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The value of lung adenocarcinoma (LUAD) subtypes and ground glass opacity (GGO) in pathological stage IA invasive adenocarcinoma (IAC) has been poorly understood, and reports of their association with each other have been limited. In the current study, we retrospectively reviewed 484 patients with pathological stage IA invasive adenocarcinoma (IAC) at Sun Yat-sen University Cancer Center from March 2011 to August 2018. Patients with at least 5% solid or micropapillary presence were categorized as high-risk subtypes. Independent indicators for disease-free survival (DFS) and overall survival (OS) were identified by multivariate Cox regression analysis. Based on these indicators, we developed prognostic nomograms of OS and DFS. The predictive performance of the two nomograms were assessed by calibration plots. A total of 412 patients were recognized as having the low-risk subtype, and 359 patients had a GGO. Patients with the low-risk subtype had a high rate of GGO nodules (p < 0.001). Multivariate Cox regression analysis showed that the high-risk subtype and GGO components were independent prognostic factors for OS (LUAD subtype: p = 0.002; HR 3.624; 95% CI 1.263–10.397; GGO component: p = 0.001; HR 3.186; 95% CI 1.155–8.792) and DFS (LUAD subtype: p = 0.001; HR 2.284; 95% CI 1.448–5.509; GGO component: p = 0.003; HR 1.877; 95% CI 1.013–3.476). The C-indices of the nomogram based on the LUAD subtype and GGO components to predict OS and DFS were 0.866 (95% CI 0.841–0.891) and 0.667 (95% CI 0.586–0.748), respectively. Therefore, the high-risk subtype and GGO components were potential prognostic biomarkers for patients with stage IA IAC, and prognostic models based on these indicators showed good predictive performance and satisfactory agreement between observational and predicted survival.
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INTRODUCTION
Lung cancer is the leading cause of tumor-related death worldwide and lung adenocarcinoma (LUAD) has been the main histological type (Lortet-Tieulent et al., 2014; Sung et al., 2021). For stage IA non-small cell lung cancer, patients have satisfactory long-term survival after radical surgery, and the 5-year overall survival (OS) rate is 80–90% (Goldstraw et al., 2016). Especially for patients with adenocarcinoma in situ (AIS) and minimally invasive adenocarcinoma (MIA), their 5-year OS rate is nearly 100% (Cohen et al., 2018; Yotsukura et al., 2021). However, there are still approximately 20% of patients who die from recurrence. It is not difficult to conclude that basically all recurrences are concentrated in cases of invasive NSCLC, showing that stage IA NSCLC is a group with heterogeneity, and it is necessary to identify patients with high risk of recurrence with invasive adenocarcinoma (IAC) who might require closer follow-up and even adjuvant therapy.
The International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society introduced a novel international multidisciplinary classification of lung adenocarcinoma in 2011 (Travis et al., 2011), which classified IAC using 5 five major histopathological patterns including lepidic, acinar, papillary, solid, micropapillary, and 4 variants. This classification was also adopted by the World Health Organization in 2015 (Travis et al., 2015). Patients with solid or micropapillary predominant subtypes have been proven to suffer from a worse clinical outcome in several studies (Tsuta et al., 2013; Yanagawa et al., 2014; Ujiie et al., 2015). In fact, mixtures of the histologic pattern are common in IACs. The presence of solid and/or micropapillary features with no predominant pattern can be associated with poor prognosis. Yanagawa et al. reported that patients with minor solid or micropapillary patterns present suffered from a high risk of recurrence (Yanagawa et al., 2016).
Ground glass opacity (GGO) is defined as a hazy opacity not obscuring the underlying pulmonary vessels or bronchial structures in the lung window (Austin et al., 1996). It is widely accepted that the GGO component is a positive prognostics factor for patients with LUAD (Hattori et al., 2017a; Berry et al., 2018). Hattori et al. reviewed 497 patients with clinical stage IA IAC and found even a small proportion of GGO components was related to prolonged OS (Hattori et al., 2017b).
Although prognostic nomograms including sex, age, operative approach, examined lymph nodes, vascular invasion, and EGFR gene mutation for stage IA NSCLC have been developed (Merritt et al., 2020; Yang et al., 2020; Cai et al., 2021), a prognostic model based on LUAD subtype and GGO component especially designed for stage IA IAC has been lacking. Recently, researchers have focused on the relationship between GGO component and LUAD subtypes as well as the differential gene mutation profiles among different LUAD subtypes and CT characteristics (Gao et al., 2017). This information is useful to guiding treatment decisions, but related reports remain inadequate. Therefore, we aimed to identify the impact of LUAD subtypes and GGO components in patients with stage IA IAC and develop a nomogram based on them. We also explored the relationship between GGO components and LUAD subtypes and the differential gene mutation profiles among patients.
Patients and Methods
Patients
Patients with pathological IA LUAD who accepted radical resection between January 2012 and August 2018 at the Sun Yat-sen University Cancer Center (SYSUCC) were retrospectively reviewed in this study. This study was approved by the Institutional Review Board of SYSUCC (IRB No. SZR2019-108) and we conducted the current study following the Declaration of Helsinki. The written informed consent for this retrospective study was waived due to the retrospective nature of our study.
In this study, the tumor pathologic staging was based on the AJCC staging, 8th edition (Ettinger et al., 2019). The key inclusion criteria were as follows: (1) pathological diagnosis of stage IA LUAD; (2) confirmed negative surgical margin (R0); (3) pathological evaluation based on the IASLC/ATS/ERS lung adenocarcinoma classification system. Patients who met the following criteria were excluded: (1) received neoadjuvant therapy; (2) multiple primary tumors; (3) death within 1 month after surgical resection; and (4) pathological diagnosis as adenocarcinoma in situ (AIS) and minimally invasive adenocarcinoma (MIA).
Pathological Evaluation and Defining of High-Risk Subtype
All surgical specimens were processed by formalin fixation immediately after surgery. Then, the dehydrated specimens were processed by paraffin embedding. The specimens were processed by hematoxylin–eosin (HE) staining after the paraffin slices were dewaxed. Further pathological evaluation was performed by two pathologists who were blinded to the clinical information. According to the new WHO classification, pathological assessment using the semiquantitative estimation of all patterns of 5% increment and each tumor was categorized into the following subtypes: lepidic, acinar, papillary, solid, micropapillary, and variants of invasive adenocarcinoma (Travis et al., 2015). The pattern with the greatest percentage was defined as predominant pattern. Two or more patterns with the same percentage were defined as a mixed pattern. A non-predominant pattern was the subtype with no less than 5% but not reaching predominance. The high-risk subtype was defined as any subtype with at least 5% solid or micropapillary presence.
Radiological Evaluation and Gene Testing Methods
Thin slice CT was used to measure the GGO and consolidation component and the images were reviewed by two radiologists independently. Tumor size was defined as the maximum diameter on the axial plane in the lung window, and solid tumor size was defined as maximum diameter of the solid component. Consolidation-to-tumor ratio (CTR) was defined as the ratio of the solid tumor size to the tumor size. DNA extraction from paraffin-embedded tumor tissue was performed using a QIAGEN DNA FFPE Kit (Qiagen, Dusseldorf, Germany) according to the instructions of the manufacturer and quantification was conducted using a NanoDrop 2000 (NanoDrop Technologies, Wilmington, DE). The mutations of EGFR gene from exons 18, 19, 20, and 21 was detected by an EGFR Mutations Detection Kit (SINOMD, Beijing, China). Amplification refractory mutation system-polymerase chain reaction (ARMS-PCR) was conducted using ABI 7500 (Applied Biosystems, Foster City, CA). After dewaxing and dehydration of the paraffin embedded sections, EML4-ALK fusion was screened with fluorescent in situ hybridization (FISH) performing on 100 nuclei by Vysis ALK Break Apart FISH Probe Kit (Abbott Molecular, Des Plaines, IL). A sample was considered positive for an ALK rearrangement when 15% or greater of nuclei showed a split orange and green signal and/or an isolated (single) orange signal. The results of gene testing were obtained from reports of molecular diagnosis.
Follow-Up and Endpoints
Regular follow-up was performed at 3-month intervals for the first 2 years, every 6 months until 5 years, and per year in subsequent years, mainly including blood tests for detection of tumor markers of lung cancer and chest and abdominal computed tomography (CT) scans. Brain magnetic resonance imaging (MRI), bone scintigraphy, and positron emission tomography were performed if necessary.
The main endpoints of this study were the overall survival time (OS) and the disease-free survival time (DFS). The DFS was defined as the date of the surgery to the date of the first event recurrence or death, and the OS was calculated from the date of operation to the date of death or the last follow-up.
Statistical Analysis
Continuous data are shown as the mean ± SD or median and were compared using Student’s t-test. Categorical variables were tested using the chi-square (χ2) or the Mann-Whitney U test. Survival curves were calculated by the Kaplan-Meier method and compared with the log-rank test. Variables with a p value less than 0.1 in the univariate analysis were further entered into the multivariate Cox analysis, independent factors from which were integrated to develop prognostic models using R packages “rms”. The predictive performance of the prognostic nomogram was assessed by calculating Harrell’s concordance index (C-index). In addition, we performed calibration curves to evaluate its discriminative accuracy at 3 and 5 years. All statistical analyses were performed using SPSS software version 22.0 for Windows (SPSS Inc., Chicago, IL) and R software (version 4.0.3; http://www.r-project.org). Statistical significance was defined as p < 0.05 and the reported significance levels were all two-sided.
RESULTS
Patient Characteristics
A total of 484 patients were included in this study. The baseline characteristics are shown in Table 1. The pathological subtype of the patients included lepidic predominant (n = 121; 25%), acinar predominant (n = 244; 50.4%), papillary predominant (n = 53; 11%), solid predominant (n = 18; 3.17%), micropapillary predominant (n = 4; 0.8%), variants (n = 14; 2.9%), and mixed subtype (n = 30; 6.2%). Representative images of 5 major histopathological patterns are shown in Figure 1. The CT characteristics of the patients included pure GGO (n = 92; 19%), part GGO (n = 267; 55.2%), and pure solid (n = 125; 25.8%). Representative images of pure GGO, part GGO, and pure solid are shown in Figure 2. A total of 412 patients were defined as low-risk subtype and 72 patients were defined as high-risk subtype, while 359 patients had a nodule with GGO component, and 125 patients had a pure solid nodule.
TABLE 1 | Patient’s characteristics.
[image: Table 1][image: Figure 1]FIGURE 1 | Representative images of normal lung tissue and 5 major histopathological patterns. (A) Normal lung tissue in 40x light microscope; (B) left: lepidic patterns in 100x microscope, right: lepidic patterns in 200x microscope; (C) left: acinar patterns in 100x microscope, right: acinar patterns with elastic-fiber staining in 200x microscope; (D) left: papillary patterns in 100x microscope, right: papillary patterns in 200x microscope; (E) left: micropapillary patterns in 100x microscope, right: micropapillary patterns in 200x microscope; (F) left: solid patterns in 200x microscope, right: solid patterns in 400x microscope, blue arrow: solid pattern cancer cell with mucin.
[image: Figure 2]FIGURE 2 | Representative images of 3 different characteristics of CT. (A) red arrow: pure GGO nodule with diameter of 1.6 cm; (B) red arrow: part GGO nodule with diameter of 2.6 cm; (C) red arrow: pure solid nodule with diameter of 2.6 cm.
As shown in Table 2, patients with low-risk subtype had a higher rate of GGO components. Except from patients with unknown EGFR and ALK status, patients with low-risk subtype had a higher rate of EGFR gene mutation (68.3 vs. 37.0%, p < 0.001) and a lower rate of ALK rearrangement (2.2 vs. 9.6%, p = 0.017).
TABLE 2 | Difference of CT characteristics and gene status between low-risk subtype and high-risk subtype.
[image: Table 2]Table 3 demonstrated that patients with pure solid nodules had a higher a rate of high-risk subtype (p < 0.001) When excluding patients with unknown EGFR and ALK status, patients with GGO components had a higher rate of EGFR gene mutation (69.8% vs. 48.9.0%, p < 0.001) and a similar rate of ALK rearrangement (2.5 vs. 5.3%, p = 0.306). To further determine the relationship between GGO components and LUAD, we collected the CTR of the nodule in patients with high-risk subtype and found that only 3 patients had a CTR less than 0.5 (Supplementary Table S1).
TABLE 3 | Difference of LUAD subtype and gene status between GGO and pure solid nodule.
[image: Table 3]Survival Analysis
The median overall follow-up time was 42.6 months. Compared to patients with the high-risk subtype, patients with low risk had a significantly longer OS (5-year OS rate 96.3 vs. 85.2%, p = 0.0006; Figure 3A) and DFS (5-year DFS rate 90.3 vs. 72.4%, p = 0.004; Figure 3B) times. In addition, a significant improvement in the OS (5-year OS rate 96.9 vs. 89.4%, p = 0.0061; Figure 3C) and DFS (5-year DFS rate 91.2 vs. 79.2%, p = 0.0019; Figure 3D) time were observed in patients with GGO component compared to patients with pure solid nodules.
[image: Figure 3]FIGURE 3 | Survival for patients with low-risk and high-risk subtypes. (A) Overall survival; (B) disease-free survival. Survival for patients with GGOs and pure solid nodules. (C) Overall survival; (D) disease-free survival.
As shown in Table 4, advanced age, differentiation degree, high-risk subtype, GGO components were statistically significant in univariate analysis of OS, furthermore, multivariate Cox analysis demonstrated that advanced age (p = 0.001; HR 8.442; 95% CI 2.562–27.815), high-risk subtype (p = 0.002; HR 3.624; 95% CI 1.263–10.397), and GGO component (p = 0.001; HR 3.186; 95% CI 1.155–8.792) remained to be independent prognostic indicators for OS.
TABLE 4 | Univariate and Multivariate Analysis for entire patients.
[image: Table 4]Differentiation degree, high-risk subtype, GGO components, and number of N2 stations examined were statistically significant in univariate analysis of DFS. In multivariate analysis, high-risk subtype (p = 0.001; HR 2.284; 95% CI 1.448–5.509), and GGO components (p = 0.003; HR 1.877; 95% CI 1.013–3.476) were negatively associate with DFS. The number of N1 stations examined (p = 0.025; HR 0.735; 95% CI 0.573–0.944) was positively associated with DFS.
Development of the Nomogram
Based on above identified prognostic factors from multivariate Cox regression analysis, predictive models for OS and DFS were developed and represented as graphical nomograms (Figure 4). The nomogram of OS illustrated that age, high-risk subtype, GGO components shared crucial contributions to the prognosis. The nomogram of DFS illustrated the number of N1 stations examined, high-risk subtype, GGO component sharing crucial contributions to the prognosis, which showed satisfactory predictive performance with an excellent Harrell’s C-index for DFS (0.667; 95% CI 0.586–0.748) and OS (0.866; 95% CI 0.841–0.891), respectively. The prognostic score of each factor in the nomogram and the survival probability of different total scores are provided in Supplementary Table S2.
[image: Figure 4]FIGURE 4 | Nomogram for predicting the 3-year and 5-year survival rates in stage IA NSCLC. (A) Overall survival; (B) disease-free survival. For each patient, the scores of three factors (age, GGO component, and high-risk subtype in predicting OS; number of N1 stations examined, GGO component, and high-risk subtype in predicting DFS) are represented as points by projecting them onto the uppermost line (point scale). Totaling the three variables and projecting the total point value downward onto the bottommost line can determine the probability of 3- and 5-year OS and DFS.
Additionally, calibration plots of internal validation presented a good agreement between nomogram predicted and actual OS and DFS at 3, and 5 years (Figure 5). The Harrell’s C-index for the established nomogram of OS and DFS were 0.866 (95% CI 0.841–0.891) and 0.667 (95% CI 0.586–0.748), respectively.
[image: Figure 5]FIGURE 5 | The calibration curves for predicting the 3-year and 5-year survival rates in stage IA NSCLC. (A) Overall survival; (B) disease-free survival. The x-axis represents the predicted probability of survival, the y-axis represents the actual probability of survival, and the ideal line is the diagonal of the graph. The closer that the drawn line is to the diagonal, the better that the calibration model is. N = 482; The error bars: the 95% CIs of actual survival.
Interaction Analyses
As shown in Table 5, after adjusting for other factors, the interaction analysis showed an insignificant interaction effect between high-risk subtype and GGO component on the OS rate (HR (High-risk subtype * GGO component) = 0.826, 95% CI 0.220–3.106, p = 0.778) and the DFS rate (HR (High-risk subtype * GGO component) = 0.732, 95% CI 0.193–2.783, p = 0.647). The positive impact of high-risk subtype (HR = 2.581, 95% CI 1.332–5.002, p = 0.005) and GGO component (HR = 1.916, 95% CI 1.040–3.529, p = 0.037) on the OS rate was independent. Likewise, the positive impact of high-risk subtype (HR = 2.824, 95% CI 1.448–5.509, p = 0.002) and GGO component (HR = 1.877, 95% CI 1.013–3.476, p = 0.045) on the DFS rate was independent.
TABLE 5 | Interaction between GGO component and high-risk subtype.
[image: Table 5]DISCUSSION
Stage IA IAC is a group with high heterogeneity, nearly 20% of which suffered from recurrence after radical resection. Therefore, a nomogram of pathological stage IA IAC to predict the prognosis for individual patients is needed. In this study, we revealed the impact of GGO components and LUAD subtype on survival and developed a nomogram to predict the prognosis for individual patients based on GGO component and LUAD subtype.
In this study, the multivariate Cox analysis demonstrated that high risk subtype, which was defined as at least 5% solid or micropapillary presence, was a negative prognostic factor for patients with pathological IA IAC. In fact, many IACs have been recognized to have the mixed patterns. The same in this study, several previous studies discovered that a subtype with at least 5% solid or micropapillary presence was negatively associated with survival (Nitadori et al., 2013; Yanagawa et al., 2016; Zhao et al., 2016). Thus, we included high-risk subtype in our prognostic nomograms. In addition, we interestingly observed a different rate of gene mutation between the high-risk subtype and the low-risk subtype. After excluding the patients with unknown EGFR and ALK status, patients with low-risk subtype had an apparent high rate of EGFR gene mutation (68.3 vs. 37.0%, p < 0.001) and an apparent low rate of ALK rearrangement (2.2 vs. 9.6%, p = 0.017). Similar to our study, Villa et al. reported a high rate of EGFR mutation in the low-risk subtype in an American cohort and this finding was also discovered in a Japanese cohort (Villa et al., 2014; Yanagawa et al., 2014). Interestingly, Yoshida et al. retrospectively analyzed 61 patients treated with EGFR-Tyrosine Kinase Inhibitor (TKI) and found that the solid predominant subtype is a response predictor for EGFR-TKI (Yoshida et al., 2013). Regarding ALK rearrangement, similar results were reported in an Italian cohort (Possidente et al., 2017). Although gene status was not an independent prognostic factor and did not enter the nomogram in this study, this information is valuable when the disease recurred.
GGO components reflect a non-invasive component of tumors (Aokage et al., 2018) and several studies have proved that the presence of GGO component is associated with encouraging prognosis in early-stage patients (Hattori et al., 2017a; b; Fu et al., 2019). Consistent with numerous previous studies, we also discovered that a GGO component is a positive prognostic factor in OS and DFS for pathological stage I IAC, and a GGO component is another important variable in our prognostic nomograms. In addition, we also found that nodules with GGO component had a higher rate of EGFR gene mutation (69.8 vs. 46.7%, p < 0.001). Several studies have reported conflicting results. In agreement with our study, Hasegawa et al. reviewed 263 patients with LUAD in a Japanese cohort and found that patients with EGFR gene mutations had a significantly higher frequency of GGO (Hasegawa et al., 2016). A similar result was also found in a Korean cohort with 153 LUADs who had a significantly higher GGO volume percentage in EGFR exon 21 mutation subgroup (Lee et al., 2013). In contrast, Hsu et al. reported that EGFR gene mutations were detected less frequently in pure GGO nodules (Hsu et al., 2011). Regarding ALK rearrangement, there was no apparent difference in the rate of ALK rearrangement between GGO and solid nodules, and the relevant evidence is also limited. Ko et al. reported that ALK rearrangement was rare in nodules with GGO (Ko et al., 2014).
The relationship between LUAD subtype and GGO component is valuable information for treatment decisions. The details of CT characteristics can be obtained from CT image preoperatively. Understanding the relationship between LUAD subtype and GGO component can help in choosing the appropriate surgical approach. In this study, we found that patients with the low-risk subtype also had a smaller proportion of pure solid nodules and only 10% of nodules with GGO components belonged to the high-risk subtype. Moreover, 95.9% of nodules with the high-risk subtype had at least a 50% solid component. The same relationship between LUAD subtype and GGO component was also reported by Sun et al. They reviewed 1018 GGOs and discovered only 2.3% of nodules with diameter <20 mm and solid component <50% had had a micropapillary or solid component (Sun et al., 2018). These results revealed to us that 50% of CTR could be seen as a cut off when making clinical decisions. Considering that there is a significant correlation between GGO components and LUAD subtypes, we performed an interaction analysis and found no apparent interaction effect between GGO components and LUAD subtypes regarding survival. Both GGO components and high-risk subtypes had independent impacts on survival.
In the AJCC 8th TNM staging system, tumor size is the only covariate used to subdivide stage IA NSCLC. However, adopting the TNM staging system cannot accurately partition the prognosis of stage IA IAC. Previous studies have developed prognostic models including sex, age, operative approach, examined lymph nodes, vascular invasion, and EGFR gene mutation for stage IA NSCLC but ignored GGO components and LUAD subtypes (Merritt et al., 2020; Yang et al., 2020; Cai et al., 2021). To our knowledge, this study is the first to develop a prognostic nomogram based on GGO component and LUAD subtype for patients undergoing radical resection in pathological stage IA IAC, and our nomograms showed satisfactory predictive performance with an excellent Harrell’s C-index for DFS (0.667; 95% CI 0.586–0.748) and OS (0.866; 95% CI 0.841–0.891). Moreover, the variables in our nomogram are easily accessible in clinical practice.
There are some limitations that should be considered. First, this study is a retrospective study, selection bias was inevitable. Second, external validation is absent in this study. We sought help and cooperation from other institutions to verify the results. Unfortunately, there are still some difficulties, but we are actively seeking cooperation from other centers. Therefore, we only analyzed the data from our own center. We realized that the limited sample size was another limitation of our study, so we modestly referred that the practical applicability of our nomograms should be interpreted with caution. In addition, there are some patients who did not receive a gene test and no patients received NGS, which may affect the accuracy of the results about this part. The application of this result should be cautious. Finally, previous studies have reported that spread through air spaces (STAS) and maximum standardized uptake value (SUVmax) in positron emission tomography computer tomography (PET-CT) were associate with prognosis of stage IA NSCLC (Chou et al., 2021; Han et al., 2021), enrolling STAS and SUVmax should be helpful to improve this model.
In conclusion, GGO component and low risk subtype were associate with positive prognosis of patients with pathological stage IA IAC. A nomogram based on the GGO component and LUAD subtype for OS and DFS showed relatively good predictive performance. Patients with the high-risk subtype always had a nodule with at least a 50% solid component. The gene status differed according to CT characteristics of GGOs and LUAD subtype.
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