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SUMMARY

Background: The usefulness of serum carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9, and
CA72-4 for diagnosis, predicting progression, and monitoring recurrence of gastric cancer (GC) remains unclear.
Methods: We conducted a retrospective investigation in this study. A total of 564 GC cases were enrolled, and 529
cases with benign gastric disease were recruited as controls. The clinical data and results of biomarker detections
were collected.

Results: The median concentrations (IQR) of CEA, CA19-9, and CA72-4 in GC patients were 2.38 ng/mL (1.47 -
4.47), 10.52 U/mL (6.17 - 20.20), and 2.42 U/mL (1.26 - 6.58), respectively, which were significantly different from
those in controls (all p < 0.001). However, the areas under the ROC curve (AUCs) were 0.633, 0.565, and 0.621,
respectively. When combining the three biomarkers, the optimal sensitivity, specificity, and AUC were 39.15%,
86.93%, and 0.652, respectively. The concentrations of biomarkers increased incrementally with the pathological
stages (all p < 0.001). However, the PPVs in comparison with early/advanced GC, no/with lymph node metastasis,
and distant metastasis were modest. No significant difference in preoperative levels was observed in patients with
and without recurrence. Significant difference was shown in both recurrence and no recurrence group when com-
paring the baseline and endpoint levels (all p < 0.05).

Conclusions: CEA, CA19-9, and CA72-4 were not applicable biomarkers for diagnosis, and the combination did
not achieve better diagnosis efficiency. The levels of biomarkers cannot predict advanced GC, lymph node metas-
tasis, and distant metastasis well. The measurements of biomarkers may not effectively identify recurrence after
curative radical gastrectomy.
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Email:  chengliming2015@163.com Gastric cancer (GC) is the fifth most commonly diag-
nosed malignancy and the fourth leading cause of can-
cer deaths worldwide [1]. In China, concerns about GC
have received attention. It is estimated that there are
679,000 newly diagnosed GC cases and 498,000 can-
cer-related deaths occurring in 2015 [2]. Screening for
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viduals. Although the development of treatment offers
new hope for advanced GC patients, the prognosis is
still poor, with high recurrence. A previous study shows
that the five-year survival rate of gastric cancer is only
36.7%, while the survival rate of early gastric cancer
can reach up to 90.3% [3]. Therefore, early detection of
GC is crucial to reduce the mortality and recurrence as-
sociated with the disease. Besides, the diagnosis and
treatment are highly dependent on the staging of cancer,
making accurate staging crucial throughout the course
of GC.

Although endoscopic biopsy is the criterion standard for
diagnosing GC, tumor markers have also been used for
cancer diagnosis, guidance of treatment, monitoring of
recurrence, and judgement of prognosis due to relatively
low cost and less discomfort to the patients [4]. At pres-
ent, GC still lacks tumor markers with high sensitivity
and specificity. Carbohydrate antigen (CA) 72-4 is the
most widely-used biomarker for GC and has a relatively
high sensitivity and specificity for diagnosing GC com-
pared with other indicators [5]. Except for CA72-4, oth-
er biomarkers, including carcinoembryonic antigen
(CEA) and CA19-9, have also been reported to play an
important role in monitoring GC recurrence and distant
metastasis as well as evaluating the efficacy and prog-
nosis of chemotherapy [6-9]. However, whether they
can serve as applicable biomarkers for GC is still con-
troversial.

In this study, we intended to investigate the clinical per-
formance of serum CEA, CA19-9, and CA72-4 for dis-
tinguishing between malignant and benign gastric dis-
ease and to explore their use in monitoring the progress-
sion of GC.

MATERIALS AND METHODS

Study population

We conducted a retrospective study with 564 GC pa-
tients and 529 controls with benign gastric disease on
the Chinese population. The participants were consecu-
tively recruited between July 2019 and September 2020
at Tongji Hospital of Huazhong University of Science
and Technology (HUST), Wuhan, China. Inclusion cri-
teria were as follows: 1) a pathological diagnosis of GC
or gross evidence of metastasis seen during surgery; 2)
tests of CEA, CA19-9, CA72-4 were taken before any
treatment including surgery, chemotherapy, and local/
systemic radiotherapy. Exclusion criteria included: 1)
GC not the primary focus but caused by metastasis of
cancer in other tissues and organs of the body; 2) the
presence of a second type of cancer in the body before
admission. Controls with benign gastric disease were
randomly selected from patients who were hospitalized
during the same period. GC was excluded through en-
doscopic biopsy. All the subjects were unrelated Han
Chinese.

Demographic, pathological, and laboratory data
Demographic data, smoking status, discharge diagnosis,
pathological examination results, intraoperative find-
ings, and GC biomarker test results (including CEA,
CA19-9, and CA72-4) were collected. According to the
results of pathological examination, TNM staging was
performed on patients in GC group according to the 8th
edition of AJCC/UICC TNM staging.

Serum CEA was measured by Abbott Architect
I12000SR. Serum CA19-9 and CA72-4 levels were mea-
sured by Roche Cobas E602. The detection range of
CEA was 0.5 - 1,500 U/mL, CA19-9 was 0.600 - 1,000
U/mL, and CA72-4 was 0.200 - 300 U/mL. Samples
outside the detection range were diluted and retested.
The coefficient of variation in our laboratory was 3.54%
for CEA, 2.79% for CA19-9, and 3.28% for CA72-4.
The normal ranges of CEA, CA19-9, and CA72-4, pro-
vided by the manufacturer, are: 0 - 5 ng/mL, 0 - 34
U/mL, and 0 - 6.9 U/mL, respectively.

Statistical analysis

Statistical analysis was performed using SPSS22.0, and
data was displayed using GraphPad Prism 8.0 software.
Continuous, normally distributed variables were pres-
ented as mean and 95% confidential interval (Cl). Non-
normal variables were expressed as median and inter-
quartile range (IQR). Categorical variables were expres-
sed as cases (%). Mann-Whitney U test was used to
analyze differences between two independent non-nor-
mal distribution samples, and Wilcoxon signed rank test
was used for paired non-normal distribution samples.
The classified variables were compared by Pearson's
chi-squared (y?) test. The significance of correlations
between more than two variables was analyzed by
Spearman rank test. Multiple comparisons were taken
by Kruskal-Wallis test. Logistic regression was used to
establish a combined detection parameter model based
on the correlation between the levels of different bio-
markers and the occurrence of GC. By plotting receiver
operating characteristic (ROC) curve and calculating the
area under the curve (AUC), the diagnosis and com-
bined diagnostic value of different tumor markers for
GC could be predicted. The cutoff value determined by
Youden index was used to predict the optimal specifici-
ty and sensitivity of different biomarkers for the diag-
nosis of GC. The positive predictive values (PPVs) and
negative predictive values (NPVs) were also displayed.
In all cases, significance was defined as a p-value less
than 0.05.

Ethical considerations

Our study has been approved by the ethical committee
of Tongji Hospital of Tongji Medical College, Huaz-
hong University of Science and Technology.
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Table 1. Basic information and pathological features of benign and malignant gastric diseases.

Characteristics Controls (n = 529) Cases (n =564) "
Age (median, IQR) 54 (46 - 62) 58 (51 - 66)
Gender
Male 257 (48.6) 382 (67.7)
Female 272 (51.4) 182 (32.3)
Smoking status
Never 431 (81.5) 444 (78.7)
Former 29 (5.5) 49 (8.7)
Current 69 (13.0) 71 (12.6)
Degree of differentiation
Poor differentiation 279 (49.5)
Moderate/high differentiation 200 (35.5)
Unknown 85 (15.0)
Histological type of cancer
Adenocarcinoma 534 (94.7)
Squamous 2(0.4)
Adenosquamous 1(0.2)
Unknown 27 (4.8)
Tumor stage &
Stage | 133 (23.6)
Stage 11 123 (21.8)
Stage 111 157 (27.8)
Stage IV 103 (18.3)
Unknown 48 (8.5)
Types of benign gastric disease
Gastric ulcer 66 (12.5)
Gastric polyps 226 (42.7)
Chronic non-atrophic gastritis 106 (20.0)
Gastric atrophy 52 (9.8)
Intestinal metaplasia 79 (14.9)

“ - Unless otherwise noted, data are presented as cases (%6).

A- According to the 8th edition AJCC/UICC TNM staging system for gastric cancer (GC).

RESULTS

Demographic and clinical characteristics of the sub-
jects

The clinical, pathological, and biochemical characteris-
tics of 564 GC cases and 529 controls with benign gas-
tric disease are summarized in Table 1. The median
(IQR) ages at recruitment were 58 (51 - 66) and 54 (46 -
62) years in cases and controls, respectively. Further,
382 (67.7%) were male in cases and 257 (48.6%) in
controls. Most GC cases were adenocarcinoma patients,
and stage | and stage Il patients occupied a proportion
of 45.4%. Gastric polyps were reported in 226 (42.7%)
controls, followed by non-atrophic gastritis in 106
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(20.0%) cases, gastric ulcer in 66 (12.5%) cases, intesti-
nal metaplasia in 79 (14.9%) cases, and gastric atrophy
in 52 (9.8%) cases. There was no significant difference
between the cases and controls in terms of smoking
status (p = 0.120).

The distribution of CEA, CA19-9, and CA72-4 in the
study subjects

The distribution of the three biomarkers are shown in
Figure 1. A significant difference was observed between
patients with benign and malignant gastric disease (all
p < 0.001). In detail, the median concentrations (IQR)
of CEA, CA19-9, and CA72-4 in controls were 1.79
ng/mL (1.24 - 2.59), 8.72 U/mL (5.91 - 15.17), and 1.58
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Figure 1. Expression levels of carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9, and CA72-4 for patients with
malignant and benign gastric disease.

A) The distribution of CEA. The median (IQR) of CEA concentrations in controls and GC cases was 1.79 (1.24 - 2.59) and 2.38 (1.47 - 4.47)
ng/mL.

B) The distribution of CA19-9. The median (IQR) of CA19-9 concentrations in controls and GC cases was 8.72 (5.91 - 15.17) and 10.52 (6.17 -
20.20) U/mL.

C) The distribution of CA72-4. The median (IQR) of CA72-4 concentrations in controls and GC cases was 1.58 (1.02 - 3.16) and 2.42 (1.26 -
6.58) U/mL.

*** - p <0.001 for Mann-Whitney U test.
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Figure 2. Receiver operating characteristic (ROC) curves of individual biomarker and combined test.

Sensitivity and specificity were calculated using the cutoff value determined by Youden index.
AUC - area under the ROC curve.
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Figure 3. Expression levels of the three biomarkers in GC patients at different TNM stages.

A) The distribution of CEA at different stages.
B) The distribution of CA19-9 at different stages.
C) The distribution of CA72-4 at different stages.

* - p < 0.05 for Kruskal-Wallis test. ** - p < 0.01 for Kruskal-Wallis test. *** - p < 0.001 for Kruskal-Wallis test.

U/mL (1.02 - 3.16), respectively. The median concen-
trations (IQR) of the three biomarkers abovementioned
in GC cases were 2.38 ng/mL (1.47 - 4.47), 10.52 U/mL
(6.17 - 20.20), and 2.42 U/mL (1.26 - 6.58). The sensi-
tivity and specificity at the recommended reference in-
terval were 21.31% and 94.56% for CEA, 17.02% and
96.54% for CA19-9, and 24.02% and 89.80% for
CA72-4.

In diagnostic accuracy analysis using ROC curves, CEA
showed the highest AUC up to 0.633 (95% CI, 0.600 -
0.665), followed by CAT72-4 (AUC, 0.621; 95% CI,
0.588 - 0.654), and CA19-9 (AUC, 0.565; 95% CI,
0.531 - 0.600). At the optimal cutoff values decided by
Youden index (CEA > 3.50 ng/mL; CA19-9 > 32.45
U/mL; CA72-4 > 4,77 U/mL), the diagnostic sensitivity
and specificity of the individual markers were 33.75%
and 88.09% for CEA, 17.91% and 96.22% for CA19-9,
and 32.38% and 85.23% for CA72-4. When combining
the three biomarkers, the diagnostic efficiency was
slightly improved (AUC, 0.652, 95% CI, 0.619 - 0.684,
Figure 2), and the optimal sensitivity and specificity of
the combination were 39.15% and 86.93%, respectively
(Figure 2).

The distribution of CEA, CA19-9, and CA72-4 in
different progression levels of GC

We compared the levels of CEA, CA19-9, and CA72-4
in patients with different TNM stages and differentia-
tion grades. The levels of the three biomarkers in-
creased incrementally with the pathological stages (all
p < 0.001). CEA levels were upregulated GC patients of
all stages (all p < 0.05). Regarding the results on CA19-
9 and CA72-4, there was no statistically significant dif-
ference between stage | or |1 GC patients and controls.
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Significantly different results were seen between pa-
tients with stage Ill or IV GC and controls (p = 0.012
and p < 0.001 for CA19-9, both p < 0.001 for CA72-4)
(Figure 3).

Besides, the levels of CEA and CA72-4 increased in pa-
tients with advanced GC, lymph node metastasis, and
distant metastasis (all p < 0.05). The levels of CA19-9
only increased in patients with distant metastasis (p <
0.05). However, when the NPVs for CEA, CA19-9, and
CA72-4 were set as 90%, the PPVs were modest,
ranging from 19.43% to 35.29% (Figure 4). There was
no significant difference related to differentiation
grades.

The use of CEA, CA 19-9, and CA 72-4 for monitor-
ing recurrence

We then enrolled 32 patients with stage Il or Il GC
who underwent curative radical gastrectomy and re-
ceived postoperative chemotherapy. Recurrence was de-
tected in 18.8% (6 out of 32) of cases by imaging find-
ings. No statistically significant difference in preopera-
tive levels was observed in patients with and without
the evidence of recurrence (all p > 0.05). For cases
without recurrence, endpoint was imputed as 6 months
after surgery. For cases with recurrence, endpoint was
imputed as the time of recurrence identified by imaging
findings. Baseline level was imputed as the lowest con-
centration from enrollment to endpoint. When compar-
ing the baseline and endpoint levels of CEA, CA19-9,
and CA72-4, significant differences were observed in
both the recurrence and no recurrence groups. Specifi-
cally, in cases without recurrence, all p-values were less
than 0.001. In cases with recurrence, the p-values were
0.028 for CEA, 0.046 for CA19-9, and 0.028 for CA72-
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Figure 4. The distribution of the three biomarkers in GC patients with different pathological states. (A - C): The distribution of
the three biomarkers in patients with early (n = 47) and advanced GC (n = 474).

D - F): The distribution of the three biomarkers in GC patients with (n = 328) and without (n = 193) lymph node involvement.
G - I): The distribution of the three biomarkers in GC patients with (n = 103) and without (n = 413) distant metastasis.
* - p <0.05 for Mann-Whitney U test. ** - p < 0.01 for Mann-Whitney U test. *** - p < 0.001 for Mann-Whitney U test.
PPV - positive predictive value, NPV - negative predictive value.
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Figure 5. The baseline and endpoint levels of the three biomarkers in GC cases with or without recurrence.

A) The levels of CEA in patients with and without recurrence.

B) The levels of CA19-9 in patients with and without recurrence. C) The levels of CA72-4 in patients with and without recurrence.
Endpoint was imputed as 6 months after surgery for cases without recurrence. For cases with recurrence, endpoint was imputed as the time of

recurrence identified by imaging findings.

* - p <0.05 for Wilcoxon signed-rank test. *** - p < 0.001 for Wilcoxon signed-rank test.

4 (Figure 5). We calculated the absolute increase in the
three biomarkers from baseline to endpoint and the
median were 0.98 ng/mL, 4.27 U/mL, and 0.62 U/mL in
cases with recurrence and 1.04 ng/mL, 2.62 U/mL, and
0.99 U/mL in cases without recurrence for CEA, CA19-
9, and CA72-4, respectively.

DISCUSSION

This study retrospectively shows that serum concentra-
tions of CEA, CA19-9, and CA72-4 have limited diag-
nostic value in GC. Combination of the three biomark-
ers does not improve diagnostic efficiency. Additional-
ly, higher CEA, CA19-9, and CA72-4 concentrations
portend the progression of the disease but have low
PPVs.

Although significant difference was found in the levels
of CEA, CA19-9, and CA72-4 between GC cases and
controls, they may not be applicable for distinguishing
malignant and benign gastric disease because of low
sensitivity. Previous studies support our findings. At
cutoff value decided by Youden Index, the diagnostic
sensitivity of CEA, CA19-9, and CA72.4 in our study
was 33.75%, 17.91%, and 32.38%, which was consis-
tent with the results of previous studies reporting an op-
timal sensitivity of 25.5% to 38.7% for individual index
[10-12]. However, the combination of the three bio-
markers did not improve diagnostic efficiency, which
was inconsistent with previous studies. In our study, the
optimal sensitivity of the combination was only 39.15%
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(at 86.93% specificity). Chen et al. reported a sensitivity
of 60.9% with specificity remaining at 90.5% by paral-
leled detection CA72-4, CEA, CA12-5, and CA19-9 in
77 patients with GC [13]. Yu, J. and W. Zheng reported
a sensitivity of 75.5% by analyzing the levels of CEA,
CA19-9, and CA72-4 in 216 cases of GC, including 43
patients with stage | GC, and establishing a diagnostic
mathematical model using Logistic regression analysis
[14]. The difference may concern the sample size and
population composition. Our study included more study
subjects (564 cases and 529 controls) and had a larger
proportion of cases with GC at an early stage.

At present, it mainly depends on pathological stages to
make treatment decisions. Endoscopic mucosal resec-
tion/endoscopic sub-mucosal dissection is recommend-
ed to perform for early GC (stage IA, T1aNOMO) pa-
tients, and patients with stage 1B or above and no dis-
tant metastasis take surgery as the first choice, supple-
mented by radiotherapy or chemotherapy when neces-
sary. Radiotherapy, chemotherapy, or palliative treat-
ment is performed for advanced GC patients with dis-
tant metastasis or those unsuitable for surgery [15]. Be-
sides, lymph node ratio has also been proposed as a
novel and independent prognostic factor in GC [16].
Our study analyzed the three marker levels in different
pathological stages and found that they increased incre-
mentally with the progression of the disease. However,
the PPVs for advanced GC were less than 35% when
the NPVs were set as 90%, indicating that CEA and
CA72-4 detections may not well distinguish patients
with early and advanced GC. Similarly, these tests did
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not have sufficient accuracy to predict lymph node me-
tastasis and distant metastasis as the PPVs for each test
were modest.

The follow-up surveillance after surgery for GC, in-
cluding which examination to perform and how often
the examinations should be performed, remains to be
determined. A prospective study showed that elevated
levels of CEA and CA19-9 at recurrence could be de-
tected in more than 90% of patients with high preopera-
tive levels and suggested that CEA and/or CA19-9
monitoring after operation was useful to predict the re-
currence of GC [17]. Kim et al. reported that the false
positive rate of CEA after curative radical gastrectomy
for advanced GC cases was 0 [18]. However, Ohtsuka
et al. reported that elevation of the levels before radio-
logical and/or physical confirmation of recurrence was
observed for 2.4% of the 168 follow-up patients, and a
high frequency of false-positive findings was observed
[19]. In our study, when comparing the baseline and
endpoint levels of CEA, CA19-9, and CA72-4, Eleva-
tion was identical in patients with and without recur-
rence, indicating that detection of the biomarkers might
not effectively identify tumor recurrence. The differ-
ence may concern the influence of chronic diseases in-
cluding bronchitis, diabetes, hepatic dysfunction, and
renal dysfunction [19]. The influence of postoperative
chemotherapy may also be of concern. Besides, radio-
logical confirmation of recurrence is lack of sensitivity.
For cases with elevated biomarker levels in no recur-
rence group, recurrence may already have happened but
not have been identified. Studies with a larger popula-
tion cohort and longer follow-up observations are
needed.

The current study had several limitations. First, there
may be selection bias due to the retrospective design of
the study. Second, we cannot eliminate the effect from
prediagnostic examinations, including endoscopic biop-
sy and gastric care treatment, on the results of the three
tumor markers. Third, due to the limited conditions of
the retrospective study, we did not collect the dietary
habits, living environment, and the states of Helicobac-
ter pylori infection of the subjects and still could not ex-
plain the abnormal increased levels of CEA, CA19-9,
and CA72.4 in some people who did not have tumors.
Further studies are needed to explore the causes of this
phenomenon.

CONCLUSION

Our retrospective study showed serum CEA, CA19-9,
and CA72-4 are not applicable indexes for the differen-
tial diagnosis of patients with benign and malignant
gastric disease and the combination cannot improve the
diagnostic power. The levels of CEA, CA19-9, and
CAT72-4 increase with the progression of GC but cannot
well predict advanced GC, lymph node metastasis, and
distant metastasis. Further studies are needed to find out

whether to take measurement of tumor makers as fol-
low-up tests after curative radical gastrectomy.
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