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Abstract
Background Whether or not surgery alone is sufficient for treating patients with pathological stage T1N2M0 (Stage IIA), 
T1N3a/bM0 (Stage IIB/IIIB), and T3N0M0 (Stage IIA) gastric cancer who were not indicated for adjuvant treatment accord-
ing to the Japanese gastric cancer treatment guideline remains unclear.
Methods We retrospectively reviewed the clinical records of 236 patients who had been diagnosed with pT1N2-3b/pT3N0 
gastric cancer and undergone R0 gastrectomy with lymph node dissection between January 2000 and December 2012 at the 
National Cancer Center Hospital, Japan.
Results The 5-year recurrence-free survival (RFS) rates (95% confidence interval [CI]) of the patients with pathological (p) 
T1N2-3b and T3N0 cancer were 73.9% (63.1–84.7) and 89.5% (84.0–95.0), respectively. The only significant prognostic fac-
tors for the survival identified by a multivariate Cox regression analysis in patients with pT1N2-3 cancer were the pN stage 
(N3a/N2: hazard ratio [HR] 2.940, 95% CI 1.314–5.577; N3b/N2: HR 8.688, 95% CI 3.096–24.382) and tumor diameter 
(<30/ ≥ 30 mm) (HR 2.919; 95% CI 1.351–6.304). We divided the patients with pT1N2-3 gastric cancer into 3 risk catego-
ries (high, moderate, low) using these 2 significant prognostic factors and found that the 5-year RFS rates were significantly 
different among the 3 risk groups (low risk, 93.0%; moderate risk, 66.7%; high risk, 25.0%; P < 0.001).
Conclusions pT3N0 and large pT1N2 with a diameter ≥ 30 mm had an excellent prognosis, while pT1N2-3 with at least 
N3a/b or a tumor diameter < 30 mm showed a relatively poor prognosis. These patients may be candidates for adjuvant 
chemotherapy.
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Introduction

A recent global estimate revealed that gastric cancer is the 
fifth-most common cancer worldwide, with 951,600 new 
cases reported in 2012 [1]. Patients with stage II or III gas-
tric cancer often develop tumor recurrence, even after com-
plete curative resection.

Adjuvant chemotherapy aims to eradicate micro-meta-
static tumor cells. The optimal target of adjuvant chemo-
therapy is patients for whose prognosis is limited only by 
surgery alone and adjuvant chemotherapy is expected to be 

effective. According to the Japanese guideline [2], stage II/
III disease, except for pT1N2-3b and pT3N0, are targets for 
adjuvant chemotherapy as a standard treatment after surgery, 
as established by the ACTS-GC phase III study [3].

pT1N2-3b and pT3N0 are excluded from the above indi-
cation based on the JCOG8801 phase III study comparing 
adjuvant chemotherapy with mitomycin and fluorouracil 
to surgery alone [4]. In that trial, adjuvant chemotherapy 
was considered “over treatment” for pT1N + or pT2-3N0, 
because the prognosis was excellent with surgery alone, 
because no additional survival benefit over surgery alone 
was expected with adjuvant chemotherapy. In that trial, how-
ever, the subgroups of pT1N + and pT2-3 were not exam-
ined. It, therefore, remains unclear whether or not pT1N2-3b 
and pT3N0 have a good prognosis with surgery alone.

Based on these previous findings, we explored the 
unfavorable subgroup with a poor prognosis who might 
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be candidates for adjuvant chemotherapy among pT1N2-
3b/pT3N0 for which surgery alone is a current standard 
treatment.

Materials and methods

Patients

We retrospectively reviewed the clinical records of 236 
patients who had been diagnosed with pT1N2-3b/pT3N0 
gastric cancer and had undergone R0 gastrectomy with 
lymph node dissection between January 2000 and Decem-
ber 2012 at the National Cancer Center Hospital, Japan. The 
patients were followed up until death or for 5 years, which-
ever came first. The flow diagram of the patients registered 
for this study is shown in Fig. 1.

Postoperative therapy and follow‑up

Outpatient follow-up involved a physical examination and 
blood tests, including a tumor marker evaluation, every 
3 months for the first 2 years postoperatively. Chest and 
abdominal computed tomography were performed every 6 
months for the first 3 years and then annually until 5 years 
postoperatively.

Clinical and pathological factors

The 8th edition of the Union for International Cancer Con-
trol (UICC) tumor-node-metastasis classification of gastric 
carcinoma was used for the tumor staging [5]. We reviewed 
the following clinical and pathological factors: age, gender, 
tumor location, maximum tumor diameter, macroscopic 
type according to the Borrmann classification, histological 
type, pathological T factor, pathological N factor, patho-
logical stage, and adjuvant chemotherapy (yes/no). The 
histopathological diagnosis was determined by experienced 
pathologists. Resected specimens were examined and diag-
nosed according to the Japanese Classification of Gastric 
Carcinoma 15th edition [6] and were classified into stages 
according to the UICC classification 8th edition.

Statistical analyses

All statistical analyses were performed using the SPSS sta-
tistical software program (ver. 24; SPSS Inc., Chicago, IL, 
USA). The Chi-squared test and Student’s t test were used 
for the statistical analyses. The recurrence-free survival 
(RFS) was defined as the period between surgery and the 
occurrence of an event, any recurrence, or death, whichever 
came first. The data for the patients who did not experience 
an event were treated as censored cases on the date of the 
final observation. The RFS curves were calculated using the 
Kaplan–Meier method and compared by the log-rank test. 

Fig. 1  Study flow for the 5957 
patients who underwent gastrec-
tomy for gastric cancer between 
January 2000 and December 
2012
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Cox’s proportional hazard model was used to perform the 
univariate and multivariate analyses. A p value of 0.05 was 
defined as denoting statistical significance.

The study was conducted with the approval of the Insti-
tutional Review Board of the National Cancer Center (No. 
2017-077).

Results

Background characteristics and pathological 
findings of the patients

The number of patients who underwent gastrectomy with 
nodal dissection during the study period was 5957, of which 
392 were classified as having pT1N2-3b or T3N0 disease. 
Patients with remnant gastric cancer, postoperative confir-
mation of stage IV disease, a history of neoadjuvant chem-
otherapy, a history of partial resection, a history of other 
malignant disease, tumors located in the esophagus or esoph-
agogastric junction, or tumors diagnosed as endocrine carci-
noma were excluded. A total of 236 (T1N2, n = 55; T1N3a, 
n = 26; T1N3b, n = 7; T3N0, n = 148) patients met the eli-
gibility criteria and were enrolled in this study. The median 
follow-up period was 86.0 months (range 1–191 months).

Table 1 shows the background characteristics and patho-
logical findings of the patients with T1N2-3b and T3N0. 
The T1 tumor group had a high proportion of women and 
undifferentiated cancer; the proportion of women (39/88; 
44.3%) was close to half, and the proportion of undifferen-
tiated cancer (61/88; 69.3%) was more than twice that of 
differentiated cancers (27/88; 30.7%).

The prognosis

Recurrence was observed in 11 patients (7.4%) of the T3N0 
group and 25 patients (28.4%) of the T1N2-3 group (T1N2, 
9/55; T1N3a, 10/26; T1N3b, 6/7). The 5-year RFS rates 
(95% confidence interval [CI]) of the patients with stages 
T1N2-3 and T3N0 cancer were 73.9% (63.1–84.7) and 
89.5% (84.0–95.0), respectively (Fig. 2a).

Analyses to identify the unfavorable subset 
in pT1N2‑3

Because pT3N0 had an excellent prognosis with surgery 
alone, we tried to identify an unfavorable subset among 
pT1N2-3b cases. Each clinicopathological factor in patients 
with pT1N2-3b was categorized, as shown in Table 2, and 
both univariate and multivariate analyses identified patho-
logical N stage (N3a/N2: hazard ratio [HR] 2.940, 95% CI 
1.314–5.577; N3b/N2: HR 8.688, 95% CI 3.096–24.382) 
and tumor diameter (<30 vs. ≥ 30 mm) (HR 2.919, 95% CI 

Table 1  Background characteristics and pathological findings of the 
patients: T1N2-3b and T3N0

Variables pT1N2-3b
n = 88

pT3N0
n = 148

Age
 < 70 65 105
 ≥ 70 23 43

Gender
 Male 49 99
 Female 39 49

Surgical procedures
 TG 12 45
 DG 51 84
 PG 3 7
 PPG 22 12

Lymph node dissection
 D1+ 81 57
 D2 7 91

Site of tumor
 Upper third 8 44
 Middle third 49 60
 Lower third 31 44

Tumor diameter (mm)
 < 30 18 24
 ≥ 30 to 50 < 28 48
 ≥ 50 42 76

Macroscopic type
 0 87 62
 I 1 5
 II 0 49
 III 0 27
 IV 0 1
 V 0 4

Histological type
 Differenteitated 27 64
 Undifferentiated 61 84

UICC 8th
Tumor invasion
 T1a (mucosa) 14 0
 T1b (submucosa) 74 0
 T3 (sub serosa) 0 148

Pathological N factor
 N0 0 148
 N2 55 0
 N3a 26 0
 N3b 7 0

Lymphatic invasion
 ly0 28 86
 ly1 38 56
 ly2 21 5
 ly3 1 1

Vascular invasion
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1.351–6.304) as significant prognostic factors. The 5-year 
RFS rate of the T1N2-3b cancer patients with a pathological 
tumor diameter < 30 mm was 44.4% (9.97–78.8), whereas 
that of the patients with a pathological tumor diame-
ter ≥ 30 mm was 81.4% (71.1–91.7) (P = 0.006; Fig. 2b). The 
significant difference in the RFS depending on the tumor 
size remained even after patients were stratified to T1N2 and 
T1N3a/b (Fig. 2c, d).

The RFS was then stratified using the N factor (1.0 points 
for N2, 2.9 points for N3a, and 8.7 points for N3b) and tumor 
diameter (1.0 points for ≥ 30 mm and 3.2 points for < 30 mm) 
according to the HR, as these had been calculated as significant 
independent factors in the multivariate analysis in the T1N2-3b 
group. The 5-year RFS was stratified to 6 sub-categories by 
the total score for the N factor and tumor diameter (Table 3). 
The prognosis was inversely correlated with the total score; 
however, the reliability of these sub-categories was limited 
due to the small number of patients included in several sub-
categories (Table 3). We, therefore, combined several sub-
categories and re-classified the risk category as follows: high 
risk (sub-categories of 6.1 points, 9.7 points and 11.8 points), 
moderate risk (sub-categories of 3.9 points and 4.2 points), 
and low risk (sub-category of 2.0 points). The 5-year RFS in 
the low-risk (N = 43), moderate-risk (N = 33), and high-risk 
(N = 12) groups were 93.0% (85.4–100.0), 66.7% (50.6–82.8), 
and 25.0% (0.5–49.5), respectively (P < 0.001) (Fig. 3).

Recurrence patterns

Among all T1N2-3b patients, 28.4% (25/88) developed 
recurrence. The most frequent site was bone (n = 8, 9.1%) 
followed by lymph node (n = 7, 8.0%) and peritoneum (n = 7, 
8.0%), liver (n = 4, 4.5%), and lung (n = 1, 1.1%). In con-
trast, 7.4% (11/148) of the T3N0 patients developed recur-
rence primarily at the liver in 5 (3.4%) followed by anasto-
motic site in 3 (2.0%), peritoneum in 2 (1.4%), and lymph 
node in 1 (0.7%). The moderate-to-high-risk group of T1 
tumors showed a high rate of recurrences of 46.7% (21/45) 

predominantly to the distant organs in 26.7% (12/45), peri-
toneum in 13.3% (6/45), and lymph nodes in 8.9% (4/45).

Discussion

In the present study, we attempted to identify the unfavorable 
subset of pT1N2-3b/pT3N0 for which the current standard 
treatment is surgery alone. While pT3N0 had an excellent 
prognosis, there was some room for improvement with 
pT1N2-3b. In particular, patients who had at least N3a/b 
or tumors < 30 mm in diameter had a poor prognosis. These 
findings suggested that pT1N3a/b or small pT1N2 tumors 
may be candidates for adjuvant chemotherapy.

The present study showed that tumor size of < 30 mm had 
a poor prognosis in pT1N2-3b, which may be paradoxical 
considering the findings of the previous reports, wherein 
the prognosis was shown to be poorer with larger tumors 
[7, 8]. However, those previous reports examined cases of 
advanced cancer in which peritoneal recurrence was domi-
nant. The exposed surface on the serosa is quite large, so 
peritoneal recurrence is frequent, as was reported previously. 
It is, therefore, unsurprising that large cancer more often 
shows a poor prognosis. However, the present cohort com-
prised T1 gastric cancer, which does not invade the perito-
neal surface. Indeed, hematogenous recurrences were the 
most frequent pattern in this study. Aoyama et al. [9] previ-
ously reported that the 5-year RFS rate of pT1N2-3 gastric 
cancer patients with tumor diameters of < 30 mm was 60.0%, 
whereas that in those with tumor diameters of ≥ 30 mm was 
88.9% (P = 0.0248). However, the number of patients with 
T1N2-N3 disease was small (n = 28) in that study, which 
makes the results less reliable than those obtained in the 
present study. A similar paradoxical survival relationship 
has been reported for a number of different cancers, such 
as breast, colon, prostate, and pancreatic cancers [10–13]. 
Wo et al. [10] examined breast cancer patients with ≥ 4 
positive nodes and reported that T1a tumors (size ≤ 0.5 cm) 
showed a poorer prognosis than T1b tumors (size > 0.5 cm 
and ≤ 1.0 cm). Muralidhar et al. [11–13] analyzed colon, 
prostate, and pancreatic cancer patients with node-positive 
disease and found that small tumors had a poorer progno-
sis than large tumors. These similar findings across various 
carcinomas suggest that small tumors associated with lymph 
node metastasis represent more biologically aggressive 
cancers and acquire metastatic potential earlier than large 
tumors. In general, large tumor is well -known risk factor 
for lymph node metastasis, even in T1 tumors. Therefore, 
it must be an unusual situation when a tumor < 30 mm in 
diameter has multiple lymph node metastases. Considering 
these, T1N2-3b tumors with diameter < 30 mm have strong 

Table 1  (continued)

Variables pT1N2-3b
n = 88

pT3N0
n = 148

 v0 73 98
 v1 11 35
 v2 4 9
 v3 0 6

Adjuvant chemotherapy
 Yes 18 8
 No 70 140

UICC Union for International Cancer Control, TG total gastrectomy, 
DG distal gastrectomy, PG proximal gastrectomy, PPG pylorus pre-
serving gastrectomy
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malignant potential, because these tumors already have 
metastatic ability, even in the early phase.

Unsurprisingly, the N factor of N2 or N3a/b was identi-
fied as a prognostic factor by a multivariate analysis in the 
present study. This concept is consistent with the findings 
of a previous report. Sano et al. [14] reported in the Inter-
national Gastric Cancer Association staging project that in 
gastric cancer, there was a significant difference in the sur-
vival between N3a and N3b. Notably, they observed this 
trend in the entire patient cohort as well as in each region. 
N3a and N3b were designated as separate groups in the stage 

grouping cluster analysis, and N3b retained a definite sur-
vival impact.

In the present study, T3N0 and low-risk T1N2-3 (large 
pT1N2 with diameter ≥ 30 mm) had an excellent progno-
sis that was comparable to that of Stage IA/IB disease, 
while the prognosis for the moderate-risk group (small 
pT1N2 < 30 mm or large pT1N3a ≥ 30 mm) was compara-
ble to that of Stage II-IIIA disease, and that for the high-risk 
group (small pT1N3a < 30 mm or pT1N3b) was compara-
ble to that of Stage IIIA–IV disease according to the JGCA 
nationwide registry [15]. These results strongly suggest that 

Fig. 2  a Recurrence-free survival curve for patients in the T3N0 
group and T1N2-3 group (P < 0.001). b Recurrence-free sur-
vival curve for patients in the T1N2-3 group with tumor diameters 
of < 30 mm and ≥ 30 mm (P = 0.006). c Results of the subgroup anal-
ysis: Recurrence-free survival curve for patients in the T1N2 group 

with tumor diameters of < 30 mm and ≥ 30 mm (P = 0.001). d Results 
of the subgroup analysis: Recurrence-free survival curve for patients 
in the T1N3a/b group with tumor diameters of < 30 mm and ≥ 30 mm 
(P = 0.371)
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surgery alone is sufficient for T3N0 and low-risk T1N2-3, 
but adjuvant chemotherapy should be considered for moder-
ate- and high-risk T1N2-3.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective single-center 
study, and the number of patients was relatively small. In 
particular, only seven cases of N3b were included. The reli-
ability of the prognostic value on N3b, therefore, seems 
limited. Second, the optimal cutoff value was unknown. We 
looked for the optimal cutoff value by cutting the tumor size 
at 10, 20, 30, or 40 mm referring p value for the survival dif-
ference and found that p value became significant only when 
the tumor size was cut at 30 mm.

Table 2  Univariate and 
multivariate Cox proportional 
hazards analyses of 
clinicopathological factors in 
the patients with T1N2-3b

UICC Union for International Cancer Control

Variables Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age
 < 70 1.000
 ≥ 70 1.407 0.634–3.125 0.401

Tumor diamter (mm)
 ≥ 30 1.000 1.000
 < 30 2.790 1.293–6.023 0.009 3.187 1.460–6.957 0.006

Histological type
 Differentiated 1.000
 Undifferentiated 1.357 0.581–3.167 0.481

Surgical approach
 PPG 1.000
 DG 0.847 0.342–2.101 0.721
 PG 1.005 0.123–8.195 0.996
 TG 1.444 0.458–4.553 0.531

Lymph node dissection
 D1+ 1.000
 D2 1.951 0.584–6.516 0.318

UICC 7th
Tumor invasion
 T1a (mucosa) 1.000
 T1b (submucosa) 1.369 0.475–3.948 0.561

Pathological N factor
 N2 1.000 1.000
 N3a 2.910 1.301–6.510 0.009 2.940 1.314–6.577 0.009
 N3b 7.405 2.683–20.435 < 0.001 8.688 3.096–24.382 < 0.001

Lymphatic invasion
 Negative 1.000
 Positive 0.933 0.436–1.995 0.858

Vascular invasion
 Negative 1.000
 Positive 1.117 0.426–2.931 0.822

Adjuvant chemotherapy
 No 1.000
 Yes 2.257 1.022–4.985 0.044

Table 3  Relationship between total score of hazard ratio and 5-year 
recurrence-free survival rate

RFS recurrence-free survival

Tumor size 
(score)

N factor (score) Total score 
(number of the 
patients)

5-year RFS (%)

30 < (1.0) N2 (1.0) 2.0 (43) 93.0
30 < (1.0) N3a (2.9) 3.9 (21) 76.2
 < 30 (3.2) N2 (1.0) 4.2 (12) 50.0
 < 30 (3.2) N3a (2.9) 6.1 (5) 40.0
30 < (1.0) N3b (8.7) 9.7 (6) 16.7
 < 30 (3.2) N3b (8.7) 11.9 (1) 0.0
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In conclusion, pT3N0 and large pT1N2 with a diam-
eter ≥ 30 mm had an excellent prognosis, while pT1N2-3 
with at least N3a/b or a tumor diameter < 30 mm showed a 
relatively poor prognosis. These patients may be candidates 
for adjuvant chemotherapy.
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