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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is recognized by the Global Initiative for Chronic Obstructive
Lung Disease guidelines as an inflammatory disease state, and treatment rationales are provided accordingly.
However, not all physicians follow or are even aware of these guidelines. Research has shown that COPD
inflammation involves multiple inflammatory cells and mediators and the underlying pathology differs from
asthma inflammation. For these reasons, therapeutic agents that are effective in asthma patients may not be
optimal in COPD patients. COPD exacerbations are intensified inflammatory events compared with stable
COPD. The clinical and systemic consequences believed to result from the chronic inflammation observed in
COPD suggest that inflammation intensity is a key factor in COPD and exacerbation severity and frequency.
Although inhaled corticosteroids are commonly used and are essential in asthma management, their efficacy in
COPD is limited, with only a modest effect at reducing exacerbations. The importance of inflammation in
COPD needs to be better understood by clinicians, and the differences in inflammation in COPD versus asthma
should be considered carefully to optimize the use of anti-inflammatory agents.
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Chronic obstructive pulmonary disease (COPD) is a
health problem of global importance and rising preva-
lence. COPD results in approximately 5% of total deaths
worldwide, is the fourth leading cause of death in the
world," and is expected to become third by 2020.? In fact,
chronic diseases of the lower respiratory tract, including
COPD, are already reported as the third leading cause of
death in the US.?

The Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) defines COPD as a preventable and treatable
disease characterized by persistent airflow limitation that is
usually progressive and associated with an enhanced
chronic inflammatory response in the airways and lungs to
noxious particles or gases.* Although cigarette smoke is the
most common risk factor for COPD development, the role
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of biomass smoke exposure in causing COPD is increas-
ingly appreciated.* COPD can be complicated by frequent
exacerbations, defined as acute events characterized by re-
spiratory symptom worsening that is beyond normal day-
to-day variations and that may lead to a change in medica-
tion.* The inflammation seen in stable COPD changes and is
enhanced during exacerbations. Like COPD, asthma also is
characterized by inflammation and airflow limitation.’
While inflammatory patterns in COPD and asthma differ, to
date those differences are not diagnostic.

Because most COPD patients are treated in primary care
settings,” COPD management imposes a large burden on
primary care physicians and other clinicians. Several guide-
lines assist with COPD diagnosis and management (eg,
GOLD, American Thoracic Society/European Respiratory
Society, and International Primary Care Respiratory Group
guidelines).*”* While such publications define COPD as an
inflammatory disease, there are no specific recommenda-
tions on the assessment and targets for reduction in inflam-
mation, as these are not established. Nevertheless, inflam-
mation control is the rationale behind the use of some
medications for both COPD and asthma, and a clear under-
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standing of current concepts is key to appropriate pharma-
cotherapy in these disorders.

This article will describe the characteristics and impact
of lung inflammation in stable COPD and COPD exacerba-
tions, correlating inflammation with clinical outcomes. In
addition, the differences and sim-
ilarities in inflammatory mecha-
nisms in COPD and asthma will
be highlighted to facilitate un-
derstanding of the rational use of
anti-inflammatory agents in each
condition.

INFLAMMATION IN COPD

Stable Disease

Chronic inflammation in the small
airways and lung parenchyma of
COPD patients has been demon-
strated by tissue biopsies, sputum
analyses, and postmortem sam-
ples.”'" In COPD, repeated expo-
sure to noxious particles, usually
tobacco smoke, can trigger a dis-

decisions.

COPD.

CLINICAL SIGNIFICANCE

e Chronic obstructive pulmonary disease
(COPD) is an inflammatory disease, and
lung and systemic inflammation inten-
sifies during most COPD exacerbations.

e The characteristics of lung inflamma-
tion in COPD differ from lung inflamma-
tion in asthma, impacting treatment

e Anti-inflammatory therapy is not cur-
rently first-line COPD therapy and re-
quires careful consideration to optimize
the use of anti-inflammatory agents in

inflammation persists despite removal of the noxious
irritants.'”

Exacerbations

COPD exacerbations represent a further amplification of
the inflammatory process in the
lung. Exacerbations are trigger-
ed by one or more of bacterial
infections, viral infections, or
environmental pollutants,'® al-
though in one third of severe ex-
acerbations, no trigger is identi-
fiable.* Pulmonary embolism
also may contribute to exacerba-
tions, as approximately 25% of
patients hospitalized for an acute
exacerbation of COPD may have
a pulmonary embolism.'® Com-
pared with patients who experi-
ence exacerbations infrequently,
those who experience frequent
exacerbations have increased in-
flammation during stable dis-
ease, suggesting a correlation

tinct inflammatory cascade (Fig-
ure)>'? in the small airways and
lung parenchyma involving several different cell types (eg,
neutrophils, macrophages, lymphocytes) and inflammatory
mediators (eg, growth factors, cytokines, chemokines, pro-
teinases) (Table 1).>'*'* Increased lung proteinase produc-
tion and alveolar septal cell apoptosis together lead to de-
struction of alveolar structures (emphysema). Proteinases
also promote mucus hypersecretion by increasing goblet
cell numbers and causing enlargement of the large airway
submucosal glands. Connective tissue deposition around the
small airways leads to narrowing of the small airway walls
(obstructive bronchiolitis).>'>

COPD progression is associated with increasing neutrophil
numbers in the conducting airway lumen and perhaps in the
airway walls.'® Macrophages are elevated in the small airways
and parenchyma, correlating directly with emphysema sever-
ity. CD8+ lymphocytes are found in the airway walls of
emphysematous areas and in large and small airways and
peripheral smooth muscle.'® In COPD, inflammatory cell ac-
tivation changes levels of growth factors, cytokines, metallo-
proteinases, and serine proteinases. These changes are believed
to lead to mucus hypersecretion, extracellular matrix degrada-
tion (especially degradation of lung elastin), and injury to
alveolar epithelial cells, leading to emphysematous changes.
Small airway narrowing results from fibroblast activation and
proliferation in the small airways, leading to collagen deposi-
tion. CD8+ lymphocytes may contribute to emphysema by
releasing ligands that activate macrophages and by releasing
perforins and granzymes that may damage lung epithelial
cells.'® Although smoking cessation slows COPD progression,

between inflammation levels and
exacerbation frequency.’’ How-
ever, there is considerable over-
lap in the severity of inflammatory measures, limiting the
current use of inflammation as a biomarker to identify
individuals with frequent exacerbations. Augmented in-
flammatory responses during COPD exacerbations result
in cascades of increased lung inflammatory cell numbers
and inflammatory cell mediator release, enhancing the
pathological process associated with lung function loss
(Table 1).>'® Neutrophils, lymphocytes, and eosinophils
are increased in the airways during exacerbations.?' In-
flammatory mediators such as neutrophil chemoattrac-
tants (interleukin [IL]-8 and leukotriene-B4), neutrophil
degranulation products (including myeloperoxidase),
systemic inflammation markers (IL-6 and C-reactive pro-
tein [CRP]), and chemokines (eotaxin and regulated upon
activation, normal T-cell expressed, and secreted [RAN-
TES]) are increased compared with stable COPD,?>?3
and imbalances occur between proteinase and proteinase
inhibitors.**

Eosinophilic inflammation seems to be characteristic of
viral exacerbations, whereas neutrophils and neutrophil-
derived mediators are noted with both viral and bacterial
exacerbations.”>**® Exacerbations associated with bacterial
strains new to the patient correspond to more intense airway
and systemic inflammation compared with those associated
with preexisting strains and nonbacterial episodes.”® Exac-
erbations associated with preexisting strains of bacteria
have an inflammatory profile similar to pathogen-negative
exacerbations, suggesting that preexisting bacterial strains
were not the causative agents.
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Figure (A) Inflammatory cascade of chronic obstructive pulmonary disease (COPD).
Adapted with permission from the American College of Chest Physicians.'* (B) Inflam-
matory cascade of asthma. Adapted by permission from Macmillan Publishers Ltd: Nature

Reviews Immunology, 2008.”
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Table 1  Comparison between Patterns of Inflammation in Asthma and COPD
Asthma COPD
Mild Severe Exacerbation Mild Severe Exacerbation
Neutrophils 0 ++ ++++ ++ +++ +4+++
Eosinophils + ++ +++ 0 0 +
Mast cells ++ +++ +++? 0 0 ?
Macrophages + + ? +++ ++++ ++++
T cells T2 cells: ++ Tyl cells: + ? Tcl cells: + Tyl cells: + ?
iNKT cells: ? T2 cells: + Tc1 cells: +
Tcl cells: + Tul7 cells: ?
T2 cells: +7?
T,17 cells: ?
B cells IgE producing IgE producing ? + +++ ?
Dendritic cells + ? ? +? +? ?
Chemokines CCL11: + CXCL8: + CXCL8: ++ CXCL8: + CXCL8: ++ CXCL8: +++
CXCL1: +
CCL2: +
Cytokines IL-4: ++ TNF: ++ ? TNF: + TNF: ++ TNF: +++
IL-5: ++
IL-13: ++
Lipid mediators LTD,: ++ LTB,: ++ ? LTB,: + LTB,: ++ LTB,: +++
PGD,: + PGD,: +
Oxidative stress 0 ++ +++ ++ +++ +4+++
Steroid response ++++ ++ + 0 0 0

0=no response; +to ++++ = magnitude scale; ? = uncertain; CCL = CC-chemokine ligand; COPD = chronic obstructive pulmonary disease;
CXCL = CXC-chemokine ligand; IL = interleukin; iNKT = invariant natural killer T; LTB, = leukotriene B,; LTD, = leukotriene D,; PGD2 = prostaglandin D2;

Tc = cytotoxic T; T,, = T helper; TNF = tumor necrosis factor.

Adapted by permission of Macmillan Publishers Ltd: Nature Reviews Immunology, 2008.°

DIFFERENCES IN INFLAMMATION BETWEEN
COPD AND ASTHMA

Stable Disease

Both COPD and asthma involve bronchial inflammation and
airflow limitation; however, inflammatory processes of
these diseases differ (Table 1, Figure).”>"'* In the tracheo-
bronchial lumen of COPD patients, neutrophils are in-
creased substantially over macrophages, while in asthma
patients, the characteristic inflammatory process involves
eosinophils. In most COPD patients, eosinophils are not
prominent, except when experiencing an exacerbation or
with concomitant asthma.'® Furthermore, COPD or asthma
severity is associated with different predominant types of
inflammatory cells and levels of inflammatory mediators
(Table 1) and therefore, different treatments may be
needed.””**

The differing inflammatory patterns between COPD and
asthma result in dissimilar consequences and disease char-
acteristics. In COPD, chronic inflammation results in lung
parenchymal destruction and contributes to small/peripheral
airway narrowing, causing progressive airflow obstruction
that is not fully reversible.”” In asthma, chronic inflamma-
tion is associated with basement membrane thickening and
increased smooth muscle mass predominantly in the central/
large airways, causing intermittent and reversible airflow
obstruction.””~° Asthma may, however, lead to fixed air-
flow limitation, which may be due to small airway disease,

and the basement membrane thickening may not reverse
when remission is induced with anti-inflammatory ther-
apy.?! The role of inflammation in fixed airflow limitation in
asthma is less well understood than in COPD.

In some cases, differences in inflammatory patterns
between asthma and COPD are less distinct. While air-
way remodeling processes in asthma and COPD may be
mechanistically different, some asthma patients also may
have remodeling in the small airways, like in COPD.?’
Further, in cases of severe asthma (~5%-10% of asth-
matics®?) and asthmatic patients who smoke (>20% of
asthmatics?), relative and absolute neutrophil counts are
elevated compared with control subjects and mild asth-
matics, and cell counts begin to resemble those seen in
stable COPD.'%?7:3435 [ contrast, some COPD patients
without an asthma history have sputum eosinophilia, sug-
gesting that some eosinophilic bronchitis patients may
develop the fixed airflow obstruction that is characteristic
of COPD.*

Exacerbations

In both COPD and asthma, patients experience exacerba-
tions in which elevated levels of inflammatory cells and
mediators are often present in the airways.” Asthma exac-
erbations are usually triggered by viral respiratory tract
infections, inhaled allergens, or air pollutants, while COPD
exacerbations are usually triggered by bacterial or viral
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infections. As previously stated, COPD inflammatory pro-
cesses are mostly neutrophilic, while those in asthma are
eosinophilic. However, during virally induced exacerba-
tions, inflammation patterns can be similar between dis-
eases, with increased eosinophil or neutrophil counts in
either COPD or asthma.”>>%’

CLINICAL MANIFESTATIONS OF COPD AND
INFLAMMATION

Stable COPD

Clinical and systemic consequences are believed to result
from chronic inflammation in the lungs of COPD patients.
Although conclusive longitudinal studies have not been
performed, cross-sectional studies have correlated inflam-
mation and COPD severity. For instance, lung function
decline has been linked to increased inflammatory markers
such as sputum neutrophils, myeloperoxidase levels, fibrin-
ogen, and CRP.*® Airway inflammatory cells (eg, neutro-
phils, macrophages, lymphocytes) and also inflammatory
markers (eg, IL-8 and serum tumor necrosis factor alpha
[TNF-a] and CRP levels) increase with increasing COPD
severity. These results and other studies indicate that per-
sistent systemic inflammation is present in COPD patients
and suggest links between persistent systemic inflammation
seen in COPD and comorbidities commonly seen with
COPD, such as cardiovascular (atherosclerotic) disease, di-
abetes, cachexia, and osteoporosis. The fact that systemic
inflammation also is observed in these comorbidities sug-
gests clinical overlap among COPD and its comorbidities.

Exacerbations of COPD

Cross-sectional studies also correlate airway inflammation
markers and exacerbation severity and risk. Exacerbation-
related changes in airway inflammation markers such as
sputum IL-8 and IL-6 are inversely correlated with pre-
exacerbation lung function, indicating that acute inflamma-
tory response intensity during an exacerbation is related to
the lung function level found in stable disease.>® Further-
more, baseline IL-8 and IL-6 levels were greater in frequent
exacerbators compared with infrequent exacerbators.?%4
Changes in airway inflammatory markers (eg, sputum IL-8,
TNF-a, sputum neutrophil elastase, serum CRP) also were
related to exacerbation severity as determined by clinical
signs and symptoms.?® Additionally, a relationship between
systemic inflammation and exacerbation risk is evident.*'*?
Patients with concurrent COPD and metabolic syndrome
exhibit greater systemic inflammation (increased CRP),
more exacerbations, and longer exacerbation-related hospi-
talizations compared with COPD patients without metabolic
syndrome.*?

Finally, markers of systemic inflammation (eg, plasma
IL-6 and IL-8 and serum IL-5 receptor, CRP, TNF-a, and
neutrophil elastase) also correlate with improvements in
clinical status, symptoms, and lung function after exacerba-
tions.”****® Although recovery time is not different be-

tween individuals with frequent exacerbations and those
with infrequent exacerbations, persistently elevated sys-
temic inflammation markers (sputum IL-8, serum TNF-q,
neutrophil elastase, serum CRP) are characteristic of those
with frequent exacerbations, and correlate with shorter
time-to-onset for subsequent exacerbations.’*** Likewise,
greater airway inflammation in the form of sputum IL-6 and
IL-8 correlates with longer recovery times.** These data
suggest that inflammation intensity is a key factor in COPD
and exacerbation severity.

TREATMENT OF INFLAMMATION IN COPD
Currently Available Drugs for Stable COPD

Goals for successful COPD management include immedi-
ately relieving and reducing symptom burden and the risk of
adverse health events (eg, exacerbations) that may affect
patients in the future.* Drugs approved by the US Food and
Drug Administration (FDA) for use in COPD include the-
ophylline; the long-acting muscarinic antagonist (LAMA)
tiotropium; long-acting beta-2 agonists (LABAs) formote-
rol, arformoterol, salmeterol, and indacaterol; LABA/
inhaled corticosteroid (ICS) combinations salmeterol/
fluticasone and formoterol/budesonide; and the phosphodi-
esterase-4 (PDE4) inhibitor roflumilast. Several of these
medications, including others that have not been approved
by the FDA for this purpose, have been demonstrated to
reduce exacerbations (Table 2).**7

Bronchodilators are first-line therapy in COPD. LAMAs
and LABAs are central to symptomatic COPD manage-
ment* by improving lung function and quality of life and
reducing exacerbations.*®** In vitro and animal research
has shown that both LAMAs>>>° and LABAs>*°%%% may
have anti-inflammatory properties, but the clinical signifi-
cance of these observations has not been established.

While ICSs are highly effective and central to asthma
management, their efficacy is limited in most COPD pa-
tients®> and their use in COPD is as add-on therapy to
long-acting bronchodilators.* Clinical studies have shown
that ICS use may be associated with increased risk of
adverse effects such as hoarseness, candidiasis, or pneumo-
nia.**%” The TORCH (Towards a Revolution in COPD
Health) trial demonstrated that ICS treatment slowed lung
function decline over 3 years compared with placebo, an
effect that was comparable with that of salmeterol in COPD
patients.®® A number of other studies, but not all, have
demonstrated similar effects which are supported by meta-
analyses;*>’” however, the clinical importance of these ef-
fects remains uncertain. In one study, ICS therapy decreased
inflammation and attenuated lung function decline in ste-
roid-naive patients with moderate-to-severe COPD;’" in an-
other study, ICS therapy reduced some inflammatory mark-
ers (eg, CD8:CD4 cell ratio) but did not alter levels of
key COPD-related inflammatory cells (eg, CD8+ cells,
neutrophils).”?

Anti-inflammatory ICS effects in COPD are not as robust
as observed in asthma.”® The poorer ICS efficacy in COPD
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Table 2 Treatments to Reduce Exacerbations in COPD

Class of Agent

Evidence®“”

Anti-inflammatory

FDA Approval Actions in COPD

LABA/ICS Multiple PCTs Yes Possible
LAMA Multiple PCTs Yes Possible
PDE4 inhibitor Multiple PCTs Yes Possible
Macrolide antibiotic (low-dose continuous regimen) Multiple PCTs No Possible
Fluoroquinolone antibiotic (intermittent regimen) One PCT No Unknown
Statin One retrospective cohort study No Possible
Mucolytic Multiple PCTs No Possible

COPD = chronic obstructive pulmonary disease; FDA = Food and Drug Administration; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist;
LAMA = long-acting muscarinic antagonist; PCT = placebo-controlled trial; PDE4 = phosphodiesterase-4.

may be due to active steroid resistance caused by reduced
levels of histone deacetylase-2 (HDAC?2),* a nuclear en-
zyme involved in corticosteroid deactivation of pro-inflam-
matory genes. Reduced HDAC?2 levels are thought to result
from HDAC2 gene inactivation by oxidants in cigarette
smoke. This corticosteroid resistance can persist in COPD
patients, because HDAC2 levels are as low in ex-smokers as
in current smokers.”* The steroid resistance theory in COPD
is supported by studies showing that steroid treatment alone
does not substantially reduce inflammation in COPD pa-
tients.”””’® Furthermore, the addition of low-dose theophyl-
line (an activator of HDAC2) to ICS may improve the
anti-inflammatory properties of ICS in COPD, although
the clinical relevance of this effect is still unknown.”®-%°
While the hallmark of asthma treatment is ICS use to reduce
eosinophilic inflammation,®' ICSs appear to be largely in-
effective in reducing neutrophilic and peripheral lung in-
flammation associated with stable COPD.®>*? Instead,
COPD treatment algorithms recommend ICS treatment
combined with long-acting bronchodilators, and only in
patients with severe COPD or frequent exacerbations.”*?
Such combination therapy is more effective than the indi-
vidual components in reducing exacerbations and improv-
ing lung function and health status in COPD patients,** and
the combination of salmeterol/fluticasone propionate also
can reduce inflammatory cell numbers (eg, CD8+ cells,
neutrophils, CD4+ cells, eosinophils) in current and former
smokers with COPD.%

Many cells involved in COPD pathogenesis express
PDEA4, and its inhibition can have anti-inflammatory effects
in these cells. Additionally, studies of smoke-exposed mice
show that PDE4 inhibitors such as roflumilast limit
smoke-induced lung inflammation and destruction.®® Ro-
flumilast, when added to bronchodilator therapy, reduces
the risk of COPD exacerbations in patients with severe
COPD associated with chronic bronchitis and a history of
exacerbations.®’

Emerging Therapies

Several drugs with anti-inflammatory actions in stable
COPD are emerging, such as anticytokine and antichemo-
kine agents. A pilot study in COPD patients of ABX-ILS8, a

monoclonal antibody against IL-8, demonstrated reduced
dyspnea, suggesting anti-inflammatory effects.®® As the cy-
tokine TNF-« is integral to the inflammatory process, a
therapy targeting TNF-a was assessed as an attractive op-
tion in COPD.*® Etanercept, a soluble TNF-« receptor that
blocks soluble and cell-bound TNF-«, reduced hospitaliza-
tion rates in COPD patients.”” However, the anti-TNF-a
antibody infliximab did not improve quality of life, exercise
tolerance, or exacerbations in COPD patients, and showed a
trend towards more cases of cancer and pneumonia.*’” Thus,
more research is needed to develop therapeutic agents tar-
geted towards specific inflammatory targets.

PERCEPTION OF INFLAMMATION IN COPD AND
IMPACT ON PRACTICE PATTERNS

In addition to making recommendations for COPD diagno-
sis and management, the GOLD guidelines define COPD as
a disease that is associated with an enhanced inflammatory
response.” However, many physicians are not aware of
these guidelines,”’** and thus may not be familiar with the
COPD-specific characteristics of this inflammatory re-
sponse. It is important for primary care physicians to un-
derstand that the inflammatory processes and components
differ in COPD and asthma in order to optimize COPD
patient treatment.

One problem faced by physicians is differentiating
COPD from asthma, with under-recognition of the different
inflammatory cells and mediators involved in both diseases.
This can lead to treatment with drugs that are approved for
use in both asthma and COPD, but that may not provide the
maximal benefit achievable for the COPD patient. Research
has shown that, when treatment was chosen, 32% of pri-
mary care physicians preferred to use ICS for patients with
subtle symptoms and spirometry-confirmed mild COPD."?
This is in direct opposition to GOLD guidelines, which
recommend ICS treatment only in combination with long-
acting bronchodilators and only in COPD patients with
severe disease or frequent exacerbations.®® The develop-
ment of anti-inflammatory drugs specific to the COPD in-
flammatory processes will make it increasingly important
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to distinguish between asthma and COPD inflammatory
processes.

CONCLUSIONS

In COPD patients with severe airflow obstruction, signifi-
cant symptoms, or frequent exacerbations, anti-inflamma-
tory therapy is often indicated and recommended in current
guidelines.* Although some inflammatory characteristics in
COPD overlap with those seen in asthma, their underlying
inflammatory patterns differ, and each disease responds
differently to anti-inflammatory therapy. A clearer under-
standing of these differences will allow practitioners to
choose the optimal therapy for each condition. Because
frequent exacerbations can adversely affect health-related
quality of life in COPD, it is essential for clinicians to also
understand the importance of successful therapies that re-
duce exacerbation risk and slow disease progression. There
are currently a number of effective treatment options for
stable COPD that provide meaningful improvements, and
new drugs are on the horizon.”* Research into inflammatory
pathophysiology will likely lead to the development of new
and more targeted therapies for treating COPD.

References

1. World Health Organization (WHO). The global burden of disease:
2004 update. Available at: http://www.who.int/healthinfo/global
burden_disease/GBD_report_2004update_full.pdf. Accessed January
14, 2011.

2. Murray CJ, Lopez AD. Alternative projections of mortality and dis-
ability by cause 1990-2020: Global Burden of Disease Study. Lancet.
1997;349:1498-1504.

3. Centers for Disease Control and Prevention, Division of Vital Statis-
tics. Deaths: preliminary data for 2008. Available at: http://www.
cdc.gov/nchs/data/nvsr/nvsr59/nvsr59_02.pdf. Accessed February 16,
2011.

4. Global Initiative for Chronic Obstructive Lung Disease (GOLD).
Global strategy for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease (revised 2011). Available at:
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-
management.html. Accessed January 31, 2012.

5. Barnes PJ. Immunology of asthma and chronic obstructive pulmonary
disease. Nat Rev Immunol. 2008:8:183-192.

6. Levy ML, Fletcher M, Price DB, et al. International Primary Care
Respiratory Group (IPCRG) Guidelines: diagnosis of respiratory dis-
eases in primary care. Prim Care Respir J. 2006;15:20-34.

7. Bellamy D, Bouchard J, Henrichsen S, et al. International Primary
Care Respiratory Group (IPCRG) Guidelines: management of chronic
obstructive pulmonary disease (COPD). Prim Care Respir J. 2006;15:
48-57.

8. Celli BR, MacNee W. Standards for the diagnosis and treatment of
patients with COPD: a summary of the ATS/ERS position paper. Eur
Respir J. 2004;23:932-946.

9. Hogg JC, Chu F, Utokaparch S, et al. The nature of small-airway
obstruction in chronic obstructive pulmonary disease. N Engl J Med.
2004;350:2645-2653.

10. Keatings VM, Collins PD, Scott DM, Barnes PJ. Differences in inter-
leukin-8 and tumor necrosis factor-alpha in induced sputum from
patients with chronic obstructive pulmonary disease or asthma. Am J
Respir Crit Care Med. 1996;153:530-534.

11. O’Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK. Inflammation
in bronchial biopsies of subjects with chronic bronchitis: inverse re-
lationship of CD8+ T lymphocytes with FEV1. Am J Respir Crit Care
Med. 1997;155:852-857.

12. Barnes PJ. Emerging pharmacotherapies for COPD. Chest. 2008;134:
1278-1286.

13. Hogg JC. Pathophysiology of airflow limitation in chronic obstructive
pulmonary disease. Lancet. 2004;364:709-721.

14. Hogg JC, Timens W. The pathology of chronic obstructive pulmonary
disease. Annu Rev Pathol. 2009;4:435-459.

15. Barnes PJ, Shapiro SD, Pauwels RA. Chronic obstructive pulmonary
disease: molecular and cellular mechanisms. Eur Respir J. 2003;22:
672-688.

16. O’Donnell R, Breen D, Wilson S, Djukanovic R. Inflammatory cells in
the airways in COPD. Thorax. 2006;61:448-454.

17. Willemse BW, Postma DS, Timens W, ten Hacken NH. The impact of
smoking cessation on respiratory symptoms, lung function, airway
hyperresponsiveness and inflammation. Eur Respir J. 2004;23:464-
476.

18. Anzueto A. Impact of exacerbations on COPD. Eur Respir Rev. 2010;
19:113-118.

19. Rizkallah J, Man SF, Sin DD. Prevalence of pulmonary embolism in
acute exacerbations of COPD: a systematic review and metaanalysis.
Chest. 2009;135:786-793.

20. Bhowmik A, Seemungal TA, Sapsford RJ, Wedzicha JA. Relation of
sputum inflammatory markers to symptoms and lung function changes
in COPD exacerbations. Thorax. 2000;55:114-120.

21. Bathoorn E, Kerstjens H, Postma D, Timens W, MacNee W. Airways
inflammation and treatment during acute exacerbations of COPD. Int
J Chron Obstruct Pulmon Dis. 2008;3:217-229.

22. Bathoorn E, Liesker JJ, Postma DS, et al. Change in inflammation in
out-patient COPD patients from stable phase to a subsequent exacer-
bation. Int J Chron Obstruct Pulmon Dis. 2009;4:101-109.

23. Fujimoto K, Yasuo M, Urushibata K, et al. Airway inflammation
during stable and acutely exacerbated chronic obstructive pulmonary
disease. Eur Respir J. 2005;25:640-646.

24. Mercer PF, Shute JK, Bhowmik A, et al. MMP-9, TIMP-1 and in-
flammatory cells in sputum from COPD patients during exacerbation.
Respir Res. 2005;6:151.

25. Papi A, Bellettato CM, Braccioni F, et al. Infections and airway
inflammation in chronic obstructive pulmonary disease severe exacer-
bations. Am J Respir Crit Care Med. 2006;173:1114-1121.

26. Sethi S, Wrona C, Eschberger K, et al. Inflammatory profile of new
bacterial strain exacerbations of chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med. 2008;177:491-497.

27. Louis R, Lau LC, Bron AO, et al. The relationship between airways
inflammation and asthma severity. Am J Respir Crit Care Med. 2000;
161:9-16.

28. Thompson AB, Daughton D, Robbins RA, et al. Intraluminal airway
inflammation in chronic bronchitis. Characterization and correlation
with clinical parameters. Am Rev Respir Dis. 1989;140:1527-1537.

29. Skold CM. Remodeling in asthma and COPD—differences and sim-
ilarities. Clin Respir J. 2010;4(Suppl 1):20-27.

30. Canonica GW. Treating asthma as an inflammatory disease. Chest.
2006;130:21S-28S.

31. Broekema M, Timens W, Vonk JM, et al. Persisting remodeling and
less airway wall eosinophil activation in complete remission of
asthma. Am J Respir Crit Care Med. 2011;183:310-316.

32. Holgate ST, Polosa R. The mechanisms, diagnosis, and management
of severe asthma in adults. Lancet. 2006;368:780-793.

33. Chaudhuri R, Livingston E, McMahon AD, et al. Effects of smoking
cessation on lung function and airway inflammation in smokers with
asthma. Am J Respir Crit Care Med. 2006;174:127-133.

34. Chalmers GW, MacLeod KJ, Thomson L, et al. Smoking and airway
inflammation in patients with mild asthma. Chest. 2001;120:1917-
1922.

35. Jatakanon A, Uasuf C, Maziak W, et al. Neutrophilic inflammation in
severe persistent asthma. Am J Respir Crit Care Med. 1999;160:1532-
1539.

36. Birring SS, Berry M, Brightling CE, Pavord ID. Eosinophilic bron-
chitis: clinical features, management and pathogenesis. Am J Respir
Med. 2003;2:169-173.


http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
http://www.cdc.gov/nchs/data/nvsr/nvsr59/nvsr59_02.pdf
http://www.cdc.gov/nchs/data/nvsr/nvsr59/nvsr59_02.pdf
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-management.html
http://www.goldcopd.org/guidelines-global-strategy-for-diagnosis-management.html

Sethi et al

Inflammation in COPD

1169

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Wark PA, Gibson PG. Asthma exacerbations . 3: Pathogenesis. Tho-
rax. 2006;61:909-915.

Stockley RA. Progression of chronic obstructive pulmonary disease:
impact of inflammation, comorbidities and therapeutic intervention.
Curr Med Res Opin. 2009;25:1235-1245.

Wilkinson TM, Hurst JR, Perera WR, et al. Effect of interactions
between lower airway bacterial and rhinoviral infection in exacerba-
tions of COPD. Chest. 2006;129:317-324.

Tumkaya M, Atis S, Ozge C, et al. Relationship between airway
colonization, inflammation and exacerbation frequency in COPD. Re-
spir Med. 2007;101:729-737.

Groenewegen KH, Postma DS, Hop WC, et al. Increased systemic
inflammation is a risk factor for COPD exacerbations. Chest. 2008;
133:350-357.

Pinto-Plata V, Toso J, Lee K, et al. Profiling serum biomarkers in
patients with COPD: associations with clinical parameters. Thorax.
2007;62:595-601.

Kupeli E, Ulubay G, Ulasli SS, et al. Metabolic syndrome is associated
with increased risk of acute exacerbation of COPD: a preliminary
study. Endocrine. 2010;38:76-82.

Perera WR, Hurst JR, Wilkinson TM, et al. Inflammatory changes,
recovery and recurrence at COPD exacerbation. Eur Respir J. 2007;
29:527-534.

Pinto-Plata VM, Livnat G, Girish M, et al. Systemic cytokines, clinical
and physiological changes in patients hospitalized for exacerbation of
COPD. Chest. 2007;131:37-43.

Rohde G, Gevaert P, Holtappels G, et al. Soluble interleukin-5 receptor
alpha is increased in acute exacerbation of chronic obstructive pulmo-
nary disease. Int Arch Allergy Immunol. 2004;135:54-61.

Rennard SI, Fogarty C, Kelsen S, et al. The safety and efficacy of
infliximab in moderate to severe chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med. 2007;175:926-934.

Tashkin DP. Long-acting anticholinergic use in chronic obstructive
pulmonary disease: efficacy and safety. Curr Opin Pulm Med. 2010;
16:97-105.

Tashkin DP, Fabbri LM. Long-acting beta-agonists in the management
of chronic obstructive pulmonary disease: current and future agents.
Respir Res. 2010;11:149.

Asano K, Shikama Y, Shibuya Y, et al. Suppressive activity of tiotro-
pium bromide on matrix metalloproteinase production from lung fi-
broblasts in vitro. Int J Chron Obstruct Pulmon Dis. 2008;3:781-789.
Buhling F, Lieder N, Kuhlmann UC, Waldburg N, Welte T. Tiotro-
pium suppresses acetylcholine-induced release of chemotactic media-
tors in vitro. Respir Med. 2007;101:2386-2394.

Perng DW, Tao CW, Su KC, et al. Anti-inflammatory effects of
salmeterol/fluticasone, tiotropium/fluticasone or tiotropium in COPD.
Eur Respir J. 2009;33:778-784.

Pieper MP, Chaudhary NI, Park JE. Acetylcholine-induced prolifera-
tion of fibroblasts and myofibroblasts in vitro is inhibited by tiotro-
pium bromide. Life Sci. 2007;80:2270-2273.

Profita M, Bonanno A, Siena L, et al. Acetylcholine mediates the
release of IL-8 in human bronchial epithelial cells by a NFkB/ERK-
dependent mechanism. Eur J Pharmacol. 2008;582:145-153.

Wollin L, Pieper MP. Tiotropium bromide exerts anti-inflammatory
activity in a cigarette smoke mouse model of COPD. Pulm Pharmacol
Ther. 2010;23:345-354.

Bolton PB, Lefevre P, McDonald DM. Salmeterol reduces early- and
late-phase plasma leakage and leukocyte adhesion in rat airways. Am J
Respir Crit Care Med. 1997;155:1428-1435.

Donnelly LE, Tudhope SJ, Fenwick PS, Barnes PJ. Effects of formot-
erol and salmeterol on cytokine release from monocyte-derived mac-
rophages. Eur Respir J. 2010;36:178-186.

Loven J, Svitacheva N, Jerre A, Miller-Larsson A, Korn SH. Anti-
inflammatory activity of beta2-agonists in primary lung epithelial cells
is independent of glucocorticoid receptor. Eur Respir J. 2007;30:848-
856.

Mortaz E, Rad MV, Johnson M, et al. Salmeterol with fluticasone
enhances the suppression of IL-8 release and increases the transloca-

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

tion of glucocorticoid receptor by human neutrophils stimulated with
cigarette smoke. J Mol Med. 2008;86:1045-1056.

Ottonello L, Morone P, Dapino P, Dallegri F. Inhibitory effect of
salmeterol on the respiratory burst of adherent human neutrophils. Clin
Exp Immunol. 1996;106:97-102.

Reid DW, Ward C, Wang N, et al. Possible anti-inflammatory effect of
salmeterol against interleukin-8 and neutrophil activation in asthma in
vivo. Eur Respir J. 2003;21:994-999.

Skevaki CL, Christodoulou I, Spyridaki IS, et al. Budesonide and
formoterol inhibit inflammatory mediator production by bronchial
epithelial cells infected with rhinovirus. Clin Exp Allergy. 2009;39:
1700-1710.

Barnes PJ. Inhaled corticosteroids in COPD: a controversy. Respira-
tion. 2010;80:89-95.

Burge PS, Calverley PM, Jones PW, et al. Randomised, double blind,
placebo controlled study of fluticasone propionate in patients with
moderate to severe chronic obstructive pulmonary disease: the
ISOLDE trial. BMJ. 2000;320:1297-1303.

Drummond MB, Dasenbrook EC, Pitz MW, Murphy DJ, Fan E.
Inhaled corticosteroids in patients with stable chronic obstructive pul-
monary disease: a systematic review and meta-analysis. JAMA. 2008;
300:2407-2416.

Pauwels RA, Lofdahl CG, Laitinen LA, et al. Long-term treatment
with inhaled budesonide in persons with mild chronic obstructive
pulmonary disease who continue smoking. European Respiratory So-
ciety Study on Chronic Obstructive Pulmonary Disease. N Engl J Med.
1999;340:1948-1953.

Yang IA, Fong KM, Sim EH, Black PN, Lasserson TJ. Inhaled corti-
costeroids for stable chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2007;(2):CD002991.

Celli BR, Thomas NE, Anderson JA, et al. Effect of pharmacotherapy
on rate of decline of lung function in chronic obstructive pulmonary
disease: results from the TORCH study. Am J Respir Crit Care Med.
2008;178:332-338.

Soriano JB, Sin DD, Zhang X, et al. A pooled analysis of FEV1
decline in COPD patients randomized to inhaled corticosteroids or
placebo. Chest. 2007;131:682-689.

Sutherland ER, Allmers H, Ayas NT, Venn AJ, Martin RJ. Inhaled
corticosteroids reduce the progression of airflow limitation in chronic
obstructive pulmonary disease: a meta-analysis. Thorax. 2003;58:937-
941.

Lapperre TS, Snoeck-Stroband JB, Gosman MM, et al. Effect of
fluticasone with and without salmeterol on pulmonary outcomes in
chronic obstructive pulmonary disease: a randomized trial. Ann Intern
Med. 2009;151:517-527.

Hattotuwa KL, Gizycki MJ, Ansari TW, Jeffery PK, Barnes NC. The
effects of inhaled fluticasone on airway inflammation in chronic ob-
structive pulmonary disease: a double-blind, placebo-controlled biopsy
study. Am J Respir Crit Care Med. 2002;165:1592-1596.

Adcock IM, Marwick J, Casolari P, et al. Mechanisms of corticosteroid
resistance in severe asthma and chronic obstructive pulmonary disease
(COPD). Curr Pharm Des. 2010;16:3554-3573.

Ito K, Ito M, Elliott WM, et al. Decreased histone deacetylase activity
in chronic obstructive pulmonary disease. N Engl J Med. 2005;352:
1967-1976.

Bourbeau J, Christodoulopoulos P, Maltais F, et al. Effect of salmet-
erol/fluticasone propionate on airway inflammation in COPD: a ran-
domised controlled trial. Thorax. 2007;62:938-943.

Culpitt SV, Maziak W, Loukidis S, et al. Effect of high dose inhaled
steroid on cells, cytokines, and proteases in induced sputum in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med. 1999;160:
1635-1639.

Culpitt SV, Rogers DF, Shah P, et al. Impaired inhibition by dexa-
methasone of cytokine release by alveolar macrophages from patients
with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2003;167:24-31.



1170 The American Journal of Medicine, Vol 125, No 12, December 2012

78. Keatings VM, Jatakanon A, Worsdell YM, Barnes PJ. Effects of
inhaled and oral glucocorticoids on inflammatory indices in asthma
and COPD. Am J Respir Crit Care Med. 1997;155:542-548.

79. Cosio BG, Iglesias A, Rios A, et al. Low-dose theophylline enhances
the anti-inflammatory effects of steroids during exacerbations of
COPD. Thorax. 2009;64:424-429.

80. Ford PA, Durham AL, Russell RE, et al. Treatment effects of low-dose
theophylline combined with an inhaled corticosteroid in COPD. Chest.
2010;137:1338-1344.

81. Bateman ED, Hurd SS, Barnes PJ, et al. Global strategy for asthma
management and prevention: GINA executive summary. Eur Respir J.
2008;31:143-178.

82. Skold CM. Remodeling in asthma and COPD—differences and sim-
ilarities. Clin Respir J. 2010;4(Suppl 1):20-27.

83. Rabe KF, Hurd S, Anzueto A, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary dis-
ease: GOLD executive summary. Am J Respir Crit Care Med. 2007;
176:532-555.

84. Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone
propionate and survival in chronic obstructive pulmonary disease.
N Engl J Med. 2007;356:775-789.

85. Barnes NC, Qiu YS, Pavord ID, et al. Antiinflammatory effects of
salmeterol/fluticasone propionate in chronic obstructive lung disease.
Am J Respir Crit Care Med. 2006;173:736-743.

86. Martorana PA, Beume R, Lucattelli M, Wollin L, Lungarella G.
Roflumilast fully prevents emphysema in mice chronically exposed to
cigarette smoke. Am J Respir Crit Care Med. 2005;172:848-853.

87. Fabbri LM, Calverley PM, Izquierdo-Alonso JL, et al. Roflumilast in
moderate-to-severe chronic obstructive pulmonary disease treated with
longacting bronchodilators: two randomised clinical trials. Lancet.
2009;374:695-703.

88. Mahler DA, Huang S, Tabrizi M, Bell GM. Efficacy and safety of a
monoclonal antibody recognizing interleukin-8 in COPD: a pilot
study. Chest. 2004;126:926-934.

89. Matera MG, Calzetta L, Cazzola M. TNF-alpha inhibitors in asthma
and COPD: we must not throw the baby out with the bath water. Pulm
Pharmacol Ther. 2010;23:121-128.

90. Suissa S, Ernst P, Hudson M. TNF-alpha antagonists and the preven-
tion of hospitalisation for chronic obstructive pulmonary disease. Pulm
Pharmacol Ther. 2008;21:234-238.

91. Barr RG, Celli BR, Martinez FJ, et al. Physician and patient percep-
tions in COPD: the COPD Resource Network Needs Assessment
Survey. Am J Med. 2005;118:1415.

92. Yawn BP, Wollan PC. Knowledge and attitudes of family physicians
coming to COPD continuing medical education. Int J Chron Obstruct
Pulmon Dis. 2008;3:311-317.

93. Foster JA, Yawn BP, Maziar A, Jenkins T, Rennard SI, Casebeer L.
Enhancing COPD management in primary care settings. MedGenMed.
2007;9:24.

94. Barnes PJ. New therapies for chronic obstructive pulmonary disease.
Med Princ Pract. 2010;19:330-338.

Funding: This review is based on an expert working group meeting
held on February 26, 2010 in Philadelphia, PA and an expert roundtable
held on June 28, 2010 in Chicago, Ill. The meetings and publication of
these proceedings were supported by Forest Research Institute, a wholly
owned subsidiary of Forest Laboratories, Inc. (Jersey City, NJ). Medical
writing and editorial assistance provided by Morgan C. Hill, PhD of

Prescott Medical Communications Group (Chicago, I11) was made possible
by funding from Forest Research Institute.

Conflicts of Interest: The authors of this article have disclosed the
following industry relationships.
Sanjay Sethi, MD has consulted or participated in advisory boards for: Astra-
Zeneca, Boehringer Ingelheim, Forest, GlaxoSmithKline, Medimmune,
Merck, and Novartis; is a member of the Speakers’ Bureau for AstraZeneca,
Boehringer Ingelheim, Forest, and Pfizer (>$10,000 each); and has received
research/grant support from AstraZeneca, GlaxoSmithKline, Pulmatrix, and
Medical Acoustics.
Donald A. Mahler, MD works as a consultant to AstraZeneca, Boehringer
Ingelheim, DeepBreeze, Forest, GlaxoSmithKline, Merck, Novartis, and
Sunovion (<$10,000 each); has received research/grant support from Boehr-
inger Ingelheim, GlaxoSmithKline, Novartis, and Sunovion; serves on the
advisory boards of DeepBreeze, Forest, GlaxoSmithKline, Merck, Novartis,
and Sunovion.
Philip Marcus, MD, MPH was a member of the Speakers’ Bureau for Glaxo-
SmithKline, Boehringer Ingelheim, Teva, Sunovion, Merck (<$10,000 each)
and Novartis, Genentech (>$10,000 each); worked as a consultant to Genen-
tech, Sunovion, Teva, Forest, and Nycomed (<$10,000 each); received re-
search/grant support from AstraZeneca, GlaxoSmithKline, Forest; served on
the advisory boards of Genentech, Sunovion, and Nycomed.
Caroline Owen, MD, PhD serves as a consultant to Wyeth Pharmaceuticals
(<$10,000) and has received research/grant support for a chronic obstructive
pulmonary disease (COPD) project from Pulmatrix Inc.
Barbara Yawn, MD, MSc works as a consultant for COPD to Novartis
(<$10,000); has received research/grant support related to COPD from No-
vartis, Boehringer Ingelheim-Pfizer, and AstraZeneca; serves on the COPD
advisory boards of Boehringer Ingelheim, Teva, Forest, Genentech, Glaxo-
SmithKline, and Novartis.
Stephen Rennard, MD has consulted for: ABIM, Able Associates, Adelphi
Research, Align2 Acton, APT Pharma/Britnall, American Thoracic Soci-
ety, Beilenson, Boehringer Ingelheim, BoomCom, Britnall and Nicolini,
Capital Research, Chiesi, Clarus Acuity, CommonHealth, Complete Med-
ical Group, Consult Complete, COPDForum, DataMonitor, Decision Re-
sources, Dunn Group, Easton Associates, Equinox, Frankel Group, Ful-
crum, Gerson Lehman, Globe Life Sciences, Guidepoint, Health
Advanced, Hoffmann LaRoche, Informed, Insyght, KOL Connection,
Leerink Swan, M. Pankove, McKinsey, MDRxFinancial, Medimmune,
Merck, Novartis, Oriel, Osterman, Pearl, Penn Technology, Pennside,
PharmaVentures, Pharmaxis, Prescott, Price Waterhouse, Propagate, Pul-
monary Reviews, Pulmatrix, Reckner Associates, Recruiting Resource,
Roche, Sankyo, Schering, Schlesinger Medical, Scimed, Smith Research,
Sudler and Hennessey, Summer Street Research, Talecris, Think Equity,
UBC, Uptake Medical, Vantage Point Management (<$10,000 each) and
Almirall/Prescott, AstraZeneca, Boehringer Ingelheim (ACCP), Nycomed,
Pfizer, Forest, GlaxoSmithKline (>$10,000 each); has given lectures for:
American Association for Respiratory Care, Almirall, American College of
Osteopathic Physicians, Asan Medical Center, American Thoracic Society,
California Society of Allergy, CME Incite, COPD Foundation, Creative
Education Concepts, Dey, Duke University, Forest, France Foundation,
HSC Medical Education, Information TV, Lung Association, Novartis
(Horsham), Nycomed, Otsuka, PeerVoice, Pfizer, Shaw Science, Univer-
sity of Washington, University of Alabama-Birmingham, and VA Sioux
Falls.

Authorship: This manuscript is an original work, and all authors
participated in the drafting, reviewing, and final approval of this manu-
script. Dr. Marcus passed away after manuscript preparation and approval.



	Inflammation in COPD: Implications for Management
	Inflammation in COPD
	Stable Disease
	Exacerbations

	Differences in Inflammation between COPD and Asthma
	Stable Disease
	Exacerbations

	Clinical Manifestations of COPD and Inflammation
	Stable COPD
	Exacerbations of COPD

	Treatment of Inflammation in COPD
	Currently Available Drugs for Stable COPD
	Emerging Therapies

	Perception of Inflammation in COPD and Impact on Practice Patterns
	Conclusions
	References


