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Introduction

The etiology of a lung nodule that has a ground glass 
opacity (GGO) on computerized tomography (CT) scan 
is often something on the lung adenocarcinoma spectrum, 
ranging from atypical adenomatous hyperplasia to in-
situ disease to invasive carcinoma (1). A solid component 
generally reflects proliferation of invasive tumor cells, while 

the GGO is felt to be a lepidic, in-situ, non-invasive growth 
pattern of cells along preexisting alveolar structures (2-9).  
Lung adenocarcinomas with a GGO component may 
behave less aggressively than pure-solid adenocarcinomas 
and even display indolent behavior, and often occur in non-
smokers, in particular in people of Asian descent. However, 
these lesions can still progress with growth and spread over 
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time, with increasing solid density generally correlating 
with malignant behavior. Therefore, appropriate and timely 
diagnosis and therapy are key to optimizing outcomes (10-13).

However, not all lung nodules with a GGO component 
are secondary to lung cancer, as the differential diagnosis 
includes a variety of benign pathologies such as infection 
and pneumonia, granulomatous and other inflammatory 
processes, and pulmonary edema (14). The specific etiology 
of a GGO cannot be definitively identified based on the 
CT alone (15). The management decision process for 
patients when these are discovered must choose between 
observation, pursuing an invasive diagnostic procedure 
with biopsy, or even proceeding with therapy prior to a 
diagnostic procedure (13). Clinicians are increasingly having 
to make these decisions, because these nodules are often 
found secondary to lung cancer screening and increased CT 
scan use in general (16-21). This study was undertaken to 
provide data to support this clinical decision process using 
an experience with a diverse cohort of patients undergoing 
GGO resection, by testing the hypothesis that the likelihood 
of a GGO being secondary to lung adenocarcinoma can be 
determined based on pre-treatment clinical and radiologic 
factors. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-583/rc).

Methods 

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Stanford University institutional 
review board (protocol 21285) and individual consent for 
this retrospective analysis was waived. All patients who 
underwent surgical resection between 2001 and 2019 of a 
lung nodule that was clinically suspicious for lung cancer 
were reviewed using a prospectively collected clinical 
database. A nodule was generally deemed suspicious based 
on patient characteristic such as age, smoking history, 
history of other exposures known to be risk factors for 
lung cancer, history of previous cancer and other medical 
conditions, clinical symptoms, and radiologic appearance, 
including comparison to previous imaging studies when 
performed. Patients who were undergoing lung resection 
for a benign pre-operative diagnosis (diagnostic resection 
of interstitial lung disease, volume reduction surgery for 
emphysema, and nodules that were not suspicious for 
cancer) were excluded. Only patients who had a CT that 
had been performed within 3 months before surgery were 

included. Because the purpose of this study was to evaluate 
the risk of cancer in nodules that had any GGO component, 
patients whose nodule was pure solid (0% GGO) were 
excluded. If a CT report did not specify that nodule was 
part-solid or had a GGO component, the presence of a 
GGO component was determined by a repeat review of 
the CT images by a thoracic radiologist or an experienced 
thoracic surgeon (MB, JS) as previously described (1). GGO 
was defined by the presence of hazy, increased opacity of 
the lung with preservation of the bronchial and vascular 
margins, and the maximum diameter of the solid component 
was measured after excluding the areas of the GGO using 
lung windows, using high resolution imaging with 1 mm 
thick slices when available for each patient. This led to a 
final number of 243 patients in total, further subdivided 
into 208 adenocarcinoma patients and 35 benign pathology 
patients. Our consort diagram for the distribution of 
patients from each stage of the patient selection process is 
shown in Figure 1. 

Retrospective review was conducted to document 
demographics, preoperative characteristics, intraoperative 
details, and pathologic details. We were able to find complete 
data for all the patients in our two cohorts. The pre-
operative predictions of the etiologies of the GGOs were 
compared to the post-operative surgical pathology report 
and discharge summaries for these patients, and the cohort 
was stratified in two groups according to whether their 
nodule was malignant versus benign. The use of positron 
emission tomography (PET) scans was documented. Results 
of PET scans were categorized as not performed if the 
patient did not have one, non-avid if there was no recorded 
PET activity in the suspicious nodule, mildly active if the 
maximum standardized uptake value (SUVmax) was 0.1 to 
2.5, and hypermetabolic if the SUVmax was greater than 2.5. 

Statistical analysis

Baseline demographic and clinical data between the 
two cohorts were compared via a chi square analysis for 
categorical variables and a T test analysis for continuous 
variables. Multivariable logistic regression analysis of 
the patients was performed to assess the impact of pre-
operative characteristics on a cancer diagnosis. The model 
was constructed with a post-operative diagnosis of cancer as 
the outcome of interest. The risk factors chosen for analysis 
were those that have been previously shown or are clinically 
accepted to be strongly associated with a risk of lung cancer, 
and included total size of tumor (reported in cm, measured 
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on CT), percentage of the nodule that was determined to be 
solid tumor (reported as percentile, measured by radiologist 
or physician based on CT), age (reported in years, measured 
as age on presentation), sex (reported as male or female, 
collected as demographic information from the patient’s 
chart), race (reported as Asian or non-Asian, collected as 
demographic information from the patient’s chart), and 
smoking history (reported as present with number of pack 
years noted, vs. not present). 

Continuous data are presented as means ± standard 
deviations (SD) or medians with interquartile ranges, as 
noted. Categorical variables are presented as frequency 
and percentages. A nominal two-sided P value of less than 
0.05 was considered significant. All statistical analysis was 
performed via the program SPSS V.26. 

Results

A total of 243 patients met all study criteria during the 
study period and included 208 patients (86%) whose post-

operative pathology was primary adenocarcinoma and 35 
patients (14%) who had a benign pathology. The majority of 
cases were in the years 2010 or later (n=202, 83.1%) while 
only 41 cases were in earlier years (16.9%). Figure 2 shows 
examples of the part-solid nodules observed in the cohort, 
for patients with both benign and malignant etiologies.

Table 1 shows the baseline demographic characteristics of 
patients in both the adenocarcinoma and benign pathology 
cohorts. Age, race, and GGO size all had statistically 
significant associations with malignancy. In the cohort, 
10.1% of the nodules found to be adenocarcinoma bore a 
composition of 100% ground glass opacity, whereas none of 
the patients with a benign histology had a pure ground glass 
opacity (P=0.05). The mean age for the adenocarcinoma 
cohort was 67.37 years (SD =10.04) and the mean age for 
the benign pathology cohort was 59.86 years (SD =13.30). 
Patients with a benign process were more likely to be of 
non-Asian race than Asian race. Non-Asians comprised 
66.8% of patients with adenocarcinoma and 88.6% of 
the patients with benign pathology (P=0.009). Patients 

Figure 1 Consort diagram for study populations. CT, computerized tomography; ILD, interstitial lung disease; GGO, ground-glass opacity.
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with adenocarcinoma also had larger ground glass opacity 
nodules than patients with a benign process (2.62 versus 
1.35 cm, P<0.001). There was no statistically significant 
difference between the percent solid component of the 
lung nodule between the adenocarcinoma and the benign 
patients (59.6%±32.9% versus 65.7%±36.1%, P=0.32). 
There was also no statistically significant difference in 
PET scan results between benign and malignant patients 
(P=0.32). PET scan findings were either non-avid or only 
mild hypermetabolic in 38.9% (81/208) of the patients 
with adenocarcinoma, while the PET scan findings were 
hypermetabolic and suspicious for malignancy in 34.3% 
(12/35) of the patients with a benign histology.

Table 2 shows data regarding the approach, extent of 
resection, and perioperative course in the two groups. The 
majority of patients in each group had minimally invasive 
surgery. The majority (74%, 26/35) of patients in the 
benign group had a wedge resection, while the majority 
of patients (79%, 165/208) in the adenocarcinoma group 
had an anatomic resection (all other categories besides the 
wedge resection). For the nine patients in the benign group 
who had a lobectomy, the reasons a sublobar resection was 
not performed were: multiple abnormalities in one lobe 
(1 patient); nodule location in the central aspect of the 

middle lobe (3 patients); nodule presence location in the 
central aspect of the right or left upper lobe with suspicious 
appearance but previous non-diagnostic biopsy (4 patients); 
and nodule presence in a lobe that had previously been 
partially resected (1 patient). There were no perioperative 
deaths in either group, and the total rate of perioperative 
complications were 16% and 14% for the adenocarcinoma 
and benign groups respectively. 

The postoperative diagnoses for patients with GGOs 
that were initially suspicious for cancer but were found to 
be benign upon surgical resection of the nodule are shown 
in Table 3. The benign processes ranged from granulomas 
(n=14, 40%), inflammatory/infectious processes (n=10, 
28.4%) such as necrosis, fibrosis, pneumonitis, abscesses, 
Mycobacterium-avium complex, and lymphoid hyperplasia 
(n=4, 11.4%), hamartomas (n=2, 5.7%), to other processes 
like bronchiolitis (n=5, 14.3%). In addition, 4 patients 
(11.4%) had atypical adenomatous hyperplasia. This process 
is technically benign but is a neoplastic process that could 
be a precursor to the development of adenocarcinoma  
in situ or ultimately true adenocarcinoma. 

Several factors were found to be independent predictors 
of adenocarcinoma in multivariate analysis (Table 4). Total 
size of the GGO nodule [odds ratio (OR) 2.76, 95% CI: 

Figure 2 Selected CT scans of patients with part-solid lung nodules (marked by arrows). Patients with the scans shown in (A) and (B) had 
benign histologies, while patients shown in (C) and (D) had lung adenocarcinoma. CT, computerized tomography.
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1.67–4.55, P<0.001], older age (OR 1.06, 95% CI: 1.02–
1.11, P=0.003), female sex (OR 4.47, 95% CI: 1.72–11.57, 
P=0.002), and Asian race (OR 8.35, 95% CI: 2.24–31.05, 
P=0.002) were all significant predictors of malignancy in 
patients with a ground glass nodule on their computed 
tomography scan. Given that race and sex were both 
important independent risk factors, we also the examined 
the incidence of malignancy across these characteristics 
(Table 5). In the cohort, adenocarcinoma was found in 100% 
of Asian females, 86% of Asian males, 84% of non-Asian 
females, and 77% of non-Asian males.

Discussion

Clinicians often must make management decisions for 
lung nodules that are discovered on imaging studies. The 
increased ease of obtaining as well as the use of CT scans 

in general as well as the implementation of lung cancer 
screening programs have made this decision process more 
common. Although guidelines that suggest management 
strategies based on various clinical factors exist, clinicians 
often make subjective decisions based on their interpretation 
of the clinical scenario. Though the Fleischner Society 
guidelines provide comprehensive criteria for managing 
pulmonary nodules, including nodule morphology and its 
change over time, more decisive size measurements, and 
understanding of patient risk factors, several studies have 
found a low guideline compliance and adherence to these 
recommendations. Much of the challenge in translating the 
guidelines to clinical practice is in its applicability to certain 
patient populations, some of which may have variability in 
risk factors and nodule characteristics (22). In this study, we 
sought to provide more objective data that could be used to 
guide management in the specific situation of patients found 

Table 1 Demographic and clinical characteristics of patients who underwent resection of suspicious GGO nodules, stratified by benign versus 
malignant etiologies

Characteristics Adenocarcinoma (N=208) Benign pathology (N=35) P value

Age (years), mean ± SD 67.37±10.04 59.86±13.30 <0.001*

Sex, n (%) 0.106

Male 66 (31.7) 16 (45.7)

Female 142 (68.3) 19 (54.3)

Race/Ethnicity, n (%) 0.009*

Non-Asian 139 (66.8) 31 (88.6)

Asian 69 (33.2) 4 (11.4)

Smoking history, n (%) 116 (55.8) 20 (57.1) 0.880

Average smoking pack years, mean ± SD 27.14±21.71 24.55±18.49 0.617

Patients with no comorbidities, n (%) 86 (41.3) 14 (40.0) 0.881

Radiologic characteristics

Average total size of GGO, mean ± SD 2.62±1.71 1.35±0.99 <0.001*

Pure GGO (100%) nodules 21 (10.1%) 0 0.05

Percent solid, mean ± SD 59.6±32.9 65.7±36.1 0.32

PET scan results, n (%) 0.09

Not done 34 (16.3) 10 (28.6)

Non-avid 20 (9.6) 8 (22.9)

Mild activity (0.1–2.5 SUV) 61 (29.3) 5 (14.3)

Hypermetabolic (>2.5 SUV) 93 (44.7) 12 (34.3)

*, statistically significant P value. GGO, ground glass opacity; SD, standard deviation; PET, positron emission tomography; SUV, maximum 
standardized uptake value.
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to have part-solid lung nodules.
Our study evaluated the incidence and risk factors for 

malignancy in a demographically diverse cohort of patients 
with ground-glass opacities on CT. In our binomial logistic 
regression analysis (Table 4), we demonstrate the incidence 
of malignancy as a function of the size of the GGO 
containing nodule, age, sex, and race, which we found to be 
statistically significant predictors of adenocarcinoma within 
a multivariate analysis. Our model shows that lung nodules 
are much more likely to be pulmonary adenocarcinoma 
in patients who are older, female, of Asian descent, and 
who have a larger ground glass opacity component to their 
nodule. Smoking history related inversely to development of 
adenocarcinoma but was not statistically significant within 
the analysis. In our findings of incidence of malignancy as 
compared among differences in sex and race, we saw that 

Table 2 Surgical procedure types and perioperative complications, stratified by benign versus malignant etiologies

Procedure types and complications Adenocarcinoma (N=208) Benign pathology (N=35) P value

Procedure type, n (%)

Wedge resection 43 (20.7) 26 (74.3) <0.001*

Segmentectomy 14 (6.7) 0 (0.0)

Lobectomy 147 (70.7) 9 (25.7)

Bilobectomy 3 (1.4) 0 (0.0)

Pneumonectomy 1 (0.5) 0 (0.0)

Approach, n (%)

Open 76 (36.5) 6 (17.1) 0.025*

Video-assisted thoracic surgery 132 (63.5) 29 (82.9)

Adenocarcinoma histology, n (%) Not applicable

Not specified 87 (41.8)

Acinar 48 (23.1)

Bronchoalveolar carcinoma 25 (12.5)

Lepidic 18 (8.6)

Lepidic and acinar 16 (7.7)

Papillary 12 (5.8)

Papillary and acinar 1 (0.5)

Postoperative mortality, n (%) 0 (0.0) 0 (0.0) –

Perioperative complications, n (%) 29 (13.9) 4 (11.4) 1.000a

a, calculated using Fisher’s exact test; *, statistically significant P value. Perioperative complications are defined as including: air leak, atrial 
fibrillation, pneumothorax, hemothorax, empyema, bronchopulmonary fistula, pneumonia, other respiratory related complications, other 
complications.

Table 3 Postoperative diagnoses for 35 patients with benign 
pathology after resection of a lung nodule with a ground-glass 
opacity component

Diagnosis n (%) 

Granuloma 14 (40.0)

Inflammatory/infectious 10 (28.5)

Necrosis, fibrosis, inflammation, pneumonitis 6

Abscess 2

Mycobacterium-avium complex 1

Lymphoid hyperplasia 1

Atypical adenomatous hyperplasia 4 (11.4)

Hamartoma 2 (5.71)

Other (bronchiolitis obliterans, no tumor seen) 5 (14.3)
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all of the Asian female patients in our study had nodules 
that were ultimately determined to be adenocarcinoma, 
whereas 86% of Asian male patients in our study had 
adenocarcinoma. In comparison, non-Asian female and 
male patients had a lower incidence of adenocarcinoma (84% 
and 77% respectively). 

When evaluating patients with part solid lung nodules 
that have a GGO component, the radiologic factors most 
important in assessing the likelihood of malignancy are 
the total size and the total size of the solid component. 
In addition, we will take into account clinical factors such 
as the patient’s demographics, smoking history, personal 
history of lung cancer, family history of lung cancer, and 
history of possible either recent or remote inflammatory 
or infectious lung process. In general, a solid component 
of over 5 mm at presentation will prompt further 
evaluation with either PET, biopsy, or resection rather 
than observation. If a patient has previous imaging, we 
will evaluate for change over time, and change in the solid 
component will generally lead us to switch from observation 
to either biopsy or resection. Based on the lower incidence 
of adenocarcinoma in patients of non-Asian descent, the 
clinician may consider close observation of the nodule for 
these patients. Alternatively, even though the course of 
adenocarcinoma is often indolent, clinicians may want to 
pursue more aggressive investigation for patients of Asian 
descent, especially in older Asian females. 

Of note, in Table 2, the types of surgery performed 
on our cohort are delineated. There are several factors 
that will guide a non-anatomic wedge resection versus 
an anatomic resection for a patient with a part-solid lung 
nodule in our practice. First, if a nodule is in a peripheral 
location amenable to wedge resection and a biopsy has not 
been obtained, we will generally initially perform a wedge 
resection and evaluate for malignancy with pathologic 
frozen section analysis. If that assessment is benign, then no 
further resection will be performed, though we will often 
sample lymph nodes so we have pathologic nodal data in the 
cases where the results of permanent processing differ from 
the frozen section results. When the nodule is known or 
shown to be malignant, the following factors are taken into 
account when deciding on wedge resection versus anatomic 
resection: tumor location and ability to obtain an adequate 
margin when the overall nodule size is less than 2 cm; the 
patient’s ability to tolerate parenchymal resection based on 
their overall functional status and their pulmonary function 
tests; the patient’s history of previous lung resection or 
lung diseases; and the presence of other part-solid nodules 
that may prove to require therapy in time if they grow or 
become more solid on follow-up.

Management of a suspicious GGO could involve 
biopsy or surgical resection depending on the other tumor 
characteristics, such as nodule size and percent of solid 
component. The diagnostic accuracy of needle biopsy is 

Table 4 Probability of cancer in patients with suspicious GGO’s as a function of demographic and clinical covariates 

Variable Odds ratio 95% confidence interval P value

Age (per year) 1.06 1.02–1.11 0.003*

Total size of GGO 2.76 1.67–4.55 <0.001*

Sex (female vs. male) 4.47 1.72–11.57 0.002*

Race (Asian vs. non-Asian) 8.35 2.24–31.05 0.002*

Smoking history (smoker vs. non-smoker) 0.88 0.36–2.12 0.773

*, statistically significant P value. GGO, ground glass opacity.

Table 5 Incidence of malignancy compared by race and sex

Demographic Incidence of adenocarcinoma, n [%] Incidence of benign pathology, n [%]

Non-Asian males (n=53) 41 [77] 12 [23]

Non-Asian females (n=117) 98 [84] 19 [16]

Asian males (n=29) 25 [86] 4 [14]

Asian females (n=44) 44 [100] 0 [0]
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comparable for both solid and part-solid lesions, so the 
finding of a ground glass opacity on CT (therefore not 
entirely solid) should not necessarily preclude the clinician 
from recommending a biopsy prior to surgery. However, our 
results suggest that this step may be unnecessary in most 
patients and especially in Asian females, unless non-surgical 
management with stereotactic ablative body radiotherapy is 
considered and confirmation of a malignant process prior is 
needed. Based on our findings, a biopsy that does not show 
a malignant pathology may be most likely a false-negative 
in Asian patients. Of course, being able to perform safe 
surgery is a critical component to recommending resection 
for both diagnosis and therapy, and evidence shows that 
lung resection by specialized thoracic surgeons has been 
incrementally improving over time. In a study conducted 
by the Society of Thoracic Surgeons (STS) in 2019 on a 
cohort of 38,461 patients from their General Thoracic 
Surgery Database (GTSD) who underwent pulmonary 
resection for primary non-small cell lung cancer (NSCLC), 
overall operative mortality was 1.29% and major morbidity 
incidence was 7.92%. Morbidity and mortality rates 
have improved from prior analyses of the GTSD in 2008 
yielding 2.2% and 8.6%, respectively- the study researchers 
suggest that this is due to increased use of minimally invasive 
techniques, sublobar resections, and better patient selection 
for surgery with more high-risk patients undergoing 
stereotactic radiotherapy or other nonsurgical therapies 
(23,24). In our series where most patients had minimally 
invasive surgery, morbidity and mortality rates were very low. 

Because of how demographically diverse our patient 
cohort is, we believe that our own model has great 
potential for use in the diagnostic process of primary 
lung adenocarcinoma and can be applied to other patient 
populations, both institutions that have either a similar 
or different distribution of patient demographics. Our 
study and model are not without limitations, however. For 
one, there was inherent selection bias in the design of our 
study population, as we only included patients who have 
undergone surgery for their ground glass nodules and did 
not include other patients who deferred surgery. Secondly, 
we cannot generalize our model to simply any patient with 
a malignant or benign ground glass opacity on CT, as all 
of our patients had differential diagnoses which indicated 
that these GGOs were suspicious for malignancy- we 
excluded any patients with GGOs which were identified 
pre-operatively as a benign pathology such as interstitial 
lung disease or emphysema. We also acknowledge that with 
the advent of technological improvements in computed 

tomography over time, there may have been differences in 
the detection of ground glass opacities in more recent years 
compared to CT studies performed during the advent of 
the study in the early 2000s. Another limitation of the study 
is the relatively small cohort size. Finally, retrospective 
studies can have certain disadvantages, such as recall bias or 
errors in data collection. However, a major strength of our 
study compared to previously published studies in Asian-
only cohorts is the demographic variability of our study 
population, and therefore potentially more generalizable to 
other patient populations in the world of thoracic surgery 
and oncology. 

Conclusions

Our study concludes that the likelihood of adenocarcinoma 
in lung nodules with a ground-glass component is 
influenced by age, sex, and race, in addition to nodule size. 
Asian females with a GGO nodule have a much higher 
likelihood of having adenocarcinoma than men and non-
Asians, both concurrently and respectively. These results 
can be used to assist the patient management process, 
and potentially optimize the therapeutic course while 
minimizing unnecessary diagnostic procedures or lengthy 
observation periods if management is ultimately inevitable. 
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