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Abstract
Background Independent and valid prognostic predictors for locally advanced gastric cancer (LAGC) patients with 
non-elevated serum tumor markers (Triple-negative: CA199 < 37U/ml, CEA < 5 µg/ml and CA125 < 35U/ml) before and 
after neoadjuvant chemotherapy (NACT) remain unclear.

Methods A total of 352 LAGC patients treated with NACT(NLAGC) from two centers were included. Of the 156 were 
Triple-negative patients. CA72-4 trajectory groupings was defined as longitudinal changes in CA72-4 levels before and 
after NACT to identify different potential subgroups and to compare recurrence-free survival (RFS) and overall survival 
(OS) among subgroups. The predictive performance of the nomogram-trajectory was evaluated using the area under 
the receiver operating characteristic curve(AUC), decision curve analysis, and C-index.

Results In the Triple-negative patients, the Stable group had significantly worse 3-year OS than the Normal, Elevated, 
and Descend groups(3-year OS: 53.9% vs. 77.9% vs. 73.5% vs. 87.7%;P = 0.002). Cox multivariate analysis showed that 
CA72-4 trajectory groupings (Stable group: HR:3.442, 95%CI[1.574–7.528], P = 0.002) was an independent prognostic 
risk factor. In addition, the C-index and AUC values based on the nomogram-trajectory were significantly higher than 
those of ypTNM staging (C-index: 0.788 vs. 0.719,P < 0.001;AUC: 0.800 vs. 0.667,P < 0.001). Furthermore, The survival 
analysis revealed that the 3-year OS of the Low-Risk group of nomogram scores was significantly better than that of 
the High-Risk group(3-year OS:84.7% vs. 29.1%). And the Low-Risk group had the lower cumulative risk of recurrence 
(P < 0.001).

Conclusion The CA72-4 trajectory groupings were an independent prognostic factor for NLAGC Triple-negative 
patients. The predictive efficacy of the Nomogram-trajectory was significantly better than the ypTNM.
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Introduction
Gastric cancer (GC) is the fourth leading cause of cancer-
related deaths worldwide [1], yet the 5-year survival rate 
for patients treated with surgery alone is only 20–30% 
[2]. Previously, the MAGIC trial [3] and the FLOT4 trial 
[4] demonstrated that perioperative chemotherapy as 
part of GC treatment resulted in better overall survival 
(OS). Similar results were obtained during the FNCLCC 
and FFCD multicenter phase III trial [5] in 2011. Thus, 
surgical resection combined with perioperative systemic 
chemotherapy has become the standard treatment option 
for LAGC.

The 8th edition of the AJCC staging system for gastric 
cancer primarily stratifies patients based on the depth of 
tumor invasion in the gastric wall (T stage) and the num-
ber of positive lymph nodes (N stage) [6]. However, the 
current prognostic assessment of patients with NLAGC 
remains challenging [7]. The existing ypTNM staging sys-
tem has limitations in predicting prognosis in the neoad-
juvant chemotherapy population [8]. This staging system 
focuses solely on the pathological findings of the tumor 
and does not account for tumor markers, which reflect 
residual tumor burden and can significantly impact 
prognosis. Therefore, its predictive value is limited for 
patients receiving neoadjuvant chemotherapy.

Previous studies [9–13] have shown that gastric can-
cer patients with elevated tumor markers have worse 
postoperative survival. For instance, Kambara Y et al. 
found that the recurrence-free survival (RFS) and OS 
in patients with stage III GC with CA19-9 ≥ 46.3 U/mL 
were significantly lower than those with CA19-9 < 46.3 
U/mL [10]. Meanwhile, Zhang et al. [14] found that early 
postoperative normalization of CEA or CA19-9 was an 
important prognostic indicator for stage N3 GC. They 
also observed that elevated levels of tumor markers in 
the early postoperative period correlated with a worse 
prognosis in patients with N3a and N3b stage GC. Such 
findings have also been confirmed in the population of 
NLAGC patients [15–18]. Sun et al. [15] found that high 
preoperative serum CA19-9 levels in NLAGC patients 
were associated with a relatively higher risk of death and 
that high pre-neoadjuvant CEA levels (> 50 ng/mL) were 
indications of clinical disease progression after neoadju-
vant chemotherapy. In a study by xiao-Huan Tang et al., 
they found that elevated CEA /CA19-9 levels before or 
after NACT were significantly associated with progno-
sis, while patients with normalized CEA/CA19-9 also 
showed longer survival than non-neoadjuvant patients.

Previous studies have shown that compared to imaging 
changes, tumor marker changes provide a more sensitive 
assessment of neoadjuvant therapy efficacy in patients. 

These marker changes typically precede imaging changes 
by 2–3 months [19], and thus, they are valuable in the 
prognostic assessment of NLAGC patients. Currently, 
three tumor markers, carcinoembryonic antigen (CEA), 
carbohydrate antigen (CA19-9), and carbohydrate anti-
gen (CA 125), are routinely measured in GC patients in 
Eastern and Western countries to evaluate tumor pro-
gression and patient prognosis. However, for Triple-
negative patients( normal levels of traditional tumor 
markers [CA19-9, CEA, CA125]), the normalization of 
these traditional tumor marker levels make it challenging 
to provide robust and straightforward prognostic infor-
mation. Previous studies have shown that CA72-4, as a 
biomarker, also has significant predictive value for post-
operative survival in patients with various malignancies 
such as gastric cancer, colorectal cancer, and pancreatic 
cancer [20–25]. However, most of these studies focus 
on non-neoadjuvant populations, with relatively limited 
exploration of prognosis in neoadjuvant patients. Addi-
tionnally, the current studies about CA72-4 on gastric 
malignant tumors mainly focus on Eastern countries, 
with approximately 81% from China and 98% from East 
Asia [20], while it is rarely applied in clinical practice in 
Western countries. Its prognostic predictive value in such 
special populations (Triple-negative patients) with nor-
mal CA19-9, CEA, and CA125 before and after NACT 
has not been reported.

Therefore, considering the dynamic impact of chemo-
therapy on tumor burden during neoadjuvant chemo-
therapy, relying solely on preoperative or postoperative 
CA72-4 levels may not fully capture the true prognostic 
status of neoadjuvant patients. We explored the predic-
tive prognostic value of CA72-4 trajectory grouping met-
rics for Triple-negative NLAGC patients based on data 
from two large tertiary care medical centers in China. 
We also developed a Nomogram model based on CA72-4 
trajectory groupings to further improve the prognostic 
prediction accuracy and provide a reference for individu-
alized follow-up and treatment of patients.

Materials and methods
Study population
In this study, we prospectively collected and retro-
spectively analyzed the clinicopathological data of 414 
patients diagnosed with locally advanced gastric cancer 
who underwent D2 radical gastrectomy after neoadju-
vant chemotherapy. The data were gathered from Janu-
ary 2016 to December 2021 at Fujian Medical University 
Union Hospital and from December 2017 to March 2020 
at Zhangzhou Hospital of Fujian Medical University. The 
inclusion criteria were as follows: (1) cT2-4NxM0 before 
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NACT; (2) absence of prior malignant tumors; (3) no 
distant metastasis or neighboring organ invasion; (4) D2 
radical gastrectomy after NACT. The exclusion criteria 
included: (1) prior gastrectomy; (2) acute cardiovascular 
events (e.g., cerebral or coronary artery injury) within 
three months; (3) history of emergency surgery; and (4) 
insufficient clinical or follow-up data. After applying the 
exclusion criteria, a total of 352 patients were included 
in this study (eFig. 1). The protocol for the present study 
was approved by the Research Ethics Board (REB) of 
Fujian Medical University Union Hospital and Zhang-
zhou Affiliated Hospital of Fujian Medical University.

Perioperative chemotherapy regimens and surgical 
intervention
In this retrospective cohort study, the perioperative che-
motherapy (NACT + AC) regimens include (1) platinum-
based regimens (platinum + capecitabine/platinum + S-1/
platinum + 5-FU); (2) paclitaxel regimens (pacli-
taxel + capecitabine/paclitaxel + S-1/paclitaxel + 5-FU); 
and (3) other regimens (paclitaxel + platinum/single-
agent S-1, and so on). The above neoadjuvant / adjuvant 
chemotherapy regimens and dose have been previously 
reported [26]. All perioperative chemotherapy regimens 
and dosages were formulated by experienced oncologists 
at each center and adjusted accordingly based on tumor 
response and adverse reactions to chemotherapy drugs. 
The surgical method was GC resection combined with 
D2 lymph node dissection, and the extent of the lymph-
adenectomy was determined based on the Japanese GC 
treatment guidelines 2014 (version 4th).

Data collection and definition
Tumor marker data from the databases of the two hospi-
tals were collected for this study. Hematological test data 
were obtained from the analysis of serum samples by the 
laboratory departments of the two centers using a fully 
automated immunochemical analysis system. Routine 
blood tests, including CEA, CA19-9, CA125, and CA72-
4, were conducted within 7 days before the initiation of 
NACT and within 7 days before the surgery of patients. 
Based on clinical reference, the upper limit of the tumor 
markers (CEA, CA19-9, and CA125) were 5 ng/mL, 37 
U/mL, and 35 U/mL, respectively [27].

We defined patients in the Triple-negative group as 
those who exhibited expression levels of all three mark-
ers below the established thresholds before and after 
neoadjuvant chemotherapy, whereas patients with secre-
tion values of one or more tumor markers (CA19-9, CEA, 
CA125) above the upper limit before and after neoadju-
vant chemotherapy were included in the Positive group.

Tumor regression grade (TRG) refers to the pathologi-
cal response to neoadjuvant chemotherapy. Tumor (T) 

and node (N) stages were classified based on the 8th edi-
tion of the AJCC TNM staging system [6]. 

Follow-up and primary outcomes
Follow-up appointments were conducted every 3 months 
for the first 2 years, every 6 months for the subsequent 3 
years, and once per year after year 5. Follow-up was con-
ducted both online and in person, and it included physi-
cal examinations, laboratory (CA72-4, CEA, CA19-9, 
CA125, AFP, blood routine and biochemistry), and imag-
ing tests (gastrointestinal endoscopy, abdominal com-
puted tomography). The primary outcome was OS. OS 
was defined as the time from surgery to death from any 
cause or last follow-up. Recurrence was determined by 
medical history, physical examination, imaging, cytology, 
and tissue biopsy. RFS was defined as the time from sur-
gery to recurrence due to tumor or last follow-up.

Statistical analysis
SPSS version 25 (IBM, Armonk, NY, USA) and R version 
4.3.3 (http://www.r-project.org) were utilized for correla-
tion analysis. The “ggcoxzph” function was employed to 
visualize the relationship between continuous variables 
and survival time, determining if these variables could 
be stratified by cutoff values. Normally distributed con-
tinuous variables were expressed as mean ± standard 
deviation (SD); otherwise, they were expressed as median 
(interquartile range). The optimal breakpoints for pre-
dicting endpoint events were obtained using X-tile soft-
ware or R. Categorical variables were analyzed using the 
chi-square or Fisher’s exact test and expressed as per-
centages. X-tile, proposed by Camp et al. from Yale Uni-
versity [28], calculates statistical outcomes for different 
CA72-4 cutoff values using the Kaplan-Meier method 
and employs the Log-Rank test to select the CA72-4 
threshold that maximizes the difference between groups. 
A heatmap was used to assess the correlation between 
factors through color coding. The Cox proportional haz-
ards model identified independent risk factors for long-
term prognosis, including all variables with P < 0.05 from 
the univariate analysis in the multivariate analysis. The 
performance of developed models was assessed using 
the area under the receiver operating characteristic curve 
(AUC), time-dependent ROC curves, calibration curves, 
and decision curve analysis. Survival outcomes were 
described using the Kaplan–Meier method, and differ-
ences between curves were analyzed using the log-rank 
test.

Results
Group-based categorization of trajectory of CA72-4 levels
The optimal cut-off value (3.7 U/mL) for the serum 
tumor marker CA72-4 was determined before neoadju-
vant chemotherapy using X-tile software (eFig. 2 A–2 C). 

http://www.r-project.org
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Based on the measurements of serum CA72-4 before and 
after neoadjuvant chemotherapy, the CA72-4 trajectory 
groupings were categorized into (1) Normal group: con-
sistently below the cutoff value; (2) Elevated group: below 
the cutoff value before neoadjuvant chemotherapy and 
above the cutoff value after neoadjuvant chemotherapy; 
(3) Descend group: above the cutoff value before neo-
adjuvant chemotherapy and below the cutoff value after 
neoadjuvant chemotherapy; (4) Stable group: consistently 
above the cut-off value (eFig. 3).

Clinicopathological characteristics
A total of 352 patients were enrolled in this study, of 
which 156 patients (44.3%) were in the NLAGC Triple-
negative group and 196 patients (56.7%) were in the Posi-
tive group. eTable 1 contains a comparison of baseline 
data between the two groups of patients. No statistically 
significant differences were observed during the compar-
ison of clinicopathologic data between the two groups, 
except for the pre-NACT CA72-4 levels (Pre-NACT 
CA72-4: <3.7 U/L vs. ≥ 3.7 U/mL, P < 0.001) and group-
based of the trajectory of CA72-4 levels (Normal group 
vs. Elevated group vs. Descend group vs. Stable group, 
P = 0.005).

Table 1 contains the baseline characteristics of the four 
trajectory groups of the Triple-negative group, with 80 
(51.3%) in the Normal group, 25 (16.0%) in the Elevated 
group, 22 (14.1%) in the Descend group, and 29 (18.6%) 
in the Stable group. Except for statistical differences in 
sex (P = 0.034), no significant differences were observed 
among the 4 groups in age, ECOG scale, ypT, ypN, tumor 
location, lymphovascular invasion, neurological inva-
sion, TRG grade, NACT regimens, NACT cycle, adjuvant 
chemotherapy regimens, adjuvant chemotherapy admin-
istration status, postoperative complications, length of 
hospital stay, operative time, and intraoperative blood 
loss (all P > 0.05).

Survival outcomes of triple-negative and positive patients
The median follow-up in this multicenter cohort study 
was 34.9 months, 95% CI [32.3–37.4]. A total of 107 
deaths were recorded during this follow-up period, 
including 39 deaths in the Triple-negative group and 68 
deaths in the Positive group. Kaplan–Meier curve analy-
sis showed that the 3-year OS of patients in the Triple-
negative group was significantly better than that of the 
Positive group (3-year OS: 73.9% vs. 59.5%, P = 0.008) 
(Fig.  1A). Similarly, in terms of RFS, the 3-year RFS of 
patients in the Triple-negative group was significantly 
better than that of the Positive group (3-year RFS: 69.0% 
vs. 54.7%, P = 0.005) (Fig. 1B).

Correlation analysis and oncological outcomes of group-
based trajectories in triple-negative patients
Heatmap displays some visual correlations among vari-
ates (eFig. 4) and Pearson correlation analysis revealed 
that high positive correlation between the pre-NACT 
CA72-4 and the group-based of trajectory of CA72-4 lev-
els (r = 0.925, p < 0.001) and moderate positive correlation 
between post-NACT CA72-4 and Group-based of the 
trajectory of CA72-4 levels (r = 0.661, p < 0.001)(eTable 
5). However, no statistically significant correlations were 
observed between the group-based of the trajectory of 
CA72-4 levels and other prognostically relevant clinico-
pathological features (All P > 0.05).

Analysis of the correlation between OS/RFS and 
dynamic changes in CA72-4 trajectories in the Triple-
negative group showed that the 3-year OS of patients 
in the Stable group was significantly lower than that of 
patients in the Normal, the Elevated, and Descend groups 
(3-year OS: 53.9% vs. 77.9% vs. 73.5% vs. 87.7%, respec-
tively; P = 0.002), whereas no statistically significant dif-
ference was observed in the comparison of 3-year OS 
between the Normal, Elevated, and Descend groups (all 
P > 0.05) (Fig.  2A). Meanwhile, no statistically signifi-
cant difference in RFS was observed between any of the 
CA72-4 trajectory subgroups and the 3-year postopera-
tive RFS of patients (3-year RFS: Normal vs. Elevated vs. 
Descend vs. Stable, 69.2% vs. 75.4% vs. 68.2% vs. 59.3%, 
respectively, P = 0.351) (Fig. 2B).

Univariate and multivariate analyses of factors associated 
with overall survival and recurrence-free survival in triple-
negative patients
Univariate Cox regression analysis revealed that pre-
NACT CA72-4, post-NACT CA72-4, and group-based 
of trajectory of CA72-4 levels were prognostic factors for 
determining OS of patients in the Triple-negative group. 
In the Cox multivariate analysis of model I, after includ-
ing only pre-NACT CA72-4 and post-NACT CA72-4 
levels, we found that pre-NACT CA72-4 (≥ 3.7: HR: 
1.408, 95%CI [0.686–2.889], P = 0.351) and post-NACT 
CA72-4 levels (≥ 3.7: HR: 1.843, 95%CI [0.848–4.007], 
P = 0.123) were not independent prognostic risk factors 
for OS of patients in the Triple-negative group; contrast-
ingly, in Model II, when only the group-based of trajec-
tory of CA72-4 levels was included, we found that the 
CA72-4 trajectory subgroup (Stable: HR: 3.442, 95%CI 
[1.574–7.528], P = 0.002), ECOG scores (1/2: HR: 2.048, 
95%CI [1.052–3.985], P = 0.035), ypT (ypT3: HR: 8.714, 
95%CI [2.261–33.591], P = 0.001), ypT4 (HR: 9.121, 
95%CI [2.623–31.719], P = 0.002), and ypN (ypN3: HR: 
2.866, 95%CI [1.155–7.108], P = 0.023) were independent 
prognostic risk factors for OS of patients in the Triple-
negative group (Table 2 ).
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characteristic Total Normal
N = 80

Elevated
N = 25

Descend
N = 22

Stable
N = 29

p-value1

Age, n(%) 0.127
   ≤ 60 63(40.4) 31(38.8) 14(56) 5(22.7) 13(44.8)
   > 60 93(59.6) 49(61.3) 11(44) 17(77.3) 16(55.2)
Sex, n(%) 0.034
   Male 112(71.8) 56(70) 18(72) 21(95.5) 17(58.6)
   Female 44(28.2) 24(30) 7(28) 1(4.5) 12(41.4)
ECOG scores, n(%) 0.995
   0 97(62.2) 50(62.5) 15(60) 14(63.6) 18(62.1)
   1/2 59(37.8) 30(37.5) 10(40) 8(36.4) 11(37.9)
ypT, n(%) 0.058
   0/1 24(15.4) 12(15) 9(36) 3(13.6) 0
   2 33(21.2) 16(20) 2(8) 6(27.3) 9(31)
   3 60(38.4) 33(41.3) 7(28) 8(36.4) 12(41.4)
   4 39(25) 19(23.7) 7(28) 5(22.7) 8(27.6)
ypN, n(%) 0.774
   0 62(39.8) 31(38.8) 11(44) 10(45.5) 10(34.5)
   1 36(23.1) 20(25) 6(24) 6(27.3) 4(13.8)
   2 30(19.2) 17(21.2) 3(12) 3(13.6) 7(24.1)
   3 28(17.9) 12(15) 5(20) 3(13.6) 8(27.6)
Location, n(%) 0.560
   Upper 65(41.7) 35(43.8) 9(36) 7(31.8) 14(48.3)
   Middle 37(23.7) 16(20) 6(24) 8(36.4) 7(24.1)
   Lower 43(27.6) 26(32.5) 7(28) 5(22.7) 5(17.3)
   Mixed 11(7) 3(3.7) 3(12) 2(9.1) 3(10.3)
Lymphovascular Invasion, n(%) 0.388
   No 96(61.5) 53(66.3) 16(64) 13(59.1) 14(48.3)
   Yes 60(38.5) 27(33.7) 9(36) 9(40.9) 15(51.7)
Neural Invasion, n(%) 0.400
   No 68(43.6) 33(41.3) 13(52) 12(54.5) 10(34.5)
   Yes 88(56.4) 47(58.7) 12(48) 10(45.5) 19(65.5)
TRG grade, n(%) 0.625
   0/1 39(25) 18(22.5) 8(32) 7(31.8) 6(20.7)
   2/3 117(75) 62(77.5) 17(68) 15(68.2) 23(79.3)
NACT regimens, n(%) 0.995
   Platinum based 64(41) 32(40) 11(44) 8(36.4) 13(44.8)
   Paclitaxel based 63(40.4) 33(41.3) 10(40) 9(40.9) 11(37.9)
   Others 29(18.6) 15(18.7) 4(16) 5(22.7) 5(17.3)
NACT cycles, Median (IQR) 4(3–4) 4(3–4) 3(3–4) 4(3–4) 3(3–4) 0.735
AC regimes, n(%) 0.986
   Platinum based 55(41.4) 27(40.9) 11(45.8) 7(33.3) 10(45.4)
   Paclitaxel based 52(39.1) 26(39.4) 9(37.5) 9(42.9) 8(36.4)
   Others 26(19.5) 13(19.7) 4(16.7) 5(23.8) 4(18.2)
AC, n(%) 0.178
   No 19(12.2) 11(13.8) 1(4) 1(4.5) 6(20.7)
   Yes 137(87.8) 69(86.3) 24(96) 21(95.5) 23(79.3)
Complication, n(%) 0.349
   No 140(89.7) 75(93.8) 22(88) 19(86.4) 24(82.8)
   Yes 16(10.3) 5(6.3) 3(12) 3(13.6) 5(17.2)
LOS, Median (IQR) 8(7–10) 8(7–10) 8(7–9) 8(7–9) 9(7–12) 0.282

Table 1 Baseline comparisons in the Triple-negative group (grouped according to the group-based trajectory of CA72-4)
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The Cox univariate and multivariate regression analy-
ses associated with RFS are shown in eTable 2. The ECOG 
scores (1/2: HR: 2.599, 95%CI [1.332–5.074], P = 0.005), 
ypT (HR: 2.874, 95%CI [1.030–8.023], P = 0.044), ypT4 
(HR: 3.681, 95%CI [1.153–11.754], P = 0.028) was an inde-
pendent prognostic risk factor for postoperative RFS of 
patients in the Triple-negative group, whereas pre-NACT 

CA72-4, post-NACT CA72-4, and group-based of trajec-
tory of CA72-4 levels were not associated with patient 
postoperative RFS (all P > 0.05).

Nomogram construction and performance comparison
Based on the results of the multivariate Cox regres-
sion analysis of model II, we developed a nomogram 

Fig. 2 Kaplan–Meier Survival curves of overall survival/recurrence-free survival based on the group-based trajectory of CA72-4 levels

 

Fig. 1 Overall survival (A), recurrence-free survival (B) between Triple-negative and Positive groups

 

characteristic Total Normal
N = 80

Elevated
N = 25

Descend
N = 22

Stable
N = 29

p-value1

Operative time, Median (IQR) 185
(157–220)

190
(160–225)

180
(150–210)

199
(165–210)

180
(155–221)

0.277

Bleed, Median (IQR) 35(30–50) 35(30–50) 30(30–50) 40(30–50) 30(30–60) 0.861
1: One-way ANOVA; Pearson’s Chi-squared test; Fisher’s exact test

Bold values indicated that the P value < 0.05

Abbreviation ECOG score: Eastern Cooperative Oncology Group (ECOG) Performance Status score; ypT: Tumor (T pathological stage) after neoadjuvant chemotherapy; 
ypN: Nodes pathological stage after neoadjuvant chemotherapy; TRG: Tumor Regression Grade; NACT: Neoadjuvant chemotherapy; CA72-4: Carbohydrate antigen 
72 − 4; LOS: length of stay

Table 1 (continued) 
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characteristic Overall Survival

Univariable analysis Multivariable analysis I a Multivariable analysis IIb

HR 1 95%CI 1 P-value HR 1 95%CI 1 P-value HR 1 95%CI 1 P-value
Age
   ≤ 60 REF
   > 60 1.011 0.535–1.910 0.973
Sex
   male REF
   female 0.974 0.473–2.007 0.943
ECOG scores
   0 REF REF REF
   1/2 2.034 1.070–3.868 0.030 1.984 1.018–3.870 0.044 2.048 1.052–3.985 0.035
ypT
   0–2 REF REF REF
   3 6.362 2.048–19.767 0.001 8.202 2.150-32.284 0.002 8.714 2.261–33.591 0.001
   4 7.367 1.954–27.784 0.003 8.447 2.483–28.734 0.001 9.121 2.623–31.719 0.002
ypN
   0 REF REF REF
   1 1.077 0.409–2.839 0.881 1.227 0.435–3.458 0.699 1.326 0.464–3.791 0.599
   2 2.829 1.197–6.687 0.018 2.665 1.092-6.500 0.031 2.399 0.974–5.909 0.057
   3 3.632 1.532–8.614 0.003 2.928 1.189–7.209 0.019 2.866 1.155–7.108 0.023
Location
   upper REF
   middle 0.866 0.428–1.967 0.825
   lower 0.689 0.441–2.255 0.994
   mixed 0.978 0.412–2.338 0.974
LVI
   no REF
   yes 1.470 0.769–2.810 0.244
NI
   no REF
   yes 1.213 0.634–2.319 0.560
TRG grade
   0/1 REF REF REF
   2//3 1.644 0.766–3.532 0.202 1.196 0.495–2.889 0.691 0.989 0.382–2.558 0.982
Post-AC
   no REF
   yes 0.602 0.280–1.296 0.195
Postoperation complication
   no REF REF REF
   yes 2.491 1.177–5.273 0.017 2.061 0.902–4.711 0.086 2.055 0.906–4.664 0.085
CA72-4-related Ia

Pre-NACT CA72-4
   < 3.7 REF REF NA NA NA
   ≥ 3.7 2.126 1.116–4.053 0.022 1.408 0.686–2.889 0.351 NA NA NA
Post-NACT CA72-4
   < 3.7 REF REF NA NA NA
   ≥ 3.7 2.482 1.298–4.744 0.006 1.843 0.848–4.007 0.123 NA NA NA
CA72-4-related IIb

Group-based trajectory of CA72-4, n(%)
   normal REF NA NA NA REF
   elevated 1.247 0.449–3.466 0.672 NA NA NA 1.543 0.528–4.513 0.428

Table 2 Univariate and multivariate analyses of factors associated with overall survival in the Triple-negative group
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(Nomogram-trajectory) that incorporated the ECOG 
scores, ypT, ypN, and group-based of trajectory of 
CA72-4 levels to predict the postoperative long-term OS 
of patients in the Triple-negative group who underwent 
both NACT and surgery (Fig. 3). We plotted calibration 
curves for 1- and 3-year predictions using the Nomo-
gram-trajectory to evaluate the calibration of this model. 
The subsequent analysis revealed that the actual curve 

aligned with the virtual curve, demonstrating a high 
degree of consistency (Fig. 4A).

Additionally, the results indicate that both the C-index 
and AUC values of the nomogram-trajectory signifi-
cantly surpass those of the traditional ypTNM staging 
(C-index: Nomogram-trajectory vs. ypTNM: 0.788 vs. 
0.719, P < 0.001; AUC: Nomogram-trajectory vs. ypTNM: 
0.800 vs. 0.667, P < 0.001) (Fig. 4B). Decision curve analy-
sis showed that within the most reasonable threshold 

Fig. 3 Establishment of Nomogram-trajectory

 

characteristic Overall Survival

Univariable analysis Multivariable analysis I a Multivariable analysis IIb

HR 1 95%CI 1 P-value HR 1 95%CI 1 P-value HR 1 95%CI 1 P-value
   descend 0.819 0.235–2.852 0.753 NA NA NA 0.751 0.201–2.809 0.670
   stable 3.443 1.659–7.145 0.001 NA NA NA 3.442 1.574–7.528 0.002
1:HR = Hazard Ratio, CI = Confidence Interval

Bold values indicated that the P value < 0.05

a: model I: Including only pre-NACT CA72-4 and post-NACT CA72-4 levels

b: model II: Only the group-based of trajectory of CA72-4 levels was included

Abbreviation REF: Reference; ECOG score: Eastern Cooperative Oncology Group (ECOG) Performance Status score; ypT: Tumor (T pathological stage) after neoadjuvant 
chemotherapy; ypN: Nodes pathological stage after neoadjuvant chemotherapy; TRG: Tumor Regression Grade; NACT: Neoadjuvant chemotherapy; CA72-4: 
Carbohydrate antigen 72 − 4

Table 2 (continued) 
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Fig. 4 Nomogram-trajectory performance evaluation: the calibration curve of the Nomogram-trajectory prediction model for assessing the accuracy 
and consistency of the prediction model (A), 3-year area under the receiver operating characteristic curve values and C-index of the Nomogram-trajec-
tory prediction model and traditional ypTNM staging (B), decision curve analysis curve of Nomogram-trajectory vs. ypTNM (C), time-dependent receiver 
operating characteristic (Nomogram-trajectory vs. ypTNM) (D)
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probability range (0.1–0.6), the overall net benefit of 
Nomogram-trajectory was greater than that of ypTNM 
staging (Fig.  4C), indicating that Nomogram-trajectory 
is better at predicting OS compared to the traditional 
ypTNM staging.

The time-dependent ROC curves showed that the 
AUC values of the Nomogram-trajectory were superior 
than those of the traditional ypTNM staging within 0–60 
months ( Fig. 4D ).

Effect of overall mortality risk score on the overall survival 
in Triple-negative patients
The overall mortality risk score (OMRS) for individual 
patients was calculated by summing the scores for each 
variable in the column-line graph (eTable 3). The OMRS 
ranges from 0 to 251. The optimal breakpoint of OMRS 
for predicting the endpoint event using the maxstat func-
tion in R is 153 (eFig. 5 A). Patients in the Triple-negative 
group with OMRS scores <153 were defined as the Low-
Risk group (Nomogram-low), and patients with OMRS 
scores ≥ 153 were defined as the High-Risk group (Nomo-
gram-high). Kaplan–Meier analysis showed that the 
3-year OS was significantly better in the Low-Risk group 
than in the High-Risk group (3-year OS: Low-Risk group 
vs. High-Risk group: 84.7% vs. 29.1%, P < 0.001), and the 
cumulative risk of recurrence was also significantly lower 
in the Low-Risk group than that in the High-Risk group 
(P < 0.001) (eFig. 5B-5 C).

Discussion
To the best of our knowledge, this multicenter retrospec-
tive cohort study is the first to investigate the impact on 
the long-term prognostic predictors of the NLAGC Tri-
ple-negative (normal levels of traditional tumor markers 
[CA19-9, CEA, CA125]) patients. Through our study, 
we found that the group-based trajectory of CA72-4 
levels before and after neoadjuvant chemotherapy were 
independent prognostic factors for postoperative OS in 
Triple-negative patients with NLAGC. In addition, the 
3-year OS of patients was significantly worse in the Sta-
ble group, with CA72-4 levels consistently higher than 
3.7 U/mL. The Nomogram-trajectory prediction model 
was developed based on the group-based trajectory of 
CA72-4 levels, and it demonstrated superior prognostic 
efficacy over the existing ypTNM stage.

The high expression of serum CA72-4, a high molec-
ular weight mucin (220–400  kDa), usually implies the 
persistence and proliferation of tumor cells [20]. Previ-
ously, many scholars have investigated and discovered 
the outstanding predictive value of serum CA72-4 as a 
biomarker for assessing postoperative survival in patients 
with non-neoadjuvant gastrointestinal malignancies 
[20–23]. M J Gaspar et al. [29] found that the incidence of 
CA72-4 positivity was higher in patients with advanced 

tumors (p = 0.04), lymph node invasion (p = 0.02), hepatic 
metastases (p = 0.02), and peritoneal involvement 
(p = 0.03), and the risk of death in patients with elevated 
levels of serum CA72-4 was 4.2 times higher than that of 
patients with low levels of serum CA72-4. In addition, a 
post hoc analysis based on the correlation between serum 
CA72-4 and GC in the Chinese population, conducted by 
Chen XZ et al., showed that when serum CA72-4 alone 
was used to diagnose GC, the sensitivity and specificity 
of CA72-4 were 49% and 96%, respectively, which were 
better than those of other tumor markers [30]. Through 
further studies, Tong et al. found that CA72-4 before 
and after NACT was an independent prognostic fac-
tor for neoadjuvant patients with locally advanced GC, 
and it could be used to predict ypN and ypTNM stag-
ing in patients with locally advanced GC who underwent 
NACT and radical resection [18].

Since the Triple-negative NLAGC population is rarer 
than the elevated tumor marker population, and there is a 
lack of reports exploring the prognosis of these patients. 
A Mata analysis [19] by the Japanese Gastric Cancer 
Association found that the positive rate of CA72-4 in 
patients with LAGC was as high as 86.3% in patients 
with stage III-IV progressive gastric cancer. In addition, 
another prospective study [31] recruited 66 gastric can-
cer patients (including 27 patients with stage I and II 
gastric cancer, and the rest with stage III and IV gastric 
cancer), and found that there was a statistically signifi-
cant difference in the preoperative CA72-4 positivity rate 
between patients with early gastric cancer (stage I and II) 
and those with advanced gastric cancer (stage III and IV) 
(0% vs. 71.8%). Therefore, serum CA72-4 may be a poten-
tial prognostic predictor in the Triple-negative NLAGC 
population.

Meanwhile, to assess whether the continuous variables 
in this study could be stratified by cutoff values, we plot-
ted the residuals by using the “ggcoxzph” function to 
visualize the relationship between these variables and 
survival time. The output showed that the residuals for 
age, Pre-CA72-4, and Post-CA72-4 were roughly hori-
zontally distributed over time, with non-significant p-val-
ues, indicating that the proportional hazards assumption 
of the Cox model was met(eFig. 6 A-6 C). However, when 
we used X-tile software to obtain the optimal cutoff 
value of CA72-4, we found that the optimal cutoff value 
of CA72-4 was 3.7 U/mL, which was significantly lower 
than the currently existing upper limit value of CA72-4 
of 6.9 U/mL in China. The reason may be that the Tri-
ple-negative population of patients with advanced gastric 
cancer has its own lower tumor markers produced during 
tumor progression compared with positive patients, thus 
leading to the emergence of a lower upper limit value of 
CA72-4 would be a better prediction of survival prog-
nosis in such patients. However, the specific pathologic 
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mechanisms still need to be discovered by further 
research.

Meanwhile, to rule out the possibility that different 
neoadjuvant chemotherapy regimens could cause vary-
ing levels of CA72-4, we compared the baseline charac-
teristics of different neoadjuvant regimens (eTable 4) and 
found that the different treatment regimens did not result 
in significant differences in CA72-4 expression among 
LAGC patients (P = 0.640). Additionally, there were no 
significant statistical differences in other clinicopatholog-
ical data between the groups (All P > 0.05).

Furthermore, we found that neither pre- nor post-
NACT CA72-4 alone was an independent prognostic 
factor for the OS and RFS in NLAGC Triple-negative 
patients. Whereas when evaluating the dynamic changes 
in CA72-4 trajectories before and after NACT, we found 
that the 3-year OS of patients in the Stable group with 
consistently elevated CA72-4 levels was significantly 
worse (3-year OS: Normal vs. Elevated vs. Descend vs. 
Stable, 53.9% vs. 77.9% vs. 73.5% vs. 87.7%, respectively, 
P = 0.002). The possible reason is that: The CA72-4 lev-
els in the Stable Group remained consistently higher than 
those in the Elevated Group both before and after neoad-
juvant chemotherapy (NACT)(eFig.7). This suggests that 
the Stable Group may have greater tumor invasiveness, 
which could be associated with a poorer prognosis. Con-
versely, the Elevated Group, with lower initial CA72-4 
levels, indicates a lighter tumor burden before treatment 
and relatively better overall condition. However, due to 
poorer sensitivity to chemotherapy, these patients might 
experience an increase in tumor burden post-treatment, 
leading to a less favorable prognosis. Despite this, the 
initially lower tumor burden may offer some prognostic 
advantage compared to the Stable Group. In contrast, the 
Stable Group’s already high CA72-4 levels prior to neo-
adjuvant therapy indicate a higher baseline tumor burden 
and more aggressive tumor biology. The persistently high 
CA72-4 levels post-treatment suggest a poor response to 
chemotherapy, combining high initial tumor burden with 
inadequate treatment response, which results in a worse 
prognosis for the Stable Group compared to the Elevated 
Group. Further analysis revealed that the CA72-4 trajec-
tory subgroup was an independent prognostic risk factor 
for the OS of patients in the Triple-negative group with 
NLAGC, an observation that has not been previously 
reported.

Considering that the traditional AJCC 8th edition stag-
ing system only considers the pathological results of 
the tumor but ignores the prognostic impact of tumor 
markers and other indicators reflecting the tumor load. 
Zhong et al. also indicates that the current ypTNM stag-
ing system has limitations in predicting prognosis for 
patients undergoing neoadjuvant chemotherapy [32]. 
Relying solely on ypTNM staging may lead to significant 

prognostic deviations for these patients. To address this 
limitation, many studies have attempted to integrate 
tumor burden indicators with traditional staging systems. 
As shown in the study by Ruopeng Zhang et al. and cor-
roborated by our previous research, integrating tumor 
markers with the traditional AJCC 8th edition staging 
system significantly improves prognostic accuracy com-
pared to the conventional staging system alone [26, 33] 
Based on this, in this study, we developed a column-line 
graphical model (Nomogram-trajectory) based on the 
ECOG scores, ypT, ypN, and group-based trajectory of 
CA72-4 levels to predict postoperative long-term OS of 
patients in the Triple-negative group undergoing neo-
adjuvant therapy and surgery. We found that Nomo-
gram-high (High-Risk) and Nomogram-low (Low-Risk) 
scores correlated with the postoperative survival benefit 
of the patients. The 3-year OS of patients in the Low-
Risk group was significantly better than that of patients 
in the High-Risk group (3-year OS: Low-Risk group vs. 
High-Risk group: 84.7% vs. 29.1%, P < 0.001). The nomo-
gram prediction model developed based on the CA72-4 
trajectory grouping demonstrated more robust and 
superior predictive performance in predicting the OS of 
patients compared with ypTNM staging. Therefore, the 
Nomogram-trajectory model can offer individualized 
risk assessment, guide postoperative follow-up, enhance 
prognostic accuracy, and enable dynamic monitoring 
and treatment adjustments, providing potential reference 
for physicians in making scientifically sound and precise 
individualized treatment plans in patient management.

Our study had several limitations. First, this study 
was a multicenter retrospective study, there could still 
be an inevitable selection bias. Second, since the tumor 
markers before and after neoadjuvant (CEA, CA125 and 
CA199) both negative were rare with LAGC patients, the 
results still need a larger prospective, multicenter clini-
cal study for further validation. Third, the use of differ-
ent neoadjuvant chemotherapy regimens could impact 
the study results. Although no differences were observed 
after comparing baseline data, the study did not assess 
the toxicity of the chemotherapy regimens, the timing 
of administration, or the potential impact of dose reduc-
tions. Fourth, this study cohort comprised an Eastern 
population of NLAGC patients, and further research is 
needed to determine the efficacy of the developed nomo-
gram model in Western populations. Nonetheless, this 
study is the first to explore the independent prognostic 
indicators affecting NLAGC Triple-negative patients and 
highlight the potential predictive efficacy of dynamic 
change of CA72-4 levels in this population.
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Conclusion
The group-based of trajectory of CA72-4 levels before 
and after NACT is an independent prognostic risk fac-
tor for patients with Triple-negative GC. The predictive 
efficacy of the nomogram-trajectory developed is signifi-
cantly better than that of the existing ypTNM stage sys-
tem. Therefore, the group-based of trajectory of CA72-4 
levels before and after NACT may be an effective tool 
for clinicians to make clinical decisions about NLAGC 
Triple-negative patients. However, the results need to 
be further validated in prospective multicenter clinical 
studies.
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