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Abstract
Lung aging begins in the third decade, initiat-
ing a gradual decline in maximal pulmonary
function that continues throughout the remain-
der of life. Lung aging may mimic obstructive
and restrictive lung diseases. Lung paren-
chyma loses elasticity via alveolar wall and
mesenchymal degradation and distortion, sim-
ilar to emphysema. Muscles of respiration
become sarcopenic and weaken, while the
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thorax contorts due to osteoporotic vertebral
fractures, all of which manifest as a restrictive
lung function pattern. Chronic obstructive pul-
monary disease (COPD) and idiopathic pulmo-
nary fibrosis (IPF) and their pathogenesis may
be related to accelerated cellular aging.
Chronic lung disease impacts cardiopulmonary
fitness, which can lead to decreased physical
exertion and resultant frailty.

Lung cancer incidence also increases with
age and is increased in older adults with COPD
and IPF. Lung cancer is the leading cancer-
related cause of death in the world. Most lung
cancer in the USA is attributable to smoking.
Globally, indoor air pollution is also a signifi-
cant risk factor. Approximately 85% of lung
cancer is non-small cell lung cancer (NSCLC),
and adenocarcinoma is the predominant histo-
logic type. Depending on stage at diagnosis,
treatment options can include surgical resec-
tion, medical therapy (e.g., chemotherapy,
driver mutation-targeted agents, and immuno-
therapy), and radiation therapy (photon or pro-
ton). Best care practices mandate that
multidisciplinary teams formulate treatment
plans to optimize care. Comprehensive geriat-
ric assessments are useful decision-making
tools and may improve survival while limiting
treatment toxicity. Surgical resection impacts
postoperative lung function, so preoperative
evaluations must include pulmonary function
testing with additional cardiopulmonary test-
ing as indicated. Early palliative care interven-
tions should be a cornerstone of medical
management in advanced lung cancer.

Keywords
Lung aging · Dyspnea · COPD · IPF · Lung
cancer

Introduction

Lung function peaks in the third decade of life,
and then begins to slowly decline, precipitated by
degradation of lung parenchyma, weakening of
respiratory muscles, and distortion of the thorax.

The natural history of chronic lung disease may
mimic chronic obstructive pulmonary disease,
due to air trapping (increased residual volume)
and decreased forced expiratory volume in one
second (FEV1). However, respiratory muscles
weakness and restriction of the thoracic cavity
may counteract some of these obstructive changes
on pulmonary function testing.

Chronic obstructive pulmonary disease
(COPD) and idiopathic pulmonary fibrosis (IPF)
are prototypical chronic lung diseases of aging.
Not only does prevalence and incidence of both
diseases rise with age, but the pathogenesis of
each overlaps with hallmarks of aging, such as
shortened telomeres, defective DNA repair, geno-
mic instability, cellular senescence, stem cell
exhaustion, and mitochondrial dysfunction.
Emerging evidence suggests that individuals
with chronic lung disease experience physiologic
aging that outpaces chronologic aging, therefore
they are disproportionately burdened with geriat-
ric syndromes such as frailty.

The prevalence of lung cancer is increased with
COPD and IPF. Lung cancer is the deadliest of all
cancers in the USA and causes substantial mor-
bidity and mortality for aging populations. Given
the increasing prevalence of lung cancer with age,
understanding lung aging is an important element
of caring for these patients. This chapter will
discuss lung aging, chronic lung disease, lung
cancer screening, and the nuances of caring for
geriatric patients with lung cancer.

Recent guidelines recommend initiating
low-dose computed tomography (LDCT) lung
cancer screening in select at-risk populations
with smoking exposures. These new guidelines
are altering clinical practice particularly for geri-
atric patient populations, as screening targets
patients between ages 55 and 80 years, and Medi-
care now pays for annual screening in select
populations. Primary care physicians must decide
how to incorporate lung cancer screening into
their care of geriatric patients and use shared-
decision making to determine when to stop
screening.

When lung cancer is suspected, a multi-
disciplinary team including primary care
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providers, geriatricians, pulmonologists, oncolo-
gists, and thoracic surgeons helps to shape the
management plan for geriatric patients. Geriatric
populations are heterogeneously resilient to the
risks of cancer treatment; some high-risk sub-
groups are burdened with decreased physical
function, disability, multimorbidity, and/or geriat-
ric syndromes (including falls, incontinence, and
polypharmacy). It is essential that providers
appropriately risk-stratify patients to make the
complex decisions required in care planning, so
to avoid overtreatment of high-risk groups and
undertreatment of resilient groups.

Lung Aging

Lung aging begins in the third decade of life, far
earlier than what could be described as a “geriat-
ric” age. Understanding lung aging, therefore,
mandates an understanding of the embryologic
underpinnings of the respiratory system (Bush
2016). Lung development first begins at week
3 of embryologic development, when the lung
bud develops from the foregut (Burri 2006). By
week 4, the lung bud has divided into two bron-
chial buds. Primitive alveolar sacs develop at
approximately 16 weeks and proliferate. At
24 weeks, more alveoli have developed and the
epithelium is thin enough for respiration, at which
time the type 2 pneumocytes begin to produce
surfactant. The lungs continue to develop
throughout postnatal life, by increasing the size
and number of respiratory bronchioles and alveoli
until approximately age 8. Lung aging, the grad-
ual decline of maximal lung function, begins just
20 years later (Janssens et al. 1999; Janssens
2005; Meiners et al. 2015).

Aging incites structural and functional changes
throughout the respiratory system, including the
thorax, muscles of respiration, bronchioles, and
alveoli. The elasticity of lung parenchyma deteri-
orates, impeding bronchiole patency, alveolar
integrity, and the alveolar/capillary interface.
Muscles of respiration, including the diaphragm,
intercostal muscles, and other accessory muscles,
gradually lose muscle mass with age (called

sarcopenia) and may functionally weaken (Cruz-
Jentoft et al. 2010). The thorax, including the
spinal column and rib cage, contorts due to oste-
oporotic vertebral body fractures and resultant
kyphosis, hampering the lungs’ expansion
(Leech et al. 1990).

There are several objective assessments of
respiratory organ aging. Such tools include lung
volume measurements (by body box plethysmog-
raphy or single breath helium dilution) (Fig. 1a),
airflow measurements (by spirometry), gas
exchange capability (via diffusing capacity of
the lung for carbon monoxide (DLCO)), respira-
tory muscle strength (by maximal inspiratory and
expiratory pressure), exercise testing (6-min walk
testing, shuttle walk testing, and cardiopulmonary
exercise testing), and oxygenation measures
(by arterial blood gas or pulse oximetry)
(Table 1). Lung volumes are measured in liters,
and these values are reported along with “pre-
dicted” values based on height, age, and gender
(Quanjer et al. 1993).

Age-related changes in airway and alveolar
structure impede air egress, which decreases forced
expiratory reserve volume in one second (FEV1)
particularly as compared to the total forced expira-
tory reserve volume (FVC), consistent with airflow
obstruction (Fig. 2a–c) (Schmidt et al. 1973).
These changes mimic chronic obstructive pulmo-
nary disease (COPD). Alveolar distortion impairs
gas exchange which decreases the DLCO. Patho-
logically, enlargement of the alveolar structure with
age may appear similar to emphysema, though
typically without the same degree of alveolar wall
destruction (Janssens et al. 1999).

Lung volume changes with age vary between
individuals. Airflow obstruction causes air trap-
ping and an increased residual volume (RV),
which is the volume of air remaining in the
lungs after maximal exhalation (Fig. 1b). Total
lung capacity (TLC) may stay constant or shrink
due to chest wall restriction from thorax distortion
or respiratory muscle weakness (Enright et al.
1994). Therefore, the outcome of pulmonary
function testing will vary depending on an indi-
vidual’s burden of aging-related lung function
changes.
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Chronic Lung Diseases and Aging

Chronic lung diseases such as COPD, IPF,
combined pulmonary fibrosis and emphysema

(CPFE), asthma, and the newly described
asthma-COPD overlap syndrome (ACOS) can
impact quality of life and mortality of geriatric
patients. General primary or specialty pulmonary

Fig. 1 (a) Lung volume
measurements and sample
volumes. (b) Changes seen
in spirometry with aging.
(Adapted from Janssens
2005)

Table 1 Lung function assessments

Lung volume measurements TLC, FRC, RV

Spirometry FEV1, FVC

Gas exchange DLCO

Oxygenation paO2, SpO2

Ventilation pCO2

Respiratory muscle strength MIP, MEP

Exercise testing

Low technology 6-min walk, shuttle walk, stair climb

High technology Cardiopulmonary exercise testing (VO2)

TLC total lung capacity, FRC functional residual capacity, RV residual volume, FEV1 forced expiratory volume in
1 second, FVC forced expiratory volume, DLCO diffusing capacity of the lung for carbon monoxide, paO2 partial
pressure of oxygen, SpO2 pulse oximetry, pCO2 partial pressure of carbon dioxide, MIP maximal inspiratory pressure,
MEP maximal expiratory pressure, VO2 maximal oxygen consumption
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care for patients with chronic lung disease should
include an assessment of pulmonary function
(as described above), physical function
(as measured by low-technology exercise testing
and oxygenation), appropriate maintenance and
rescue inhaler prescriptions, supplemental oxygen
when indicated, and meticulous preventive care
(including influenza and pneumococcal vaccina-
tion). Pulmonologists are increasingly recogniz-
ing the impact of aging on caring for patients with
chronic lung disease and incorporating geriatric
assessments into their care (Singer et al. 2016;
Castriotta et al. 2010; Fried et al. 2012a).

Dyspnea or shortness of breath is a common
complaint in geriatric populations and a frequent
reason for referral to pulmonary subspecialists.
Dyspnea can occur for a multitude of reasons,
including cardiopulmonary impairment (e.g., con-
gestive heart failure), neuromuscular diseases
(e.g., amyotropic lateral sclerosis), and psycho-
logical distress (e.g., anxiety). Dyspnea com-
plaints should receive a comprehensive
evaluation, as detailed in the 2012 American Tho-
racic Society consensus statement, which includes
a thorough history and physical examination to
narrow the broad differential diagnosis and
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ican Thoracic Society. The American Review of Respira-
tory Disease is an official journal of the American Thoracic
Society)

15 Respiratory Organ Aging and Cancer 219



determine further testing (Parshall et al. 2012). In
a study of home-dwelling elderly individuals
(aged 70 and older), the prevalence of dyspnea
by the modified Medical Research Council scale
(mMRC) (Table 2) was 32.3% (95% CI
30.3–34.3%) (Ho et al. 2001).

Dyspnea also appears to be related to mortality.
In a cohort study of elderly family practice
patients, dyspnea at baseline evaluation was sig-
nificantly associated with death at 8-year follow-
up (Huijnen et al. 2006). Some experts suggest
that dyspnea be considered a geriatric syndrome.
In an analysis of the 4413 community dwelling
people in the Cardiovascular Health Study, mod-
erate to severe dyspnea (Miner et al. 2016) was
associated, expectedly, with cardiopulmonary
impairments such as low FEV1 or left ventricular
function. Surprisingly, dyspnea was also associ-
ated with anxiety/depressive symptoms, inability
to perform a chair stand, and grip weakness.

COPD is the third leading cause of death in the
USA and fourth in the world (NCHS 2016; WHO
2016). Most patients with COPD have a history of
personal or second-hand smoking (GOLD 2017).
In countries with significant air pollution, such as
from indoor solid-fuel use, COPD causes an even
higher burden of mortality. For example, in China,
COPD is the second leading cause of death due to
high rates of smoking and indoor air pollution
(Lin et al. 2008).

COPD is characterized by progressive airflow
obstruction, defined by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
criteria as an FEV1/FVC ratio < 70% (actual)

and a forced expiratory volume (FEV1) < 80%
(predicted) (GOLD 2017). Traditionally, COPD
staging depended solely on FEV1 impairment,
but now dyspnea symptoms and exacerbation his-
tory are included in staging. The Body-Mass
Index, Airflow Obstruction, Dyspnea, and Exer-
cise Capacity (BODE) Index can assist in pre-
dicting 4-year survival (Celli et al. 2004).
Patients may have the chronic bronchitis (mucous
production and increased airway resistance)
and/or emphysema (impaired gas exchange and
increased air trapping) subtypes of COPD.

COPD mimics the natural history of normal
lung aging (Macnee 2016; Mercado et al. 2015).
An emerging debate is challenging the traditional
paradigm of COPD pathogenesis as solely attrib-
utable to accelerated lung aging and suggests that
a subset of patients may be predisposed to develop
COPD due to abnormal lung development but
normal lung aging. In 1977, Fletcher and Peto
presented what would become the conventional
model of COPD pathogenesis. Their epidemio-
logical description of “British disease,” so-called
due to the high prevalence of COPD in Britain,
suggested that gradual age-related lung function
decline can be accelerated by smoking in some
individuals (Fletcher and Peto 1977).

A 2015 study by Lange and colleagues
contested the traditional model as the only path
to COPD pathogenesis. In their review of spirom-
etry and outcomes from three large cohort studies,
the Framingham Offspring Cohort, the Copenha-
gen City Heart Study, and the Lovelace Smokers
Cohort, the authors showed that some patients

Table 2 Clinical dyspnea scales

mMRC (Mahler and Wells 1988) Modified Borg dyspnea scale (Borg 1982)

0 – No breathlessness except with strenuous exercise
1 – Breathlessness when walking up a slight hill or hurrying on level
ground
2 –Walks slower than people of same age or must stop occasionally due
to breathlessness on level ground
3 – Stops for breathlessness after walking 100 yards or a few minutes on
level ground
4 – Too breathless to leave the house or breathless when dressing/
undressing

How much difficulty is your breathing
causing you right now?
0 – Not at all
0.5 – Very, very slight
1 – Very slight
2 – Slight
3 – Moderate
4 – Somewhat severe
5 – Severe
7 – Very severe
9 – Very, very severe
10 – Maximal

mMRC: modified Medical Research Council
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who develop obstructive lung disease may have
failed to achieve normal lung function before
experiencing normal age-related lung function
decline (Lange et al. 2015). Risk factors in child-
hood and early adolescence, such as parental
smoking (particularly intrauterine exposure by
the mother), a family history of asthma, and/or a
personal history childhood asthma, or respiratory
infections, may predispose an individual to
obstructive lung disease (Bush 2016).

Clearly, there is heterogeneity within the
COPD patient population, and as a result, the
rate at which FEV1 declines in COPD is highly
variable between patients. Data from a 2011 study
by Vestbo et al., that followed 2163 patients over a
3-year period, found a mean (� standard error)
rate of decline of 33 (�2) ml per year (Vestbo et al.
2011). Notably, patient subgroups experienced
different rates of decline, with higher rates in
current smokers compared to nonsmokers
(21 � 4 ml), those with emphysema compared to
those without emphysema (13 � 4), and those
with bronchodilator reversibility compared to
those without reversibility (17 � 4 ml). These
findings demonstrate that the clinical course of
COPD is variable and difficult to predict.

Caution must be exercised before conferring
COPD diagnoses on elderly individuals. Remem-
ber that normal lung aging mimics COPD
(Figs. 2a–c), yet patients may not be symptomatic
and medical therapy for COPD has not been stud-
ied to “treat” normal lung aging. In a study of
208 asymptomatic never-smoker individuals
over age 70 who underwent spirometry, 35%
were found to qualify for stage 1 COPD by the
GOLD criteria (Hardie et al. 2002). Further evi-
dence from 2025 individuals aged 65–100 years
old found airflow limitation in 28.2 per 1000
person-years when using the GOLD criteria
(Luoto et al. 2015). The number of patients clas-
sified as having airflow limitation decreased to
11.7 per 1000 person-years when an
age-dependent predicted lower limit of normal
(LLN) value was used instead. Increasingly,
experts suggest modifying diagnostic criteria to
be based on standard deviations from the median
(called spirometric z scores) (Vaz Fragoso et al.
2015) or LLN criteria for older patients.

Idiopathic pulmonary fibrosis (IPF), an inter-
stitial lung disease of unknown etiology, is far less
prevalent than COPD though similar aging-
related changes are implicated in its pathogenesis.
The incidence and prevalence of IPF increases
significantly with age, male gender, and history
of tobacco use (Raghu et al. 2006). Two-thirds of
patients with IPF are over 60 years old at time of
presentation, with a mean age at diagnosis of
66 years (Fig. 3).

In IPF, aberrant wound healing and resultant
pathogenic fibrosis causes progressive lung
destruction. Pulmonary function testing reveals
small lung volumes and a restrictive lung disease
pattern. There is typically a normal or high FEV1/
FVC ratio due to increased elastic recoil in the
lungs. There is no cure for IPF, though two new
recently approved medications, pirfenidone and
nintedanib, slow the progression of IPF (King Jr
et al. 2014, Richeldi et al. 2014). End-stage IPF
may be treated with lung transplant. Median sur-
vival following diagnosis is 2.5–3.5 years and
approximately 40,000 people die per year of IPF
just in the USA (Blackwell et al. 2013; Ley et al.
2011), though this data was reported prior to use
of antifibrotic agents.

Combined pulmonary fibrosis and emphysema
(CPFE) is an increasingly recognized disease state
that combines pathogenic features of COPD and
IPF. Pulmonary function testing may approach
normal due the balanced deficits of lung restric-
tion and obstruction (Jankowich and Rounds
2012). Therefore, the diagnosis is often made
radiographically or on pathology.Median survival
is slightly higher than IPF, ranging from 2.1 to
8.5 years.

Asthma in the elderly often mimics COPD and
is under recognized and undertreated (Skloot et al.
2016). Patients 65 years and older have the
highest rates of asthma deaths and second highest
rate of asthma hospitalizations as compared to
other age groups. Further, the natural history of
lung aging, such as decreased elastic recoil, can
further exacerbate asthma symptoms making the
disease more challenging to treat. The asthma-
COPD overlap syndrome (ACOS), like CPFE,
identifies a unique subset of older patients with
an overlapping asthma and COPD phenotype.
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(Postma and Rabe 2015). One study estimated the
prevalence of ACOS in individuals with COPD at
17.4%, and noted increased dyspnea, wheezing,
respiratory-related quality of life by the
St. George’ Respiratory Questionnaire (SGRQ)
and reduced physical activity, as compared to
nonoverlap COPD patients (Miravitlles et al.
2013).

Primary care for patients with chronic lung
disease can be complex (Fried et al. 2012b).
These patients often have multiple comorbidities
such as arthritis, osteoporosis, congestive heart
failure, and depression (Schnell et al. 2012). One
study noted a prevalence of four or more comor-
bid conditions in over half of patients with
moderate to very severe COPD (Vanfleteren
et al. 2013). Comorbid conditions such as gastro-
esophageal reflux and cardiac dysfunction can
exacerbate asthma and COPD (Hanania et al.

2011; Le Jemtel et al. 2007). The guideline-
based management of multiple comorbid condi-
tions, when taken together, may offer contradic-
tory advice or be financially or logistically
impractical to undertake (Boyd et al. 2005).

Chronic Lung Diseases and Frailty

Patients with COPD are more likely to be frail.
Frailty is a phenomenon of impaired physiologic
reserve and resilience, first described by the Car-
diovascular Health Study in 2001, through the
creation of the Fried Frailty Phenotype (FFP)
(Fried et al. 2001). The FFP is an aggregated
score of five assessments: grip strength, walk
speed, weight loss, exhaustion, and physical
activity level. Fried’s original study revealed that
a frailty phenotype was significantly associated

Fig. 3 The all-gender incidence rates of chronic
obstructive pulmonary disease (COPD), lung cancer,
and idiopathic pulmonary fibrosis (IPF) according to
age in the USA. (Reproduced with permission from

the European Respiratory Society ©. European Respira-
tory Journal. 2015;45(3):807–827. https://doi.org/
10.1183/09031936.00186914)
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with COPD even when adjusted for age. Lahousse
et al. confirmed these findings through a study of
community-dwelling individuals, finding that
those with COPD by spirometry were more likely
to be frail by FFP (10.2%) as compared to those
without COPD (3.4%) (p = 0.001) (Lahousse
et al. 2016). Frail patients with COPD had a mor-
tality rate three times that of nonfrail patients with
and without COPD. The authors noted that frailty
predicted mortality better than FEV1 or other
comorbidities.

Not surprisingly, frailty is highly prevalent in
patients seen in outpatient pulmonary clinics. In
2016, Mittal and colleagues described a frailty
prevalence of 18% and prefrailty prevalence of
64% in pulmonary outpatients (Mittal et al.
2016). Fried frailty phenotype assessments can
be arduous to complete, so the authors used easily
collected ambulatory data such as 100 feet gait
speed, as frailty surrogates. They defined slow
gait speeds as less than 60 m/min, finding that
this was 95% sensitive and 34% specific to predict
frailty. Gait speed may be an adequate frailty
screening tool in an outpatient pulmonary clinic
and could suggest referral to a geriatric clinic.

Spirometric impairment, even without diag-
nosed lung disease, impacts mortality. Vaz
Fragoso and colleagues discovered that, among
participants aged 65–80 years in the Cardiovascu-
lar Health Study, mortality was highest in those
with both frailty and respiratory impairment
(adjusted hazard ratio, 3.91, 95% CI, 2.93–5.22)
as compared to those with and without frailty
and/or respiratory impairment alone (Fragoso
et al. 2012).

Sarcopenia, the phenomenon of muscle loss
with age, has been described in individuals with
COPD. Jones et al. applied the European Working
Group on Sarcopenia in Older People (EWGSOP)
criteria to 622 outpatients with COPD and found a
14.5% (95% CI 11.8–17.4%) prevalence of
sarcopenia, which was associated with age and
COPD severity (Jones et al. 2015). In an evalua-
tion of the exercise capacity and muscle strength
of 41 patients with COPD, Gosselink et al. found
that lung function and peripheral muscle strength
were significantly related to exercise capacity in
these patients (Gosselink et al. 1996). Pulmonary

rehabilitation, a pillar of chronic lung disease
management, improves sarcopenia (Jones et al.
2015).

End-stage lung disease can be treated with
single or double lung transplant in appropriate
candidates, and transplant centers are examining
the role of geriatric assessments in further evalu-
ating transplant candidates. While the current lung
allocation score incorporates some candidate
characteristics (e.g., 6-min walk distance and
functional status) accumulating evidence about
global functional impairment in patients with
severe lung disease suggests the utility of frailty
and sarcopenia assessment tools for transplant
candidates (Egan et al. 2006). A 2015 study of
listed lung transplant candidates showed a high
burden of frailty by FFP (28%) and Short Physical
Performance Battery (SPPB) (10%) (Singer et al.
2015). Frailty was significantly associated with
lung transplant delisting, disability, and death.

Lung Cancer and Aging

Lung Cancer Epidemiology and Risk
Factors

Lung cancer is the leading cause of cancer-related
deaths for both men and women in the USA. Until
recently, lung cancer screening was not standard
of care, andmost patients presented with late stage
disease. As a result, the 5-year survival of all
stages of lung cancer from 2006 to 2012 was
17.7% (Howlader et al. 2016). The median age
of lung cancer patients at time of diagnosis is
70 years old, and lung cancer is most frequently
diagnosed between 65 and 74 years. Men, partic-
ularly African American men, face the highest
burden of lung cancer diagnoses and death. In
the USA, the incidence of lung cancer began to
decline in the late 1980s for men, though it did not
decline for women until the 2000s (ACS 2016).
Lung cancer costs in the last year of life are the
highest compared to other types of cancer
(Mariotto et al. 2011).

Non-small cell lung cancer (NSCLC) com-
prises about 85% of all lung cancers (ACS
2016). Adenocarcinoma is the most frequently
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identified histologic type of NSCLC and accounts
for approximately 40% of all lung cancers. The
frequency of adenocarcinoma declines with age,
while the frequency of squamous cell carcinoma
increases (ACS 2016). In the USA, 80% of lung
cancer deaths are attributed to smoking (ACS
2016). Other lung cancer risk factors include
second-hand smoke exposure, smoke from indoor
burning of coal and wood for cooking and
heating, air pollution, radiation therapy (e.g., for
Hodgkin lymphoma or breast cancer), and envi-
ronmental/occupational carcinogens (e.g., radon)
(Darby et al. 2005; Pope III et al. 2002; Fontham
et al. 1994; Travis et al. 2002).

The pathogenesis of chronic lung diseases such
as COPD and IPF have cellular “hallmarks of
aging” that overlap with those found in malignant
lung cancer cells. Similar pathogenic features
include shortened telomeres (Morla et al. 2006),
defective DNA repair (Caramori et al. 2011), geno-
mic instability, cellular senescence/stem cell
exhaustion (Chilosi et al. 2013), metabolic alter-
ations such as mitochondrial dysfunction (Mora
et al. 2017), and epigenetic changes (López-Otín
et al. 2013; Mercado et al. 2015; Pardo and Selman
2016; Macnee 2016; Vancheri et al. 2010) (Fig. 4).

Lung cancer is more prevalent in those with
COPD and IPF compared to patients without
chronic lung disease. In a 2009 study of patients
with lung cancer, COPD prevalence by all GOLD
stages was significantly higher than age/sex/
smoking exposure matched-controls (50% com-
pared to 8%) (Young et al. 2009). COPD appeared
to confer a sixfold greater risk of developing lung
cancer compared to participants without COPD.
Emphysema on computed tomography (CT) scan
is an independent risk factor for lung cancer. In a
2007 study of 1166 individuals undergoing lung
cancer screening with low radiation-dose CT, the
incidence of lung cancer was 25.0 per 1000
person-years in those with emphysema vs. 7.5
per 1000 person-years in those without emphy-
sema (De Torres et al. 2007) (Fig. 5).

Patients with IPF also have higher rates of lung
cancer. In a retrospective study of patients with
CPFE, IPF, and emphysema, patients with CPFE
were found to have the highest risk of lung cancer
(adjusted hazard ratio of 4.62, 95% CI

1.58–13.55) as compared the emphysema group
(Kwak et al. 2014). The IPF group also had an
increased risk of lung cancer as compared to the
emphysema group (adjusted HR 4.15, 95% CI
1.03–16.78).

Lung Cancer Screening

Until recently, there was no standardized lung
cancer screening practice supported by strong evi-
dence. In 2011, the National Lung Screening Trial
Research Team published a randomized, prospec-
tive study of 53,454 participants who received
either three annual screenings with low-dose com-
puted tomography (LDCT) or single-view post-
eroanterior chest radiography, from 2003 to 2004
(Team 2011). At the end of the study, the LDCT
group had fewer deaths related to lung cancer
(247 deaths per 100,000 person-years) versus the
chest radiography group (309 deaths per 100,000
person-years). All-cause mortality in the LDCT
group was significantly reduced by 6.7% (95% CI
1.2–13.6; p = 0.02) as compared to the chest
radiography group. A follow-up analysis of the
data suggested that LDCT screening could pre-
vent approximately 12,000 lung cancer deaths per
year in the USA (Ma et al. 2013).

This data must be interpreted with an under-
standing of the greatest drawback of increased
lung cancer screening: falsely positive tests lead-
ing to increased invasive diagnostic procedures
and anxiety about test results. The 2011 screening
study found a high false positive rate in both the
LDCT group (96.4%) and the chest radiography
group (94.5%). Further analyses of the same study
population have demonstrated higher false posi-
tive rates in participants 65 years or older
(Medicare-eligible) as compared to those less
than 65 (Pinsky et al. 2014). More false-positive
screening exams resulted in more invasive pro-
cedures to pursue diagnosis. Importantly, partici-
pants who underwent invasive procedures
experienced a relatively low complication rate in
both age groups, that was not significantly differ-
ent (9.8% in<65 group and 8.5% in� 65 group).
However, the older participants had a higher prev-
alence of cancer and higher positive predictive
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value (4.9% vs. 3.0%) as compared to the group
under age 65.

The findings from the National Lung Screen-
ing Trial Research Team study led the United
States Preventive Task Force (USPSTF) to give
a grade B recommendation for annual lung cancer
screening by LDCT. This recommendation
applies to adults aged 55–80 years with a
30 pack-year smoking history and current
smoking behavior, or smoking cessation within
the last 15 years. They suggest that screening
should continue until a patient has not smoked
for 15 years (Moyer 2014).

The intent of the screening practice is to iden-
tify early-stage resectable lung cancer. Therefore,
annual screening should cease if a patient’s life
expectancy is limited by comorbidities or the
patient is unwilling to have curative lung surgery
or radiation treatment. In 2015, the Centers for
Medicare and Medicaid Services began covering
LDCT lung cancer screening as a preventive ser-
vice benefit (Medicare and Services 2015).

The American College of Radiology (ACR)
has suggested a standard method for evaluating
LDCT, called the ACR Lung CT Screening
Reporting and Data System (Lung-RADS)

Fig. 4 The predominant hallmarks of aging in (a) chronic
obstructive lung disease, (b) lung cancer, and (c) idiopathic
pulmonary fibrosis. (Reproduced with permission from the

European Respiratory Society ©. European Respiratory
Journal. 2015;45(3):807–827. https://doi.org/10.1183/
09031936.00186914)
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(Mckee et al. 2016). Suggested categorization for
screening LDCTs along with management recom-
mendations is summarized in Table 3. The ACR’s
guidelines were retrospectively applied to the
National Lung Screening Trial group’s method
of approaching nodules and demonstrated a
decreased false positive rate (12.8% vs. 26.6%)
but a lower sensitivity (78.6% vs. 93.8%)(Pinsky
et al. 2015).

Some lung cancers are found incidentally on
radiographic imaging obtained for other reasons.
The Fleischner Society has published guidelines
for managing incidentally discovered pulmonary
nodules in nonimmunocompromised patients
over 35 years (Macmahon et al. 2017). These
recommendations stratify risk by nodule type
(solid versus subsolid) and further by size

(by average diameter) and pretest probability for
lung cancer (Table 4).

The guidelines for management of incidental
pulmonary nodules should not be used to interpret
lung cancer screening LDCT studies, primarily
because the pretest probability for lung cancer is
higher in the preselected lung cancer screening
group. A predictive calculator tool may assist in
estimating a nodule’s probability of malignancy
(Mcwilliams et al. 2013). Increased risk is
ascribed to individuals with older age, female
sex, a personal history of emphysema, and a fam-
ily history of lung cancer. Nodule characteristics
that impart additional risk are larger size, spicula-
tion, semisolid components, and upper lobe
location.

Lung Cancer Diagnosis

Outside of screening or incidental findings, phy-
sicians may infrequently suspect lung cancer
based on clinical signs or symptoms. However,
patients do not typically develop symptoms sug-
gestive of lung cancer until late in the disease
course. Symptoms can include cough, chest
pain, hemoptysis, clubbing, weight loss, and
fever (Spiro et al. 2007). When lung cancer is
suspected based on clinical symptoms, one should
proceed to chest radiography or contrast-
enhanced CT scanning.

If lung cancer is suspected by imaging, the
patient may have either a biopsy to obtain tissue
for pathologic evaluation and staging, or if radio-
graphic characteristics strongly suggest an early
stage cancer (stage IA), proceed directly to surgi-
cal resection for diagnosis and curative manage-
ment. The most commonly used staging system is
the TNM (tumor/node/metastasis) classification
produced by the American Joint Committee on
Cancer (AJCC), recently updated to an 8th edition
in 2017 (Tables 5 and 6) (AJCC 2017).

There are two steps of staging lung cancer.
First, patients are clinically staged prior to invasive
procedures, to determine the best next step.
Clinical staging should begin with contrast-
enhanced CT imaging of the chest and upper
abdomen and brain imaging (Silvestri et al. 2013).

Fig. 5 (a) Lung parenchyma from a 29-year-old individ-
ual with no history of smoking; (b) lung parenchyma from
a 100-year-old nonsmoking individual. The alveolar
spaces are markedly enlarged as compared to the younger
individual in panel a. (Hematoxylin and eosin stain; inter-
nal scale bar = 280 mm (a); 250 mm (b)). (Reproduced
with permission from the European Respiratory Society ©.
European Respiratory Journal. 1999;13(1):197–205)
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The evidence for use of whole body positron
emission tomography (PET) or PET/CT scans to
stage is mixed, and staging decisions should
not be made based on PET/CT scan alone.
Staging consensus guidelines suggest synthesiz-
ing radiographic data to guide tissue biopsy

planning (Travis et al. 2011; Murgu 2015). A
PET/CT scan may help guide clinicians to biopsy
lymph nodes (via endoscopy or mediastinoscopy)
or to proceed directly to surgery for resection and
surgical/pathologic staging (Schmidt-Hansen
et al. 2014).

Table 3 LDCT grading and management

Category Description Findings Recommendation

0 Incomplete Cannot evaluate (poor study, need prior imaging) Additional images needed
(or compare to prior)

1 Negative No nodules or nodule(s) with benign calcifications Annual LDCT

2 Benign
appearance/
behavior

Solid nodule(s): < 6 mm or new <4 mm
Part-solid nodule(s): <6 mm total on baseline screen
Non-solid nodule(s): < 20 mm or � 20 mm and
unchanged
Category 3 or 4 without change for �3 months

3 Probably
benign

Solid nodule(s):�6–8 mm at baseline or new 4 mm to
<6 mm
Part-solid nodule(s): �6 mm total, solid component
<6 mm or new <6 mm total
Non-solid nodule(s)(ground glass):�20 mm baseline
or new

6 month LDCT

4A Suspicious Solid nodule(s): �8 – < 15 mm baseline or growing
<8 mm or new 6 – <8 mm
Part-solid nodule(s): � 6 mm with solid component
�6–8 mm or new/growing <4 mm solid component
Endobronchial nodule

3 month LDCT, may use
PET/CT if �8 mm solid
component

4B Solid nodule(s): � 15 mm or new/growing and
�8 mm
Part-solid nodule(s): Solid component �8 mm or
new/growing solid component �4 mm

Chest CT with or without
contrast, PET/CT and/or tissue
sampling

S Significant –
other

Add on to 0–4 coding No specific recommendation

C Prior lung
cancer

Add on to 0–4 coding

Adapted from https://www.acr.org/Quality-Safety/Resources/LungRADS. For multiple nodules, manage based on largest
nodule. For follow-up screening findings, refer to the LUNG-RADS guidelines
LDCT low-dose computed tomography, PET positron emission tomography, CT computed tomography

Table 4 Fleischner criteria
for incidental lung nodules

Low risk

<4 mm No follow-up

4–�6 mm Repeat in 1 year

6–�8 mm Repeat 6–12 months

�8 mm Repeat at 3, 9, and 24 months
Consider PET/biopsy

High risk

<4 mm Repeat in 1 year

4–<6 mm Repeat in 6–12 months

6–�8 mm CT at 3–6 months

�8 mm CT at 3,9, and 24 months

Adapted from MacMahon et al. (2017)

15 Respiratory Organ Aging and Cancer 227

https://www.acr.org/Quality-Safety/Resources/LungRADS


The second step of lung cancer staging is path-
ologic staging, either surgical with mediastinal
lymph node dissection or nonsurgical lymph
node sampling. If Stage IB, II, or III is suspected,
the preferred diagnostic and staging modality is
endobronchial ultrasound with transbronchial
needle aspiration (EBUS-TBNA), particularly
for centrally located lesions or paratracheal
lymph node biopsies. The EBUS-TBNA proce-
dure allows for safe, moderately invasive tissue
diagnosis, typically under general anesthesia, with

on-site cytologic evaluation (Yasufuku et al.
2005). A 2014 study of 451 patients showed that
the risk of complication rates among patients
�70 years was similar to patients <70 years
(5.1% vs. 8.7%, respectively, p = 0.13), in spite
of worse performance status in the older patients
(p < 0.001) (Evison et al. 2014).

If cancer is diagnosed during the EBUS-TBNA
procedure, the disease is further staged during the
same procedure by obtaining tissue from contra-
lateral lymph nodes that could “up-stage” the

Table 5 AJCC TNM staging, seventh edition and eighth editiona comparison

7th edition 8th edition N0 N1 N2 N3
T1 ≤ 1 cm T1a IA�IA1

IIA�IIB IIIA IIIB

T1 > 1-2 cm T1b IA�IA2

T1 > 2-3 cm T1c IA�IA3

T2 > 3-4 cm T2a IB

T2 > 4-5 cm T2b IB�IIA

T2 > 5-7 cm T3 IIA�IIB IIB�IIIA

IIIA�IIIB IIIB�IIIC
T3 structures T3 IIB

IIIAT3 > 7 cm T4
IIB�IIIA

T3 diaphragm T4
T4 T4 IIIA IIIB IIIB�IIIC

M1a M1a
IV�IVA

M1b (single) M1b

M1c (multiple) M1c IV�IVB

Adapted from Goldstraw et al. (2007, 2016)

AJCC American Joint Committee on Cancer, TNM tumor, node, metastasis
aThe 8th edition will not come into clinical practice until January 2018

Table 6 AJCC 8th edition regional lymph node (N) and distant metastasis (M) definitions

Nx Cannot assess regional lymph nodes

N0 No regional lymph node metastasis

N1 Metastasis in ipsilateral peribronchial and/or hilar lymph nodes and intrapulmonary nodes, including direct
extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal or hilar lymph nodes, or ipsilateral or contralateral scalene or
supraclavicular lymph nodes

M0 No distant metastasis

M1a Metastasis in a contralateral lobe, pleural or pericardial nodule(s), pleural or pericardial effusion

M1b Single extrathoracic metastasis

M1c Multiple extrathoracic metastases in one or more organs

Adapted from Goldstraw et al. (2016)
AJCC American Joint Committee on Cancer
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disease and alter treatment plans. If biopsies from
the EBUS-TBNA procedure are negative or
inconclusive, and clinical suspicion of regionally
advanced disease is high, the patient proceeds to
mediastinoscopy or thoracoscopy for regional
nodal assessment (Rivera et al. 2013). When
lesions are peripheral, the yield by bronchoscopy
decreases, and alternative diagnostic methods
such as CT-guided transthoracic needle aspiration
or video-assisted thoracic surgery (VATS) may be
useful. If stage IV lung cancer is suspected based
on distant metastases, a more readily available
metastatic tissue sample may be obtained, such
as from pleural fluid or a superficial lymph node.
Nomatter the diagnostic modality, adequate tissue
must be obtained for histologic type and molecu-
lar analysis.

Non-Small Cell Lung Cancer

Making Treatment Decisions

Lung cancer treatment planning requires a multi-
disciplinary approach that integrates expert rec-
ommendations from medical oncologists, medical
and radiation oncologists, pathologists, thoracic
surgeons, pulmonologists, primary care doctors,
and geriatricians (Spira and Ettinger 2004). Lung
cancer stage along with comorbidities, lung func-
tion, and physiologic status informs treatment
recommendations that can include surgical resec-
tion, single agent chemotherapy, doublet chemo-
therapy, immunotherapy, targeted driver mutation
therapies, radiation, and/or palliative care. Onco-
logic treatment planning for elderly patients with
NSCLC is nuanced, as providers must synthesize
guideline-based recommendations with patient
preferences and assessments of global function
(Gajra and Jatoi 2014).

Traditionally, risk-stratification prior to onco-
logic treatment interrogated patient fitness for
treatment using the Eastern Cooperative Oncol-
ogy Group (ECOG)/World Health Organization
(WHO) score, a 0–5 scale of health symptoms
and disability, or the Karnofsky method, a 0–100
scale with more discrimination in disability
description (Table 7) (Karnofsky et al. 1948;

Oken et al. 1982). The Comprehensive Geriatric
Assessment (CGA) has, over the over the last
several decades, gained popularity as a more com-
prehensive risk-stratifying tool for elderly patients
with cancer (Extermann and Hurria 2007).

The components of a CGA can vary based on
the practice of the administering provider, but
typically include a thorough assessment of activ-
ities of daily living (ADLs), instrumental activi-
ties of daily living (IADLs), comorbidities,
functional-based assessments (e.g., 6-min walk
test and grip strength), mental health, cognition,
nutritional status, social support, and medications/
polypharmacy (Table 7). In particular, the CGA
adds additional risk information to traditional per-
formance status measures, which often miss
IADL disability. For example, a 2005 study of
566 elderly patients with advanced NSCLC
found that pretreatment assessments of quality of
life and IADLs were associated with improved
prognosis (Maione et al. 2005). Assessments of
ADLs and comorbidities, the central elements of
the Karnofsky and ECOG/WHO scores, did not
correlate with prognosis.

These studies support the notion that chrono-
logic age alone should not determine treatment
planning. Instead, treatment decisions should be
made based on physiologic age, using CGAs such
as the Elderly Selection on Geriatric Index
Assessment (ESOGIA) (Corre et al. 2016).
Treatment-related toxicity can be predicted using
the Cancer and Aging Research Group tool
(CARG) (Hurria et al. 2011) or Chemotherapy
Risk Assessment Scale for High-Age Patients
(CRASH) (Extermann et al. 2012) tools (Table 7).

Early-Stage NSCLC (Stages I and II)

Early stage lung cancer increases in prevalence
with age. In 2005, a large retrospective analysis of
14,555 patients with early-stage NSCLC in the
Surveillance, Epidemiology, and End Results
(SEER) database revealed that the prevalence of
stage I NSCLC increased from 79% in patients
less than age 65 compared to 87% in patients older
than age 75 (Mery et al. 2005). Five-year relative
survival for localized lung cancer is 55% (ACS
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2016), but true pathologic stage I NSCLC may
have five-year survival of approximately 80%
(Cerfolio and Bryant 2009). However, lung can-
cer is infrequently diagnosed at a localized stage
(16%) (ACS 2016), which is the basis for more
aggressive lung cancer screening.

Surgery is the first-line treatment for early-
stage lung cancer (stages I and II) (Table 8). If a
patient has a potentially resectable lung cancer,
multidisciplinary teams perform presurgical risk
assessments, to identify patients at high-risk for
surgical complications. While age has historically

been used as a crude risk-stratification method,
recent surgical guidelines by American (Brunelli
et al. 2013) and European (Brunelli et al. 2009)
societies recommend against using age cut-offs to
make surgical decisions. In fact, approximately
one-third of lung-resection candidates are over
70 years old. Instead, if a patient has potentially
surgically resectable cancer, the patient should be
further risk-stratified with appropriate preopera-
tive testing including lung function assessments
(Table 1) and evaluation of other comorbidities
(Table 7).

Table 7 Pretreatment risk assessments

Traditional performance status measures

ECOG/WHO (Oken et al. 1982) Karnofskya (Karnofsky et al. 1948)

0 – Asymptomatic
1 – Symptomatic but completely ambulatory
2 – Symptomatic, <50% in bed during the day
3 – Symptomatic, >50% in bed but not
bedbound
4 – Bedbound
5 – Death

100 – Normal; no complaints; no evidence of disease
70 – Cares for self; unable to carry on normal activity or do work
50 – Requires considerable assistance and frequent medical care
20 – Very sick: hospital admission necessary; active supportive
treatment necessary
0 – Dead

Chemotherapy toxicity tools

CARG (Hurria et al. 2011) CRASH (Extermann et al. 2012)

Age/gender/height/weight
Cancer type
Number and dosage of chemotherapy agents
Falls
IADL: Medication management
ADL: Walking block
Subjective assessment
Labs: Hemoglobin/creatinine

Chemotherapy risk
Nonhematologic toxicity: ECOG PS, MMSE, mininutritional
assessment
Hematologic toxicity: IADL, LDH, diastolic BP

Comprehensive geriatric assessments

Proposed screening tools (Balducci and
Extermann 2000)

ESOGIA CGA (Corre et al. 2016)

Mental status
Emotional Status
ADL/IADL
Home Environment
Social Support
Comorbidity
Nutrition
Polypharmacy

PS (ECOG)
ADL (0-6)
IADL (0-4)
MMSE
Geriatric Syndromeb

Charlson comorbidity Index
GDS5 (0-5)

CARG scoring: http://www.mycarg.org/Chemo_Toxicity_Calculator
CRASH scoring: https://www.moffitt.org/eforms/crashscoreform
ECOG Eastern Cooperative Oncology Group, WHO World Health Organization, CARG Cancer & Aging Research
Group, CRASH Chemotherapy Risk Assessment Scale for High-Age Patients, ADL activities of daily living, IADL
instrumental activities of daily living, MMSEMini-Mental State Examination, BP blood pressure, LDH lactate dehydro-
genase, GDS5 Geriatric Depression Scale 5, PS performance status, ESOGIA elderly selection on geriatric index
assessment, CGA comprehensive geriatric assessment
aAbbreviated
bConfirmed dementia, repeated falls, or urinary or fecal incontinence
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Surgical resection of lung cancer will impact
lung function, so presurgical evaluations must
include an objective assessment of pulmonary
function to calculate predicted postoperative
(ppo) FEV1 and DLCO, which is based on the
number of functional segments to be removed
(Brunelli et al. 2013). Regardless of lung disease,
all patients should have a DLCO assessment in
addition to spirometry, because ppoDLCO is
strongly correlated with pulmonary complica-
tions, even in patients without COPD (Ferguson
et al. 2009). Further, testing of a patient’s exercise
tolerance is pursued if questions remain about a
patient’s ability to tolerate the surgery, including
low technology exercise testing such as 6-min
walk testing, shuttle walk or stair climbing, and
high technology exercise testing such as cardio-
pulmonary exercise testing (Table 9).

Interrogating preoperative lung function and
calculating ppo lung function is essential to a

careful assessment of projected surgical morbidity
and mortality. Ferguson et al. demonstrated that,
in 854 patients who underwent major lung resec-
tion, ppoFEV1 and ppoDLCO were significantly
associated with mortality (HR 1.06, 95% CI
1.01–1.12, p = 0.03; HR 1.06, 95% CI
1.01–1.12, p = 0.02, respectively) (Ferguson
et al. 2014). Additionally, the morbidity and mor-
tality (including noncancer mortality) associated
with a low ppoDLCO increases with age (Eguchi
et al. 2016).

Frailty is an independent risk factor for post-
operative complications, length of hospital stay,
and discharge to skilled or assisted living facilities
in older patients (Makary et al. 2010). Frailty in
patients referred for lung cancer surgical resection
is under recognized. A 2017 study by Beckert
et al. found, in a prospective cohort study of
125 patients referred to an academic thoracic sur-
gical clinic for thoracic surgical procedures, that

Table 8 Suggested non-small cell lung cancer treatment by clinical stagea

Stage I and IIA (Local): Lungs only, without lymph node extension

Surgical resection with mediastinal lymph node dissection (if clinical stage IA, may proceed directly to resection for
diagnosis, staging, and curative intent surgery)

+/� adjuvant chemotherapy

SABR +/� chemotherapy if inoperable

Stage IIB–IIIA (N0–1) (Regional): Lung and nearby lymph nodes

Preoperative mediastinal staging to determine eligibility for surgical resection

Adjuvant chemotherapy

SABR +/� chemotherapy if inoperable

Stage IIIA(N2)–IIIB (Locally advanced): Extension to central ipsilateral lymph nodes or to central contralateral
lymph nodes/above clavicle

Role of surgery and neoadjuvant chemotherapy controversial, consider resection if noninvasive tumor and N2 disease
eradicated with induction chemotherapy

N3: Definitive chemotherapy and radiation

Stage IV (Metastatic): Extension to both lungs, pleural space, or extrapulmonary site

Early palliative care

Targeted therapies if indicated (ALK, EGFR, ROS1, PD-L1)

Chemotherapy

Immune checkpoint inhibitors

Radiation targeting metastases

Stereotactic radiosurgery for limited brain metastases

Adapted from AJCC seventh edition staging (Goldstraw et al. 2007) and NCCN Clinical Practice Guidelines in Oncology
(Version 5.2017): https://www.nccn.org/professionals/physician_gls/f_guidelines.asp. Consult guidelines for addition,
nuanced detail
SABR sterotactic ablative therapy
aRecommend consultation with multidisciplinary team including medical oncologist, thoracic surgeon, radiologist,
pathologist, and geriatrician. Treatment plan may be altered by discrepancy between pathologic stage and clinical stage
or patient risk-assessment/treatment tolerability
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12% were frail and 57% were prefrail based on an
adapted Fried’s phenotypic frailty assessment
(Beckert et al. 2017).

Various presurgical assessments of physical
robustness have been explored in an effort to
achieve greater precision in presurgical risk strat-
ification. Tsiouris et al. created an 11-item modi-
fied frailty index (mFI) adapted from the
Canadian Study of Health and Aging Frailty
Index, a 70-item scale that predicts survival
using preoperative data from the National Surgi-
cal Quality Improvement Program (NSQIP)
(Tsiouris et al. 2013). Items in this index included
functional status and co-morbidities (e.g., diabe-
tes, COPD, and cardiovascular disease). The
authors found that morbidity and mortality
increased as mFI increased in patients who had
undergone an open lobectomy. This study sug-
gests that an objective approach to assessing pre-
operative frailty may improve upon single-organ
assessments.

Sublobar resection may not improve long-term
survival when compared to lobectomy; however,
this has not been demonstrated prospectively. In
2014, Shirvani et al. retrospectively analyzed
patients with early-stageNSCLC undergoing cura-
tive surgical therapy (mean age 75 years,
n = 9093) in the SEER database. Most (79.3%)
patients underwent lobectomy, while 16.5%
underwent sublobar resection and 4.2% underwent
stereotactic ablative radiotherapy (SABR)
(Shirvani et al. 2014). Unadjusted 90-day mortal-
ity was highest for patients who underwent lobec-
tomy (4.0%) as compared to the other two groups
(sublobar resection, 3.7%, p= 0.79; SABR, 1.3%,

p = 0.008). However, 3-year unadjusted mortality
was lowest for patients who underwent lobectomy
(25.0%) as compared to the other two groups
(sublobar resection, 35.3%, p < 0.001; SABR,
45.1%, p < 0.001). Propensity score matching
between sublobar resection and lobectomy groups
demonstrated worse survival for the sublobar
resection groups.

When comorbidities or patient preferences
contraindicate surgical resection of an early stage
tumor, other options include observation/best sup-
portive therapy or SABR (Table 8). Median sur-
vival without surgical resection in patients with
early stage disease is poor, with one estimate
suggesting survival of 14.2 � 2.37 months
(Mcgarry et al. 2002). In Shirvani et al.’s study, a
propensity score-matched analysis of SABR and
lobectomy groups, showed a similar overall sur-
vival, suggesting that SABR is indicated in
patients who cannot tolerate surgical risk
(Shirvani et al. 2014). Further, a pooled analysis
of two small randomized trials comparing SABR
to surgical resection suggests that the two treat-
ments may be equally effective, and that SABR
may be preferred in individuals with multiple
comorbidities (Chang et al. 2015). In 55 patients
with T1 or T2 tumors, stereotactic body radiation
therapy without resection had a 3-year local con-
trol rate of 90.6% (95% CI, 76.0–96.5%) and a
local-regional control rate of 87.2% (95% CI,
71.0–94.7%). The median survival was
48.1 months, with a 55.8% survival rate at
3 years (Timmerman et al. 2010).

Adjuvant therapy with postoperative
cisplatin-based doublet chemotherapy for stage

Table 9 Presurgical cardiopulmonary assessments

PPO lung function Further testing Risk assessment

FEV1 > 60% and
DLCO >60%

Not indicated Low risk

FEV1 or DLCO
30–60% predicted

“Low technology” exercise test (e.g., stair
climbing or shuttle walk)

Low risk if stair climbing altitude >22 m or
shuttle walk distance >400 m

FEV1 and/or DLCO
<30% predicted

“High technology” exercise test (e.g.,
cardiopulmonary exercise test)

Low risk if VO2 peak>20ml/kg/min (or 75%
predicted)
High risk if VO2 peak <10 ml/kg/min
(or 35% predicted)

Adapted from Brunelli et al. (2013)
PPO postoperative lung function, FEV1 forced expiratory volume in 1 second, DLCO diffusing capacity of the lung for
carbon monoxide, VO2 peak oxygen consumption
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IIA to IIIA is standard of care (Pisters et al.
2007). A 2004 study of 1867 patients treated
with cisplatin-based adjuvant chemotherapy fol-
lowing surgical resection showed 44.5% survival
at 5 years as compared to 40.4% in the observa-
tion group (p < 0.03) (Group 2004). Cuffe et al.
examined the Ontario Cancer Registry to assess
the benefit of adjuvant chemotherapy on older
age groups (<70, 70–74, 75–79, and �80)
(Cuffe et al. 2012). This analysis found benefit
of adjuvant chemotherapy in all age groups
except for those �80 years. The main concerns
with using cisplatin-based doublet therapy in
older adults are the adverse side effects of renal
and ototoxicity, requiring intravenous hydration
pre- and postinfusion. It is also highly
emetogenic, requiring adequate antiemetic sup-
port. Risk stratification taking organ function,
social support, transportation, and medication
management into account prior to selection of
cisplatin is mandatory to prevent severe toxicity.
Carboplatin is often substituted for cisplatin for
high-risk older adults.

Locally Advanced NSCLC (Stage III)

Concurrent chemoradiation is indicated for
curative-intent treatment of locally advanced
NSCLC: stage IIIA medically inoperable or
stage IIIB (Bezjak et al. 2015). However, for
more frail, high-risk older adults, sequential che-
motherapy followed by radiation is also an option.
The 5-year relative survival rate for regionally
advanced lung cancer is 28% and for distant met-
astatic lung cancer is 4% (ACS 2016). Surgical
resection and neoadjuvant chemotherapy are con-
troversial in patients with stage III, N2 cancers. In
some centers, patients with adequate performance
status and acceptable surgical risk proceed to sur-
gery if the tumor is noninvasive and the N2 dis-
ease is completely resectable. Other centers
recommend presurgical eradication of N2 disease
with induction chemotherapy before proceeding
to surgery (Van Meerbeeck et al. 2007; Albain
et al. 2009).

There is limited strong, prospective evidence
to guide surveillance of patients who have

undergone curative intent therapy. Current guide-
lines suggest that patients who have undergone
surgical resection of NSCLC have a follow-up
chest CT every 6 months for 2 years, then yearly
(Colt et al. 2013). When surveillance becomes
yearly for the curative-intent cohort, it mimics
the screening suggested for eligible patients in
the new lung cancer screening guidelines
(Table 3). Just as is suggested in the screening
cohort, providers should reevaluate patient wishes
to continue surveillance when comorbidities or
functional status alter patient preferences to
undergo further cancer work-up or therapy, if
disease recurrence is identified on imaging.

Metastatic NSCLC (Stage IV)

Most lung cancer is diagnosed at an advanced,
metastatic state of disease. Currently, the treat-
ment for advanced NSCLC is expanding rapidly
and includes targeted treatments and immunother-
apy in addition to traditional chemotherapy, the
original mainstay of treatment for advanced dis-
ease. All metastatic lung cancer biopsy specimens
should undergo molecular marker testing for the
EGFR mutation, anaplastic lymphoma kinase
(ALK) rearrangement, or ROS1 translocation
(Lindeman et al. 2013), to determine if driver
mutation-targeted therapies can be used. In a
small study of 32 patients (median age 80 with
NSLC and the EGFR mutation) treated with the
EGFR tyrosine kinase inhibitor erlotinib, this drug
was well-tolerated and had similar efficacy
(56.3% response rate) as compared to a prior
study of a mixed-age cohort (58.1% response
rate) (Rosell et al. 2012; Inoue et al. 2015). The
most frequent adverse event was skin-related tox-
icity. A separate study of erlotinib versus placebo
in 731 patients compared outcomes based on age
(<70 years or �70 years). The older age group
had similar survival as compared to the younger
group but experienced more severe (grade 3/4)
toxicity. For ALK positive tumors, ALK tyrosine
kinase inhibitors (e.g., crizotinib or ceritinib) are
superior to standard chemotherapy (Solomon
et al. 2014; Shaw et al. 2014). Tumors with the
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ROS1 rearrangement should be treated with
crizotinib (Bergethon et al. 2012).

Immunotherapy utilizing checkpoint inhibitors
such as programmed death-1 (PD-1) inhibitors is
beginning to emerge as an important pillar of
treatment in NSCLC. PD-1 inhibitors have a
survival benefit as compared to first-line plati-
num-based doublet chemotherapy or second-line
chemotherapy after treatment failure with doublet
therapy. Two pivotal studies in 2015 demon-
strated increased overall survival in patients
treated with the PD-1 inhibitor nivolumab, as
compared to docetaxel, in previously treated,
advanced squamous-cell NSCLC regardless of
PD-L1 expression (Brahmer et al. 2015) and pre-
viously treated, advanced nonsquamous NSCLC
(Borghaei et al. 2015). Reck et al., in 2016, then
demonstrated superiority of the PD-1 inhibitor
pembrolizumab as compared to platinum-based
chemotherapy, in untreated NSCLC (both squa-
mous and non-squamous), in which at least half of
the tumor cells were PD-L1 positive but ALK and
EGFR negative (Reck et al. 2016). Progression-
free survival was 10.3 months in the
pembrolizumab group as compared to 6.0 months
in the chemotherapy group. Importantly, overall
survival was significantly longer in the group
treated with pembrolizumab (HR 0.6, 95% CI
0.41–0.89, p = 0.005). Six-month survival was
80.2% for those treated with pembrolizumab com-
pared to 72.4% in the chemotherapy group. Addi-
tionally, there were fewer treatment-related
adverse events in the pembrolizumab group.
Though promising, these results have yet to be
replicated in large population-based studies. As
clinical trials include younger, healthier adults,
evidence of improved overall survival and
decreased toxicity among frail older adults is
needed.

Cytotoxic platinum-based chemotherapy is the
first-line treatment for the majority of advanced
NSCLC without a molecular mutation with a
targeted therapy (Table 8). Standard chemotherapy
consists of two agent (doublet) therapy with a
platinum agent (e.g., cisplatin or carboplatin) plus
a second agent (e.g., docetaxel, paclitaxel,
gemcitabine, etoposide, irinotecan, or vinorelbine)
(Masters et al. 2015). Several studies have shown

efficacy of chemotherapy treatment in elderly
patients with lung cancer. A 2011 multicenter
study of 451 patients aged 70–89 years with locally
advanced or metastatic NSCLC and good perfor-
mance status (WHO performance status 0–2)
found that platinum-based doublet chemotherapy
improved survival (10.6 months) compared to
monotherapy (6.2 months) with vinorelbine or
gemcitabine (Quoix et al. 2011). The patients
who underwent doublet chemotherapy experienced
significantly more side effects, particularly
cytopenias and neuropathy.

Histologic subtyping of NSCLC helps deter-
mine the preferred first-line cytotoxic chemother-
apy agents. A study by Scagliotti and colleagues
in 2008 found a significant survival benefit for
patients with squamous cell carcinoma treated
with cisplatin/gemcitabine (10.8 months) versus
cisplatin/pemetrexed (9.4 months) (Scagliotti
et al. 2008). In patients with adenocarcinoma,
treatment with cisplatin/pemetrexed is preferred
(12.6 months compared to 10.9 months). High-
grade cytopenias were significantly higher with
cisplatin/pemetrexed treatment.

Bevacizumab, an antibody that inhibits vascu-
lar epithelial growth factor A (VEGF-A),
improves survival in patients with metastatic non-
squamous NSCLC, in combination with
platinum-based doublet therapy (Sandler et al.
2006). Data supporting its efficacy in elderly
patients has been inconclusive, and increased
adverse events (including death) appear to be
significantly higher (Ramalingam et al. 2008).
Therefore, the increased risk in older populations
may outweigh potential benefits. Bevacizumab is
not used in squamous cell lung cancer due to the
increased risk of serious hemorrhagic events.

Even when patients cannot have surgical resec-
tion either due to advanced disease, risk stratifica-
tion by performance status and CGA remains
important, as chemoradiation therapies carry risk
of serious toxicities. Elderly patients are a poten-
tially vulnerable patient population to experience
treatment-related toxicities, and oncologists
have struggled with both overtreatment and
undertreatment when caring for individuals
with NSCLC (Presley et al. 2016). A 2010 retro-
spective study of the SEER Medicare database
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revealed that many elderly patients with advanced
NSCLC do not receive chemotherapy in spite of
survival benefits in those who do (Davidoff et al.
2010).

The first evidence that undertreatment impairs
patient quality of life came in 1999, when the
Vinorelbine Italian Study Group presented data
that, in patients over age 70 with stage IVor IIIB
NSCLC ineligible for radiotherapy with good per-
formance status, treatment with six 21-day cycles
of vinorelbine (a vinca alkaloid) significantly
improved survival (Group 1999).Cognitive func-
tion was better in the vinorelbine group, and they
reported less pain and dyspnea. They did report
worse constipation, nausea/vomiting, hair loss,
and peripheral neuropathy.

Elderly patients are an at-risk group with
potentially more comorbidities and functional
impairments that can impact chemoradiation tol-
erance. Hurria et al. found that 53% of older adults
experienced at least one grade 3–5 toxicity during
the course of treatment across cancer types and
stages (Hurria et al. 2011). A 2015 retrospective
study of the SEER registry demonstrated a signif-
icant burden of toxicity on elderly patients
(70 years or older) with advanced NSCLC under-
going therapy (Kale et al. 2017). Patients with
stage IIIB had a nearly sixfold increase in toxic-
ities with chemoradiation compared to those who
received no treatment. The most common toxicity
was esophagitis. Stage IV patients had a nearly
fourfold increase in toxicities with chemotherapy,
most commonly neutropenia. This study was lim-
ited by the lack of analysis by chemotherapy agent
or doublet versus singlet therapy.

Rarely, chemotherapy agents and radiation
therapy can cause toxicity to the lungs directly,
which can include pneumonitis or acute respira-
tory distress syndrome (Read et al. 2002; Parashar
et al. 2011). Pulmonologists crowd source and
catalog treatment-related lung toxicity at www.
pneumotox.com (Camus et al. 2013). Checkpoint
inhibitor-related pneumonitis is an uncommon but
highly morbid complication of use that is rising in
prevalence with increased use of these agents.
Pneumonitis is estimated to occur in 5% of
patients, with onset ranging from 9 days to

19.2 months following treatment (Naidoo et al.
2017).

Improvements in risk stratification, to limit
toxicities while maximizing therapy benefit, are
ongoing. A 2016 study by Corre et al. assigned
patients with advanced NSCLC (median age
77 years, n = 494) to chemotherapy regimens
based either on performance status or CGA
(Corre et al. 2016). In the standard arm, patients
were assigned based on performance status; if
PS � 2 and age � 75, patients received
carboplatin-based doublet chemotherapy, and if
PS =2 or age > 75 they received docetaxel. In
the CGA group, “fit” patients received
carboplatin-based doublet, “vulnerable” patients
received docetaxel, and “frail” patients received
best supportive care. In summary, patients
assigned to treatment based on CGA experienced
significantly less treatment toxicity, with similar
overall survival and treatment failure free
survival.

Joint decision-making with patients is impor-
tant. Discussions should include careful counsel-
ing about expected toxicities including the
likelihood of functional or cognitive impairment.
Projected toxicities may influence a patient’s
advanced care planning more than risk of death
(Fried et al. 2002). Treatment-related toxicities in
older patients receiving chemotherapy can be pre-
dicted using the CRASH (Extermann et al. 2012)
or CARG (Hurria et al. 2011) calculators
(Table 7). Risk calculators for both targeted treat-
ments and immune checkpoint inhibitors are
needed.

Finally, palliative care should be a cornerstone
of caring for patients with metastatic (stage IV)
lung cancer (Table 8). In addition to improving
symptom control, palliative care can also increase
survival. A revolutionary study by Temel and
colleagues in 2010 demonstrated that, in patients
with metastatic NSCLC, an early palliative care
intervention led to increased median survival
compared to standard care (11.6 vs. 8.9 months
p= 0.02 (Temel et al. 2010). On average, patients
who received early palliative care had received
less aggressive care than the standard treatment
group (33% vs. 54%, p = 0.05) and noted better
quality of life and less depression and anxiety. The
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palliative care intervention consisted of guideline-
based visits with a dedicated palliative care team,
including board-certified palliative care advanced
practice nurses and physicians, who met with the
patient at least monthly and attended particularly
to “physical and psychosocial symptoms.”

Lung cancer-related symptoms are wide-
ranging and can be debilitating. A frequent lung
cancer symptom is dyspnea due to cancer-related
etiologies that include pneumonia, pulmonary
emboli, metastatic pleural effusions, or superior
vena cava syndrome. Care teams can track dys-
pnea symptoms using clinical dyspnea scales
(Table 2). Other symptoms include sequelae of
metastases (e.g., bone pain and neurologic
impairment), depression, anxiety, insomnia, and
fatigue (Simoff et al. 2013). Rarely, airway-
esophageal fistulas and paraneoplastic syn-
dromes can occur. Palliative care teams experi-
enced in treating these symptoms are invaluable
partners in patient care.

Other Lung Malignancies

Small Cell Lung Cancer

Small cell lung cancer (SCLC) is an aggressive
neuroendocrine malignancy comprising about
15% of all lung cancers (ACS 2016). Unlike
NSCLC, the malignant cells are characterized by
rapid growth and initial sensitivity to chemother-
apy and radiation that later becomes resistant to
treatment (Rudin et al. 2015). It is strongly asso-
ciated with a history of smoking. Classic staging
for SCLC uses the Veterans Administration sys-
tem of limited or extensive stage disease, though
the AJCC TNM staging system is recommended
due to improved prognostic discriminatory power
(Micke et al. 2002; Jett et al. 2013). In limited
stage disease, the cancer is localized to the ipsi-
lateral hemithorax and regional lymph nodes.
Extensive disease includes any spread beyond,
such as distant metastases. Staging should be
performed radiographically (head MRI/CT and
PET) as well as invasively (EBUS or
mediastinoscopy) if patients are being considered
for curative intent surgical resection.

In stage I disease, which is uncommon, adju-
vant chemotherapy should be administered fol-
lowing surgical resection. In limited stage
disease, early chemotherapy with radiotherapy is
recommended. The foundation of treatment is
combination chemotherapy, typically including a
platinum agent (e.g., carboplatin or cisplatin)
(Rudin et al. 2015). Whether a patient has limited
or extensive stage disease, prophylactic cranial
irradiation is indicated. However for older adults,
cranial irradiation can cause acute, subacute, and
long-term impairments to cognition, a particularly
pertinent side effect for elderly populations (Rob-
bins et al. 2012).

A 2011 retrospective study of chemotherapy
tolerability in the Netherlands looked at
368 patients with limited stage SCLC and
577 with extensive stage SCLC, all 75 years old
or older (Janssen-Heijnen et al. 2010). Many
patients (48%) did not receive chemotherapy for
a wide range of reasons, including poor perfor-
mance status or patient preference. Up to 75% of
all patients undergoing chemotherapy developed
a serious toxicity and two-thirds could not com-
plete treatment. Survival is extremely limited
without chemotherapy treatment, so even patients
with impaired performance status are typically
treated (Pelayo Alvarez et al. 2009).

Other Neuroendocrine Tumors,
Mesothelioma, and Pulmonary
Metastases

Less common malignancies of the respiratory
system include malignant mesothelioma and
other lung neuroendrocrine tumors such as car-
cinoid (bronchial neuroendocrine) tumors and
large cell neuroendocrine carcinoma. Large cell
neuroendocrine carcinoma, like small cell lung
cancer, has a poor prognosis and 5-year survival
across all stages is approximately 35.3% (Fasano
et al. 2015). Treatment can include surgical
resection in early stage disease, with adjuvant
chemotherapy.

Bronchial neuroendocrine (carcinoid) tumors
are indolent tumors that have increased in inci-
dence since the 1980s. Age 60 or greater strongly
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predicts mortality (Perez et al. 2007). Localized
disease is typically managed with surgical resec-
tion and data on adjuvant chemotherapy is mixed.
Metastatic disease is treated with first with a
somatostatin analog, with everolimus as second-
line therapy. Cytotoxic chemotherapy if
everolimus fails to control disease. A complica-
tion of carcinoid tumors is carcinoid syndrome,
which can be treated with somatostatin analogs
(e.g., octreotide) (Pavel et al. 2011).

Mesothelioma is an asbestos-associated malig-
nancy, that presents insidiously (Van Zandwijk
et al. 2013). The average age of diagnosis is over
age 60, implying a disproportionate burden of
disease on elderly patients. The average overall
survival is 7 months. Malignant mesothelioma is
typically treated with two-agent platinum-based
chemotherapy. Surgical debulking can palliate
symptoms. Radiotherapy is a cornerstone of pal-
liative treatment, both to control symptoms and
prevent relapse following surgery. Pleurodesis
can be useful to manage recurrent malignant
effusions.

The lung and pleural space is a frequent site of
metastatic disease from non-lung primary can-
cers, including breast, colon, ovarian, bladder,
and melanoma (Nguyen et al. 2009). In addition
to chemotherapy or radiation to treat these met-
astatic lesions (Rusthoven et al. 2009), further
palliative management may be indicated. Inter-
ventional pulmonologists can assist with pallia-
tive management using stent placement or laser
therapy to treat endobronchial lesions or bron-
chial compression from surrounding tumor
(Cavaliere et al. 1996). Pleurodesis or long-
term indwelling pleural catheters may be used
to manage malignant pleural effusions (Van
Meter et al. 2011).

Conclusion

Maximal pulmonary function declines with aging,
beginning in the third decade of life (Table 10).
The natural history of lung aging involves pro-
gressive decline in lung elasticity leading to
increased lung volumes and an obstructive spiro-
metric pattern. Respiratory muscle weakness and
changes to the architecture of the thorax can con-
comitantly cause a restrictive pulmonary function
pattern. When evaluating pulmonary function
testing in the geriatric patient, one must consider
the natural history of lung changes so as to avoid
overdiagnosis of lung disease.

Chronic obstructive pulmonary disease has
been described as a disease of accelerated aging,
though recent evidence indicates that a subset of
affected patients has abnormal lung development
with normal lung aging. Both COPD and IPF
share pathogenic cellular features in common
with lung cancer, including telomere attrition,
defective DNA repair, genomic instability, cellu-
lar senescence, stem cell exhaustion, and mito-
chondrial dysfunction.

Lung cancer is the deadliest malignancy in the
USA, and its prevalence increases with age.
Non-small cell lung cancer is the most common
of lung cancer and adenocarcinoma is the most
common histologic type. Depending on the stage
at diagnosis, treatment options for NSCLC can
include surgical resection, single agent chemo-
therapy, doublet chemotherapy, immunotherapy,
targeted driver mutation therapies, and/or
radiation.

For early-stage NSCLC that amenable to sur-
gical resection, patients must have presurgical
pulmonary function testing with calculation of
predicted postoperative lung function. Depending

Table 10 Key points

Lung aging begins in the third decade of life

COPD, IPF, and lung cancer share pathogenic cellular features, including telomere

Attrition, defective DNA repair, genomic instability, and cellular senescence

Lung cancer is the deadliest of all malignancies

Screening for lung cancer is recommended for high-risk patients (age 55–80 with �30 pack-year smoking history)

Comprehensive geriatric assessments prior to treatment limit toxicities and may improve survival

Early palliative care should be initiated for all patients with stage IV lung cancer
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on the FEV1 and/or DLCO, patients may require
“low technology” (e.g., stair climbing or shuttle
walk) or “high technology” (e.g., cardiopulmo-
nary exercise testing) to determine their cardio-
pulmonary fitness for surgery. Frailty is under
recognized, and frail patients have more surgical
complications. Adjuvant chemotherapy can
improve outcomes.

First-line treatment for advanced NSCLC is
driver mutation-targeted therapy if eligible,
against ALK, EGFR, ROS1, and/or PDL-1.
Most patients do not have these mutations, so
doublet platinum-based therapy is their first line
treatment. Single-agent or no chemotherapy is
reserved for patients with poor performance status
or high-risk as determined by a Comprehensive
Geriatric Assessment. In metastatic NSCLC, pal-
liative care must be a cornerstone of best support-
ive care. Given the profound burden of lung
cancer on geriatric patients, pretreatment global
functioning should be evaluated for risk-
stratification and to guide treatment decisions.
Traditional risk-stratification relied on assessing
performance status with either Karnofsky or
ECOG/WHO tools. Variations of the Comprehen-
sive Geriatric Assessment are gaining ground as
methods for risk-stratifying patients prior to can-
cer treatment. Risk stratification based on CGA
can lead to decreased treatment toxicity with sim-
ilar or improved survival.

Avoiding undertreatment in fit elderly patients
and overtreatment in vulnerable subgroups
remains the shared goal of clinical partnerships
between primary care providers, geriatricians,
medical oncologists, thoracic surgeons, and
pulmonologists. As evidence accumulates about
how best to assess pretreatment global fitness,
physicians must adopt a shared-decision making
strategy, incorporating patient preferences into
treatment decisions.
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