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Abstract

AIM: To characterize patterns of gastric cancer
recurrence and patient survival and to identify predictors
of early recurrence after surgery.

METHODS: Clinicopathological data for 417 con-
secutive patients who underwent curative resection for
gastric cancer were retrospectively analyzed. Tumor
and node status was reclassified according to the 7%
edition of the American Joint Committee on Cancer
tumor-node-metastasis classification for carcinoma
of the stomach. Survival data came from both the
patients’ follow-up records and telephone follow-
ups. Recurrent gastric cancer was diagnosed based
on clinical imaging, gastroscopy with biopsy, and/or
cytological examination of ascites, or intraoperative
findings in patients who underwent reoperation.
Predictors of early recurrence were compared in patients
with pT1 and pT2-4a stage tumors. Pearson’s 4 test and
Fisher's exact test were used to compare differences
between categorical variables. Survival curves were
constructed using the Kaplan-Meier method and
compared v/ia the log-rank test. Variables identified
as potentially important for early recurrence using
univariate analysis were determined by multivariate
logistic regression analysis.

RESULTS: Of 417 gastric cancer patients, 80 (19.2%)
were diagnosed with early gastric cancer and the
remaining 337 (80.8%) were diagnosed with locally
advanced gastric cancer. After a median follow-up
period of 56 mo, 194 patients (46.5%) experienced
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recurrence. The mean time from curative surgery to
recurrence in these 194 patients was 24 £ 18 mo
(range, 1-84 mo). Additionally, of these 194 patients,
129 (66.5%) experienced recurrence within 2 years
after surgery. There was no significant difference in
recurrence patterns between early and late recurrence
(P < 0.05 each). For pT1 stage gastric cancer, tumor
size (P = 0.011) and pN stage (P = 0.048) were
associated with early recurrence of gastric tumors.
Patient age, pT stage, pN stage, Lauren histotype,
lymphovascular invasion, intraoperative chemotherapy,
and postoperative chemotherapy were independent
predictors of early recurrence in patients with pT2-4a
stage gastric cancer (P < 0.05 each).

CONCLUSION: Age, pT stage, pN stage, Lauren
histotype, lymphovascular invasion, intraoperative
chemotherapy, and postoperative chemotherapy are
independent factors influencing early recurrence of
pT2-4a stage gastric cancer.

Key words: Stomach neoplasms; Gastrectomy; D2
lymphadenectomy; Recurrence; Chemotherapy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Few studies have assessed recurrence
patterns or predictors of early recurrence after curative
surgery in Chinese patients with gastric carcinoma.
This study found that survival after gastric cancer
recurrence was poor. Large tumor size and advanced pN
stage were associated with early recurrence of tumor
pT1 stage tumors. Age, pT stage, pN stage, Lauren
histotype, lymphovascular invasion, intraoperative
chemotherapy, and postoperative chemotherapy were
independent predictors of early recurrence of pT2-4a
stage tumors.
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INTRODUCTION

Although it has declined somewhat, the overall age-
standardized incidence of gastric cancer in China in
2009 was 17.85 per 100000 persons'*?., Despite
improvements in diagnostic procedures and the
introduction of multimodal treatment strategies, patient
survival remains dismal owing to early recurrence
originating from minimal residual disease®®®. More
than 70% of recurrences and tumor-related deaths
occur within 2 years after surgery®*!, with tumor
recurrence being the leading cause of death in patients
who undergo curative surgery for gastric cancer.
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Although several studies have sought to identify
clinicopathological factors that predict early recurrence,
their methodologies and definitions of early gastric
cancer vary™*?, Few studies to date have focused
on patterns and timing of recurrence, or on predictors
of early recurrence, after curative surgery in Chinese
patients.

Multimodal treatments, including intraoperative
and/or postoperative chemotherapy, have been
used for some patients undergoing D2 gastrectomy
for locally advanced gastric cancer™!, However,
little is known about the effect of intraoperative and
postoperative chemotherapy on early recurrence of
gastric cancer. This study therefore retrospectively
analyzed patterns and timing of recurrence in patients
who underwent curative surgery for gastric cancer.
Clinicopathological factors and therapeutic modalities
significantly associated with early recurrence were
identified to develop appropriate treatments and
follow-up programs.

MATERIALS AND METHODS

Patients

Between January 2002 and February 2008, 516
patients with gastric adenocarcinoma underwent
radical gastrectomy and D2 lymphadenectomy in
the Department of General Surgery, Peking Union
Medical College Hospital (PUMCH), Chinese Academy
of Medical Science and Peking Union Medical College.
Patients with gastric stump cancer (n = 7), those
who received neoadjuvant chemotherapy (n = 4)
or postoperative radiotherapy (n = 2), patients with
incomplete or inaccurate medical records (n = 10),
patients lost to follow-up within 2 years after surgery
(n = 68) and those who died of disease other than
gastric cancer within 2 years after curative surgery
(n = 8 cases) were excluded. The study therefore
included a total of 417 patients. None of these patients
had distant or peritoneal metastasis at the time of
resection, as shown by chest X-ray or chest computed
tomography (CT) scan and abdominal pelvic CT scan
before surgery. Tumor (T) and node (N) status was
reclassified according to the 7" edition of the American
Joint Committee on Cancer (AJCC) tumor-node-
metastasis (TNM) classification for carcinoma of the
stomach™*¢,

Variables

Clinicopathological features and therapeutic modalities
reviewed included sex, age at diagnosis, tumor size,
Lauren histotype (intestinal or diffuse-mixed type)t*’*%,
lymphovascular invasion, AJCC pT stage of the primary
tumor, AJCC pN stage, intraoperative chemotherapy
and postoperative chemotherapy.

Treatments
All patients in this study underwent curative (RO)
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resection and D2 lymphadenectomy as the primary
treatment*®?%), Of the 80 patients with early gastric
cancer (pT1l), 20 (25%) received intraoperative
chemotherapy, and 3 (2 pT1IN1MO and 1 pT1N2MO)
received six cycles of postoperative adjuvant
chemotherapy. Of the 337 patients with locally
advanced gastric cancer (pT2-4a), 190 (56.4%)
received intraoperative chemotherapy, and 246 (73%)
received postoperative adjuvant chemotherapy, with
200 (81.3%) of the latter completing at least six
cycles.

Intraoperative chemotherapy consisted of
intravenous administration of epirubicin 20 mg/m?,
leucovorin 200 mg, 5-fluorouracil (5-FU) 600 mg/m’
(maximum < 1000 mg), and mitomycin 5 mg/m?
(maximum < 10 mg).

Three main postoperative adjuvant chemotherapy
regimens were used: XELOX™! (2-h intravenous
infusion of oxaliplatin 130 mg/m? on day 1 and oral
capecitabine 1000 mg/m? twice daily on days 1-14,
with cycles every 21 d); FOLFOX4"®* (intravenous
infusion of oxaliplatin 85 mg/m” on day 1, leucovorin
200 mg/m? as a 2-h infusion followed by bolus
injection of 5-FU 400 mg/m’ on days 1, 2, and 22-h
continuous intravenous infusion of 5-FU 600 mg/m’
on days 1, 2, every 2 wk for at least six cycles); and
FOLFOX6™! (intravenous infusion of oxaliplatin 100
mg/m’ on day 1, leucovorin 200 mg/m? as a 2-h
infusion followed by bolus injection of 5-FU 400 mg/m?®
on day 1, and 46-h continuous intravenous infusion of
5-FU 3000 mg/m? starting on day 1, every 2 wk for at
least six cycles).

Follow-up

All patients were followed regularly from the date of
surgery to death, emigration, or February 10, 2012,
whichever came first. Survival data were obtained
from both patients’ follow-up records and telephone
follow-up. History and physical examinations were
routinely performed every 3-6 mo for the first 3 years
and every 6-12 mo thereafter. CT examinations were
performed at least twice a year for the first 2 years,
and annually thereafter. Gastroscopy with or without
biopsy was performed every 1-2 years.

Recurrent gastric cancer was diagnosed based
on clinical imaging, gastroscopy with biopsy, and/or
cytological examination of ascites, or intraoperative
findings in patients who underwent reoperation.
Recurrences were classified as locoregional, hemato-
genous, peritoneal or distant lymphatic, according to the
sites of relapse.

Statistical analysis

Categorical variables were compared using Pearson
s y° tests and Fisher’s exact tests. Variables differing
significantly on univariate analysis were included in
multivariate models of logistic regression analysis.
Survival curves were constructed using the Kaplan-

’
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Figure 1 Number of patients in this study dying of recurrent gastric
cancer per year. Most recurrences (129/194, 66.5%) occurred within 2 years
(early recurrence).

Meier method and compared by the log-rank test.
Multicollinearity, defined as a tolerance < 0.1, was
diagnosed by the linear regression model. All analyses
were performed using SPSS 12.0 (SPSS, Chicago,
Illinois, United States). The prognostic powers of
covariates were expressed by calculating odds ratios
(ORs) and 95% confidence internals (CIs). All P values
were two-sided and P values < 0.05 were considered
statistically significant.

The study was approved by the Ethics Committee
of Chinese Academy of Medical Science and Peking
Union Medical College, Beijing, China.

RESULTS

Of the 417 patients included in the current study, 80
(19.2%) were diagnosed with early gastric cancer
and 337 (80.8%) with locally advanced gastric cancer.
The median follow-up time of all 417 patients was 56
mo (range, 3-117 mo), during which gastric cancer
recurrence was detected in 194 (46.5%) patients, with
184 patients dying of gastric cancer recurrence. Ten
patients with recurrence remained alive after the end
of follow-up. In contrast, 9 of 223 patients without
recurrence died of other diseases within 2 years after
surgery, with the other 214 patients remaining alive
without recurrence during follow-up.

The mean time from curative surgery to recurrence
in the 194 patients with recurrence was 24 + 18
mo (range, 1-84 mo), with 129 (66.5%) of these
patients experiencing recurrence within 2 years (Figure
1). Those 129 patients were classified as the early
recurrence group, whereas the late/no recurrence
group was defined as patients who lived without
recurrence for more than 2 years after surgery.

Patterns of initial recurrence
Of the 194 patients with recurrence, 99 (51.0%)
experienced locoregional recurrence, 86 had peritoneal
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Table 1 Initial recurrence patterns in the 194 patients with

recurrence 1 (%)
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Table 2 Univariate analysis of factors predicting early
recurrence in patients with early gastric cancer n (%)

Pattern Total Early Late P value
recurrence  recurrence recurrence
n=194 n =129 n =65

(100.0) (66.5) (33.5)

Hematogenous 77 (39.7) 56 (43.4) 21 (32.3) 0.136
recurrence

Liver 55 (28.4) 42 (32.6) 13 (20.0) 0.067

Lung 16 (8.2) 10 (7.8) 6(9.2) 0.724

Bone 14 (7.2) 8(6.2) 6(9.2) 0.442

Brain 3 (1.5) 2(1.6) 1(15) 0.995
Locoregional 99 (51.0) 68 (52.7) 31 (47.7) 0.509
recurrence

Remnant stomach 10 (5.2) 6 (4.7) 4(6.2) 0.734

Anastomosis 32 (16.5) 25 (19.4) 7 (10.8) 0.127

Perigastric area 40 (20.6) 27 (20.9) 13 (20.0) 0.880

Peripancreaticarea 13 (6.7) 10 (7.8) 3 (4.6) 0.410

Abdominal wall 2 (1.6) 2(1.9) 0(0.0) 0.313

Local lymph node 34 (17.5) 27 (20.9) 7 (10.8) 0.079

Peritoneal 86 (44.3) 59 (45.7) 27 (41.5) 0.579

recurrence

Distant lymphatic 11 (5.7) 7 (5.4) 4(6.2) 1.000

recurrence

Virchow’s node 6(3.1) 4(3.1) 2(3.1) 1.000

Inguinal lymph 1(0.5) 0(0.0) 1(1.5) 0.335
node

Mediastinal 3(1.5) 2 (1.6) 1(15) 1.000
lymph node

Para-aortic lymph 2 (1.0) 2 (1.6) 0 (0.0) 0.552
node

P values were evaluated by Pearson’s ;[2 test or Fisher’s exact test, as
appropriate. Some patients experienced initial recurrence at multiple sites.
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Figure 2 Survival after recurrence. Survival was significantly poorer in
patients with early than late recurrence of gastric cancer (P = 0.045).

dissemination (44.3%), 77 (39.7%) showed
hematogenous metastases, and 11 (5.7%) had distant
lymphatic recurrence (Table 1). Of the 129 patients
with early recurrence, 56 (43.4%) had hematogenous
recurrence, 59 (45.7%) had peritoneal recurrence, and
68 (52.7%) had locoregional recurrence. Recurrence
patterns did not differ significantly in patients with
early and late recurrence (Table 1).
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Variable Early Late/no Univariate
recurrence recurrence analysis
n=4 n=76 P value
Gender 0.623

Women 1(25.0) 35 (46.1)

Men 3 (75.0) 41 (53.9)

Age at diagnosis (yr) 0.646

< 60 3 (75.0) 45 (59.2)

60 1(25.0) 31 (40.8)

Tumor size (cm) 0.011

< 5.0 2 (50.0) 74 (97.4)

>5.0 2 (50.0) 2(2.6)

Lauren histotype 0.646

Intestinal 3 (75.0) 45 (59.2)

Diffuse-mixed 1(25.0) 31 (40.8)
Lymphovascular <0.144
invasion

Present 1(25.0) 2 (2.6)

Absent 3 (75.0) 74 (97.4)
pT stage <0.639

pTla 2 (50.0) 47 (61.8)

pTlb 2 (50.0) 29 (38.2)

PN stage 0.048

NO 2 (50.0) 70 (92.1)

N1, N2 2 (50.0) 6(7.9)

Intraoperative 1.000
chemotherapy

Yes 1 (25.0) 19 (25.0)

No 3 (75.0) 57 (75.0)

P values were evaluated by Fisher’s exact test.

Survival time after recurrence

Median survival after recurrence in all patients with
recurrence was 6 mo (95%CI: 5.32-6.68 mo), 5
mo (95%CI: 6.01-7.92 mo) in patients with early
recurrence and 7 mo (95%CI: 4.21-5.80 mo) in
patients with late recurrence (log rank test, P = 0.045)
(Figure 2).

Factors predictive of early recurrence

Of the 80 patients with early gastric cancer, 4
(5.0%) experienced early recurrence, as did 125
of the 337 patients (37.1%) with advanced gastric
cancer. Analysis of predictors of early recurrence in
patients with early gastric cancer (pT1) showed that
larger tumor size (P = 0.011) and advanced AJCC
pN stage (P = 0.048) were significantly associated
with early recurrence (Table 2). Univariate analysis of
clinicopathological factors predictive of recurrence in
patients with locally advanced gastric cancer showed
that age at diagnosis, tumor size, Lauren histotype,
lymphovascular invasion, AJCC pT stage, AJCC pN
stage, intraoperative systemic chemotherapy, and
postoperative chemotherapy were significantly
associated with early recurrences (Table 3). Multivariate
analysis showed that age at diagnosis (P = 0.033),
AJCC pT stage (P < 0.001), AJCC pN stage (P < 0.001),
Lauren histotype (P < 0.001), lymphovascular invasion
(P = 0.011), intraoperative chemotherapy (P < 0.001),
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Table 3 Univariate analysis of factors predicting early

recurrence in patients with locally advanced gastric cancer 7 (%)

Table 4 Multivariate analysis of factors predicting early
recurrence by binary logistic regression model

Variable Early Late/no Univariate
recurrence recurrence analysis
n =125 n =212 P value

Gender 0.683

Women 41 (32.8) 65 (30.7)

Men 84 (67.2) 147 (69.3)

Age at diagnosis (yr) 0.016

< 60 52 (41.6) 117 (55.2)

> 60 73 (58.4) 95 (44.8)

Tumor size (cm) 0.019

<50 76 (60.8) 155 (73.1)

>5.0 49 (392) 57 (26.9)

Lauren histotype 0.016
Intestinal 85 (68.0) 169 (79.7)
Diffuse-mixed 40 (32.0) 43 (20.3)
Lymphovascular <0.001
invasion

Present 21 (16.8) 94.2)

Absent 104 (83.2) 203 (95.8)
pT stage <0.001

pT2, pT3 30 (24.0) 105 (49.5)

pT4a 95 (76.0) 107 (50.5)
pN stage <0.001

NO 13 (10.4) 82 (38.7)

N1 25 (20.0) 52 (24.5)

N2 30 (24.0) 46 (21.7)

N3 57 (45.6) 32 (15.1)
Intraoperative <0.001
chemotherapy

Yes 54 (43.2) 136 (64.2)

No 71 (56.8) 76 (35.8)
Postoperative 0.036
chemotherapy

No 42 (33.6) 49 (23.1)

5-FU-based regimen 83 (66.4) 163 (76.9)

P values were evaluated by Pearson’s y” test.

and postoperative chemotherapy (P = 0.007) were
independent predictors of early recurrence, whereas
gender was not (Table 4). All tolerance values of
significant factors were greater than 0.1.

DISCUSSION

Many studies have reported that approximately
70% of patients with gastric cancer experience early
tumor recurrence, defined as within 2 years after
surgery®'*, Less is known, however, about patterns
of recurrence and predictors of early recurrence,
especially in Chinese patients. This study therefore
investigated recurrence patterns and factors predicting
early recurrence in patients undergoing curative
surgery for gastric cancer.

In agreement with earlier findings™ -, we found
that most recurrences (129/194, 66.5%) were
early, occurring within 2 years after curative surgery.
The three main types of early recurrence were
hematogenous (56/129, 43.4%), peritoneal (59/129,
45.7%), and locoregional (68/129, 52.7%). Patients
with early recurrence had more liver metastases than

[9,11]
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Factor P value OR 95%CI
A Age at diagnosis 0.033 1.813 1.050-3.131
pT pT stage <0.001 2.865 1.603-5.123
PN stage <0.001
NO 1.00 (reference)
N1 0.001 4.029 1.708-9.500
N2 0.001 4.425 1.889-10.365
N3 <0.001 9.860 4.314-22.536
Lauren histotype <0.001 3.492 1.810-6.736
Lymphovascular 0.011 3.460 1.335-8.969
invasion
Intraoperative <0.001 0.327 0.190-0.564
chemotherapy
Postoperative 0.007 0.423 0.225-0.793
chemotherapy

The constant of the model was -2.087 (standard error = 0.468).

patients with late recurrence (32.6% vs 20.0%),
although the difference was not significant (P =
0.067). No other differences in recurrence patterns
were observed between the early and late recurrence
groups. As previously reported™?, survival after
recurrence was poor, especially in patients with early
recurrence.

Because 66.5% of recurrences occurred within 2
years after surgery and this study focused on factors
associated with early recurrence, clinicopathologic
characteristics were compared in patients with and
without early recurrence within 2 years after surgery.

Age, lymphatic metastasis and submucosal invasion
have been reported to be significantly associated with
recurrence of gastric cancer®., In the current study,
only 5% (4/80) of patients with early gastric cancer
experienced early recurrence. Although larger tumor
size and advanced AJCC pN stage were found to be
significantly associated with early recurrence in this
group, the number of patients was small, indicating
that these results require further validation.

The early recurrence rate was significantly higher
in patients with locally advanced than early gastric
cancer. Age at diagnosis, AJCC pT stage, AJCC pN
stage, Lauren histotype, lymphovascular invasion,
intraoperative chemotherapy, and postoperative
chemotherapy were found to be independent factors
influencing timing of recurrence in patients who
underwent curative surgery for locally advanced gastric
cancer. No obvious multicollinearity was observed
among these factors.

Interestingly, we found that more patients
in the late- and non-recurrence groups received
intraoperative chemotherapy than did patients in
the early recurrence group, with intraoperative
chemotherapy found to be an independent predictor
of early recurrence [hazard ratio (HR) = 0.327, P
< 0.001]. Most previous studies of intraoperative
chemotherapy assessed only patients who received
hyperthermic intraperitoneal chemotherapy, not
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intravenous chemotherapy, although intravenous 5-FU
during surgery for advanced gastric cancer was first
administered in 19871}, A randomized controlled
clinical trial is required to confirm the benefits of
intraoperative chemotherapy.

The current study also found that postoperative
chemotherapy was an independent predictor of early
recurrence (HR = 0.423, P < 0.007). Results of both
the Capecitabine and Oxaliplatin Adjuvant Study in
Stomach Cancer and the Adjuvant Chemotherapy Trial
of TS-1 for Gastric Cancer trials suggested that FU-
based adjuvant therapy improves survival of patients
with gastric cancer following gastrectomy combined
with D2 lymphadenectomy™>". However, another
study found that adjuvant chemotherapy was not a
significant predictor of the timing of recurrencet?.
Further evaluation is necessary to assess the effect of
adjuvant chemotherapy on early recurrence.

The main limitations of this study were its
retrospective nature and relatively small sample size.

In summary, this retrospective study found that
larger tumor size and advanced AJCC pN stage
were significantly associated with early recurrence
of early gastric cancer; whereas age at diagnosis,
AJCC pT stage, AJCC pN stage, Lauren histotype,
and lymphovascular invasion were all independent
predictors of early recurrence in patients undergoing
curative surgery for locally advanced gastric cancer.
Chemotherapy, both intraoperative and postoperative,
was associated with early recurrence of gastric
carcinoma. Patients with gastric cancer should be
closely monitored and actively followed for at least 2
years after surgery.
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