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Abstract: Objectives: Overall survival (OS) of patients with stage 0 adenocarcinoma in situ (AIS) of
the lung is not well characterized in the U.S. Specifically, there are a lack of data regarding the OS of
patients with stage 0 AIS who do not receive treatment. We compared OS among stage 0 AIS patients
who received surgery and those who received no treatment. Methods: OS of patients with stage 0
(TIS, NO, M0) AIS of the lung who received surgery versus no treatment from 2010-2018 in the
National Cancer Data Base was evaluated using multivariable Cox proportional hazards modeling
and propensity score-matched analysis. Predictors of surgery were evaluated using multivariable
logistic regression. Survival outcomes based on surgical approach were evaluated in a propensity
score-matched subgroup analysis. Results: Of the 897 patients who were diagnosed with stage 0 AIS,
716 (79.8%) underwent surgical resection. A propensity score-matched analysis of 134 patients who
received no treatment and 134 patients who underwent surgery showed that the surgical group had
a significantly improved OS at five-years 85.8% (95% CI: 74.2-92.4%) compared to the group who
received no treatment 62.8% (95% CI: 50.1-72.7%) (log-rank, p <0.0001). Subgroup propensity score-
matched analysis showed no significant differences in OS at five-years in the surgical group who
underwent a wedge resection 90.8% (95% CI: 83.8-94.8) compared to a lobectomy 94.9% (95% CI: 89.9-
97.4%) (log-rank, p=0.19). Conclusions: In this national analysis, stage 0 AIS patients who underwent
surgery had significantly better OS when compared to patients who did not receive treatment.

Keywords: Stage 0 lung adenocarcinoma; ground glass nodules; surgical resection

1. Introduction

Adenocarcinoma is the most common subtype of non-small cell lung cancer (NSCLC),
representing approximately 40% of all NSCLC lung cancer cases [1]. Stage 0 disease, adenocarcnoma
in situ (AIS), is characterized by lesions less than 3 cm with a non-invasive lepidic growth pattern [2].
It is typically detected on imaging as a ground-glass nodule (GGN) and tends to grow slowly and
not immediately suggestive of malignancy. Accordingly, current guidelines for managing GGNs
recommend routine follow-up with low-dose CT scans every 1-2 years for up to five years after initial
detection, making surgical resection of GGNs an unnecessarily invasive treatment in many cases [3].

Still, stage 0 AIS of the lung has consistently been reported to achieve a 100% five-year overall
survival (OS) rate following surgical resection, irrespective of surgical approach [4-15]. However, a
vast majority of these findings stem from studies conducted in Asia, which limits their
generalizability to populations in the United States. Further, in the last five years, only a few small
studies from the United States [10], Europe [12], and Australia [14] have addressed OS outcomes for
stage 0 AIS patients undergoing surgical resection. Moreover, there are no data to demonstrate that
surgical intervention is needed to achieve satisfactory long-term survival rates. To address this gap
in evidence, we aimed to identify the most effective treatment modality for stage 0 AIS of the lung in
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the United States by comparing the five-year OS rates of patients who underwent surgical treatment
to those who received routine surveillance and no treatment.

2. Materials and Methods
2.1. Ethics Statement

This study used publicly available, de-identified patient information. Therefore, our analysis is
not considered to involve human subjects, constitute as human subject research, and is exempt from
Institutional Review Board approval.

2.2. Data Source

For this study, we accessed data collected from the National Cancer Database (NCDB), a data
source managed by the American College of Surgeons (ACS), Commission on Cancer (CoC) and the
American Cancer Society. The NCDB captures approximately 70% of all newly diagnosed lung cancer
cases in the United States and Puerto Rico, gathering data from more than 1,500 cancer centers and
containing more than 30 million patient records [16]. Disease subtype and staging data are directly
recorded in the NCDB using the American Joint Committee on Cancer 8th edition TNM
classifications for our given study period. International Classification of Diseases for Oncology, 3rd
edition (ICD-O-3) histology and topography codes were used for data extraction. Patients who
underwent surgical resection were identified using surgical procedure of the primary site codes.
Research manuscripts reporting large datasets that are deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
the accession numbers have not yet been obtained at the time of submission, please state that they
will be provided during review. They must be provided prior to publication.

2.3. Study Design

Data were extracted from all patients diagnosed with stage 0 (TIS, NO, M0) AIS from 2010 to
2018. Patients were excluded if they received any neoadjuvant or adjuvant treatment, stereotactic
body radiotherapy, had missing data, a prior cancer diagnosis, or a concomitant cancer diagnosis
during the study period. Complete TNM staging according to the 8th addition was initially included
in data analysis, but all patients were found to be NO and MO0 and thus only tumor size was kept in
the final analysis. Patients were divided into two groups: patients who did not receive surgical
treatment or any adjuvant therapy and those who underwent surgical resection and did not receive
any adjuvant therapy.

The primary outcome was overall survival at five years, assessed from the time of diagnosis to
the time of death or last known follow-up. Cox proportional hazards modeling and propensity score-
matched analysis were used to evaluate OS across the two treatment groups. Covariates associated
with patients undergoing surgery were evaluated using multivariable logistic regression. Survival
outcomes based on surgical approach were evaluated in a propensity score-matched subgroup
analysis that compared wedge resection against segmentectomy and wedge resection against
lobectomy.

2.4. Statistical Analysis

Patients diagnosed with stage 0 (TIS, NO, M0) with lesions no greater than 3 cm that were
classified as mucinous or non-mucinous adenocarcinoma in situ on histology from 2010 to 2018 were
grouped based on treatment modality: surgical resection versus no treatment, as shown in Figure 1.
Baseline characteristics and unadjusted outcomes were analyzed using Pearson’s chi-square test for
categorical variables and Wilcoxon Rank Sum test for continuous variables. Covariates associated
with surgical treatment were assessed using a multivariable logistic regression model that included:
age, sex, race, insurance status, income, education, facility type, distance from facility, year of
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diagnosis, Charlson Deyo Comorbidity (CDCC) score, and tumor size. An adjusted multivariable
Cox proportional hazards model was then used to assess differences in overall survival between the
two groups.

Study Population (n=1,933):
Patients diagnosed with pathologic stage Tis,
NO, MO mucinous and non-mucinous
adenocarinoma in situ of the lung from
2010-2018 captured in the National Cancer
Database.

Exclusion Criteria (n=1,036):
Received any neoadjuvant, adjuvant or stereotactic
treatment (n=189)
Study Sample (n=897): Received treatment at different care facility than
897 patients met inclusion criteria and _ receiveddiagnosis (n=70)
5 2 Had a prior or any other cancer diagnosis (n=477)
underwent propensity score matching

Lesion size > 3.0 cm (n=123)
to compare treatments. Had any missing data (n=177)

Surgical Resection (n=134) No Treatment (n=134)

Figure 1. Study Flow Diagram.

An adjusted propensity score-matched analysis of those undergoing surgical resection and those
not receiving surgery was then performed. Propensity scores were developed, defined as the
probability of patients who did not receive any treatment and those who underwent surgical
resection for stage 0 AIS, conditional on sociodemographic and prognostic variables. Covariates in
our propensity score-matched analysis included: age, sex, race, insurance status, income, education,
facility type, distance from facility, year of diagnosis, CDCC score, and tumor size. Covariates were
determined a priori to be clinically relevant. Propensity score-matching was used over inverse
probability weighting to better estimate the average treatment effect for patients.

Using a greedy 1:1 matching scheme without replacement and a radius-matching caliper of 0.01
the most appropriately matched pairs were identified. After matching, balance was assessed using
absolute standardized differences. Following propensity-score matching, Kaplan—-Meier analysis was
used to assess overall long-term survival of the two groups. Overall survival was measured from the
time of diagnosis to the time of death or last known follow-up. This model was then applied to a
secondary subgroup analysis that assessed overall survival within the surgical cohort across different
surgical approaches (wedge resection versus segmentectomy and wedge resection versus
lobectomy). Model balance and diagnostics were evaluated with no violation of major assumptions
identified. For all comparisons, a two-sided p-value of 0.05 was used to define statistical significance.
Statistical analysis was performed using Stata/MP software, version 13.1 for Mac (StataCorp, College
Station, TX).

3. Results

3.1. Predictors of Surgical Intervention and Overall Survival
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A total of 716 (79.8%) patients of 897 patients who met study inclusion criteria underwent

surgical resection for stage 0 AIS from 2010-2018. Baseline patient characteristics by treatment

modality are represented in Table 1. In univariate analysis, patients undergoing surgical resection

were more likely to be younger, female, and have smaller tumors. No significant differences were

seen across race, income, education, mean distance from the treating facility, or comorbidity score.

Table 1. Baseline Characteristics of Stage 0 AIS Patients by Treatment Group.

Non- Surgical P-value
Predictors Treatment Group
Group
181 716
Sex | Male 73 (40.3%) 180 (25.1%) <0.001
Female 108 (59.7%) 536 (74.9%)
Age, mean years (SD) 72.8 (9.7) 66.3 (9.7) <0.001
Race, n (%) | White 155 (85.6%) 597 (83.4%) 0.86
Black 13 (7.2%) 62 (8.7%)
Asian 10 (5.5%) 46 (6.4%)
Other 3 (1.7%) 9 (1.3%)
Insurance Status n (%) | Uninsured 2 (1.1%) 10 (1.4%) 0.002
Private 33 (18.2%) 235 (32.8%)
Medicaid 7 (3.9%) 30 (4.2%)
Medicare 132 (72.9%) 431 (60.2%)
Other 7 (3.9%) 10 (1.4%)
Annual Income n (%) | <$40,227 22 (13.9%) 80 (12.6%) 0.55
$40,227-50,353 33 (20.9%) 116 (18.3%)
$50,354-63,332 39 (24.7%) 140 (22.1%)
>$63,332 64 (40.5%) 297 (46.9%)
Education Percentage | >17.6% 26 (16.3%) 105 (16.6%) 0.15
Without High School
Diploma, n (%)
10.9-17.5% 43 (26.9%) 143 (22.6%)
6.3-10.8% 52 (32.5%) 175 (27.6%)
<6.3% 39 (24.4%) 211 (33.3%)
Facility Type, n (%) | Community 7 (3.9%) 24 (3.4%) 0.024
Cancer Facility
Comprehensive 84 (46.7%) 247 (34.8%)
Cancer Facility
Academic/Researc 57 (31.7%) 291 (41.0%)
h Facility
Integrated 32 (17.8%) 148 (20.8%)
Network Facility
Distance from Facility, mean 30.1 (107.9) 52.6 (237.6) 0.24
miles (SD)
Year of Diagnosis, n (%) | 2010 1 (0.6%) 4 (0.6%) 0.064
2011 2 (1.1%) 7 (1.0%)
2012 7 (3.9%) 39 (5.4%)
2013 12 (6.6%) 53 (7.4%)
2014 12 (6.6%) 97 (13.5%)
2015 21 (11.6%) 120 (16.8%)
2016 31 (17.1%) 105 (14.7%)
2017 48 (26.5%) 158 (22.1%)
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54 (29.8%)
25 (13.8%)
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133 (18.6%)

419 (585%)  0.16
205 (28.6%)

64 (8.9%)

28 (3.9%)

13.1(6.2) <0.001

Multivariable analysis evaluating independent predictors of patients with stage 0 AIS to receive

surgery are presented in Table 2. Females and younger patients were more likely to receive surgery

and those with larger tumors were less likely to receive surgery. Factors associated with survival

among patients with stage 0 AIS who received surgery are also shown in Table 2. Decreased age and

female sex were associated with a survival benefit, while black race was associated with an increased

risk of mortality compared to white race. Among the entire cohort with stage 0 AIS multivariable Cox

proportional hazards analysis revealed that surgery was associated with improved overall survival
(0.25; CI: 0.16-0.40, p <0.001).

Table 2. Predictors of Surgical Intervention and Overall Survival in Stage 0 AIS Patients.

ODDS RATIO HAZARDS RATIO
PREDICTORS (95% CI, P-VALUE)  (95% CI, P-VALUE)
SURGERY NA 0.25 (0.16-0.40, <0.001)
(REFERENCE NO
TREATMENT)
SEX (MALE VS 1.86 (1.23-2.80,0.003)  0.55 (0.36-0.84, 0.005)
FEMALE)
AGE (PER YEAR) 0.92 (0.90-0.95, <0.001)  1.05 (1.02-1.08, 0.001)
RACE Black 1.52 (0.68-3.38, 0.31) 2.08 (1.08-3.98, 0.03)
(REFERENCE
WHITE)
Asian 1.10 (0.50--2.46,0.80)  0.52 (0.15-1.78, 0.30)
Other 0.74 (0.16-3.55, 0.71) 2.89 (0.16-52.45,0.47)
INSURANCE Private 2.38(0.41-13.73,0.33) 0.9 (0.12-8.08, 0.99)
STATUS
(REFERENCE
UNINSURED)
Medicaid 1.33 (0.19-9.36, 0.78) 1.31 (0.13-12.78, 0.82)
Medicare 3.3 (0.57-19.44, 0.18) 1.07 (0.13-8.78, 0.06)
Other 1.75 (0.19-16.44, 0.63)  2.01 (0.17-24.02, 0.58)
ANNUAL $40,227-50,353 1.38 (0.68-2.81, 0.38) 0.55 (0.27-1.14, 0.11)

INCOME
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(REFERENCE
<40,227)

EDUCATION
PERCENTAGE
WITHOUT HIGH
SCHOOL
DIPLOMA
(REFERENCE
<17.6%)

FACILITY TYPE
(REFERENCE
COMMUNITY
CANCER
FACILITY)

DISTANCE
FROM FACILITY
(PER MILE)

YEAR OF
DIAGNOSIS
(PER YEAR)

CDCC SCORE
(REFERENCE 0)

PREDICTORS

TUMOR SIZE
(PER MM)

$50,354-63,332
>$63,332

10.9-17.5%

6.3-10.8%
<6.3%

Comprehensive Cancer
Facility

Academic/Research
Facility
Integrated Network
Facility
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1.64 (0.79-3.42, 0.19)
1.68 (0.78-3.60, 0.18)

0.56 (0.30-1.07, 0.08)

0.67 (0.34-1.31, 0.24)
0.92 (0.43-1.98, 0.83)

0.56 (0.20-1.56, 0.27)

0.71 (0.25-1.99, 0.51)

0.76 (0.25-2.28, 0.63)

1.00 (0.99-1.01, 0.52)

0.84 (0.75-0.94, 0.003)

0.90 (0.57-1.42, 0.65)

0.69 (0.38-1.27, 0.24)
0.90 (0.38-2.21, 0.84)

Non-Treatment
Group
0.94 (0.91-0.97, <0.001)

d0i:10.20944/preprints202503.1409.v1

0.68 (0.34-1.38, 0.29)
0.73 (0.35-1.50, 0.39)

0.91 (0.46-1.79, 0.79)

1.03 (0.51-2.08, 0.93)
1.04 (0.47-2.32, 0.91)

0.75 (0.26-2.18, 0.60)

0.62 (0.21-1.84, 0.39)

0.97 (0.32-2.96, 0.96)

1.01 (0.99-1.01, 0.55)

1.05 (0.93-1.20, 0.42)

1.35 (0.83-2.19, 0.22)

2.18 (0.25-3.81, 0.06)
1.21 (0.48-3.08, 0.69)

Surgical
Group
1.00 (0.97-1.03, 0.95)

3.2. Propensity Score-Matched Analysis
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Propensity-score matching was performed to create two groups of 134 patients diagnosed with

AIS who either underwent surgical resection or did not receive surgery. Both groups were well-

balanced after propensity-score matching as shown in Table 3. All absolute standardized mean

differences were less than or equal to 10.2.

Table 3. Propensity Matched-Score Analysis of Stage 0 AIS Patients by Treatment Group.

Absolute
Predictors Non-Treatment Surgical Standardiz
Group Group ed
Difference
(%)
134 134
Female Sex, n (%) 85 (63.4%) 82 (61.2%) 4.8
Age, years (SD) 71.8 (9.5) 72.2 (7.8) 3.9
Race, n (%) | White 112 (83.6%) 107 (79.9%) 6.1
Black 10 (7.5%) 13 (9.7%) 8.3
Asian 10 (7.5%) 11 (8.2%) 3.1
Other 2 (1.5%) 3 (2.2%) 6.2
Insurance Status, n | Uninsured 1 (0.7%) 4 (3.0%) 2.6
(%)
Private 29 (21.6%) 26 (19.4%) 52
Medicaid 4 (3.0%) 4 (3.0%) <0.1
Medicare 96 (71.6%) 97 (72.4%) 1.6
Other 4 (3.0%) 3 (2.2%) <0.1
Annual Income, n | <$40,227 18 (13.4%) 20 (14.9%) 4.6
(%)
$40,227-50,353 27 (20.1%) 30 (22.4%) 5.6
$50,354-63,332 33 (24.6%) 34 (25.4%) 1.8
>$63,332 56 (41.8%) 50 (37.3%) 9.1
Education | >17.6% 24 (17.9%) 26 (19.4%) 4.2
Percentage Without
High School
Diploma, n (%)
10.9-17.5% 32 (23.9%) 30 (22.4%) 3.5
6.3-10.8% 42 (31.3%) 50 (37.3%) 11
<6.3% 36 (26.9%) 28 (20.9%) 10.2
Facility Type, n (%) | Community 5 (3.7%) 3 (2.2%) 8.4
Cancer Facility
Comprehensive 62 (46.3%) 59 (44.0%) 4.6
Cancer Facility
Academic/Resear 46 (34.3%) 49 (36.6%) 4.7

ch Facility
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Integrated 21 (15.7%) 23 (17.2%) 3.8
Network Facility

Distance from 31.1 (116.7) 36.4 (201.4) 2.8
Facility, mean miles
(SD)

CDCC Score, n (%) | 0 69 (51.5%) 69 (51.5%) <0.1

1 38 (28.4%) 37 (27.6%) 1.6

2 18 (13.4%) 19 (14.2%) 2.3

3 9 (6.7%) 9 (6.7%) <0.1

Year of Diagnosis, 2014 2014 9.4

(IQR) (2011,2017) (2011,2017)

Tumor Size, mm 16.1 (6.8) 16.6 (7.2) 6.7

(SD)

Overall survival was significantly improved at 24-, 36-, 48-, and 60-months in the surgical group
compared to the no treatment group. OS at 24-months in the surgical group was 97.7% (95% CI: 92.9-
99.2%) compared to the no treatment group at 83.6% (95% CI: 75.9-88.9%). OS at 36-months in the
surgical group was 93.8% (95% CI: 87.3-97.0%) compared to the no treatment group at 76.3% (95% CI:
67.3-83.1%). OS at 48-months in the surgical group was 92.2% (95% CI: 84.6-96.1%) compared to the
no treatment group at 65.7% (95% Cl:54.7-74.6%). Most notably, overall survival at five years was
significantly improved in the surgical group at 85.8% (95% CI: 74.2-92.4%) compared to the no
treatment group at 62.8% (95% CI: 50.1-72.7%) (log-rank, p <0.0001) as is illustrated in Figure 2.

Two additional propensity score-matched analyses were performed among stage 0 AIS patients
who received surgery to detect a survival benefit across different surgical approaches as
demonstrated in Figure 3. In this subgroup analysis patients who underwent a wedge resection were
compared to those who received a segmentectomy and against those who underwent a lobectomy.
Among two groups of 42 patients with stage 0 AIS who underwent surgical resection there was no
significant difference in OS at five years between those who underwent a wedge resection 80.1% (95%
CI: 54.7-92.6%) compared to a segmentectomy 97.6% (95% CI: 83.9-99.7%) (log-rank, p=0.47). Further,
among two groups of 201 stage 0 AIS patients who underwent surgical resection there was no
significant difference in OS at five-years between those who underwent a wedge resection 90.8% (95%
CI: 83.8-94.8) compared to a lobectomy 94.9% (95% CI: 89.9-97.4%) (log-rank, p=0.19).
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Figure 2. Propensity-Score Matched Overall Survival of Stage 0 AIS Patients by Treatment Group.
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Figure 3. Propensity-Score Matched Overall Survival of Stage 0 AIS Surgical Patients by Surgical Approach.
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4. Discussion

This study compared OS among patients with stage 0 AIS of the lung who received surgical
treatment to those who received no treatment and found that OS was significantly improved at 24-,
36-, 48-, and 60-months in the group who received surgery. No significant differences in OS were
found across varying surgical approaches: wedge resection versus segmentectomy and wedge
resection versus lobectomy for stage 0 AIS of the lung. Further, comorbidity score was not found to
be a significant predictor of OS for patients who underwent surgery.

These findings suggest that surgical resection improves OS in stage 0 AIS of the lung and are
consistent with other international studies that indicate a survival benefit associated surgical
resection for stage 0 AIS, regardless of surgical approach [4,5,7,12,14]. This study contributes to the
existing literature by demonstrating a survival benefit in stage 0 AIS patients when directly compared
to patient who underwent surveillance and received no treatment.

Still, there are several notable limitations of this study. While we aimed to reduce bias and
confounding by performing a multivariable prediction model for surgical intervention and survival,
this study is retrospective and still has the potential for confounding and selection bias. There is also
a possibility that patients in the nonsurgical group had missed invasive disease and incorrectly staged
with AIS of the lung. That is, patients who underwent surgery likely had a more comprehensive
pathologic evaluation of their tumor compared to those who did not receive surgery, thus there is a
higher potential for nonsurgical patients to have missed invasive disease. However, we attempted to
reduce this likelihood by excluding all patients who received any cancer diagnosis during the period
of the study, as it would be unlikely that nonsurgical patients diagnosed with stage 0 AIS of the lung
would have an unrecognized invasive component or missed upstaging long-term.

Additionally, it is important to recognize that nonsurgical patients with stage 0 AIS of the lung
may be underreported in the NCDB, especially in cases where patients are diagnosed by
interventional pulmonologists rather than surgeons, as the NCDB is primarily directed for use among
surgeons. Other limitations of the NCDB include lack of data on pulmonary function testing,
smoking, frailty, cancer recurrence, and the use of a comorbidity index rather than providing
individual comorbidities.

This study was limited by small sample sizes as this clinical situation, while becoming more
common, is still fairly unique. This is especially notable for the surgical subgroup that underwent
segmentectomy versus wedge resection for stage 0 AIS, which showed no difference in treatment
modalities. However, we note that a difference may be appreciated if analyzed under a larger sample
size. Lastly, the follow-up period in this study was relatively short for an indolent disease and
additional studies with longer follow-up periods would add to the evidence presented in this study.

Still, this study is the first of its kind to shed light on survival outcomes based on treatment
modality for Stage 0 AIS of the lung in a United States population. Accordingly, this data may be
more appropriately generalized to the U.S. patient population when compared to the current
literature. Our findings support long-term survival benefits for patients with Stage 0 AIS of the lung
who undergo surgical resection compared to those who do not receive treatment. These results also
demonstrate the ability to achieve long-term survival benefits by performing a wedge resection when
compared to more aggressive operations such as a lobectomy for these patients.

5. Conclusion

In this national analysis of patients with stage 0 AIS of the lung, surgery was associated with
improved OS at 24-, 36-, 48-, and 60-months compared to those who underwent routine surveillance
and received no treatment. While surgical treatment for stage 0 AIS has been increasing, it is still not
a widely adopted practice. This study supports surgeons performing surgical resections for stage 0
AIS patients of the lung and suggests that a wedge resection achieves similar long-term survival
benefits when compared to a lobectomy among this population.
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ACS: American College of Surgeons
AIS: Adenocarcinoma in Situ
CDCC:  Charlson Deyo Comorbidity
CoC: Commission on Cancer

GGN: Ground-Glass Nodule

ICD-0-3: International Classification of Diseases for Oncology, 3rd edition
NCDB: National Cancer Database

NSCLC: Non-Small Cell Lung Cancer

Os: Overall Survival
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