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Abstract
Objective  The purpose of this study was to explore the role of different undifferentiated components in the lymph node 
metastasis (LNM) of early mixed gastric cancer.
Methods  A total of 1596 patients with EGC who underwent gastrectomy were divided into four types: pure differentiated 
(PD), pure poorly differentiated (Poorly D), pure signet ring cell carcinoma (SRC), and mixed. Mixed type was classified into 
four subtypes: differentiated-predominant type mixed with poorly differentiated component (MD-P), poorly differentiated-
predominant type mixed with differentiated component (MP-D), differentiated-predominant type mixed with SRC component 
(MD-S), and poorly differentiated-predominant type mixed with SRC component (MP-S). We analyzed the clinicopathologi-
cal differences between all types and the rates of LNM of patients fulfilling endoscopic submucosal dissection (ESD) criteria.
Results  LNM was more common in mixed (21.9%) than in PD (7.5%, P < 0.001) or SRC (11.3%, P < 0.001). When analyzed 
the subgroups of mixed type, LNM was more frequent in MD-P (15.4%) than in PD (7.5%, P = 0.003). LNM in MD-S (7.4%, 
P = 1.000) was not higher than in PD. MP-S (24.5%) showed a higher rate of LNM than SRC (11.3%, P < 0.001) rather than 
Poorly-D (22.7%, P = 0.681). For lesions satisfying ESD criteria, MD-S (0%, P = 1.000), and MD-P (5.9%, P = 0.12) did not 
have higher rates of LNM than PD (1.4%).
Conclusion  The presence of poorly differentiated component but not SRC increases the LNM rate of mixed type. ESD is 
recommended for the treatment of MD-S and MD-P consistent with ESD criteria.
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According to the latest global cancer statistics, gastric can-
cer is considered to be the fifth most common cancer in the 
world and the third leading cause of cancer-related deaths 
worldwide [1]. However, because of the progress of diag-
nostic methods, the detection rate of early gastric cancer 
(EGC) is gradually increasing [2]. Endoscopic submucosal 
dissection (ESD) is recommended as an effective treatment 
for EGC. It can effectively improve the prognosis of patients 
[3]. When determining whether patients with EGC should 
receive ESD treatment, the risk of lymph node metastasis 

(LNM) is the most important factor. LNM largely depends 
on tumor size, depth of invasion, and histology type [4]. In 
the Japanese Classification of Gastric Carcinoma (JCGC), 
gastric cancer is generally divided into differentiated and 
undifferentiated types. Undifferentiated gastric cancer 
mainly consists of poorly differentiated and signet ring cell 
types. Currently, the absolute indication of ESD is used for 
the treatment of differentiated gastric cancer confined to the 
mucosal layer without ulcer. It has been reported that undif-
ferentiated EGC less than 2 cm in diameter has a low rate 
of LNM, so this is included in the expanded criteria [5, 6].

Mixed gastric cancer is defined as gastric cancer contain-
ing two or more different histological types. Mixed gastric 
cancer can be classified into differentiated-predominately 
mixed type (MD) and undifferentiated-predominately mixed 
type (MU) based on the main component [7]. Recently, sev-
eral studies have shown that mixed gastric cancer is an inde-
pendent risk factor for LNM in EGC [8–10]. Additionally, it 
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has been reported that mixed gastric cancer is an LNM-pre-
dictive factor for submucosal EGC rather than for mucosal 
EGC [11–13]. In the presence of an undifferentiated compo-
nent, the treatment of mixed gastric cancer needs to be cau-
tious, while the guideline is still incomplete and controver-
sial. Some studies have suggested that endoscopists need to 
judge the indications more careful when using ESD to treat 
mixed gastric cancer considering the low curative resection 
rate and high incidence of local recurrence of it [14–18]. 
However, Min et al. reported that ESD can be an effective 
therapy for differentiated-predominantly mixed gastric can-
cer that meets the absolute or expanded criteria [19]. In fact, 
undifferentiated carcinomas are mainly composed of Signet 
ring cell carcinoma (SRC) and poorly differentiated cancer 
(Poorly-D), and studies have shown that early SRC has a 
lower rate of LNM and a better survival rate [20]. However, 
relevant studies have not totally distinguished the undifferen-
tiated components in mixed cancer. Thus, given the putative 
role of SRC in LNM, we focused on its role in LNM from 
mixed cancer. To achieve this goal, we divided the MD type 
into differentiated-predominant type mixed with SRC com-
ponent (MD-S) and differentiated-predominant type mixed 
with poorly differentiated component (MD-P). We classi-
fied undifferentiated cancers into pure poorly differentiated 
cancer, pure signet ring cell cancer, poorly differentiated-
predominant (MP) type mixed with differentiated compo-
nent (MP-D), and poorly differentiated-predominant type 
mixed with SRC component (MP-S). All the groups were 
taken into the analysis.

The purpose of this study was to clarify the role of dif-
ferent undifferentiated components in the LNM of mixed 
gastric cancer. In addition, we investigated whether mixed 
gastric cancer satisfying the ESD criteria is suitable for ESD 
treatment.

Materials and methods

Patients

A total of 1596 surgically treated patients with EGC treated 
in Renji Hospital, Medical College of Shanghai Jiao Tong 
University, between July 2008 and December 2018 were 
enrolled in this retrospective study. Patients with incomplete 
pathological information, multiple gastric cancers, other 
malignancies, and invasion deeper than the submucosa were 
excluded. All data access was ethically approved.

Clinicopathologic features were obtained. These included 
age, gender, tumor size, location, macroscopic type, ulcer, 
depth of invasion, presence of LNM, N stage, and histology 
type.

Definition and classification of mixed‑type EGC

Histologically, all lesions were cut into three to five micron 
sections, and each section was stained with hematoxylin 
and eosin to observe the cell morphology and the presence 
of LNM. All the sections were retrospectively analyzed by 
two pathologists and divided into four types according to 
the 2010 World Health Organization (WHO) classification: 
PD type (consisting of well and moderately differentiated 
papillary adenocarcinoma and tubular adenocarcinoma), 
Poorly-D type (poorly differentiated adenocarcinoma), SRC 
type (signet ring cell carcinoma), and mixed gastric cancer 
(mixed) type. The mixed type was further classified into 4 
subtypes according to the major component. These included 
MD-P (differentiated-predominant mixed-type with poorly 
differentiated component, which accounted for less than 
50%), MP-D type (poorly differentiated-predominant mixed 
type with differentiated component, which accounted for less 
than 50%), MD-S type (differentiated-predominant mixed 
type with signet ring cell component, which accounted 
for less than 50%), and MP-S type (poorly differentiated-
predominant mixed-type with signet ring cell component, 
which accounted for less than 50%). Three histological 
mixed type were not included in our research because of 
the small sample size. Macroscopic cancer was classified by 
the Japanese Gastric Cancer Association (JGCA) guidelines. 
These classes include the elevated types (I, IIa), the flat type 
(IIb), and the depressed types (IIc, III) [6]. Tumor location 
was identified as being in the upper third, middle third, lower 
third, or residual stomach. After lymph node dissection, the 
AJCC Cancer Staging Manual (eighth edition) was used to 
classify the N stage of the cancer.

Statistical analysis

The χ2 test and multivariate analyses were performed to 
evaluate the effect of different mixed types on LNM. Mul-
tivariate analyses tested by logistic regression were used to 
compare groups. P < 0.05 was considered statistically signif-
icant. SPSS 23.0 for Windows was utilized for data analysis.

Results

Patients characteristics

Table 1 shows the clinical characteristics of all patients. 
The median age of the patients was 62 years (range 17–88), 
with 1069 males (67%) and 527 females (33%). According 
to the WHO classification, pathological types were divided 
into the following 4 groups: 723 (45.3%) PD, 181 (11.3%) 
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Poorly-D, 203 (12.7%) SRC, and 359 (30.6%) mixed type. 
The overall rate of LNM was 14.1%, and the highest rate was 
found in patients with poorly differentiated gastric cancer 
(22.7%). The LNM rates of the mixed type were higher than 
those of the PD type (mixed versus PD, 21.9% versus 7.5%, 
respectively, P < 0.001) and the SRC type (mixed versus 
SRC, 21.9% versus 11.3%, respectively, P < 0.001), but were 
not different from those of the Poorly-D type (mixed versus 
Poorly-D, 21.9% versus 22.1%, respectively, P = 0.831).

Comparisons of LNM among different histological 
types

To exclude other factors which may be involved in the 
LNM of EGC, age, gender, tumor size, tumor morphology, 
tumor location, ulcer, invasion depth, and pathological 

classification were integrated into a multivariate regres-
sion analysis. As shown in Table 2, tumor size, female 
sex [odds ratio (OR) 1.547; 95% confidence interval (CI) 
1.131–2.116; P = 0.006], submucosal invasion (OR 3.836; 
95% CI 2.682–5.486; P < 0.001), Poorly-D (OR 2.790; 
95% CI 1.743–4.465, P < 0.001), mixed type (OR 2.945; 
95% CI 2.039–4.253, P < 0.001), and SRC (OR 2.015; 95% 
CI 1.164–3.488, P = 0.012) were independent risk factors 
for LNM.

To investigate whether different types of mixed EGC 
had different risks for LNM, we divided them into 4 sub-
groups, including 130 (26.6%) MD-P, 144 (29.4%) MP-D, 
188 (38.4%) MP-S, and 27 (5.5%) MD-S (Table 3). We 
compared the different mixed types with the pure histol-
ogy type (Table 4).

Table 1   Clinical characteristic 
of early gastric cancer

PD pure differentiated cancer, Poorly D poorly differentiated cancer, SRC signet ring cell cancer, Mixed 
mixed gastric cancer

Total PD Poorly D SRC Mixed
N = 1596 N = 723 N = 181 N = 203 N = 489

Age
 Median 62 (17–88) 62 (20–87) 59 (32–88) 59 (23–84) 62 (17–87)

Gender
 Male 1069 (67) 494 (68.3) 120 (66.3) 124 (61.1) 331 (66.7)
 Female 527 (33) 229 (31.7) 61 (33.7) 79 (38.9) 158 (32.3)

Size
 (0, 10] 426 (26.7) 220 (30.4) 37 (20.4) 60 (29.6) 109 (22.3)
 (10, 20] 626 (39.2) 287 (39.7) 71 (39.2) 80 (39.4) 188 (38.4)
 (20, 30] 350 (22.6) 138 (19.1) 51 (28.2) 45 (22.2) 126 (25.8)
 (30,) 184 (11.5) 78 (10.8) 22 (12.2) 18 (8.9) 66 (13.5)

Location
 Upper 204 (12.8) 135 (18.7) 14 (7.7) 7 (3.4) 48 (9.8)
 Middle 399 (25.0) 166 (23) 46 (25.4) 58 (28.6) 129 (26.4)
 Lower 979 (61.3) 418 (57.7) 118 (65.2) 137 (67.5) 306 (62.6)
 Remnant 14 (0.9) 4 (0.6) 3 (1.7) 1 (0.5) 6 (1.2)

Depth
 M 813 (50.9) 402 (55.6) 65 (35.9) 150 (73.9) 196 (40.1)
 Sm 783 (49.1) 321 (44.4) 116 (64.1) 53 (26.1) 293 (59.9)

Morphology
 Elevated 140 (8.8) 91 (12.6) 11 (6.1) 8 (3.9) 30 (6.1)
 Flat 278 (17.4) 140 (19.4) 20 (11) 51 (25.1) 67 (13.7)
 Depressed 1178 (73.8) 492(68) 150(82.9) 144(70.9) 392(80.2)

LNM
 Absent 1371 (85.9) 669 (92.5) 140 (77.3) 180 (88.7) 382 (78.1)
 Present 225 (14.1) 54 (7.5) 41 (22.7) 23 (11.3) 107 (21.9)
 N1 170 (75.6) 49 (90.7) 30 (73.2) 14 (60.9) 77 (72.0)
 N2 55 (24.4) 5 (9.3) 11 (26.8) 9 (39.1) 30 (28.0)

Ulcer
 Absent 1431 (89.7) 660 (91.3) 155 (85.6) 181 (89.2) 435 (89.0)
 Present 165 (10.3) 63 (8.7) 26 (14.4) 22 (10.8) 54 (11.0)
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When we compared the LNM rate of SRC with that of 
Poorly-D and MP-S, MP-S showed higher LNM (MP-S 
versus SRC, 24.5% versus 11.3%, respectively, P < 0.001). 
MP-S significantly predicted LNM (OR 1.923; 95% CI 
1.075–3.441; P = 0.028). Although Poorly-D was more 
likely to have LNM (Poorly-D versus SRC, 22.7% ver-
sus 11.3%, respectively, P = 0.003), multivariate analysis 
showed that Poorly-D had no effective impact on LNM (OR 
1.529; 95% CI 0.834–2.801, P = 0.17).

The LNM of MD-S was not higher than that of PD 
(MD-S versus PD, 7.4% versus 7.5%, respectively, P = 
1.000), which was confirmed by multivariate analysis (OR 
1.284; 95% CI 0.273–6.054; P = 0.752). Despite the fact 
that the Chi-square test showed that the LNM rate of SRC 
was not different from that of PD (SRC versus PD, 11.3% 
versus 7.5%, respectively, P = 0.078), multivariate analysis 
suggested SRC as an independent risk factor of LNM (OR 
2.112; 95% CI 1.175–3.797; P = 0.013).

In addition, the MD-P type (MD-P versus PD, 15.4% ver-
sus 7.5%, respectively, P = 0.003) showed more frequent 
LNM than did the PD type (OR 1.904; 95% CI 1.052–3.446; 
P = 0.033). The same result (Poorly-D versus PD, 22.7% 
versus 7.5%, respectively, P < 0.001) was obtained in the 
Poorly-D type (OR 2.658; 95% CI 1.633–4.325; P<0.001). 
On the contrary, MP-D type (MP- versus Poorly-D, 27.1% 
versus 22.7%, respectively, P = 0.357) could not increase the 

incidence of LNM than that of the Poorly-D type (OR 1.265; 
95% CI 0.734–2.182; P = 0.397).

We identified the differences between all the mixed types, 
namely MD-P, MP-D, MD-S, and MP-S. The LNMs of 
these types were 15.4%, 27.1%, 7.4%, and 24.5%, respec-
tively. These results validated that MP-D (OR 2.270; 95% 
CI 1.190–4.328; P = 0.013) and MP-S (OR 2.037; 95% CI 
1.074–3.862; P = 0.029) had more LNM than did MD-P, 
while MD-S showed no difference (OR 0.413; 95% CI 
0.084–2.025; P = 0.276).

Table 2   Risk factors for lymph node metastasis in early gastric cancer

PD pure differentiated cancer, Poorly D poorly differentiated cancer, 
SRC signet ring cell cancer, Mixed mixed gastric cancer

Variables Multivariate

OR 95% CI P value

Age 0.987 0.974–1.001 0.060
Female sex 1.547 1.131–2.116 0.006
Size ≤ 10 mm Reference
(10, 20] 1.857 1.161–2.970 0.010
(20, 30] 2.233 1.359–3.668 0.002
(30,) 3.021 1.730–5.277 0.000
Location at upper third Reference
Middle third 0.893 0.515–1.551 0.689
Lower third 1.023 0.622–1.682 0.930
Residual stomach 0.414 0.049–3.484 0.417
Morphology of elevated type Reference
Flat 0.878 0.442–1.745 0.710
Depressed 0.978 0.551–1.737 0.940
Ulcer (+) 1.014 0.634–1.622 0.954
Submucosal invasion 3.836 2.682–5.486 0.000
PD Reference
Poorly D 2.790 1.743–4.465 0.000
SRC 2.015 1.164–3.488 0.012
Mixed 2.945 2.039–4.253 0.000

Table 3   Clinical characteristics of different subtypes of mixed early 
gastric cancer

MD-P differentiated-predominant mixed-type with poorly dif-
ferentiated component accounted for less than 50%, MP-D poorly 
differentiated-predominant mixed-type with differentiated compo-
nent accounted for less than 50%, MD-S differentiated-predominant 
mixed-type with signet ring cell component accounted for less than 
50%, MP-S poorly differentiated-predominant mixed-type with signet 
ring cell component accounted for less than 50%

MD-P MP-D MD-S MP-S
N = 130 N = 144 N = 27 N = 188

Age
 Median 64 (17–86) 62 (29–85) 62 (48–82) 59 (24–87)

Gender
 Male 97 (74.6) 108 (75) 20 (74.1) 106 (56.4)
 Female 33 (25.4) 36 (25) 7 (25.9) 82 (43.6)

Size
 (0, 10] 34 (26.2) 26 (18.1) 4 (14.8) 45 (23.9)
 (10, 20] 44 (33.8) 58 (40.3) 8 (29.6) 78 (41.5)
 (20, 30] 32 (24.6) 41 (28.5) 7 (25.9) 46 (24.5)
 (30,) 20 (15.4) 19 (13.2) 8 (29.6) 19 (10.1)

Location
 Upper 26 (20.0) 11 (7.6) 0 11 (5.9)
 Middle 31 (23.8) 32 (22.2) 6 (22.2) 60 (31.9)
 Lower 70 (53.8) 100 (69.4) 21 (77.8) 115 (61.2)
 Remnant 3 (2.3) 1 (0.7) 0 2 (1.1)

Depth
 M 47 (36.2) 45(31.3) 19(70.4) 85(45.2)
 Sm 83 (63.8) 99(68.7) 8(29.6) 103(54.8)

Morphology
 Elevated 14 (10.8) 8 (5.6) 3 (11.1) 5 (2.7)
 Flat 19 (14.6) 14 (9.7) 5 (18.5) 29 (15.4)
 Depressed 97 (74.6) 122 (84.7) 19 (70.4) 154 (81.9)

LNM
 Absent 110 (84.6) 105 (72.9) 25 (92.6) 142 (75.5)
 Present 20 (15.4) 39 (27.1) 2 (7.4) 46 (24.5)
 N1 17 (85.0) 25 (64.1) 2 (100) 33 (71.7)
 N2 3 (15.0) 14 (35.9) 0 (0) 13 (28.2)

Ulcer
 Absent 115 (88.5) 120 (83.3) 25 (92.6) 175 (93.1)
 Present 15 (11.5) 23 (16.7) 2 (7.4) 13 (6.9)
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LNM rates in EGCs fulfilling the endoscopic resection 
criteria

We extracted the cases with tumor size less than 20 mm 
and with absence of ulcer and presence of mucosal inva-
sion. As shown in Table 5, there was no difference in LNM 
rate between Poorly-D and PD (Poorly-D versus PD, 3.0% 
versus 1.4%, respectively, P = 1.000). When compared 
with PD type, LNM was more common in the Mixed type 
(Mixed versus PD, 11.8% versus 1.4%, respectively, P < 
0.001) and the SRC type (SRC versus PD, 7.9% versus 
1.4%, respectively, P < 0.003). However, such a distinc-
tion was not observed between the Mixed type and the 
Poorly-D type (Mixed versus Poorly-D, 11.8% versus 
3.0%, respectively, P = 0.241) or the SRC type (Mixed 
versus SRC, 11.8% versus 7.9%, respectively, P = 0.333). 
Next, we analyzed different subgroups of mixed gastric 
cancer. The MD-P type (MD-P versus PD, 5.9% versus 
1.4%, respectively, P = 0.12) and the MD-S type (MD-S 
versus PD, 0% versus 1.4%, respectively, P = 1.000) did 
not have any impact on the LNM. However, MP-D (MP-D 
versus PD, 13.3% versus 1.4%, respectively, P = 0.003) 

and MP-S (MP-S versus PD, 16.1% versus 1.4%, respec-
tively, P < 0.001) did evidently increase the incidence of 
LNM.

Discussion

In our study, SRC was first extracted from the undifferenti-
ated component in early mixed gastric cancer, and mixed 
cancer was further classified into four types: MD-P, MD-S, 
MP-D, and MP-S, to be taken into analysis. The results of 
our research showed that LNM was more likely to occur in 
the MD-P type than in the MD type, but not in the MD-S 
type. MP-D and MP-S did not increase the risk of LNM 
from the MP type. However, MP-S significantly increased 
the LNM of SRC. Next, we compared the patients who met 
ESD criteria and demonstrated that there was no difference 
in the LNM rate between the MD type and the PD type. 
On the contrary, MP-D and MP-S are more likely to cause 
LNM than PD.

Generally, undifferentiated cancer consists of poorly dif-
ferentiated cancer and signet ring cell cancer. Many studies 
have reported that early SRC type tended to be confined to 
the mucosal layer and had a lower LNM rate and a higher 
5-year survival rate than the non-SRC type [21–23]. On the 
contrary, the Poorly-D type is more likely to invade the sub-
mucosal layer, which may contribute to LNM. Several stud-
ies have shown that the MD type has higher LNM rates than 
the PD type, although there was no significant difference. 

Table 4   Risk factors of lymph node metastasis in early gastric cancer 
compared between different subtypes of mixed gastric cancer

PD pure differentiated cancer, Poorly D poorly differentiated can-
cer, SRC signet ring cell cancer, MD-P differentiated-predominant 
mixed-type with poorly differentiated component accounted for less 
than 50%, MP-D poorly differentiated-predominant mixed-type with 
differentiated component accounted for less than 50%, MD-S differ-
entiated-predominant mixed-type with signet ring cell component 
accounted for less than 50%, MP-S poorly differentiated-predominant 
mixed-type with signet ring cell component accounted for less than 
50%

Variables Multivariate

OR 95% CI P value

SRC Reference
Poorly D 1.529 0.834–2.801 0.17
MP-S 1.923 1.075–3.441 0.028
PD Reference
SRC 2.112 1.175–3.797 0.013
MD-S 1.284 0.273–6.054 0.752
PD Reference
Poorly D 2.658 1.633–4.325 0.000
MD-P 1.904 1.052–3.446 0.033
Poorly D Reference
PD 0.375 0.232–0.606 0.000
MP-D 1.265 0.734–2.182 0 397
MD-P Reference
MD-S 0.413 0.084–2.025 0.276
MP-D 2.270 1.190–4.328 0.013
MP-S 2.037 1.074–3.862 0.029

Table 5   Rate of lymph node metastasis in patients meeting ESD 
treatment criteria

PD pure differentiated cancer, Poorly D poorly differentiated can-
cer, SRC signet ring cell cancer, Mixed mixed gastric cancer, MD-P 
differentiated-predominant mixed-type with poorly differentiated 
component accounted for less than 50%, MP-D poorly differentiated-
predominant mixed-type with differentiated component accounted 
for less than 50%, MD-S differentiated-predominant mixed-type with 
signet ring cell component accounted for less than 50%, MP-S poorly 
differentiated-predominant mixed-type with signet ring cell compo-
nent accounted for less than 50%

Number State of metastasis

Negative Positive

Total 555 527 (95.0) 28 (5.0)
PD 294 290 (98.6) 4 (1.4)
Poorly D 33 32 (97.0) 1 (3.0)
SRC 101 93 (92.1) 8 (7.9)
Mixed 127 112 (88.2) 15 (11.8)
 MD-P 34 32 (94.1) 2 (5.9)
 MD-S 7 7 (100) 0 (0)
 MP-D 30 26 (86.7) 4 (13.3)
 MP-S 56 47 (83.9) 9 (16.1)
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However, these studies do not distinguish the undifferenti-
ated components of the MD type [24, 25]. Considering these 
differences in histology heterogeneity, we hypothesized that 
the undifferentiated components of the MD type have dif-
ferent impacts on LNM and need to be evaluated and man-
aged independently. The current study classified the MD 
type into an MD-S type and an MD-P type and revealed that 
the MD-P type has more aggressive behavior, as proven by 
the higher submucosal invasion rate and prevalence of LNM 
when compared with the PD type, while the MD-S type did 
not show these features. Meanwhile, our data also suggested 
that the MD-S type cannot be an effective predictor of LNM.

Studies on early SRC and the effect of the Poorly-D com-
ponent on SRC remain controversial. A few studies have 
reported the LNM rate of early SRC ranges from 5 to 13.9%. 
Hu et al. reported a higher LNM rate of both the Poorly-
D type and the MP-S type than SRC, although there was 
no statistical difference [17, 26–29]. Our study gave results 
consistent with this, showing that the LNM rate of SRC is 
11.3%, lower than that of the MP-S type (21.9%) and the 
Poorly-D type (22.7%). In addition, to exclude factors other 
than the MP-S type, such as tumor size, submucosal invasion 
and ulceration, which may play a role in generating similar 
results, we performed a multivariate regression analysis and 
confirmed that MP-S was an independent risk factor com-
pared to SRC, while Poorly D was despite its high LNM.

To see whether histologic predominance could affect 
the risk of LNM, we performed increased proportion of a 
poorly differentiated component in the mixed type, the LNM 
increased quickly, which validated that being poorly differ-
entiated itself was an important factor that played a decisive 
role in the LNM of the mixed type, while SRC was not. 
However, this conclusion may remain controversial, as Seo’s 
study suggested that differences in composition of the mixed 
type do not cause differences in LNM [10]. Such incon-
sistencies may be due to the existence of a large amount 
of MP-D with submucosal invasion and small amounts of 
MD-S with mucosal invasion in our study.

At present, ESD is considered an effective method to treat 
early differentiated gastric cancer with diameter less than 2 
cm limited to the mucosal layer without ulceration. Undif-
ferentiated cancer with the same description is also included 
in the expanded criteria for ESD [6]. To investigate whether 
ESD can be used in the treatment of mixed gastric cancer, 
we screened out gastric cancer that meets the absolute or 
expanded criteria and found that the LNM rates from the 
mixed type and the SRC type were both higher than from 
the PD type, but not from the Poorly D type. We further 
analyzed the role of different subtypes of mixed gastric can-
cer and found that the differentiated-predominantly mixed 
type was not an independent risk factor for LNM for EGC 
limited in the mucosa when compared with PD. In contrast, 
the poorly differentiated-predominantly mixed type can 

effectively predict the rate of LNM in gastric cancer patients 
whose lesions are confined to the mucosal layer. The differ-
ence in the rate of LNM between surgical resected MD-P 
and MD-P meeting the ESD criteria may be attributed to 
the higher submucosal infiltration in the former, which is 
consistence with the previous study that poorly differentiated 
component is an independent risk factor for LNM in sub-
mucosal EGC [30]. Currently, a few studies have reported 
that a Poorly D component in the SRC type can significantly 
increase the rate of LNM and non-curative dissection of 
EGC. Even the MP-S type meets the ESD treatment criteria 
[15, 17]. In this study, although there was no statistical dif-
ference, the MP-S type that met the criteria were more prone 
to LNM than Poorly D and SRC. Additionally, considering 
the high rates of LNM of MP-S, surgical resection may be a 
better treatment for MP-S than ESD.

There are some limitations in this study. First, as this 
study is a retrospective study, there may be some data omis-
sions and errors in the procedures of collecting data. How-
ever, all lesions were evaluated and pathologically diag-
nosed by two experienced pathologists to minimize errors. 
Second, only the specimens of EGC removed by surgery 
were included in this study, while the specimens of patients 
receiving ESD treatment were not included, which may lead 
to bias in selection. Third, we did not investigate the clinical 
outcome of patients. However, as for EGC, patients usu-
ally have a good prognosis. Fourth, we did not investigate 
the patient’s history of Helicobacter pylori. As previously 
reported, H. pylori infection is not uncommon in undiffer-
entiated cancer and may have an association with low LNM 
in SRC [31].

In conclusion, mixed gastric cancer is an independent 
risk factor for LNM in EGC. As for the undifferentiated 
components in differentiated-predominant EGC, these data 
suggest that the degree of malignancy of the tumor is sig-
nificantly increased by poorly differentiated cancer when 
compared with SRC. In addition, for patients meeting the 
ESD treatment criteria, ESD treatment is recommended for 
differentiated-predominantly mixed cancer, while additional 
surgery is required for poorly differentiated-predominantly 
mixed cancer.

Funding  Funding sources were not involved in the design, analysis or 
collection and interpretation of data.

Compliance with ethical standards 

Disclosures  Jin‑Nan Chen, Qi‑Wen Wang, Qing‑Wei Zhang, 
Zhao‑Rong Tang and Xiao‑Bo Li have no conflict of interest or finan-
cial ties to disclose.

Ethical approval  This study conformed to the Ethical Guidelines of 
the World Medical Association Declaration of Helsinki, Ethical Prin-



1564	 Surgical Endoscopy (2021) 35:1558–1565

1 3

ciples for Medical Research Involving Human Subjects. The study was 
approved by The Ethics Committee of The Renji Hospital; Shanghai 
Jiaotong University School of Medicine.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A (2018) Global cancer statistics 2018: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 68(6):394–424

	 2.	 Park CH, Song KY, Kim SN (2008) Treatment results for gas-
tric cancer surgery: 12 years’ experience at a single institute in 
Korea. Eur J Surg Oncol 34(1):36–41

	 3.	 Gotoda T, Yamamoto H, Soetikno RM (2006) Endoscopic 
submucosal dissection of early gastric cancer. J Gastroenterol 
41(10):929–942

	 4.	 Hirasawa T, Gotoda T, Miyata S, Kato Y, Shimoda T, Taniguchi 
H et al (2009) Incidence of lymph node metastasis and the fea-
sibility of endoscopic resection for undifferentiated-type early 
gastric cancer. Gastric Cancer Off J Int Gastric Cancer Assoc 
Jpn Gastric Cancer Assoc 12(3):148–152

	 5.	 Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shi-
moda T et al (2000) Incidence of lymph node metastasis from 
early gastric cancer: estimation with a large number of cases at 
two large centers. Gastric Cancer Off J Int Gastric Cancer Assoc 
Jpn Gastric Cancer Assoc 3(4):219–225

	 6.	 Japanese Gastric Cancer Association (2017) Japanese gastric 
cancer treatment guidelines 2014 (ver. 4). Gastric Cancer Off J 
Int Gastric Cancer Assoc Jpn Gastric Cancer Assoc 20(1):1–19

	 7.	 Takeuchi H, Abe N, Hashimoto Y, Ooki A, Nagao G, Hirano K 
et al (2017) Establishment of pathological quantitative method 
for determining undifferentiated component ratio in patients 
with differentiated/undifferentiated mixed-type early gastric 
cancer and clinical significance of this ratio. Gastric Can-
cer Off J Int Gastric Cancer Assoc Jpn Gastric Cancer Assoc 
21(4):661–671

	 8.	 Mikami K, Hirano Y, Futami K, Maekawa T (2018) Expansion 
of lymph node metastasis in mixed-type submucosal invasive 
gastric cancer. Asian J Surg 41(5):462–466

	 9.	 Pyo JH, Lee H, Min BH, Lee JH, Choi MG, Lee JH et al (2016) 
Early gastric cancer with a mixed-type Lauren classification is 
more aggressive and exhibits greater lymph node metastasis. J 
Gastroenterol 52:594–601

	10.	 Seo HS, Lee GE, Kang MG, Han KH, Jung ES, Song KY (2018) 
Mixed histology is a risk factor for lymph node metastasis in 
early gastric cancer. J Surg Res 236:271–277

	11.	 Miyamae M, Komatsu S, Ichikawa D, Kosuga T, Kubota T, Oka-
moto K et al (2016) Histological mixed-type as an independent 

risk factor for nodal metastasis in submucosal gastric cancer. 
Tumour Biol 37(1):709–714

	12.	 Park HK, Lee KY, Yoo MW, Hwang TS, Han HS (2016) Mixed 
carcinoma as an independent prognostic factor in submucosal 
invasive gastric carcinoma. J Korean Med Sci 31(6):866–872

	13.	 Zhong Q, Sun Q, Xu GF, Fan XQ, Xu YY, Liu F et al (2018) 
Differential analysis of lymph node metastasis in histological 
mixed-type early gastric carcinoma in the mucosa and submu-
cosa. World J Gastroenterol 24(1):87–95

	14.	 Han JP, Hong SJ, Kim HK (2015) Long-term outcomes of 
early gastric cancer diagnosed as mixed adenocarcinoma after 
endoscopic submucosal dissection. J Gastroenterol Hepatol 
30(2):316–320

	15.	 Horiuchi Y, Fujisaki J, Yamamoto N, Ishizuka N, Omae M, 
Ishiyama A et al (2017) Mixed poorly differentiated adenocar-
cinoma in undifferentiated-type early gastric cancer predicts 
endoscopic noncurative resection. Gastric Cancer Off J Int Gas-
tric Cancer Assoc Jpn Gastric Cancer Assoc 21(4):689–695

	16.	 Horiuchi Y, Fujisaki J, Yamamoto N, Ishizuka N, Omae M, 
Ishiyama A et al (2018) Undifferentiated-type component mixed 
with differentiated-type early gastric cancer is a significant 
risk factor for endoscopic non-curative resection. Dig Endosc 
30(5):624–632

	17.	 Lee IS, Lee S, Park YS, Gong CS, Yook JH, Kim BS (2017) 
Applicability of endoscopic submucosal dissection for undiffer-
entiated early gastric cancer: mixed histology of poorly differen-
tiated adenocarcinoma and signet ring cell carcinoma is a worse 
predictive factor of nodal metastasis. Surg Oncol 26(1):8–12

	18.	 Shim CN, Chung H, Park JC, Lee H, Shin SK, Lee SK et al 
(2015) Early gastric cancer with mixed histology predomi-
nantly of differentiated type is a distinct subtype with different 
therapeutic outcomes of endoscopic resection. Surg Endosc 
29(7):1787–1794

	19.	 Min BH, Kim KM, Park CK, Lee JH, Rhee PL, Rhee JC et al 
(2015) Outcomes of endoscopic submucosal dissection for 
differentiated-type early gastric cancer with histological het-
erogeneity. Gastric Cancer Off J Int Gastric Cancer Assoc Jpn 
Gastric Cancer Assoc 18(3):618–626

	20.	 Nie RC, Yuan SQ, Li YF, Chen YM, Chen XJ, Zhu BY et al 
(2017) Clinicopathological characteristics and prognostic value 
of signet ring cells in gastric carcinoma: a meta-analysis. J Can-
cer 8(17):3396–3404

	21.	 Chen J, Cai R, Ren G, Zhao J, Li H, Guo C et al (2018) Dif-
ferences in clinicopathological characteristics and computed 
tomography findings between signet ring cell carcinoma and 
nonsignet ring cell carcinoma in early and advanced gastric 
cancer. Cancer Med 7(4):1160–1169

	22.	 Chiu CT, Kuo CJ, Yeh TS, Hsu JT, Liu KH, Yeh CN et  al 
(2011) Early signet ring cell gastric cancer. Dig Dis Sci 
56(6):1749–1756

	23.	 Lee SH, Jee SR, Kim JH, Seol SY (2015) Intramucosal gastric 
cancer: the rate of lymph node metastasis in signet ring cell car-
cinoma is as low as that in well-differentiated adenocarcinoma. 
Eur J Gastroenterol Hepatol 27(2):170–174

	24.	 Hanaoka N, Tanabe S, Mikami T, Okayasu I, Saigenji K (2009) 
Mixed-histologic-type submucosal invasive gastric cancer as a 
risk factor for lymph node metastasis: feasibility of endoscopic 
submucosal dissection. Endoscopy 41(5):427–432

	25.	 Takizawa K, Ono H, Kakushima N, Tanaka M, Hasuike N, Mat-
subayashi H et al (2013) Risk of lymph node metastases from 
intramucosal gastric cancer in relation to histological types: 
how to manage the mixed histological type for endoscopic sub-
mucosal dissection. Gastric Cancer Off J Int Gastric Cancer 
Assoc Jpn Gastric Cancer Assoc 16(4):531–536

	26.	 Hu Q, Dekusaah R, Cao S, Pang T, Wang Y, Zhang B et al 
(2019) Risk factors of lymph node metastasis in patients with 

http://creativecommons.org/licenses/by/4.0/


1565Surgical Endoscopy (2021) 35:1558–1565	

1 3

early pure and mixed signet ring cell gastric carcinomas. J Can-
cer 10(5):1124–1131

	27.	 Hyung WJ, Noh SH, Lee JH, Huh JJ, Lah KH, Choi SH et al 
(2002) Early gastric carcinoma with signet ring cell histology. 
Cancer 94(1):78–83

	28.	 Imamura T, Komatsu S, Ichikawa D, Kawaguchi T, Kosuga T, 
Okamoto K et al (2016) Early signet ring cell carcinoma of the 
stomach is related to favorable prognosis and low incidence of 
lymph node metastasis. J Surg Oncol 114(5):607–612

	29.	 Kim BS, Oh ST, Yook JH, Kim BS (2014) Signet ring cell type 
and other histologic types: differing clinical course and prog-
nosis in T1 gastric cancer. Surgery 155(6):1030–1035

	30.	 Jung DH, Bae YS, Yoon SO, Lee YC, Kim H, Noh SH 
et  al (2015) Poorly differentiated carcinoma component in 

submucosal layer should be considered as an additional crite-
rion for curative endoscopic resection of early gastric cancer. 
Ann Surg Oncol 22(Suppl 3):S772–S777

	31.	 Yorita N, Ito M, Boda T, Kotachi T, Nagasaki N, Abuduwaili M 
et al (2019) Potential of Helicobacter pylori-uninfected signet 
ring cell carcinoma to invade the submucosal layer. J Gastroen-
terol Hepatol 34(11):1955–1962

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Poorly differentiated is more significant than signet ring cell component for lymph node metastasis in mixed-type early gastric cancer: a retrospective study from a large-volume hospital
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Patients
	Definition and classification of mixed-type EGC
	Statistical analysis

	Results
	Patients characteristics
	Comparisons of LNM among different histological types
	LNM rates in EGCs fulfilling the endoscopic resection criteria

	Discussion
	References




