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a b s t r a c t 

Background: Undifferentiated-type early gastric cancers account for a large proportion of gastric cancers 

in younger patients. Therefore, the clinical outcomes of endoscopic resection in younger patients are a 

major concern. We aimed to investigate the influence of age on lymph node metastasis and long-term 

survival after surgery for undifferentiated-type early gastric cancers. 

Methods: We identified 4,236 patients who underwent surgery for undifferentiated-type early gastric 

cancers. For each T stage, the correlation between age and lymph node metastasis was analyzed us- 

ing a multivariate logistic regression. Lymph node metastasis rates were compared between younger 

( < 40 years) and older patients ( ≥40 years) who fulfilled the expanded criteria for endoscopic resection. 

The Kaplan–Meier method was used to compare long-term survival between younger and older patients. 

Results: Younger age groups (20–29 and 30–39 years) had the highest lymph node metastasis rate within 

each T stage (5.7% and 5.7% for T1a, 26.3% and 24.1% for T1b, respectively). After adjusting for possible 

covariates, however, age did not have a significant effect on lymph node metastasis in either T stage 

( P = .127 for T1a, P = .114 for T1b). Among patients fulfilling the expanded indication for endoscopic re- 

section, younger patients had a slightly higher lymph node metastasis rate compared with older patients 

(2.7% versus 2.0%), although this difference was not statistically significant. Although younger patients 

had a significantly better overall survival ( P < .001), no significant age-related differences were observed 

in recurrence-free and disease-specific survival ( P = .051 and P = .069) 

Conclusion: Endoscopic resection may be feasible in young patients with undifferentiated-type early gas- 

tric cancers because these patients share a similar lymph node metastasis rate and long-term survival 

outcomes with older patients. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Endoscopic resection (ER) has been established as a standard

treatment for patients with early gastric cancer (EGC), with a neg-

ligible risk of lymph node metastasis (LNM). 1,2 Notably, advances

in endoscopic technology have expanded the indications for ER for

EGC. 1,3 Currently, the indications for endoscopic submucosal dis-
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ection (ESD) are generally limited to differentiated-type gastric

ancer, whereas ESD is still considered an investigational treatment

or EGCs with undifferentiated-type histology (including signet-

ing cell carcinoma, poorly differentiated adenocarcinoma, or muci-

ous carcinoma) because of the increased risk of LNM when com-

ared with that of differentiated-type gastric cancer. 4,5 However,

ecent studies have reported the technical feasibility and favorable

linical outcomes of ESD for undifferentiated-type EGC, leading to

he use of this technique in the clinical field. 6–9 

According to recent reports, the incidence of gastric can-

er is increasing among younger patients, who tend to have a

orse prognosis when compared with older patients. 10–13 Because
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Fig 1. Age histogram for all patients with undifferentiated-type early gastric cancer 

who underwent surgery. 
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ndifferentiated-type tumors comprise a large proportion of gas-

ric cancers in younger patients, the clinical outcomes of ER for

hese lesions represent a major concern. 14–16 Nevertheless, previ-

us studies of the prognosis of gastric cancer in younger patients

ave been limited by the inclusion of data from patients with

ifferentiated-type and advanced-stage gastric cancers. 

Although we recently analyzed the feasibility of ER for

GC with respect to age, that study focused on patients with

ifferentiated-type EGC. 17 Therefore, in this study, we aimed to

nvestigate the effect of age on the risk of LNM and long-

erm outcomes among patients with undifferentiated-type EGC.

ased on these results, we determined the feasibility of ESD

n young patients who met the expanded indication of ESD for

ndifferentiated-type EGC. 

ethods 

tudy population 

Data for this study were obtained from a prospectively main-

ained database of EGC cases at Samsung Medical Center in Seoul,

orea from 2002 to 2013. Patients with undifferentiated-type EGC

ho underwent surgical resection were included. The exclusion

riteria were as follows: (1) an age younger than 18 years ( n = 0);

2) history of surgery for gastric cancer ( n = 5); (3) multiple gastric

arcinomas ( n = 149); or (4) incomplete data ( n = 15). Of the 8,583

nrolled patients, 4,236 were included in the analysis. 

nalysis of clinical outcomes 

The primary outcome of this study was the presence of

NM. The secondary outcomes were overall, disease-specific, and

ecurrence-free survival. Data of clinicopathologic factors, includ-

ng patient age and sex; tumor location (upper, middle, or lower

hird of the stomach), macroscopic appearance (elevated [I, IIa,

 + IIa, and IIa + IIb], flat [IIb], depressed [IIc and IIc + III], or mixed

consisting of both elevated and depressed type]), ulceration sta-

us, size, histology (classified according to the 2010 World Health

rganization 

18 ), and invasion depth; lymphovascular invasion sta-

us; surgery type; and number of dissected lymph nodes were ob-

ained. Because of the retrospective nature of the study, the re-

uirement for informed consent was waived. 

All patients underwent total or distal gastrectomy combined

ith D1 + or D2 lymphadenectomy according to the 4th version of

he Japanese gastric cancer treatment guidelines. 19 For histology

nalysis, the resected tumors were fixed in 10% formalin, embed-

ed in paraffin, cut into 5-μm sections, and stained with hema-

oxylin and eosin. Lymph nodes were bisected along their longitu-

inal axes. Complete histopathologic examinations were performed

y expert pathologists. LNM was identified using hematoxylin and

osin staining. Gastric cancer was staged according to the 7th edi-

ion of the American Joint Committee on Cancer criteria. 20 The ex-

anded indication for ESD of undifferentiated-type EGC was an in-

ramucosal and histologically undifferentiated-type tumor (poorly 

ifferentiated adenocarcinoma, signet-ring cell carcinoma, or mu-

inous carcinoma), a lack of ulceration, and a tumor size ≤2 cm. 19 

During the first year of follow-up, clinical evaluations, including

ontrast-enhanced abdominal pelvic computed tomography and

sophagogastroduodenoscopy, were performed at 3- and 6-month

ntervals and annually thereafter. Clinical follow-up data were col-

ected until June 2018. The overall survival duration was calculated

rom the date of surgery to the date of death. Disease-specific sur-

ival was defined as the time from surgery to gastric cancer-related

eath. Recurrence-free survival was defined as the time interval

rom the date of surgery to the first relapse or death with evidence

f recurrence. 
tatistical analysis 

Patients were stratified into 10-year age groups. Those older

han 70 years of age were grouped together to ensure a sufficient

umber of cases in each group. In a T stage-stratified analysis, con-

inuous variables were analyzed using the Student t test, and cat-

gorical variables were analyzed using the Pearson χ2 test or the

isher exact test. A logistic regression analysis was used to test the

ssociations of potential risk factors with lymph node positivity. In

ases of multiple testing, the Bonferroni method was used to cor-

ect the P values and 95% confidence intervals. The Kaplan-Meier

ethod and log-rank test were used to compare survival curves

mong groups. All statistical analyses were executed using SAS v

.4 (SAS Institute, Inc, Cary, NC, USA). 

esults 

linicopathologic characteristics 

The clinicopathologic characteristics of 4,236 eligible patients

ith undifferentiated-type EGC were compared according to age

roup ( Table 1 ). Patients were distributed by age as follows: 20–

9 years, n = 54 (1.3%); 30–39 years, n = 515 (12.2%); 40–49 years,

 = 1,223 (28.9%); 50–59 years, n = 1,274 (30.1%); 60–69 years,

 = 854 (20.2%;); and 70–90 years, n = 316 (7.5%; Fig. 1 ). Accord-

ngly, 15.8% ( n = 669) of the patients were considered younger

 < 40 years). The younger patient groups (20–29 and 30–39 years)

xhibited a female predominance or near-equal sex ratio (female-

o-male ratios = 2:3 and 1:0, respectively); whereas the older pa-

ient group exhibited a male predominance. 

In all but one age group, the most common tumor location was

he lower third of the stomach. However, equal proportions of tu-

ors were located in the lower and middle third among patients

ged 30–39 years. Regarding surgery, 85.0% and 15.0% of patients

nderwent partial and total gastrectomy, respectively. Depressed

ype was the most common macroscopic type in all age groups.

he highest proportions of submucosal (50.4%) and lymphovas-

ular invasion (21.5%) were observed among the oldest patients

70–90 years), and these patients and those aged 60–69 years had

he largest average tumor size of 3.4 cm. Regarding histologic type,

he frequency of signet-ring cell carcinoma tended to be higher

mong younger age groups. In contrast, the frequency of poorly

ifferentiated adenocarcinoma tended to increase with increasing

ge. Although the median number of examined lymph nodes de-

reased with increasing age among both patients with stage T1a
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Table 1 

Baseline characteristics, by age at diagnosis. 

Number (%) 

Age at diagnosis, years 

20–29 30–39 40–49 50–59 60–69 70 + 

Age at diagnosis, years 

20–29 54 (1.3) 

30–39 515 (12.2) 

40–49 1,223 (28.9) 

50–59 1,274 (30.1) 

60–69 854 (20.2) 

70–90 316 (7.5) 

Sex 

Male 2,289 (54.0) 16 (29.6) 256 (49.7) 627 (51.3) 724 (56.8) 496 (58.1) 170 (53.8) 

Female 1,947 (46.0) 38 (70.4) 259 (50.3) 596 (48.7) 550 (43.2) 358 (41.9) 146 (46.2) 

Tumor location 

Upper third 387 (9.1) 6 (11.1) 45 (8.7) 107 (8.8) 109 (8.6) 96 (11.2) 24 (7.6) 

Middle third 1,859 (43.9) 21 (38.9) 234 (45.4) 558 (45.6) 569 (44.7) 350 (41.0) 127 (40.2) 

Lower third 1,990 (47.0) 27 (50.0) 236 (45.8) 558 (45.6) 596 (46.8) 408 (47.8) 165 (52.2) 

Tumor macroscopic appearance 

Elevated 173 (4.1) 3 (5.6) 10 (1.9) 34 (2.8) 41 (3.2) 63 (7.4) 22 (7.0) 

Flat 699 (16.5) 11 (20.4) 82 (15.9) 190 (15.5) 228 (17.9) 138 (16.2) 50 (15.8) 

Depressed 3,097 (73.1) 38 (70.4) 396 (76.7) 938 (65.9) 925 (72.6) 589 (69.0) 211 (66.8) 

Mixed 267 (6.3) 2 (3.7) 27 (5.2) 61 (5.0) 80 (6.3) 64 (7.5) 33 (10.4) 

Ulcer 

No 3,920 (92.5) 49 (90.7) 472 (91.7) 1,116 (91.3) 1,191 (93.5) 795 (93.5) 297 (94.0) 

Yes 316 (7.5) 5 (9.3) 43 (8.4) 107 (8.6) 83 (6.5) 59 (6.9) 19 (6.0) 

Tumor size, mean (SD) 3.2 (2.0) 3.0 (1.9) 3.0 (1.8) 3.1 (2.0) 3.1 (2.0) 3.4 (2.1) 3.4 (2.1) 

Tumor histology 

Poorly differentiated 2,045 (48.3) 16 (29.6) 184 (35.7) 522 (42.7) 640 (50.2) 494 (57.9) 189 (59.8) 

Signet-ring cell carcinoma 2,157 (50.9) 38 (70.4) 330 (64.1) 692 (56.6) 625 (49.1) 348 (40.8) 124 (39.2) 

Mucinous carcinoma 34 (0.8) 0 (0) 1 (0.2) 9 (0.7) 9 (0.7) 12 (1.4) 3 (1.0) 

Depth of invasion 

Mucosa 2,576 (60.8) 35 (64.8) 353 (68.5) 797 (65.2) 781 (61.3) 453 (53.0) 157 (49.7) 

SM1 413 (9.8) 5 (9.3) 48 (9.3) 104 (8.5) 127 (10.0) 95 (11.1) 34 (10.8) 

SM2 496 (11.7) 4 (7.4) 53 (10.3) 153 (12.5) 137 (10.8) 114 (13.4) 35 (11.1) 

SM3 751 (17.7) 10 (18.5) 61 (11.8) 169 (13.8) 229 (18.0) 192 (22.5) 90 (28.5) 

Lymphovascular invasion 

No 3,654 (86.3) 46 (85.2) 470 (91.3) 1,080 (88.3) 1,117 (87.7) 693 (81.2) 248 (78.5) 

Yes 582 (13.7) 8 (14.8) 45 (8.7) 143 (11.7) 157 (12.3) 161 (18.9) 68 (21.5) 

Surgery type 

Partial 3,599 (85.0) 44 (81.5) 439 (85.2) 1,040 (85.0) 1,101 (88.6) 711 (86.4) 264 (89.2) 

Total 637 (15.0) 10 (18.5) 76 (15.0) 183 (15.0) 173 (13.6) 143 (16.7) 52 (16.5) 

SD , standard deviation; SM1 , submucosal invasion < 500 μm; SM2 , submucosal invasion 50 0–1,0 0 0 μm; SM3, submucosal invasion ≥1,0 0 0 μm. 

Table 2 

Number of lymph nodes examined by age and stage. 

Age group, years 

T stage T1a T stage T1b 

N Median LND 25th, 75th percentile N Median LND 25th, 75th percentile 

20–29 35 42 29, 47 19 42 34, 45 

30–39 353 38 31, 47 162 42 33, 53 

40–49 797 38 31, 48 426 40 32, 49 

50–59 781 39 30, 48 493 41 30, 52 

60–69 453 38 28, 49 401 38 29, 49 

70–90 157 37 30, 45 159 39 32, 47 

P value .431 .160 

LND , lymph node dissected. 
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and T1b disease, this difference was not statistically significant

( Table 2 ). 

Association between lymph node metastasis and patient age 

Of the 4,236 eligible patients in our analysis, 478 (11.3%) had

LNMs. The highest frequencies of LNM were observed in younger

age groups (20–29 and 30–39 years) within each T stage (respec-

tively, 5.7% and 5.7% for T1a; 26.3% and 24.1% for T1b; Table 3 ).

Accordingly, a logistic regression analysis was performed to eval-

uate the association between age and LNM ( Table 4 ). The uni-

variate analysis indicated that younger patients (20–29 and 30–39

years) had a higher LNM rate compared with patients aged 50–59

years (reference group), although this difference was not signifi-

cant ( P = .188 for T1a; P = .898 for T1b). After adjusting for pos-
ible covariates, including sex, tumor macroscopic type, location,

ize, ulceration status, histology, presence of lymphovascular inva-

ion, and number of dissected lymph nodes, age was not a statis-

ically significant factor with regard to either T stage ( P = .127 for

1a; P = .114 for T1b). Among patients with undifferentiated-type

GC who fulfilled the expanded indication for ESD, the LNM rate

as slightly higher among younger patients ( < 40 years) relative to

lder patients ( ≥40 years; 2.7% versus 2.0%); however, this differ-

nce was not statistically significant ( Table 5 ). 

ong-term survival analysis according to patient age 

We further investigated the effect of age on survival by compar-

ng the long-term survival outcomes of younger ( < 40 years) and

lder ( ≥40 years) patients ( Fig 2 ). Of note, younger patients had
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Table 3 

Lymph node positivity with age within T stage groups. 

Age group, years 

T stage T1a T stage T1b 

N LN-positive N LN-positive 

20–29 35 2 (5.7) 19 5 (26.3) 

30–39 353 20 (5.7) 162 39 (24.1) 

40–49 797 35 (4.4) 426 101 (23.7) 

50–59 781 27 (3.5) 493 103 (20.9) 

60–69 453 23 (5.1) 401 88 (21.9) 

70–90 157 1 (0.6) 159 34 (21.4) 

P trend .269 .783 

LN , lymph node. 
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Table 5 

LNM in cases that fulfilled the expanded indication for endoscopic resection 

(undifferentiated, ulceration (–), T1a, tumor size ≤2 cm). 

Age group LNM rate P value 

< 40 years 5/184 (2.7%) .570 

≥ 40 years 16/801 (2.0%) 

LNM , lymph node metastasis. 
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r  
 significantly higher 10-year overall survival rate (95.9% versus

6.1% for older patients, P < .001). However, the recurrence-free

nd disease-specific survival rates did not differ significantly be-

ween the age groups (98.9% versus 97.7%, P = .051 and 99.3% ver-

us 98.2%, P = .069, respectively). 

iscussion 

In our earlier investigation of the association between LNM

nd chronologic age in patients with differentiated-type EGC,

e identified ER as a potentially feasible local treatment for

oung patients. 17 However, the high proportion of histologically

ndifferentiated-type and aggressive gastric cancers in younger pa-

ients and the lack of evidence regarding the effect of age on

ndifferentiated-type EGC raised concerns about the use of ER to

reat young patients who have EGC. Therefore, we sought to in-

estigate the associations of age with clinical outcomes in patients

ith undifferentiated-type EGC. Of note, we found that younger

atients with undifferentiated-type EGC did not face an increased

isk of LNM and confirmed this lack of association in a multivariate

nalysis adjusted for possible covariates. Furthermore, younger pa-

ients who met the expanded criteria for ESD of undifferentiated-

ype EGC did not have a significantly higher LNM rate when com-

ared with older patients. Similarly, younger and older patients

id not differ significantly in terms of recurrence-free and disease-

pecific survival. Accordingly, ESD appears to be feasible in young

atients who fulfill the indication for undifferentiated-type EGC. 

Although age is an important risk factor for gastric cancer,

nalyses of the effects of age at diagnosis on patient prognosis

ave yielded conflicting results. Although the majority of relevant

revious studies reported more aggressive clinical behavior and

orse prognoses among younger patients with gastric cancer, 21–23 

ore recent studies suggest that the outcomes of younger patients

re not inferior to those of older patients within the same disease

tage. 10,24,25 Moreover, Song et al. 26 reported that the prognosis of

astric cancer varied with age, with young patients experiencing a

igher postoperative gastric cancer-specific survival rate relative to

lder patients. 
Table 4 

Association of age with lymph node positivity among patients with undifferentiate

Age group, years 

T stage T1a 

Unadjusted Adjusted for cov

20–29 vs 50–59 1.69 (0.24–11.81) 1.45 (0.15–14.02

30–39 vs 50–59 1.68 (0.77–3.65) 1.98 (0.88–4.47)

40–49 vs 50–59 1.28 (0.65–2.51) 1.37 (0.68–2.77)

50–59 (Ref) 1.00 1.00 

60–69 vs 50–59 1.49 (0.71–3.15) 1.33 (0.61–2.77)

70–90 vs 50–59 0.18 (0.01–2.49) 0.18 (0.01–2.55)

P value .127 

Ref , reference. 
Generally, earlier studies of early-onset gastric cancer also in-

luded data from advanced-stage cases. 12,23,27 However, delayed

etection, which leads to an advanced stage at presentation, is

mong the factors contributing to a poor prognosis among young

astric cancer patients. 21,22 Hsieh et al. 14 identified advanced nodal

nvolvement (N3) as the most important indicator of overall sur-

ival in young patients. Another study reported that young patients

ave specific features associated with an increased likelihood of

resenting with advanced-stage disease, including higher rates of

2–3 LNM and distant metastasis. 28 To account for this issue, our

tudy only included EGC. 

We additionally conducted a subgroup analysis of patients

ho fulfilled the expanded indication for ESD to evaluate the

easibility of ER in young patients with gastric cancer. Our study

ndings may accordingly affect the treatment strategies applied to

ounger patients who have undifferentiated-type EGC, who meet

he expanded indication for ER. However, undifferentiated-type

istology also worsens prognosis in young patients. Earlier studies

sually included both differentiated and undifferentiated-type

ancers 12,14,23 or undifferentiated-type cancers obtained from a

mall number of patients, based on pathologic data of endoscop-

cally resected tissues. 29 These limitations made it difficult to

etermine the incidence of LNM and the feasibility of an adequate

ncologic resection of undifferentiated-type EGC. To our knowl-

dge, therefore, this is the largest study to investigate LNM and

ong-term outcomes relative to age solely among patients with

ndifferentiated-type EGC. 

Even among undifferentiated-type EGCs, poorly differentiated

denocarcinoma has less favorable clinicopathologic features for

SD compared with those of signet-ring cell carcinoma. 30 Kang

t al. 31 reported that poorly differentiated adenocarcinoma was

ore likely to have a positive vertical margin and submucosal

nvasion, whereas signet-ring cell carcinoma was more likely to

ave a positive lateral margin and mucosal confinement. In our

tudy, we observed a tendency toward an increased frequency of

ignet-ring cell carcinoma in younger age groups, whereas poorly

ifferentiated adenocarcinoma tended to occur more frequently

ith increasing age. This histologic difference may account for

he prognostic differences among patients who have early-onset

astric cancer. Future studies are needed to clarify the prognostic

ignificance and possible genetic predisposition underlying poorly

ifferentiated adenocarcinoma and signet-ring cell carcinoma. 

Furthermore, we observed no significant difference in

ecurrence-free survival with age, consistent with a report by
d-type early gastric cancer. 

T stage T1b 

ariates Unadjusted Adjusted for covariates 

) 1.35 (0.34–5.33) 1.30 (0.28–5.98) 

 1.20 (0.69–2.09) 1.40 (0.75–2.61) 

 1.18 (0.78–1.77) 1.14 (0.71–1.81) 

1.00 1.00 

 1.07 (0.70–1.62) 0.84 (0.52–1.35) 

 1.03 (0.58–1.83) 0.64 (0.33–1.24) 

.114 
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Fig 2. Kaplan–Meier survival curves. ( A ) Overall survival. ( B ) Disease-specific sur- 

vival. ( C ) Recurrence-free survival in younger ( ≤40 years) versus older patients 

( > 40 years). 
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ang et al. 32 in which the 5-year risk of a metachronous recur-

ence was lower among younger patients because of the lower

revalence of intestinal metaplasia in that group. However, the

ffect of age on risk became less important at 7 years, because

f the effect of field cancerization. In addition, our observations

f increased overall survival among younger patients and the lack

f a difference in disease-specific survival between younger and

lder groups were consistent with previous reports. 12,26 

Our study had some limitations. First, we did not include pa-

ients who underwent ER for undifferentiated-type EGC, which

ay have introduced selection bias. Second, our histologic studies

nly used conventional hematoxylin and eosin staining, and there-

ore micrometastases may have been missed. Future studies should

se immunohistochemistry and reverse transcription-polymerase

hain reaction methods to identify the lymph node micrometas-

asis status and thus provide an accurate diagnosis and oncological

isk reduction. 33 

In conclusion, younger and older patients who have

ndifferentiated-type EGC had similar LNM rates and long-

erm survival outcomes. Therefore, ESD may be feasible in these

ounger patients. 
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