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Abstract

Objectives: Cumulative incidence of lung cancer deaths (LC-CID) is an important metric to 

understand cancer prognosis and to determine treatment options. However, credible estimates of 

LC-CID rely on accurate cause-of-death coding in death certificates. Results from lung cancer 

screening trials estimated 15% under-reporting and 1% over-reporting of lung cancer deaths due to 

misclassification. This study investigated the impact of cause-of-death misclassification on the 

estimation of LC-CID.

Materials and Methods: Patients with stage I/II non-small cell lung cancer (NSCLC) from the 

Surveillance, Epidemiology, and End Results registry were included. LC-CID was estimated using 

the competing-risk approach in two ways: (1) reporting observed estimates that ignore potential 

cause-of-death misclassification and (2) correcting for plausible misclassification rates reported in 

the literature (15% under-reporting and 1% over-reporting). Bias was quantified as the difference 

between observed and corrected 10-year LC-CIDs: positive values indicated that observed LC-

CID overestimated true LC-CID, whereas negative values indicated the opposite.

Results: Among 66,179 patients, the impact of over-reporting on 10-year LC-CID was negligible 

across all age groups. In contrast, under-reporting resulted in substantial underestimation of 10-

year LC-CID. The biases increased as age increased due to higher LC-CIDs: 10-year LC-CIDs 

among stage I patients 18–44, 45–59, 60–74 and ≥75 years were 25%, 32%, 41%, and 50%, 

respectively, and the corresponding biases given the plausible misclassification rates were −4.4%, 

−5.6%, −7.1%, and −8.6%. Because the observed LC-CIDs among patients with stage II disease 

were higher than those with stage I disease, the biases were greater among stage II patients, up to 

−12.5% in the oldest age group.
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Conclusions: In lung cancer, LC-CID may be severely underestimated due to under-reporting of 

lung cancer deaths, particularly among older patients or those with late-stage disease. Future 

studies that involve such subpopulations should present the corrected LC-CIDs based on plausible 

misclassification rates alongside the observed LC-CIDs.
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1. Introduction

Accurate estimation of long-term survival is crucial to the understanding of disease 

prognosis and cancer-specific mortality. However, what complicates the compilation of this 

data is the possibility of patients dying from causes unrelated to cancer. Patient with lung 

cancer, for example, die from either lung cancer or non-lung cancer causes. In these 

instances, when the occurrence of one outcome precludes the occurrence of the other, these 

two outcomes are considered competing events [1, 2]. In the presence of competing events, 

epidemiologic studies commonly report cancer-specific mortality as the cumulative 

incidence of cancer-specific deaths.

Cumulative incidence of cancer-specific deaths is a survival measure that represents actual 
prognosis, which acknowledges that the probability of dying from cancer may be countered 

by the probability of dying from other competing causes [3–5]. This contrasts with cancer 
prognosis (or net survival), which assumes cancer as the only possible cause of death and 

ignores competing causes.

When determining the cumulative incidence of cancer-specific deaths in a population, it is 

necessary to identify whether the patients died of cancer-related causes. However, obtaining 

the actual causes of death are often quite difficult. Death certificates commonly include 

incomplete or incorrect information relating to cause of death, due to diagnostic and coding 

errors [6, 7]. In the context of lung cancer, cause-of-death misclassification occurs when 

lung cancer deaths are misclassified as non-lung cancer deaths, or when non-lung cancer 

deaths are misclassified as lung cancer deaths.

The accuracy of cause-of-death information abstracted from death certificates has been 

examined in detail across major cancer sites [8–14]. Many of these studies confirmed the 

reliability of death certificates among cancer sites such as breast, prostate, and pancreas [11, 

12], while others reported high misclassification rates, particularly among colon, liver, and 

oral cancers, and strongly advised against relying on death certificates alone for cause-of-

death assignments [9, 12, 15]. In fact, several authors demonstrated that misclassification 

rates could be as high as 15% among lung cancer cases, and the impact of misclassification 

on cancer prognosis measures may be substantial [8, 16, 17]. However, these studies isolated 

the effect of cancer on survival by removing competing causes of death rather than 

accounting for competing outcomes to estimate “real world” probabilities of cancer-specific 

deaths -- the information most relevant to clinicians and patients. To date, only two studies 

[18, 19] systematically evaluated the impact of misclassification on actual prognosis using 
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the competing risk framework. Both reported that cause-of-death misclassification resulted 

in inaccurate estimation of cumulative incidence of breast cancer deaths. As the composition 

of cancer to non-cancer deaths are different between breast cancer and lung cancer [3], 

however, the conclusions from these two studies may not be applicable to lung cancer.

Given these limitations, the present study investigates the impact of cause-of-death 

misclassification on the estimation of cumulative incidence of lung cancer deaths (LC-CID). 

This study is the first to examine cause-of-death misclassification in the competing risk 

framework among patients with early-stage non-small cell lung cancer (NSCLC).

2. Materials and Methods

2.1. Study Population

Patients diagnosed between 2004 and 2014 with NSCLC were included from the 

Surveillance, Epidemiology, and End Results (SEER) registry released in April 2017 [20] 

(See flow diagram, e-Figure 1). In the SEER registry, the cause-specific death classification 

variable uses two different rules to assign the cause of death depending on whether the index 

tumor was an individual’s first and only tumor or the first of multiple tumors. This 

distinction addresses the evidence of greater ambiguity in cause-of-death assignments 

among patients diagnosed with more than one cancer [12, 21]. Therefore, to maintain 

consistency in the definition of cancer-specific deaths, patients with prior cancers or second 

primaries were excluded from the analysis cohort. Histological diagnoses of NSCLC were 

based on the International Classification of Diseases for Oncology codes (ICD-O-3, e-

Appendix A) [22]. For each patient, year of diagnosis, stage (based on the sixth edition of 

the American Joint Committee on Cancer (AJCC) Staging Manual), histology, age, sex, 

surgery (yes/no), vital status (alive/dead), cause of death (lung cancer-specific or non-lung 

cancer-specific), and survival duration (from diagnosis to death or last follow-up) were 

recorded. The analysis cohort comprised of NSCLC patients aged ≥18 years with stage I or 

II diseases at the time of diagnosis.

2.2. Cumulative incidence and competing risks

In the setting of NSCLC, deaths are attributed to lung cancer (the events of interest) or non-

lung cancer causes (the competing events). Conventionally, the cumulative incidence of 

deaths can be obtained using the Kaplan-Meier approach (1 minus Kaplan-Meier estimate). 

The Kaplan-Meier approach provides a nonparametric estimate of the overall survival 

probability of an event of interest [1]. However, in the presence of non-lung cancer deaths, 

the Kaplan-Meier approach may not be appropriate to estimate the cumulative incidence of 

lung cancer deaths because it assumes patients will not die from other causes [1, 2]. Instead, 

the cumulative incidence of lung cancer deaths can be examined using competing-risk 

analysis to account for the presence of competing events. Rather than censoring the 

individuals who died from non-lung cancer causes (as done in the Kaplan-Meier approach), 

the competing risk framework accounts for non-lung cancer deaths (competing events) in the 

analysis to estimate LC-CID. In each time interval of the cumulative incidence function, the 

incidence of lung cancer deaths is estimated as the joint probability of experiencing lung 

cancer deaths in this time interval given that the individuals survived both lung cancer and 
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non-lung cancer deaths in all prior intervals [1]. Even so, the cumulative incidence estimates 

are still susceptible to cause-of-death misclassification.

2.3. Types of cause-of-death misclassification

This paper applies the formal definitions of misclassification described by Bakoyannis and 

Yiannoutsos [19]. Additional details to accompany the brief descriptions below can be found 

in the appendix (e-Appendix B). With two competing outcomes, there may be 

misclassification of the events of interest and/or the competing events (Figure 1). 

Probabilities are assigned to each of these scenarios, ranging from 0 to 1.

Let a = the probability of misclassification of the events of interest (e.g., lung cancer deaths 

misreported in death certificates as non-lung cancer deaths and thus “under-reporting” lung 

cancer deaths).

Let b = the probability of misclassification of the competing events (e.g., non-lung cancer 

deaths misreported as lung cancer deaths and thus “over-reporting” lung cancer deaths).

When a=0 and b=0, there is no misclassification error. This scenario is ideal but unlikely. In 

reality, cause-of-death recording in death certificates are subject to errors, broadly 

categorized into two types: (1) unidirectional misclassification and (2) bidirectional 

misclassification. Unidirectional misclassification occurs when only one of the two 

outcomes are misclassified (either a=0 with b>0, or b=0 with a>0). Bidirectional 

misclassification occurs when both the events of interest and competing events are 

misclassified (both a>0 and b>0). Bidirectional misclassification applies to our current focus 

on the estimation of lung cancer-specific mortality.

Because a and b are probabilities, the influence of a and b are relative to the magnitude of 

LC-CID and the corresponding cumulative incidence of non-lung cancer deaths (non-LC-

CID). The higher the LC-CID, the greater the impact of a; similarly, the higher the non-LC-

CID, the greater the impact of b. For example, if the true proportion of patients who died 

from lung cancer was 50% and the degree of under-reporting, a, was 10%, then 5% of the 

total population would have been misclassified as non-lung cancer deaths while having lung 

cancer deaths. But if the true proportion of patients who died from lung cancer causes was 

lowered to 10% while a remains at 10%, under-reporting would only impact 1% of the total 

population.

2.4. Statistical Analysis

Patients were categorized into eight subgroups based on stage (I or II) and age at diagnosis 

(18 to 44, 45 to 59, 60 to 74, and ≥75 years). In each subgroup, the observed LC-CID and 

non-LC-CID were estimated. The observed estimate of LC-CID reports the observed 

incidence under the assumption that cause-of-death coding is accurate. In reality, the 

observed LC-CID estimates are susceptible to biases due to cause-of-death misclassification. 

The observed LC-CID can be corrected to derive the true LC-CID if the actual probabilities 

of misclassification are known [19]. Given a and b, the corrected LC-CID can be derived as 

(see details in e-Appendix B):
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corrected LC‐CID = 1 − b
1 − a − b (observed LC‐CID) − b

1 − a − b (observed non‐LC‐CID) .

In this study, like most observational studies, the exact misclassification probabilities were 

unknown. Upon literature review, plausible estimates of a and b were identified from two 

National Cancer Institute sponsored lung cancer screening trials conducted in the United 

States [23]. Both the Mayo Lung Project [16, 24, 25] and the Johns Hopkins Lung Project 

[26] conducted formal mortality reviews for all deaths by two or more experts and estimated 

the accuracy of cause-of-death information reported in death certificates. In the Mayo Lung 

Project, death certificates misclassified 11.4% (27/297) of lung cancer deaths as non-lung 

cancer deaths and misclassified 0.9% (14/1636) of non-lung cancer deaths as lung cancer 

deaths (i.e., a = 11.4% and b = 0.9%). The corresponding estimates in the Johns Hopkins 

Lung Project were 15.5% (51/329) and 1.1% (13/1203; i.e., a = 15.5% and b = 1.1%). Other 

validation studies reported similar values of a: for example, a prospective cohort study 

among workers exposed to asbestos reported that 14% of autopsy-confirmed lung cancer 

deaths were misclassified as non-lung cancer deaths in death certificates [27].

Based on these studies, plausible values of the misclassification rates were reliably estimated 

as a = 15% (moderate under-reporting) and b = 1% (negligible over-reporting). The impact 

of these misclassification rates on LC-CID estimates were quantified in each subgroup. To 

generalize the relationships between different misclassification rates and LC-CID estimates, 

the biases in LC-CID were also assessed under additional scenarios: a = 0% (no under-

reporting) or 5% and b = 0% (no over-reporting) or 5%.

Hence, in each scenario, LC-CIDs were estimated using the competing-risk approach in two 

ways: (1) reporting observed estimates that ignore potential cause-of-death misclassification 

and (2) correcting for misclassification rates a and b using the correction method described 

above. Biases were quantified as observed minus corrected 10-year LC-CIDs. A positive 

value of bias indicates that the observed LC-CID overestimated the true LC-CID, whereas a 

negative value of bias indicates that the observed LC-CID underestimated the true LC-CID.

As an exploratory assessment, the analyses were repeated in the subcohort of patients who 

underwent surgery. All analyses were conducted using R 3.5.3 (R Core Team, Vienna, 

Austria): the SEERaBomb package for data processing and the cmprsk package for 

estimation of LC-CID and non-LC-CID. R code to perform this analysis is available in e-

Appendix C.

3. Results

3.1. Characteristics and Cumulative Incidence of Death

Analyses included 66,179 patients with stage I (80%) or II NSCLC, of whom 82% were 

aged ≥60 years, and 50% were females (Table 1). The proportions of lung cancer deaths 

were higher than those of non-lung cancer deaths across all subgroups. Overall, 10-year LC-

CID was 47%, compared to non-LC-CID of 25%, without accounting for cause-of-death 

misclassification. Ten-year LC-CID increased with advancing age and stage, from 25% to 
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50% among stage I patients and from 48% to 71% among stage II patients between the 

youngest and oldest age groups (Figure 2). In contrast, non-LC-CID actually decreased with 

higher stage across all age groups (e.g., 10-year non-LC-CID among those ≥75 years was 

36% among stage I and 23% among stage II). Even though the total number of deaths 

increased with age, the proportion of deaths attributed to cancer in the older age group 

decreased because of increased competing causes of death (Table 1: e.g., stage I: 79% of all 

deaths among those 18–44 years were attributable to lung cancer causes, compared to 64% 

among those ≥75 years).

3.2. Impact of misclassification in one age group

Results are first described among patients aged 60 to 74 years (stage I) before extending the 

findings to the other subgroups. The observed 10-year LC-CID was 41% in this age group, 

compared to non-LC-CID of 25% (Table 1). When a = 0 (no under-reporting), any degree of 

over-reporting (b > 0) resulted in the overestimation of LC-CIDs (Figure 3A: given a = 0% 

and b = 5%, bias of observed 10-year LC-CID from corrected LC-CID = +1.3%). However, 

under the literature-based plausible value of b = 1%, this overestimation of LC-CID was 

negligible (bias = +0.2%). Conversely, when b = 0 (no over-reporting), any degree of under-

reporting (a > 0) resulted in the underestimation of LC-CIDs. Given the literature-based 

plausible value of a = 15%, the underestimation was as high as 7.3% (bias = −7.3%) in this 

age group. Though not the outcome of interest, the first scenario would lead to 

underestimation of non-LC-CID, while the second scenario would lead to overestimation of 

non-LC-CID.

When both types of misclassification were present, the degree of bias depended on the 

values of a and b and the magnitudes of LC-CID and non-LC-CID. Because 10-year LC-

CID was much higher than non-LC-CID in this age group (41% vs 25%) the impact of a 
(under-reporting) resulted in greater impact on observed LC-CID than b (over-reporting) did 

when both a and b were the same values (e.g., the vertical distances between the 0% and 5% 

curves on Figure 3A across increasing values of a were much smaller than those in Figure 

3B across increasing values of b).

3.3 Impact of misclassification among patients with stage I disease

Assuming the literature-based plausible value of b = 1%, the impact of b (over-reporting) on 

LC-CID was negligible across all each age groups with stage I disease regardless of the level 

of under-reporting, a (Figure 4A–D). In contrast, assuming the plausible value of a = 15%, 

the impact of a (under-reporting) on LC-CID was more pronounced. Specifically, the degree 

of underestimation increased as age increased due to higher LC-CIDs (Figure 4E–H). The 

10-year LC-CIDs among those 18–44, 45–59, 60–74 and ≥75 years were 25%, 32%, 41%, 

and 50%, respectively, and the corresponding biases under plausible misclassification rates 

(a = 15% and b = 1%) were −4.4%, −5.6%, −7.1%, and −8.6%.

3.4 Impact of misclassification among patients with stage II disease

The LC-CIDs among patients with stage II disease were higher than those with stage I 

disease (Table 1; Figure 2). Hence, the impact of a on LC-CID was greater among patients 

with stage II disease within each age group than those with stage I disease (Figure 5). The 
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10-year LC-CIDs among those 18–44, 45–59, 60–74 and ≥75 years were 48%, 57% 63%, 

and 71%, respectively, and the corresponding biases under the plausible misclassification 

rates (a = 15% and b = 1%) were −8.5%, −10.1%, −11.1%, and −12.5%. In contrast, because 

non-LC-CIDs were lower among those with stage II disease than those with stage I disease 

(Table 1), the impact of b was smaller among patients with stage II disease. However, given 

the extremely small plausible value of b = 1%, the biases in observed LC-CIDs were 

considered negligible across all age groups (Figure 5).

3.5 Impact of misclassification among patients who received surgery

The analyses above were repeated among the subcohort of patients who received surgery 

(N=45,114; 68.2%). All-cause mortality was lower among surgery patients compared to the 

whole cohort, mainly due to the reduction in deaths due to lung cancer (e-Table 1; e-Figure 

2). Although the non-LC-CIDs among patients who received surgery were similar to those 

observed in the whole cohort, 10-year LC-CIDs were lower among those who received 

surgery compared to the whole cohort (37% vs 47%). As a result, the impact of a on the 

underestimation of observed LC-CIDs in this surgical cohort were smaller than those 

observed in the whole cohort given the assumed plausible misclassification rates (e-Figure 3, 

e-Figure 4).

4. Discussion

Cause-of-death misclassification is inevitable when using death certificates to estimate 

cancer-specific mortality. When determining the cumulative incidence of cancer-specific 

deaths, the correction method presented in this paper can be easily applied to account for 

misclassification in the estimation procedure. Whenever possible, the corrected measures 

should be presented alongside the observed measures as a sensitivity analysis, in conjunction 

with relevant misclassification rates obtained from the literature (e.g., validation studies). In 

the absence of reliable misclassification rates, ranges of possible misclassification 

probabilities can be utilized (e-Appendix D). As demonstrated in this study of NSCLC 

patients, the impact of over-reporting of lung cancer deaths was negligible due to extremely 

low levels of misclassification probabilities obtained from the literature. In contrast, the level 

of under-reporting was approximately 15%, which had the most substantial impact on 

observed LC-CID in populations with greater LC-CID, such as patients with late-stage 

disease and older age.

Based on plausible misclassification rates, the observed LC-CID tended to be 

underestimated because of misclassification in death certificates. This conclusion contrasts 

starkly with the results from breast cancer patients using the same registry, where the 

cumulative incidences of breast cancer deaths were overestimated due to misclassification of 

causes of death [18]. The primary reason lies in the ratio of the events of interest to the 

competing events. In lung cancer, the cumulative incidence of cancer-specific deaths was 

higher than other causes (e.g., 10-year LC-CID vs non-LC-CID were 71% vs. 23% among 

the oldest age group with stage II NSCLC), whereas the opposite pattern was true in breast 

cancer (e.g., 10-year cumulative incidence of breast-cancer vs. non-breast cancer deaths 

were 9% vs. 74% among those aged ≥85 years). This difference in conclusions confirmed 
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our motivation to study the impact of cause-of-death misclassification specifically among 

lung cancer patients.

The findings of this study confirm that the impact of under-reporting was most substantial 

among the oldest age groups due to higher LC-CIDs. Additionally, national mortality 

registries were shown to overestimate disease-specific causes of deaths among the elderly 

[28]. For future studies that involve such subpopulations, it is crucial to present the corrected 

LC-CIDs based on plausible misclassification rates alongside the observed LC-CIDs. 

Alternatively, one may also report relative survival among these subpopulations, thus 

removing the need for cause-of-death information [3]. Relative survival is the ratio of the 

overall survival among patients diagnosed with lung cancer and the expected survival in a 

matched general population (i.e., the excess mortality attributable to cancer). The advantage 

of reporting relative survival is that it does not require any cause-of-death information, hence 

removing the concern of misclassification. However, the accuracy of relative survival 

estimates relies on the comparability between the general population and the lung cancer 

patient population. For example, some have argued that since most patients with lung cancer 

are smokers, they are not comparable to the general population, in which the majority of 

patients are more likely to be nonsmokers [29]. Furthermore, relative survival quantifies 

cancer prognosis, whereas LC-CID measures actual prognosis. Formal comparisons between 

these two estimation frameworks can be found elsewhere [2, 3, 30, 31]. Researchers should 

base the choice of measure on the availability and accuracy (whether cause-of-death 

assignments or comparable matched cohort) of data and the interpretation of interest.

The concepts and correction for potential misclassification described in this study can be 

extended to other settings with competing outcomes. For example, if the events of interest 

are cancer recurrences, it is common to present the cumulative incidence of recurrences. 

However, some patients may have been incorrectly assigned as dead without recurrence (the 

competing events) instead of true recurrence events if not for errors or lapses in follow-up 

scans.

In addition to cause-of-death misclassification, details related to the actual causes of death 

may not be available for all individuals who died; hence deaths may be recorded as unknown 

(i.e., deaths cannot be ascribed to lung cancer or other causes with certainty). It is possible 

that some fraction of the unknown deaths may be due to cancer-specific causes. Gamel and 

Vogel [31] proposed partitioning these deaths with unknown causes according to the ratio of 

lung cancer deaths versus deaths attributable to other causes. An alternative approach 

involves imputing missing causes of death [32].

A few limitations apply to this paper. First, the correction method only allows for two 

potential outcomes (lung cancer or non-lung cancer deaths) even though non-lung cancer 

deaths can be further categorized as cardiac and other deaths. Second, the misclassification 

probabilities a and b were assumed to be constant throughout follow-up duration. 

Accounting for both limitations will require extensive methodological efforts beyond the 

scope of this paper. Third, this paper focused only on the impact of misclassification on the 

cumulative incidence of deaths. Other studies have investigated the statistical properties of 

misclassification on cause-specific hazard functions using log-rank tests [33], semi-
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parametric approach [34] and non-parametric approach [35], and proposed a likelihood-

based parametric competing risk analysis [36]. Our focus on the cumulative incidence 

estimation is motivated by its expanding use in epidemiologic studies. Finally, the use of the 

SEER registry is subject to inherent limitations associated with any large, multi-institutional 

registry-based data involving heterogenous patients not treated uniformly.

5. Conclusions

Published estimates of cumulative incidence and cancer prognosis inform clinical care and 

treatment decisions of lung cancer patients. Credible estimates of the cumulative incidence 

of lung cancer deaths rely on accurate cause-of-death coding. Cause-of-death 

misclassification resulted in substantial underestimation of the true cumulative incidence of 

lung cancer deaths in NSCLC, mainly due to moderate levels of under-reporting of lung 

cancer deaths. Future studies that report the cumulative incidence of lung cancer deaths 

should correct for potential cause-of-death misclassification in the estimation, particularly 

among the elderly subpopulation.
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Highlights:

• Causes of death recorded on death certificates are susceptible to errors.

• Lung cancer deaths can be misclassified as non-lung cancer deaths and vice-

versa.

• Estimation of cumulative incidence of cancer-death requires accurate cause-

of-death coding.

• Cause-of-death misclassification led to underestimation in cumulative 

incidence of lung cancer deaths.

• Bias in estimation increased with age, especially among those older than 75 

years.
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Figure 1. Diagram depicting the competing events for patients diagnosed with lung cancer.
In this context, deaths due to lung cancer are considered the events of interest and non-lung 

cancer deaths are considered competing events. Misclassification can occur when deaths due 

to lung cancer are misclassified as non-lung cancer deaths, leading to under-reporting of 

lung cancer deaths (a), or when non-lung cancer deaths are misclassified as lung cancer 

deaths, leading to over-reporting of lung cancer deaths (b).
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Figure 2. 
Cumulative incidences of lung cancer deaths (the events of interest) and non-lung cancer 

deaths (the competing events) up to 10-years after diagnosis, by age and stage of disease.
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Figure 3. The impact cause-of-death misclassification on the 10-year cumulative incidence of 
lung cancer deaths (LC-CID) among patients aged 60 to 74 with stage I disease.
In each scenario, a refers to the probability of under-reporting lung cancer deaths, and b 
refers to the probability of over-reporting lung cancer deaths. Results are presented for 

increments in b given increasing values of a (left panel) or increments in a given increasing 

values of b (right panel). Based on literature, the plausible values of under-reporting and 

over-reporting are a = 15% and b = 1%. The differences between observed 10-year LC-CIDs 

and corrected 10-year LC-CIDs were reported as biases in each scenario. A positive value of 

bias indicates that the observed 10-year LC-CID overestimated the corrected 10-year LC-

CID; a negative value of bias indicates that the observed 10-year LC-CID underestimated the 

corrected 10-year LC-CID. The gray dashed line at y = 0 represents the ideal situation of no 

bias.
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Figure 4. 
The impact cause-of-death misclassification on the 10-year cumulative incidence of lung 

cancer deaths (LC-CID) among patients with stage I disease and increasing age at diagnosis.

See Tan Page 16

Lung Cancer. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
The impact cause-of-death misclassification on the 10-year cumulative incidence of lung 

cancer deaths (LC-CID) among patients with stage II disease and increasing age at 

diagnosis.
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Table 1:

Summary of clinical data from Surveillance, Epidemiology, and End Results (SEER) registry among patients 

with stage I or II non-small cell lung cancer

Cause of death
†

Lung cancer Non-lung cancer

Stage Age** % Female Total No.
No. of All-

cause 
deaths

Event No. (%)* 10-year LC-CID Event No. (%)* 10-year non-LC-CID

I 18–44 61% 575 122 96 (79%) 25% 26 (21%) 9%

I 45–59 54% 8266 2548 1838 (72%) 32% 710 (28%) 15%

I 60–74 50% 25942 10813 7268 (67%) 41% 3545 (33%) 25%

I 75+ 53% 18351 10850 6943 (64%) 50% 3907 (36%) 36%

II 18–44 50% 198 86 76 (88%) 48% 10 (12%) 7%

II 45–59 44% 2740 1448 1231 (85%) 57% 217 (15%) 13%

II 60–74 42% 6410 3942 3187 (81%) 63% 755 (19%) 18%

II 75+ 47% 3697 2819 2245 (80%) 71% 574 (20%) 23%

Total 50% 66179 32628 22884 (70%) 47% 9744 (30%) 25%

†
Based on the “SEER cause-specific death classification” variable in the SEER registry, subject to cause-of-death misclassification.

**
Age at diagnosis.

*
% among all-cause death within each subgroup ignoring censoring.

LC-CID, cumulative incidence of lung cancer deaths; non-LC-CID, cumulative incidence of non-lung cancer deaths.
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