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Abstract

Background—Non-small cell lung cancer (NSCLC) presentation, treatment, and outcomes vary 

widely according to socioeconomic factors and other patient characteristics. To determine whether 

medical comorbidities account for these observations, we incorporated a validated medical 

comorbidity index into an analysis of patients diagnosed with stage I–III NSCLC.

Patients and Methods—We performed a retrospective analysis of consecutive patients 

diagnosed with stage I–III NSCLC. Demographic, tumor, and comorbidity data were obtained 

from hospital tumor registries and individual patient records. The association between variables 

was assessed through multivariate logistic regression and survival analysis.

Results—A total of 454 patients met criteria for analysis. Median age was 65 years, and 51% 

were men. Individuals with a higher Charlson Comorbidity Index (CCI) were significantly more 

likely to present with early stage (stage I–II) NSCLC than were patients with lower CCI (OR 1.72; 

95% CI, 1.14 to 2.63; P=0.01), although this association lost statistical significance (P=0.21) in a 

multivariate model. In multivariate logistic regression, overall survival remained associated with 

all variables: age, gender, race, insurance type, stage, histology, and CCI (P=0.0007). The CCI was 
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associated with survival for patients with both early stage (P=0.02) and locally advanced (P=0.02) 

disease.

Conclusions—In this cohort of patients with stage I–III NSCLC, increasing comorbidity burden 

had a non-significant association with diagnosis at earlier disease stage. Although comorbidity 

burden was significantly associated with outcome for both early stage and locally advanced 

disease, it did not account for survival differences based on multiple other patient and disease 

characteristics.
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Background

The presentation, treatment, and outcomes of non-small cell lung cancer (NSCLC) vary 

widely according to social factors and other patient characteristics.1–4 Earlier work at our 

institution has demonstrated that the reason for initial imaging and diagnosis, timeliness of 

diagnostic evaluation and therapy, treatment selection, and overall survival in patients with 

early stage and locally advanced disease differ according to socioeconomic status.5–8 

Reasons for these disparities remain unclear. Potential explanations include system-level 

factors, provider preferences, patient preferences, and patient fitness for therapy.

Fitness for therapy is a key factor in the treatment and outcome of lung cancer. Due to 

advanced age at diagnosis and the prevalence of prior or ongoing smoking, many patients 

suffer from medical comorbidities.9,10 In published series, comorbidity rates in lung cancer 

populations range from approximately 20% to 50%.11–13 These estimates are considerably 

higher than rates reported for other common malignancies such as breast, gastrointestinal, 

and prostate cancer.14,15 Nevertheless, at least some of these rates might be underestimates. 

A number of studies have examined lung cancer populations enrolled in therapeutic clinical 

trials, a setting in which eligibility requirements may exclude individuals with major 

medical problems.16,17 Additionally, Medicare-derived data—the principal source of 

comorbidity data in national samples—may have only modest concordance with hospital 

records.18

To evaluate the impact of medical comorbidities on lung cancer presentation and outcomes 

in a contemporary real-world population, we evaluated consecutive patients with stage I–III 

NSCLC treated at the University of Texas Southwestern Medical Center (UT Southwestern). 

At UT Southwestern, a single medical faculty provides care to a diverse patient population, 

including a large urban safety net system. We focused on early stage and locally advanced 

NSCLC due to greater variation in treatment options and clinical outcomes than seen in 

metastatic disease. We employed the Charlson Comorbidity Index, a commonly used 

measure of medical comorbidity that has been studied extensively in lung cancer 

populations.19–22
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Patients and Methods

This study was approved by the UT Southwestern Institutional Review Board. Data was 

obtained from the American College of Surgeons-approved UT Southwestern and Parkland 

Health and Hospital System Tumor registries. These registries draw patients from University 

Hospital, a 429-bed facility that serves a tertiary regional medical and surgical referral 

center, and Parkland Health and Hospital System, a 968-bed hospital and associated 

community clinics that is the primary safety net health care system for Dallas County. Dallas 

County has a population of 1.2 million people of whom 42% are Hispanic, 25% black and 

29% non-Hispanic whites.23 We obtained additional comorbidity data from hospital 

administrative databases and through review of individual patient paper and electronic 

medical records.

We collected data on patients diagnosed with stage I–III NSCLC between January 1, 2000 

and December 31, 2005. Our focus was limited to stage I–III NSCLC because (1) there is 

greater variation in treatment and outcome than seen in stage IV disease and (2) previous 

studies have indicated that medical comorbidities are likely to have a greater effect on 

treatment variation and survival compared to stage IV disease.24,25 We excluded cases with 

malignant effusions (“wet IIIB”; stage IV in the American Joint Committee on Cancer 

[AJCC] 7th Edition26) because treatment (chemotherapy-based) and survival are distinct 

from other stage III cases and more closely resemble stage IV disease. In our analyses, we 

grouped stage I and II disease together because of the small number of stage II patients and 

the largely similar treatment paradigms for both stages. The time period from 2000–2005 

was selected for the following reasons: (1) sufficient tumor registry data was first available 

for patients diagnosed in 2000, and (2) the 2005 cutoff allowed for sufficient follow-up at 

the time of outcome analysis.

Using these data, we calculated the Charlson Comorbidity Index (CCI) for each patient.19 

The CCI incorporates 19 chronic diseases weighted according to association with mortality. 

We grouped patients according to total score into the following established categories: 0 (no 

comorbidity) 1–2 (average), 3–4 (moderate), and ≥ 5 (severe). We selected the CCI for this 

study because it is the most commonly used, validated comorbidity index in the medical 

literature.13,19,20

Univariate and multivariate Cox regression were used to determine the association between 

baseline characteristics (age, gender, race, insurance, histology, cancer stage, CCI score) and 

clinical outcomes. All variables included in univariate analyses were retained in multivariate 

models. Kaplan-Meier survival curves were drawn and log-rank tests were used to test 

survival differences according to baseline characteristics. All statistical analyses were 

performed using SAS 9.1 (SAS Institute, Cary, NC) in Microsoft Windows.

Results

We identified 454 patients with stage I–III NSCLC diagnosed between January 1, 2000, and 

December 31, 2005. Baseline patient characteristics are shown in Table 1. Mean age was 65 

years, 51% were male, and 62% were non-Hispanic white. Using CCI categories, 37% of 
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patients had no comorbidity, 39% had average comorbidity, 18% had moderate comorbidity, 

and 6% had severe comorbidity. Specific medical comorbidities identified are listed in 

Figure 1. The most prevalent comorbid illnesses (each >5% of population) were chronic 

obstructive pulmonary disease (31%), coronary artery disease (15%), diabetes (14%), prior 

malignancy (14%), chronic heart failure (11%), peripheral vascular disease (10%), and 

cerebrovascular disease (7%). Despite the prevalence of diabetes and cerebrovascular 

disease, severe manifestations of these conditions were quite rare: only 1% had diabetes-

related end-organ damage and only 2% had hemiplegia.

A number of patient and tumor characteristics were associated with comorbidity burden (see 

Table 2). In univariate analysis, the following factors were significantly associated with a 

higher Charlson Comorbidity Index (CCI): older age, male gender, stage I/II disease, and 

squamous histology. Having no medical insurance was significant associated with having a 

lower CCI. The relationship between CCI and disease stage is also shown in Figure 2. In 

general, the absence of medical comorbidities was associated with diagnosis at earlier 

disease stage. Among patients with a CCI of 0, 43% had stage I–II disease and 57% had 

stage III disease. In contrast, among patients with a CCI of 1–2, 57% had stage I–II disease 

and 43% had stage III disease, with similar proportions noted for patients with CCI 3–4 and 

CCI ≥ 5. In multivariate analysis performed without model selection (Table 2), CCI 

remained significantly associated with age and gender. There was a non-significant trend 

toward association with disease stage (HR 0.78; P=0.21). When independent variables with 

P>0.2 in univariate analysis were removed from the analysis, age and gender remained 

significant predictors of CCI, with disease stage again having a non-significant trend toward 

association (HR 0.77; P=0.16).

Associations between baseline patient/tumor characteristics and overall survival are shown 

in Table 3. Overall survival was significantly associated with gender, race, stage, histology, 

insurance type, and comorbidity index. Longer survival was seen among women, white 

patients, stage I–II disease, patients with private insurance, and adenocarcinoma histology. 

Patients with higher CCI had worse clinical outcomes; median overall survival of patients 

with CCI of 0 or CCI of 1–2 was almost twice that of patients with CCI of ≥ 5 (Figure 3). In 

a multivariable model, all baseline characteristics remained independently associated with 

survival (Table 3).

Discussion

Medical comorbidities occur frequently among patients diagnosed with lung cancer, as the 

average age at diagnosis in the United States is over 70 years, and 85% of patients are 

current or former smokers. These comorbid conditions may impact treatment selection, 

toxicities, and outcomes.12,27,28 Specifically, patients with comorbidities have an increased 

likelihood of experiencing treatment-related adverse effects in addition to exacerbations of 

the comorbidity.9,29,30 For example, lung cancer patients with pre-existing pulmonary issues 

are more prone to experience radiation-associated toxicities such as pneumonitis or 

fibrosis.31 Due to comorbid conditions, these individuals may also be less likely to complete 

prescribed treatments, resulting in lower rates of disease control.32 Additionally, severe 
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comorbidities may themselves limit life expectancy independent of the underlying 

malignancy.10,33

The current study provides further insight into the impact of medical comorbidities on the 

presentation and outcomes of lung cancer in a diverse, real-world population. In this setting, 

we found that medical comorbidities occur frequently, are associated with lung cancer 

diagnosis at earlier stage, and are associated with survival. Sixty percent of patients had one 

or more recorded medical comorbidity. This rate is considerably higher than that reported in 

many earlier studies, in which only 20–50% of patients had documented comorbidities.11–13 

This difference most likely reflects differences in study populations and data sources. For 

instance, the study by Asmis and colleagues included patients who were enrolled on 

National Cancer Institute of Canada clinical trials and therefore had sufficient functional 

status and medical fitness to meet study eligibility criteria.12 Furthermore, our study 

represents a diverse population of whom many are medically underserved, which may 

contribute to increased burden of illness.34 The most common medical comorbidities 

observed (chronic obstructive pulmonary disease and coronary artery disease) share with 

lung cancer tobacco as a major risk factor.35 The concordance of chronic lung disease and 

lung cancer has substantial clinical implications, as it may render patients less likely to be 

candidates for potentially curative surgical interventions.36 Notably, 14% of patients in our 

cohort had a prior malignancy, many of which may have been tobacco-related. This 

relatively high rate of previous cancers also has implications on lung cancer clinical trial 

accrual, as most therapeutic clinical trials exclude patients with prior malignancy within a 

certain time of enrollment.

The possible association between increasing comorbidity burden and earlier stage at lung 

cancer diagnosis may be due to the more intensive medical care received by these patients. 

Because a decreasing proportion of early stage lung cancers are initially detected due to 

symptoms,5 increasingly they are detected incidentally during radiographic evaluation 

performed for other reasons. Patients with medical comorbidities may be more likely to 

undergo such imaging studies,37 whether as a component of routine disease surveillance, 

preoperative screening for surgical procedures, or during acute hospitalizations. The impact 

of computed tomography-based screening for lung cancer38 on this trend is not yet known. 

Another potential explanation for this finding is that patients with greater medical 

comorbidities may have been less likely to undergo invasive disease assessments such as 

mediastinoscopy, resulting in understaging.

We observed a clear association between the CCI and overall survival. Median overall 

survival exceeded 2 years among patients with CCI 0 and CCI 1–2, compared to 1.1 years 

among patients with CCI ≥ 5. This finding persisted in multivariable analysis incorporating 

numerous patient and disease factors (HR for death 1.99 for CCI 3–4 and 1.97 for CCI ≥ 5 

compared to CCI 0). Studies of the predictive ability of the CCI in lung cancer have had 

varying results. In early-stage disease, the CCI predicts higher perioperative mortality.21 It 

also predicts long-term survival, but may account for only a small proportion of survival 

variation.39 In advanced disease, results are mixed. Using a cut-off of CCI ≥ 1, Asmis and 

colleagues found an association with survival among patients enrolled in National Cancer 

Institute of Canada clinical trials.12 However, in a subset analysis of elderly patients treated 
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on a clinical trial and in a recent single-center series, CCI did not predict survival.25,40 It 

seems likely that the relatively short survival in these studies (approximately 7 months) and 

in metastatic lung cancer in general may limit the discriminative capacity of the CCI in this 

disease setting. By contrast, we found that the CCI predicted survival in both early-stage 

(median survival 5.6 years) and locally advanced (median survival 1 year) disease.

The current analysis builds upon our previous study demonstrating that, even within a single 

medical center with a single medical staff, there are socioeconomic disparities in clinical 

outcomes among patients with stage I–III NSCLC.7 We had hypothesized that medical 

comorbidities might account for these differences. However, even when accounting for CCI, 

stage and other factors in a multivariable model, non-white and indigent patients (defined as 

having Medicaid, the county indigent insurance plan, or no insurance) have inferior survival. 

Indeed, both groups had a trend toward lower comorbidity compared to white patients and 

patients with private insurance (P=0.21 and P=0.13, respectively). It is possible that, due to 

less frequent medical care, these individuals may be more likely to have medical conditions 

that go unrecognized or unrecorded, resulting in underscoring of the CCI. Alternatively, 

there may be as yet unidentified social factors that impact survival in these populations.

Principal limitations of our study include its retrospective nature, relatively small sample 

size, and single-center setting. Although our center provides access to a diverse patient 

cohort, certain patient characteristics may not have be representative of the larger lung 

cancer population. For example, the median age of the study cohort (65 years) is 

approximately 5 years younger than the national average. The use of both administrative 

data41 and detailed review of individual patient medical records increased the likelihood of 

identifying medical comorbidities in the study population.

Conclusion

This study identifies the influence of medical comorbidity on the presentation and outcome 

in early stage and locally advanced NSCLC. In a real-world population, over half of lung 

cancer patients have medical comorbidities. Absence of medical comorbidities may be 

associated with more advanced disease stage at diagnosis. Although comorbidity index is 

associated with survival, it does not account for survival differences based on socioeconomic 

status. Further investigation is required to elucidate the etiology of these disparities.
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Clinical Practice Points

• Medical comorbidities are frequent in lung cancer patients and are 

significantly higher than other common malignancies. It is not clear to what 

extent these comorbid conditions affect treatment selection and patient overall 

survival.

• We evaluated medical comorbidities utilizing the Charlson Comorbidity Index 

(CCI) in patients with stage I–III NSCLC treated at a medical institution that 

provides care to a demographically diverse population.

• Older age, male gender, and squamous histology were associated with higher 

CCI.

• Increasing comorbidity burden had a non-significant association with 

diagnosis at earlier disease stage.

• Increasing comorbidity burden also predicted for worse overall survival. This 

association persisted even when controlling for multiple patient- and tumor-

associated prognostic factors. Furthermore, socioeconomic status remained 

associated with clinical outcomes in this multivariable model, suggesting that 

further study to elucidate reasons for these disparities is required.
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Figure 1. 
Patients’ medical comorbidities and their prevalence.
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Figure 2. 
Association between Charlson Comorbidity Index Score and NSCLC stage
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Figure 3. 
Kaplan Meier Curve for stage I–III NSCLC According to Charlson Comorbidity Index 

Score
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Table 1

Patient Baseline Characteristics

Baseline Characteristic Number (%) or mean (± SD)

Total patients 467

Age (years) 65±11

Gender

 Male 243 (51)

 Female 224 (49)

Race

 Non-Hispanic white 290 (62)

 Black 135 (29)

 Hispanic 25 (5)

 Other 17 (4)

Insurance

 Private 134 (29)

 Medicare 199 (43)

 Medicaid/County 58 (12)

 None 61 (13)

 Unknown 15 (3)

Histology

 Adenocarcinoma 230 (49)

 Squamous 160 (34)

 Other 77 (17)

Stage

 I–II 246 (53)

 III 221 (47)

Charlson Comorbidity Index score

 0 173 (37)

 1–2 183 (39)

 3–4 82 (18)

 5 29 (6)
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