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Abstract

Objectives: To develop a clinical prediction model of contribution of chronic obstructive pulmonary disease (COPD) to the pathogenesis
of lung cancer, by reporting the estimated prevalence and severity by GOLD criteria in a single-institution cohort of patients with newly
diagnosed lung cancer. Primary objective was investigating the effects of impaired lung function with various histological cell types on
crude survival, while considering the initial staging of disease extent. Materials & methods: A total of 441 patients, in this historical cohort
from electronic medical records, completed spirometry prior to invasive diagnostic procedures and initial treatment of their lung cancer. All
statistical analyses, including ANOVA and survival analysis, were performed using SAS version 9.1 software. Results: Estimated prevalence
of COPD was 79.1% (95% confidence interval: 71.3%-82.9%). Lung function as measured by spirometry was a significant predictor of
survival time in months (p<.0001) both with and without adjusting for tumor-cell-type, age, and stage of disease. Median survival was
similar (p=0.32) and longer among those patients with normal pulmonary function, those with restrictive disease patterns, and those
with COPD-GOLD-1 defects. Median survival was shortest among patients with COPD-GOLD-4 impairment (p=0.001). Those patients with
COPD-GOLD-2 and COPD-GOLD-3 impairment levels had intermediate survival times (p=0.003). Conclusions: This investigation suggests
that strategies for early detection and slowing the progression of COPD before the development of lung cancer might increase patient
survival. As demonstrated in this study, the presence and severity of COPD in lung cancer patients is an independent predictor of survival
time, different from the established staging of initial extent of disease.
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Introduction was associated with increased risk of incident lung cancer
[2]. Smoking, air pollution and occupational toxins might
cause an accumulation of damaging mutations thatinflame
and destroy alveoli, while also inducing dysplastic and
even neoplastic changes. The 54" Aspen Lung Conference
in 2012 was devoted to investigation of the “common
pathogenesis and shared clinical challenges of chronic

obstructive pulmonary disease and lung cancer” [3].

Chronic obstructive pulmonary disease (COPD) and
bronchogenic carcinoma have long been considered
distinct lung diseases, with commonly a similar etiology
from cigarette smoking. Clinical physiologists have been
seriously preoccupied with the prediction of the possible
tolerable extent of “curative” resection in patients
with lung cancer and coexistent major compromise of
pulmonary function. The NHLBI/WHO Global Initiative for
Chronic Obstructive Pulmonary Disease (GOLD) provided
an international strategy for grading the severity of COPD
for diagnosis, management, and prevention.
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asked the question: “are COPD and lung cancer two
manifestations of the same disease” [1]? This might be
genetically determined by creating a predisposition for
environmental and personal insults that permit clinical
expression of both disorders. The 15 National Health and
Nutrition Examination Survey after >20 year follow up of
a >5000 adult cohort found that obstructive lung disease
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The association between COPD and lung cancer has been
demonstrated in epidemiological population-based, case
control, prevalence, and incidence studies, as well as in
lung cancer screening programs. This investigation reports
on the prevalence of COPD and gradations of severity by
GOLD criteria in a large well-studied single institution
observational cohort of newly diagnosed patients with lung
cancer, previously reported with respect to bronchoscopic
techniques [4]. The primary objective was investigating the
effects of impaired pulmonary function at diagnosis on
survival in the context of potential confounders or effect
modifiers, including age, histological lung cancer type, and
initial staging extent of disease.

Methods

From 1988-2001, a single team of pulmonologists was
responsibleforthediagnosis, staging,and recommendation
for initial treatment, of all patients with newly diagnosed
lung cancer at the Memphis Veterans Affairs Medical
Center. Allowing for small variations in treatment protocols
over this time period, the uniqueness of this particular
cohort is the continuity of care attributable to the practice
guidelines adhered to by this single pulmonary team with
98% patient follow up to 10 years.

A total of 456 patients in this historical cohort with
pulmonary function studies performed, prior to invasive
diagnostic procedures and initial treatment for their lung
cancer, were identified from electronic medical records. Of
these, 15 were excluded due to surgical deaths, occurring
within 30 days of resection, leaving a total of 441 patients.
Spirometric results were specifically examined by GOLD
criteria to identify the prevalence and severity of COPD [5,
6] (Table 1). Also, the prevalence of presumptive restrictive
ventilatory defects, and of studies within normal limits,
was recorded.

Table 1 Definition of spirometry subgroups.

FEV1/FVC ratio FEV1 Lung function group

<0.70 >80% predicted GOLD | obstruction
<0.70 >50% <80% predicted GOLD Il obstruction
<0.70 >30% <50% predicted GOLD Il obstruction
<0.70 <30% predicted GOLD IV obstruction
>0.70 FVC <80% predicted presumptive restriction
>0.70 FVC >80% predicted within normal limits

Diagnoses of specific tumor cell types were classified
by cytologic/ histologic criteria as follows: 1. squamous
cell carcinomas, of all stages of differentiation, 2.
adenocarcinomas, including bronchioloalveolar, and
adenosquamous types, 3. neuroendocrine carcinomas,
including small cell, large cell, and atypical carcinoid types,
4. non-small cell lung cancer (NSCLC), including giant cell,
and poorly differentiated large cell types. Stages of extent
of lung cancer were recorded as |, II, I1l, or IV.

Statistical considerations

Groups with pulmonary function studies were compared
using t-tests, chi-square tests and two-way ANOVA. Mean

ages of the six pulmonary function subgroups and of the
tumor-cell-type categories were analyzed with one-way
ANOVAs with a preplanned contrast comparing those
with and without COPD. Goodness of fit tests were used
to determine whether lung-function and tumor-cell-type
categories were independent. Overall survival was defined
as the time from diagnosis to date of death for those who
died and to date of last follow up for those who were still
alive at last follow up, and these patients were censored
in their last follow up date. The PHREG procedure was
used to investigate the association of factors of interest
with overall survival, where the Kaplan-Meier method
was used to estimate the survival distribution for levels of
factors of interest. Initial models considered lung function
categories, tumor cell types, and staging of lung cancer in
separate analyses univariably without covariates. Then, a
multivariable model was constructed to include modified
lung function categories, tumor cell types, age at diagnosis
in years, and stage of cancer; however, when the various
tumor cell types were no longer significant covariates,
after adjusting for other variables in the model, tumor cell
types were excluded from the final multivariable model to
avoid over parameterization. Data from a total of seven
patients could not be included in the full model due to
lack of pretreatment staging of their disease. All statistical
analyses were performed using SAS® version 9.3 software.
An alpha of 0.05 was considered as the threshold for
statistical significance, all tests and confidence intervals
were two-sided and not adjusted for multiplicity.

Results

A total of 441 patients were included in this study, with
79.1% (95% confidence interval: 71.3%-82.9%) showing
spirometric evidence of obstructive ventilatory impairment
COPD. Patient characteristics are depicted in Table 2. Only
two patients were alive at the time of analysis with survival
times of 174 and 176 months; at diagnosis these two
survivorswere 46 and 58yrs. ofageand had COPD (GOLD=3
and GOLD=1), respectively. The cohort was divided into
three groups based on results of pulmonary function tests:
within normal limits (Normal), restrictive lung disease
(Restrictive), and chronic obstructive pulmonary disease
(COPD). In addition, the COPD group was subdivided
according to the GOLD criteria. Patients without COPD
(n=92) were on average significantly younger than those
with COPD (n=349) (64.3+1.0 versus 67.9+0.4, p=0.002).
Cancer cell types were determined by cytology/histology
and grouped into four general classifications.

Age at diagnosis had similar distributions among the
different cell types (p=0.20). Lung function and cancer
cytology/histology were associated (Table 2; p=0.03) in
that among the patients whose lung function indicated
mild impairment (i.e., COPD-GOLD-1), significantly more
adenocarcinomas (p=0.02) and fewer squamous cell
tumors occurred (p=0.03) than expected.

Tumor cell types alone were associated with time to death
in that the hazard of death for those with neuroendocrine
cell tumors was higher compared with those with
squamous cell tumors (hazard ratio: 1.397; 95% confidence
interval: 1.033-1.890; p=0.03). Age at diagnosis in years
was associated with overall survival (hazard ratio: 1.012;
95% confidence interval: 1.000-1.023; p=0.05).
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Table 2 Characteristics of 441 patients included in the cohort.

Lung function category Sample size (n) Preva-lence (%) Age’ (years) Neuro-endocrine gngl;’;geulsl type (%) NSCLC Adeno-carcinoma
Normal 58 13.2 64 (11) 8.6 58.6 10.3 22.4
Restrictive 34 7.7 66 (8) 20.6 441 17.7 17.7
GOLD-1 48 10.9 68(9) 12,5 25.0 229 39.6
GOLD-2 178 40.4 68 (8) 10.1 53.4 19.1 17.4
GOLD-3 101 229 68 (8) 12.9 54.5 13.9 18.8
GOLD-4 22 5.0 69 (9) 18.2 54.6 4.6 22.7
Total 441 100 67 (9) 12.0 50.6 16.3 21.1

Abbreviations: °Age at diagnosis; mean (standard deviation).

Not unexpectedly, initial stages of the extent of disease,
representing levels of one of the most important and
clinically relevant diagnostic variables, were significantly
predictive of overall survival (p<0.0001) (Table 3, Figure 1).

Because median survival times were similar for patients
with Stage | and Stage Il disease, these groups were
combined to estimate unadjusted hazard ratios.

Table 3 Median survival in months from diagnosis and estimated unadjusted hazard ratios and 95% confidence intervals relative to those with Stage 1 or

Stage Il lung cancer.

Estimated

ffage extent of Sample size, n° Median survival time 95%'confidence unadjusted hazard 95%'confidence Pvalue
isease (months) interval ratio interval

Stage | 107 20.0 16.5-24.0 Reference category

Stage Il 43 19.5 11.0-29.5

Stage Il 175 8.5 7.0-10.5 2.250 1.785-2.835 <0.0001
Stage IV 108 4.75 3.0-6.0 3.835 2.935-5.012 <0.0001

Abbreviations: 2Staging was not available for eight patients; *Stage | and Stage Il groups were combined.
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Figure 1 Survival distributions of patients grouped according to stage of
extent of disease at time of diagnosis of lung cancer.

Abbreviations: Stage I: n=107; Stage Il: n=43; Stage Ill: N=175; Stage IV:
n=108.

Lungimpairment as measured by pulmonary function tests
was significantly associated with overall survival (p<0.0001)
(Table 4). Among those with normal lung function,
restrictive lung disease, and COPD-GOLD-1 impairment,
median survival was similar (p=0.32), and overall higher
than the median survival for those with COPD-GOLD-2
through COPD-GOLD-4 impairment; therefore, these
three groups were combined. Considering that those
with  COPD-GOLD-2 and COPD-GOLD-3 impairment
levels had similar median survival (p=0.09), which was

higher compared to that of COPD-GOLD-4 impairment
(p=0.03), these two categories were combined into one
for comparisons against those with normal lung function,
restrictive lung disease, and COPD-GOLD-1 impairment,
or those with COPD-GOLD-4 impairment, resulting in only
three distinct categories to estimate adjusted hazard ratios
in subsequent analyses (Table 5). The unadjusted hazard
ratios were similar in magnitude to adjusted hazard ratios
and are not reported.

In the final multivariable model, moderate (GOLD-2 or
GOLD-3) and severe (GOLD-4) lung showed significantly
higher hazard of death compared to those with those with
normal lung function, restrictive lung disease, or COPD-
GOLD-1 impairment, controlling for stage of disease
extent, and age in years (Table 5; Figure 2). Both stage (as
a classification variable) and age in years (as a continuous
variable) were highly significant. The adjusted hazard ratios
for stages were similar to the respective unadjusted hazard
ratios (Table 3 and Table 4). In contrast, during model
development the various tumor cell types were no longer
significant covariates (p-values ranging from 0.70-0.92),
after adjusting for stage, age, and lung function category,
and were excluded from the final multivariable model.
Importantly, no significant interactions were detected
among lung function categories, stage, age, and tumor
cell types. Thus, based on this cohort, lung impairment
due to COPD and initial stages of the extent of disease,
adjusted for age, appear to be independent predictors
of overall survival. The implication of these findings is
that those patients with severe lung impairment are over
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Table 4 Median survival in months from diagnosis and estimated unadjusted hazard ratios and 95% confidence intervals relative to those with normal lung

function tests.

Estimated

Lung function Sample size, n Median survival time 95%'confidence unadjusted hazard 95%'confidence Pvalue
category (months) interval ratio interval

Normal 58 11.50 9.0-21.0 Reference category

Restrictive 34 12.25 7.5-17.0 1.185 0.775-1.813 0.44
GOLD-1 48 14.75 10.0-24.0 0.856 0.582-1.259 0.43
GOLD-2 178 8.50 7.0-10.5 1.290 0.958-1.736 0.09
GOLD-3 101 7.50 6.0-9.0 1.629 1.176-2.257 0.003
GOLD-4 22 5.25 2.5-11.5 2.347 1.427-3.858 0.001

Table 5 Estimated adjusted hazard ratios and 95% confidence intervals
relative to those with normal lung function tests or restrictive disease or
COPD-GOLD-1 impairment and/or Stage | or Stage Il extent of disease at
time of diagnosis.

Adjusted 95% confidence

variable hazard ratio interval P-value
Stage Il 2.249 1.783-2.837 <0.0001
Stage IV 4157 3.173-5.448 <0.0001
ggig:ggtg:g or 1.453 1.177-1.794 0.0005
COPD-GOLD-4 2.756 1.738-4.371 <0.0001
Age in years 1.012 1.001-1.024 0.0371

represented among the early deaths irrespective of the
initial stage of the extent of disease; likewise, irrespective
of staging those with none to mild lung impairment are
over represented among the patients with longer survival
times. Finally those with moderate lung impairment tend
to have survival times in the mid range across all stages of
disease.
Time to Death by Pulmonary Function Group
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Figure 2 Survival distributions of patients grouped according to results of
pulmonary function tests at time of diagnosis of lung cancer.

Abbreviations: Lung Function Group 1 “None or Mild Impairment”: Normal
lung function, n=58, Restrictive pulmonary function, n=34, and COPD-
GOLD-1, n=48; Lung Function Group 2: COPD-GOLD-2, n=178 and COPD-
GOLD-3, n=101; Lung Function Group 3: COPD-GOLD-4, n=22.

Discussion

The current study demonstrates that increasing
obstructive lung impairment as assessed by spirometry

is negatively associated with survival time. In this cohort
this effect remained significant after adjusting for age,
stage extent of disease, and tumor type. Tumor type
alone was also associated with time to death, but after
controlling for pulmonary function data was no longer
a significant predictor. Logic suggests that increasingly
impaired pulmonary function would be a significant
contributing factor to reducing survival time following the
initial diagnosis of lung cancer. However, until the GOLD
guidelines were established, there were no internationally
agreed-upon standards for determining the severity of
COPD. Using the GOLD definitions, as well as parameters
of restrictive impairment and normal pulmonary function,
the large impact of diminishing lung function is evident
based on this cohort of 441 consecutive lung cancer
patients with spirometric findings. Median survival times
of patients with GOLD-3 and GOLD-4 COPD were not
contained within the 95% confidence intervals of those
patients with normal lung function, apparent restrictive
impairment, or GOLD-1 COPD. This finding suggests
that strategies to slow the progression of COPD before
the development of a patient's lung cancer might be
beneficial. This conclusion is supported by the literature,
which shows that the presence of COPD in patients with
newly diagnosed lung cancer is usually the norm. Most
previous studies found that COPD was a risk factor for
the development of lung cancer. However, an alternative
interpretation is that the two diseases often coexist in the
same patients and independently contribute to a common
pathogenesis, thereby affecting the survival time of newly
diagnosed lung cancer patients.

In 1975 Caplin et al. observed 233 men with defined chronic
bronchitis for development of lung cancer, concluding that
severe airway obstruction and lung cancer do not often
occur together [7]. However in 1986, in a prospective
matched control study followed over 10 years, Skillrud et
al. found evidence that airflow obstruction is a risk factor
for lung cancer [8]. This conclusion was confirmed the
following year by Tockman et al. with data suggesting that
smokers with ventilatory obstruction were at greater risk
for development of lung cancer than smokers without
airway obstruction [9]. Bolliger et al. estimated in 2005
that 90% of patients with lung cancer have underlying
COPD and cardiovascular disorders caused by the shared
risk factor from tobacco smoking, thus lung resection in
those patients is a procedure associated with a higher
risk of perioperative complications [10-14]. In the current
cohort the prevalence of COPD was 79.6% (95% confidence
interval: 75.9%-83.3%).
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Bechtel et al. used a questionnaire to prospectively study
over a 5 year period, 430 high risk patients in community-
based primary care, with 126 showing airway obstruction
developing lung cancer in 8, but 10 patients without airway
obstruction also developed lung cancer [15, 16]. Turner
and colleagues found an association between self-reported
physician-diagnosed chronic bronchitis and emphysema
and lung cancer mortality in a prospective study of
448,600 lifelong nonsmokers, yielding 1,759 lung cancer
deaths over a 20 year follow up [17]. Other investigators
have considered that the coexisting disease of COPD in
an estimated 40-70% of patients with lung cancer, likely
reflects a common smoking exposure [18], and others
have noted that the prevalence of at least moderately
severe COPD in newly diagnosed lung cancer being 6-fold
greater in matched smokers, suggests that COPD itself is
an important risk factor in the pathogenesis of lung cancer
[191.

In a randomly selected general population of ~14,000 in
Copenhagen the relation of ventilatory function to lung
cancer was observed over a 10 year follow up. Lung cancer
death occurred in 225 patients, with a 3.9 times higher risk
in those with FEV1 <40% of predicted [20]. Nomura et al. in
a community cohort of 6317 men followed for 22 years had
observed 172 incident cases of lung cancer, and noted that
% of FEV1 was inversely related to the development of lung
cancer [21]. In the United Kingdom a 15 year prospective
general population study of all cause-mortality found
significant trends of increasing risk with diminishing FEV1
apparent for all causes of death, with relative hazard ratios
for lung cancer of 2.53 for men and 4.37 for women [22].
Kishi et al. used a matched case-controlled study for age,
sex, and smoking history to determine if airway obstruction
or emphysema were associated with an increased risk of
lung cancer. Findings included greatly increased likelihood
of developing lung cancer in those with FEV1 40% or less
of predicted, but CT measurements of emphysema were
not associated with increased risk for lung cancer [23].
However, Wilson et al. utilized data from CT screening
for lung cancer to relate spirometric airflow obstruction
to radiographic emphysema. Of 99 patients developing
lung cancer, after adjustment for age, sex, and smoking,
logistic regression showed odds ratio 2.09 for GOLD I-IV
airflow obstruction, and odds ratio 3.56 for radiographic
emphysema [24]. The attached editorial concluded that
airflow obstruction, emphysema, and lung cancer should
now be considered “partners” [25]. In 2011 deTorres and
colleagues reported on a cohort of 2,507 COPD patients in
pulmonary clinics, without clinical or radiographic evidence
of lung cancer, of whom 215 developed it with a median
of 60 months, and incidence density of 16.7 cases/1,000
person-years [26].

Kuller et al. in the Multiple Risk Factor Trial found in a 10
year follow up that in men smokers baseline FEV1 was
a powerful predictor of lung cancer death, with rates as
high as 3.02/1000 person- years in the lowest quintile of
forced expiratory volume [27]. In the Kaiser Permanente
Medical Care Program Van den Eeden et al. observed that
FEV1 was inversely related to risk of lung cancer among
former and current smokers, but not related in never-
smokers, concluding that FEV1 appears associated with

lung cancer as a physiologic marker for smoking-induced
pulmonary damage [28]. Divot et al. have now identified 79
comorbiditiesin aprospective cohortof 1664 COPD patients
in a median 51 months. They calculated survival risk by cox
proportional hazard, and developed a specific test (COTE)
by multivariate analysis of morbidities contributing to
mortality, adding information to the validated BODE index;
lung cancer had a 9.1% prevalence, and hazard ratio 2.02
at 95% Cl [30].

In 2006, Brody and Spira noted that both lung cancer
and COPD are associated with smoking, which generates
reactive oxidant species. Subsequently activation and
expression of a number of genes are altered, and a chronic
inflammatory state in the lung is induced. DNA damage
and lack of repair with genomic instability predominate
in lung cancer. In COPD, matrix degeneration with lack of
repair, and intense immune responses predominate. Odds
ratio for developing lung cancer increases from 1.4 to 4.9
fold with moderate to severe COPD. Expression of putative
oncogenes and tumor suppressor genes remains altered
for decades after stopping smoking, in patients developing
lung cancer. Lung inflammation initiated by reactive
oxidant species in cigarette smoke in COPD patients,
persists after stopping smoking, explaining progression of
the disease [31].

In 2012, Celli summarized the proceedings of the Aspen
Lung Conference on the common pathogenesis and
shared clinical challenges of COPD and lung cancer. He
stated that a common pathogenesis of these two diseases
was suggested by their association in population-based
studies, lung cancer screening programs, epidemiological
surveys, case control, and biological mechanistic studies.
Why COPD develops in some patients and lung cancer in
others when exposed to similar environmental challenges
remains unresolved. Whatwill developinindividual patients
will apparently reflect a balance between inflammation and
its resolution, a capacity to repair injured tissue, and long-
term changes in immunological response or senescence.
It was advised that future research efforts should study
COPD and lung cancer as different clinical expressions of
diseases with many common roots [3].

Our study has limitations. Analyses were performed
retrospectively, although all data were collected
prospectively. This single institution study in a VA hospital-
based predominant male cohort may not reflect experience
with the relationship of COPD, prevalence and severity, and
lung cancerin other populations. Frequently endobronchial
tumor growth may produce sufficient blockage to manifest
a restrictive impairment, also supporting the hypothesis
of a common pathogenesis of lung cancer and COPD.
Presurgical evaluation was conducted in many patients in
this cohort, by a stair-climbing technique, developed by
one of our authors (DSW), and shown to predict pulmonary
function adequate for lobectomy or pneumonectomy.

Strengths of our investigation include a well-studied
inclusive cohort of lung cancer patients from a single
laboratory, and with follow up survival data in 98% of
patients by electronic records. We utilized the well-
validated GOLD criteria for measurement of prevalence
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and severity of COPD by spirometry, prior to initiation of
definitive treatment for their lung cancer. We included the
initial stage distribution of disease extent in these patients,
and analyzed the combined influence of prevalence
and severity of COPD, and stage of disease, on survival.
Also, we present an inclusive review of the published
epidemiological approaches to identifying a “common
pathogenesis” of lung cancer and COPD.

Conclusions

We concluded that increasing obstructive lung impairment,
as assessed by spirometry, was negatively associated
with survival time in patients newly diagnosed with lung
cancer. In this cohort, this effect remained significant after
adjusting for age, tumor type, and stage of disease. Petty's
question of “are COPD and lung cancer two manifestations
of the same disease” [1], is still unresolved. However, many
new advances technologically now being applied to this
question, as recently reported from the 2012 Aspen Lung
Conference [3], promise a better understanding of these
usually preventable diseases.
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