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Background: Patients with stage I lung adenocarcinoma (LUAD) have varying postoperative prognosis.
This study aimed to investigate the prognostic significance of postoperative longitudinal change of serum
carcinoembryonic antigen (CEA) level in patients with stage I LUAD.

Methods: The study cohort comprised 241 patients with stage I LUAD completely resected with single-
port video-assisted thoracic surgery (VATS). The patients were categorized into 4 groups according to the
postoperative longitudinal change of serum CEA levels measured in the third and sixth months after surgery:
the NN group (continuously normal), HN group (increase first and then decrease), NH group (decrease first
and then increase), and HH group (continuously high). Recurrence-free survival (RFS) was analyzed by the
Kaplan-Meier method and compared by log-rank test. A nomogram was developed to predict recurrence in
the stage I LUAD patients.

Results: In univariate analysis, differentiation (P<0.001), visceral pleural invasion (VPI) (P=0.025), tumor
diameter (P<0.001), tumor-node-metastasis (TNM) stage (P=0.008), preoperative CEA levels (>10.0 wvs.
<10.0 ng/mL, P<0.001), and postoperative CEA grouping (NH/HH vs. NN/HN, P<0.001) were significant
prognostic factors for stage I LUAD patients. Multivariate analysis showed that tumor diameter (P=0.009)
and postoperative CEA grouping (P<0.001) were considered to be independent prognostic factors of
postoperative recurrence of stage I LUAD. Tumor diameter (>20 mm) and postoperative CEA (NH/HH vs.
NN/HN) were associated with worse RFS. Receiver operating characteristic (ROC) curve analysis showed
that postoperative CEA (NH/HH vs. NN/HN) have high sensitivity (64.7%) and specificity (83.2%) for
early prediction of postoperative recurrence of stage I LUAD. The area under curve (AUC) value was
0.745. The nomogram based on multivariate Cox regression had a concordance index (value of 0.789). The

calibration plot showed that the predicted probabilities closely matched the observed probabilities.
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Conclusions: Longitudinal change in serum CEA level after surgery was found to be an independent

unfavorable prognostic factor in completely resected stage I LUAD patients. The NH group and HH group

were significantly associated with worse RFS. A nomogram was established to predict the postoperative

recurrence of patients with stage I LUAD.
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Introduction

Lung cancer remains the leading cause of cancer-related
death worldwide, and non-small cell lung cancer (NSCLC)
accounts for the greatest proportion of these lung cancer
cases (1,2). The standard treatment for resectable NSCLC is
anatomic resection plus mediastinal lymph node dissection
(3,4). Lung adenocarcinoma (LUAD) is currently the one of
NSCLC subtypes with the highest incidence and involves a
higher possibility of developing micrometastasis in patients
with early-stage cancer (5). In fact, even if the local treatment
of complete resection is successful, the recurrence rate is
still high after surgery (6-9), and postoperative recurrence
is the main cause of death in stage I NSCLC (10-12). Some
studies have suggested that recurrence is caused by minimal
residual disease (MRD) (13,14). A large-scale study in
Japan reported a 5-year recurrence-free survival (RFS) rate
for stage I lung cancer of 65.8-84.3% (15), suggesting the
presence of other prognostic factors besides disease stage
and micrometastases. Therefore, close monitoring is needed
to detect recurrence in stage I LUAD patients after surgery
as early as possible and thus improve patient outcomes.

Low-dose computed tomography (LDCT) is crucial for
the early screening and postoperative monitoring of lung
cancer (16-18). Unfortunately, the medical follow-up of
imaging surveillance after surgery is low, and it is not easy
to detect early recurrence (19,20). Additionally, LDCT
screening has some limitations, including a high rate of
false positives, radiation-related risk, and high cost (21,22).
Therefore, a simple, convenient, and accurate method for
monitoring the postoperative recurrence of lung cancer is
urgently needed.

CEA is a member of the immunoglobulin supergene
family (IGSF) and may play a role in tumorigenesis by
enhancing the binding between tumor cells and normal

cells in LUAD (23). Carcinoembryonic antigen (CEA)
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is an important tumor marker and has been found to be
elevated in a variety of malignant tumors (24-27). The
expression of CEA also increases in patients with lung cancer,
especially those with LUAD, and has higher diagnostic
value than do the other types (28-30). Most relevant current
studies have focused on either the predictive effect of the
preoperative serum CEA level on the prognosis of patients
or on combining serum CEA with other markers for
diagnosis (31-36). These reports are only the results of a
one-time preoperative CEA test. However, our study used
the combination of the preoperative CEA level and the
longitudinal changes of the two postoperative CEA level,
which could allow us to get more information. Studies on
the longitudinal change of serum CEA after surgery are still
rare. The CEA was also found to be elevated in a variety of
malignant tumors after surgery. the elevated postoperative
CEA were at increased risk for recurrence in colon cancer (37)
and associated with shorter OS in gastric cancer (38).
The study of longitudinal change is a systematic and
regular study of the same object over a relatively long
period of time. It could see a more complete development
process and some key turning points in the development
process. Consequently, we conducted a study to examine
the postoperative longitudinal change of serum CEA level
in patients with stage I LUAD to establish a model that
can predict recurrence in the early postoperative period.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/tlcr-21-833).

Methods
Patients and samples

The hospital records of 1,341 patients who underwent
single-port video-assisted thoracic surgery (VATS) resection
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of stage I LUAD at Shanghai Pulmonary Hospital, Tongji
University from August 2015 to January 2016 were
retrospectively analyzed and followed up until January
2021. The serum level of CEA was measured as a part of
the routine preoperative evaluation within 2 days prior to
surgery. The selection criteria for patients were as follows:
(I) complete CEA test at 3 and 6 months after surgery (in
addition to the need for rest after the operation, it can also
avoid CEA fluctuations caused by surgical injuries within
one month), (II) no autoimmune diseases or other primary
tumors, and (III) pathologically confirmed stage I LUAD
according to the eight edition of the Union for International
Cancer Control (UICC) staging. The exclusion criteria
were the following: (I) patients who received chemotherapy,
biological therapy, or immunotherapy before surgery;
(IT) patients with severe heart disease, tuberculosis, or
infections; and (III) patients who were lost to follow-up.
This study was carried out in accordance with the principles
of the World Medical Association’s Declaration of Helsinki
(as revised in 2013). The study was approved by Shanghai
Pulmonary Hospital Institutional Review Board (No.
KY2020-1). Patient’s informed consent was waived due to
the retrospective nature of this study. After meeting the
inclusion and exclusion criteria, 241 patients were enrolled
into the study (Figure S1). Disease stages were based on the
eighth edition of the American Joint Committee on Cancer
staging manual. Operations were performed as single-port
VATS. The characteristics of the patients were collected
and are summarized in Table 1.

Serum CEA level was measured 2 days before the
operation and at 3 and 6 months after the operation by an
automated electrochemiluminescence analyzer (Beijing
Tigsun Diagnostics Co., Ltd., Beijing, China) in accordance
with the manufacturer’s instructions. The cutoff value of
CEA uses the reference value of the kit. The upper limit of
normal in our hospital was defined as 10 ng/mL based on
the 95% specificity level.

RFS was defined as the time from the date of surgery to
recurrence or death or the date of the last follow-up. The
follow-up period was from August 2015 to January 2021.
When the level of serum CEA was higher than that measures
previously or exceeded the upper limit of the normal value, it
was defined as “H” (higher); otherwise, it was defined as “N”
(normal, no higher). The patients were divided into 4 groups
according to the longitudinal change of the 2 CEA levels
measured in the third and sixth months after surgery: the NN
group (continuously normal), HN group (increase first and
then decrease), NH group (decrease first and then increase),
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and HH group (continuously high). Follow-up information
was obtained from all patients through telephone interviews
either with the patient or with a relative.

Statistical analysis

Categorical variables were compared by using Fisher’s exact
test, correlation test, or chi-square test. The patients” RFS
was analyzed by the Kaplan-Meier method and compared
by the log-rank method. A multivariate Cox regression
model was used to test the independent factors related
to RFS, and the hazard ratios (HRs) were calculated. A
nomogram was conducted based on the multivariate Cox
regression model using R package (the R Foundation for
Statistical Computing). Receiver operating characteristic
(ROC) analysis was performed to determine the cutoff value
of independent predictors to predict disease recurrence in
stage I LUAD patients. All P values were based on a two-
sided hypothesis. SPSS 22.0 software (IBM Corporation,
Armonk, NY, USA) was used for all analyses.

Results
Characteristics of stage I LUAD patients

The demographic and clinicopathological characteristics of
241 patients with stage I LUAD are shown in Table 1. The
study included 108 (44.8%) males and 133 (55.2%) females.
The average age of patients was 59.5 years (range, 24-82 years)
The median follow-up time was 62 months with a range of
7-65 months.

According to the longitudinal change of the
postoperative level of serum CEA measured twice after the
operation, the patients were divided into 4 groups: the NN
group (continuously normal, 70.1%), HN group (increase
first and then decrease, 2.9%), NH group (decrease first and
then increase, 19.5%), and HH group (continuously high,
7.5%). These 4 groups showed no statistical differences
with respect to gender, age (<60 vs. >60 years), smoking
history, tumor-node-metastasis ('INM) stage, lesion
location, or preoperative CEA level. 14.9% of patients with
stage I LUAD had a preoperative CEA level that exceeded
the normal cutoff (>10 ng/mL). Postoperative CEA group
was significantly correlated with tumor diameter (P=0.010),
differentiation (P<0.001), visceral pleural invasion (VPI)
(P=0.031), and recurrence (P<0.001).

Recurrence occurred in 51 (21.2%) of the 241 patients,
with the NN group, HN group, NH group, and HH group
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Table 1 Clinical characteristics of the 241 patients with stage I LUAD

Postoperative CEA groups
Characteristics Total (n=241), n (%) P value
NN (n=169) HN (n=7) NH (n=47) HH (n=18)

Age 0.056
<60 years 113 (46.9) 76 3 20 14
>60 years 128 (53.1) 93 4 27 4

Gender 0.266
Female 133 (55.2) 99 2 24 8
Male 108 (44.8) 70 5 23 10

Smoking history 0.957
No 204 (84.6) 142 6 40 16
Yes 37 (15.4) 27 1 7 2

Location 0.658
Left 154 (63.9) 106 6 30 12
Right 87 (36.1) 63 1 17 6

Tumor diameter 0.010*
<20 mm 148 (61.4) 112 2 21 13
>20 mm 93 (38.6) 57 5 26 5

Differentiation <0.001*
Well 165 (68.5) 134 3 19 9
Moderate/poor 76 (31.5) 35 4 28 9

VPI 0.031*
Absent 207 (85.9) 151 7 35 14
Present 34 (14.1) 18 0 12 4

Preoperative serum CEA level 0.100
<10.0 ng/mL 205 (85.1) 148 7 35 15
>10.0 ng/mL 36 (14.9) 21 0 12 3

Recurrence <0.001*
No 190 (78.8) 153 5 24 8
Yes 51 (21.2) 16 2 23 10

TNM stage 0.074
IA 160 (66.4) 121 4 25 10
B 81 (33.6) 48 3 22 8

Longitudinal change of postoperative CEA: NN, continuously normal; HN, increase first and then decrease; NH, decrease first and then
increase; HH, continuously high. *, P<0.05. LUAD, lung adenocarcinoma; CEA, carcinoembryonic antigen; VPI, visceral pleural invasion;
TNM, tumor-node-metastasis; LUAD, lung adenocarcinoma.
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Figure 1 Correlations between postoperative CEA groups and clinicopathological characteristics of stage I LUAD patients. (A) Spearman

correlation coefficient was used to analyze the correlation between the postoperative CEA groups and the clinicopathological characteristics

of 241 stage I LUAD patients. (B) In recurrence, the proportion of different postoperative CEA groups. (C) In no recurrence, the proportion

of different postoperative CEA groups. Longitudinal change of postoperative CEA: NN, continuously normal; HN, increase first and then

decrease; NH, decrease first and then increase; HH, continuously high. *, P<0.05. CEA, carcinoembryonic antigen; VPI, visceral pleural

invasion; TNM, tumor-node-metastasis; LUAD, lung adenocarcinoma.

4%, 47%, and 16% of the recurrence
cases, respectively (Figure 1A4). Conversely, the NN group,

accounting for 33%,

HN group, NH group, and HH group, accounted for 80%,
3%, 12%, and 5%, of the non-recurrence cases, respectively
(Figure 1B). The proportion of NH and HH patients
with recurrence was significantly higher than that of
nonrecurrence patients (63% vs. 17%). We found that the
longitudinal change of CEA level in patients who recurred
after surgery was more likely to involve an increase.

Correlation between postoperative serum CEA grouping

and clinical characteristics

In order to further explore the relationship between
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postoperative CEA grouping and the clinical characteristics
of stage I LUAD, we used the Spearman correlation
coefficient (Figure 1C). After analysis, we found that there was
no significant statistical correlation between postoperative
CEA grouping and gender (P=0.121), age (P=0.197), location
(P=0.627), tumor diameter (P=0.053), or smoking history
(P=0.647). Postoperative CEA grouping was only associated
with pathological TNM (pTNM; P=0.010), differentiation
(P<0.001), recurrence (P<0.001), and VPI (P=0.014).

Univariate and multivariate Cox regression for predicting
the RFS of stage I LUAD patients

Univariate Cox analysis, performed on the 241 patients with
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stage I LUAD, demonstrated that degree of differentiation
(well/moderate and poor; P<0.001), VPI (absent/present;
P=0.025), tumor diameter (<20/>20 mm; P<0.001),
TNM stage (IA/IB; P=0.008), preoperative CEA levels
(<10.0/210.0 ng/mL; P <0.001), and postoperative CEA
grouping (NN vs. NH; NN vs. HH; both P<0.001) were
significant prognostic factors (Tuble 2).

Using the above variables with significant prognostic
significance and gender variables, we performed
multivariate Cox regression analysis. The results indicated
that the independent influencing factors of RFS were
tumor diameter [hazard ratio (HR): 2.437; 95% confidence
interval (CI): 1.245-4.770; P=0.009] and postoperative CEA
grouping (NN vs. NH; HR: 4.672; 95% CI: 2.294-9.514,
P<0.001; NN vs. HH; HR: 10.266; 95% CI: 4.452-23.673;
P<0.001). Kaplan-Meier survival analysis with a log-rank
test showed that postoperative CEA grouping (Figure 2A)
and tumor diameter (Figure 2B) had the best predictive
value for RFS in stage I LUAD patients. The postoperative
S-year REFS rate of patients in the NN group, HN group,
NH group, and HH group was 90.5%, 71.4%, 50.1%, and
44.4, respectively. Therefore, tumor diameter (>20 mm)
and postoperative CEA (NH, HH) groups were considered
to be important independent predictors of postoperative
recurrence of stage I LUAD.

Diagnostic value evaluation of preoperative serum CEA
levels and postoperative serum CEA grouping for stage 1
LUAD

According to the 5-year RFS rate of patients in the NN
group, HN group, NH group and HH group, we divided
the results from high to low into 4 grade variables from
small to large: I = NN, I = HN, III = NH, and IV = HH.
Additionally, we divided the patient’s preoperative serum
CEA levels into 2 categories: <10.0 ng/mL, normal group;
and >10.0 ng/mL, abnormal group. Receive operating
characteristic (ROC) analysis was used to determine
the values of preoperative serum CEA levels and the
postoperative serum CEA groups in the diagnosis of RFS
in stage I LUAD patients. The area under curve (AUC)
value was 0.754 for the postoperative serum CEA group
(Figure 2C) and 0.592 for the preoperative serum CEA level
group (Figure 2D). Based on a variety of sensitivity and
misdiagnosis rates on ROC, the Youden index (YI) was used
to calculate the best cutoff value for the 2 above-mentioned
variables for early diagnosis of postoperative recurrence
of stage I LUAD. We defined the values of postoperative
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serum CEA groups > IIT (NH group and HH group) as
positive. The specificity and sensitivity of the 2 indicators
for early diagnosis of postoperative recurrence of stage I
LUAD were calculated and compared with pathological
diagnosis. The sensitivity and specificity were 29.4% and
88.9% for preoperative serum CEA levels and 64.7% and
83.2% for postoperative serum CEA grouping, respectively.
This demonstrated that postoperative serum CEA grouping
has high sensitivity and specificity for early diagnosis of
postoperative recurrence of stage [ LUAD.

Nomogram and calibration

On the basis of the multivariate Cox regression, a
nomogram (Figure 34) was developed to calculate the
1-, 3-, and 5-year RFS probability. The calibration plot
showed that the predicted probabilities closely matched the
observed probabilities. The concordance index (C-index)
value of the prediction model was 0.789. Validation
indicated that this nomogram exhibited excellent predictive
ability and calibration (Figure 3B-3D).

Discussion

Lung cancer is among the most prevalent and lethal cancers
worldwide, with the most common pathological type of lung
cancer being LUAD (1). With the increasing popularity of
imaging screening (LDCT, positron emission tomography-
CT, etc.), especially in China, LUADs are being found with
greater frequency in the early stages of the disease (16,39).
Surgery still remains the only curative therapy for completely
resectable stage I LUAD (3,4). However, a Japanese study
found that even among patients in the same stage I LUAD,
the prognosis was different (15). Presumably other influencing
factors exist, such as MRD and TNM stage. LDCT has
been the most important method for early screening and
postoperative monitoring of lung cancer (16-18). However,
LDCT screening has several limitations, including its inability
to detect early recurrence, high false positive rate, radiation-
related risk, and high costs (19-22). Therefore, we must not
only explore other possible important influencing factors, but
also establish a simple, safe, and efficient monitoring method
to detect potential recurrence risks in stage I LUAD as soon as
possible after surgery.

First discovered by Gold and Freedman in 1965 (40),
CEA is an acid glycoprotein with human embryonic antigen
specificity present in the human digestive system and
embryonic tissues. CEA has been studied in gastric cancer (24),
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Table 2 Predictors of RFS according to univariate and multivariate Cox regression analysis
Univariable analysis Multivariable analysis
Characteristic
HR 95% Cl P HR 95% Cl P

Age

<60 years 1.000 Reference

>60 years 1.045 0.603-1.811 0.875
Gender

Male 1.000 Reference 1.000 Reference

Female 1.723 0.990-3.000 0.054 1.301 0.720-2.351 0.384
Smoking history

Yes 1.000 Reference

No 0.567 0.225-1.426 0.228
Differentiation

Well 1.000 Reference 1.000 Reference

Moderate/Poor 3.114 1.793-5.408 <0.001* 1.125 0.565-2.239 0.738
VPI

Absent 1.000 Reference 1.000 Reference

Present 2.100 1.099-4.011 0.025* 1.184 0.495-2.835 0.704
Location

Right 1.000 Reference

Left 0.874 0.488-1.565 0.651
Tumor diameter

<20 mm 1.000 Reference 1.000 Reference

>20 mm 3.081 1.745-5.438 <0.001* 2.437 1.245-4.770 0.009*
TNM stage

IA 1.000 Reference 1.000 Reference

B 2.100 1.212-3.636 0.008* 1.434 0.712-2.889 0.313
Preoperative CEA level

<10.0 ng/mL 1.000 Reference 1.000 Reference

>10.0 ng/mL 2.676 1.464-4.891 <0.001* 1.930 0.985-3.780 0.055
Postoperative CEA groups

NN group 1.000 Reference 1.000 Reference

HN group 3.241 0.745-14.101 0.117 2.340 0.518-10.581 0.269

NH group 6.679 3.521-12.668 <0.001* 4.672 2.294-9.514 <0.001*

HH group 8.644 3.915-19.083 <0.001* 10.266 4.452-23.673 <0.001*

Longitudinal change of postoperative CEA: NN, continuously normal; HN, increase first and then decrease; NH, decrease first and then
increase; HH, continuously high. *, P<0.05. LUAD, lung adenocarcinoma; CEA, carcinoembryonic antigen; VPI, visceral pleural invasion;
RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; TNM, tumor-node-metastasis; LUAD, lung adenocarcinoma.
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Figure 2 Postoperative CEA group and tumor diameter as independent predictors of RFS. (A) Kaplan-Meier curves showing RFS in
241 stage I LUAD patients stratified by postoperative CEA groups (NN, HN, NH and HH). (B) Kaplan-Meier curves showing RFS in
241 stage I LUAD patients stratified by tumor diameter (220 and <20 mm). (C) ROC curve analysis was used to predict disease recurrence
in 241 stage I LUAD patients according to postoperative CEA groups, and the AUC was 0.754. (D) ROC curve analysis was used to
predict disease recurrence in 241 stage I LUAD patients according to preoperative serum CEA level, and the AUC was 0.592. Longitudinal

change of postoperative CEA: NN, continuously normal; HN, increase first and then decrease; NH, decrease first and then increase;

HH, continuously high. ROC, receiver operating characteristic; AUC, area under the ROC curve; CEA, carcinoembryonic antigen; RFS,

recurrence-free survival; LUAD, lung adenocarcinoma; FPR, false positive rate.

pancreatic cancer (25), renal pelvis adenocarcinoma (26),
and breast cancer (27), and its high expression (positivity)
has been significantly associated with worse prognosis.
However, for the prediction of NSCLC, preoperative CEA
level is controversial. Hanagiri e al. (41) indicated that for
NSCLC patients, preoperative elevation of CEA is not
associated with unfavorable survival. In our study, we found
through univariate analysis that high preoperative CEA
level was significantly associated with unfavorable survival
in patients with stage I LUAD completely resectable by
VATS (HR: 2.676; 95% CI: 1.464-4.891; P<0.001), but
the sensitivity was only 29.4%, which was consistent with
previous research (5,42). Lower sensitivity might lead to
a higher omission rate (false-negative rate) and thus could
not be found in stage I LUAD patients with recurrence
potential. This may perhaps lead to a different prognosis for

© Translational Lung Cancer Research. All rights reserved.

patients with completely resected stage I LUAD.

To our knowledge, this is the first study to predict the
postoperative RES of patients with surgically resected stage 1
LUAD using longitudinal changes in serum CEA level before
and after surgery. We divided the levels of the longitudinal
changes of serum CEA tested twice after the operation into
different postoperative CEA groups (NN group, HN group,
NH group, and HH group). We found that patients in the
NN group and the HN group had better RES, while those in
the NH and HH groups had poor outcomes.

In our study, it was shown that smaller tumor diameter
(<20 mm: HR: 2.437, 95% CI: 1.245-4.770, P=0.009) had a
significant effect on stage I LUAD survival (AUC =0.592),
which is consistent with a few previous studies (5,43-45).
Moreover, we found that postoperative CEA grouping (NN
vs. NH, NN vs. HH; both P<0.001) had a considerable
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Figure 3 Nomogram and calibration curves. (A) A nomogram to predict recurrence of stage I LUAD was drawn based on the multivariate

Cox regression model. (B) Calibration curve of the nomogram for 1-year RFS. (C) Calibration curve of the nomogram for 3-year RFS. (D)

Calibration curve of the nomogram for 5-year RFS. Longitudinal change of postoperative CEA: NN, continuously normal; HN, increase

first and then decrease; NH, decrease first and then increase; HH, continuously high. CEA, carcinoembryonic antigen; RES, recurrence-free

survival; LUAD, lung adenocarcinoma.

effect on the recurrence of stage I LUAD patients. Many
of the recent studies on this subject have concentrated on
either the predictive effect of the preoperative serum CEA
levels on the prognosis of patients or the combination of
serum CEA with other markers for diagnosis (31-36). In
these latter combination studies, a universal cutoff value or
the reference value of the kit was used. However, a universal
cutoff value cannot be fully applied to each individual
patient, as this does not account for individual differences.
Other studies have also considered the relationship between
the preoperative serum CEA level and the serum CEA level
measured the first time after surgery (5,36,41); however,
this can only determine whether the patient improved after
surgical removal of the tumor lesions compared with before
the operation. The occurrence and development of lung

© Translational Lung Cancer Research. All rights reserved.

cancer is a process of longitudinal change, and this dynamic
must also be considered. Previous large-scale clinical studies
have found that high CEA levels in patients before surgery
generally decrease after surgery, regardless of the surgery’s
success or the presence of early postoperative recurrence (44).
Even after successful complete resection of the tumor at an
early stage, the patient’s 5-year RFS was still found to be
relatively high (15,46), suggesting the presence of prognostic
factors other than disease stage and the micrometastases
of developing tumor cells. Thus, distinguishing between a
high risk and low risk of recurrence after surgery may be
difficult. Consequently, we have proposed the concept of
longitudinal changes in serum CEA level after surgery and
divided the level of the longitudinal changes of serum CEA
tested twice after the operation into different postoperative
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CEA groups: NN group (continuously normal), HN group
(increase first and then decrease), NH group (decrease first
and then increase,), and HH group (continuously high). We
also referred to the manufacturer’s guidance regarding the
level of preoperative serum CEA, but we focused on the
longitudinal changes of serum CEA.

Through Cox regression analysis, our data suggested
that patients in the NH group (P<0.001) and HH group
(P<0.001) had poor prognosis, and their 5-year RFS rates
were 50.1% and 44.4%, respectively. We suspected that
the failure to reach the normal CEA level or the increase
in CEA may be caused by occult MRD, which is already
present throughout the body during surgery and cannot
be detected. This indicates that the true tumor stage was
underestimated. For the HN group (increase first and then
decrease), our speculation was that, although the surgery
could completely remove the tumor foci, the tumor cells
entered the systemic circulation before this, leading to an
increase in serum CEA. Eventually they were eliminated
by the immune system because they could not form new
foci, resulting in a decrease in serum CEA. Moreover, the
treatment of the tumor itself during surgery may lead to the
spread of cancer cells (47). We also found that postoperative
CEA grouping has a good predictive value for predicting
postoperative recurrence and metastasis of stage I LUAD
(AUC =0.754). Based on the RFS of the stage I LUAD
patients, we established a risk scoring system to predict the
recurrence risk of stage I LUAD after surgery. The C-index
value was 0.789 and was verified by calibration, indicating
that this could indeed predict the patient's RFS.

Longitudinal change also has predictive value for stage
HMI-IV LUAD. However, patients with stage III-IV LUAD
generally do not undergo surgery. So, we did not discuss it
in our study. Furthermore, Common resection has greater
surgical damage for patients, than single-port VATS, which
might affect the serum CEA level. We would need to
further explore and research.

There are some limitations in this study. First, this was
a single-center retrospective study, and selection bias was
unavoidable. Second, there was a small sample size in the
HN group (n=7) and observed events, making statistical
interpretation of the results difficult. Additional multicenter
studies with larger patient cohorts may address these
limitations.

Conclusions

Our results showed longitudinal changes in serum

© Translational Lung Cancer Research. All rights reserved.
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CEA levels after single-port VATS was an independent
unfavorable prognostic factor in completely resected stage
I LUAD patients. Postoperative CEA groups (NH /HH
group vs. NN/HN group) were significantly associated with
worse RES. This study established a nomogram to predict
the postoperative recurrence of patients with stage I LUAD,
which can be used for the early monitoring of postoperative
recurrence in these patients.
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