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portions of semi-solid lung adenocarcinomas
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bYale Cancer Center, Department of Immunobiology, 333 Cedar Street, New Haven, CT 06520

cUniversity of California, San Francisco, Department of Pathology, 505 Parnassus Avenue Suite 
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Abstract

Background: Genetic changes that drive the transition from lepidic to invasive cancer 

development within a radiographic ground glass or semi-solid lung lesion (SSL) are not well 

understood. Biomarkers to predict the transition to solid, invasive cancer within SSL are needed.

Methods: Patients with surgically resected SSL were identified retrospectively from a surgical 

database. Clinical characteristics and survival were compared between stage I SSL (n=65) and 

solid adenocarcinomas (n=120) resected during the same time period. Areas of normal lung, in 

situ lepidic, and invasive solid tumor were microdissected from within the same SSL specimens 

and next generation sequencing (NGS) and Affymetrix microarray of gene expression were 

performed.

Results: There were more never smokers, Asian patients, and sub-lobar resections among SSL 

but no difference in 5-year survival between SSL and solid adenocarcinoma. Driver mutations 

found in both lepidic and solid invasive portion were EGFR (43%), KRAS (21%), and DNMT3A 

(5%). CEACAM5 was the most upregulated gene found in solid, invasive portions of SSL. Lepidic 

and invasive solid areas had many similarities in gene expression, however there were some 

significant differences with the gene SPP1 being a unique biomarker for the invasive component of 

a SSL.
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Conclusions: Common lung cancer driver mutations are present in in situ lepidic as well as 

invasive solid portions of a SSL, suggesting early development of driver mutations. CEACAM5 

and SPP1 emerged as promising biomarkers of invasive potential in semi-solid lesions. Other 

studies have shown both genes to correlate with poor prognosis in lung cancer and their role in 

evolution of semi-solid lung lesions warrants further study.

Keywords

Lung adenocarcinoma; ground glass opacity; semi-solid lung nodules; adenocarcinoma in situ; 
next generation sequencing; microarray

BACKGROUND

The increasing use of cross-sectional imaging and CT scans for lung cancer screening has 

led to a rise in the diagnosis of incidental ground glass opacities (GGO) and semi-solid 

lesions (SSL) in the lung of unclear significance.1 GGO without a solid component, or 

SSL which are part-solid, can represent a variety of conditions from benign infection and 

inflammation to malignant precursors of invasive lung adenocarcinoma. Lesions on the lung 

adenocarcinoma spectrum persist on imaging over time and may slowly increase in either 

total size of the ground glass component or in the size of the solid component.2, 3 Once 

identified, patients with GGOs will undergo repeat CT scan surveillance4, 5 to monitor 

for increases in size or the development of a solid component. However only 10–20% of 

pure GGOs will grow on long-term surveillance while the other 80–90% remain stable.6–8 

Among lesions that already have a solid component, 40% will have an increase of their 

solid component over that time and it is this sub-group of lesions that are likely to be early 

malignancy.7 Studies have shown that an invasive cancer component begins to develop when 

a SSL is greater than 15 mm or has a solid component on mediastinal windows of CT scan.7

There are many factors which influence the decision to treat a GGO or SSL, but many 

physicians use a ground glass size greater than 2 cm or a solid component size greater than 5 

mm as a threshold for intervention. Studies have shown that the majority of these lesions are 

stage IA lung adenocarcinoma,6 long-term survival following resection of these lesions is 

excellent,9 and very few of these patients will ever develop a tumor recurrence, though many 

will develop second primary GGOs or SSLs that require subsequent followup.10 Despite 

a paucity of data or guidelines to support surgical resection in all patients; many patients 

will undergo a surgical resection to treat these lesions, which may pose no risk of systemic 

dissemination.

These lung lesions represent a critical area of research interest for several reasons. First, 

they are an increasingly common diagnosis that requires repeat CT scans over many years3 

and ultimately surgery for many patients. Second, the molecular pathways that lead to the 

evolution of these tumors from premalignant lesion to early-stage lung cancer are not well 

understood. Attempts to predict a radiographic ground glass nodules degree of invasion on 

subsequent pathology based on radiographic density have been unsuccessful.11

Genomic characterization of the very early forms of lung adenocarcinoma and the 

genetic evolution that drives the development of early-stage invasive cancer remain poorly 
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understood. Better molecular-based methods are needed to risk-stratify such lesions beyond 

using radiographic appearance alone as criteria for undergoing an invasive surgical resection. 

Such biomarkers might be used in the future for companion diagnostic assay to accompany 

CT imaging or have a role in potential treatment. Preliminary work has been published on 

the genetic landscape of early lung adenocarcinoma in studies of Asian patients12–15 where 

there have been shown to be high rates of EGFR mutations, particularly in SSL.15

Here we present a single institution study of clinical characteristics, long-term survival 

outcomes, driver mutation analysis and gene expression profiles to study differences 

between neighboring normal lung tissue, in situ lepidic portions, and invasive solid 

component in surgically resected SSL.

METHODS

Patient Selection

Patients with semi-solid lesions (SSL) diagnosed as lung adenocarcinomas on surgical 

pathology were retrospectively identified from a prospectively maintained surgical database 

at the University of California San Francisco (UCSF) Thoracic Oncology Tissue bank. 

Preoperative cross-sectional images from CT scans were reviewed for all pathologically 

proven lung adenocarcinoma. Radiographic appearance of a SSL was confirmed with all 

lesions possessing both a radiographic measurable “ground glass” area on lung windows 

and a “solid” component on mediastinal windows. These radiographic criteria with examples 

are shown in Figure 1A. Patients without good quality preoperative radiographic images 

for comparison were excluded. Sixty-five patients met the inclusion criteria underwent 

complete surgical resection between 2011–2018 for a SSL lesion (Figure 1B). Pathologic 

diagnosis of adenocarcinoma was confirmed for all patients by an expert thoracic pathologist 

and staging was performed using 7th edition staging criteria. Pathology reports were later 

reviewed and patients were restaged using the 8th edition staging system which allowed 

for improved separation between 1 and 2 cm lesions.16 A group of 120 patients with 

>75% solid stage IA lung adenocarcinomas resected during the same time period were 

retrospectively identified from a prospectively maintained surgical database for purposes 

of recurrence and survival comparison. Patients treated with neoadjuvant therapy were 

excluded. Clinical characteristics and disease-free survival (DFS) and overall survival (OS) 

were compared between patients with SSL and solid stage I adenocarcinomas. Statistical 

analysis was performed on SPSS Statistics Standard (V28.0 for Macintosh). Unpaired t-tests 

were performed for continuous variables. Chi-squared tests were performed for categorical 

variables with two-sided α <0.05 was defined as statistically significant. Stratified Kaplan-

Meier analysis with a censored dataset and the log-rank test were used to evaluate the 

endpoints of DFS and OS.

There were twenty-two patients with adequate tissue available for detailed genetic analysis 

consented for biomarker research study participation (Figure 1B). This study was approved 

by the UCSF institutional review board CC# 00654.
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Tumor Microdissection and Sample Preparation

Following surgical resection, tumors were formalin-fixed and paraffin-embedded for 

pathologic diagnosis and staging. An expert thoracic pathologist then identified separate 

areas of in situ, lepidic predominant growth patterns, and areas of invasive, solid tumor 

adenocarcinoma with loss of alveolar architecture, nuclear atypia and stromal invasion from 

within the same tumor specimen using a standard hematoxylin and eosin stain. Special 

attention was taken to differentiate cases of lepidic pattern with mechanical or physiologic 

collapse from invasive patterns. Representative histologic images are shown in Figure 1A. 

Neighboring normal lung tissue from each patient was also collected to be used for baseline 

levels of gene expression.

The corresponding areas of normal lung, lepidic, and solid tumor were then microdissected 

from additional ten micron thick unstained tissue slides with care taken to avoid any-cross 

contamination between areas. In instances where the area of solid tumor was only a 

few millimeters in size, up to fifteen serial slides were combined to obtain an adequate 

genetic sample that did not risk cross-contamination between dissection areas. DNA and 

RNA were extracted from the microdissected cells using the Qiagen AllPrep FFPE kit 

(QIAGEN, Germantown, Maryland) according to the manufacturer’s protocol. Extracted 

DNA was resuspended in AE buffer and DNA concentration and purity was assessed 

spectrophotometrically (Nanodrop 8000; Thermo Fisher Scientific). RNA samples were 

suspended in nuclease free water and quantified using spectrophotometer (Nanodrop 8000; 

Thermo Fisher Scientific) and stored at −80° C per standard protocols.

Next Generation Sequencing

A panel of twenty-five common lung cancer driver mutations was tested on extracted DNA 

from matched lepidic and solid tumor samples from twenty-two patients using NGS. The 

genes on the panel included ABL1, AKT1, ALK, BRAF, CTNNB1, DDR2, DNMT3A, 

EGFR, ERBB2, ESR1, FLT3, GNA11, GNAQ, HRAS, IDH1, IDH2, KRAS, MAP2K1, 

NRAS, PIK3CA, PTEN, RET, SMAD4, SMO, and TSC1. DNA target library preparation 

and enrichment were performed using Ion AmpliSeq Library Kit 2.0. Sequencing was 

performed on the Ion Torrent Proton platform with Ion PGM Sequencing 200 kit v2 

according to the manufacturer’s instructions.

For driver mutation comparison to a large population of stage I lung adenocarcinomas, 

The Cancer Genome Atlas (TCGA) data was used on all n=274 stage I (stage Ia or Ib) 

adenocarcinoma in TCGA for the 25 driver mutations in our NGS panel.17 TCGA data 

was used as there was incomplete NGS data available for the population of solid lung 

adenocarcinomas from our own institution.

Expression Analysis

Extracted RNA was processed with Affymetrix GeneChip WT Pico kit and analyzed using 

Affymetrix microarray GeneChip Human Transcriptome Array (HTA) 2.0 covering over 

48,000 coding and noncoding gene transcripts. Using thresholds of fold changes of ≥ 2.0 

and ANOVA p-value <0.05 for significance normal lung was compared to lepidic, lepidic to 

solid tumor and normal lung to solid tumor to evaluate for individual gene transcripts with 
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significant differences in fold change between parts of SSL. Lists of genes with upregulation 

and downregulation were evaluated with specific attention to differences seen between 

normal lung and the solid component to look for biomarkers of invasive cancer and between 

the lepidic and the invasive solid tumor component to look for biomarkers that are unique to 

the differences between the preinvasive area and the area of invasive tumor.

A comparison to gene expression levels in all stage I lung adenocarcinomas (stage Ia or Ib) 

with gene expression data in TCGA (n=268) was performed for all top biomarkers identified 

as having increased or decreased expression in SSL.17

Role of the funding source

The funding source had no role in the study design, data collection, data analysis, data 

interpretation, or writing of this report.

RESULTS

Semi-solid lesion demographics and outcomes

There were demographic differences in the 65 patients with SSL compared to the 120 with 

solid stage I adenocarcinoma resected during the same time period. Patients with SSL were 

significantly older at the time of surgical resection with a mean ages of 70.6 years verses 

66.6 years among the stage I solid adenocarcinoma patients (p=0.0045). Patients with SSL 

were also more likely to identify as Asian race 29% verses 16% (p=0.0312) though the 

majority (71%) of patients in our SSL population were non-Asian. SSL patients were more 

likely to be never smokers than those with solid stage I adenocarcinoma (52% vs 32%, 

p-value 0.0119). Regarding surgical management, wedge resection was more commonly 

performed in patients with SSL than those with solid adenocarcinoma (72% vs 50%, 

p-value=0.0034). More patients with SSL compared to solid adenocarcinoma had tumors 

with very early-stage pathology of either pT1mi or pT1a (31% of all SSL), while patients 

with solid adenocarcinoma were more likely to have pT1b or pT1c stage tumors (88% of all 

solid tumors, p=0.0007) (Table 1).

These differences translated into slight, statistically insignificant differences in risk of 

recurrence, risk of cancer-related mortality, and risk of all-cause mortality (Table 1). Minor 

differences were seen in the risk of recurrence of 7.6% among SSL and 14.2% among solid 

adenocarcinomas (p=0.5120), and in the 5-year disease-free survival (DFS) of 95.1% vs 

86.2% (log-rank p=0.1281) but these were not statistically significant and did not translate 

into differences in survival. Five-year OS was 93% among SSL and 94.2% among solid 

adenocarcinoma (log-rank p=0.7097), demonstrating excellent outcomes for both subsets of 

stage I adenocarcinoma (Figure 2).

A comparison of demographics and survival outcomes was also performed between all 

patients with SSL (n=65) and those with adequate SSL tissue available for genetic study 

(n=22). There were no significant differences in age, sex, race, smoking history, pathologic 

stage, recurrence rates, DFS or OS in the patients with tissue available for study. There 

were significantly more surgical lobectomy performed in the group with tissue available 

(55% vs 28% lobectomy rate, p=0.0219) and significantly shorter mean follow up (47 vs 56 
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months, p=0.0018) in patients with adequate tissue samples available for additional study 

(Supplemental Table 1).

Tumor mutations

Of the twenty-two SSL with adequate surgical specimens for DNA and RNA extraction, 

nineteen produced DNA samples with adequate reads and coverage for NGS analysis. 

The in situ lepidic and the invasive solid paired portions of SSL were analyzed as 

separate specimens, however no differences in mutation patterns between lepidic and solid 

component were identified. When a driver mutation was identified it was found to be 

present in both the preinvasive lepidic (Figure 3A) and the solid portions (Figure 3B) in all 

nineteen SSL specimens analyzed. The targeted NGS panel of lung cancer driver mutations 

identified common lung cancer driver mutations in thirteen (68%) of the nineteen SSL. The 

most commonly mutated gene was EGFR, mutated in 42%, followed by KRAS which was 

mutated in 21%. Mutations were identified in the lepidic portions of SSL as follows EGFR 

L858R (5 patients, 26%), EGFR exon 19 deletion (3 patients 16%), KRAS Codon 12 (4 

patients, 21%), DNMT3A – P904L (1 patient, 5%) no identified mutation (6 patients, 32%). 

(Figure 3). This distribution of driver mutations was present in the lepidic portions of SSL 

and the solid portions of SSL.

There was incomplete NGS sequencing data available as a comparison from our larger 

population of solid lung adenocarcinomas to compare to the mutations found in our SSL. 

To avoid bias, The Cancer Genome Atlas (TCGA) data was used as a comparison for driver 

mutations in stage I (stage Ia or Ib) lung adenocarcinoma. In TCGA there were n=274 stage 

I (stage Ia or Ib) lung adenocarcinoma patients with NGS data available.17 Comparison to 

TCGA mutation frequency from stage I lung adenocarcinoma showed similar prevalence of 

KRAS mutations (21% vs 25%, p=NS) but more frequent EGFR mutations among SSL than 

all types stage I lung adenocarcinomas (42% vs 12%, p=0.001) from the TCGA. DNMT3A 

mutations were seen with similar frequency (5% vs 5%, p=NS) between our set of SSL and 

TCGA stage I adenocarcinomas (Figure 3C).

Our sample size was too small to properly evaluate if driver mutations of SSL in our study 

had any correlation with demographic characteristics, recurrence, or survival outcomes.

Expression profiles

In situ lepidic and invasive solid portions of SSL overall had more downregulation of genes 

than upregulation of genes compared with normal lung. There were 105 upregulated genes 

between normal lung and lepidic and 282 downregulated genes (Figure 4A). Hierarchical 

clustering showed clear differences between normal lung and abnormal portion of the SSL, 

though the lepidic and solid portions of SSL were very similar with only 32 differentially 

expressed genes between lepidic and solid portions of SSL (Figure 4B). Volcano plot 

analyses were performed for comparisons of normal lung to lepidic, lepidic to invasive 

solid, and normal lung to invasive solid (Figure 5A). The top ten upregulated genes 

between normal lung and lepidic were MUC21, CEACAM5, CD24, XAGE1B, ABCC3, 

IGKV1, BCAT1, NPC2, CTSE, and GDF15 (Figure 5B) and the top ten downregulated 

genes were SLC6A4, RTKN2, CASS4, CALCRL, S100A12, GBP4, MME, SLCO2A1, 
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WIF1, and SVEP1 (Figure 5C). Similarly, there was also more downregulation of genes 

between the normal lung tissue and the invasive solid portion of the tumors with 128 genes 

upregulated and 319 downregulated between normal lung and the solid portion of the tumor 

(Figure 4A). The top ten upregulated genes between normal lung and solid tumor were 

CEACAM5, XAGE1B, SPP1, SPINK1, MUC21, CRABP2, FDCSP, IGKV1–5, COL10A1, 

TOX3 (Figure 5B) and the top ten downregulated genes were SLC6A4, RTKN2, WIF1, 

GKN2, CA4, FOSB, S100A12, FENDRR, MME, CDH5 (Figure 4C). In general, genes with 

the greatest changes in expression levels were significantly and similarly altered relative to 

normal lung in both the lepidic and the invasive solid components of tumors as shown in 

Figure 5B and 5C where we have highlighted any gene which fell into the top ten expression 

level changes for lepidic or solid components of SSL tumors.

The gene expression profiles of lepidic and solid components were similar with relatively 

few genes with significant differences in expression. Of the genes with significant 

differences between lepidic and solid portions of SSL, upregulation was more common 

than down-regulation with 21 upregulated and 11 significantly downregulated genes 

between the lepidic and solid tumor. (Figure 4A). The genes with significant upregulation 

between the lepidic and solid portion of tumors were SPP1, IGKV1–5, SNORD114–

14, ADAM12, COL10A1, GREM1, AC079767.4, MIR378I, LOC101928912, COPZ2, 

IGLV2–23, TRAV1–2, IGKV3OR2–268, and RNU6–501P and downregulation of genes 

RNA5SP113, WASH3P, RP11, and AC016735.3 in the solid tumor verses the lepidic 

portions of the tumors (Figure 5D).

For comparison, genes that were found to have significant upregulation and downregulation 

in SSL were then compared to TCGA gene expression data seen in stage I adenocarcinoma 

(n=268). Genes with increased expression in SSL had in general higher expression in stage 

I lung adenocarcinoma and genes that were downregulated in SSL had generally lower 

expression in stage I lung adenocarcinomas from TCGA (Figure 5E).

DISCUSSION

This is a comprehensive study of semi-solid lung adenocarcinomas detailing the 

demographics, survival, driver mutation profiles, and gene expression changes that occur 

in the lepidic and invasive solid components of these lesions. There is a growing need to 

better understand these common, incidental, and slowly invasive lung lesions and to better 

predict which patients require intervention.18–21 Future management of semi-solid lung 

lesions could be individualized based on needle biopsy or serum biomarkers which correlate 

with more invasive or biologically aggressive tumor profiles.

The demographic profile of the patients with SSL show that these patients are slightly older, 

more likely to be Asian and never smokers than those with solid stage I adenocarcinoma 

at our institution, which corroborates what has been shown in other studies.14, 22 We did 

not observe any differences in the frequency between men and women here, perhaps due 

to small sample size, though other studies have shown a female predominance in GGO 

and SSL.9 In this patient population surgical sublobar resection was the most common 

operation performed for SSL, comprising 72% of all surgical resections. Though there were 

Woodard et al. Page 7

Lung Cancer. Author manuscript; available in PMC 2024 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



five recurrences (7.6% of the SSL patients) in this group, there were no cancer related 

mortalities with a mean follow-up time of almost 5 years. This supports recent data from 

large trials such as CALGB140503 and JCOG0802 which have shown that sub-lobar and 

wedge resection are adequate oncologic operations for stage I NSCLC.23, 24 The proportion 

of patients who experienced cancer-related mortality was low among both SSL (0%) and 

solid stage I adenocarcinomas (3%), and 5-year overall survival rates were similar for 

both groups (93% vs 94%). Large studies of survival of ground glass and partially solid, 

SSL, lung nodules have shown that part-solid nodules have better survival probability that 

solid stage I lung cancers,9 and our study is likely under-powered to show any differences. 

However, it may also be that cancer-related morality from both solid stage I lung cancer 

and SSL are low, and mortality from other causes may mask these differences. These 5-year 

survival rates from solid tumors in our study are higher than stage I 5-year survival rates 

seen in the 8th edition staging project which found 5-year OS rates of 90% (stage IA1), 

85% (stage IA2), and 80% (stage IA3) for pathologic stage I patients25 which may be 

explained by difference in patient populations, and a relatively healthy patient population at 

our institution.

Among our samples that underwent NGS, we observed at 42% rate of EGFR mutations and 

a 21% rate of KRAS mutations. EGFR mutations are known to be associated with never 

smoking status, female gender, and Asian race26 and this rate of mutations is consistent with 

the demographics of the SSL patients in our study. Two large studies from China performed 

NGS on surgically resected SSL and found 50–77% of SSL had and EGFR mutation and 

5–8% had a KRAS mutation, reflecting the well-established EGFR mutation predominance 

among Asian patients, and additionally SSL lesions which came from a predominately 

(79%) never smoking population.15, 27

We also observed that if present, the driver mutation was present in both the lepidic and 

the solid component of the SSL. Our mutation findings corroborate findings from other 

published studies which have demonstrated mutation development early in the emergence 

of GGO, also termed atypical adenomatous hyperplasia (AAH) and minimally invasive 

adenocarcinoma (MIA) lesions and heterogeneity of driver mutation development with 

EGFR, KRAS, and BRAF being the most common mutations.12, 28 A large study of the 

genomics of lung cancer in never smokers found alterations in EGFR in 30% and KRAS in 

7% also observed the occurrence of driver mutations in tumors with slow growth suggesting 

early driver mutation occurrence.29 These data and ours show that the in situ, preinvasive 

lepidic portion of a semi-solid lesion has the same mutation as the invasive solid component, 

suggesting that the mutation occurs early, however there are no data in the literature to prove 

this with serial tissue sampling of the same lesion over time.

A Korean study of ten samples which included both pure GGO without a solid component 

and mixed GGO with a solid component found a 20% EGFR mutation rate and zero KRAS 

mutation in their samples.30 These slight differences from mutation frequencies seen in 

our study of may be relate to small sample size, demographic differences in the patient 

populations, or reflect a different mutation frequencies in pure GGO, non-solid lung lesions.
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We propose several candidate biomarkers including CEACAM5, XAGE1B, SPP1, SPINK1, 

and MUC21 which have upregulated gene expression in solid and lepidic portions of semi-

solid lung lesions but have the greatest expression in the solid invasive portion, and therefore 

may be the most impactful as a potential biomarker to influence treatment decisions. 

Among our SSL samples, CEACAM5 expression levels were significantly increased in 

both the lepidic component and the solid component, with the greatest fold change over 

normal lung in the solid component of SSL of any of 48,000 transcripts we studied. 

CEACAM5 is most frequently associated with gastrointestinal, colorectal and pancreatic 

cancers where it is upregulated in 90% of tumors.31 In NSCLC, CEACAM5 has been shown 

to promote cell proliferation and migration,32 can be detected via immunohistochemistry, 

and targeted with a monoclonal antibody.33 CEACAM5 is also promising as a biomarker 

in NSCLC given its potential to be used as a serum marker the way CEA is used as 

a serum biomarker in colorectal cancer.34 In large studies of resected GGO and SSL 

from Japan, serum CEA levels have been shown to be significantly more elevated in 

solid-dominant lung lesions compared with non-solid GGO,9 which supports our finding. 

A maytansinoid-loaded monoclonal antibody to CEACAM5 (SAR408701, Sanofi)33 is 

currently in multiple clinical trials in metastatic non-squamous NSCLC (NCT04154956, 

NCT04394624, NCT04524689)35 and may potentially demonstrate a benefit of inhibition of 

CEACAM5 in lung adenocarcinoma.

In targeting differences between the indolent lepidic and the more invasive solid component, 

the greatest upregulated gene was in SPP1, also known as osteoponin. SPP1 upregulation 

has been found in gastric cancer, osteosarcoma, ovarian cancer, and oral squamous cell 

carcinoma as well as NSCLC.36, 37 In NSCLC SPP1 expression correlates with increased 

tumor grade, worse prognosis, and cisplatin resistance. It has been proposed that DNA 

methylation is responsible for regulating the expression of SPP1 in lung cancer.36 SPP1 has 

also been shown to mediate macrophage polarization and lung cancer immune evasion.37 

Interestingly, a major regulator of SPP1 are the DNA methyltransferases and DNMT3A 

was the only other gene mutation besides EGFR and KRAS detected in our cohort. The 

occurrence of a DNMT3A mutation in a single tumor in our study is not sufficient evidence 

to draw any conclusions about its role in semi-solid lung adenocarcinoma. As background, 

DNMT1, DNMT2, DNMT3A, and DNMT3B are the major enzymes of DNA methylation 

and it is believed that increased expression of DNMT3A increases DNA methylation level 

which can inhibit gene expression.38 DNMT3A mutations are primarily associated with 

acute myloid leukemia (AML) where it is mutated in 22% of patients,39 and it is found in 

only 5% of lung adenocarcinoma.17 Increased DNA methylation via DNMT3A is associated 

with activation of the Wnt/β-catenin signaling pathway and silencing of DNMT3A with 

siRNA has been shown to increase SPP1.40 Additional studies are needed to more clearly 

link and define the role of DNMT3A and SPP1 in semi-solid lung adenocarcinoma.

Limitations of this study include a small sample size which was underpowered to detect 

differences in survival. The smaller sample size may have impacted our ability to detect less 

common driver mutations by NGS. We therefore cannot say if only detecting a DNMT3A 

mutation among mutations other than KRAS or EGFR is significant or just related to small 

sample size. We also used an NGS panel of only twenty-five driver mutation genes and 

perhaps additional mutations might have been discovered by a larger panel. Our findings 
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therefore should be validated in subsequent experiments with larger sample sizes and a more 

comprehensive genome sequencing.

In summary, in this single institution study, SSL patients were more common in Asian never 

smokers and had excellent 5-year overall survival outcomes following sublobar resection. 

EGFR (42%) followed by KRAS (21%) were the most common gene mutations which 

is different from large studies of Asian SSL tumors which have EGFR (50%−77%) and 

KRAS (5–8%). Our expression data yields targets for further exploration in GGOs and 

SSL development, specifically CEACAM5 and SPP1. These results should be validated in 

subsequent larger studies as we work towards identifying biomarkers and molecular-based 

diagnostics to risk-stratify indolent SSL to observation and more aggressive SSL for surgical 

resection or perhaps targeted therapies.
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Novelty and Impact Statement:

This study is the largest gene expression and driver mutation sequencing study of 

microdissected areas of lepidic and solid tumor from the same semi-solid lung lesions, 

particularly in a predominately non-Asian population. Driver mutation rates in this study 

population were 42% EGFR mutations and 21% KRAS mutations, with lower rates of 

EGFR mutations and higher rates of KRAS mutations than have been demonstrated in 

Asian patients with semi-solid lung lesions. All driver mutations, if present, were found 

in both the lepidic and solid portions of the same lesion suggesting early development of 

driver mutations. Invasive sold and preinvasive, lepidic portions of the same lesions have 

similar patterns of gene expression, however several genes with increased expression 

were identified which may prove to be potential biomarkers for future investigation.
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Figure 1: Study design.
A) Representative images and criteria used to define a semi-solid lung nodule’s ground 

glass and solid components based on chest CT findings, and histologic criteria used to 

differentiate in situ lepidic verses invasive lung adenocarcinoma. B) Study design of clinical 

and genomic comparisons.
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Figure 2: Survival outcomes.
A) Disease free survival and B) overall survival of surgically resected lung adenocarcinoma 

showed no statistically significant survival differences between semi-solid and pure solid 

adenocarcinomas.
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Figure 3: Semi-solid adenocarcinoma mutations.
Driver mutations detected by NGS panel in the lepidic component of SSL (A) were all 

detected in the matched solid components (B) from the same tumors. C) Comparison to 

TCGA mutation frequently from stage I lung adenocarcinoma showed similar prevalence of 

KRAS mutations but more frequent EGFR mutations among SSL than all types stage I lung 

adenocarcinomas (42% vs 12%, χ2 p=0.001).
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Figure 4: Differential gene expression.
A) Number of significantly up-regulated and down-regulated genes with fold changes >2.0 

and between paired normal lung, lepidic, and solid components of SSL. B) Hierarchical 

clustering heatmap of genes with significant fold changes between normal, lepidic, and solid 

sorted by tissue type and patient.
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Figure 5: Potential biomarkers: Selected differentially expressed genes within semi-solid lung 
lesions.
A) Volcano plots of all gene transcripts examined showing fold change comparisons 

between lepidic and normal lung, solid tumor and normal lung, and lepidic and solid tumor. 

B) Top genes with the most upregulation of gene expression in either lepidic or solid 

component compared with normal lung. *=p-value<0.01 compared to normal lung. C) Top 

genes with the most downregulation of gene expression in either lepidic or solid component 

compared with normal lung. *=p-value<0.01 compared to normal lung. D) All coding genes 

with significant differences in gene expression between lepidic and solid tumor. E) TCGA 

RNA sample data, fragments per kilobase of transcript per million mapped reads (FPKM) 

for all stage I lung adenocarcinomas (n=268) of the top downregulated and upregulated 

genes identified in the SSL data.
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Table 1:

Clinical characteristics of SSL vs. solid stage I adenocarcinoma

SSL (n=65) Solid adeno (n=120) P-value*

Demographics

 Mean Age (years ± SE) 70.6 (±0.9) 66.6 (±0.9) 0.0045

 Men 37% 37% 0.9203

 Women 63% 63%

Race

 Asian 29% 16% 0.0312

 Non-Asian 71% 84%

Smoking history

 Never smoker 52% 32% 0.0119

 Current or former smoker 48% 67%

Surgical Resection

 Sub-lobar Resection 72% 50% 0.0034

 Lobectomy 28% 50%

Pathologic Stage, 8th Edition**

 pT1mi 11% 0% 0.0007

 pT1a 20% 11%

 pT1b 46% 52%

 pT1c 23% 38%

Follow up

 Mean follow up time (months) 56.1 (±2.7) 54.7 (±2.8) 0.7368

 Recurrence 7.6% 14.2% 0.5120

 Cancer-related mortality 0% 3% 0.3126

 All-cause mortality 7.6% 10% 0.6033

5-year Survival

 5-year Disease Free Survival (± SE) 95.1% 86.2% 0.1281

 5-year Overall Survival (± SE) 93.4% 94.2% 0.7097

*
Unpaired t-tests of equal variance performed for continuous variables. Pearson Chi-squared tests performed for categorical variables. Kaplan-

Meier log-rank p-value was calculated for 5-year survival.

**
Tumors were retrospectively restaged based on 8th edition criteria. Pearson Chi-squared test comparison of (pTmi, pT1a) vs (pT1b, pT1c)
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