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Abstract

Background.—Definitive surgical and radiation therapy (RT) treatments are evolving rapidly for 

stage I non-small cell lung cancer (NSCLC). We hypothesized that utilization of definitive 

therapies increased between 2000 and 2010 and that survival improved for stage I NSCLC patients 

over the same time period. Secondary objectives were determining trends in patterns of care and 

predictors of utilization.

Methods.—Population-based, observational, comparative effectiveness study used Surveillance, 

Epidemiology, and End Results-18 data from 2000 to 2010. The main outcome measure was 2-

year risk of death for stage I NSCLC.

Results.—Between 2000 and 2010, 40,589 patients (62%) underwent surgery, 10,048 (15%) 

received RT, 2,130 (3%) received both surgery and RT, and 11,537 (18%) received neither surgery 

nor RT. Annually, the odds of receiving either definitive RT or undergoing surgery increased 

relative to the odds of receiving no treatment (odds ratio [OR] radiation 1.04, 95% confidence 

interval [CI]: 1.03 to 1.05; OR surgery 1.05, 95% CI: 1.04 to 1.05). Among surgical patients, the 

proportion of sublobar resections steadily increased from 12.9% to 17.9%. For all patients, the 2-

year risk of death decreased by 3.5% each year (hazard ratio [HR] 0.965, 95% CI: 0.962 to 0.969), 

driven primarily by improved survival for surgical (annualized HR 0.959, 95% CI: 0.954 to 0.964) 

and RT (annualized HR 0.942, 95% CI: 0.935 to 0.949) patients.

Conclusions.—Between 2000 and 2010, stage I NSCLC patients were more likely to receive 

definitive treatment with either surgery or RT, leading to a decline in the number of untreated 
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patients. Survival also improved substantially for stage I NSCLC patients, with the largest survival 

improvements observed in patients undergoing definitive RT.

Despite multiple treatment options, lung cancer remains the leading cause of cancer death in 

the United States, with an estimated 224,390 diagnoses and 158,080 deaths projected for 

2016 [1]. Although roughly 25% of nonsmall cell lung cancer (NSCLC) diagnoses are stage 

I [2], the number of early-stage NSCLC diagnoses is projected to increase, driven by an 

aging “baby boomer” population [3] and increased low-dose chest computed tomography 

screening of high-risk individuals, in light of the mortality benefit shown by the National 

Lung Screening Trial [4] and the ensuing decision to reimburse for screening by the Centers 

for Medicare and Medicaid Services [5].

Current data continue to support lobar resection with mediastinal lymph node sampling as 

the primary curative option for stage I NSCLC [6]. Advances in medical physics and 

radiation therapy (RT) technology now permit the precise and accurate delivery of ablative 

doses of radiation, termed stereotactic body RT (SBRT). Currently, SBRT is the 

recommended treatment for patients medically unfit for surgical procedures [6]. Analogous 

to these improvements in RT, advances in surgical technology and techniques have enhanced 

the efficacy of surgical procedures [7, 8]. As examples, robotic-assisted resection has the 

potential to enhance surgical visibility and maneuverability, thoracoscopic surgery may 

reduce perioperative morbidity, and anatomic sublobar resection is thought to improve 

outcomes in select patients [7, 8]. These techniques have improved the risk–benefit ratio of 

surgery and have made it a more attractive option for both patients and their providers. 

Although randomized trials are currently under way, there is no category I evidence 

demonstrating a clear survival advantage for surgery or SBRT [9].

In light of this incomplete understanding, we examined the utilization and relative survival 

outcomes after surgery and radiation over recent years (2000 to 2010), using the large and 

population-based [10] Surveillance, Epidemiology, and End Results (SEER)-18 database to 

determine trends in the utilization and outcomes of definitive therapy for stage I NSCLC. 

We hypothesized that over time, the odds of receiving either definitive surgery (eg, surgery 

without radiation) or RT (eg, radiation without surgery) increased relative to the odds of 

receiving no treatment. We also hypothesized that the overall survival (OS) of patients 

treated for stage I NSCLC improved over time.

Patients and Methods

Patients

The National Cancer Institute SEER-18 database contains regional research data (1973 to 

2011) submitted in November 2013 with the Katrina/Rita population adjustment, collected 

from 18 American cancer registries, chosen for their data quality and population diversity 

[10]. Patients coded with their first primary, stage I NSCLC over an 11-year period (2000 to 

2010) were extracted for analysis. Pathologic stage was extracted for surgical patients, and 

clinical stage was used for radiation patients. Death certificate-only and autopsy-only cases 

were excluded. In addition to patient treatment information and survival outcomes, we also 
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queried the SEER database for information on overall lung cancer incidence, mortality rate, 

and staging trends to better understand the context of our hypothesis testing.

Definitions

Site-specific surgery codes were used to create categorical variables for whether a cancer-

directed operation was performed. Treatment categories included (1) surgery alone, (2) RT 

alone, (3) both RT and surgery, or (4) neither RT nor surgery. Chemotherapy information 

was not available in the SEER-18 data nor were RT details such as modality, dose, 

fractionation, or intent.

Data Analysis

Pearson χ2 tests evaluated the association between patient characteristics, histologic 

findings, year of diagnosis, and treatment type, and logistic regression was used to calculate 

unadjusted odds ratios (ORs) of a patient receiving one type of treatment, using no definitive 

treatment (no surgery or RT) as the reference. We used Kaplan-Meier analyses to generate 

survival plots, and 2-year OS estimates were generated with Kaplan-Meier analyses. Log-

rank tests were then used to compare OS differences. Cox proportional hazards regression 

methods were used to calculate hazard ratios (HRs; 95% confidence interval [CI]) to 

estimate risk of overall death. Annual increment of risk was calculated, adjusting for age at 

diagnosis, sex, race, marital status, histologic findings, and treatment. Finally, a 

multivariable hazard model was constructed to estimate the risk of death according to each 

treatment type, adjusting for year, age, sex, race, histologic findings, and marital status.

SEER*Stat version 8.2.1 software was used in extracting data from the SEER database. 

Analyses were conducted using SAS software version 9.3 (SAS Institute Inc, Cary, NC).

Results

Staging Trends

For NSCLC, in our data set, the odds of being diagnosed with early stage (I and II) disease 

increased slightly (by 0.4% each year), compared with the odds of being diagnosed with late 

stage (III and IV) disease (p < 0.001). Overall, this translated into a slight shift in staging 

from a 25% and 75% distribution of early- and late-stage disease at the beginning of our 

study, to 26% and 74% distribution toward the end of our study (Fig 1; Supplemental Table 

1). Within stage I disease, there was a 2.5% annual increase in the odds of being staged with 

IA as opposed to IB disease (p < 0.001).

Patient and Treatment Details and Trends

Between January 2000 and December 2010, 65,197 stage I NSCLC patients were registered 

in the SEER-18 database. Overall, 40,589 patients (62%) underwent surgery, 10,048 (15%) 

received RT, 2,130 (3%) received both surgery and RT, and the remaining 11,537 patients 

(18%) received neither definitive therapy. Treatment information for 1,473 patients (2%) was 

unknown (Fig 2). Among the examined variables, RT patients were more likely to be older, 

men, Black, and unmarried compared than surgical patients. In addition, patients with 
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squamous cell carcinoma were more likely to receive RT either alone or in combination with 

surgery than surgery alone. (Table 1).

From 2000 to 2010, the proportion of untreated patients decreased from 20.2% to 15.3%. 

Over this time, the likelihood of a patient receiving definitive surgery increased relative to 

the likelihood of not being treated (OR 1.045, 95% CI: 1.038 to 1.052; Table 1). In 2000, 

58.1% (n = 3523) of patients underwent surgery and this increased to 63.9% (n = 3913) in 

2010 (relative proportions shown in Fig 3A; absolute counts numbers are shown in 

Supplemental Fig 1). Although the predominant surgical modality for these patients 

remained lobectomy, there was a steady increase in the proportion who underwent sublobar 

resections, from 12.9% in 2000 to 17.9% in 2010 (Fig 3B). Similarly, the likelihood of a 

patient receiving definitive RT also increased relative to the likelihood of not being treated 

(OR 1.038, 95% CI: 1.030 to 1.047; Table 1), with the proportion of RT courses increasing 

from 17.2% (n = 1043) in 2000 to 18.3% (n = 1121) in 2010. Use of both surgery and RT 

occurred infrequently (n = 2130), and the odds a patient received both treatments did not 

significantly change over time (OR 0.987, 95% CI: 0.973 to 1.002; Table 1).

Survival

As a whole and regardless of treatment received, 2-year OS improved from 61% (95% CI: 

59.4% to 61.8%) in 2000 to 70% (95% CI: 68.4% to 70.7%) in 2009 in patients diagnosed 

with stage I NSCLC. The increase in 2-year OS for all stage I NSCLC patients corresponded 

to a 3.5% annual decrease in the risk of death (HR 0.965, 95% CI: 0.962 to 0.969) regardless 

of treatment modality. Survival improvements in patients who either underwent surgery (HR 

0.959, 95% CI: 0.954 to 0.964) or received RT (HR 0.942, 95% CI: 0.935 to 0.949) 

accounted for gains observed in this cohort, and the gains in RT were significantly greater 

than the gains in surgical procedures. Patients who did not undergo treatment (HR 0.992, 

95% CI: 0.986 to 0.998) or underwent combined RT and surgery (HR 0.980, 95% CI: 0.962 

to 0.997) did not experience a statistically significant annual change in survival (Table 2). 

Kaplan-Meier survival estimates stratified by diagnosis year are presented in 2-year 

increments from 2000 to 2010 in Figure 4 and Supplemental Figures 2 and 3.

Crude predictors for decreased survival included older age, male sex, black race, unmarried 

status, and non-adenocarcinoma histologic finding. On multiple variable adjustment, 

statistically significant effects on survival were maintained for all variables, although the 

effect sizes diminished (Table 2). These covariates were then included when modeling the 

survival effects of the various treatments, using non-treatment as the baseline comparator. 

Adjusting for age, sex, race, marital status, and histologic findings, RT patients appeared 

one-third less likely (HR 0.680, 95% CI: 0.660 to 0.700) to die as patients who did not 

receive treatment, and surgical patients were three-quarters less likely to die (HR 0.230, 95% 

CI: 0.224 to 0.236). Patients who underwent surgery and received radiation were 

approximately one-half (HR 0.429, 95% CI: 0.406 to 0.455) as likely to die as untreated 

patients (Table 2).

Kapadia et al. Page 4

Ann Thorac Surg. Author manuscript; available in PMC 2019 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Comment

Given rapid and recent advancements in both surgical and radiation techniques, we sought to 

characterize temporal changes in treatment patterns and survival outcomes for stage I 

NSCLC. Recent reports have assessed such changes in treatment and outcomes for stage I 

lung cancer, but they used arbitrary cutoffs-offs in time periods [11, 12]. Our conceptual 

model of time classified it as a continuous rather than categorical variable, permitting a more 

granular understanding of how time has affected treatment and outcomes.

From 2000 to 2010, the overall likelihood of survival increased with each passing year 

regardless of treatment modality, and these improvements were statistically limited to 

patients who either underwent surgery or received radiation (but not both). Fewer patients 

were left untreated over time, due to distinct increases in the utilization of both surgery and 

RT. We anticipated that more patients would be treated with curative intent over time, akin to 

a trend noted among elderly British [13] and Dutch [12] patients with early stage NSCLC. 

Indeed, the proportion of patients treated definitively with either surgery or RT increased 

from 2000 to 2010, likely due to less-invasive surgeries and more-advanced techniques for 

delivering RT. In terms of RT specifically, temporal evidence from claims [14], survey [15, 

16], and institutional data [17–19] suggest that the 2004 debut of SBRT [20] resulted in 

increased utilization of RT among medically inoperable patients, which may explain the 

increased likelihood that a patient would receive RT over time. However, we were surprised 

to find that the magnitude of increase in the likelihood of receiving RT was no different from 

the increase in the likelihood of undergoing surgery, even despite increasing enthusiasm for 

SBRT [16] and evidence suggesting its rapid adoption both domestically [21] and 

internationally [13].

Because we sought to explain the reasons for similar increases in reliance on RT and 

surgery, it was clear that increasing enthusiasm for sublobar resections led to a decreased 

relative proportion of lobectomies. Although the increased use of surgery can only be 

partially explained by increased use in sublobar resection, this trend emerged even as 

prospective randomized clinical trials [22] and propensity-score matched analyses [23] 

suggest possibly worse survival for sublobar resection compared with lobectomy. It is 

possible, although not shown directly by these data, that patients unfit for lobectomy 

received sublobar resections rather than referrals for RT. Randomized trials comparing 

sublobar resections with SBRT will be especially important if the trend toward increased use 

of these less-invasive surgeries continues.

Between 2000 and 2010, radiation patients demonstrated the largest temporal improvement 

in survival. This difference was notable even when compared with their surgical 

counterparts, affirming other evidence that advances in radiation technology [15, 24, 25] 

apply equally to early [26] and advanced-stage [27] patients. SBRT, in specific, permits dose 

escalation with improved sparing of normal tissue [28–31], resulting in improved local 

control and survival compared with older techniques of radiation therapy [32, 33]. Although 

it is possible that the improvements we observe relate exclusively to a temporal increase in 

healthier patients with fewer comorbidities receiving radiation treatment in later years, we 

believe that the alternative possibility that there is a true causal impact of improved 
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radiotherapeutic treatment in this setting merits further investigation. Without prospective 

randomized trials to determine whether a survival advantage exists for surgery or RT in a 

more generalized patient cohort, SBRT must remain the recommended therapy for elderly or 

medically inoperable patients [23]. However, it is our hope that drawing attention to the 

rapid improvements in survival for radiation patients will not only encourage appropriate 

referrals of elderly and inoperable early-stage NSCLC patients but also focus attention on 

accrual of operable patients to prospective trials comparing surgery with SBRT [34].

Survival analyses such as ours are commonly used to measure progress in the treatment of 

malignancy and to determine whether new treatments are efficacious. However, this 

approach bears several well-known caveats. For example, earlier detection or more accurate 

characterization of malignancy by improved staging techniques (including positron emission 

tomography scans) can lead to stage migration, or the so-called “Will-Rogers” phenomenon 

[35], whereby aggressive diagnoses are “diluted” by more clinically indolent versions of the 

same disease although earlier stage disease is “purified.” A relative decrease in the 

proportion of early-stage disease and increase in advanced disease can result in observations 

of improved survival for all patients without actually altering the course of disease. To 

address this concern, we examined the stage distribution of stage I NSCLC in our cohort and 

were reassured to note a relatively constant temporal stage distribution, and, if anything, 

increases in the proportion of early-stage disease.

Secular trends in systemic therapy, supportive care, or palliative care could also explain the 

improved survival for patients over time [36]. However, our results demonstrate that survival 

did not improve appreciably in the cohort of untreated patients, nor did it change for patients 

who underwent surgery and received RT. Thus, improvements in supportive care can only 

partially explain OS improvements in the definitively treated cohort, because such 

improvements would have translated to uniform benefits for patients in all treatment 

categories. In the surgical patients specifically, decreases in perioperative death could have 

partially driven improved survival outcomes in this cohort, and in subsequent studies it may 

be worthwhile to exclude patients who died within 90 days of their operation.

Survival gains in the context of increased cancer incidence (due to increased cancer 

screening) and an unchanged cancer mortality rate would also suggest that overdiagnosis 

rather than improved therapy explains survival improvements [37]. For all stages, we found 

that although mortality rates remained stable, incidence actually decreased [38], which we 

internally verified with our own analysis (Supplemental Fig 4). This finding at least partially 

assuages the concern that improvements in OS arose from better detection and staging.

We attempted to minimize hidden biases and the numerous changing variables which can 

affect the outcomes of such population-based studies by limiting our analysis to a relatively 

short and recent timeframe. However, some limitations merit comment. Reporting a 2-year 

OS outcome shortens our patient follow-up in comparison with a more traditional 5-year 

metric, but it also permits a more immediate understanding of survival trends in a disease 

that we demonstrate can cause death in <2 years. Furthermore, the most recent SEER data 

do not track out to 5 years, and so we opted to use 2-year survival as a “surrogate” end point 

until more long-term data become available. Second, as discussed above, the optimal 
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assessment of anticancer therapy is based on cancer-specific deaths, not survival data [37]. 

Unfortunately, data about stage-specific deaths are not available in the SEER database, but 

we are partially reassured by incidence, staging, and mortality findings discussed above. In 

addition, SEER data contain little information about the specifics of staging, pathologic 

process, patient comorbidity, treatment intent, or detail [39]. Therefore, we could not 

examine the use or efficacy of various RT modalities (such as SBRT) or have confidence that 

all RT patients were treated definitively. Medicare-linked data provide more detail [40], 

although it is costly to acquire and excludes younger (and healthier) patients, which would 

further bias our results. Finally, we acknowledge that improved survival of SEER patients 

cannot be credited solely to use of more-advanced surgery or radiation and that secular 

trends in supportive care, patient selection, and patient health awareness may partially 

explain the improved outcomes.

To conclude, utilization of both surgery and RT for stage I NSCLC has increased recently, 

leaving fewer patients untreated for ostensibly curable disease. Our findings suggest that 

over time the efficacy of these treatments has improved, although there is some variation 

with which they are applied. Resource-intensive treatments for cancer must always be used 

judiciously, and efforts to ensure their appropriate and consistent application among all 

patients with curable disease should be paramount. Further study is needed to confirm and 

improve understanding of the factors that lead to treatment selection, modality selection, and 

the observed improvements in survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Percent distribution of non-small cell lung cancer (NSCLC) staging as defined by the 

American Joint Committee on Cancer (AJCC) between the years 2000 and 2010. Histogram 

divided into early stage (I and II) disease in blue and late stage (III and IV) disease in red for 

ease of comparison.
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Fig 2. 
Distribution of definitive therapy for stage I non-small cell lung cancer (NSCLC) between 

2000 and 2010. The proportion of patients undergoing surgery during this time span are 

represented in red. Patients treated with combined surgery and radiation therapy (RT) are 

represented in purple. Patients treated with RT only are represented in blue. Patients 

receiving neither RT nor surgery are represented in green. Patients with unknown treatment 

details are represented in black.
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Fig 3. 
Annual proportions of (A) all treatments and (B) types of surgery used to treat Stage I non-

small cell lung cancer (NSCLC) between 2000 and 2010. For A, types of treatments include 

surgery (blue), combined surgery and radiation therapy (RT) (yellow), radiation therapy 

(green), or no treatment (red). Types of surgery in B include pneumonectomy (green), 

lobectomy (red), or sublobar resection (blue).
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Fig 4. 
Survival outcomes for stage I non-small cell lung cancer (NSCLC) by definitive treatment 

type, 2000 to 2010. Kaplan-Meier survival curves, in months, for the years 2000 (red), 2002 

(orange), 2004 (yellow), 2006 (green), 2008 (blue), and 2010 (purple) in (A) all patients, (B) 

patients receiving radiation therapy only, and (C) patients receiving surgery only.
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