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Background: With the popularization of low-dose spiral computed tomography (CT), an increasing
number of stage A lung cancers have been discovered. Patients with stage IA lung adenocarcinoma who
undergo radical surgical resection tend to have a favourable prognosis. However, A significant proportion of
patients undergo postoperative recurrence and metastasis. The purpose of this study was to screen out the
risk factors in patients with stage IA lung adenocarcinoma and establish a nomogram model to help clinicians
identify high-risk patient groups.

Methods: A nomogram was conducted based on a retrospective study of 731 patients with stage IA lung
adenocarcinoma. Concordance index (C-index), clinical decision analysis, receiver operating characteristic
(ROC) curve and calibration curve were used to evaluate the discrimination and calibration of the
nomogram. Survival curves were drawn by Kaplan-Meier method, and significance was determined by log-
rank test. According to nomogram scores, the patients were divided into low- and high-risk subgroups.
Results: The internal and external cohorts included 731 and 235 eligible patients. In univariate and
multivariate analyses, the independent factors for recurrence-free survival (RFS) were all selected in the
nomogram. C-indexes of the nomogram were 0.812 (95% confidence interval: 0.756-0.868) and 0.817 in the
internal and external validation, respectively, showing that the prominent prediction performance was great.
Nomogram scores showed that patients in the low-risk group (5-RFS rate, 0.797 to 0.99) had better RFS
than patients in the high-risk group (5-RFS rate, 0.10 to 0.797) (P<0.001).

Conclusions: A nomogram model was established that can be beneficial to evaluate RFS in patients
with stage IA lung adenocarcinoma after curative resection. It can be of value in helping clinicians develop

treatment strategies to improve patient survival.
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Introduction

Lung cancer continues to be one of the most prevalent
malignancies over the world and the primary cause of
cancer deaths, leading to 18% of all cancer-related deaths
(1). Non-small cell lung cancer (NSCLC) is diagnosed
in approximately 85% of all lung cancer patients, with
adenocarcinoma being its most common subtype (2). In
recent years, more and more high-resolution computed
tomography (HRCT) and low-dose CT have been used
for lung cancer screening and diagnosis, helping to detect
more lung cancer cases at an early stage and effectively
reducing lung cancer mortality. Curative surgical resection
remains the primary treatment for early-stage patients.
Nevertheless, some patients still experience postoperative
recurrence and metastasis. For stage IA lung cancer
patients, the postoperative recurrence rate is 4.8-10% (3,4).
There is a pressing need for a robust prediction model that
integrates tumor factors and clinical characteristics to help
clinicians screen out high-risk patients who are prone to
recurrence of stage IA lung cancer after surgery. Nomogram
has been proven a useful tool in facilitating risk evaluation
by integrating critical pathological and clinical features
for oncologic outcomes and have shown better predictive
accuracy than traditional tumor-node-metastasis (TNM)
classification systems across cancer types (5,6). In addition,
most articles have provided verification that a single factor
affects the prognosis of stage IA lung cancer leading to
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recurrence, but few scholars have established an intuitive
nomogram model to quantify the recurrence risk of each
patient and select high-risk patients with postoperative
recurrence. Therefore, this study was designed to develop a
nomogram that includes known clinicopathological variables
to predict the long-term survival outcomes of patients with
stage IA lung adenocarcinoma. We present this article in
accordance with the TRIPOD reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
116/rc).

Methods
Study population

The study included 731 patients who underwent surgical
treatment at Sun Yat-sen University Cancer Center
between January 2016 and December 2018. Patients
with pathological stage IA lung adenocarcinoma were
screened out through severe inclusion and exclusion
criteria, and 235 patients who underwent surgical
treatment at the Sun Yat-sen University Cancer Center
between January 2019 and June 2019 were included as
an external cohort. All patients underwent hematology
routine examination, lung function, cardiac color
Doppler ultrasound, CT plain scan and enhanced scan,
electrocardiogram, craniocerebral magnetic resonance
plain scan and enhanced scan for preoperative evaluation.
Most of patients underwent video-assisted lobectomy
and systemic lymphadenectomy, and some patients
underwent sublobectomy (n=81). Study inclusion criteria
were as follows: (I) postoperative pathological findings
of stage IA invasive lung adenocarcinoma; (II) patients
undergoing standard radical resection for lung cancer
and the distance between incisal margin and tumor was
>2 cm or > maximum diameter of tumor; (III) patients
undergoing epidermal growth factor receptor (EGFR)
and anaplastic lymphoma kinase (ALK) diagnosis of
surgical specimens. Study exclusion criteria were as
follows: (I) pathologically confirmed adenocarcinoma
in situ or minimally invasive adenocarcinoma; (II) death
during the first hospitalization or within 30 days after the
operation; (III) patients receiving neoadjuvant therapy
before surgery or receiving adjuvant therapy after surgery;
(IV) postoperative pathological findings of other types
of primary or secondary lung cancer; (V) malignant
tumors related to other organs; and (VI) a diagnosis of
multiple primary carcinomas. Basic information and

7 Thorac Dis 2024;16(5):3061-3074 | https://dx.doi.org/10.21037/jtd-24-116


https://jtd.amegroups.com/article/view/10.21037/jtd-24-116/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-116/rc

Journal of Thoracic Disease, Vol 16, No 5 May 2024

clinicopathological data of patients were obtained from the
hospital’s electronic medical record system. They included
sex, age, family history, smoking status, surgical method,
surgical intervention, nodule imaging features (ground
glass nodules, mixed-density nodules, and solid nodules),
pleural retraction, spicule sign, tumor size, tumor
differentiation, proportion of solid and micropapillary
components (S + MP), adenocarcinoma histological
subtype, lymphovascular invasion (LVI), perineural
invasion, preoperative carcinoembryonic antigen (CEA)
level, cytokeratin 19 fragment antigen 21-1 (CYFRA21-1)
level, neuron-specific enolase (NSE) level, EGFR, and
ALK. The stage of tumor was performed based on TNM
Staging of Lung Cancer (8th edition). In general, follow-
up was conducted every six months for the first two
years after surgery and once a year after the first two
years. At each follow-up, we routinely included physical
examination, lung cancer tumor markers such as CEA,
lung CT, and head magnetic resonance imaging (MRI).
Once imaging or pathology confirmed tumor recurrence
and metastasis, regardless of whether tumor markers were
elevated, the time of first detection was recorded. The
study was conducted in accordance with the Declaration of
Helsinki (as amended in 2013). This study was approved
by the Ethics Committee of Sun Yat-sen University
Cancer Center (No. SL-B2023-334), and informed

consent was taken from all individual participants.

Histopathological judgment

Tissue types of surgical specimens were implemented
from two senior pathologists of our hospital in accordance
with the World Health Organization (WHO) 2015 lung
tumor tissue typing standards and the 2011 International
Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Association Lung
adenocarcinoma typing standards. LVI is defined as the
identification of tumor cells in the lymphatic or vascular
lumen. Perineural invasion is defined as the infiltration of
cancer cells into the nerve tissue surrounding the lesion, at
which time cancer cells can spread along the nerve sheath
for distant dissemination. Invasive lung adenocarcinoma
can be divided into lepidic type, acinar type, papillary type,
solid type and micropapillary pathological subtypes. The
proportion of each subtype of lung adenocarcinoma was
calculated in 5% increments. When the proportion of a
subtype in the tumor was greater than 5%, its existence was
considered. According to the 2015 WHO classification of
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lung adenocarcinoma, tumor differentiation was divided
into three grades as follows: grade 1: lepidic predominant;
grade 2: acinar or papillary predominant; grade 3: solid
or micropapillary predominant; these grades correspond
to well, moderately, and poorly differentiated tumors,
respectively. The amplification refractory mutation system
(ARMS) method was employed to assess the status and
types of EGFR mutation. The human EGFR gene mutation
fluorescence polymerase chain reaction (PCR) diagnostic
kit was utilized for the identification of the most common
EGFR mutations. Fluorescence in situ hybridization (FISH)
was used to examine the status of the ALK gene.

Evaluation of radiological features

The imaging features were independently assessed by
two experienced chest radiologists (with 6 and 13 years
of experience interpreting chest CT) who were unaware
of the pathological findings. Differences in interpretation
among the observers were resolved by consensus. Imaging
features of each nodule were analyzed, including (I) margin
(clear, blurred), (I) spiculation (absent, present), and (III)
pleural attachment (absent, present). All CT findings were
evaluated based on HRCT images.

Definition of recurrence and metastasis

Local recurrence refers to the recurrence of the ipsilateral
lobe, bronchial stump, or local lymph nodes (subcarinal,
paraesophageal, supraclavicular, or hilar lymph nodes) as
confirmed by imaging or pathology. Distal metastasis refers
to the recurrence and metastasis of distal organs, such as
the lung, brain, liver, adrenal gland, and bone, confirmed
by imaging or pathology. Distant metastasis was defined
when both local recurrence and distant metastasis occur.
Recurrence-free survival (RFS) was defined as the time
interval from the day of surgery to the last day of follow-up
when the tumor recurred and metastasized as confirmed by

radiography and pathology.

Statistical analysis

Continuous variables were subjected to normality tests.
For data conforming to a normal distribution, mean
+ standard deviation was used for representation, and
intergroup differences were analyzed using independent
t-tests. Data not following a normal distribution were
represented by median and interquartile range (IQR), and
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intergroup differences were analyzed using Mann-Whitney
U tests. Classified variables were summarized in terms
of frequencies and percentages, and differences between
groups were analyzed using the Chi-square test. The end
point of the follow-up period was RFS. Survival curves
were plotted by the Kaplan-Meier method, and survival
differences between groups were tested by the log-rank test.
Significance tests were all two-sided. We conducted both
univariate and multivariate analyses using COX regression.
Risk factors identified in the univariate analysis were
included in the multivariate analysis. In the multivariate
analysis, a significance level of P<0.05 was considered
statistically significant, helping to identify independent risk
factors affecting postoperative RFS. Hazard ratios (HR)
and their corresponding 95% confidence intervals (95%
CI) were calculated for each variable. Statistical analysis was
performed using r4.2.2 software.

Nomogram construction

Using the “rms”, “foreign”, and “survival” packages in R
studio, we created nomograms based on the risk factors
identified from the multivariate analysis. The concordance
index (C-index) and correction curve were used to measure
the performance of the model. The larger the C-index is,
the more accurate the prognosis. We used the “prediction”
function in the “Survival” R package to calculate the risk
score of the sample in the training cohort. According to the
risk score, the samples were classified into a high-risk group
and a low-risk group. Survival curves were drawn by the
Kaplan-Meier method and compared by the log-rank test.

Nomogram verification

To reduce the overfitting bias, self-sampling (number of
self-sampling B =1,000) was used for internal verification,
and the C-index was used to evaluate the accuracy of
nomogram prediction. In general, the closer the C-index
is to 1, the better the model’s prediction. If the C-index =
1, the model’s prediction results perfectly match the real
results. To assess the association between the event rates
predicted by the nomogram model and the observed reality,
we constructed a calibration curve. From January 2019
to June 2019, external validation of the nomogram was
conducted in an external cohort of patients with stage IA
lung adenocarcinoma (n=235) at Sun Yat-sen University
Cancer Center. Decision curve analysis (DCA) was
employed to assess the clinical utility of the model.
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Results
Basic characteristics of the study population

This study included 731 patients diagnosed with stage IA
invasive lung adenocarcinoma who underwent surgical
treatment, and their clinical, imaging, and pathological
characteristics are shown in 7able 1. The median age of the
patients was 60 years (IQR: 53-66 years), with 343 males
(46.9%) and 388 females (53.1%). A total of 514 patients
(70.3%) were never smoking. Lobectomy was performed
in 650 patients (88.9%), and a minimally invasive rate of
83.7% was achieved. There were 486 patients (66.5%) with
mixed-density nodules on chest CT, but only 75 patients
(10.3%) had solid nodules. The postoperative pathology
showed that the tumor size was T1b in 447 cases (61.1%),
and there was moderate differentiation in 533 cases
(72.9%). The numbers of patients with LVI and perineural
invasion were 32 (4.4%) and 10 (1.4%), respectively. S +
MP accounted for >5% in 109 patients (14.9%). A total of
70 recurrences were observed, including 14 local
recurrences and 56 distant metastases. The mean recurrence
time was 26.7 months, and the median follow-up time was
51.0 months.

Univariate and multifactorial analyses of RFS

We utilized a Cox regression model to identify the
independent risk factors associated with RFS. Univariate
analysis identified the following: gender (HR: 0.46, 95%
CI: 0.28-0.75, P=0.002), smoking status (HR: 2.3, 95%
CI: 1.4-3.6, P<0.001), imaging characteristics of nodules
(HR: 5.0, 95% CI: 3.1-8.2, P<0.001), pleural traction (HR:
1.7, 95% CIL: 1.1-2.7, P=0.03), spiculation (HR: 2.5, 95%
CI: 1.6-4.2, P<0.001) and tumor size (HR: 3.7, 95% CI:
2.3-6.0, P<0.001), degree of tumor differentiation (HR: 5.9,
95% CI: 3.7-9.4, P<0.001), LVI (HR: 5.9, 95% CI: 3.2-11,
P<0.001), perineural invasion (HR: 6.5, 95% CI: 2.6-16,
P<0.001), CEA level (HR: 2.8, 95% CI: 1.7-4.6, P<0.001),
NSE level (HR: 2.6, 95% CI: 1.2-5.5, P=0.01) and S + MP
>5% (HR: 6.9, 95% CI: 4.3-11, P<0.001) were risk factors
for postoperative recurrence and metastasis in patients with
stage IA lung adenocarcinoma. The aforementioned risk
factors were incorporated into the multivariate analysis,
and the results showed that solid nodules (HR: 2.36, 95%
CL: 1.33-4.19, P=0.003), T1c stage (IIR: 1.84, 95% CI:
1.06-3.17, P=0.03), poor differentiation (HR: 2.27, 95%
CI: 1.24-4.17, P=0.008), LVI (HR: 2.09, 95% CI: 1.06-4.14,
P=0.03) and S + MP >5% (HR: 3.02, 95% CI: 1.55-5.87,
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Table 1 Clinicopathological characteristics of patients with stage IA
lung adenocarcinoma (n=731)
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Table 1 (continued)

Variables N (%)

Variables N (%)
Age (years), median [IQR] 60 [53, 66]

<60 365 (49.9)

>60 366 (50.1)
Sex

Male 343 (46.9)

Female 388 (53.1)
Smoking

No 514 (70.3)

Yes 217 (29.7)
Family history

No 567 (77.6)

Yes 164 (22.4)
Surgical method

Sublobectomy 81 (11.1)

Lobectomy 650 (88.9)
Surgical intervention

Thoracotomy 119 (16.3)

Video-assisted thoracoscopic surgery 612 (83.7)
Imaging features

GGO 170 (23.3)

Mixed density nodules 486 (66.5)

Solid nodules 75 (10.3)
Pleural retraction

No 436 (59.6)

Yes 295 (40.4)
Spicule sign

No 413 (56.5)

Yes 318 (43.5)
Tumor size (8th AJCC)

1a 145 (19.8)

1b 447 (61.1)

1c 139 (19.0)
Tumor differentiation

Well 83 (11.4)

Moderate 533 (72.9)

Poor 115 (15.7)

Histological subtype

Lepidic 118 (16.1)
Acinar 450 (61.6)
Papillary 118 (16.1)
Micropapillary 8(1.1)
Solid 37 (5.1)
Lymphovascular invasion
No 699 (95.6)
Yes 32 (4.4)

Perineural invasion

No 721 (98.6)

Yes 10 (1.4)
CEA (ng/mL)

<5 599 (81.9)

=5 132 (18.1)
CYFRA21-1 (ng/mL)

<3.3 516 (70.6)

>3.3 215 (29.4)
NSE (ng/mL)

<16.3 692 (94.7)

>16.3 39 (5.3)
EGFR mutation

No 278 (38.0)

Yes 453 (62.0)
ALK mutation

No 711 (97.3)

Yes 20 (2.7)
S + MP =5%

No 622 (85.1)

Yes 109 (14.9)

Recurrence and metastasis

No 661 (90.4)
Local recurrence 14 (1.9)
Distant metastasis 56 (7.7)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.

IQR, interquartile range; GGO, ground-glass opacity; AJCC,
American Joint Committee on Cancer; CEA, carcinoembryonic
antigen; CYFRA21-1, cytokeratin 19 fragment antigen 21-1;
NSE, neuron-specific enolase; EGFR, epidermal growth factor
receptor; ALK, anaplastic lymphoma kinase; S + MP, solid and
micropapillary component.
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Table 2 Univariate and multivariate analysis of RES
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Univariate Multivariate
Variables
HR (95% Cl) P HR (95% Cl) P
Age (years) 0.36
<60 Ref
>60 1.20 (0.78-2)
Sex 0.002 0.059
Male Ref Ref
Female 0.46 (0.28-0.75) 0.52 (0.26-1.02)
Smoking <0.001 0.72
No Ref Ref
Yes 2.30 (1.40-3.60) 0.88 (0.44-1.75)
Family history 0.84
No Ref
Yes 1.10 (0.61-1.80)
Surgical method 0.38
Sublobectomy Ref
Lobectomy 1.5 (0.61-3.7)
Surgical intervention 0.46
Thoracotomy Ref
Video-assisted thoracoscopic surgery 0.80 (0.45-1.40)
Imaging features <0.001 0.003
Non-solid nodules Ref Ref
Solid nodules 5.00 (3.10-8.20) 2.36 (1.33-4.19)
Pleural retraction 0.038 0.81
No Ref Ref
Yes 1.70 (1.10-2.70) 1.07 (0.63-1.79)
Spicule sign <0.001 0.37
No Ref Ref
Yes 2.50 (1.60-4.20) 1.29 (0.74-2.24)
Tumor size (8th AJCC) <0.001 0.03
1a/1b Ref Ref
1c 3.70 (2.30-6.00) 1.84 (1.06-3.17)
Tumor differentiation <0.001 0.008

Well or moderate

Poor

Ref
5.90 (3.70-9.40)

Ref
2.27 (1.24-4.17)

Table 2 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 2 (continued)
Univariate Multivariate
Variables
HR (95% ClI) P HR (95% Cl) P
Histological subtype <0.001
Lepidic Ref Ref
Acinar 2.80 (1.00-7.90) 1.28 (0.44-3.78) 0.65
Papillary 3.30 (1.10-10.00) 1.54 (0.48-4.91) 0.47
Micropapillary 21.00 (5.30-85.00) 1.67 (0.34-8.22) 0.53
Solid 8.4 (2.60-27.00) 0.90 (0.24-3.42) 0.88
Lymphovascular invasion <0.001 0.03
No Ref Ref
Yes 5.90 (3.20-11.00) 2.09 (1.06-4.14)
Perineural invasion <0.001 0.57
No Ref Ref
Yes 6.50 (2.60-16.00) 1.35(0.48-3.85)
CEA (ng/mL) <0.001 0.18
<5 Ref Ref
>5 2.80 (1.70-4.60) 1.47 (0.84-2.58)
CYFRA21-1 (ng/mL) 0.92
<3.3 Ref
>3.3 0.97 (0.58-1.60)
NSE (ng/mL) 0.01 0.06
<16.3 Ref Ref
>16.3 2.60 (1.20-5.50) 2.15(0.96-4.79)
EGFR mutation 0.045 0.97
No Ref Ref
Yes 0.62 (0.39-0.99) 1.01 (0.61-1.67)
ALK mutation 0.33
No Ref
Yes 1.80 (0.56-5.60)
S + MP =5% <0.001 0.001
No Ref Ref
Yes 6.90 (4.30-11.00) 3.02 (1.55-5.87)

RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; AJCC, American Joint Committee on Cancer; CEA,
carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment antigen 21-1; NSE, neuron-specific enolase; EGFR, epidermal growth

factor receptor; ALK, anaplastic lymphoma kinase; S + MP, solid and micropapillary component.
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Figure 1 Nomogram for predicting RFS in patients with stage IA lung adenocarcinoma. The nomogram is composed of five variables. Each

variable has a corresponding axis, and each sub-variable has a corresponding score on the axis. The total score of the patient can be obtained

by adding the scores corresponding to each sub-variable to obtain the predicted probability of RES at 3 and 5 years after surgery. T, tumor

size; LVI, lymphovascular invasion; S + MP, solid + micropapillary component; RES, recurrence-free survival.

0.796 (0.753, 0.800)

AUC =0.818
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Specificity
Figure 2 The receiver operating characteristic curve for the RFS
prediction model. RFS, recurrence-free survival; AUC, area under

the curve.

P=0.001) were independent risk factors for postoperative
RFS in patients with stage IA lung adenocarcinoma (Table 2).

Nomogram construction

The results of the multivariate Cox regression analysis
revealed that solid nodules, T'lc stage, poor differentiation,
LVI, and micropapillary consolidation >5% were
independent risk factors for postoperative RES in patients
with stage IA lung adenocarcinoma. We then established
3-year and 5-year nomogram prediction models of RFS
based on these results (Figure I). The nomogram comprised

© Journal of Thoracic Disease. All rights reserved.

five variables, with each variable represented by an axis, and
each sub-variable associated with a corresponding score
along the axis. The score corresponding to each subvariable
was added to obtain the total score of the patient, and the
predicted probability of RES at 3 and 5 years after surgery
was obtained. For example, in patients with stage Tlc,
poor differentiation, imaging evidence of solid pulmonary
nodules, postoperative pathology of lung adenocarcinoma
with S + MP >5%, and postoperative pathology without
LVI, the total score was 344.7, and the predicted 5-year
RFS was 14.8%.

Nomogram validation

In the internal cohort, the RFS prediction model had
a C-index of 0.812 (95% CI: 0.756-0.868) and an area
under the receiver operating characteristic curve of 0.818
(Figure 2), while the calibration curve showed that the
predicted values of the 3- and 5-year RFS were consistent
with the actual values (Figure 3). The clinical, pathological
and image characteristics of the nomogram validation in
an external cohort are shown in 7izble 3. The median age
of all patients was 59 [IQR: 51-65] years; 107 (45.5%)
were male, 128 (54.5%) were female, 64 (27.2%) were
smokers, and 6 (2.6%) had solid nodules on chest CT.
The postoperative pathology showed that the tumor size
was Tlc in 52 cases (22.1%) and low differentiation in
32 cases (13.6%). There were 16 patients (6.8%) with
LVI and 28 patients (11.9%) with a S + MP >5%. During

7 Thorac Dis 2024;16(5):3061-3074 | https://dx.doi.org/10.21037/jtd-24-116
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Figure 3 Calibration plots for RFS of internal data. (A) 3-year RFS of calibration plots; (B) 5-year RFS of calibration plots. RFS, recurrence-

free survival.

the study period, 14 patients (14/235, 6.0%) had tumor
recurrence, all of which were distant metastases. The RFS
nomogram model was used to score each patient in the
cohort, and the C-index was 0.817. Figure 4 illustrates the
calibration curve for RFS in the external cohort. Based
on the established nomogram model, we generated a
clinical decision analysis curve (Figure 5), and the results
demonstrated that this nomogram had favorable clinical
utility to predict postoperative RFS in patients with stage
IA lung adenocarcinoma. In addition, the net benefit of
the corresponding treatment was higher than that of “all
treatment” or “no treatment”.

Risk grouping based on nomogram model

We use the “surv_cutpoint” function in the “survminer” R
package to get the cutoff value according to the nomogram
score for each patient in the internal cohort, and the cutoff
value was 155.3. Besides, the overall 5-year RFS ratio
corresponding to the cutoff value is 0.797. According to the
cutoff value, we stratified the cohort of patients into two
groups: a low-risk group and a high-risk group. Figure 6
shows that according to the fitted survival curve, the RFS of
the low-risk group IA was better than that of the high-risk
group IA (Chi-square value 368.9254, P<0.001).

Discussion

The National Comprehensive Cancer Network (NCCN)
guidelines do not recommend postoperative adjuvant
therapy for stage IA lung adenocarcinoma, possibly because
they do not accurately distinguish the specific groups
at high risk of recurrence. In our study, we established
a new nomogram model that is good at predicting RFS
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in patients with stage IA disease and has a dramatically
higher C-index of 0.812 (95% CI: 0.756-0.868). We
divided the cohort of patients into a high-risk group and
a low-risk group based on the 5-year RFS risk ratio of the
nomogram, which helps clinicians identify high-risk groups
and develop individualized follow-up strategies. This may
result in a more rational distribution of healthcare resources
and improve outcomes for patients with stage IA lung
adenocarcinoma.

According to the current TNM staging system, the
only variable available for subdivision in patients with
stage IA NSCLC is the T stage (T'1la/T1b/T1c), which
has a dramatically lower C-index of 0.598 (95% CI:
0.486-0.711) (7). We found that in addition to T stage,
radiological ground glass components, LVI, tumor
differentiation, and pathological subtypes also affect the
prognosis of stage IA lung adenocarcinoma.

Our findings are largely in agreement with previous
studies and show that in patients with stage IA lung
adenocarcinoma, radiologically pure-solid nodules are
an important prognostic factor that should be accounted
for. Pure solid lung cancers with no radiologic ground-
glass opacity (GGO) component show more malignant
behavior both clinically and pathologically (8). This finding
is associated with nodal involvement, vessel invasion, and
pleural invasion and is associated with poor prognosis (9).
JCOGO0201 found that the 5-year survival rate of patients
with GGO components was higher than that of patients
with solid nodules in all substages of stage IA regardless of
the proportion of solid components in mixed nodules (10).
In the eighth edition staging system, if both show the same
solid component size, clinicians will assign them to the same
clinical T category, which will result in stage migration and
misjudgment of patient prognosis. Therefore, the presence
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Table 3 Clinicopathological characteristics of patients with stage IA Table 3 (continued)

lung adenocarcinoma (data of external validation)

- Variables N (%)

Variables N (%)

- Histological subtype

Age (years), median [IQR] 59 [51, 65]

Lepidic 21(8.9)
<60 124 (52.8)

Acinar 174 (74.0)
>60 111 (47.2)

Papillary 33 (14.0)

Sex

Micropapillary 4(1.7)
Male 107 (45.5)
Solid 3(1.3)
Female 128 (54.5) . .
Lymphovascular invasion
Smokin
° No 219 (93.2)
No 171 (72.8)
Yes 16 (6.8)
Yes 64 (27.2) ) ) )
Perineural invasion

Family history No 232 (98.7)
No 185 (78.7) Yes 3(1.3)
Yes 50 (21.3) CEA (ng/mL)

Surgical method <5 209 (88.9)
Sublobectomy 33 (14.0) =5 26 (11.1)
Lobectomy 202 (86.0) CYFRA21-1 (ng/mL)

Surgical intervention <3.3 181 (77.0)
Thoracotomy 42 (17.9) >3.3 54 (23.0)
Video-assisted thoracoscopic surgery 193 (82.1) NSE (ng/mL)

Imaging features <16.3 222 (94.5)
GGO 69 (29.4) >16.3 13 (5.5)
Mixed density nodules 160 (68.1) EGFR mutation
Solid nodules 6 (2.6) No 57 (24.3)

Pleural retraction Yes 178 (75.7)
No 141 (60.0) ALK mutation
Yes 94 (40.0) No 234 (99.6)

Spicule sign Yes 1(0.4)
No 145 (61.7) S + MP >5%

Yes 90 (38.3) No 207 (88.1)

Tumor size (8th AJCC) Yes 28 (11.9)
1a 45 (19.1) Recurrence and metastasis
1b 138 (58.7) No 221 (94.0)
1c 52 (22.1) Local recurrence 0(0.0)

Tumor differentiation Distant metastasis 14 (6.0)
Well 19 (8.1) IQR, interquartile range; GGO, ground-glass opacity; AJCC,
Mod 184 (78.3 American Joint Committee on Cancer; CEA, carcinoembryonic

oderate (78.3) antigen; CYFRA21-1, cytokeratin 19 fragment antigen 21-1; NSE,
Poor 32 (13.6) neuron-specific enolase; EGFR, epidermal growth factor receptor;

Table 3 (continued) ALK, anaplastic lymphoma kinase; S + MP, solid and micropapillary

component.
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or absence of GGOs will be considered an important
indicator of the next clinical T classification.

The results of our research have shown that LVI is also
considered an independent risk factor for the recurrence
of early lung cancer and that the risk exceeds that of tumor
size. LVI, which includes lymphatic and vascular infiltration,
is believed to indicate tumor aggressiveness and is crucial
in the initial step of tumor metastasis in numerous types of
human cancers (11). The 5-year survival of stage IA patients
with or without LVI was 79% and 91%, respectively (12).
Numerous previous studies have suggested that LVI should
be considered in the staging criteria and indications of
adjuvant chemotherapy (13,14). In our study, we also
found that poorly differentiated lung adenocarcinoma is an
important independent risk factor for the prognosis of stage
IA lung adenocarcinoma. Several studies have shown that
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Figure 4 Calibration plots for 3-year RFS of external data. RFS,

recurrence-free survival.
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patients with poorly differentiated cancer are at higher risk
of recurrence and death after resection for stage IA NSCLC
and suggested that the biological aggressiveness of cancer
cells may be related to the degree of differentiation and thus
to tumor recurrence (15,16).

Our results show that a ratio of S + MP >5% is an
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Figure 5 DCA of RFS nomogram model after surgical treatment
of IA lung adenocarcinoma was predicted. “All” assumes all patients
with stage TA lung adenocarcinoma are treated. “None” indicates
all patients with stage IA lung adenocarcinoma are not treated (f1
=T, f2 = solid nodules, {3 = differentiation, f4 = LVI, f5 = S + MP
>5%, {6 = f1 + £2 + £3+ 4 + £5). DCA, decision curve analysis; RFS,
recurrence-free survival; T, tumor stage; LVI, lymphovascular
invasion; S + MP, solid + micropapillary component.
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patients with pathologic stage IA lung adenocarcinoma.
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independent risk factor for postoperative RES in stage IA
lung adenocarcinoma. Therefore, we included the ratio
of S + MP >5% into the nomogram model and obtained a
good predictive effect. Following the introduction of the
new lung adenocarcinoma classification in 2011, numerous
authors reported important associations between major
histopathological patterns and prognosis (17,18). The
histological classification of lung adenocarcinoma includes
adherent, acinar, papillary, solid and micropapillary
subtypes. Over 80% of lung adenocarcinomas consist of
multiple subtypes, and extensive studies have explored the
correlation between these subtypes and prognosis (19,20).
Patients with a predominant solid or micropapillary type
have a worse prognosis than those with the other major
subtypes in phase IA, so they are often combined for
analysis (21,22). Data from Ito er 4l. showed that the 5-year
RES of stage IA S/MP patients was significantly lower than
that of patients with other major subtypes (83.3% wvs. 95%,
P<0.05) (23). Some studies suggested that the 5-year RFS
of patients with 5% S + MP at stage IA was significantly
worse than that of patients without S + MP (73% vs. 93%,
P<0.001), and a continued increase in the percentage of S
+ MP after reaching a certain value may not increase the
difference in survival between subsequent groups (24,25).
Therefore, we performed univariate and multivariate
analyses with a micropapillary + consolidation ratio >5%,
and the results showed that the high malignant potential of
the S and MP modes influenced the prognosis of stage IA
lung adenocarcinoma.

In addition, we did not find EGFR mutation to be an
independent risk factor for postoperative recurrence of
stage IA lung adenocarcinoma. Similar to our study, some
studies have indicated that while EGFR mutation appeared
as a prognostic factor in univariate analysis, it did not
maintain significance in multivariate analysis (26,27). The
reason may be that the relationship between EGFR gene
mutation and prognosis is affected by the age or ethnicity of
the patient (28). It is worth noting that in our study, there
was no potential association between the resection method
and recurrence, possibly due to the large proportion of
patients in this study who underwent lobectomy. In our
study, there were many people who had never smoked, and
smoking was associated with RFS in the univariate analysis,
but there was no such association in the multivariate
analysis. The possible reason is that we did not count the
duration of smoking because studies have shown that long-
term smoking can be used as a clinical indicator for poor
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postoperative prognosis (29,30).

The study was subject to certain limitations, such as its
retrospective design and the potential for selection bias.
First, the case selection time span of our study was 5 years,
and the external validation time span was 3 years, which may
have led to the failure to observe the RFS of some patients.
Then, the cohort was only extracted from a single-center
database and included Chinese patients only. Therefore,
future prospective multicenter studies from other countries
with more variables and external validation of the results
are necessary. Finally, while we can estimate the probability
of recurrence using this nomogram, we cannot determine
precisely at what risk threshold adjuvant chemotherapy
should be initiated.

Conclusions

In summary, we constructed a nomogram model for
predicting postoperative RFS in patients with stage
IA lung adenocarcinoma. Patients with stage IA lung
adenocarcinoma are a heterogeneous population with
varying risks of recurrence. The model can be used to
classify these patients into different prognostic categories
and facilitate decision-making regarding appropriate
postoperative management in high-risk patients.
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