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Abstract

Background Lung cancer is a leading cause of cancer-related mortality. Non-small cell lung cancer (NSCLC) com-
prises 85% of cases with rising incidence among never-smokers (NS). This study seeks to compare clinical, imaging,
pathology, and outcomes between NS and ever-smokers (S) NSCLC patients to identify significant differences if any.

Methods Retrospective cohort study of 155 NSCLC patients (88 S and 67 NS). The main predictor was smoking. Clini-
cal, imaging, and pathology findings were evaluated at initial biopsy for staging. The primary outcome was all-cause
mortality, and the secondary outcome was 12-month progression-free survival.

Results Imaging: NS and S had similar nodule size (0.81), calcification (>0.99), and invasion of adjacent structures

(>0.99) (p values). NS slightly trended to more commonly involve the RLL vs S the RUL (p=0.11). NS had higher num-
bers of extrathoracic metastases at initial biopsy for staging (p=0.055).

Pathology: NS more commonly had adenocarcinoma compared to S, who had equal numbers of adenocarcinoma
and squamous cell carcinoma (p=0.001). Rates of lymphovascular and pleural invasion were similar (p=0.84 and 0.28).
Initial staging: NS were more often initially diagnosed with stage IV disease (p =0.046), positive nodal disease
(p=0.002), and metastatic disease (p=0.004).

Outcomes: S had a non-significant trend toward worse 12-month progression-free survival (rate ratio=1.31, p=0.31;
HR=1.33,p=0.28). NS and S had similar 1-year all-cause mortality (HR=1.06, p=0.90). S had nearly double the risk

of all-cause mortality in 5 years (HR=1.73, p=0.056) and 10 years (HR=1.77, p=0.02). Median survival was 6.6 years
for NS and 3.9 years for S, with NS surviving 2.7 years longer on average (p=0.045).

Conclusions CT nodule features were similar in NS and S. NS more often had metastatic adenopathy, distant metas-
tases, and stage IV disease at initial biopsy. Despite similar 12-month progression-free survival and 1-year all-cause
mortality, S had nearly double the risk of mortality in the first 5 and 10 years post-diagnosis.

Trial registration Retrospectively registered.
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Background

Lung cancer continues to have the highest incidence and
mortality worldwide [1, 2]. Adenocarcinoma is the most
common histologic subtype of lung cancer in the USA
[2]. There is higher incidence of lung cancer in men,
being the most common cause of death from malignancy
in both men and women [2, 3]. The economic cost of car-
ing for patients with lung cancer in the USA is over $12
billion per year [3].

NSCLC comprises about 85% of lung cancers including
adenocarcinoma, squamous-cell carcinoma, and large-
cell carcinoma [3]. Prognosis is directly related to stage at
initial presentation, with 5-year survival ranging as high
as 77% for stage IA to 1 to 2% for stage IV [4]. Treatment
selection remains dependent on accurate staging [2, 4].

Clinical presentation of lung cancer is varied [2]. About
one third of patients present with symptoms of distant
metastases, and bone pain is present in up to 20% of all
patients at presentation [2]. Other organs involved may
include contralateral lung, liver, adrenal glands, lymph
nodes, brain, and spinal cord [2].

The most important risk factor for lung cancer is ciga-
rette smoking [5]. About 80—-90% of lung cancers cases are
related to smoking [6]. Recent medical reports found that
lung cancer rates were increasing among youth and never-
smokers (NS) [1]. Reports show utilizing low-dose lung
cancer screening CT lowers mortality in smokers (S) [4, 7,
8]. However, no such screening method exists for NS.

Scarce data is available for characterization of clinical,
imaging, pathology, and outcomes in NS compared to S
NSCLC patients. In this study, we investigate if any sig-
nificant differences between NS and S exist, in particular
regarding chest CT imaging findings, initial staging, loca-
tion of metastatic disease, and outcomes, including all-
cause mortality and 12-month progression-free survival.

Methods

Study design

This study protocol was reviewed by our institution
and followed our institutional guidelines to obtain IRB
approval (ID# 00105708). Due to the retrospective nature
of the study, patient consent was waived. Deidentified
data are available from the corresponding author only
upon reasonable request. Previous power calculations
indicated a total of > 130 patients were adequate to deter-
mine statistical significance of primary and secondary
outcomes between S and NS groups.

Participants

We gathered electronic medical record information from
a tertiary level healthcare system including hospitals in
Utah, Idaho, Colorado, Nevada, Wyoming, and Montana
in addition to a large regional cancer institute. This was a
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retrospective cohort study design, and all patients were
diagnosed and managed according to standard of care
practices at the time. Detailed evaluation of the treat-
ments offered and performed for this patient cohort was
outside of the scope of this study and was not evaluated.
We included 155 patients who underwent initial non-
small cell lung cancer staging with PET-CT or CT alone
between 11/11/2010 and 10/13/2022 (Fig. 1).

Inclusion criteria
Eligible participants were adults aged 18 years or older
with a confirmed histopathological diagnosis of NSCLC.

Exclusion criteria

Participants < 18 years of age, those missing histopatho-
logical diagnosis of the tumor, those without electronic
medical records, or undocumented smoking status were
excluded. In addition, those without initial imaging stag-
ing prior to treatment, insufficient data for clinical stag-
ing, or no follow-up medical records data were also
excluded.

Data collection

Clinical, demographic, and follow-up survival data were
extracted from electronic health records. Variables col-
lected included age, race, sex, body mass index (BMI),
smoking history, cancer histology, stage, size, and follow-
up outcomes. Treatment regimens, including surgery
and radiation therapy, were not recorded or evaluated as
part of this study. NSCLC staging was evaluated based
on the American Joint Committee on Cancer (AJCC)
8th Edition staging manual. Pathology and radiology
imaging data was retrieved from the hospital electronic
medical records (EMR) system. Lung nodules and lung
parenchyma were prospectively evaluated by a fellow-
ship-trained cardiothoracic radiologist (JRB). Follow-up
and outcomes data were recorded at 12 months and 36
months starting at the time of initial biopsy for staging.
Follow-up and outcomes data obtained from the EMR
included disease status (complete remission, partial
remission, stable disease, or progressive disease accord-
ing to Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST v1.1 [9]), location of disease pro-
gression (as applicable), mortality status, and cause of
death (as applicable).

Predictor and outcome variable definitions

The primary predictor variable was history of smoking. A
nonsmoker was defined as a never smoker (n=67). Ever
smoker was defined as a prior smoker or current smoker
(n=88). The number of pack years was not used in the
smoker definition.
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Fig. 1 Patient selection flowchart

The primary outcome variable was absence of overall
survival, which is all-cause mortality (death from any
cause). There were 73 who died and 82 who did not die
during the 10-year follow-up time. Time to death was
limited to the time between biopsy and death, or time
between biopsy and end of follow-up.

The secondary outcome variable was 12-month pro-
gression-free survival, which is generally defined as the
time between treatment (end of treatment) and first
occurrence of disease progression or all-cause mortal-
ity. In a clinical trial of a specific cancer treatment regi-
men, this definition is straightforward and is modeled
with a time-to-event analysis, commonly using Kaplan—
Meier graphs and Cox regression. In our observational
study, the treatment was whatever the physician deter-
mined was best for the patient, so end of treatment was

not a consistent starting point for the follow-up period.
To provide a consistent starting point, we began follow-
up at the time of biopsy. Our outcome event was dis-
ease progression at 12 months, so absence of 12-month
progression-free survival. A patient had 12-month
progression-free survival if either the patient was still
alive and had complete remission, partial remission,
or stable disease at 12 months or the patient was still
alive and had complete remission, partial remission,
or stable disease at end of follow-up if end of follow-
up was less than 12 months. Absence of 12-month
progression-free survival, or 12-month disease progres-
sion, was assigned if the patient either died within 12
months or had progressive disease at 12 months or had
progressive disease at end of follow-up if follow-up was
less than 12 months. The 12-month disease progression
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outcome was determined by manual chart review of the
electronic medical records.

Statistical analysis

For variables other than the primary outcomes, S were
compared to NS using a chi-square test; or if the data
were sparse, using Fisher exact test for binary categori-
cal variables or Fisher-Freeman-Halton test for categori-
cal variables with more than two categories. For ordered
categorical variables, the comparison was made using a
Wilcoxon-Mann—Whitney test. For continuous variables,
an independent sample ¢-test was used.

For the primary outcome of all-cause mortality, a Cox
regression model was fitted and graphed with a Kaplan—
Meier plot. For the secondary outcome of 12-month dis-
ease progression, a Cox regression model is not a strictly
correct analysis approach, as the data are not all inci-
dence data (time to event data). Instead, the 12-month
disease progression variable is a combination of death
incidence and disease progression prevalence, as time to
death is noted when death occurs in an incidence fashion,
whereas disease progression is measured at the last clinic

Table 1 Baseline patient characteristics
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visit in the patient record if lost-to-follow-up before 12
months, or the disease progression status at 12 months if
the patient had further clinic visits after 12 months.

We also fit a strictly correct analysis. Given unequal
follow-up times, due to death or lost to follow-up, we fit a
Poisson regression model, modeling rates (cases/person-
time), where Poisson regression permits the incidence
and prevalence mix, as it is not a strict time-to-event
incidence analysis like Cox regression. We displayed the
association with a Kaplan—Meier plot so the reader can
see when death events (a strong form of disease progres-
sion) and losses to follow-up (censoring) occurred.

We then fit multivariable models, controlling for
potential confounders. The potential confounders are
the patient characteristic variables (baseline variables)
shown in Table 1. The pathology and radiology variables
(Table 2) are intermediate variables, rather than con-
founders, as they could be related to smoking by being
an early outcome of smoking, so it is not correct to con-
trol for those. Patient characteristic variables where ini-
tially included in the multivariable models if they have
p<0.20, except for history of COPD which was too highly

Variable Ever-smoker [n =88] Never-smoker [n=67] p value
Smoking status, n (%) -

Current smoker 15(17)

Prior smoker 73(83)

Never smoker 0(0) 67 (100)

Pack years of smoking, median (IQR?) 35 (20, 60) 0(0,0) -
Female sex, n (%) 37 (42) 45 (67) 0.002
Age, mean +SD?, years 69+8 62+13 <0.001
min—-max 52-90 22-87

Race/ethnicity, n (%) 0.67

African American 1(1) 2(3)

Latinx 5(6) 609

White 76 (86) 56 (84)

Other 6 (7) 34
Body mass index, mean = SD, kg/m? 26+6 26+6 0.73
Family history of lung cancer, n (%) 11012) 8(12) 0.94
History of chronic obstructive pulmonary disease (COPD), n (%) 42 (48) 1(1) <0.001
History of interstitial lung disease (ILD), n (%) 0(0) 1(1) 043
Type of ILD, n (%)

Usual interstitial pneumonia (UIP), n (%) 0(0) (1) 043
History of non-lung cancer, n (%) 2537) 33(38) 0.98
History of prior radiation therapy to the chest or neck, n (%) 3(3) 3(4) >0.99
Known history of asbestos exposure, n (%) 3(3) (M 0.63
History of type 2 diabetes mellitus (DM), n (%) 19 (22) 12 (18) 0.57
History of chronic liver disease, n (%) 3(3) 3(4) >0.99
History of chronic kidney disease, n (%) 6 (7) 1(1) 0.14

? QR interquartile range (25th, 75th percentile), SD standard deviation; boldface values indicate statistical significance
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Table 2 Pathology and radiology variables
Variable Ever-smoker [n =88] Never-smoker [n=67] p value
Follow-up time

10-year overall survival follow-up period median follow-up time 51408 39+06 0.24
(KM-PF)?, median + SE?, years

1-year progression-free survival period median follow-up time (KM-  11.5+1.7 12+1.7 0.78
PF), median +SE*, months
Pathology

Fine needle aspiration (FNA), n (%) 82 (93) 53 (80) 0.02
Cell type, n (%) <0.001

Adenocarcinoma 42 (48) 51(76)

Adenosguamous 2(2) 1(1)

Squamous 38 (43) 10 (15)

Large cell 0(0) 1(1)

Poorly differentiated 6(7) 4(6)

Surgical excision, n (%) 25 (28) 32 (48) 0.01
Cell type on surgical path, n/N (%) 0.22

Adenocarcinoma 14/25 (56) 23/32(72)

Adenosguamous 1/25 (4) 0/32 (0)

Squamous 10/25 (40) 8/32 (25)

Large cell 0/25 (0) 0/32 (0)

Poorly differentiated 0/25 (0) 1/32 (3)
Subtype (if applicable), n/N (%) 0.21

Acinar 8/15 (53) 6/24 (25)

Papillary 0/15(0) 4/24 (17)

Bronchoalveolar 0/15 (0) 3/24(12)

Poorly differentiated 4/15 (27) 7/24(7)

Other 0/15(0) 1/24 (1)

Acinar and papillary 2/15(13) 2/24 (8)

Acinar and papillary and bronchoalveolar 0/15(0) 1/24 (4)

Acinar and large cell 1/15(0) 0/24 (0)

Size of tumor, mean +SD, cm? 30+83 30+59 0.98

Greatest dimension, mean +SD, mm 28+15 29+21 0.87
Tumor genotype, n (%) <0.001

No genotyping 32(37) 18 (29)

EGFR 6(7) 20(32)

ALK 1(1) 6(10)

MET (1) 0(0)

BRAF (1) 3(5)

RAS 809 1)

HER2 1(1) 2(3)

Other 33(38) 9(15)

EGFR and other 0(0) 102)

EGFR and ALK 0(0) 2(3)

EGFR and RAS 1(1) 0(0)

HER2 and other 1(1) 0(0)

ROSI and other 1(1) 0(0)
Lymphovascular invasion, n (%) 9/25 (36) 9/27 (33) 0.84
Pleural invasion, n (%) 12/25 (48) 9/27 (33) 0.28
Radiology
Location of nodule, n (%) 0.11

RLL 22 (25) 24 (36)
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Table 2 (continued)
Variable Ever-smoker [n =88] Never-smoker [n =67] p value
RML 3(3) 8(12)
RUL 30 (34) 16 (24)
LLL 9(10) 9(13)
Lingula 2(2) (1)
LUL 22(25) 9(13)
Nodule size in 2 dimensions, mean +SD, cm? 17+26 16+21 0.81
Missing data (n=3)
Greatest dimension, mean +SD, mm 40+27 41+26 0.88
Missing data (n=3)
General nodule morphology, n (%) 047
Solid 81(92) 56 (88)
Part solid 7 (8) 7(11)
Nonsolid or ground glass 0(0) 102)
Missing data (n=3)
Suspicious morphology (if applicable), n (%) 0.050
None 3(3) 1(2)
Spiculated 23 (26) 16 (27)
Lobulated margin 28 (32) 14 (24)
Cystic/cavitary components 8(9) 5(8)
Part solid 3(3) 2(3)
Spiculated and lobulated margin 7(8) 18 (31)
Spiculated and cystic/cavitary components 4(5) 0(0)
Spiculated and part solid 2(2) 102)
Lobulated margin and cystic/cavitary component 3(3) 0(0)
Spiculated and lobulated margin and cys/cav comp 5(6) 23
Lobulated margin and cys/cav comp and part solid 1(1) 0(0)
Missing data (n=3)
Nodule calcifications, n (%) 4(5) 3(5) >0.99
Missing data (n=3)
Nodule invades adjacent structures on CT, n (%) 66 (75) 48 (75) >0.99
Missing data (n=3)
Single or multiple nodules, n (%) 0.75
Single nodule 38 (43) 26 (47)
Multiple nodules >4 mm 50(57) 38(59)
Missing data (n=3)
Total nodules, n (%) 0.67
Single nodule 38 (43) 26 (47)
<10 nodules>4 mm 36 (41) 26 (41)
10 or more nodules >4 mm 14 (16) 12(19)
Missing data (n=3)
Underlying lung disease on staging CT, n (%) <0.001
Absent 36 (41) 61 (95)
Emphysema 50(57) 12
Interstitial lung disease 2(2) 2(3)
Missing data (n=3)
Enlarged mediastinal or hilar LNs at staging, n (%) 45 (51) 37 (58) 041
Missing data (n=3)
Extrathoracic metastases on staging imaging, n (%) 24(27) 27 (42) 0.055
Missing data (n=3)
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Table 2 (continued)

Variable Ever-smoker [n =88] Never-smoker [n =67] p value

Metastases location at staging, n (%)b
None 32 (36) 20 (31) 0.51
Lung 33(38) 36 (56) 0.02
Mediastinal/ipsilateral hilar LN 44 (50) 34 (53) 0.70
Contralateral LN 14 (16) 10 (16) 0.96
Distant LNs 11(12) 16 (25) 0.047
Pleura/pericardium 15(17) 13 (20) 061
Bone 9(10) 12 (19) 0.13
Liver 303 3(5) 0.70
Brain 8 8(12) 0.50
Adrenal 8 4 (6) 0.52
Other 5 4 (6) 0.88
Missing data (n=3)

Primary nodule FDG avid on PET (if applicable), n (%) 0.59
Yes 78 (90) 55 (86)
No 0(0) 1(2)
No PET 9(10) 8(12)
Missing data (n=3)

2 SE standard error, KM-PF Kaplan-Meier estimate of potential follow-up time

b Percentages sum to greater than 100% because multiple metastases locations occurred in the same patient; boldface values indicate statistical significance

collinear with smoker, and then eliminated in an iterative
backwards elimination fashion. Variables were retained
in the final model if they had p<0.10 or their inclusion
changed the relative risk (hazard ratio or rate ratio) for
the smoker variable by 10% [10].

For the 10-year overall survival analysis, we com-
puted the median survival times from the Kaplan—Meier
curves. To obtain a significance test, we fit a parametric
survival regression model that assumed an exponential
survival distribution and obtained the median survival
times using post-fit marginal estimation (the predicted
median time to event) and compared them using a post-
fit Wald test.

To confirm that follow-up time bias was not present,
we compared the follow-up times between S and NS,
which is different than time to event. Reporting average
follow-up time as a separate variable is problematic, since
follow-up time to an event, follow-up time to censoring,
and follow-up time with events and censored observa-
tions combined are all highly influenced by the time to
event, and so are biased estimates of follow-up time [11].
To avoid a biased estimate, the median follow-up times
for the smoker and never smoker groups were estimated
using the Kaplan—Meier estimate of potential follow-up
(KM-PF), which is Method 5 described by Schemper and
Smith [11]. This method uses the censoring event as the
outcome in place of the event itself, then fits a parametric
survival regression, followed by using post-fit marginal

estimation to obtain the median times to censoring, and
finally compares these estimates with a post-fit Wald
test. For a deceased patient, the unobservable follow-up
time is interpreted as the follow-up time that potentially
would have occurred if the patient had not died. Statisti-
cal analyses were performed using R version 4.3.1.

Results

Clinical characteristics

We evaluated 155 patients with NSCLC over 10 years.
Of these, 56.8% (88/155) were S. S were older (69-
vs 62-year-old; p<0.001) and more often male (58%
(90/155); p=0.002). The proportion of females and males
significantly differed by smoking status, indicating a gen-
der bias toward smoking habits. Otherwise, the S and
NS groups had similar clinical characteristics (Table 1).
A majority of patients did not have COPD, including
both the S (52%) (42/88) and NS groups (99%) (1/67)
(p<0.001). Of the 88 S, mean pack years was 43+33
years, and only 17% (15/88) were current smokers at the
time of initial NSCLC diagnosis.

Our study included 60% symptomatic and 35.5%
asymptomatic patients (remaining 4.5% had symptoms
not reported). The largest ethnic group in our study was
white (85%) (132/155). Only 9.7% of patients had a family
history of lung cancer. The indication for chest CT was
most commonly to evaluate a pulmonary nodule previ-
ously identified on prior imaging, followed by “abnormal
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chest radiography,” and patients complaining of respira-
tory symptoms.

In each of the multivariable models, all variables in
Table 1 were initially considered as potential confound-
ing variables. Only the variables female sex, age in years,
and history of chronic kidney disease had a p<0.20, so
the initial multivariable models included all 3. History of
obstructive pulmonary disease (COPD) was not included
in the model, due to collinearity with the smoker variable.
All of the potential confounding variables dropped out of
the models using iterative backwards variable selection,
all being non-significant, so the multivariable models
were identical to the univariable model that included only
smoker as the predictor variable. This occurred in every
model fitted. The median follow-up times were simi-
lar between S and NS, both for the overall survival and
12-month progression-free survival outcomes (Table 2).

Imaging and pathology findings
Patients in S and NS groups more commonly had no
underlying parenchymal lung disease (65%) at initial
staging CT or PET/CT (Additional file 1: Fig. S1). Nod-
ule/mass morphology on CT was solid (91.6%), sub-
solid (7.7%), and nonsolid or ground glass (0.7%). Solid
nodules/masses were most commonly adenocarcinoma
followed by squamous subtype (66% and 35%, respec-
tively). Subsolid and ground glass nodules/masses were
exclusively adenocarcinoma. The smallest tumor was
11 mm and the largest was 143 mm (greatest dimen-
sion). Mean tumor size in NS was 77 mm vs 76 mm in S
(p=0.81). Only 4.5% of tumors contained calcifications,
predominantly those with adenocarcinoma followed by
the squamous subtype. Nodules/masses with suspicious
morphology were as follows: 27% spiculated margins or
partially spiculated margin, 30% lobulated margin, 9%
cystic/cavitary, 3% part solid nodules, and 3% partially
lobulated margin. Spiculated nodules/masses were pre-
dominantly adenocarcinoma (66.6%), followed by the
squamous subtype (28%). Partially spiculated nodules/
masses were more commonly associated with the adeno-
carcinoma subtype (74%). The majority of lobulated and
partially lobulated nodules/masses were adenocarcinoma
(59%). Nodules/masses with cystic/cavitary components
were predominantly squamous subtype (51.8%) (Table 2,
Additional file 1: Fig. S2). Missing data due to unavailable
outside chest CT imaging for three NS patients.
Nodules/masses in S were more commonly multiple
(55.7%), solid (92%), and lobulated or spiculated (50%
and 46.6%, respectively). S nodules/masses frequently
invaded adjacent structures (73.9%) on imaging and
pathology. Nodules/masses in NS were multiple (56.7%),
solid (83.6%), and spiculated or lobulated (55.2% and
49.3%, respectively), also frequently invaded adjacent
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structures (71.6%). A large majority of tumors in NS were
adenocarcinoma (77.9%) versus an even split of adeno-
carcinoma and squamous cell carcinoma in S (49.4% and
43.7%, respectively). Only one patient had large cell type,
and she was a never-smoker. Nearly equal numbers of S
(6.9%) and NS (5.9%) had poorly differentiated carcinoma
(Table 3).

Tumor location was most commonly in the RUL
(30.2%), followed by RLL (28.9%), and LUL (19.7%). The
least common location was the lingula (2%). NS more
commonly had tumors in the RLL (35.8%), with S in the
RUL ((34%); p=0.11). Adenocarcinoma nodules most
commonly were in the RLL (29.5%) followed by the RUL
(27.3%). Squamous tumors most commonly were in the
RUL (42.9%), followed by the RLL (26.5%).

Nearly all malignant nodules/masses showed FDG-
avidity on PET/CT. However, 0.6% of adenocarcinoma
subtype did not show increased FDG activity. Adeno-
carcinoma was the most common subtype on surgical
histopathology analysis. Both S and NS had similar rates
of lymphovascular invasion (p=0.84). All patients with
local-regional and distant metastases had lymphovas-
cular invasion. Tumors invading adjacent structures on
CT were not always associated with enlarged mediasti-
nal or hilar lymph nodes or extrathoracic metastases on
staging. Locations of metastases at staging were most
commonly ipsilateral/contralateral lung, mediastinal or
ipsilateral/contralateral lymph nodes, followed by distant
lymph nodes. Excluding lung and lymph nodes, the most
common distant metastases locations were, in descend-
ing order, bone, brain, adrenals, and liver (Table 4).

Initial staging

NS was more often initially diagnosed with stage IV dis-
ease (p=0.046), positive nodal disease (p=0.002), and
metastatic disease (p=0.004) compared to S. S are more
commonly diagnosed at TNM stage T1 and AJCC stage I
and III compared with NS (Table 5).

Clinical outcomes and follow-up

The collective mortality rate for our NSCLC patients
over a 3-year period was 47% with NSCLC being the
primary cause of death in most. S had nearly double the
risk of all-cause mortality (worse overall survival) in the
first 5 years following biopsy (HR=1.73, 95% CI: 0.99 to
3.02, p=0.056) (Table 6), as well as in the first 10 years
(HR=1.77, 95% CI: 1.10 to 2.82, p=0.02) (Table 6 and
Fig. 2). The median survival time for NS was 6.6 years
or 79.2 months (95% CI: 4.2 to 9.0) and for S was 3.9
years or 46.8 months (95% CI: 2.7 to 5.0), with NS sur-
viving 2.7 years longer on average (95% CI: 0.1 to 5.4)
(p=0.045) (Table 7). A 1-year increase in risk, however,
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Table 3 Radiology-pathology correlation of NSCLC nodules at initial staging
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Nodule Nodule consistency and Size of Rate of Nodules with suspicious  Nodule morphology with associated
morphology associated NSCLC cell nodules calcification morphology NSCLC cell type
onCT type (range) (punctate or
amorphous)
Solid-91.6%  Solid nodules 11-143mm  4.5%, Spiculated/partially Spiculated nodules

66% adenocarcinoma

Subsolid-7.7%

35% squamous

predominantly

spiculated margins -27%

adenocarcinoma

followed by the

Nonsolid/ squamous
Ground glass- Subsolid and ground
0.7% glass nodules

100% adenocarcinoma

Lobulated/partially
lobulated margins-33%,

Cystic/cavitary-9%

Part solid nodules -3%

66.6% adenocarcinoma
28% squamous

Partially spiculated
74% adenocarcinoma

Lobulated/partially lobulated
nodules
59% adenocarcinoma

Nodules with cystic/cavitary
components
51.8% squamous

Part solid and nonsolid nodules
100% adenocarcinoma

Table 4 Location of nodules and metastases on imaging at initial staging. Relationship of metastatic disease with lymphovascular

invasion
History of Nodule Most common Most common Findings on PET CT Location of metastases at Staging Lymphovascular | Lymphovascular invasion with
Smoking location location location according invasion associated metastases
to NSCLC subtype
S- i}L‘L- RUL-34% Adenocarcinoma Avid — All subtypes Most commonly ipsilateral/contralateral 10% Lymphovascular invasion was
Current/prior 2% RLL-29.5% lung, mediastinal or ipsilateral/contralateral associated with 47% local, loco-
smoker RUL-27.3% Non-avid Ilymph nodes, followed by distant lymph regional and distant metastases.
RLL- 0.6% of nodes
28.9% adenocarcinoma All patients with local-regional
Squamous The least common location of distant and distant metastases had
NS- LUL- RLL-32.8% RUL-42.9% metastases were, in order, bone, brain, 13.4% Ilymphovascular invasion.
Non/Never 19.7% RLL-26.5% adrenals, and liver
smokers
Lingula-
2%

RUL right upper lobe, RLL right lower lobe, LUL left upper lobe, NSCLC non-small cell lung cancer

was not demonstrated (HR =1.06, 95% CI: 0.45 to 2.51,
p=0.90) (Table 6 and Fig. 3).

S had a non-significant slight trend of increased
prevalence of disease progression at 12 months (worse
12-month progression-free survival) (Poisson regres-
sion rate ratio=1.31, 95% CI: 0.78 to 2.20, p=0.31),
with a similar non-significant slight trend when mod-
eled with Cox regression (HR=1.33, 95% CI: 0.79 to
2.25, p=0.28) (Table 6 and Fig. 3).

Cause of death in the NS cohort was 23/29 (79.3%), 4/29
(13.8%), 1/29 (3.4%), and 1/29 (3.4%), respectively, for
NSCLC-related, cancer other than NSCLC, noncancer-
related, and unknown cause. For the S cohort, respective

cause of death according to these same four categories was
35/44 (79.5%), 3/44 (6.8%), 5/44 (11.4%), and 1/44 (2.3%).

Discussion

Our study was performed to determine if any signifi-
cant differences between NS and S exist regarding chest
CT imaging findings, initial staging, location of meta-
static disease, and outcomes, including all-cause mortal-
ity and 12-month progression-free survival. Our most
critical finding was a similar poor prognosis for both S
and NS with NSCLC. The collective mortality rate for
our NSCLC patients over a 3-year period was 47% with
NSCLC being the primary cause of death in most. Data
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Table 5 Comparison of AJCCTNM stages by smoking status

Ever-smoker

Never-smoker

TNM stage N (%) N (%) p value
All patients 88 67
T-stage 0.054
Tla 4(4.5) 1(1.5)
T1b 13(14.8) 11(164)
T1c 7(8.0) 2(3.0)
T2 2(23) 8(11.9)
T2a 14 (15.9) 12(17.9)
T2b 10(11.4) 5(7.5)
T3 14 (15.9) 9(134)
T4 24(27.3) 19 (284)
N-stage 0.002
NO 46 (52.3) 25(37.3)
N1 10(11.4) 15(22.4)
N2 16 (18.2) 20(29.9)
N3 16 (18.2) 7(104)
M-stage 0.004
MO 57 (46.8) 33 (493)
M1 334 0(0)
M1a 10(11.4) 9(134)
M1b 5(5.7) 9(134)
M1c 11(12.5) 16 (23.9)
M2 2(23) 0(0)
AJCC 8th Edition stage 0.046
IA 1(1.1) 0(0)
IA1 2(23) 0(0)
I1A2 12(13.6) 8(11.9)
IA3 3(34) 0(0)
1B 10(11.4) 3(45)
1A 5(57) 2(3.0)
1B 4 (4.5) 7(104)
A 10(11.4) 5(7.5)
1B 7(8.0) 3(4.5)
Inc 4(4.5) 1(1.5)
IVA 14 (15.9) 19 (284)
IVB 16(18.2) 19 (284)

Boldface values indicate statistical significance

from the Surveillance, Epidemiology, and End Results
(SEER) database report a 5-year OS of 44.9% [12].

The two groups were well-matched in a variety of
clinical variables save for age, sex, and COPD. However,
despite the health advantages provided by younger age,
female sex, and healthy underlying lung parenchyma in
the NS group, smoking status had no significant differ-
ence in all-cause mortality at 1-year and 12-month pro-
gression-free survival outcomes. However, there was a
significant divergence in overall survival outcomes after
1 year, with S having nearly double the risk of NS for
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all-cause mortality at 5-year and 10-year follow-up. Simi-
lar findings were noted in a 2021 Cleveland Clinic study
of stage I S vs NS NSCLC patients undergoing primary
resection of NSCLC [13]. Also, we found the median sur-
vival time for NS was 2.7 years longer on average than S.
The median survival time of 46.8 months for our S cohort
was very similar to the SEER database median survival
time of 48.5 months [12].

Smoking status significantly affects disease-free sur-
vival in NSCLC patients [14]. In the USA, tobacco use,
in the form of cigarette smoking, is the leading prevent-
able cause of cancer and cancer death, and smoking ces-
sation reduces the risk over time and can improve overall
survival in NSCLS patients [15, 16]. In NS, the propor-
tion of lung cancer deaths is increasing [17]. Studies show
that compared to NS, the risk may remain elevated for
close to 30 years [8]. In a study including patients from
the USA, China, South Korea, UK, and Australia, an esti-
mated 2.2 million new lung cancer cases and 1.8 million
lung cancer-related deaths occurred in 2020 [8]. Studies
showed life expectancy of 6 years from initial diagnosis,
and 5-year mortality rate of 70.6% in NSCLC patients [8].

Only 60% of the NSCLC patients in our study were
symptomatic. This suggests that many lung cancers were
incidental discoveries. Other investigators have found
that most patients with symptoms have advanced disease,
and symptoms result from the primary tumor invading
adjacent structures and/or causing obstruction, metasta-
ses, or systemic manifestations including paraneoplastic
syndromes [2, 4]. The most common indication for chest
CT leading to the diagnosis of NSCLC in our study was
a pulmonary nodule identified on prior imaging study.
Some patients in the S cohort had low-dose lung cancer
screening CT (LDCT) beginning in 2013-2014, which
ultimately led to their NSCLC diagnosis. This may have
contributed to a majority of S being diagnosed at stage
IIIA or lower. These findings add to the preponderance
of evidence supporting the utility of the LDCT program
[18]. Additional investigation of why S had lower stage
disease at initial diagnosis compared with NS and the
potential influence of LDCT is needed.

Unfortunately, no such screening program exists for
NS, which might explain why most NS patients in our
study were diagnosed at stage IIIA or higher. NS patients
were more likely to have metastatic adenopathy, distant
metastases, and more extrathoracic metastases at initial
diagnosis compared to S. Our findings differ from what
was reported in a single study of patients in China with
predominantly adenocarcinoma [19]. The difference
likely relates to their using a cohort of patients undergo-
ing surgical lung resection, with a bias toward lower stage
tumors. We had no such bias, including all patients diag-
nosed with NSCLC during a predetermined study period.
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Table 6 Primary outcome variables regression models (n=155)
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Outcome variable Regression model®

Relative risk® (ever-smoker (S):never-smoker (NS))

10-year all-cause mortality

Cox
5-year all-cause mortality

Cox
1-year all-cause mortality

Cox
12-month disease progression

Cox
12-month disease progression

Poisson

Deaths:
S:44/88 (50%)
NS: 29/67 (43%)

HR=1.77,95% Cl (1.10, 2.86), p=0.02

Deaths:
S: 35/88 (40%)
NS: 19/67 (28%)

HR=1.73,95% Cl (0.99, 3.02), p=0.056

Deaths:
S:12/88 (14%)
NS: 9/67 (13%)

HR=1.06, 95% Cl (045, 2.51), p=0.90

Disease progression or death
S:37/88 (42%)
NS: 23/67 (34%)

HR=1.33,95% ClI (0.79, 2.25), p=0.28

Disease progression or death rates (cases/person months)
S:37/897 (0.04)
NS: 23/730 (0.03)

RR=1.31,95% Cl (0.78, 2.20), p=0.31

? In each multivariable model, the potential confounders (sex, age in years, and history of chronic kidney disease) all dropped out, leaving just smoking status, so

multivariable and univariable models are identical

b Hazard ratio (HR), rate ratio (RR) modeling cases/(person-time)—both are estimates of relative risk

Table 7 Median survival times for 10-year overall survival

Source Never-smokers median survival time® Ever-smokers median survival time [n=88] Difference
[n=67]
Kaplan-Meier estimates 6.9 years 4.4 years 2.5 years
95% ClI (54, 9.5) 95% Cl(2.6,6.2)
Parametric survival time regression 6.6 years 3.9 years 2.7 years
95% Cl (4.2,9.0) 95% Cl (2.7,5.0) 95% C1(0.1,5.4)
p=0.045

2The median survival time is the follow-up time (X axis) value corresponding to the 0.50 or 50% survival probability (Y axis) on the Kaplan-Meier curve. It is the
predicted median time to death event from the parametric survival time regression models that assumes an exponential survival distribution

The literature is mixed on the survival advantage of NS
vs S, probably also related, in part, to these differences in
study patient selection [16, 20, 21]. Additional investiga-
tion of this phenomenon is needed.

Regarding imaging and histopathological findings,
mean tumor size, morphology, and suspicious nodule
characteristics were similar for S and NS. Most patients
in both groups had no underlying parenchymal lung dis-
ease and most tumors were solid in density. NS more
commonly had tumors involving the RLL, with S more
commonly in the RUL. Similar findings were reported in
the Cleveland Clinic study [13]. Also, in keeping with the
current literature, adenocarcinoma was the most com-
mon tumor cell type [22].

Several strengths exist in our study. First, the study
sample is representative of the general patient popula-
tion in our region. Unlike prior studies comparing S vs

NS, our cohort is not limited to patients who underwent
surgical tumor resection. These studies have a limiting
selection bias that is predicated upon the staging require-
ments needed to meet surgical management. This results
in the exclusion of nearly all patients with M1 disease [19,
20]. Second, our study includes a long follow-up period.
Finally, we included detailed radiology-pathology corre-
lation with clinical outcomes. This may prove useful in
developing deep learning algorithms for decision-making
algorithms, radiological diagnosis, and prognosis.

We are aware of a few potential limitations of our study.
We did not have data regarding potential radon and sec-
ondhand smoke exposure. Radon emits alpha ionizing
radiation and is the primary risk factor for lung can-
cer in NS [23]. The International Agency for Research
on Cancer (IARC, part of the World Health Organiza-
tion—WHO) lists a number of potentially carcinogenic
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HR(smoker:nonsmoker) = 1.77 , p = .02
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Fig. 2 Overall survival (absence of all-cause mortality) Kaplan-Meier graph. The 10-year hazard ratio (HR) and p value are from a Cox regression
with all-cause mortality as the outcome variable. Tick marks on the survival curves represent censoring events (time points where at least one

patient was lost to follow-up)
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Fig. 3 12-month progression-free survival (absence of disease progression or death at the 12-month time point) Kaplan-Meier graph. The

1-year hazard ratio (HR) and p value are from a Cox regression with the c

omposite score (disease progression or death) as the outcome variable.

Tick marks on the survival curves represent censoring events (time points where at least one patient was lost to follow-up). A loss-to-follow-up
occurred if the patient’s last visit was before 12 months. The drop in the graph at 12 months is due to patients still in a state of disease progression
at the 12-month time point (a small amount of jitter was added so the lines are distinguishable at the 12-month time point)

substances that may contribute to NSCLC in NS [24].
Unfortunately, this information was not available in our
electronic health record. Also, a small number of patients
were lost to follow-up after 1 year (n=2). Assessment
of NSCLC treatment was not performed as part of this

study. Understanding why, despite being diagnosed at
an earlier stage, S have a worse long-term prognosis will
be an important follow-up study. This may have to do
with the use of targeted drugs in NS patients who were
more often diagnosed at stage IIIA or higher. Our study
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does not address this question. Finally, the retrospective
nature of this study may introduce various forms of bias
including selection and measurement bias. The electronic
medical record used for this study may have included
data with nonrandom variation. We sought to avoid
potential bias by using predefined inclusion and exclu-
sion criteria and multiple different researchers collecting
data, with repeat data collection for 10% of the patients
to minimize selection biases.

Conclusions

NS more often had metastatic adenopathy, distant metas-
tases, and stage IV disease at initial biopsy. Despite
similar 12-month progression-free survival and 1-year
all-cause mortality rates, smokers had nearly double the
risk of mortality in the first 5 and 10 years post-diagnosis.
Nodule features on chest CT were similar in never-smok-
ers and ever-smokers.

Understanding and correlating clinical and imaging
features of NSCLC in never-smokers may help develop
artificial intelligence algorithms for improved patient
management and prognosis. This information is useful in
diagnosing and staging NSCLC in never-smokers, and to
direct future research to understand why never-smokers
develop NSCLC, have worse initial staging, but have sim-
ilar progression-free survival and overall survival rates
with smokers at 1-year follow-up and better 5-year and
10-year survival rates.

Abbreviations

NS Non/never-smokers

S Ever-smokers

NSCLC ~ Non-small cell lung cancer
SCLC Small cell lung cancer

cT Computed tomography
LDCT Low-dose chest CT

MRI Magnetic resonance imaging
PET Positron emission tomography
18-FDG  18-Fluorodeoxyglucose

RUL Right upper lobe

RML Right middle lobe

RLL Right lower lobe

LuL Left upper lobe

LLL Left lower lobe
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