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The value of adjuvant chemotherapy in T2NO gastric cancer (GC) remains controversial. The aim of this retrospective
study is to define a high-risk subgroup of pathological T2N0 GC patients and examine the impact of adjuvant chemotherapy
on overall survival (OS). A total of 225 patients underwent RO resection for T2NO gastric adenocarcinoma between 2002 and
2012 and 51/225 (22.7%) of these received adjuvant chemotherapy. Multivariate Cox regression identified tumor location in
the Upperl/3 of the stomach (p<0.001), larger tumor diameter (p=0.013), lymphatic and/or blood vessel invasion (p=0.001),
and perineural invasion (p<0.001) as independent risk factors associated with significantly decreased OS. There were 141
patients with at least one risk factor who were defined in the high-risk subgroup. After propensity score matching, there was
a significant trend toward improved OS (p=0.042) with adjuvant chemotherapy in the high-risk subgroup. In conclusion,
we identified a high-risk subgroup of T2NO GC with at least one of the independent risk factor listed above, and we found
that adjuvant chemotherapy significantly improved OS for this subgroup.
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Gastric cancer (GC) is an aggressive malignancy with
poor prognosis. It is the fourth common malignant tumor
and third most common cause of cancer deaths worldwide
[1]. The primary treatment for curing gastric cancer without
distant metastases is radical gastrectomy and lymphadenec-
tomy. In several randomized trials, fluoropyrimidine-based
adjuvant chemotherapy was shown to improve survival in
patients with T3, T4, and/or node-positive GC [2-4]. In the
JCOG 8801 study, curative surgery alone yielded a very good
survival rate in patients with T1 cancer [5]. However, several
retrospective population-based studies found no overall
benefit for adjuvant therapy in stage I gastric cancer [6-8]
and adjuvant treatment was not recommended for TINO GC.

The value of adjuvant chemotherapy also remains contro-
versial in T2NO GC due to lack of evidence from random-
ized clinical trials. Although the overall prognosis of T2NO
GC is favorable, several retrospective studies have identified
some poor-prognostic subgroups who also carried high-risk
factors. These included high grade and large tumors, older
age and lymphatic vessel and nerve invasion [9,10]. These
high-risk factors were not only demonstrated to be indepen-

dent poor prognostic markers for survival, but also markers
for adjuvant chemotherapy in various kinds of solid tumor,
such as non-small cell lung cancer [11], colorectal cancer
[12] and breast cancer [13]. It is believed that the high-risk
groups from T2NO GC potentially benefit from adjuvant
chemotherapy. The aim of this retrospective study is to
identify stage T2NO GC patients at high risk of recurrence
or death, and analyze if these high-risk patients benefit from
adjuvant chemotherapy.

Patients and methods

Patient selection. Inclusion criteria were as follows: (1)
all patients received radical gastrectomy (RO resection) with
lymphadenectomy; (2) all had pathologically confirmed
T2NO gastric adenocarcinoma, with no clinical evidence of
distant metastasis (MO); (3) all had adequate major organ
function, including cardiac, hepatic, and renal function and
(4) all had follow-up information at least once after resection.

The exclusion criteria were: (1) patients who received any
neo-adjuvant therapy before resection and (2) those with



ADJUVANT CHEMOTHERAPY IN STAGE T2NO GASTRIC CANCER

593

an additional synchronous or metachronous carcinoma. All
tumor pathologic staging was based on the seventh edition
of the American Joint Committee on Cancer (AJCC) tumor-
node-metastasis (TNM) classification.

Surgical procedure. The recommended surgical proce-
dure is complete excision of the tumor and extended
lympnectomy (D2). This includes resection of perigastric
lymph nodes (D1) and also lymph nodes along the left gastric,
common hepatic, splenic and coeliac arteries. Lymphadenec-
tomy greater than D1 but less than D2 is named D1 plus.

Selection of patient characteristics. Clinical-pathologic
characteristics were grouped in categorical variables for
analysis. Those covariates included age (<50 and >50), gender
(male and female), tumor diameter (<3cm and >3cm), histo-
logical type (differentiated and undifferentiated), lymphatic
and/or blood vessel invasion (LBVI negative and positive),
perineural invasion (PNI negative and positive), resection
type (subtotal and total), lymph node dissection (D2 and D1
plus) and lymph nodes examination (215 and <15).

Statistical analysis. The primary endpoint of this study
was overall survival (OS); defined as the time from the date
of surgery to the date of death. The differences in clinical-
pathologic characteristics between groups were assessed
by x? test or Fisher’s exact test. The Kaplan-Meier method
compared OS between groups and log-rank tests were used
as significance tests. Cox regression identified the indepen-
dent outcome predictors and further analysis was performed
in patients with at least one high risk factor to determine if
adjuvant chemotherapy provided survival benefit. To further
adjust for confounding variables, propensity score-matched
analyses were performed to compare the survival outcomes
between the treatment groups (Group S and Group SC).
Before matching, all patient and tumor clinical variables
were compared by the x* test and the imbalanced variables
were included in multivariate logistic regression for propen-
sity score. Two-to-one matching without replacement was
completed using the nearest-neighbor match on thelogit of the
propensity score for treatment approach. This is derived from
age, sex, tumor diameter, histological type, LBVI, PNI, resec-
tion type and lymph node dissection. The caliper width was
set at 0.2 times the standard deviation of the propensity score.

The Kaplan-Meier method then estimated survival as a
function of time, and the survival differences were analyzed
by log-rank test. Multivariate survival analysis was not
performed because of the limited high risk group sample
size. All tests were two-sided, and p<0.05 was considered
statistically significant. Analysis was performed with the
SPSS statistical software package (SPSS, Inc., Chicago, IL,
USA), version 19.0.

Results

Patient characteristics. In this retrospective study, 3,752
patients with GC who consecutively underwent gastrectomy
at our hospitals between January 2002 and December 2012

were reviewed, and after a thorough search, 225 patients with
T2NOMO gastric cancer were included in the final analysis
(Table 1). Of these patients, 77.3% (n=174) were treated
with surgery alone (Group S), and 22.7% (n=51) underwent
adjuvant chemotherapy after surgery (Group SC). Compared
Patients in the S Group had significantly larger and more
poorly differentiated tumors than those in the Sc group. They
were greater than 3cm in size and always had more LBVI and
PNI (Table 1).

Analysis of independent risk factors. The median follow-
up interval was 78 months and the overall 5-year survival
rate was 75.7%. Univariate analysis identified the following
factors with prognostic value: tumor location and diameter,
LBVI and PNI. Multivariate Cox regression then demon-
strated that the risk factors in univariate analysis were also
independent risk factors. Patients with tumors in the upper

Table 1. Patient clinical characteristics.

Variable All Cohort NoaCHT aCHT p-value

No. of patients 225 174 51

Age (years) 0.416
<50 44(19.6)  32(184) 12(23.5)
=50 181(80.4) 142(81.6)  39(76.5)

Gender 0.419
Male 162(72.0) 123(70.7)  39(76.5)

Female 63(28.0) 51(29.3)  12(23.5)

Tumor location 0.456
Upperl/3 42(187)  34(19.5)  8(15.7)
Middlel/3 56(24.9)  40(23.0) 16(31.4)
Lowerl/3 127(56.4)  100(57.5) 27(52.9)

Tumor diameter 0.001
<3cm 120(53.3) 103(59.2) 17(33.3)
>3 cm 105(46.7) 71(40.8)  34(66.7)

Histological type 0.038
Differentiated 117(52.0)  97(55.7)  20(39.2)
Undifferentiated 108(48.0) 77(44.3)  31(60.8)

LBVI 0.004
Negative 201(89.3) 161(92.5) 40(78.4)

Positive 24(10.7) 13(7.5) 11(21.6)

PNI 0.004
Negative 207(92.0)  163(93.7) 44(86.3)

Positive 18(18.0) 11(6.3)  7(13.7)

Resection type 0.156
Subtotal 205(91.1) 156(89.7)  49(96.1)

Total 20(8.9) 18(10.3) 2(3.9)
Lymph node dissection 0.517
D2 128(56.9) 101(58.0)  27(52.9)
D1 plus 97(43.1)  73(42.0)  24(47.1)
Total number of lymph
0.185
nodes examined
>15 111(49.3)  90(51.7)  21(41.2)
<15 114(50.7) 84(48.3)  30(58.8)

Abbreviations: LBVI, lymphatic and/or blood vessel invasion; PNI, peri-
neural invasion
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third of the stomach had greater risk of death compared to
other sites, (HR 3.97, 95% CI 2.09-7.52, p<0.001). Mortality
hazard also increased for patients with larger tumor (HR,
1.99 95%CI, 1.16-3.43; p=0.013), LBVI (HR, 3.85 95%CI,
1.75-8.48; p=0.001), and PNI (HR, 4.03 95%CI 1.84-8.83;
p<0.001). These results are listed in Table 2.

Analysis of patients undergoing different chemo-
therapy. While 6 SC patients (11.8%) received fluorouracil
monotherapy, the 45 (88.2%) who had combined chemo-
therapy regimen obtained greater OS benefit (HR=0.211;
95%CI: 0.063-0.710; p=0.012); and thirty-eight (84.4%) of
these were treated with fluorouracil combined with platinum
and 7 (15.6%) had taxane combined with platinum. No
differences in OS were observed between the two subgroups
(HR=1.142; 95%CI: 0.250-5.213; p=0.864). Treatment was

Table 2. Univariate and multivariate analyses of OS prognostic factors.

continued for at least 3 cycles in 46 patients (90.2%); and
patients who withdrew from treatment did so because of
adverse events, detection of metastasis or relapse. In addition,
patients who received 3 or more chemotherapy cycles had
better OS than those who had less. (HR=0.265;95%CI: 0.071-
0.985; p=0.048); and survival analysis is shown in Table 3.
Analysis of risk factor groups. Four independent OS risk
factors were identified in this study cohort. Patients with at
least one risk factor were defined as high-risk group, and
those without risk factor were low-risk group. There were 141
patients in the high-risk group and these had significantly
lower OS (HR 2.86, 95% CI 1.58-5.18, p<0.001; Figure 1).
Significant histological-type differences were also found
in the S and SC high risk Groups (p=0.019) and LBVI
(p<0.017), and propensity score-matched analyses with 2:1

Variable Univariable Analysis Multivariable Analysis
HR 95% CI p-value HR 95% CI p-value

Age (years)

<50 1.00 (ref.) 1.00 (ref.)

>50 1.69 0.84-3.41 0.144 1.60 0.78-3.29 0.203
Gender

Male 1.00 (ref.) 1.00 (ref.)

Female 1.10 0.64-1.88 0.731 1.54 0.85-2.80 0.157
Tumor location

Lowerl/3 1.00 (ref.) 1.00 (ref.)

Middlel/3 1.40 0.78-2.52 0.267 1.15 0.60-2.22 0.672

Upperl/3 2.31 1.29-4.12 0.005 3.97 2.09-7.52 <0.001
Tumor diameter

<3 cm 1.00 (ref.) 1.00 (ref.)

>3 cm 1.78 1.09-2.91 0.021 1.99 1.16-3.43 0.013
Histological type

Differentiated 1.00 (ref.) 1.00 (ref.)

Undifferentiated 1.22 0.75-1.98 0.417 1.31 0.77-2.24 0.324
LBVI

Negative 1.00 (ref.) 1.00 (ref.)

Positive 2.75 1.46-5.17 0.002 3.85 1.75-8.48 0.001
PNI

Negative 1.00 (ref.) 1.00 (ref.)

Positive 5.12 2.76-9.50 <0.001 4.03 1.84-8.83 <0.001
Resection type

Total 1.00 (ref.) 1.00 (ref.)

Subtotal 0.61 0.29-1.28 0.194 0.51 0.20-1.29 0.155
Lymph node dissection

D2 1.00 (ref.) 1.00 (ref.)

D1 plus 1.26 0.78-2.05 0.343 0.87 0.49-1.54 0.625
Total number of lymph nodes examined

>15 1.00 (ref.) 1.00 (ref.)

<15 1.28 0.79-2.08 0.318 1.54 0.88-2.70 0.129
aCHT

No 1.00 (ref.) 1.00 (ref.)

Yes 0.88 0.49-1.59 0.672 0.53 0.27-1.03 0.061

Abbreviations: OS, overall survival; LBVI, lymphatic and/or blood vessel invasion; PNI, perineural invasion; aCHT, adjuvant chemotherapy
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matching controlled bias. Table 4 shows that patient charac-
teristics were well balanced after matching; and further
analysis highlighted that SC group patients received greater
survival benefit (HR 0.447, 95% CI 0.447-0.996, p=0.042;
Figure 2).

Toxicity. Toxicity data related to postoperative chemo-
therapy was collected and here toxicity was defined precisely
as in the Common Toxicity Criteria of the National Cancer
Institute, version 4.0. There were 19.6% (10 of 51) patients
who suffered from grade 1-2 hematologic toxicity and 7.8%
(4 of 51) had grades 3 and 4. Approximately 21.6% (11 of
51) of the patients experienced grade 1-2 gastrointestinal
reactions, including nausea/vomiting and diarrhea but none
developed grade 3 or worse gastrointestinal toxicity. The
incidence of grade 1-2 hepatic toxicity, such as elevated AST,
ALT and total serum bilirubin level, was 11.7%. Finally, of
the 51 patients who received postoperative chemotherapy, 47
continued treatment for at least 3 months (91.2%).

Discussion

This retrospective study established the high-risk subgroup
of pathological T2NO gastric cancer patients who could
benefit from adjuvant chemotherapy. After careful search,
225 patients with T2NOMO gastric cancer were included in
the final analysis. We identified the following four indepen-
dent risk factors for OS through the multivariate Cox regres-
sion model; tumor location and diameter, LBVI and PNI The
patient group with at least one risk factor was defined as the
high-risk group and these had significantly lower overall
survival than those without risk factors., Further, high-risk
patient characteristics were well balanced through propen-
sity score-matched analyses, and significant survival benefit
was noted in SC group patients.

Although there is a lack of prospective studies exploring
the role of adjuvant therapy in early gastric cancer, there
were still some retrospective studies identifying prognostic
factors in patients with early gastric cancer. The authors of
a Korean study found that the six factors; age, sex, IB stage,
lymphatic vessel invasion, nerve invasion, and high serum
carcino-embryonic antigen level indices were independent
prognostic factors [14]. A further Chinese study reported
that lymphatic vessel and nerve invasion and tumor size are
independent risk factors [9].

Herein, we identified four independent risk factors (Tumor
location, Tumor diameter, LBVI and PNI), and although
each of these had previously been individually confirmed, no
other study supported our precise risk factor combination.
The main reason for this inconsistency was study heteroge-
neity; with differences in race, surgical practice and initial
prognosis.

Do high-risk subgroups benefit from adjuvant therapy?
We further explored the effects of adjuvant chemotherapy
on survival in our study cohort and observed significant

SC group survival benefit after patient characteristics were
well-balanced through propensity score-matched analyses.
Four SEER (Surveillance, Epidemiology, and End Results)
Program population-based studies have investigated the

Survival Functions

High risk

0.89

©
2
2
S . i
@ 0.6 Low risk gy
v ;-
>
=}
o
S 0.4
€ Log-rank p<0.01
£
S
Y 02
0.0 T T T T T T
0.0 20.0 40.0 60.0 80.0  100.0  120.0

Time (months)

Figure 1. Overall survival in the high risk and low risk subgroups.
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Figure 2. Overall survival in high risk subgroup. S: surgery; S+C: surgery
and adjuvant chemotherapy.

Table 3. Univariate analysis for OS in patients undergoing different CHT
types.

Characteristics of CHT n HR 95% CI ~ p-value
Types of CHT 0.012
Monotherapy 6 1
Combined CHT 45 0.211  0.063-0.710
CHT regimens 0.864
Taxane based CHT 7 1
Fluorouracil based CHT 44 1.142  0.250-5.213
CHT cycles 0.048
<3 cycles 5 1
>3 cycles 46 0.265 0.071-0.985

Abbreviations: OS, overall survival; CHT, chemotherapy
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Table 4. clinical characteristics of patients in the high risk group before and after propensity score matching.

Variable Before matching After matching
All Cohort No aCHT aCHT  p-value All Cohort No aCHT aCHT p-value
No. of patients 141(100.0) 99(70.2) 42(29.8) 87(100.0) 52(50.0) 35(50.0)
Age (years) 0.360 0.984
<50 27(19.1) 17(17.2) 10(23.8) 15(17.2) 9(17.3) 6(17.1)
=50 114(80.9) 82(82.8) 32(76.2) 59(82.8) 43(82.7) 29(82.9)
Gender 0.584 0.900
Male 103(73.0) 71(71.7) 32(76.2) 64(73.6) 38(73.1) 26(74.3)
Female 38(27.0) 28(28.3) 10(23.8) 23(26.4) 14(26.9) 9(25.7)
Tumor location 0.098 0.858
Upperl/3 42(29.8) 34(34.3) 8(19.0) 18(20.7) 10(19.2) 8(22.9)
Middlel/3 28(19.9) 16(19.2) 12(28.6) 17(19.5) 11(21.2) 6(17.1)
Lowerl/3 71(50.4) 49(49.5) 22(50.4) 52(59.8) 31(59.6) 21(60.0)
Tumor diameter 0.250 0.751
<3 cm 36(25.5) 28(28.3) 8(19.0) 16(18.4) 9(16.3) 7(17.5)
>3 cm 105(74.5) 71(71.7) 34(81.0) 71(81.6) 43(83.7) 28(82.5)
Histological type 0.019 0.695
Differentiated 75(53.2) 59(59.6) 16(38.1) 37(42.5) 23(44.2) 14(40.0)
Undifferentiated 66(46.8) 40(40.4) 26(61.9) 50(57.5) 29(55.8) 21(60.0)
LBVI 0.017 0.233
Negative 117(89.3) 87(87.9) 30(71.4) 70(80.5) 45(84.6) 29(74.3)
Positive 24(710.7) 12(12.1) 12(28.6) 17(19.5) 7(15.4) 6(25.7)
PNI 0.366 0.637
Negative 123(87.2) 88(88.79) 35(83.3) 74(85.1) 34(86.5) 35(82.9)
Positive 18(12.8) 11(11.1) 7(16.7) 13(14.9) 6(13.5) 5(17.1)
Resection type 0.760 1.000*
Subtotal 133(94.3) 93(93.9) 40(95.2) 81(93.1) 48(92.3) 33(94.3)
Total 8(5.7) 6(6.1) 2(4.98) 6(6.9) 47.7) 2(5.7)
Lymph node dissection 0.862 0.510
D2 79(56.0) 55(55.6) 24(57.1) 46(52.9) 29(55.8) 17(48.6)
D1 plus 62(44.0) 44(44.4) 18(42.9) 41(47.1) 23(44.2) 18(51.4)
=15 72(51.1) 53(53.5) 19(45.2) 38(43.7) 22(42.3) 16(45.7)
<15 69(48.9) 46(46.5) 23(54.8) 49(56.3) 30(57.7) 19(54.3)

* Fisher’s Exact Test; Abbreviations: LBV, lymphatic and/or blood vessel invasion; PNI, perineural invasion; aCHT, adjuvant chemotherapy

role of adjuvant therapy in early gastric cancer. One study
reported that adjuvant radiotherapy provided survival
benefits to T2NO GC patients with <15 lymph nodes, but
no survival benefit for adjuvant chemotherapy was identi-
fied [15]. Two other studies reported survival advantage in
chemo-radiotherapy for locally advanced GC (stage II and
III), but no stage I survival benefit was found [7,8].

These results are inconsistent with our findings for
adjuvant chemotherapy in early high-risk patients. We noted
that important risk factors in our study such as lymphatic
and/or blood vessel invasion (LBVI negative and positive)
and perineural invasion (PNI negative and positive) were
not included in their analysis; LBVI has always been consid-
ered the commencement of lymphogenous or hematogenous
metastasis and PNI is a further route of tumor spread. LBVI

and PNI were not only demonstrated to be poor indepen-
dent prognostic markers for survival, but also markers for
adjuvant chemotherapy in various kinds of solid tumor.
Therefore, research inconsistency resulted from the lack of
these important risk factors in other studies. Although the
fourth SEER study also showed survival benefit of adjuvant
chemo-radiotherapy following gastrectomy, unfortunately it
did not perform a stratified analysis by tumor stage [16].
Since 1997, retrieval of at least 15 lymph nodes has been
recommended for adequate gastric cancer staging and several
studies have found that lymphadenectomy with <15 lymph
nodes removed was an adverse independent prognostic
factor for overall survival. For example, Haejin (2016) found
that their subgroup of patients with suboptimal lymphad-
enectomy benefitted from chemo-radiotherapy rather than
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chemotherapy [15]. Although differences in radiotherapy
and chemo-radiotherapy roles could not be established in
our study because of the lack of patients receiving postopera-
tive adjuvant radiotherapy, we did not find that the number
of dissected lymph node affected survival. This is supported
by the 2001 Chinese study [9] which also failed to show that
the number of removed lymph nodes was an independent
prognostic factor, and similar results were also observed in a
further SEER based study [7].

We speculate the following reasons for this disparity; (1)
early gastric cancer has less metastatic lymph nodes and
lower requirement for the number of removed lymph nodes
than locally advanced gastric cancer and (2) LBVI and PNI
were not analyzed in these studies; and LBVI and PNI could
easily offset the reported prognostic effects of the number of
lymph nodes removed.

However, there are several potential limitations in our
study. As previously noted, radiotherapy and chemo-radio-
therapy roles were not analyzed due to lack of patients
receiving postoperative adjuvant radiotherapy. Therefore,
adjuvant radiotherapy benefit for T2NO GC who under-
went surgery needs further investigation. In addition, this
is a retrospective study, and although there are likely patient
and tumor baseline characteristic imbalances between t
treatment groups, we performed propensity score-matched
analyses to control for baseline confounders and reduce bias.
Finally, the number of patients with T2NO gastric cancer was
relatively small and resultant effects may be underestimated
and results should be interpreted with caution. We note here
that a prospective randomized trial comparing sole surgery
in stage I GC patients at high risk of recurrence or death
with their adjuvant chemotherapy is now ongoing [17] and
this prospective trial with large sample size is expected to
compensate for previous research shortcomings and yield
satisfactory results.

In conclusion, we identified a high-risk subgroup of T2N0
gastric cancer patients with at least one of the following
independent risk factors; tumor location in the upper 1/3 of
the stomach, larger tumor diameter, lymphatic and/or blood
vessel invasion and perineural invasion. The adjuvant chemo-
therapy provided to this subgroup significantly improved
their overall survival and our findings are expected to be
supported by future prospective trials.
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