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Abstract

BACKGROUND—Lung cancer is made up of distinct subtypes, including non–small-cell lung 

cancer (NSCLC) and small-cell lung cancer (SCLC). Although overall mortality from lung cancer 

has been declining in the United States, little is known about mortality trends according to cancer 

subtype at the population level because death certificates do not record subtype information.
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METHODS—Using data from Surveillance, Epidemiology, and End Results (SEER) areas, 

we assessed lung-cancer mortality and linked deaths from lung cancer to incident cases in 

SEER cancer registries. This allowed us to evaluate population-level mortality trends attributed 

to specific subtypes (incidence-based mortality). We also evaluated lung-cancer incidence and 

survival according to cancer subtype, sex, and calendar year. Joinpoint software was used to assess 

changes in incidence and trends in incidence-based mortality.

RESULTS—Mortality from NSCLC decreased even faster than the incidence of this subtype, 

and this decrease was associated with a substantial improvement in survival over time that 

corresponded to the timing of approval of targeted therapy. Among men, incidence-based mortality 

from NSCLC decreased 6.3% annually from 2013 through 2016, whereas the incidence decreased 

3.1% annually from 2008 through 2016. Corresponding lung cancer–specific survival improved 

from 26% among men with NSCLC that was diagnosed in 2001 to 35% among those in whom 

it was diagnosed in 2014. This improvement in survival was found across all races and ethnic 

groups. Similar patterns were found among women with NSCLC. In contrast, mortality from 

SCLC declined almost entirely as a result of declining incidence, with no improvement in survival. 

This result correlates with limited treatment advances for SCLC in the time frame we examined.

CONCLUSIONS—Population-level mortality from NSCLC in the United States fell sharply 

from 2013 to 2016, and survival after diagnosis improved substantially. Our analysis suggests that 

a reduction in incidence along with treatment advances — particularly approvals for and use of 

targeted therapies — is likely to explain the reduction in mortality observed during this period.

Lung cancer is made up of a group of molecularly and histologically heterogeneous 

subtypes.1 Two major histologic subtypes are non–small-cell lung cancer (NSCLC) and 

small-cell lung cancer (SCLC), which account for 76% and 13%, respectively, of all 

cases of lung cancer in the United States.2 Although incidence trends for these subtypes 

have been well described,3-5 less is known about their respective mortality trends. It is 

important to assess trends in mortality from lung cancer according to subtype because 

the potential adoption of lung-cancer screening coupled with reductions in smoking are 

likely to influence future mortality from lung cancer differentially according to histologic 

subtype.6-8 Furthermore, major improvements have been made in NSCLC treatment with 

the advent of targeted therapies and immunotherapies. The presence of an oncogenic 

driver mutation — in the genes encoding anaplastic lymphoma kinase (ALK) or epidermal 

growth factor receptor (EGFR), for example — renders a tumor sensitive to targeted 

tyrosine kinase inhibition. On the basis of the success of these tyrosine kinase inhibitors 

in selected patients, the National Comprehensive Cancer Network recommended in 2012 

that all patients with nonsquamous NSCLC undergo genetic testing for EGFR mutations 

and ALK rearrangements. Although these systemic therapies are palliative (i.e., unable to 

render cure), advancements in identifying and treating cancers that have phenotypes that 

depend on these oncogenes, coupled with Food and Drug Administration (FDA) approval of 

effective immune-based therapies in 2015, could contribute to population-level improvement 

in NSCLC cancer-specific survival.9

In comparison, treatments for SCLC have shown limited improvements in efficacy in the 

time frame of the data presented. Indirect support for the hypothesis that advances in 

treatment for NSCLC may have been associated with improved lung-cancer outcomes can 
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be gleaned from the Annual Report to the Nation on the Status of Cancer.10 The report 

documents that U.S. mortality from cancer of the lung and bronchus is decreasing faster 

than the incidence (for men, a −2.6% mean annual change in incidence from 2011 through 

2015, as compared with a −4.3% mean annual change in mortality from 2012 through 2016; 

for women, a −1.2% mean annual change in incidence and −3.1% mean annual change in 

mortality during these same periods).

However, to understand lung-cancer mortality trends and the effect of preventive 

interventions as compared with treatment interventions, it is important to assess the 

individual contributions of NSCLC and SCLC to overall lung-cancer incidence and 

mortality trends in the United States. National data on causes of death reported on death 

certificates make it possible to assess mortality trends for lung cancer overall. As noted, 

overall mortality from lung cancer has been decreasing among men and women.2 However, 

this overall trend cannot be separated directly into subtype-specific trends, because death 

certificates do not record the cancer subtype.

To address this data limitation, the U.S. Surveillance, Epidemiology, and End Results 

(SEER) Program has linked mortality records to incident cancer cases. Consequently, it 

is possible to calculate “incidence-based mortality,” which captures the population-level 

mortality attributable to particular tumor types reported to SEER registries.11 The numerator 

in the calculation of incidence-based mortality is the number of cancer-specific deaths 

among persons with a particular cancer diagnosis reported to the registry. The denominator 

is the general population at risk at the time of death in the SEER areas. This approach 

enables general population mortality to be partitioned according to characteristics that are 

associated with the cancer diagnosis (e.g., tumor subtype or stage at diagnosis) and recorded 

in the SEER registries. This incidence-based method of estimating mortality has been used 

to assess the effect of screening, and to a lesser extent the effect of treatment, on mortality 

trends for several cancer types.12-19

In this study, we applied the incidence-based mortality method to SEER data to evaluate 

population-level U.S. mortality trends, according to sex, attributable to NSCLC and SCLC 

from 2001 through 2016. Since mortality captures the combined effects of lung-cancer 

incidence and survival after diagnosis, we also assessed the contributions of lung-cancer 

incidence and lung-cancer–specific survival to these trends.

METHODS

STUDY DATA

We identified patients with invasive lung and bronchus cancer from the SEER 18-registry 

database, which covers 28% of the U.S. population. The SCLC and NSCLC subtypes were 

defined according to the classification system of Lewis et al.,3 in which histologic groupings 

were created on the basis of International Classification of Diseases for Oncology, 3rd 
Edition (ICD-O-3), morphology codes. We used 2001 as the first year in the analysis period 

because NSCLC was reliably identified only beginning in 2001, as a result of evolving 

clinical practice, diagnostic methods, and classification.5 Patients with cancer that was 

diagnosed by death certificate or autopsy were excluded because subtype information was 
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unavailable for these patients (resulting in the exclusion of 1.4% of patients with lung cancer 

overall). Lung-cancer incidence from 2001 through 2016 was calculated after accounting for 

reporting delay.20

Causes of death were ascertained from death certificates obtained by the National Center 

for Health Statistics.21 The registries routinely link their incidence data with the death­

certificate data, using state death records and the National Death Index to ascertain deaths 

and update information on the date and cause of death. Since the National Death Index is 

a national database, if a patient with cancer moves out of the SEER catchment area and 

dies elsewhere, the corresponding cause-of-death information can still be used to determine 

when and where the patient died. We report mortality based on deaths from all lung cancers. 

For incidence-based mortality, we used linked SEER data on patients with lung cancer to 

classify these deaths from lung cancer according to histologic subtype (details are provided 

in the Supplementary Appendix, available with the full text of this article at NEJM.org).

STATISTICAL ANALYSIS

We report incidence-based mortality and incidence according to calendar year, sex, and 

subtype. We used Joinpoint software, version 4.7.0.0, to characterize piecewise log-linear 

time calendar trends in the age-standardized rates by sex and cancer subtype22,23 (details are 

provided in the Supplementary Appendix). Finally, we provide estimates of 2-year relative 

survival among patients with lung cancer according to sex, subtype, and calendar year, using 

the relative survival approach.24

RESULTS

DETERMINATION OF MORTALITY FROM LUNG CANCER

Mortality from lung cancer appeared to be higher when estimated on the basis of National 

Center for Health Statistics death-certificate mortality records than when we used the 

incidence-based mortality approach (Fig. 1). Given that the lungs are a common site of 

metastasis for other cancers at diagnosis, misattribution or overattribution of deaths to lung 

cancer is possible in the death-certificate data. In fact, using the incidence-based mortality 

approach, we identified a number of lung-cancer deaths linked to non–lung-cancer diagnoses 

in SEER (Fig. 2), indicating overattribution of deaths to lung cancer in death certificates. 

For example, 15,866 deaths from lung cancer in the National Center for Health Statistics 

database did not link to a lung-cancer diagnosis, instead being matched to a non–lung-cancer 

diagnosis in SEER (Fig. 2). Of these 15,866 deaths from lung cancer, 11,078 (approximately 

70%) were linked to persons with only one primary diagnosis that was not a lung-cancer 

diagnosis, clearly indicating misattribution. This observation suggests that mortality from 

lung cancer may be lower than currently reported and may be captured more accurately 

with the incidence-based mortality approach than with National Center for Health Statistics 

death-certificate data.

TRENDS IN MORTALITY FROM LUNG CANCER

Figure 3 shows the results for NSCLC separately for men and women. Among men (Fig. 

3A, left), the incidence of NSCLC decreased gradually, by 1.9% annually (95% confidence 
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interval [CI], 1.6 to 2.2) from 2001 through 2008 and then more steeply, by 3.1% annually 

(95% CI, 2.8 to 3.3), from 2008 through 2016. Incidence-based mortality decreased by 3.2% 

annually (95% CI, 2.5 to 4.0) from 2006 through 2013, then decreased more quickly, by 

6.3% annually (95% CI, 3.4 to 9.0), from 2013 through 2016. The 2-year relative survival 

among patients with lung cancer improved substantially (Fig. 3B), from 26% among men 

with NSCLC diagnosed in 2001 to 35% among those with NSCLC diagnosed in 2014.

Among women (Fig. 3A, right), the NSCLC incidence was flat from 2001 through 2006 and 

then started decreasing by 1.5% annually (95% CI, 1.3 to 1.7) from 2006 through 2016. In 

contrast, incidence-based mortality decreased slowly, by 2.3% annually (95% CI, 1.8 to 2.8), 

from 2006 through 2014 and then at a faster rate of 5.9% annually (95% CI, 1.3 to 10.2) 

from 2014 through 2016.

This greater reduction in mortality than in incidence during the more recent period translates 

into an estimated 6800 deaths from lung cancer among men and 3200 deaths from lung 

cancer among women that may have been delayed in the United States from 2014 through 

2016 (Figs. S1 and S2 in the Supplementary Appendix). Meanwhile, 2-year relative survival 

among patients with NSCLC was higher among women than among men; survival among 

women improved from 35% in 2001 to 44% in 2014 (Fig. 3B). Such improvement among 

patients with NSCLC was seen for all races (Fig. 4).

For patients with SCLC, mortality decreased similarly to incidence among men and women. 

For example, among men, incidence-based mortality decreased by 4.3% annually (95% CI, 

3.7 to 4.3), whereas the incidence declined by 3.6% annually (95% CI, 3.3 to 3.9) (Fig. 5A, 

left). The corresponding relative survival curve for SCLC was more or less flat, indicating a 

lack of improvement during this period (Fig. 5B, left). We observed similar patterns among 

women (Fig. 5A and 5B. right).

DISCUSSION

In this study, we describe trends in mortality among patients with different subtypes of 

lung cancer in the context of changing incidence and survival patterns in the U.S. general 

population. Overall mortality from lung cancer has declined. Similar patterns, based on 

estimations of incidence-based mortality, were observed for histologic subtypes of lung 

cancer — especially for NSCLC and to a lesser extent for SCLC. Specifically, we found 

a rapid decline in mortality from NSCLC during the period from 2006 through 2013; this 

decline began to accelerate in 2013, shortly after routine testing for molecular alterations in 

EGFR and ALK was recommended and commercial use of FDA-approved targeted therapy 

was introduced. For SCLC, we found steadily declining mortality from 2006 through 2016.

The decline in mortality from NSCLC has been driven by both declining incidence and 

improving survival. In particular, our results suggest that the substantial improvements 

in 2-year survival are probably behind the faster decrease (double the rate) in mortality 

from NSCLC as compared with incidence. The observed improvements in survival are not 

due to stage shifts, because these patients moved from unknown stages to more specific 

stage categories (as a result of the availability of better imaging) rather than shifting from 
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late to early stages (Figs. S3 and S4). In addition, although lung-cancer screening has 

been recommended since 2014, uptake was low at least through 2016.25 Improvement 

in 2-year lung-cancer–specific survival among patients with NSCLC was seen in all 

races and ethnic groups in our study, despite understandable concerns that the new and 

frequently expensive cancer treatments may increase disparities.26,27 Nonetheless, utilization 

of these new targeted agents has increased over time, highlighting rapid changes in practice 

patterns.28

Over the past decade, the treatment paradigm for advanced NSCLC has evolved 

dramatically. The identification of “druggable” oncogenes (i.e., EGFR and ALK) has 

provided new, effective treatment targets, improving survival significantly among patients 

harboring the corresponding driver mutation.29-31 More recently, immune-based therapies 

— specifically, programmed cell death protein 1–programmed death ligand 1 (PD-1–

PD-L1) inhibitors — have substantially improved outcomes of NSCLC treatment. Single­

agent PD-1 pathway inhibitors (nivolumab, pembrolizumab, and atezolizumab) were first 

approved as second-line treatments in 2015. In randomized phase 3 trials, each drug was 

found to provide an improvement in overall survival as compared with the single-agent 

chemotherapeutic docetaxel in patients without EGFR or ALK mutations.32-35 Although 

not all patients have a response to immunotherapy, approximately 20% have substantial 

and often durable responses.36 The approval and adoption of these agents over the past 

5 to 10 years has undoubtedly contributed to the decline we observed in incidence-based 

mortality. Meanwhile, the approval of immune-checkpoint inhibition in 2015 is unlikely to 

have contributed considerably to the decline in lung-cancer mortality in 2013. Although 

some patients with thoracic cancers received these agents in clinical trials before their 

FDA approval, improvement in antitumor outcomes in this relatively small cohort would 

contribute only marginally to improved outcomes overall. Finally, the introduction of a 

new therapy that is not curative would contribute to a temporary decline in mortality, but 

mortality would return to the background level. The Cancer Intervention and Surveillance 

Modeling Network (CISNET) lung-modeling consortium is developing natural history 

models aimed at predicting whether and when one should see a return in background 

mortality in the future as a result of the adoption of noncurative targeted therapy and 

immunotherapy for lung cancer in the United States.

In contrast, mortality from SCLC declined at a rate that was similar to that of the decline in 

incidence. Our study shows that the decrease in SCLC mortality can be explained entirely 

by a decrease in incidence, since we observed no improvement in survival among patients 

with SCLC over time. This result correlates with the limited treatment advances for SCLC 

over the same period. Studies have shown some promising immunotherapy strategies for the 

treatment of this recalcitrant disease37,38; however, the long-term effect of these agents is 

unknown.

Our results update previous analyses of trends in lung-cancer incidence according to 

histologic type.3,4 Here we found that overall incidence continued to decrease through 2016, 

but with faster decreases in the incidence of SCLC than in the incidence of NSCLC and with 

faster decreases among men than among women. Since most of the decrease in lung-cancer 

incidence is probably due to the considerable reduction in smoking in the United States 
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since the 1960s, the faster decrease in SCLC incidence than in NSCLC incidence can be 

explained by the higher attributable fraction and relative risk of smoking for SCLC relative 

to the overall NSCLC group.4,7,8 Similarly, the faster decreases in lung-cancer incidence 

among men than among women can be attributed to the relative differences in smoking 

prevalence according to sex.39 Continued monitoring of trends in lung-cancer incidence 

according to histologic type (and stage) will be important, particularly because the adoption 

of lung-cancer screening is likely to lead to increased diagnosis of adenocarcinoma, as a 

result of early detection and overdiagnosis.

We used incidence-based mortality methods to partition deaths from lung cancer according 

to disease subtype. In fact, using the incidence-based mortality approach, we show that 

the numbers of deaths from lung cancer nationally are somewhat lower than the numbers 

currently reported on the basis of death-certificate data alone; a likely reason is that 

death-certificate data include deaths from cancers that have metastasized to the lung from 

other cancer sites, whereas the incidence-based mortality method excludes those deaths. 

Nonetheless, some challenges of incidence-based mortality methods must be considered. 

Since incidence-based mortality includes deaths among incident cases diagnosed in previous 

years, follow-up of cases diagnosed a number of years in the past is required. The number of 

years required depends on the aggressiveness of the cancer under study; for more aggressive 

cancers, fewer years after a particular index calendar year are necessary to reliably partition 

trends with the incidence-based mortality method. This is true for lung cancer, for which 

incidence-based mortality can be reliably calculated with a 5-year follow-up period.11 

Furthermore, when patients with cancer move in or out of a registry catchment area, 

mismatches between mortality based on incidence and mortality based on death certificates 

can result. Again, this problem is alleviated for high-mortality cancers such as lung cancer: 

we found that 97.3% of the deaths from lung cancer occurred in the same state as the 

diagnoses. The incidence-based mortality approach has been used in our study to evaluate 

treatment outcomes to a limited degree, and it is difficult to attribute the improvement 

to a specific drug, since SEER does not capture detailed treatment information. However, 

pilot projects linking registry data with oncology practice claims data might enable more 

specific treatment analyses in the future. Lastly, given the nature of our analyses, we cannot 

rule out changes in some other factors contributing to the declining lung-cancer mortality. 

However, an important event occurred in 2013 that may have changed the slope of the 

incidence-based mortality trend: the approval of EGFR tyrosine kinase inhibitors as stage IV 

NSCLC first-line therapy. By 2013, genetic testing was performed in the majority of patients 

with NSCLC. In addition, although improvements in treatment, especially for stage IV 

disease, can have an immediate effect on mortality, upstream factors, such as changes in risk 

factors (e.g., smoking), tend to have a more gradual and diffuse effect, even if the changes 

in risk factors are rather abrupt or persistent. Therefore, any changes in risk factors were 

less likely to have had an immediate effect on the rapid decline in mortality we observed. 

However, without data on the fraction of patients now being treated with targeted therapies, 

the attribution of the improved survival to these therapies must be done with caution.

Our study has several strengths. First, we report U.S. population–based estimates of subtype­

specific lung-cancer incidence, mortality, and survival trends. Second, these estimates are 

derived with high-quality cancer-registry data from the SEER Program, which reliably 
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captures and classifies all newly diagnosed cancer cases in the registry catchment areas. 

Third, our results are more generalizable than those from single centers, and clinical trials 

are unlikely to include representative samples of older, sicker, and low-income patients.

We found a significant reduction in mortality from lung cancer in the U.S. general 

population, mainly due to a rapid decline in mortality from NSCLC. A recent study reported 

a large decrease in mortality from lung cancer in 2017 that was likely to have been driven 

by treatment, but the mortality trend included all histologic types.40 The faster decreases in 

mortality from NSCLC as compared with the incidence of NSCLC are probably driven by 

improvements in survival, which in turn are potentially driven by dissemination of targeted 

therapies for NSCLC; these therapies were approved as first-line treatment for stage IV 

EGFR-positive NSCLC in 2013. The survival benefit for patients with NSCLC treated with 

targeted therapy has been shown in clinical trials, but our study highlights their possible 

effect at the population level. We anticipate that incidence-based mortality methods will be 

valuable for evaluating trends in subtype-specific mortality in the future, as additional new 

lung-cancer treatments, as well as screening, are disseminated in the population.
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Figure 1. Mortality Estimates Based on Data from Death Certificates and on Incidence among 
Patients with Lung or Bronchus Cancer.
Shown are the estimates of mortality from lung and bronchus cancer based on data from 

death certificates (blue line) and the corresponding estimates of mortality based on incidence 

(red line). In the area to the left of the vertical line at calendar year 2006, the incidence­

based mortality underestimates mortality from lung cancer. Results are shown for the 

Surveillance, Epidemiology, and End Results (SEER) 18-registry database, which includes 

the following registries: San Francisco, Connecticut, Detroit, Hawaii, Iowa, New Mexico, 

Seattle, Utah, Atlanta, San Jose–Monterey, Los Angeles, Alaska Native, Rural Georgia, 

California (excluding San Francisco, San Jose–Monterey, and Los Angeles), Kentucky, 

Louisiana, New Jersey, and Georgia (excluding Atlanta and Rural Georgia). For both 

measures of mortality, attribution to lung-cancer death is made when the cause of death 

on the death certificate is stated as lung and bronchus cancer (International Classification of 
Diseases, 10th Revision, code C34).
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Figure 2. Comparison of Mortality Estimates Based on Data from Death Certificates and on Two 
Measures of Incidence among Patients with Lung or Bronchus Cancer.
Shown are the estimates of mortality from lung and bronchus cancer determined on the basis 

of data from death certificates (blue line) and the corresponding incidence-based mortality 

from lung or bronchus cancer that was linked to patients with a diagnosis of lung cancer 

(solid red line) or to patients with any cancer diagnosis (i.e., not limited to a lung-cancer 

diagnosis) (dashed red line). Mortality from lung cancer may be more accurately represented 

with the incidence-based approach than with the approach based on death-certificate data. 

Results are shown for the SEER 18-registry database.
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Figure 3. Non–Small-Cell Lung-Cancer (NSCLC) Incidence, Incidence-Based Mortality, and 
Survival Trends among Men and Women.
Panel A shows age-adjusted incidence (blue) and incidence-based mortality (red) for the 

NSCLC histologic subtype among men and women. Incidence was adjusted for reporting 

delays. The line segments of each curve were selected with the Joinpoint program, and the 

percentage associated with each line represents the annual percentage change during the 

indicated range of years. Asterisks indicate annual percentage changes that are significantly 

different from zero (P<0.05). The dashed vertical line indicates calendar year 2013, when 

epidermal growth factor receptor (EGFR)–directed first-line therapy was approved by the 

Food and Drug Administration (FDA). For each incidence-based mortality curve, an arrow 

indicates the point at which there is a change in slope for mortality corresponding with the 

timing of routine testing for molecular alterations in EGFR and FDA approval for targeted 

therapy. Panel B shows 2-year lung-cancer–specific survival according to year of NSCLC 

diagnosis among men and women. Results are shown for the SEER 18-registry database. 

The following International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3), 

histology codes were used to define the NSCLC subtype — squamous and transitional cell: 

8051, 8052, 8070–8076, 8078, 8083, 8084, 8090, 8094, 8120, and 8123; adenocarcinoma: 
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8015, 8050, 8140, 8141, 8143–8145, 8147, 8190, 8201, 8211, 8250–8255, 8260, 8290, 

8310, 8320, 8323, 8333, 8401, 8440, 8470, 8471, 8480, 8481, 8490, 8503, 8507, 8550, 

8570–8572, 8574, and 8576; large cell: 8012–8014, 8021, 8034, and 8082; non–small-cell 

carcinoma, not otherwise specified: 8046; and other specified carcinomas: 8003, 8004, 8022, 

8030, 8031–8033, 8035, 8200, 8240, 8241, 8243–8246, 8249, 8430, 8525, 8560, 8562, and 

8575.
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Figure 4. NSCLC Survival Trends among Men and Women According to Race and Ethnic 
Group.
Results for 2-year lung-cancer–specific survival are shown for the NSCLC subtype 

according to race and ethnic group among men (Panel A) and women (Panel B). Results are 

shown for the SEER 18-registry database, excluding data from the Alaska Native registry.
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Figure 5. Small-Cell Lung-Cancer (SCLC) Incidence, Incidence-Based Mortality, and Survival 
Trends among Men and Women.
Panel A shows age-adjusted incidence (blue) and incidence-based mortality (red) for the 

SCLC subtype among men and women. Incidence was adjusted for reporting delays. The 

line segments of each curve were selected with the Joinpoint program, and the percentage 

associated with each line represents the annual percentage change during the indicated 

range of years. Asterisks indicate annual percentage changes that are significantly different 

from zero (P<0.05). Panel B shows 2-year lung-cancer–specific survival according to year 

of SCLC diagnosis among men and women. Results are shown for the SEER 18-registry 

database. The following ICD-O-3 histology codes were used to define the SCLC subtype: 

8002 and 8041–8045.
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