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Early postoperative tumor marker responses
provide a robust prognostic indicator for N3 stage
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Abstract
The clinical significance of tumor markers after radical gastrectomy has not been well characterized. The purpose of this study is to
evaluate the prognostic value of early postoperative tumor marker normalization in N3 stage gastric cancer (GC) patients. A total of
259 N3 stage GC patients with preoperatively elevated carcinoembryonic antigen (CEA, >5ng/mL) or carbohydrate antigen 19-9
(CA19-9, >37U/mL) levels underwent radical gastrectomy were analyzed retrospectively. Early postoperative tumor marker
response was considered as a normalization of CEA or CA19-9 levels 4 weeks after surgery. The disease-free survival (DFS) and
overall survival (OS) were analyzed. N3 stage GC patients were divided into N3a (n=157) and N3b (n=102) groups according to the
8th TNM stage system. Early tumor marker response was identified in 96 of 157 N3a patients (61.15%) and 57 of 102 N3b patients
(55.88%). In N3 stage GC patients with a tumor marker response, significant increase was observed in both DFS (25.2 months vs
12.5 months, P< .001) and OS (32.5 months vs 18.5 months, P< .001) compared with those without tumor marker response. N3b
patients with a tumor marker response showedmore favorable DFS (19.2months vs 13.6 months, P= .019) and OS (25.8months vs
19.0 months, P= .013) compared with N3a patients lacking a tumor marker response. Multivariate analysis revealed that early tumor
marker response was an independent factor for DFS and OS in N3 stage GC, as well as for depth of invasion and metastatic lymph
node rate (P< .05). Early postoperative CEA or CA19-9 normalization serves as a strong prognostic indicator in N3 stage GC. Both
N3a and N3b patients with increased early postoperative tumor marker levels showed poor outcomes.

Abbreviations: AJCC= American Joint Commission on Cancer, CA19-9= carbohydrate antigen 19-9, CEA= carcinoembryonic
antigen, CT = computer tomography, DFS = disease-free survival, EGD = esophagogastroduodenoscopy, GC = gastric cancer,
OS = overall survival, US = abdominal ultrasound.
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1. Introduction

Gastric cancer (GC), the fourth most common malignancy and
the second leading cause of cancer-related death worldwide,
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remains one of the lethal diseases globally. The prognosis of the
GC is poor in China due to higher rates of metastasis.[2,3]

Nowadays, the tumor-node-metastasis (TNM) staging system
provides a standard for the classification of the anatomic extent,
prediction of prognosis, as well as establishing of treatment
regimen. Recently, the latest 8th edition of the American Joint
Commission on Cancer (AJCC) TNM stage system subclassifies
the N3 stage of GC into a N3a (7–15 regional lymph nodes
metastasis) and a N3b (>15 regional lymph nodes metastasis)
category. Such subclassification influences the final stages ofGC.[4]

Carcinoembryonic antigen (CEA) and carbohydrate antigen
(CA) 19-9 are the most commonly used markers for the early
diagnosis of cancer. These markers have been used for the
prediction of prognosis and recurrences of GC after surgery.[5–9]

However, rare studies have been focused on the evaluation of the
prognostic significance of serum CEA and CA19-9 levels within 4
weeks after curative resection. The primary purpose of this study
was to evaluate the prognostic value of postoperative serum CEA
and CA19-9 in N3 stage GC patients. Our study provides an
auxiliary value for the rationality of the N3 subclassification.
2. Patients and methods

2.1. Methods

A total of 383 GC patients (N3 stage) with preoperative elevation
of CEA (>5ng/mL) or CA19-9 (>37U/mL) admitted in the Qilu
Hospital of Shandong University from January 2004 to October
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Table 1

Clinicopathologic features in N3 stage GC patients by tumor
marker response.

Tumor marker response

Variable Present (n=153) Absent (n=106) x2 P

Sex 1.769 .184
Male 106 65
Female 47 41

Age, y 2.085 .149
<60 96 57
≥60 57 49

N3 subclassification
∗

0.709 .400
N3a 96 61
N3b 57 45

Depth of invasion 0.856 .652
T1–3 13 11
T4a 106 76
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2011 were included. The exclusion criteria were as follows:
perioperative mortality, those with incomplete clinical records
(including those lost to follow-up), patients receiving palliative
surgery, patients subjected to surgery with metastasectomy, and
those subjected to preoperative neoadjuvant chemotherapy.
Finally, 259 patients received D2 or D2+ radical gastrectomy
were enrolled in this study. Patients were either subclassified as
stage N3a (n=157, 60.62%) or stage N3b (n=102, 39.38%)
according to the 8th AJCC TNM stage system. Serum CEA and
CA19-9 levels were measured preoperatively and at 4 weeks after
surgery. Tumor marker response was considered as a normaliza-
tion of either CEA or CA19-9 levels 4 weeks after radical
gastrectomy and before administration of systemic chemothera-
peutic agents. Written informed consent was obtained from each
patient. The study protocols were approved by the Ethical
Committee, Qilu Hospital of Shandong University.
T4b 34 19
Metastatic lymph node ratio 5.057 .025
<0.4 48 20
≥0.4 105 86

Tumor size, cm 1.426 .232
<5 65 53
≥5 88 53

Tumor location 2.204 .531
Upper 23 11
Middle 22 21
2.2. Determination of serum CEA and CA19-9

Peripheral blood sample was collected from each patient. Serum
CEA and CA19-9 levels were measured preoperatively and 4
weeks after surgery, respectively. The determination was
performed using a Roche Elecsys 2010 Immunoassay analyzer
(Roche, Penzberg, Germany) using the electrochemiluminescence
method.
Lower 89 60
Whole 19 14

Type of surgery 5.610 .061
Proximal gastrectomy 12 2
Distal gastrectomy 82 53
Total gastrectomy 59 51

Lymph vessel invasion 1.822 .177
Positive 27 26
Negative 126 80

Differentiation 0.676 .411
Differentiated 35 29
Undifferentiated 118 77

∗
According to the 8th AJCC TNM stage system.
2.3. Follow-up

Follow-up was conducted 4 weeks after surgery, and then was
conducted every 1 to 3 months in the first year, every 3 to 6
months in the next 2 years, and every 6 months thereafter until 5
years postoperatively. The median duration of follow-up at the
cutoff date was 26.5 months (range=5.3–107.0 months). During
the follow up, the patients were required to receive physical
examination, determination of serum CEA and CA19-9 levels,
chest radiogram and abdominal ultrasound (US). Diagnostic
imaging such as abdominopelvic computer tomography (CT),
esophagogastroduodenoscopy (EGD), or positron emission
tomography-CT was performed if necessary. Recurrence was
evaluated by clinical symptoms, imaging findings, histological
biopsy, or findings at reoperation.
2.4. Statistical analysis

Data analysis was performed using SPSS 22.0 software.
Clinicopathologic features were analyzed using Chi-square
test. The median disease-free survival (DFS) and overall
survival (OS) were estimated according to the Kaplan–Meier
method, and log-rank test was performed for the comparison.
Variables that significantly affected the DFS and OS were
investigated by multivariate analysis according to the Cox
regression model. P< .05 was considered to be statistically
significant.
3. Results

3.1. Clinicopathologic features

Clinicopathologic features of 259 patients (male: 171; female: 88)
of stage N3 are summarized in Table 1. The median age was 57
years (23–86 years). Based on the 8th AJCC TNM stage system,
157 patients (60.62%) were categorized into N3a stage, while
102 patients (39.38%) were categorized into N3b stage. Early
2

postoperative serum CEA or CA19-9 normalization was
observed in 153 patients (59.07%). No significant differences
were noticed in the sex, age, N3 subclassification, depth of
invasion, tumor size, tumor location, type of surgery, as well as
lymph vessel invasion and differentiation between the 2 groups.
Patients with no tumor marker response showed metastatic
lymph node ratios of ≥0.4 compared with those with tumor
marker response (P= .025).
3.2. Comparison of survival outcomes in patients with or
without tumor marker response

Survival curves of GC patients are depicted in Fig. 1 based on
the tumor marker response status. GC patients at N3 stage with
a tumor marker response showed favorable outcomes than
those lacking of a tumor marker response (nonresponse) in
terms of DFS (25.2 months vs 12.5 months, P< .001, Fig. 1A)
and OS (32.5 months vs 18.5 months, P< .001, Fig. 1B). N3a
patients showed significantly higher DFS (24.0 months vs 15.5
months, P= .016, Fig. 2A) and OS (29.5 months vs 22.9
months, P= .022; Fig. 2B) than those of N3b patients.
Interestingly, the N3b patients with a tumor marker response



Figure 2. Survival outcomes of N3a and N3b subclassifications, Kaplan–Meier curves of DFS (A) and OS (B).

Figure 1. Survival outcomes of tumor marker response and nonresponse. Kaplan–Meier curves of DFS (A) and OS (B).
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showed significantly better outcomes than N3a patients lacking
a tumor marker response in terms of DFS (19.2 months vs 13.6
months, P= .019, Fig. 3A) and OS (25.8 months vs 19.0
months, P= .013, Fig. 3B), respectively. No statistical differ-
ences were noticed in the DFS (13.6 months vs 10.8 months,
P= .365, Fig. 3A) or OS (19.0 months vs 17.6 months, P= .697,
Fig. 3B) between patients at N3a and N3b stages lacking a
tumor marker response.
Figure 3. Survival outcomes of tumor marker response and nonresponse, divide

3

3.3. Recurrence site and rate

The initial recurrence sites and rates are listed in Table 2
according to early postoperative serum tumor marker levels. No
statistical differences were identified in the initial recurrence in the
liver, lung, bone, lymph nodes, and peritoneum anastomosis, as
well as other organs in patients with response than those without.
The recurrence rate within 1 year after surgery was significantly
d into N3a and N3b response, Kaplan–Meier curves of DFS (A) and OS (B).
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Table 2

Initial recurrence site and recurrence rate within 1 year.

Factors Total (n=208) Response (n=112) Nonresponse (n=96) x2 P

Initial recurrence site
Liver 84 47 37 0.252 .616
Lung 42 25 17 0.683 .409
Bone 27 15 12 0.036 .849
Other organs 21 12 9 0.102 .749
Lymph nodes 113 55 58 2.665 .103
Peritoneum 90 43 47 2.351 .125
Anastomosis 23 15 8 1.345 .246
Others 12 7 5 0.103 .748

Recurrence within 1 y 75 24 51 22.525 <.001

Zhang et al. Medicine (2017) 96:32 Medicine
higher in the tumormarker nonresponse patients compared to the
response patients (53.13% vs 21.43%, P< .001).

3.4. Prognosis factors

Prognostic factors for DFS and OS were analyzed using
multivariate analysis according to Cox regression model.
Univariate analysis showed that several factors were risk factors
for DFS including tumor marker response (P< .001), N3
subclassification (P= .016), depth of invasion (P= .001), meta-
static lymph node rate (P< .001), tumor location (P= .025), type
of surgery (P= .002), and lymph vessel invasion (P= .047,
Table 3). Meanwhile, the risk factors for OS were tumor marker
response (P< .001), N3 subclassification (P= .022), depth of
invasion (P= .001), metastatic lymph node rate (P< .001), tumor
Table 3

Univariate and multivariate analysis for DFS and OS in N3 stage GC

Variable

DFS

Univariate Multiv

P HR 95%

Sex .471
Male/female
Age, y .844
<60/≥60

Tumor marker response .000 2.356 1.757
Present/absent

N3 subclassification .016 1.071 0.796
N3a/N3b

Depth of invasion .001
T1–3 1.000
T4a 2.495 1.364
T4b 3.769 1.916

Metastatic lymph node ratio .000 2.066 1.457
<0.4/≥0.4

Tumor size, cm .078
<5/≥5

Tumor location .025
Upper 1.000
Middle 0.828 0.447
Lower 0.698 0.333
Whole 1.217 0.669

Type of surgery .002
Distal gastrectomy 1.000
Proximal gastrectomy 3.251 1.062
Total gastrectomy 2.314 0.869

Lymph vessel invasion, positive/negative .047 1.239 0.860
Differentiation, differentiated/undifferentiated .141

CI= confidence interval, DFS=disease-free survival, HR=hazard ratio, OS= overall survival.
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size (P= .011), tumor location (P= .034), and type of surgery
(P= .004). According to the multivariate analysis, several
independent factors for DFS and OS were identified including
tumor marker responses (P< .001), as well as for depth of
invasion (P= .001) and metastatic lymph node rate (P< .001).
4. Discussion

N3 stage GC has been recognized as an advanced malignancy
with a poor prognosis, even after radical resection.[10] The
prognosis of GC patients vary greatly even within patients at the
same TNM stage.[11] Our study showed that early CEA or CA19-
9 normalization after radical gastrectomywas a prognostic factor
for N3 stage GC, which was particularly relevant for patients
patients.

OS

ariate Univariate Multivariate

CI P P HR 95% CI P

.352

.080

–3.159 .000 .000 2.178 1.639–2.895 .000

–1.441 .652 .022 1.038 0.783–1.376 .796

.001 .001 .001
1.000

–4.563 2.195 1.249–3.730
–7.413 3.232 1.721–6.071
–2.929 .000 .000 2.070 1.483–2.889 .000

.011 1.338 0.971–1.844 .075

.332 .034 .188
1.000

–1.533 1.094 0.600–1.994
–1.463 0.647 0.313–1.336
–2.213 1.340 0.745–2.408

.118 .004 .083
1.000

–9.955 2.874 1.023–8.074
–6.167 1.600 0.655–3.909
–1.786 .249 .076

.119
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with high preoperative levels of tumor markers. N3b patients
with tumor marker response showed a better prognosis
compared to that of N3a patients lacking tumor marker
response. We assumed that early postoperative CEA or CA19-
9 may reflect the radical extent of surgery in N3 stage GC
patients.
Several studies demonstrated that elevation of preoperative

CEA and CA19-9 could serve as independent prognostic factors
for patients underwent radical surgery.[7,12,13] Nam et al[14]

reported that early postoperative tumor marker levels might
be used for the prediction of survival of GC patients. However,
early stage GC patients showed lower recurrence sensitivities
of postoperative tumor markers compared with that in
advanced GC.[15] At present, the prognostic impact of tumor
markers in N3 stage GC patients remains elusive. N3 stage GC
patients are more likely to show abnormal preoperative tumor
marker levels.[16–18] According to our experience, N3 stage GC
patients with elevated tumor markers after radical gastrectomy
tended to show poor outcomes. Therefore, a precise determina-
tion of the prognostic value of tumor markers in N3 stage GC
would be of substantial importance in clinical practice. To our
best knowledge, our study firstly reported the prognostic impact
of the early postoperative serum CEA and CA19-9 levels in N3
stage GC patients.
In this study, the prognostic value of the postoperative serum

tumor marker response in patients with N3 stage GC was
analyzed retrospectively. Postoperative serum CEA and CA19-9
concentrations were initially measured 4 weeks after surgery to
reduce the potential for any confounding effects of adjuvant
treatment on postoperative serum tumor markers levels.
According to our results, 106 patients (40.93%) showed aberrant
serum CEA or CA19-9 levels. N3 stage GC patients in the tumor
marker nonresponse group showed lower DFS andOS than those
in the response group. Tumor markers were expressed in the
process of tumorigenesis and progression and may indicate the
presence of a neoplasm as well as the relative malignancy burden
and aggressive nature of the biological response.[19] Early
postoperative nonresponse tumor markers were more likely to
be found in patients with higher tumor burdens, and those with
the potency for increased prevalence of micrometastases.[20] In
cases of the fact that serum tumor markers failed to get in the
normal range within 4 weeks postoperatively, the possibility of
an incomplete resection of the primary tumor should be
considered with or without the presence of micrometasta-
ses.[14,21] The recurrence rate within 1 year after surgery was
significantly higher in nonresponse (53.13%) as compared with
response (21.43%) patients. Therefore, as the half-life of CEA
and CA19-9 was short,[22,23] we cautiously suggested that an
early normalization of tumor markers might reflect the efficiency
of radical operation and an elimination of the invasive potential
of the cancer. N3 stage GC patients, particularly those with no
tumor marker response at the early stage, should be closely
followed up together with administration of intensive chemo-
therapy.
The extent of lymph node metastasis was considered to be the

most important independent prognostic factor for GC.[16,24] In
this study, statistical difference was noticed in the outcomes
between N3a and N3b patients, which was also reflected in the
TNM stage of the latest 8th AJCC edition.[4] When N3 patients
were stratified into 4 groups based on early postoperative tumor
marker status and N3 subclassification, we interestingly found
that N3b patients with a tumor marker response showed more
favorable outcomes than N3a patients lacking a tumor marker
5

response. However, for both N3a and N3b patients lacking a
tumor marker response, the DFS and OS were similar and
presented in a decline tendency. Therefore, more attention should
be paid to the postoperativemanagement ofN3 stageGC patients
based on their early postoperative tumor marker status, rather
than simple stratification based on the AJCC TNM staging
system.
Identification of prognostic factors may contribute to the

prediction and improvement of outcomes in GC patients. As an
important prognostic factor, depth of tumor invasion is included
in the AJCC TNM stage system.[25] Moreover, metastatic lymph
ratio has also been reported as a promising prognostic indicator
in GC.[26,27] Our study revealed that early tumor marker
response, depth of invasion, and metastatic lymph node ratio
were the independent prognostic factors for DFS and OS
according to multivariate analysis. Therefore, these factors can
serve as useful parameters to predicate the prognosis of N3 stage
GC patients after radical gastrectomy.
Indeed, there are limitations in our study. Firstly, our study was

retrospective with a relatively small sample size. Secondly, we
only assessed 2 markers in our analysis while CA72-4 that was
considered as a useful follow-up tumor marker after gastrectomy
was not included. Finally, it is not possible to apply our results to
all stages of GC patients as it is still a challenge to identify the
presence of high levels of preoperative tumor markers in early
stage GC patients.
5. Conclusions

In conclusion, early postoperative serum tumor marker
responses can serve as a strong prognostic indicator for N3
stage GC. Early postoperative serum CEA and CA19-9 levels
may contribute to the prediction of prognosis, which can better
reflect the status of the curative resection. During the
postoperative follow-up, careful attention should be paid to
N3 stage GC patients based on their postoperative tumor
marker levels, rather than simply stratifying patients based on
the AJCC TNM staging system. Meanwhile, N3a and N3b
patients with elevation of early postoperative tumor marker
levels should be closely followed up together with administra-
tion of intensive chemotherapy.
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