we merged the two groups at
both ends and divided the exposure into low-proportion signet
ring cell group (LSRC, <50% signet ring cells) and high-
proportion signet ring cell group (HSRC, >50% signet ring cells).

Definitions of Variables
Demographic characteristics included age and gender. Age was
treated as an ordinal variable: young (≤50 years), middle-aged
(50–60 years), and elderly (≥60). Tumor site was classified as
upper (cardia, fundus, gastroesophageal junction), middle (body,
lesser/greater curvature), and lower (antrum, pylorus) part of the
stomach and the entire stomach. Tumor size was divided by
median (≤4 and >4 cm). The microscopic features of histology,
pathology, and cell differentiation were analyzed according to
tumor differentiation (poorly differentiated and moderately
differentiated), Laurén classification (intestinal type, diffuse
type, and mixed type) (16), nerve invasion, and lymphatic
vessel invasion. The staging systems were based on the 8th
edition of the American Joint Committee on Cancer TNM
classification (17). The cutoff points of lymph nodes removed
were 16 and 30, which can be enough to evaluate the nodal stage
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and prognosis of GSRC patients (17). Adjuvant chemotherapy
(yes or no) was also included. All demographic and
clinicopathological variables included in our analyses were
selected based on previously published articles and a priori
knowledge regarding the classification.

Statistical Analysis
No statistical method was used to handle missing data.
Frequency (N) and column proportions (%) were calculated for
all demographic and clinicopathological variables. The
distribution of variables which differed by the proportion of signet
ring cells was compared by Pearson’s chi-square tests, and we found
that the distribution of most variables significantly differed. In
order to reduce potential selection biases and achieve the
comparability of groups, propensity score matching (PSM) was
performed to make two groups comparable in our study.

Individuals who were LSRC were matched to those who were
HSRC through PSM (1:1) on the basis of baseline covariates,
including age, tumor site, histology differentiation, nerve
invasion, and stage (18). Two comparable risk groups were 1:1
matched by using nearest-neighbor matching with no
replacement and a caliper of 0.03. If no covariates had
propensity scores that lay within the indicated caliper distance,
that covariate was removed from the matching sample (19).
Patients were matched for any significant differences seen between
the two groups with respect to demographics and
clinicopathological characteristics. We used the “psestimate”
command to select covariates and to include in the estimation
function of the propensity score proposed by Imbens and Rubin
(2015) (20).Weassessed thebalance in thedistributionof covariates
before and after matching using imbalance testing. Pairs were
created, such that the matched covariates had comparable values
of propensity scores (21). This strategy allowed the inclusion of the
largest possible, however comparable, LSRC and HSRC groups.
Further analyses were conducted after matching the groups.

When the proportional hazard assumption was conducted, we
used Cox proportional hazard regression to calculate the adjusted
hazard ratios (HR) and 95% confidence intervals (CI) for the effect;
the model was adjusted for the following potential confounders: age
(continuous), gender, tumor site, tumor size, histology
differentiation, Lauren type, nerve invasion, lymphatic vessel
invasion, stage at diagnosis, lymph nodes removed, and adjuvant
chemotherapy. A subgroup analysis was conducted by gender and
stage to explore if the impact of signet ring cell proportion is
stronger in certain groups. Survival curves were estimated by the
Kaplan–Meier method for matched overall population, stage
subgroup (early vs. advanced), and lymph node metastasis (N0 vs.
N+) subgroup. We further analyzed the risk of mortality in four
groups of signet ring cell proportion (<10%, 10–50%, 50–
90%, >90%) after PSM and conducted tests for trends by the
treated signet ring cell proportion as a continuous variable in
the model.

For the current analysis, two-sided p-values <0.05 were
considered to be statistically significant. All statistical analyses
and figures were performed with Stata 15.0 (College Station, TX:
StataCorp, LLP).
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Through a median follow-up period of 4.1 years (interquartile
range, 2.4–5.9 years), a total of 1,069 (830 LSRC group and 239
HSRC group) GSRC patients were included. For the current study,
we selected propensity score-matched (1:1) individuals, including
231 cases from LSRC group and 231 cases from HSRC group.

Table 1 presents the overall distribution of demographic and
clinicopathologic characteristics within the overall and included
study population. Among the overall population, Pearson’s chi-
square tests indicated that the distributions of age, tumor site,
Laurén type, nerves invasion, lymphatic vessel invasion, stage at
diagnosis, and adjuvant chemotherapy differed by the proportion of
signet ring cells (p < 0.05). After matching, most covariates,
including age, gender, tumor site, tumor size, histology
differentiation, nerve invasion, lymphatic vessel invasion, and
stage at diagnosis, were comparable between the two groups,
although the diffuse type (83.1%), >30 lymph nodes removed
(55.8%), and no adjuvant chemotherapy (66.2%) were more
frequently observed in HSRC.

The Cox proportional hazard regression model depicted in
Table 2 showed that the HSRC group, as compared with LSRC,
had a better overall survival in the unadjusted model (cHR = 0.65,
95%CI = 0.45, 0.95). When adjusted for other variables, the
association remained robust (aHR = 0.56, 95%CI = 0.38, 0.84).
For the four groups of signet ring cell proportion, more proportions
of SRC were associated with reduced mortality (HR10–50% vs. 10% =
0.47, 95%CI = 0.23, 0.99; HR50–90% vs. 10% = 0.25, 95%CI = 0.12, 0.53;
SRC>90% vs. 10% = 0.22, 95%CI = 0.08, 0.63). The significant p-value
trend showed the higher proportion and the better survival in
Table 2. The survival curves in Figure 1 show the survival
probability for patients with LSRC and HSRC. The overall
survival of the HSRC group was significantly longer than that of
the LSRC group of patients (P = 0.02).

In subgroup analyses (Table 2), although the crude model
showed a significant association in the female subgroup (cHR =
0.35, 95%CI = 0.17, 0.73), the effect measure turned null in the
multivariable analysis (aHR = 0.50, 95%CI = 0.19, 1.33); a
significant interaction was observed between gender and the
proportions of signet ring cells (p-interaction <0.01 for gender).
The results showed that the impact of the proportions of signet
ring cells was more substantial among individuals at the early
stage (aHR = 0.10, 95%CI = 0.03, 0.32, p-interaction <0.01 for
stage). Moreover, patients with HSRC at the early stage in
Figure 2 and N0 stage in Figure 3 continued to demonstrate
significantly increased overall survival rates compared to patients
with LSRC. In Figure 4, HSRC had an insignificant advantage of
survival than LSRC in the adjuvant chemotherapy group. We
assessed the results of matching by imbalance testing and
producing corresponding figures. The mean bias decreased
from 29.9 to 4.9, with a p-value from 0 to 0.569. The
standardized bias across covariates was close to zero after
matching. A mean bias of <5% after matching was considered
to indicate a good balance (Supplementary Table S1). The
curves of Kdensity Pscore and propensity Pscore showed a
high-fitting degree after matching.
November 2021 | Volume 11 | Article 713587
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DISCUSSION

To our knowledge, this is the first study to examine the effect of
the proportion of signet ring cells on prognosis in GC in a
Chinese population. Overall, our study suggests that HSRC in
GC was associated with better survival, and the results showed an
interaction between the proportion of signet ring cells and
gender and stage at diagnosis in relation to overall survival.
Frontiers in Oncology | www.frontiersin.org 4
A recent multicenter study investigated similar research
questions as ours. The survey of Bencivenga et al. (N = 173)
including people from three European centers reported that the
percentage of signet ring cells was inversely related to tumor
aggressiveness (10–90 vs. ≥90%: HR = 2.08, 95%CI = 1.01, 4.29;
≤10 vs. ≥90%: HR = 2.38, 95%CI=1.05, 5.41). However, their
study population and designs are different from ours, suggesting
that their outcomes may be less generalizable to Chinese GC
TABLE 1 | Characteristics of 1,069 stages I–III gastric cancer patients.

Characteristics Overall (N = 1,069) Before matching (N = 1,069) After matching (N = 462)

LSRC (N = 830) HSRC (N = 239) P-valuea LSRC (N = 231) HSRC (N = 231) P-valuea

N (%) N (%) N (%) N (%)

Age (year) <0.01 0.70
≤50 332 (31.1) 241 (29.0) 91 (38.1) 83 (35.9) 91 (39.4)
50–60 307 (28.7) 235 (28.3) 72 (30.1) 70 (30.3) 69 (29.9)
≥60 430 (40.2) 354 (42.7) 76 (31.8) 78 (33.8) 71 (30.7)

Gender 0.43 0.85
Male 694 (64.9) 544 (65.5) 150 (62.8) 142 (61.5) 144 (62.3)
Female 375 (35.1) 286 (34.5) 89 (37.2) 89 (38.5) 87 (37.7)

Tumor siteb <0.01 0.97
Upper 223 (20.9) 191 (23.0) 32 (13.4) 32 (13.9) 29 (12.5)
Middle 271 (25.4) 203 (24.5) 68 (28.5) 64 (27.7) 68 (29.4)
Lower 521 (48.7) 391 (47.1) 130 (54.4) 129 (55.8) 128 (55.4)
Entire 54 (5.1) 45 (5.4) 9 (3.8) 6 (2.6) 6 (2.6)

Tumor size 0.11 0.10
≤4 595 (55.7) 451 (54.3) 144 (60.3) 158 (68.4) 141 (61.0)
>4 474 (44.3) 379 (45.7) 95 (39.8) 73 (31.6) 90 (39.0)

Histology differentiation 0.62 0.28
Poorly 792 (74.1) 612 (73.7) 180 (75.3) 170 (73.6) 180 (77.9)
Moderately 277 (25.9) 218 (26.3) 59 (24.7) 61 (26.4) 51 (22.1)

Lauren type <0.01 <0.01
Intestinal 47 (4.4) 46 (5.5) 1 (0.4) 9 (3.9) 1 (0.4)
Diffused 700 (65.5) 500 (60.2) 200 (83.7) 162 (70.1) 192 (83.1)
Mixed 268 (25.1) 250 (30.1) 18 (7.5) 50 (21.7) 18 (7.8)
Not reported 54 (5.1) 34 (4.1) 20 (8.4) 10 (4.3) 20 (8.7)

Nerve invasion <0.01 0.77
Yes 532 (49.8) 450 (54.2) 82 (34.3) 85 (36.8) 80 (34.6)
No 267 (25.0) 188 (22.7) 79 (33.1) 80 (34.6) 78 (33.8)
Not reported 270 (25.3) 192 (23.1) 78 (32.6) 66 (28.6) 73 (31.6)

Lymphatic vessel invasion <0.01 0.82
Yes 396 (37.0) 328 (39.5) 68 (28.5) 70 (30.3) 65 (28.1)
No 364 (34.1) 273 (32.9) 91 (38.1) 85 (36.8) 91 (39.4)
Not reported 309 (28.9) 229 (27.9) 80 (33.5) 76 (32.9) 75 (32.5)

AJCC 8th stage at diagnosis <0.01 0.31
Stage Ia 272 (25.4) 174 (21.0) 98 (41.0) 83 (35.9) 97 (42.0)
Stage Ib 97 (9.1) 78 (9.4) 19 (8.0) 27 (11.7) 18 (7.8)
Stage IIa 108 (10.1) 94 (11.3) 14 (5.9) 14 (6.1) 13 (5.6)
Stage IIb 130 (12.2) 107 (12.9) 23 (9.6) 18 (7.8) 23 (10.0)
Stage IIIa 162 (15.2) 135 (16.3) 27 (11.3) 42 (18.2) 27 (11.7)
Stage IIIb 155 (14.5) 120 (14.5) 35 (14.6) 29 (12.6) 33 (14.3)
Stage IIIc 145 (13.6) 122 (14.7) 23 (9.6) 18 (7.8) 20 (8.7)

Lymph nodes removed 0.13 <0.01
1–16 37 (3.5) 33 (4.0) 4 (1.7) 1 (0.4) 4 (1.7)
17–30 484 (45.3) 381 (45.9) 103 (43.1) 130 (56.3) 98 (42.4)
>30 548 (51.3) 416 (50.1) 132 (55.2) 100 (43.3) 129 (55.8)

Adjuvant chemotherapy <0.01 <0.01
Yes 367 (34.3) 309 (37.2) 58 (24.3) 79 (34.2) 55 (23.8)
No 593 (55.5) 436 (52.5) 157 (65.7) 113 (48.9) 153 (66.2)
Unknown 109 (10.2) 85 (10.2) 24 (10.0) 39 (16.9) 23 (10.0)
November 2021
 | Volume 11 | Artic
Boldface indicates statistical significance (P < 0.05). Column percentage was reported, and percentage can differ slightly from 100% because of rounding.
LSRC, low proportion of signet ring cell in gastric cancer; HSRC, high proportion of signet ring cell in gastric cancer.
ac2 test was used to compare the distribution of variables differed by the proportion of signet ring cells.
bTumor site was divided by the upper (cardia, fundus, gastroesophageal junction), middle (body, lesser/greater curvature), and lower (antrum, pylorus) parts of the stomach and the entire stomach.
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patients due to methodological heterogeneities, for example, they
did not exclude the effect of R1 and R2 resection on survival, and
the analysis included participants with incomplete lymph nodes
removed. In our study, we excluded the factor cited above, which
could significantly affect survival, and had an adequate sample
size, which led to accurate analysis and powerful evidence for the
effects of signet ring cells in GSRC. Furthermore, we also
examined the survival of gastric cancer patients with four
classifications of signet ring cell amount and found the
appropriate grouping. On the other hand, our findings were
not in line with conclusions from some previous studies, for
example, Nafteux et al. enrolled 114 GSRC patients (HSRC = 32
and LSRC = 82) in Belgium and found that HSRC had a lower 5-
Frontiers in Oncology | www.frontiersin.org 5
year cancer-specific survival (16 vs. 36%, P = 0.1) and lower
median survival (19.1 vs. 28.7 months) than LSRC (22). One
potential reason may be that the gastroesophageal junction
cancer has specifically pathological characteristics compared to
gastric cancer, such as squamous cells in esophageal cancer, and
the sample size was too small in that study to conduct a
precise analysis.

Interestingly, we noticed the robust results of better survival
in the HSRC group after balancing the key factors by PSM. We
have some speculations about the mechanisms behind the
association patterns. The first possible explanation might be
that the LSRC group (<50% signet ring cell and >50%
adenocarcinoma) mixed up the adverse features of lymph node
metastases in intestinal type, peritoneal seeding in diffuse type,
and chemoradiotherapy resistance in signet ring cell type, which
led to a poor prognosis (23). Another is that signet ring cells at
the early stage are associated with a less aggressive feature. When
the signet ring cell has invaded the submucosa, even serosal,
layer, it will promote tumor invasion, lymph node metastasis,
and peritoneal seeding, increase the chemoresistance, and
worsen the prognosis (24).

One subgroup analysis finding suggests that patients with N0
stage can get survival benefits from HSRC in GC. A high portion
of T1 stage (77.6%) in HSRC may be the reason that leads to this
result (10). The mechanism behind this result is uncertain.
Future studies on the current topic are therefore recommended.

Another unanticipated finding was that the HSRC patients
seemed to get benefits from adjuvant chemotherapy in the
survival analysis. However, this finding did not achieve
statistical significance in our study. It has been commonly
observed with that GSRC is less sensitive to chemotherapy, by
comparison to intestinal type of GC (25). A comparison of the
findings with those of other studies included 899 GSRC and
confirmed that preoperative (HR = 1.062, 95%CI: 0.819–1.376)
and postoperative (HR = 0.873, 95%CI: 0.708–1.077)
TABLE 2 | Risk of mortality according to the clinical pathology among GC patients from Cox regression analysis.

Variable After matching (N = 462)

cHRa (95%CI) aHRa (95%CI) P-interaction

Two proportions of signet ring cell
LSRC REF REF /
HSRC 0.65 (0.45, 0.95) 0.56 (0.38, 0.84)

Subgroup analyses
Gender <0.01
Male 0.85 (0.54, 1.33) 0.49 (0.28, 0.84)
Female 0.35 (0.17, 0.73) 0.50 (0.19, 1.33)

Stage at diagnosisb <0.01
Early 0.21 (0.09, 0.49) 0.10 (0.03, 0.32)
Advanced 1.19 (0.76, 1.86) 0.95 (0.57, 1.58)

Four proportions of SRC
<10% REF REF
10–50% 0.34 (0.19, 0.58) 0.47 (0.23, 0.99)
50–90% 0.27 (0.15, 0.49) 0.25 (0.12, 0.53)
>90% 0.21 (0.09, 0.51) 0.22 (0.08, 0.63)
November 2021 | Volume 11 |
p-trend < 0.01.
Boldface indicates statistical significance (P < 0.05).
aHR, adjusted hazard ratio; cHR, crude hazard ratio; LSRC, low proportion of signet ring cell in gastric cancer; HSRC, high proportion of signet ring cell in gastric cancer.
aCox proportional hazard regression was used to calculate the crude and adjusted hazard ratios and 95% confidence intervals.
bEarly stage refers to stage I and stage II; advanced stage refers to stage III.
FIGURE 1 | Kaplan–Meier survival curves for overall patients between
low-proportion signet ring cells and high-proportion signet ring cells
after matching.
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FIGURE 2 | Kaplan–Meier survival curves for patients by stage between low-proportion signet ring cells and high-proportion signet ring cells. (A) Early stage. (B)
Advanced stage.
FIGURE 3 | Kaplan–Meier survival curves for patients on stage N0 between low-proportion signet ring cells and high-proportion signet ring cells. (A) Before PSM.
(B) After PSM. N0 means no positive lymph nodes. Conversely, N+ means extensive lymphatic involvement, which is a higher pathologic N stage.
Frontiers in Oncology | www.frontiersin.org November 2021 | Volume 11 | Article 7135876
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chemotherapy did not significantly impact on the survival of GSRC
(24). The shortage of study on the above-mentioned topic is due to
the fact that the inclusion criteria were too wide. It included any
diffuse-type gastric cancer with identified signet ring cells
(percentage not specified) as a GSRC. This criterion may lead to
inaccurate conclusions. However, Heger et al. observed that
neoadjuvant chemotherapy was an independent prognostic factor
(HR = 0.66, p = 0.023) and improved the survival (median survival:
28.5 vs. 14.9months, p<0.001) in310patientswith esophagogastric
signet ring cell cancer (26). The role of the signet ring cells in the
chemotherapy of GC is still uncertain, and the conclusions are
varied. In our study, stratification according to the signet ring cell
component is conducted to explore the chemosensitivity and
response to adjuvant chemotherapy. Although our statistical
results reported that adjuvant chemotherapy may not improve
the survival ofHSRC patients, the survival curves showed a hopeful
trend. Further biological studies, drugdiscovery, andnew treatment
strategies are required to improve the prognosis of GSRC in
the future.

Strengths and Limitations
Our study has some merits in design and analysis. With an 8-
year follow-up time span, our study highlights the big effect of
Frontiers in Oncology | www.frontiersin.org 7
a high proportion of signet ring cell on the survival of GSRC
patients. This study also analyzed the effect of nodal stage and
adjuvant chemotherapy on survival in multi-dimensions, with
robust statistics such as univariate analysis and multivariable
Cox proportional hazard model, that could greatly diminish
the impact of confounders and explore potential effects in
certain group. Furthermore, we chose a propensity score-
matched analysis to reduce or eliminate the effects and
potential bias of confounders since the baseline characteristics
often differ systematically between the groups. This method
allowed us to do a better comparison of characteristics between
the LSRC and HSRC groups. Adequate lymphadenectomy was
conducted, where 96% patients removed >16 lymph nodes. It
avoided the bias by surgical technique factor. We adjusted for
several metabolic indicators (obesity, diabetes mellitus,
hypertension, and high cholesterol) to diminish the impact of
such residual confounding.

Although this study has the aforementioned strengths, it still
has several limitations. One limitation was the lack of
information about the specific regimen of chemotherapy.
Another limitation of this study was that we cannot include
disease-free survival as outcome due to the lack of recurrence and
metastasis data.
FIGURE 4 | Kaplan–Meier survival curves for patients with adjuvant chemotherapy between low-proportion signet ring cells LSRC and high-proportion signet
ringcells. (A) Before PSM. (B) After PSM.
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CONCLUSION

In conclusion, this research suggests that higher proportions of
signet ring cells are associated with better overall survival,
particularly if diagnosed at an early stage or N0 stage. When it
comes to GSRC with low proportions of signet ring cells, combined
modality treatments (e.g., postoperative chemoradiotherapy or
perioperative chemotherapy) should be taken into consideration,
for a better prognosis, by clinicians whenmaking medical decisions.
Further prospective study is needed to confirm our findings and
access optimal methods of tissue diagnosis on GC with signet ring
cells and tailored treatment for a long-term prognosis.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

Ethical approval was obtained through the Independent Ethics
Committee of the National Cancer Center/Cancer Hospital,
Chinese Academy of Medical Science, and Peking Union Medical
College, and all participants gave written informed consent.
AUTHOR CONTRIBUTIONS

YL contributed to conceptualization, methodology, validation,
formal analysis, investigation, writing—original draft, writing—
Frontiers in Oncology | www.frontiersin.org 8
review and editing, and visualization. YZ contributed to
conceptualization, investigation, writing—review and editing,
and supervision. QX contributed to investigation, writing—
review and editing, and supervision. ZZ contributed to
methodology, validation, formal analysis, writing—review and
editing, and visualization. YT contributed to conceptualization,
project administration, investigation, writing—review and editing,
and supervision. All authors contributed to the article and
approved the submitted version.
FUNDING

This work was funded by the Chinese Academy of Medical
Science/Peking Union Medical College (grant number 2019-
1002-80) and the National Natural Science Foundation of
China (grant number 82072734). These funding sources had
no role in the design of this study and will not have any role
during its execution, analyses, interpretation of the data, or
decision to submit results.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
713587/full#supplementary-material

Supplementary Figure 1 | Kaplan–Meier survival curves for differently
proportional signet ring cell in gastric cancer. Minority, <10% signet ring cells;
partialness, 10–50% signet ring cells; majority, 50–90% signet ring cells; total,
>90% signet ring cells.
REFERENCES
1. Lyons K, Le LC, Pham YTH, Borron C, Park JY, Tran CTD, et al. Gastric

Cancer: Epidemiology, Biology, and Prevention: A Mini Review. Eur J Cancer
Prev (2019) 28(5):397–412. doi: 10.1097/CEJ.0000000000000480

2. Thrift AP, El-Serag HB. Burden of Gastric Cancer. Clin Gastroenterol Hepatol
(2020) 18(3):534–42. doi: 10.1016/j.cgh.2019.07.045

3. Plummer M, Franceschi S, Vignat J, Forman D, de Martel C. Global Burden of
Gastric Cancer Attributable to Helicobacter Pylori. Int J Cancer (2015) 136
(2):487–90. doi: 10.1002/ijc.28999

4. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA,
et al. Global Burden of 5 Major Types Of Gastrointestinal Cancer.
Gastroenterology (2020) 159(1):335–49.e15. doi: 10.1053/j.gastro.2020.02.068

5. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

6. Nam SY, Park BJ, Nam JH, Kook M-C. Effect of Helicobacter Pylori
Eradication and High-Density Lipoprotein on the Risk of De Novo Gastric
Cancer Development. Gastrointest Endosc (2019) 90(3):448-56.e1.
doi: 10.1016/j.gie.2019.04.232

7. Henson DE, Dittus C, Younes M, Nguyen H, Albores-Saavedra J. Differential
Trends in the Intestinal and Diffuse Types of Gastric Carcinoma in the United
States, 1973-2000: Increase in the Signet Ring Cell Type. Arch Pathol Lab Med
(2004) 128(7):765–70. doi: 10.5858/2004-128-765-DTITIA

8. Pernot S, Voron T, Perkins G, Lagorce-Pages C, Berger A, Taieb J. Signet-Ring
Cell Carcinoma of the Stomach: Impact on Prognosis and Specific
Therapeutic Challenge. World J Gastroenterol (2015) 21(40):11428–38.
doi: 10.3748/wjg.v21.i40.11428

9. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P,
et al. The 2019 WHO Classification of Tumours of the Digestive System.
Histopathology (2020) 76(2):182–8. doi: 10.1111/his.13975

10. Hyung WJ, Noh SH, Lee JH, Huh JJ, Lah KH, Choi SH, et al. Early Gastric
Carcinoma With Signet Ring Cell Histology. Cancer (2002) 94(1):78–83. doi:
10.1002/cncr.10120

11. Taghavi S, Jayarajan SN, Davey A,Willis AI. Prognostic Significance of Signet Ring
Gastric Cancer. J Clin Oncol (2012) 30(28):3493–8. doi: 10.1200/JCO.2012.42.6635

12. Liu K, Wan J, Bei Y, Chen X, Lu M. Prognostic Impact of Different
Histological Types on Gastric Adenocarcinoma: A Surveillance,
Epidemiology, and End Results Database Analysis. Pathol Oncol Res (2017)
23(4):881–7. doi: 10.1007/s12253-017-0198-2

13. Mariette C, Carneiro F, Grabsch HI, van der Post RS, Allum W, de Manzoni G.
Consensus on the Pathological Definition and Classification of Poorly Cohesive
GastricCarcinoma.GastricCancer (2019)22(1):1–9.doi:10.1007/s10120-018-0868-0

14. Bleaney CW, Barrow M, Hayes S, Ang Y. The Relevance and Implications of
Signet-Ring Cell Adenocarcinoma of the Oesophagus. J Clin Pathol (2018) 71
(3):201–6. doi: 10.1136/jclinpath-2017-204863

15. Ajani JA, D'Amico TA, Almhanna K, Bentrem DJ, Chao J, Das P, et al. Gastric
Cancer, Version 3.2016, NCCNClinical Practice Guidelines in Oncology. J Natl
Compr Canc Netw (2016) 14(10):1286–312. doi: 10.6004/jnccn.2016.0137

16. Lauren P. The Two Histological Main Types of Gastric Carcinoma: Diffuse
and So-Called Intestinal-Type Carcinoma. An Attempt at A Histo-Clinical
Classification. Acta Pathol Microbiol Scand (1965) 64:31–49. doi: 10.1111/
apm.1965.64.1.31
November 2021 | Volume 11 | Article 713587

https://www.frontiersin.org/articles/10.3389/fonc.2021.713587/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.713587/full#supplementary-material
https://doi.org/10.1097/CEJ.0000000000000480
https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.1002/ijc.28999
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.gie.2019.04.232
https://doi.org/10.5858/2004-128-765-DTITIA
https://doi.org/10.3748/wjg.v21.i40.11428
https://doi.org/10.1111/his.13975
https://doi.org/10.1002/cncr.10120
https://doi.org/10.1200/JCO.2012.42.6635
https://doi.org/10.1007/s12253-017-0198-2
https://doi.org/10.1007/s10120-018-0868-0
https://doi.org/10.1136/jclinpath-2017-204863
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.1111/apm.1965.64.1.31
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. Prognosis of Signet Ring Cell Proportion
17. Jaffer A, Ajani HI, Takeshi S, Gaspar LE, Erasmus JJ, Tang LH, et al.AJCCCancer
Staging Manual. 8th ed. New York: Springer International Publishing (2017).

18. Al-Mazrou AM, Chiuzan C, Kiran RP. The Robotic Approach Significantly
Reduces Length of Stay After Colectomy: A Propensity Score-Matched
Analysis. Int J Colorectal Dis (2017) 32(10):1415–21. doi: 10.1007/s00384-
017-2845-1

19. Williamson E, Morley R, Lucas A, Carpenter J. Propensity Scores: From Naive
Enthusiasm to Intuitive Understanding. Stat Methods Med Res (2012) 21
(3):273–93. doi: 10.1177/0962280210394483

20. Carril A. PSESTIMATE: Stata Module to Estimate the Propensity Score Proposed
by Imbens and Rubin. Boston: Statistical Software Components (2017).

21. Pescarini JM, Williamson E, Nery JS, Ramond A, Ichihara MY, Fiaccone RL,
et al. Effect of a Conditional Cash Transfer Programme on Leprosy Treatment
Adherence and Cure in Patients From the Nationwide 100 Million Brazilian
Cohort: A Quasi-Experimental Study. Lancet Infect Dis (2020) 20(5):618–27.
doi: 10.1016/S1473-3099(19)30624-3

22. Nafteux PR, Lerut TE, Villeneuve PJ, Dhaenens JM, De Hertogh G, Moons J,
et al. Signet Ring Cells in Esophageal and Gastroesophageal Junction
Carcinomas Have a More Aggressive Biological Behavior. Ann Surg (2014)
260(6):1023–9. doi: 10.1097/SLA.0000000000000689

23. Li C, Kim S, Lai JF, Hyung WJ, Choi WH, Choi SH, et al. Advanced Gastric
Carcinoma With Signet Ring Cell Histology. Oncology (2007) 72(1-2):64–8.
doi: 10.1159/000111096

24. Voron T, Messager M, Duhamel A, Lefevre J, Mabrut J-Y, Goere D, et al. Is
Signet-Ring Cell Carcinoma a Specific Entity Among Gastric Cancers? Gastric
Cancer (2016) 19(4):1027–40. doi: 10.1007/s10120-015-0564-2
Frontiers in Oncology | www.frontiersin.org 9
25. Lemoine N, Adenis A, Bouche O, Duhamel A, Heurgue A, Leteurtre E, et al.
Signet Ring Cells and Efficacy of First-Line Chemotherapy in Advanced
Gastric or Oesogastric Junction Adenocarcinoma. Anticancer Res (2016) 36
(10):5543–9. doi: 10.21873/anticanres.11138

26. Heger U, Sisic L, Nienhüser H, Blank S, Hinz U, Haag GM, et al. Neoadjuvant
Therapy Improves Outcomes in Locally Advanced Signet-Ring-Cell
Containing Esophagogastric Adenocarcinomas. Ann Surg Oncol (2018) 25
(8):2418–27. doi: 10.1245/s10434-018-6541-3
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Li, Zhong, Xu, Zhu and Tian. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
November 2021 | Volume 11 | Article 713587

https://doi.org/10.1007/s00384-017-2845-1
https://doi.org/10.1007/s00384-017-2845-1
https://doi.org/10.1177/0962280210394483
https://doi.org/10.1016/S1473-3099(19)30624-3
https://doi.org/10.1097/SLA.0000000000000689
https://doi.org/10.1159/000111096
https://doi.org/10.1007/s10120-015-0564-2
https://doi.org/10.21873/anticanres.11138
https://doi.org/10.1245/s10434-018-6541-3
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Prognostic Significance of Signet Ring Cells in Gastric Cancer: The Higher Proportion, The Better Survival
	Introduction
	Materials and Methods
	Study Population
	Proportion of Signet Ring Cells
	Definitions of Variables
	Statistical Analysis

	Results
	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


