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Abstract

Background—After a prolonged period of increasing rates of lung cancer incidence and
mortality for both men and women, incidence and mortality rates are decreasing in men and
stabilizing in women. The goal of this study was to assess changes over 20 years in the prevalence
of known risk factors for lung cancer and to elucidate possible predictors associated with lung
cancer survival.

Methods—The study included a total of 908 patients with primary lung cancer referred to The
University of Texas M. D. Anderson Cancer Center over three study periods 1985-1989 (N=392),
1993-1997 (N= 216), and 2000-2004 (N= 300). Detailed questionnaires were used to collect
information from the patients. Hazard ratios were estimated by fitting a Cox proportional hazards
model. Using the Kaplan Meier method, survival in months was calculated up to 2 years from the
date of diagnosis to achieve comparability in the three groups.

Results—We observed a decrease in the proportion of patients who are current cigarette smokers
and an increase in the proportion of patients who present with adenocarcinoma of the lung, are
obese and patients who present with localized disease. We also found an increase in the number of
patients who report a family history of lung cancer. The overall median survival duration has
increased over the years from 12.0 months in 1985-1989 to 17.5 months in 2000-2004. Also, the
probability of survival of patients who were alive at 2 years after diagnosis has also increased
(26.5% in 1985-1989 to 40.8% in 2000-2004). Overall, women had a better median survival than
men.

Conclusions—The results show that the demographic, histologic, clinical, and outcome
variables of patients with lung cancer have changed over the past 20 years. Most important, the
survival of patients with lung cancer has improved.
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Introduction

Lung cancer (LC) is the second most common incident cancer and the leading cause of
cancer mortality in the United States [1]. In 2008, it is estimated that lung cancer will
account for 90,810 deaths in men and 71,030 deaths in women [1]. The prevalence rates of
lung cancer have increased over time for both men and women; whereas recent US trends
show that lung cancer incidence and mortality rates are decreasing in men and in women,
after long periods of increase, a stable trend (plateau phase) can be observed [1,2,3]. Also, a
recent study has shown that, although the survival rates have increased for both men as well
as women with survival rates for women being higher than men, the survival rates have
shown greater improvements in men; thereby resulting in a narrowed gender gap [4]. The 2-
year survival rate gap narrowed from 5.2% in 1975-1987 to 4.5% in 1988-1999 and 5-year
survival rate gap decreased from 4.2% in 1975-1987 to 3.5% 1988-1999; with the results
being more pronounced for local disease.

To date, few studies have evaluated changes over time in demographic, histologic, and
clinical factors as related to outcome of patients with lung cancer. The goal of this study was
to assess changes over 20 years in the prevalence of known risk factors for lung cancer and
to elucidate possible predictors associated with lung cancer survival. We present data from
908 patients with primary lung cancer referred to The University of Texas M. D. Anderson
Cancer Center over three study periods: 1985-1989, 1993-1997, and 2000-2004.

Materials and Methods

The criteria for including patient data in this retrospective study were (1) the patients should
be US residents with histologically diagnosed primary lung cancer, (2) the patients should
have received their primary treatment at M. D. Anderson Cancer Center, and (3) the patients
should have completed detailed self-administered or interviewer-administered risk factor
questionnaires. The Institutional Review Board of M. D. Anderson approved this study.

Selection of Time Periods

The three five-year time periods selected for analysis were 1985-1989, 1993-1997, and
2000-2004. Each study period included five years of data with a two- to three-year gap
between two consecutive time periods, which resulted in a total assessment time of 20 years.

For the study period 1985-1989, data were collected from Patient Risk Evaluation Program
(PREP) questionnaires completed by a cross-section of patients who were registered at M.
D. Anderson from January 1985 through December 1993. All newly registering adult
patients were asked to complete a self-administered demographic and epidemiologic
questionnaire that included questions about sex, ethnicity, date of birth, education level, and
smoking history.
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For the period 1993-1997, data were collected as part of an ongoing molecular
epidemiologic study of lung cancer. The participants were recruited from the Thoracic
Center at M. D. Anderson since 1992 and included patients with newly diagnosed,
histopathologically confirmed lung cancer who were enrolled in the study before the
initiation of any treatment regimen. Participants were asked to fill out an informed consent
form, and trained interviewers administered a detailed questionnaire to gather similar
information on variables such as demographic characteristics, smoking history, occupational
exposures, medical history, and family history of cancer.

For the period 2000-2004, the self-administered questionnaire, the Patient History Database
Questionnaire (PHDB), was distributed to all new patients at the time of initial presentation
as part of the clinical intake assessment process. The PHDB form provides a template for
clinicians to complete the primary medical evaluation of patients. Data are abstracted and
entered into a web-based Oracle database (an institution-wide core epidemiologic database)
by certified clinical coding specialists. The database is maintained by the Department of
Epidemiology at M. D. Anderson Cancer Center. The information that is gathered routinely
from every new patient registering at M. D. Anderson includes standardized and uniform
epidemiological data such as exposures to potential carcinogens, family cancer history,
history of previous cancers, and quality of life indices. This data collection process was
launched in December 1999. Quality control checks are performed regularly to maintain the
integrity of the data. PHDB data from all patients with histopathologically confirmed lung
cancer were included in the current risk analysis.

The questionnaires that were used to collect data in all three study periods were developed
under the direction of Dr. Margaret Spitz. Therefore, there is strong continuity among the
three questionnaires with respect to questionnaire structure, data query structure and format.
Furthermore, all patients are routinely followed-up by scheduled appointments and by letters
and/or phone calls. The Bureau of Vital Statistics from Texas, New Mexico, and Oklahoma
is also checked every four months to verify patient vital status.

Clinical data, including cancer site, histologic type, date of diagnosis, treatment, and
survival, were obtained from the Tumor Registry at M. D. Anderson.

We only included data for patients who had undergone treatment at M. D. Anderson Cancer
Center, as we believe that patients who undergo some type of treatment provide more
meaningful estimates for survival and are truly “analyzable” patients. Also, excluded were
patients who received no treatment due to advanced disease (and were probably referred for
hospice care) and patients who had come to M. D. Anderson Cancer Center for a “second
opinion only” and may have received their treatment at other institutions closer to their place
of residence. Including these patients could have resulted in a selection bias. For time period
2000-2004, data were available for 2336 patients; however to make groups comparable, we
randomly selected 300 patients from this group for analyses.

Study Variables and Data Collection

The M. D. Anderson Tumor Registry uses the staging system of the Surveillance,
Epidemiology and End Results (SEER) [5] program cancer registries that are required data
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elements for registries participating in the National Program of Cancer Registries of the
Centers for Disease Control and Prevention (CDC). Stage is classified as localized,
extensive (including direct extensive, lymph node involvement, and combined), and distant
disease. Patients were further classified by histological lung cancer type (squamous,
adenocarcinoma, other non-small cell lung carcinoma (NSCLC other) and small cell
carcinoma) and treatment (surgery-based therapy, chemotherapy with no radiation, radiation
with no chemotherapy, and chemotherapy and radiation combined).

Current smokers (CS) were defined as active smokers and included those who had stopped
smoking less than 1 year before lung cancer diagnosis, former smokers (FS) were defined as
those who had not smoked for one or more years before diagnosis, and never smokers (NS)
were defined as those who had smoked fewer than 100 cigarettes in their lifetime.

Self-reported weight and height were available to compute body mass index (BMI) that was
divided into three categories based on CDC criteria: underweight to normal (BMI < 25),
overweight (BMI, 25.0-29.9), and obese (BMI = 30). For analysis purposes, the overweight
and obese BMI groups were combined, as very few patients were in the obese group. The
presence of a family history of lung cancer was defined as reporting at least one first-degree
relative (parent, sibling or offspring) with lung cancer. The overall pack-years variable for
the three time periods was combined and dichotomized by median pack-years (46 pack-
years) and smoking was characterized as light smokers (<46 pack-years) and heavy smokers
(>46 pack-years) versus never smokers.

Statistical Analysis

We used the Pearson chi-square test to determine if statistically significant differences
existed between the three time groups in the distribution of all categorical variables and one-
way analysis of variance (ANOVA) to test for differences in all continuous variables.
Survival in months was calculated up to 2 years from the date of lung cancer diagnosis. This
time period was selected to make the three groups comparable, since data for the last group
(2000-2004) were available for only 2 years after entry into the study. Those who were alive
or lost to follow-up after 2 years were censored. For calculating the survival rate, patients
who were censored within the 1-year or 2-year periods were counted as alive. The Kaplan
Meier method was used to calculate and compare survival between the groups, and the log-
rank statistic was used to evaluate significant (two-sided alpha=0.05) differences in survival
time. Hazard ratios (HRs) (1985-1989 group used as the reference) were estimated by fitting
a Cox proportional hazards model adjusted for sex, ethnicity, smoking status, histology,
stage, treatment, family history, and BMI. We used the Schoenfeld residuals plot (and added
time-varying covariates to the model) to test the hypothesis of a proportional hazard. Those
variables that did not meet the proportional hazard assumption were treated as time-
dependent variables. For the survival analyses, age at diagnosis was categorized as < 45
years, 46-60 years, and > 60 years. We used the SAS for Windows software package
(version 9.1) to complete all statistical analyses. Patients with missing values for a variable
were excluded from analysis for that variable.
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A total of 908 patients were included: 1985-1989 (N=392), 1993-1997 (N= 216), and
2000-2004 (N= 300). This represents 28.3% of all eligible lung cancer patients at M. D.
Anderson for the period 1985-1989, 15.1% of eligible lung cancer patients for the period
1993-1997, and 10.8% of eligible lung cancer patients for the period 2000-2004. The data
that were used in 1985-1989 (PREP) and 2000-2004 (PHDB) were from self-administered
questionnaires, whereas the data collected in 1993-1997 were part of an ongoing lung
cancer study for which research interviewers collected the data.

The observed differences in prevalence of key variables between the three time periods are
summarized in Table 1. Over the three time periods, the percentage of women (36.2% to
40.6%) and nonwhites (10.5% to 20.8%) presenting with lung cancer increased (P=0.08 and
P=0.0009, respectively). The percentage of current smokers decreased (56.9% to 22.2%),
while that of former smokers (35.7% to 68.9%) and never smokers (7.4 % to 8.9%)
increased (P<0.0001). A decrease in the percentage of current smokers and an increase in
the percentage of former smokers were also observed when the analysis was stratified by
gender (P<0.0001, supplementary data Table A). Among ever smokers (current and former
smokers) there was a decreasing, yet non-significant, trend for mean pack-years smoked
among the three groups (P=0.09). We also observed an increase in age at diagnosis across
the three time periods (P=0.0004). This trend was evident in both sexes (P<0.0001), current
smokers (P=0.0072), whites (P<0.0001), and all histologic groups (P<0.001) (supplementary
data Table B). Age at smoking initiation also increased from 16.9 years in 1985-1989 to
17.5 years in 1993-1997 and to 18.2 years in the most recent time period (P=0.006).

The percentage of patients who presented with small cell carcinoma has increased (16.3% to
19.8 %), while the percentages of patients with adenocarcinoma (about 44%) and squamous
cell carcinoma (about 23%) remained fairly constant over the three time points (P=0.22).
When the data were stratified by sex, we observed that the proportion of adenocarcinoma in
women remained consistent across the time points and in men decreased over time (P=0.11,
supplementary data Table A). The percentage of patients presenting with localized cancer
increased in the second time period and decreased thereafter (14.0%, 23.7%, and 15.4%
respectively), and the percentage of extensive-stage cancer decreased (35.5% to 26.7%;
P=0.004). Such a trend in presentation was observed in men (P=0.01, supplementary data
Table A). In addition, there was a decrease in the percentage of patients undergoing surgery
and radiation use has remained stable, while the use of chemotherapy, and a combination of
chemotherapy and radiation increased (P<0.0001).

The percentage of patients self-reporting a family history of cancer was 9.4% in 1985-1989,
26.9% in 1993-1997, and 32.2% in 2000-2004 (P<0.0001). Over time the prevalence of
obesity has increased (11.0% in 1985-1989 to 21.0% in 2000-2004; P=0.02).

The survival interval (in months) and probability of survival at 1- and 2-year for the three
study periods are summarized in Table 2. The overall median survival was 12.0 months
(95% Cl, 11.0-13.0) for 1985-1989, 14.6 months (95% ClI, 11.8-18.3) for 1993-1997, and
17.5 months (95% Cl, 14.1-20.5) for 2000-2004 (P=0.0001). The probabilities of survival
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at 2-year for the three groups were 26.5%, 39.8%, and 40.8% (P<0.0001). The Kaplan-
Meier curve for 2-year survival confirms that the 2000-2004 group had the best 2-year
survival rate compared to the other two groups (Figure 1).

Table 3 presents the hazard ratios (HRs) from the Cox proportional hazard model. Treatment
did not meet the proportional hazard assumption and was included as a time-dependent
variable. Overall, men exhibited poorer survival outcomes than women (HR 1.25, 95% ClI
1.01-1.54). There was no significant difference in survival among never smokers (HR 0.74,
95% CI 0.49-1.12) and light smokers (HR 1.06, 95% CI 0.86-1.31) compared to heavy
smokers. Predictably, patients who presented with extensive- or distant-stage disease had
4.41 to 9.69 times poorer survival compared to patients presenting with local-stage disease.
Compared to those patients who were treated with surgery alone, patients who received
chemotherapy, radiation, or a combination of both had approximately 4-fold rates of poorer
survival. Patients who presented with adenocarcinoma (HR 1.15, 95% CI 0.88-1.51),
squamous cell carcinoma (HR 1.09, 95% CI 0.80-1.49) or NSCLC Other (HR 1.21, 95% ClI
0.87-1.68) had poorer survival compared to patients who presented with small cell
carcinoma, although none of the HR’s were statistically significant. Taking into account the
covariates above, survival significantly improved across the three study periods, as observed
in decreasing HRs for 1993-1997 (HR 0.51, 95% CI 0.38-0.67) and 2000-2004 (HR 0.74,
95% CI 0.58-0.93), compared to the earliest study period.

Discussion

This comparison from three time-periods of patient registrations at a single cancer center
shows that the demographic, histologic, clinical, and outcome variables of patients with lung
cancer have changed over the past 20 years. Most importantly, two-year survival of patients
with lung cancer treated at this institution has improved.

Nationally, the population prevalences of never and former smokers have increased, and the
percentage of current smokers has decreased over time (P<0.0001). Similar trends were
observed for both men and women in our data (P=0.08). Women were more likely to be
never smokers and to start smoking at a later age compared to men; however, they also
tended to be diagnosed at earlier ages (supplementary data Tables A and B). Previous
reports have also reported gender differences in age at diagnosis, cigarette smoking history,
histologic type, and survival [6-9]. We noted that a higher percentage of men compared
with women were current and former smokers for all three time-periods. In a study of
20,561 lung cancer patients (2875 women and 17 686 men), women presented at younger
ages, smoked less intensively, consumed fewer cigarettes per day, and were more likely to
be lifetime nonsmokers [10]. Visbal et al. also reported that men smoked at a higher
intensity compared to women [11].

Higher percentages of both men and women were diagnosed with adenocarcinoma
compared with other histologies, although over the years, the percentage of men with
adenocarcinoma has gradually decreased, whereas in women, it has remained fairly constant
(supplementary data Table A). Travis et al. reported that the incidence rates for
adenocarcinoma rates plateaued in white men between 1989-1991 and continued to increase
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among women [12]. In contrast, some studies reported a higher proportion of men diagnosed
with squamous cell carcinoma [11,13,14]. The percentage of patients who presented with
small cell carcinoma at our institution has increased; however national reports show a
decline in the incidence rate [15]. This could represent referral bias.

The percentage of patients with localized cancer (14.0% to 15.4%) and distant-stage (50.5%
to 57.9%) also increased over the time period of our study, and concomitantly the
percentage of extensive-stage disease has decreased (P=0.004). The increase in localized
cancer for the second time group compared to other two groups for that period could be
explained by our focus on targeting surgical patients and thus this steep increase could be
due to over-sampling and not a true trend. Furthermore, M. D. Anderson is a comprehensive
cancer hospital and many patients are referred here for tertiary care.

Over the years of our study, the percentages of patients treated with chemotherapy and a
combination of chemotherapy and radiation have increased, and the percentage of patients
undergoing surgery alone has decreased (P<0.0001). This may reflect changes in the
therapeutic standards, but could also indicate an increased practice of using neo-adjuvant
therapy. Two meta-analyses, one by Pignon et al [16] and the other by Warde and Payne
[17], have reported that combination of chemotherapy and thoracic radiation results in a
significant, albeit small, improvement in survival and thus an increased referral to
radiotherapy centers as compared to patients undergoing chemotherapy alone in the
community centers.

A family history of lung cancer is a known risk factor for lung cancer [18]. We observed
that the percentage of patients reporting at least one first-degree family member with lung
cancer has increased three-fold over the three study periods (9.4% to 32.2%, P<0.0001).
This increase may suggest growing awareness of the importance of knowing one’s family
history.

Reflecting national trends, the percentage of obese patients increased approximately twofold
(11.0% to 21.0%), whereas the percentage of underweight to normal patients significantly
decreased over time (51.0% to 44.5%) (P=0.02). There was however no association
demonstrable between BMI and lung cancer survival.

The survival of patients with lung cancer has gradually improved over the years. However,
the hazard ratios we report represent survival up to two years only. The overall median
survival duration increased over the years from 12.0 months in 1985-1989 to 17.5 months in
2000-2004. The probability of survival at 2 years after diagnosis likewise increased (26.5%
in 1985-1989 to 40.8% in 2000-2004). Few studies have analyzed the survival of patients
with lung cancer [19,20] or other types of cancer [21-23] by similar trends. Kitajima et al
compared the survival of patients with lung cancer between the study periods 1976-1984
(early period) and 1989-1997 (late period) and reported an increase in both median survival
time (late period: 49.8 months vs. early period: 27.8 months) and 5-year survival (late
period: 47.8% vs. early period: 34.8%) (P=0.0054) [19]. Ungat et al divided their data into
five groups to analyze trends in cancer survival from 1969 to 1991 and observed no change
in lung cancer survival [20]. However, they analyzed survival trends up to 1991 only, and
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their study groups were consecutive (for example, 1973-1976, 1977-1980, etc.). In our
analyses, the three groups were spaced in such a way (approximately five years of data in
each group) that they covered a span of approximately 20 years. Also, we only analyzed 2-
year survival for the three groups. Data after two years were censored to increase the
comparability of the three groups.

For periods- 1985-1989 and 2000-2004, women had better median survival than men. The
median survival duration for women was 13 months (95% CI: 11-16) for 1985-1989, 12.45
months (95% CI: 10.18 — 18.27) for 1993-1997, and 22.83 months (95% CI: 18.13 - NA)
for 2000-2004, whereas for men the median survival duration was 11 months (95% CI: 9-
13), 16.05 months (95% CI: 12.09 — 20.21), and 12.84 months (95% CI: 1056 — 17.51)
respectively (supplementary data Table C). In multivariate Cox analysis, we observed that
being male was a poor prognostic factor for lung cancer (HR 1.25, 95% CI 1.01-1.54). A
cohort study of 4618 patients with non-small cell lung cancer also reported better survival
rates in women (19%) as compared to men (15%) [11].

In the multivariate Cox model, never smokers had a better, albeit non-significant, survival
advantage compared to heavy smokers (HR 0.74, 95% CI 0.49-1.12), but there was no
significant difference in survival between light and heavy smokers.

Predictable, extensive-stage disease (HR 4.41, 95% CI 2.50-7.75) and distant-stage disease
(HR 9.69, 95% CI 5.53-16.97) were significant prognostic factors for poor survival
compared to localized carcinoma; with the risk being highest in the distant-stage category.
Tumor stage is a well-documented prognostic and predictive factor [24-26]. We also
observed that patients whose treatment only involved surgery had better survival compared
to other treatment groups. This is not unexpected since surgery is the treatment of choice for
patients with early stage non-small cell lung cancer [27].

We observed that patients with a family history of lung cancer had better survival compared
to patients with no family history (HR 0.74, 95% CI 0.57-0.96). One possible reason for this
observation could be due to lead-time bias. Patients with a family history of lung cancer had
a mean age of diagnosis of 60.95 years (SD + 9.1) compared to 61.75 years (SD + 10.2) for
patients with no family history (P=0.27, supplementary data Table B). This may indicate
that patients with a family history of lung cancer are well aware of increased risks and may
be more likely to undergo screening.

Our study has some limitations. First, the patient population was taken from a single tertiary
care center. Hence, the results may not be generalizable to community practice. More
generalizable results may be obtained from population based registries or surveys as
compared to hospital-based registries. Also, the racial distribution varies from state-to-state
and this may affect the generalizability of our findings. Second, the questionnaires that were
administered in 1985-1989 and 2000-2004 were self-administered, whereas for the period
1993-1997, interviewers collected the data. Also, for the first study period, completion of
the questionnaires was voluntary, in the second period patients were selected for enroliment
in a case-control study and in the third study period the questionnaire was included in intake
form and therefore the compliance rate was at least 96%. Response bias (especially among
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Black or Hispanic patients) for the first two time periods is a major concern. Third, because
the time period for our third study group ended in 2004, we collected follow-up data through
2006 only, and hence, we had to censor the survival analysis of other groups to two years.

Nevertheless this analysis shows interesting secular changes in the demographic, histologic,
clinical, and outcome variables of lung cancer patients over 20 years. The survival of
patients with lung cancer has improved, but further studies will be required to observe the
changes in survival over time in relation to variables such as ethnicity, stage and therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Median survival time (in months) and the probability of survival at 1- and 2-years

Table 2

Year 1985-1989 1993-1997 2000-2004 P value

Overall Median Survival Months (95% CI) | 12.0 (11.0-13.0) | 14.6 (11.8-18.3) | 17.5(14.1-20.5) 0.0001
Probability of survival at1-year (95% CI) 47.9 (42.9-52.8) | 56.0 (49.6-62.8) | 61.5(55.5-66.9) | <0.0001
Probability of survival at2-year (95% CI) | 26.5(22.3-31.0) | 39.8 (33.2-46.2) | 40.8 (34.8-46.8) | <0.0001
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Multivariate Cox Model of Lung Cancer Prognostic Factors

Table 3

Variable Reference Group Hazard Ratio 95% ClI
Time Period

1993-1997 0.51 0.38-0.67

2000-2004 1985-1989 0.74 0.58-0.93
Sex | Female 1.25 | 1.01-1.54
Ethnicity | NonWhite 0.96 | 0.71-1.29
Histology

Adenocarcinoma 1.15 0.88-1.51

Squamous 1.09 0.80-1.49

NSCLC, Other Small Cell Carcinoma 1.21 0.87-1.68
Stage

Extensive 4.41 2.50-7.75

Distant Local 9.69 5.53-16.97
Treatment”

Chemotherapy 3.89 0.99-15.29

Radiation 3.87 1.12-13.33

Chemo & Radiation Surgery 4.09 1.03-16.17
Family History of Lung Cancer | None 0.74 | 0.57-0.96
BMI < 25 | BMI = 25 0.97 | 0.80-1.19
Smoking

Light Smoker 1.06 0.86-1.31

Never Smoker Heavy Smokers 0.74 0.49-1.12
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*
For time-dependant variables, the HRs and 95% Cls are calculated for 24 months of follow-up. Given different follow-up time, HRs will change

accordingly.
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