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Prognostic significance of serum tumor marker normalization in
the perioperative period for patients with advanced gastric cancer
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Background: Neoadjuvant chemotherapy (NCT) was developed to improve the prognosis of patients
with advanced gastric cancer (AGC). Some studies have confirmed the diagnostic and prognostic value of
various serum tumor markers in gastric cancer. However, most of these studies were focused on the value
of preoperative and postoperative tumor markers in patients undergoing surgery with or without adjuvant
therapy, and only a few studies focused on AGC patients undergoing NCT.

Methods: We retrospectively analyzed the data of consecutive patients with histologically confirmed AGC
who received NCT prior to surgical resection at Zhejiang Cancer Hospital from January 2010 to September
2018. The prognostic impact of tumor markers before and after NCT, including Carcinoembryonic antigen
(CEA), Carbohydrate antigen199 (CA199), Carbohydrate antigen125 (CA125), Alpha-FetoProtein (AFP),
Carbohydrate antigen242 (CA242), and Carbohydrate antigen724 (CA724), were evaluated using Kaplan-
Meier log-rank survival analysis. The association between tumor marker normalization during preoperative
chemotherapy and clinicopathological characteristics was also investigated.

Results: Four hundred and seventy-two patients were included in the study. The levels of CEA, CA199,
CA125, CA242, and CA724 before NCT could predict prognosis, and the levels of CA199, CA125,
CA242, and CA724 after NCT were correlated with prognosis. The overall survival (OS) rate decreased
with an increasing number of positive tumor markers before and after preoperative chemotherapy. Tumor
marker abnormalization after NCT was not related to chemotherapy, whereas patients with tumor marker
normalization after NCT obtained survival benefits.

Conclusions: Tumor markers before and after NCT, such as CA199, CA125, CA242, and CA724, have a
discriminatory ability for patients with GC. The normalization of tumor markers after NCT was associated

with better survival.
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Introduction

Gastric cancer (GC) is the fifth most common cancer and
the third most common cause of cancer death globally (1).
Surgery is the best treatment for GC patients. However,
the disease is often asymptomatic in the early stage and
is usually diagnosed with invasion or metastasis in an
advanced stage, at which point the opportunity for surgery
is already lost (2). In recent years, some studies have shown
that the neoadjuvant chemotherapy (NCT) treatment
has significantly improved the prognosis of patients with
advanced gastric cancer (AGC). And according to NCCN
Guidelines and CSCO Guideline, the GC patients in locally
advanced and/or lymph node metastasis are recommended
to NCT treatment before surgery (3-5). However, due
to the high heterogeneity in AGC, the survival of AGC
patients with the same stage differs. Therefore, identifying
effective tumor markers to evaluate the prognosis and
survival of GC patients is crucial.

At present, carcinoembryonic antigen (CEA),
carbohydrate antigen (CA)-199, CA-125, CA-242, CA-
724, and alpha fetoprotein (AFP) are the common serum
markers for early diagnosis and monitoring of cancer. A
number of studies have confirmed that some serum markers
play an important role in predicting the prognosis and
monitoring of GC (6,7). However, most previous studies
mainly focused on the clinical prognostic significance
of preoperative and postoperative levels of serum tumor
markers (8-10). Presently, there are few studies evaluating
the prognostic value of serum tumor marker normalization
in the perioperative period for GC patients receiving NC'T.

Therefore, the aim of this study was to determine the
value of the changes of serum markers in patients with
GC before and after NCT. Moreover, we also sought to
determine whether patients with positive tumor markers
before NCT that normalized after NCT had a better
survival than patients who still had positive tumor markers.

We present the following article in accordance with the
REMARK reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-109/rc).

Methods
Selection criteria and patients

We retrospectively analyzed the data of consecutive patients
with histologically confirmed GC/Esophagogastric junction
cancer (EGJC) who received NCT prior to surgical

© Annals of Translational Medicine. All rights reserved.

Hu et al. Serum tumor marker normalization in the perioperative period

resection at Zhejiang Cancer Hospital from January
2010 to September 2018. The inclusion criterion was as
follows: (I) pT2-4NxMO resectable GC; (II) GC/EGJC
confirmed by pathological examination; (III) patients with
D2 lymphadenectomy; (IV) patients with negative resection
margins; and (V) patients with complete clinical data. The
exclusion criteria were as follows: (I) metastatic GC; and
(II) patients with incomplete medical records. Finally, 472
patients were included in the study.

The medical records of all identified patients were
reviewed. Data including demographic characteristics,
tumor characteristics, treatment regimens, treatment
responses, and survival were collected. This study was
approved by the ethics committee of the Cancer Hospital of
the University of Chinese Academy of Sciences (Zhejiang
Cancer Hospital) (No. IRB-2020-300), and conformed
to the tenets of the Declaration of Helsinki (as revised in
2013). Informed consent from the patients was waived
because of the retrospective nature of this study.

Detection of tumor markers

Serum CEA, CA199, CA125, AFP, CA242, and CA724
concentrations were recorded from routine clinical
testing. Tumor markers before NCT were measured when
the patient was first diagnosed with GC, prior to receiving
any treatment. Tumor markers after NCT were measured
before the patients received surgery. According to the
routine clinical testing, the recommended upper cut-off
values for CEA, CA199, CA125, AFP, CA242, and CA724
were 5 ng/mL, 37 U/mL, 35 U/mL, 8.1 ng/mL, 20 U/mL,
and 6.9 U/mL, respectively. Testing values over the cut-offs
were regarded as positive. Additionally, the normalization
of tumor markers was defined as the change from the
abnormal tumor marker group before NCT to the normal
tumor marker group after NCT.

Clinicopatbological characteristics

The following clinicopathological characteristics were
collected: age, sex, NCT regimens, tumor location, tumor
size, Lauren classification, degree of differentiation,
nerve invasion, vessel invasion, neoadjuvant pathologic T
(ypT) stage, neoadjuvant pathologic N (ypN) stage, and
neoadjuvant pathologic TNM (ypTNM) stage via the
pathological results according to the Union for international

Cancer Control (UICC) guidelines (8" edition).
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Assessment and follow-up

After two cycles of NCT treatment, clinical efficacy was
assessed based on computed tomography (CT) or magnetic
resonance imaging (MRI). After systemic treatment, the
patients were regularly examined every 3 months for the
first year and every 6 months thereafter. The final follow-up
assessment was conducted in September 2021. Most routine
follow-up appointments included a physical examination,
laboratory testing (including serum tumor marker
and abdominal computed tomography), and an annual
endoscopic examination.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Mac OS, version 20.0 IBM Corp., Armonk, NY, USA).
Categorical variables were compared using the ¥’ test or
Fisher’s exact test, while differences in continuous variables
between groups were analyzed using the Mann-Whitney U
test. Survival curves were estimated using the Kaplan-Meier
method. Multivariate analyses were performed using a Cox
stepwise proportional hazard model. A P value of <0.05 was
considered statistically significant.

Results
Clinicopatbological characteristics and clinical results

In total, 472 patients with histologically confirmed GC/
EGJC who received NCT prior to surgical resection at
Zhejiang Cancer Hospital were enrolled in this study. As
shown in Table 1, among these 472 patients, the median
age was 61 years (range, 21-80 years), and there were
349 (73.94%) males and 123 females (26.06%). Also, 223
(47.25%) tumors were located in lower third part of the
stomach, while 134 (28.39%) tumors were located in upper
third part of the stomach. 430 (91.10%) patients received
NCT with a two-drug regimen, while 36 (8.90%) patients
re-received NCT with a three-drug regimen.

Pathologically, 15 (3.18%) were defined as pathological
complete response (pCR), while 72 (15.25%) patients were
in the pT'1-2 stage, and 384 (81.57%) patients were in p13-
4 stage. Furthermore, 319 (67.58%) patients had lymph
node metastasis, while signet-ring cell were found in 85
(18.01%) patients. Up to now, 252 patients had died and
220 patients were still alive. The median follow-up time of
all patients was 39 months (range, 1-137 months), and the
3-year OS was 54.45%.
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Survival rates based on tumor markers before and after
preoperative markers

Due to the retrospective nature of this study, the data of
pre-serum tumor markers before NCT of 92 patients who
received NCT in another hospital were unavailable. The
levels of serum tumor markers before NCT were measured
within 1week prior to NCT, and the serum levels after
NCT were measured within 1 week before gastrectomy.

The results showed that for the level of CA199, CA125,
CA242, and CA742 before or after NCT, all positive
groups had a worse prognosis (all P<0.05), but there was
no significant difference between AFP-positive group
and AFP-negative group before or after NCT (as shown
in Figure 1). Interestingly, no significant difference was
observed between the CEA-positive and CEA-negative
groups after NCT, while patients with positive CEA
before preoperative chemotherapy had a worse prognosis
(P=0.0227) (as shown in Figure 2).

Normalization of the level of serum tumor markers during
preoperative therapy and survival

Pre-treatment, there were 136 patients with no positive
tumor markers, while 244 patients had positive tumor
markers, including 218 patients with one, two, or three
positive tumor markers and 26 patients with more
than three positive tumor markers. After preoperative
chemotherapy, there were 189 patients with no positive
tumor markers, while 283 patients had positive tumor
markers, including 269 patients with one, two, or three
positive tumor markers and 14 patients with more than
three positive tumor markers.

The Kaplan-Meier curves for the 3-year OS rate
decreased with an increasing number of positive tumor
markers before and after preoperative chemotherapy.
Among 244 patients with positive tumor markers before
pre-treatment, the status of tumor markers in 68 patients
returned to normal. Also, the 3-year OS of patients with
tumor markers normalized after preoperative chemotherapy
was similar to those patients with negative tumor markers
before pre-treatment (as shown in Figure 3). Upon further
analysis, patients with normalized CA199, CA125, or
CA724 had a similar 3-year OS to those patients with
negative CA199, CA125, or CA724 before pre-treatment.
However, this phenomenon was not observed the CEA and
CA242 groups (as shown in Figure 4).

Moreover, the association between tumor marker
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Table 1 Patient characteristics Table 1 (continued)
Variable N (%) Variable N (%)
Age (years) CA199-pre
>60 253 (53.60) Positive 120 (25.42)
<60 219 (86.56) Negative 260 (55.08)
Sex Unknown 92 (19.49)
Male 349 (73.94) CA125-pre
Female 123 (26.06) Positive 44 (9.32)
ypT stage Negative 226 (47.88)
0 15(3.18) Unknown 92 (19.49)
1-2 72 (15.25) AFP-pre
3-4 385 (81.57) Positive 38 (8.05)
ypN stage Negative 342 (72.46)
0 153 (32.42) Unknown 92 (19.49)
1 93 (19.70) CA242-pre
2 106 (22.46) Positive 63 (13.35)
3 120 (25.42) Negative 317 (67.16)
Tumor location Unknown 92 (19.49)
Upper third 134 (28.39) CAT724-pre
Middle third 115 (24.36) Positive 92 (19.49)
Lower third 223 (47.25) Negative 288 (61.02)
Differentiated degree Unknown 92 (19.49)
Well 7(1.48) CEA-pos
Moderate 67 (14.19) Positive 124 (26.27)
Low 398 (84.99) Negative 348 (73.73)
Signet-ring cell component CA199-pos
Yes 85 (18.01) Positive 86 (18.22)
No 387 (81.99) Negative 386 (81.78)
No. of cycles of preoperative chemotherapy CA125-pos
<4 436 (92.37) Positive 30 (6.36)
>4 36 (7.36) Negative 442 (93.64)
Chemotherapeutic regimens AFP-pos
Two-drug regimen 430 (91.10) Positive 91 (19.28)
Three-drug regimen 42 (8.90) Negative 381 (80.72)
CEA-pre CA242-pos
Positive 118 (25.00) Positive 38 (8.05)
Negative 262 (55.51) Negative 434 (91.95)
Unknown 92 (19.49) CA724-pos
Table 1 (continued) Positive 113 (23.94)
Negative 359 (76.06)

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(3):153 | https://dx.doi.org/10.21037/atm-22-109



Annals of Translational Medicine, Vol 10, No 3 February 2022

Probability of survival, % >

Probability of survival, % O

100 A
75 A CEA-per
—=Normal
50 A — Abnormal
25 4
P=0.0227
0 T T T T 1
0 12 24 36 48 60
Time, months
100 7
75 A AFP-per
—=Normal
50 - — Abnormal
25 A
P=0.8544
0 T T T T 1
0 12 24 36 48 60

Time, months

Probability of survival, % @

Probability of survival, % M

C
100 - e
s
75 1 CA199-per e
—= Normal a
50 A —— Abnormal %5
=
25 - 5
P<0.0001 2
0 T T T T 1 a
0 12 24 36 48 60
Time, months F
100 7 X
]
75 A CA242-per s
—=Normal a
50 A —— Abnormal ..6
=
25 - 3
©
P<0.0001 .8
0 T T T T 1 a
0 12 24 36 48 60

Time, months

Page 5 of 10
100 -
75 A CA125-per
—=Normal
50 - —— Abnormal
25 A
P=0.0160
0 T T T T 1
0 12 24 36 48 60
Time, months
100 7
75 CAT724-per
—=Normal
50 - —— Abnormal
25 A
P=0.0080
0 T T T T 1
0 12 24 36 48 60

Time, months

Figure 1 Kaplan-Meier analysis of the OS of AGC patients stratified by CEA (A), CA199 (B), CA125 (C), AFP (D), CA242 (E), and CA724 (F)
before NCT. AGC, advanced gastric cancer; CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; NCT, neoadjuvant chemotherapy.

Probability of survival, %

Probability of survival, %

100 ~ B
75 CEA-pos
—-Normal
50 A ——Abnormal
25 4
P=0.0696
0 T T T T 1
0 12 24 36 48 60
Time, months
E
100 -
75 AFP-pos
—-Normal
50 4 —Abnormal
25 4
P=0.8419
o T T T T 1
0 12 24 36 48 60

Time, months

Probability of survival, %

Probability of survival, %

100 ~ C
75 CA199-pos
—-Normal
50 —Abnormal
25 4
P<0.0001
0 T T T T 1
0 12 24 36 48 60
Time, months
F
100 -
75 A CA242-pos
——Normal
50 4 —Abnormal
25 4
P<0.0001
0 T T T T 1
0 12 24 36 48 60

Time, months

Probability of survival, %

Probability of survival, %

100 -
75 CA125-pos
—Normal
50 - —Abnormal
25 4
P<0.0001
0 T T T T 1
0 12 24 36 48 60
Time, months
100 -
75 A CA724-pos
—Normal
50 4 —Abnormal
25 4
P=0.0370
0 T T T T 1
0 12 24 36 48 60

Time, months

Figure 2 Kaplan-Meier analysis of the OS of AGC patients stratified by CEA (A), CA199 (B), CA125 (C), AFP (D), CA242 (E), and CA724 (F)
after NCT. AGC, advanced gastric cancer; CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; NCT, neoadjuvant chemotherapy.

normalization during preoperative chemotherapy and
clinicopathological characteristics were confirmed (as shown
in Table 2). The results also showed a significant correlation
between tumor marker normalization and the number of
positive tumor markers after surgery, whereas tumor marker
normalization was not significantly associated with sex,
age, yp'1 stage, ypN stage, ypTINM stage, tumor location,
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differentiated degree, and signet-ring cell component.
According to the univariate analysis (Tuzble 3), the
significant prognostic factors for survival in patients with
positive tumor markers before NCT were ypT stage, ypN
stage, yp TINM stage, differentiated degree, signet-ring cell
component, level of tumor markers (CEA, CA199, CA125,
CA242, and CA724) before NCT, number of positive
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Figure 4 Kaplan-Meier analysis of the OS of AGC patients who received NCT. Association between CEA (A), CA199 (B), CA125 (C), AFP
(D), CA242 (E), and CA724 (F) normalization or non-normalization after NCT and the OS of all patients. AGC, advanced gastric cancer;
CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; NCT, neoadjuvant chemotherapy.
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Table 2 Correlation between tumor marker normalization during
preoperative chemotherapy and clinicopathological characteristics

Variable Normalization norrr’:lac:ir;;ltion ' P

Age (years) 2.070 0.150
>60 44 96
<60 24 80

Sex 1.293 0.255
Male 56 133
Female 12 43

ypT stage 0.670 0.413
1-2 8 28
3-4 60 148

ypN stage 3.006 0.083
0 25 45
14243 43 131

yTNM stage 0.844 0.358
I+ 23 49
I 45 127

Tumor location 0.757 0.685
Upper third 20 53
Middle third 12 39
Lower third 36 84

Differentiated degree 0.635 0.728
Well 1 3
Moderate 12 24
Low 55 149

Signet-ring cell component 1.591 0.222
Yes 7 29
No 61 147

Number of positive tumor markers before NCT 5.893 0.015*
1-3 66 152
4-5 2 24

*, P<0.05. NCT, neoadjuvant chemotherapy.

tumor markers before NCT, and normalization of tumor
marker after NCT. The Cox proportional hazard model
was used for multivariate analysis, and the results showed

that ypT stage, ypN stage, ypTNM stage, differentiated
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degree, signet-ring cell component, level of tumor markers
(CEA, CA199, CA125, and CA242) before NCT, number
of positive tumor markers before NCT, and normalization
of tumor marker after NCT were independent risk factors.

Discussion

Being the third leading cause of cancer-related death world,
GC diagnosis and treatment is a significant concern. Most
Chinese GC patients are already at advanced stage at the
time of diagnosis. Surgery is the main treatment for GC,
but the long-term survival rate of patients with AGC after
surgery is still less than 20-30%. Recently, the RESOLVE
clinical trial showed that NCT treatment with oxaliplatin
plus S-1 have a meaningful improvement compared with
adjuvant chemotherapy in patients with locally AGC.
Therefore, NCT was developed to improve the prognosis
of patients with AGC. The advantages of NCT, including
reducing tumor size, improving the rate of RO resection,
and improving OS and DFS, have been demonstrated in
numerous large studies. However, due to the heterogeneity
of GC, the clinical response rate of NCT is barely
satisfactory. Therefore, there is a pressing need to mine
reliable indicators that can predict chemotherapy sensitivity,
in order to screen out AGC patients that are suitable for
NCT.

Serum tumor markers are widely used in early diagnosis,
efficacy evaluation, and monitoring disease recurrence.
Some studies have confirmed the clinical diagnostic and
prognostic value of various serum tumor markers in GC.
Wang et al. showed that CEA can be used to diagnose
GC and improve the diagnostic sensitivity of imaging
examination for lymph node involvement (9). CA199 is also
considered to be a sensitive marker for liver and peritoneal
recurrence and metastasis (11). However, most of these
studies were focused on the value of preoperative and
postoperative tumor markers in patients undergoing surgery
with or without adjuvant therapy, and studies focused on
AGC patients undergoing NCT are rare.

In our study, the levels of CEA, CA199, CA125, CA242,
and CA724 before NCT could predict prognosis, and
the level of CA199, CA125, CA242, and CA724 after
NCT were correlated with prognosis. A combination of
muldple tumor markers improves the prediction of survival
compared to a single tumor marker (12). Therefore, all
patients were grouped according to the number of positive
tumor markers, and the results showed that the 3-year
OS rate decreased with an increasing number of positive
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Table 3 Prognostic factors in univariate and multivariate analyses for patients with positive tumor markers

Characteristics P (univariate)

HR (multivariate) 95% CI (multivariate) P (multivariate)

Sex 0.797
Age 0.174
ypT stage P<0.001*
ypN stage P<0.001*
yTNM stage P<0.001*
Tumor location 0.963
Differentiated degree P<0.001*
Signet-ring cell component P<0.001*
CEA-pre 0.002*
CA199-pre P<0.001*
CA125-pre P<0.001*
AFP-pre 0.520
CA242-pre P<0.001*
CA724-pre 0.002*
Number of positive tumor markers before NCT P<0.001*
Normalization of tumor markers after NCT P<0.001*

0.378 0.305-0.470 P<0.001*
4.869 4.135-5.734 P<0.001*
1.705 1.371-2.120 P<0.001*
0.481 0.416-0.558 P<0.001*
0.866 0.774-0.970 0.013~
0.872 0.790-0.964 0.007~
1.543 1.379-1.726 P<0.001*
1.151 1.022-1.295 0.020*
1.181 1.053-1.325 0.005*
0.954 0.863-1.055 0.359
1.555 1.312-1.844 P<0.001*
1.375 1.240-1.525 P<0.001*

*, P<0.05. NCT, neoadjuvant chemotherapy; HR, hazard ratio; Cl, confidence interval.

tumor markers before and after preoperative chemotherapy.
These results indicated that the high level of tumor markers
both before and after NCT may be associated with poor
prognosis in AGC.

Furthermore, we divided all of the patients into a normal
group and an abnormal group according to the status of
tumor markers before NCT. For patients with normal
tumor markers before NCT, 34.56% patients had positive
tumor markers after NCT, and the abnormalization of
tumor markers after NCT was not associated with OS
for these patients. In addition to tumor progression,
abnormalization of tumor markers after NCT was not
related to chemotherapy. For patients with abnormal tumor
markers before NCT, 27.87% patients had normal tumor
markers after NCT, and the prognosis of patients with
normalized tumor markers was significantly better than
that of patients with non-normalized after NCT, and there
was no significant difference in 3-year OS between patients
with normalized tumor markers after NCT and those with
normal tumor markers before NCT. Also, the normalization
of tumor markers after NCT was an independent risk

© Annals of Translational Medicine. All rights reserved.

factor for patients with positive tumor markers before
NCT. Further analysis showed a significant correlation
between tumor marker normalization and the number of
positive tumor markers after surgery, while tumor markers
normalization was not significantly associated with sex,
age, ypI stage, ypN stage, yp TNM stage, tumor location,
differentiated degree, or signet-ring cell component. These
results highlight that some patients with positive tumor
markers may achieve obvious survival benefits from NCT
treatment, especially for patients with 1-3 positive tumor
markers.

However, this study has several limitations that should
be noted. Firstly, as a retrospective and single center
study, there was possible selection bias and performance
of analysis bias. For example, the pre-serum tumor marker
before preoperative chemotherapy data in some patients
who received preoperative chemotherapy in other hospitals
were unavailable. Secondly, the significance of positive
tumor markers in AGC needs to be further explored, and an
effective prediction model for NCT efficacy and prognosis
needs to be established.
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Conclusions

Tumor markers before and after NCT, such as CA199,
CA125, CA242, and CA724, have a discriminatory ability
for patients with GC. The normalization of tumor markers
after NCT was associated with better survival.
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