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Non-small cell lung cancer (NSCLC)
remains the number one cause of cancer
related deaths.1 While early stage NSCLC
portends the best survival following com-
plete surgical resection, as many as 37% of
patients with stage I disease have recur-
rence within 5 years of diagnosis.2 Several
studies have investigated the role of
adjuvant chemotherapy for early stage
disease.3–6 However, the benefit of adju-
vant therapy was mainly in patients with
stage II and IIIA disease. Significant
progress in improving the survival of
patients with stage I NSCLC is lacking.

In this issue, Hung and colleagues7

address two very important issues with
regard to the management of early stage
NSCLC (see page 192): (1) the prognos-
tic predictors of survival in patients with
recurrence and (2) the optimal treatment
for recurrent disease. In this retrospective
study of 970 patients with resected stage I
NSCLC, the clinicopathological character-
istics of 123 patients with recurrence were
analysed for prognostic indicators of post-
recurrence survival. Seventy-four patients
had local recurrence only, and 1 and
2 year survival following recurrence was
48.7% and 17.6%, respectively. Of several
clinical factors analysed, tumour size
(p = 0.0033) and initial treatment of
recurrence (p,0.001) were significant
predictors of post-recurrence survival in
univariate analysis. In multivariate analy-
sis, initial treatment of recurrence
remained a significant prognostic indica-
tor of survival (p = 0.001). Patients receiv-
ing surgery as initial treatment had a
better survival than those treated with
chemotherapy and/or radiotherapy.
Moreover, patients receiving chemother-
apy and/or radiotherapy did better than
those who received no treatment.

While this study suffers from the usual
pitfalls of small, retrospective studies,
Hung and colleagues7 should be com-
mended for investigating not only the
natural history and survival of patients
with stage I NSCLC but also the prognostic

predictors of survival following recurrence.
The authors bring to light a very important
population of patients with potentially
curable disease to remind us that our
success rate with stage I NSCLC can be
improved.

To a similar end, several groups have
performed clinical and histological studies
on various patients with stage I NSCLC
to identify those who are at higher risk of
recurrence and who, possibly, would
benefit from aggressive adjuvant therapy
following resection. In a case matched
retrospective study, Brock and colleagues8

distinctly identified a correlation between
DNA methylation of the promoters of the
cyclin dependent kinase inhibitor 2A gene
16, H-cadherin gene CDH13, Ras associa-
tion gene RASSF1A and adenomatous
polyposis coli gene with early tumour
recurrence. Immunohistochemistry stain-
ing of vascular endothelial growth factor
(VEGF) has been found to be a prognostic
factor for time to relapse and survival in
patients with early stage disease.9 10

Increased carcinoembryonic antigen levels
and Ki67 labelling index is associated with
decreased survival and early recur-
rence.11 12 Additionally, the presence of
tumour regulatory T cells and infiltrat-
ing–infiltrating T cells in the primary
lesion has been significantly correlated
with a higher risk of recurrence.13

An equally fervent group of researchers
focusing on genomics have identified gene
expression profiles and metagene signa-
tures that predict recurrence in patients
with early stage NSCLC.14–18 Jiang and
colleagues14 identified gene clusters via
comparative genomic hybridisation and
cDNA microarray analysis that may be
involved in the initiation and progression
of NSCLC. Potti and colleagues15 devel-
oped a lung metagene model that success-
fully identified subgroups of patients who
were at increased risk of recurrence with
an accuracy as high as 79%. Larsen and
colleagues16 identified a 54 gene expression
signature capable of predicting poor out-
come groups of patients despite favour-
able clinical factors.

Collectively, these studies highlight the
challenge of treating patients with stage I
NSCLC. While these patients are seemingly

low risk, the population is in fact quite
heterogeneous with a subset of patients at
higher risk of recurrence and decreased
survival. The crux of treating these patients
is accurate identification of the high risk
patients and aggressive treatment with
individualised adjuvant therapy.17 18 As
Hung and colleagues7 illustrate in their
concise study, risk stratification and aggres-
sive management (with possible surgical
management when appropriate) of
patients with recurrent disease offers the
best chance of improved outcomes. In
managing patients in this manner, we
anticipate significant progress in the survi-
val of patients with stage I NSCLC.
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Azithromycin therapy for
neutrophilic airways disease:
myth or magic?
Saad F Idris,1 Edwin R Chilvers,1 Charles Haworth,2

Damian McKeon,1,2 Alison M Condliffe1

The anti-inflammatory potential of macro-
lides was first appreciated with the success-
ful use of erythromycin in the treatment of
diffuse panbronchiolitis, a disease princi-
pally affecting the Japanese, and charac-
terised by a persistent neutrophilic
inflammatory infiltrate of the bronchi.
While there are only limited data on the
efficacy of other macrolides in treating this
condition,1 the observation has generated
considerable interest in examining the role
of macrolides in other respiratory diseases
where chronic airways inflammation is a
prominent feature.

Azithromycin (AZM) is a 15-membered
macrolactam ring macrolide which, in
randomised controlled studies, has demon-
strated a beneficial role in the treatment of
cystic fibrosis (CF)2–5 despite its lack of
direct bactericidal or bacteriostatic activity
against Pseudomonas aeruginosa. More
recent (albeit smaller) studies have sug-
gested a role for AZM in the treatment of
bronchiolitis obliterans syndrome (BOS)6

and asthma,7 with a common finding in
both being its ability to reduce airway
neutrophilia. Such observations have
focused attention on understanding how
AZM and other macrolides may modulate
host-pathogen interactions in chronic lung
infection and their role as an immunomo-
dulatory agent in both respiratory and non-
respiratory settings. Clinical studies have

usually been designed to study an indivi-
dual macrolide agent, but it is likely that
the findings in such trials represent a ‘‘class
effect’’. Although some in vitro experi-
ments have suggested subtle differences
between individual class members, the in
vivo significance of these observations is
uncertain.

MODULATION OF HOST-PATHOGEN
INTERACTIONS
The direct antimicrobial activity of
macrolides against Gram-positive bacteria
results from inhibition of bacterial protein
synthesis. Although AZM has little direct
activity against Gram-negative organisms,
it has been shown to modulate bacterial
virulence factors and thus affect the
outcome of chronic infections with organ-
isms such as P aeruginosa. Quorum
sensing is a sophisticated mechanism
whereby pathogen-derived molecules act
as auto-inducers and trigger a variety of
biological functions such as biofilm
formation and production of virulence
factors. AZM reduces the transcription
of lasI and rhlI, two vital components of
the quorum sensing system, resulting in
reduced generation of the auto-inducer
molecule HSL.8 Furthermore, in vitro
studies have shown that AZM-exposed P
aeruginosa displays impaired mobility and
oxidative stress responses,9 perhaps con-
tributing to the reduced biofilm forma-
tion observed in AZM-treated cultures.10

More recently, sub-MIC concentrations
of AZM have also been shown to de-
crease formation of Haemophilus influenzae
biofilms.11

In CFTR-null mice infected with P
aeruginosa, AZM suppressed the produc-
tion of virulence factors, improved the
clearance of P aeruginosa biofilms and

reduced the severity of lung pathology.12

In a separate study conducted in wild-type
mice, AZM failed to affect the pulmonary
clearance of P aeruginosa embedded in agar
beads but dramatically reduced the cellular
infiltrate in the lung, with a substantial
reduction in neutrophil numbers.13 The
disparity between these studies probably
reflects methodological differences, not
least the higher dose of AZM used in the
former study (500 mg/kg vs 20 mg/kg) and
the use of suspension rather than agar-
embedded organisms which are more likely
to promote biofilm production. Taken
together, these studies indicate that AZM
is able to antagonise bacterial virulence in
the absence of a direct antibacterial effect;
however, its beneficial effects in lung
inflammation may not be restricted to
modulating host-pathogen interactions.
This view is supported by findings in mice
homozygous for the DF508 mutation,
where AZM reduced spontaneous and
lipopolysaccharide (LPS)-induced inflam-
matory changes, suggesting that AZM
may have direct effects on the immune
system.14

MODULATION OF CYTOKINE RESPONSES
Several studies have demonstrated the
ability of macrolide antibiotics, including
AZM, to modulate cytokine responses
both in vitro and in vivo. AZM signifi-
cantly reduced nuclear factor-kappa B
(NF-kB) expression, tumour necrosis
factor a (TNFa) mRNA levels and TNFa
secretion in a CF-derived airway epithelial
cell line.15 In mice treated with intraper-
itoneal LPS, AZM attenuated the increase
in plasma TNFa and increased the survi-
val in animals challenged with intrave-
nous LPS.16 Together, these studies show
that AZM can ameliorate the proinflam-
matory response to bacterial antigens.
This conclusion is supported by work
examining the role of AZM in the treat-
ment of bronchopulmonary dysplasia
(BPD), which has demonstrated suppres-
sion of TNFa-stimulated NF-kB activa-
tion in tracheal aspirate cells from
preterm infants with the reduction of
interleukin (IL)-6 and IL-8 production to
control levels.17 Similarly, in an animal
model of BPD, AZM caused decreased IL-6
production, less emphysematous change
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