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Background: Tumor markers play an important role in the diagnosis, monitoring and prognostic
prediction of cancers. But the predictive value of serum tumor markers in gastric cancer is still unclear.
Methods: In this study, we detected serum levels of tumor markers to evaluate their relation to treatment
response and prognosis in patients with unresectable advanced or metastatic gastric cancer.

Results: We collected the clinical data of 109 patients with unresectable advanced or metastatic gastric
cancer who had received the first-line chemotherapy in Peking University Cancer Hospital from July 2013
to May 2015, and collected the value of serum carcinoembryonic antigen (CEA), carbohydrate antigen
199 (CA199), carbohydrate antigen 72.4 (CA72.4) and carbohydrate antigen 125 (CA125) before and after
chemotherapy. At diagnosis, the positive rates of CEA, CA199, CA72.4 and CA125 were 46.8%, 40.2%, 53.5%
and 35.0%, respectively. And the positive rate of combined detection of the four markers was 87.2%. Although
patients with prechemotherapy CA199 >80 U/mL (92.3% uvs. 68.5%, P=0.016) or CA72.4 >20 U/mL (91.4%
vs. 62.5%, P=0.003) had higher clinical benefit rate after chemotherapy, they showed poorer prognosis (P=0.023
and P=0.006, respectively). CA72.4 >20 U/mL was an independent unfavorable prognostic factor (Hazard Ratio
4.84; 95% confidence interval: 1.910-12.262; P=0.001). In patients with increased levels of tumor markers
before treatment, the levels of tumor markers decreased after chemotherapy, especially in those with clinical
benefit (CEA, CA72.4 reached statistical significance, P=0.013 and P=0.029, respectively). A decrease of CEA
>35%, CA199 >30%, or CA72.4 >40% after chemotherapy had positive prediction value for the response to
chemotherapy (P=0.016, P=0.029, and P=0.008, respectively).

Conclusions: The results showed that both high pre-chemotherapy serum levels of tumor markers
(CA199 >80 U/mL or CA72.4 >20 U/mL) and a substantial decrease in tumor markers after chemotherapy
(CEA 235%, CA199 >30%, or CA72.4 240%) could predict a higher clinical benefit rate in patients with
unresectable advanced or metastatic gastric cancer. However, this advantage in short-term response to

chemotherapy failed to convert into prolonged survival benefits.
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Introduction

Gastric cancer is one of the most common malignancies
in the world. Despite a major decline in the incidence and
mortality over several decades, gastric cancer is still the
fourth most common cause of cancer death in the world (1).
China is one of the countries with the highest incidence of
gastric cancer, which accounts for 42% of all new gastric
cancer cases in the world (2). The diagnostic rate of early
gastric cancer is low, and most patients have lost the chance
for receiving radical resection at the time of diagnosis
because of the late stage (3,4). For the unresectable locally
advanced or metastatic gastric cancer, chemotherapy
was the backbone of palliative treatment. The accurate
staging, chemotherapy efficacy assessment and prognostic
prediction during the whole process are crucial for refining
the individualized treatment plan.

Today, medical imaging techniques, for example,
includes ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI) are commonly used
for staging and efficacy assessment in gastric cancer (5,6).
However, these techniques are expensive, time consuming
and could increase radiation exposure. Furthermore, lesions
such as diffuse peritoneal dissemination, are not detectable
using medical imaging techniques. For these reasons it
is necessary to find other accurate, convenient and rapid
methods to assess chemotherapeutic efficacy.

Tumor markers are groups of active substances
secreted by tumor cells or normal cells in the process of
carcinogenesis, development, invasion and metastasis, which
are usually found in the blood, urine, stool or tissue (7-9).
With the development of molecular biology, tumor markers
are playing increasingly important role in the screening,
diagnosis, monitoring and prognostic prediction of cancers.
Some studies showed that tumor markers can be predictors
of response to chemotherapy in colorectal cancer, ovarian
cancer, breast cancer, pancreatic cancer and so on (10,11),
but the predictive value of serum tumor markers in gastric
cancer is still unclear (12,13).

In this study, we retrospectively analyzed the serum levels
of carcinoembryonic antigen (CEA), carbohydrate antigen 199
(CA199), carbohydrate antigen 72.4 (CA72.4) and carbohydrate
antigen 125 (CA125) before and after chemotherapy in 109
patients with unresectable advanced or metastatic gastric
cancer who had received the first-line chemotherapy in Peking
University Cancer Hospital. And we analyzed the value of these
four tumor markers in diagnosis, assessment of chemotherapy
efficacy and prognostic prediction.
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Methods
Patients

The medical records of 109 patients with unresectable
advanced or metastatic gastric cancer who had received
the first-line chemotherapy at the VIP-II Gastrointestinal
Cancer Division of Medical Oncology Department of
Peking University Cancer Hospital between July 2013
and May 2015 were retrospectively reviewed. The patient
inclusion criteria were as follows: (I) pathological diagnosis
of gastric cancer; (II) unresectable advanced or metastatic
gastric cancer; (III) use of the first-line chemotherapy;
(IV) Eastern Cooperative Oncology Group (ECOG) score
0-2 points; (V) expected survival time >3 months; (VI)
availability of follow-up data. The end of follow-up was
March 2016. The study was approved by Peking University
Cancer Hospital Research Ethics Committee (2018K'T95)
and informed consent was obtained from all patients.

The first-line chemotherapy

All 109 patients received the first-line chemotherapy. Sixty
patients (55.0%) received platinum-based chemotherapy,
and 44 patients (40.4%) received taxol-based chemotherapy.
Five patients used other chemotherapy regiments. The
median number of cycles administered was four (range: one
to ten cycles).

Evaluation of clinical response

The Response Evaluation Criteria in Solid Tumors
Revision 1.1 (RECIST 1.1) was used to evaluate the efficacy.
Responses were divided into the complete response (CR),
partial response (PR), stable disease (SD) or progressive
disease (PD). Patients with SD were divided into two groups:
shrunken SD (tumor reduction <30%) and enlarged SD
(tumor increase <20%). Then further divided into two groups
according to the response to chemotherapy: clinical benefit
group (including patients with CR, PR, and shrunken SD)
and non-clinical benefit group (including patients with PD
and enlarged SD). Clinical benefit rate (CBR) was calculated
as follows: (CR + PR + shrunken SD)/total patients.

Serum assays for CEA, CA19-9, CA72-4, and CA125

CEA, CA19-9, CA72.4 and CAI125 were assayed by
electrochemiluminescence immunoassay (E170, Roche
Diagnostics, Switzerland). The cut-off values for serum CEA,
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Table 1 Patient characteristics at baseline (n=109)

Characteristics No. of patients %

Gender
Male 90 82.6
Female 19 17.4
Age, years
<70 99 90.8
>70 10 9.2

Lauren classification

Intestinal 45 41.3
Diffuse 34 31.2
Mixed 16 14.7
Not known 14 12.8
Grade

Well-moderate differentiated 29 26.6
Poorly differentiated 72 66.1
Not known 8 7.3

Disease status
Locally advanced 26 23.9
Metastatic 83 76.1

Chemotherapy regimens

Platinum-based 60 55.0
Taxol-based 44 40.4
Other 5 4.6

Metastasis sites

Liver 33 30.3
Peritoneum 22 20.2
Lung 12 11.0
Ovary 5 26.3

CA19-9, CA72.4 and CA125 were 5.0 ng/mL, 37.0 U/mL,
6.7 U/mL and 35.0 U/mL, respectively, according to the
manufacturer’s instructions. A result was considered positive
when the marker serum level was higher than the cut-off value.
Positive combined detection for two or more markers was
defined as at least one marker was higher than its cut-off value.

Statistical analysis

SPSS 16.0 for Windows (SPSS Inc., Chicago, United
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States) was used for statistical analysis. Receiver-operating
characteristics (ROC) curve was used to evaluate the ability
of tumor markers to predict the response to the first-
line chemotherapy. Correlations were assessed using the
Spearman rank order correlations. Progression-free survival
(PFS) and overall survival (OS) were calculated from the
first day of chemotherapy to disease progression and death
from any cause, respectively. Univariate survival analysis
was performed using the Kaplan-Meier method. The
independent prognostic factors for patients were assessed
by Cox proportional hazards regression model. T-test was
applied to determine the differences between mean levels of
tumor markers before and after the first-line chemotherapy.
P<0.05 was considered statistically significant.

Results
Patient characteristics

The characteristics of 109 patients are presented in Table 1.
The median age of enrolled patients was 58.0 years
(range, 25-77 years). There were 90 males and 19 females.
83 patients (76.1%) had distant metastasis. Lauren
classification of gastric cancer in our patients detected
45 intestinal, 34 diffuse types and 16 mixed types.

Prechemotberapy positivity rates of tumor markers

The prechemotherapy positivity rates of tumor markers are
presented in 7able 2. The positivity rates of CEA, CA199,
CA72.4 and CA125 were 46.8%, 40.2%, 53.5% and 35.0%,
respectively. When combining two items, the positive
rate was 65-77%, in which CA199 + CA72.4 group and
CA199 + CA125 group had the highest positive rate. When
combining three items, the positive rate was 76-82%, CEA
+ CA199 + CA125 group had the highest positive rate. The
positive rate of the four combined markers was 87.2%.

Association of prechemotherapy tumor markers with
response to the first-line chemotherapy

All 109 patients received the first-line chemotherapy and
clinical response to chemotherapy was noted in 93 patients;
CR and PR were achieved in 18 (19.4%), shrunken SD in
51 (54.8%), enlarged SD in 16 (17.2%) and PD in 8 (8.6%)
of patients. The clinical benefit rate (CBR) was 74.2%.
As shown in Table 3, patients with elevated CEA, CA199,
CA72.4 and CA125 had higher CBR compared to those
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Table 2 Prechemotherapy positivity rates of tumor markers

Tumor marker Positivity rate (%)

CEA 46.8
CA199 40.2
CA72.4 53.5
CA125 35.0
CEA + CA199 65.6
CEA+72.4 68.5
CEA + CA125 67.0
CA199 + CA72.4 76.5
CA199 + CA125 76.5
CA72.4 + CA125 72.0
CEA + CA199 + CA72.4 76.4
CEA + CA199 + CA125 82.0
CEA + CA72.4 + CA125 81.0
CA199 + CA72.4 + CA125 81.5
CEA + CA199 + CA72.4 + CA125 87.2

Table 3 Association of prechemotherapy tumor markers with
response to chemotherapy

Tumor Response [n (%)]
N P value
marker Clinical benefit Non-clinical benefit
CEA 0.415
- 43 32(74.4) 11 (25.6)
+ 38 31(78.9) 7 @1.1)
CA199 0.027
- 46 31(67.4) 15 (32.6)
+ 34 30(88.2) 4(11.8)
CA72.4 0.195
- 33 23(69.7) 10 (30.3)
+ 42 34(81.0) 8 (19.0)
CA125 0.428
- 44 32(72.7) 12 (27.3)
+ 27 21(77.8) 6 (22.2)

with normal levels, of which CA199 reached statistical
significance (P=0.027). Patients with clinical benefit showed
significantly higher pretreatment levels of four tumor
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markers than patients without clinical benefit, among which
CA199, CA72.4 reached statistical significance (P=0.034
and P=0.004, respectively) (1uble 4).

To assess the ability of pre-chemotherapy tumor markers
to predict the response to the first-line chemotherapy, the
ROC curve was carried out (Figure 1). The area under
the ROC curve of CA199 was 0.658 (95% CI: 0.529 to
0.788, P=0.038); the optimal cutoff which simultaneously
maximized both the sensitivity and specificity of the test was
80 U/mL. The area under the ROC curve of CA72.4 was
0.664 (95% CI: 0.545 to 0.782, P=0.037); the optimal cutoff
was 20 U/mL.

Spearman correlation and chi-square analysis were used
to confirm the relationship between prechemotherapy
tumor markers and response to the first-line chemotherapy.
The correlation coefficient between CA199 and clinical
response was 0.238, and the P value was 0.032. The
correlation coefficient between CA72.4 and clinical
response was 0.245, and the P value was 0.033. The chi-
square analysis showed that patients with pretreatment
CA199 >80 U/mL had higher clinical benefit rate (CBR)
than those patients with CA199 <80 U/mL (92.3% us.
68.5%, P=0.016), and pretreatment CA72.4 >20 ng/mL also
had a positive prediction value for CBR (91.4% vs. 62.5%,
P=0.003) (Table 5).

Association of CA199, CA72.4 with PFS and OS

In a univariate analysis, the PFS (5.9 vs. 7.7 months,
P=0.013) and OS (8.4 vs. 15.0 months, P=0.023) was lower
in patients with CA199 >80 U/mL compared to those
with CA199 <80 U/mL. And the PES (6.5 vs. 6.8 months,
P=0.077) and OS (9.9 vs. 16.3 months, P=0.006) was also
lower in patients with CA72.4 >20 U/mL compared to
those with CA72.4 <20 U/mL (Figure 2). In a multivariate
analysis, CA72.4 >20 U/mL was an independent prognostic
factor (HR 4.84; 95% CI: 1.910-12.262; P=0.001) (7ible 6).

Changes of tumor markers and their correlation with
response to the first-line chemotherapy

In the patients with high levels of pretreatment tumor
markers, the levels of tumor markers decreased after
chemotherapy, CEA and CA72.4 in particular (P=0.013 and
P=0.029, respectively) (Table 7). Additionally, both CEA and
CA72.4 significantly decreased in the patients with clinical
benefit when compared with other tumor markers (7zble §).

To assess the ability of the changes of tumor markers
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Table 4 Association of prechemotherapy levels of tumor markers with response to chemotherapy

Response CEA (ng/mL) CA199 (U/mL) CA72.4 (U/mL) CA125 (U/mL)
Clinical benefit 101.4+298.4 1,889.1+6,622.4 151.0+361.4 122.4+465.1
Non-clinical benefit 22.61+56.1 50.3+102.7 8.1+7.0 37.8+46.2
P value 0.258 0.034 0.004 0.446
A ROC Curve ROC Curve
1.0 1.0
Prechemotherapy levels of CEA Prechemotherapy levels of CA199
0.8 + 0.8 1
20.6 20.6 1
= =
3 3
g o
¢ 0.4+ & 0.4 1
ROC curve =0.619 ROC curve =0.658
0.2 7 95% CI (0.472-0.765) 0.2 1 95% CI (0.529-0.788)
P=0.119 P=0.038
0-0 T T T T 0-0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
C ROC Curve D ROC Curve
1.0 1.0
Prechemotherapy levels of CA72.4 Prechemotherapy levels of CA125
0.8 0.8
20.61 20.64
= =
¢ 0.4 & 0.4
ROG curve =0.664 ROC curve =0.593
0.2 95% Gl (0.545-0.782) 0.2 95% Cl (0.441-0.745)
P=0.037 P=0.239
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

1-Specificity

Figure 1 ROC curve for prechemotherapy levels of tumor markers to predict the response to chemotherapy. (B) The area under the
ROC curve of CA199 prechemotherapy levels was 0.658 (95% CI: 0.529 to 0.788, P=0.038); the cutoff that maximized both sensitivity
and specificity of this test was 80 ng/mL. (C) The area under the ROC curve of CA72.4 prechemotherapy levels was 0.664 (95% CI:
0.545 to 0.782, P=0.037); the cutoff that maximized both sensitivity and specificity of this test was 20 ng/mL. (A,D) Figures show the
prechemotherapy levels of CEA and CA125 were not statistically significant (P values were 0.119, and 0.239 respectively).

after chemotherapy in the prediction of the response to the
first-line chemotherapy, the ROC curve was also plotted
(Figure 3). The area under the ROC curve of the CEA
change value was 0.796 (95% CI: 0.632 to 0.961, P=0.025);
the optimal cutoff which simultaneously maximized both
the sensitivity and specificity of the test was 35%. The area
under the ROC curve of CA199 change value was 0.734

© Translational Cancer Research. All rights reserved.

(95% CI: 0.603 to 0.866, P=0.005) with the optimal cutoff
30%. The area under the ROC curve of CA72.4 and CA125
change value was 0.833 (95% CI: 0.683 to 0.984, P=0.011)
and 0.725 (95% CI: 0.559 to 0.891, P=0.011), with cutoff
40% and 10%, respectively.

Spearman correlation and chi-square analysis were
used to confirm the relationship between tumor markers
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decrease and response to the first-line chemotherapy. The
correlation coefficient between CEA decrease, CA199
decrease, CA72.4 decrease, CA125 decrease and clinical
response was 0.309 (P=0.008), 0.344 (P=0.004), 0.289

Table 5 Association of prechemotherapy CA199, CA72.4 with
response to chemotherapy

Tumor Response [n (%)]
P value
marker Clinical benefit Non-clinical benefit
CA199 0.016
>80 U/mL 26 24 (92.3) 2(7.7)
<80U/mL 54  37(68.5) 17 (31.5)
CA72.4 0.003
>20U/mL 35 32 (91.4) 3(8.6)
<20U/mL 40 25 (62.5) 15 (37.5)
A 107 P=0.023
081
S
S 0.6
g .
2 ﬁm‘ CA199 <80 U/mL
= 0.4
§ L
l¢)
0.21 IH—LL
CA199 >80 U/mL
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C 104
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(P=0.019) and 0.330 (P=0.010), respectively. The chi-square
analysis showed that a decrease in CEA by more than 35%,
CA199 by more than 30%, CA72.4 by more than 40%,
had positive predictive value for response to chemotherapy

(P=0.016, P=0.029, and P=0.008, respectively) (Table 9).

Discussion

In China, the most commonly used tumor markers of
gastric cancer were CEA, CA199, CA72.4 and CA125. In
the present study, we analyzed the serum levels of the four
tumor markers in 109 patients with unresectable advanced
or metastatic gastric cancer before and after the first-line
chemotherapy. In short term, the elevated pretreatment
level of tumor markers predicted a higher CBR compared
to those with normal levels. And the decrease of tumor
markers after chemotherapy was also correlated with
treatment response. However, in long-term, both the PFS

P=0.006
0.8
S
Sos- .
s 4, CA72.4 <20 U/mL
? I
= 0.4- =
$ | S,
6 | 5.
0.2 ] ]
CA72.4 220 U/mL 1
0.04
0.0 10.0 20.0 30.0 40.0
Time (months)
1.01 P=0.077
S
= 0.8
[+
2
c
3 0.6
(]
Qo
S 0.4-
@ CA72.4 <20 U/mL
] e
20.21 ‘*—\ﬁ
o —
0.0 CA72.4 220 U/mL

0.0 10.0 20.0 30.0 40.0
Time (months)

Figure 2 Survival curves of patients according to prechemotherapy level of CA199 and CA72.4. (A) The OS of patients was lower in those
with CA199 >80 U/mL compared to those with CA199 <80 U/mL (8.4 vs. 15.0 months, P=0.023). (B) The OS of patients was also lower in
those with CA72.4 >20 U/mL compared to those with CA72.4 <20 U/mL (9.9 vs. 16.3 months, P=0.006). (C) The PFS of patients was lower
in those with CA199 >80 U/mL compared to those with CA199 <80 U/mL (5.9 vs. 7.7 months, P=0.013). (D) The PFS of patients was also
lower in those with CA72.4 >20 U/mL compared to those with CA72.4 <20 U/mL (6.5 vs. 6.8 months, P=0.077).

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2019;8(8):2680-2690 | http://dx.doi.org/10.21037/tcr.2019.10.27



Sun et al. Serum tumor markers in gastric cancer

2686

1jou
9v1°0 L2 LYFIL'6S 26'0vF89'9. 0.L£0 66CLFEE8L L9FLT YL L9Y'0 8Y'GLIFOL989G  80°L9LF0G2SS L 60S°0 +S'GOFLZ6S 02 L6FE9Y. _S_c__h-cou
woeusq
6220 8/'28F06'92 90°€6.F88°962 620°0 £L°252F96'L LI 92'9SYFEQ'8YZ 6£2°0 £6'968EF0LCvE’L 6508V 8FLL8LL'S 9L0°0 LL'6ELF88'E8 02 12rF2E 222 [ealuo

ontea PV alojeg onfea oy alojeg onjea Joyv alojeg onfea Joyy alojeg
d d d d asuodsey

(lw/n) gegLvo w/n) v°22v0 (w/n) 661LV0 (Jw/Bu) v30
IgouRq [RIIUIO INOPIM JO [P suaned ur Aderopowayd 1916 pue 210joq SISYIRUI JOWN) INOJ JO S[2A] UBAA § [qEL,
v9L°0 620°0 822°0 €100 eneA d
19'G/FY6'GL 82'622FV5 €6 67 7S €F0'892 L 2e'121¥92°9. Adeisyiowayo Jeyy
2£°€0.70L°€L2 GE'8LYFEL Y02 L1198 2F00°L18°2 0.'286F99'v61 Adessyyowsyo eiojeg
(lw/n) §21v0 (w/n) ¥'22v0 (lw/n) 661V0 (lw/Bu) v30 awl]
%mwuuﬁ_uoauﬂu Huuma ﬁﬁm uuo.wunr muwvﬁumﬂd Jowmy .Hﬂo.w mo m~®>®~ Ueo\ N. vﬁﬂwrﬁ
6580 ¥S1°€-252°0 2680 €00 G120 /¥0°€-99%°0 L6 L geL0 Sese]seleW Wnauoiad
6620 8//°2-992°0 658°0 G900 ¥2.°0 029'2-052°0 608°0 v2L0 sesejsejow Hum
€190 602°2-€62°0 v08'0  8L1°0 G010 801°Z-1€8°0 oev'g 629°2 SOSBISEIoW JOAIT
8/1°0 29¢°1-681°0 1060  SLg'L 990°0 65010210 gero zlee Adeseyoipe. aneled
v¥8°0 £v2'6-282°0 1180  6£0°0 80270 111°€-80%°0 9e2’L orL0 uswibe Adessyiowsy)
690°0 0£6'6-816°0 020 0lEE 106°0 89627620 v€6°0 v10°0 uoneniusseyIp Jown|.
9880 821°6-1G10 6/8°0 1200 62€°0 VES L€YY 0 zree £56°0 uoIEOYISSEIO UBINeT
0190 988°¢-15%°0 €2¢'L 0920 ¥86°0 ¥29'2-68€°0 0L0'L 0000 Jopuen
1820 LEE'9L-GY1'0 969'C 9Lt 1020 99072210 LL20 L0 8by
000 292'21-016'} ov8'y  GSO'LL 1910 269°€-G08°0 €221 L96°L JW/N 02 '22V0
200 161°G-126°0 olez 28l 9000 699'8-6EY"L 2ese G852 Jw/n 082 661Y0
1200 v15°/-026'0 AN T AL > ¥59°0 0LY"'E-€9%°0 152°) 1020 snjejs eseesiq
aneA d 10 %56 HH PleM enjeA d 1D %56 HH Plem
S10]0e4
SO Sdd

[opouw xo7) 3ursn sisA[eue aerreannu Aq §1J pue SO Sunoipaid 10y s1010e) onsougord yuspuadopuy 9 aqe],

Transl Cancer Res 2019;8(8):2680-2690 | http://dx.doi.org/10.21037/tcr.2019.10.27

© Translational Cancer Research. All rights reserved.



Translational Cancer Research, Vol 8, No 8 December 2019

ROC Curve
A 1.0
CEA change values
0.8 1
£0.6
=
2
C
& 0.4+
ROC curve=0.796
0.2 95% ClI (0.632-0.961)
P=0.025
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
C ROC Curve
1.0
CAT72.4 change values
0.8
——_
£0.6
=
=
c
& 0.4
ROC curve=0.833
0.2 95% ClI (0.683-0.984)
P=0.011
0.0 T T

0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

v o)

2687

ROC Curve
1.0
CA199 change values
0.8
2 0.6
=
:2;1;
C
$ 0.4
ROC curve=0.734
0.24 95% CI (0.603-0.866)
P=0.005
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
D ROC Curve
1.0
CA125 change values
0.8
£0.6
=
:‘%
=
$ 0.4
ROC curve=0.725
i 95% Cl (0.559-0.891)
02 P=0.011
0.0 T T

T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3 ROC curves for the decrease of the four tumor markers to predict the disease control after the first-line chemotherapy. (A) The
area under the ROC curve of CEA change values was 0.796 (95% CI: 0.632 to 0.961, P=0.025); the optimal cutoff which simultaneously
maximized both the sensitivity and specificity of the test was decreased by 35%. (B) The area under the ROC curve of CA199 change values
was 0.734 (95% CI: 0.603 to 0.866, P=0.005); the optimal cutoff was decreased by 30%. (C) The area under the ROC curve of CA72.4
change values was 0.833 (95% CI: 0.683 to 0.984, P=0.011); the optimal cutoff was decreased by 40%. (D) The area under the ROC curve of
CA125 change values was 0.725 (95% CI: 0.559 to 0.891, P=0.011); the optimal cutoff was decreased by 10%.

and OS were significantly short in those patients with
higher tumor markers before chemotherapy. Besides,
CA72.4 >20 U/mL was identified as an independent
unfavorable prognostic factor.

The reported positive rate of these four tumor markers
are varying, depending on the sample size and centers (14-
20). One review including 46 studies performed by Hideaki
Shimada (14) showed that the overall positive rates for
CEA, CA199 and CA72.4 were 24.0%, 27.0% and 29.9%
respectively, and these three markers were significantly
associated with tumor stage. The stage of cancer strongly
correlated with the positive rates of tumor markers, in
which the later the stage, the higher positive rates. The
positive rates for CEA, CA199 and CA72.4 in patients of
stage I disease were 13.7%, 9.0% and 12.0%, while positive
rates in stage IV patients were 39.5%, 44.7% and 49.6%,
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respectively. In this study, we analyzed the serum levels of
tumor markers in 109 patients with unresectable advanced
or metastatic gastric cancer. Our results showed that the
positive rates for CEA, CA199, CA72.4 and CA125 were
46.8%, 40.2%, 53.5% and 35%, respectively, which was
consistent with previous studies (14,21,22). Moreover, the
positive rates for combined detection of two, three and
four tumor markers were 65-77%, 76-82%, and 87.2%,
respectively, indicating that the combined evaluation could
increase the diagnostic sensitivity.

Previous studies showed that tumor markers were related
to response to chemotherapy in many tumors (10,11,23-25).
However, the predictive value of serum tumor markers
in late-stage gastric cancer is still unclear (12,13). In this
study, we found that patients with elevated tumor markers
had higher CBR compared to those with normal levels by
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Table 9 Correlation between decrease of tumor markers and
clinical response

Response [n (%)]

Tumor marker N P value
Clinical benefit Non-clinical benefit
Decrease of CEA 0.003
>35% 21 20 (95.2) 1(4.8)
<35% 12 7 (58.3) 5(41.7)
Decrease of CA199 0.029
>30% 18 18 (100.0) 0(0.0)
<30% 9 6 (66.7) 3(33.3)
Decrease of CA72.4 0.008
>40% 18 18 (100.0) 0(0.0)
<40% 17 11 (64.7) 6 (35.3)
Decrease of CA125 0.292
>10% 16 14 (87.5) 2(12.5)
<10% 6 4 (66.7) 2(33.3)

using chi-square analysis, and CA199 reached statistical
significance. We also found that patients with clinical benefit
had significantly higher pretreatment levels of CA199 and
CA72.4 than patients without clinical benefit. Therefore,
we speculated that prechemotherapy serum tumor markers
could predict the response to chemotherapy. In order to
confirm this presumption, we plotted a ROC curve and
found that the pre-chemotherapy level of CA199 and
CA72.4 could be used to predict response to chemotherapy;
the cut-off value was 80 and 20 U/mL, respectively. Further
chi-square analysis showed that patients with pretreatment
CA199 >80 U/mL had higher CBR than those patients
with CA199 <80 U/mL (92.3% vs. 68.5%, P=0.016). And
pretreatment CA72.4 >20 ng/mL also had higher CBR
than those patients CA72.4 <20 U/mL (91.4% wvs. 62.5%,
P=0.003). These results suggested that the serum tumor
markers could be used as predictive biomarker before the
first-line chemotherapy. This phenomenon was consistent
with the previous study in colorectal cancer (26).
Furthermore, the decrease of tumor markers after
chemotherapy was also correlated with treatment response
in this study. The mean levels of CEA, CA199, CA72.4 and
CA125 were decreased after chemotherapy, especially in
patients with clinical benefit. The ROC curve showed the
decrease of CEA, CA199 and CA72.4 after chemotherapy
could predict CBR and the cutoff value decrease by 35%,
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30% and 40%, respectively. Further chi-square analysis
showed that patients with CEA decrease >35%, CA199
decrease >30% and CA72.4 decrease >40% had higher
CBR than the control group (P=0.016, P=0.029 and
P=0.008, respectively). This finding was in agreement
with our knowledge that the level of tumor marker could
reflect tumor burden, and the change of tumor marker level
reflects the change of tumor burden (13,27). One previous
study reported that a decrease (>70%) of CA72-4 may
predict pathologic response to neoadjuvant chemotherapy in
gastric cancer (12). Based on the result, we think that tumor
markers might be useful in monitoring the chemotherapy
response in gastric cancer, especially for those cases in
which disease is difficult to evaluate by imaging, such as
diffuse peritoneal dissemination.

Although high level of prechemotherapy tumor marker
predicted better response to chemotherapy, the advantage
does not associate with a survival benefit. Both the PFS
and OS were significantly short in those patients with high
tumor markers before treatment. Multivariate analysis
also identified CA72.4 >20 U/mL was an independent
unfavorable prognostic factor (HR 4.84; 95% CI: 1.910-
12.262; P=0.001). The results were in line with previous
studies, which showed that high levels of preoperative CEA,
CA199, and CA72.4 may be associated with poor prognosis
in patients with resected gastric cancer (28-34).

The results of this study had some significance for
clinical practice. Prognosis of patients with a high level of
tumor markers are poor, but they had better short-term
response to chemotherapy, which brings opportunities
to take local treatments. Therefore, we should pay close
attention to the evaluation of the response to chemotherapy,
in order to grasp the opportunity of local treatments and
bring benefits to these patients to the greatest degree.

The limitations of our study include that the study
was retrospective and the number of patients was small.
Moreover, not all patients were tested for all four tumor
markers, so there was loss of some data. The results should
be further validated in large-scale prospective studies with
complete patient data.

Conclusions

In conclusion, tumor markers have clinical value in the
diagnosis of disease, chemotherapy efficacy assessment
and prognostic prediction in patients with unresectable
advanced or metastatic gastric cancer. Patients with
prechemotherapy CA199 >80 U/mL or CA72.4 >20 U/mL
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had a better short-term response to chemotherapy, but this
advantage failed to convert into long-term survival benefits.
On the contrary, these patients had poorer prognosis. A
decrease >35% of CEA, decrease >30% of CA199 and
decrease >40% of CA72.4 may predict clinical benefit after
chemotherapy. These results may provide help for the
individualized treatment of patients with gastric cancer.
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