
Abstract. Background: Little is known about the prognostic
value and clinical significance of monitoring tumour status
using tumour markers in patients with recurrent gastric
cancer. Patients and Methods: Between 2002 and 2009, 91
consecutive patients exhibited recurrence after curative
gastrectomy for gastric cancer. They were followed intensively
using tumour markers such as CA19-9 and CEA and their
records were retrospectively analyzed. Results: At the time of
recurrence, patients were divided into three groups. Each
tumour marker was re-elevated in 45 patients (51%) (re-
elevation group: REG), was continuously-elevated since initial
surgery in 23 patients (25%) (continuous elevation group:
CEG) and was not elevated in 22 patients (24%) (non-
elevation group: NEG). Survival after recurrence in REG was
significantly better than in the other groups. In particular,
those in REG had significantly better outcomes than those in
NEG, in both survival after recurrence (p=0.0109) and total
postoperative survival (p=0.0197), although there were no
significant differences in recurrence-free survival between the
two groups (p=0.8818). REG patients were able to receive
more chemotherapy regimens than NEG patients (p=0.0730,
REG vs. NEG, first-line 43% vs. 68%, second-line 33% vs.
32%, third-line or more 24% vs. 0%). Multivariate analysis
revealed that re-elevations in tumour markers were found to
be an independent prognostic factor for survival after
recurrence [p=0.0014, hazard ratio=2.55 (95% CI: 1.45-

4.65)]. Particularly for peritoneal recurrence, those in REG
had significantly better outcomes than those in NEG
(p<0.0005). Conclusion: Monitoring tumour dynamics using
tumour markers may facilitate clinical decision-making,
according to changes in tumour markers and contribute to
survival prolongation in patients with recurrent gastric cancer.

Gastric cancer is one of the most common causes of death
from cancer worldwide (1). Recent advances in diagnostic
methods, less invasive treatment techniques and perioperative
management have increased the early detection of gastric
cancer and reduced mortality and morbidity rates (2-4).
However, even if curative gastrectomy is performed, all
patients have the potential risk of disease recurrence. Indeed,
40-60% of patients with locally-advanced cancer experience
recurrence after surgery (5, 6). Therefore, to improve
survival rates for patients with gastric cancer, recurrent
disease must be diagnosed when it is still minimal or
clinically-occult and an appropriate treatment strategy should
be performed with consideration for its efficacy.

We hypothesized that monitoring tumour dynamics with
tumour markers could contribute to survival prolongation
whether early-detection was made or not because such
monitoring may be helpful in the decision-making for
selecting better timing of detailed examinations and in
changing chemotherapy accordingly while the patient’s
performance status allows for additional treatments. 

In this study, we investigated whether the tumour marker
CEA and CA19-9 was useful for monitoring tumour status
after recurrence and contributed to better outcomes. Our
results might show that monitoring tumour dynamics using
sensitive tumour markers enable us to select better
chemotherapeutic regimens earlier according to changes in
tumour markers and contribute to survival prolongation of
recurrent gastric cancer patients to a clinically-satisfactory
degree.
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Patients and Methods 

Patients. Between 2002 and 2009, 91 consecutive patients, who
exhibited recurrence following curative gastrectomy (R0) for gastric
cancer and had been treated in the Department of Digestive Surgery,
Kyoto Prefectural University of Medicine, were retrospectively
analyzed from hospital records. Curative resection was performed as
sub-total or total gastrectomy according to the location of tumour for
a secure sufficient tumour-free resection margin and radical
lymphadenectomy was performed according to the Japanese Gastric
Cancer Treatment Guidelines (7). Resected specimens were examined
by pathologists based on classifications of the 14th Japanese
Classification of Gastric Carcinomas (JCGC) (8) and 7th Tumour-
Node-Metastasis (TNM) (9). The clinicopathological findings of these
patients were determined retrospectively on the basis of their hospital
records. Histological types were classified as differentiated (papillary,
moderately and well-differentiated adenocarcinoma) and
undifferentiated (poorly, undifferentiated, signet-ring cell carcinoma,
and mucinous adenocarcinoma) based on the 14th JCGC.

Postoperative adjuvant chemotherapy using oral fluoropyrimidine
S-1-based regimens with no radiation therapy was performed for
patients with tumours of more than pathological stage II (10, 11).
The follow-up program scheduled for all patients comprised a
regular physical examination and laboratory blood tests including
tumour marker CEA and CA19-9, chest X-rays every three months
in the first postoperative year, every six months in the second
postoperative year, and annually thereafter for at least five years.
Computed tomography (CT) was performed annually for patients
with pathological stage I-II tumours and every six months for
patients with tumours of more than pathological stage III for the
first five years. Otherwise, CT was performed within one month
when tumour marker elevation or symptoms were detected in
follow-up laboratory blood tests and regular physical examinations.
Endoscopy was performed for all patients annually to screen for
cancer in the gastric remnant.  

The patterns of recurrence were classified as peritoneal,
haematogenous, lymphatic and locoregional, and multiple
recurrences. Peritoneal recurrences included positive cytology in the
ascitic fluid, carcinomatosis, or ovarian metastasis. Haematogenous
recurrences were defined as organic metastases including the liver,
lung, and bone. Lymphatic and locoregional recurrences were in the
regional and/or distant lymph nodes and gastric bed, and remnant
gastric cancer at the anastomotic site or gastric stump. Multiple
recurrences were defined as having multiple patterns of recurrence.
Recurrences were categorized by the site at initial presentation.
First-line and second-line, third-line or more chemotherapies for
recurrence were performed using oral fluoropyrimidine S-1, 5-FU,
cisplatin, taxane, irinotecan, and their combinations.

In this study, patients were categorized into three groups
according to the pattern of change of either or both tumour markers
at the time of recurrence as follows: non-elevation group, re-
elevation group, and continuous elevation group. The elevation of
tumour markers was defined that data of each or both tumour
markers was beyond the degree of normal limit in blood laboratory
test. In the non-elevation group, tumour markers were not elevated
after initial surgery and were also not elevated at the time of
recurrence. In the re-elevation group, tumour markers were not
elevated after initial surgery but became elevated at the time of
recurrence. In the continuous elevation group, tumour markers were
elevated before and after initial surgery and were also continuously

elevated at the time of recurrence. During follow-up after initial
surgery or chemotherapy for recurrence, if tumor marker elevation
was detected, prompt detailed examinations using imaging
modalities such as CT and PET were normally performed. 

Statistical analysis. The chi-square test and Fisher’s exact
probability test were performed for categorical variables, while the
Student’s t-test and Mann-Whitney U-test for unpaired data of
continuous variables were performed to compare clinicopathological
characteristics between groups. Cause-specific death was recorded
when the cause of death was specified as recurrent gastric cancer.
Post-recurrence survival at the time from recurrence to death, and
overall survival at the time from curative gastrectomy to death were
estimated using the Kaplan-Meier method, and the log-rank test was
used to assess differences between clinical factors. A p-value of less
than 0.05 was considered significant.

Results

Comparison of survival curves according to changing patterns
of tumour marker changes in patients with recurrent gastric
cancer. Between 2002 and 2009, 91 consecutive patients
exhibited tumour recurrence following gastrectomy for gastric
cancer. Out of all 91 patients analyzed, 46 (51%), 23 (25%), and
22 (24%) were assigned to the re-elevation group, the
continuous-elevation group, and the non-elevation group,
respectively. The median survival time (MST) after recurrence
for the re-elevation group was the longest among these groups;
re-elevation vs. continuous elevation vs. non-elevation: 244 days
vs. 128 days vs. 93 days) (Figure 1A). In further analyses, the
continuous-elevation group was excluded because it could not
be fully determined whether residual tumour or recurrence was
associated with the continuous elevation of tumour markers. 

The re-elevation group had significantly better outcomes
than the non-elevation group in both survival after recurrence
(p=0.0109) (Figure 1B) and total postoperative survival
(p=0.0197) (Figure 1D), although there were no significant
differences in recurrence-free survival between the groups
(p=0.8818) (Figure 1C). There are also no significant
differences in clinicopathological factors between both groups
(Table I). There may be a prognostic benefit of measuring
these tumour markers in patients in the re-elevation group for
survival after recurrence for gastric cancer. 

Comparison of the time-course of chemotherapy and MST after
recurrence between non-elevation and re-elevation groups. To
investigate reasons for the prognostic difference between the re-
elevation group and non-elevation group, we compared the
time-course of chemotherapy in 68 consecutive patients in these
groups. As a result, the frequency of patients treated with
second-line chemotherapy or more, after recurrence tended to
be higher in the re-elevation group than that in the non-elevation
group (p=0.0730) (Figure 2). Namely, in the re-elevation group,
20 patients were treated with adjuvant chemotherapy-only or
first-line chemotherapy (43%; MST after recurrence=240 days),
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15 patients were treated with second-line chemotherapy (33%;
MST after recurrence=186 days) and 11 patients were treated
with third-line chemotherapy (24%; MST after recurrence=335
days). However, in the non-elevation group, 15 patients were
treated with adjuvant chemotherapy or first-line chemotherapy
(68%; MST after recurrence=93 days), 7 patients were treated
with second-line chemotherapy (32%; MST after recurrence=79
days) and no patient were treated with third-line chemotherapy
(0%) (Figure 2). 

Univariate and multivariate analyses of survival after
recurrence using Cox’s proportional hazard model. In order to
determine prognostic independence of re-elevation of tumour
markers, we performed univariate and multivariate analyses of
survival after recurrence using the Cox’s proportional hazard
model. Consequently, univariate analysis showed that greater
age and the re-elevation of tumour markers were significant
prognostic factors for reduced cause-specific survival after
recurrence. Multivariate analysis demonstrated that along with
T-stage and tumour size, re-elevation of tumour markers was
an independent prognostic factor (Table II).

Comparison of survival curves after recurrences according to
the type of recurrence. Furthermore, we investigated which
type of recurrence was more associated with favourable
outcomes in patients with the re-elevation of tumour markers
(Figure 3). As a result, particularly for peritoneal recurrence,
the re-elevation group had significantly better outcomes than
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Figure 1. The median survival time after recurrence of gastric cancer in the re-elevation group was the longest among all groups; re-elevation vs.
continuous elevation vs. non-elevation: 244 days vs. 128 days vs. 93 days) (A). The re-elevation group had significantly better outcomes than the non-
elevation group in both survival after recurrence (p=0.0109) (B) and total postoperative survival (p=0.0197) (D), although there were no significant
differences in recurrence-free survival between the groups (p=0.8818) (C).

Figure 2. The frequency of patients treated with second-line
chemotherapy or more after recurrence tended to be higher in the re-
elevation group than that in the non-elevation group (p=0.0730). 



the non-elevation group (p=0.0020). In contrast, other types
of recurrence were not prognostically different between the re-
elevation group and non-elevation group (p=0.4317) (Figure

3). In addition, especially for patients with peritoneal
recurrence, the number of patients treated with second-line or
more chemotherapy after recurrence was higher in the re-
elevation group than that in the non-elevation group. Namely,
in the re-elevation group, 7 patients were treated with adjuvant
chemotherapy or first-line chemotherapy (41%; MST after
recurrence=220 days), 8 patients were treated with second-line
chemotherapy (47%; MST after recurrence=329 days) and 2
patients were treated with third-line chemotherapy (12%; MST
after recurrence=399 days). However, in the non-elevation
group, 7 patients were treated with first-line chemotherapy
(70%; MST after recurrence=132 days), 3 patients were
treated with second-line chemotherapy (30%; MST after
recurrence=79 days) and no patients were treated with third-
line chemotherapy (0%) (Figure not shown). 

Discussion

Monitoring tumour dynamics after recurrence with tumour
markers may prompt detailed examinations according to the
changes in tumour markers and allow for switching of
chemotherapy from an ineffective regimen to other more
promising regimens. In this study, we demonstrated that
monitoring tumour dynamics using CEA and CA19-9 may
facilitate clinical decision-making and contribute to survival
prolongation in patients with recurrent gastric cancer. 

To our knowledge, however, no report has yet provided
evidence that monitoring tumour dynamics with such
markers contributes to survival prolongation in gastric
cancer. One possible reason may be that there had not been
any effective or high-quality regimens of chemotherapy for
recurrent gastric cancer achieving survival prolongation, only
curative resection of recurrent tumours. However, several
recent prospective randomized control trials such as
JCOG9912 (Randomized phase-III study of 5-fluorouracil-
alone versus combination of irinotecan and cisplatin versus
S-1 alone in advanced gastric cancer. Japan Clinical
Oncology Group 9912), SPIRITS (S-1 Plus cisplatin versus
S-1 in RCT in the treatment for Stomach cancer), ToGA
(Trastuzumab for Gastric Cancer), and START (S-1 and
Taxotere for Advanced Gastric Cancer. Randomized Phase -
III Trial) studies using newer agents showed survival benefits
for advanced and recurrent gastric cancer in overall or sub-
group analyses (12-15). Therefore, the significance of
monitoring tumour dynamics using tumour markers in
relation to treatment efficacy should be emphasized.

In this study, in order to elucidate prognostic effects using
tumour marker dynamics, we analyzed data for 91 recent
consecutive patients who underwent curative gastrectomy,
and postoperative adjuvant chemotherapy such as 5-FU or
oral fluoropyrimidine S-1-based regimens, if they were
diagnosed with tumour of pathological stage II or higher.
Moreover, we assigned all 91 patients into three groups
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Table I. Association between clinicopathological characteristics and
tumour marker elevations.

Tumour marker elevasion

Re- Non-
n elevation elevation p-Value*

Total 68 46 22

Gender
Male 42 31 (67%) 11 (50%)
Female 26 15 (33%) 11 (50%) 0.1674

Age, years
<65 28 21 (46%) 7 (32%)
≥65 40 25 (54%) 15 (68%) 0.4116

Location
Upper 23 13 (28%) 10 (45%)
Middle or lower 45 33 (72%) 12 (55%) 0.1609

Histopathological grading
Differentiated 29 21 (46%) 8 (36%)
Undifferentiated 39 25 (54%) 14 (64%) 0.6437

Tumour size (mm)
<70 32 22  (48%) 10 (45%)
≥70 36 24  (52%) 12 (55%) 0.8545

Venous invasion
0 32 18 (39%) 14 (64%)
1-3 36 28 (61%) 8 (36%) 0.1021

Lymphatic invasion
0 10 6 (13%) 4 (18%)
1-3 58 40 (87%) 18 (82%) 0.8463

TNM classification
pT categories

pT1 3 2 (4%) 1 (5%)
pT2 19 12 (26%) 7 (32%)
pT3 41 29 (63%) 12 (55%)
pT4 5 3 (7%) 2 (9%) 0.9307

pN categories
N0 12 8 (17%) 4 (18%)
N1 12 11 (24%) 1 (5%)
N2 12 5 (11%) 7 (32%)
N3 32 22 (48%) 10 (45%) 0.1847

pStage
I 2 1 (2%) 1 (5%)
II 15 11 (24%) 4 (18%)
III 51 34 (74%) 17 (77%) 0.9572 

Recurrennce pattern
Lymphatic and local 18 13 (28%) 5 (23%)
Haematogenous 12 10 (22%) 2 (9%)
Peritoneal 27 17 (37%) 10 (45%)
Multiple 11 6 (13%) 5 (23%) 0.7479 

Chemotherapy
Adjuvant only or 1st line 35 20 (43%) 15 (68%)
2nd line 22 15 (33%) 7 (32%)
3rd line or more 11 11 (24%) 0 (0%) 0.0730 

*From the χ2 or Fisher's exact test and were significant at <0.05.



based on tumour marker changes; obviously re-elevation of
tumour markers at recurrence indicates the need to monitor
subsequent treatment efficacy. Consequently, we showed that
patients with tumour marker re-elevation at recurrence
presented significantly better outcomes in both survival after
recurrence and postoperative cause-specific survival than
those of patients without elevation of tumour markers (Figure
1B and 1D). We also demonstrated that a re-elevation of
tumour markers was an independent prognostic factor for
better cause-specific survival after recurrence (Table II) and
postoperative cause-specific survival (data not shown) by
multivariate analysis. 

Next, we examined the reasons for favourable prognostic
effects in the re-elevation group. We investigated the
background factors most associated reasons with survival,
surveillance with tumour markers, and appropriate use and
type of effective chemotherapy regimens with tumour markers
after recurrence. As a result, there were no significant
differences in background clinicopathological factors (Table
I) and recurrence-free survival between the re-elevation and
non-elevation groups (p=0.8818) (Figure 1B). These results
could exclude the possibility of lead-time bias and the
favourable outcome in the re-elevation group might not be
associated with standard surveillance after initial surgery
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Figure 3. Patients in the re-elevation group had significantly better outcomes than those in the non-elevation group with peritoneal recurrence
(p=0.0020). In contrast, there were no significant differences in outcomes between the re-elevation group and non-elevation group for other types
of recurrence (p=0.4317).

Table II. Univariate and multivariate analyses of survival after recurrence using the Cox’s proportional hazard model.

Variable Univariatea Multivariateb

p-Value HR 95% CI p-Value

Gender male versus female 0.6239 -
Age ≥65 versus <65 0.0231 -
Location U versus ML 0.1428 -
Histological type Un.versus D. 0.4669 -
Tumour size, mm ≥70 versus <70 0.0843 2.472 1.346-4.539 0.0035
Venous invasion positive versus negative 0.4622 -
Lymphatic invasion positive versus negative 0.6664 -
pT category T4 versus T1-3 0.2567 2.228 1.177-4.216 0.0138
pN category N3 versus N0-2 0.1872 -
Tumour marker elevation Re-elevation versus Non-elevation 0.0109 2.549 1.448-4.646 0.0014

aKaplan and Meier method; significance was determined by log-rank test. bMultivariate survival analysis was performed using Cox’s proportional
hazard model. HR: Hazard ratio; CI: confidence interval; U: upper; ML: middle or lower; Un: undifferentiated; D: differentiated.



similarly to previous reports (16-20), but with the way of
treatments using tumour makers after recurrence. Indeed, the
frequency of patients treated with second-line chemotherapy
or more after recurrence was tended to be higher in the re-
elevation group than the non-elevation group (p=0.0730)
(Figure 2). This suggests that monitoring tumour dynamics
after recurrence using tumour markers contributes to the
decision-making for selecting better chemotherapy regimens
with better timing while the patient’s performance status
allows for switching to more effective treatments (17, 21). 

We also found that patients with peritoneal recurrence in
the re-elevation group had significantly better outcomes than
those in the non-elevation group (p=0.0020). However, other
types of recurrence had no significant effect on outcomes in
these groups (p=0.4317) (Figure 3). These findings are in
agreement with recent prospective randomized control trials
such as ACTS-GC (Adjuvant Chemotherapy Trial of TS-1
for Gastric Cancer), SPIRITS and START studies using S-1-
based regimens that found treatment sensitivity and survival
benefits, particularly in non-measurable tumour recurrences
such as peritoneal recurrence (11, 13, 15). In this study,
patients were treated mainly with S-1-based regimens,
similarly to the clinical trials described above. Therefore, our
results strongly suggest that the survival effect of monitoring
tumour dynamics with tumour makers might be enhanced by
S-1-based chemotherapy, particular in peritoneal recurrence.
Indeed, evaluation of treatment efficacy on peritoneal
recurrence is difficult even if imaging tests such as CT and
PET were performed. These findings might contribute to
clinical decision-making in clinical practice.  

We present here a framework of the significance of
monitoring the tumour status of recurrence with tumour
biomarkers. As far as we are aware, this study is the first
report to provide evidence that monitoring biomarkers, even
if they are only conventional tumour markers, may lead to
favourable outcomes in recurrent gastric cancer. However,
many issues should be addressed before these findings can be
translated into a clinically useful strategy for advanced gastric
cancer treatments, because there are still no similar reports and
few tumour-specific biomarkers for use in clinical settings.
Conventional serum tumour markers such as CEA and CA19-
9 are useful to monitor tumour status following chemotherapy
but lack a sufficient sensitivity and specificity to facilitate
early detection and monitoring of cancer (22-24). Therefore,
detecting novel biomarkers such as molecular biomarkers
using a less invasive blood-based diagnostic assay is required,
as shown in recent reports (25-28). If more patients with
recurrence could be followed by a sensitive ‘tailor-made
biomarker’ for each individual, these biomarkers may also
contribute to improving survival rates for more patients with
gastric cancer. At our Institute, these issues are currently under
evaluation to detect novel biomarkers, including circulating
cancer-associated nucleic acids such as cell-free DNA and

microRNAs in plasma and serum (29-34). In conclusion, our
results provide evidence that monitoring tumour dynamics
using tumour markers may facilitate an early clinical decision-
making and contribute to survival prolongation in patients with
recurrent gastric cancer.
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