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Introduction
Non-small cell lung cancer (NSCLC) is the most 
common cause of cancer deaths worldwide [Jemal 
et al. 2009; Parkin et al. 2005]. The reason for the 
unsatisfactory overall 5-year survival rate of 
approximately 15% mainly lies in the often 
advanced stage of the disease at the time of diag-
nosis and the inability to cure metastatic disease. 
Even for early stage lung cancer (stage I and II), 
which is usually treated with curative intent, 
5-year survival is only about 50–60% [Groome 
et al. 2007]. This is caused by both subsequent 
lung cancer primaries and metastatic disease. In 
contrast, the prognosis of early central squamous 
lung cancer in-situ (stage 0) is excellent [Cortese 
et al. 1983; Fujimura et al. 2000; Kennedy et al. 
2007; Nakamura et al. 2001; Woolner et al. 1984]. 
Early detection strategies might result in identifi-
cation of such microinvasive and preinvasive lung 
cancers that are still eligible for curative treat-
ment. This underscores the importance of study-
ing pre-/microinvasive lung cancer. In addition, 
such studies improve our understanding of lung 
carcinogenesis, might identify valuable prognostic 
and predictive markers and might reveal new 
molecular targets for chemoprevention and the 
treatment of advanced lung cancer.

Screening trials for early detection of lung cancer 
in high-risk subjects are ongoing and likely iden-
tify large numbers of patients with small endo-
bronchial lesions. Radical treatments, such as 
surgical resection or radiotherapy, might not be in 
the best interest of these patients. First, early 
squamous lung cancer is often centrally located, 
which necessitates bronchotomy, sleeve lobec-
tomy or pneumonectomy. Second, patients often 
present with synchronous or metachronous 
lesions that would require multiple resections. 
Third, patients with the highest risk of lung can-
cer often harbor significant comorbidities, such as 
chronic obstructive pulmonary disease (COPD) 
and cardiovascular disease. An alternative cura-
tive approach for these patients may be minimal 
invasive tissue sparing bronchoscopic treatment 
modalities such as electrocautery, argon plasma 
coagulation (APC), cryotherapy and photody-
namic therapy (PDT). In this review we first dis-
cuss the detection of early squamous lung cancer. 
Subsequently we describe the natural history of 
these lesions and whether biomarkers can be used 
to predict progression to cancer. Finally we review 
the staging and management of preinvasive lung 
cancer lesions and the therapeutic modalities that 
can be applied.
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Detection of early squamous lung cancer
The classic screening method for centrally located 
early lung cancer is sputum cytology. However, 
this method is limited by low sensitivity which is 
due to sampling error, technical difficulties in the 
preparation of samples and significant variations 
in intra- and interobserver agreement [Holiday 
et al. 1995; Motherby et al. 1999]. The introduc-
tion of white light flexible fiberoptic bronchos-
copy (WLB) has enabled visual inspection of the 
central airways [Chhajed et al. 2005; Shibuya 
et al. 2002; Wagnieres et al. 2003]. However, 
regardless of the technological improvements that 
have led to the modern day videobronchoscopy 
systems, the sensitivity of WLB for detecting early 
stage lung cancer remains low [Chhajed et al. 
2005; Venmans et al. 1998]. Autofluorescence 
bronchoscopy (AFB) has dramatically increased 
the detection of preinvasive endobronchial lesions 
[Chiyo et al. 2005; Ernst et al. 2005; Fielding, 
2004; Goujon et al. 2003; Haussinger et al. 2005; 
Hirsch et al. 2001; Horvath et al. 1999; Hung 
et al. 1991; Ikeda et al. 2006; Kennedy et al. 2005; 
Kusunoki et al. 2000; Lam et al. 1994, 1998, 
2000; Qu et al. 1994, 1995; Sato et al. 2001; 
Shibuya et al. 2001; Vermylen et al. 1999; 
Wagnieres et al. 2003]. Autofluorescence imaging 
utilizes the spectral differences in fluorescence 
and absorption properties of normal and dysplas-
tic bronchial epithelium. While the reported sen-
sitivity of WLB is 9–58%, AFB performs better 
with a sensitivity of 44–82% [Ernst et al. 2005; 
Haussinger et al. 2005; Hirsch et al. 2001; Lam 
et al. 1998]. A drawback of the increased sensitiv-
ity of AFB is a reduced specificity of 46–75% 
compared with a specificity of 62–95% for WLB 
[Ernst et al. 2005; Haussinger et al. 2005; Hirsch 
et al. 2001; Lam et al. 1998]. The detection of 
false-positive lesions leads to an increase in 
unnecessary biopsies which impacts on the cost 
effectiveness of this technique. However, there are 
some recent data showing that areas with abnor-
mal autofluorescence but benign histopathology 
contain increased chromosomal aberrations and 
that the presence of multiple areas of abnormal 
autofluorescence may be an indicator of increased 
lung cancer risk [Helfritzsch et al. 2002; Pasic 
et al. 2003]. Recently, the use of a quantitative 
score during autofluorescence examination has 
been shown to improve specificity [Lee et al. 
2007].

An alternative approach to AFB is high-magnifi-
cation bronchoscopy (Exera, Olympus Optical 

Corp., Tokyo, Japan), which combines both fiber-
optic and videobronchoscope technologies to 
produce 100–110× magnification of the bron-
chial wall compared with standard videobron-
choscopes [Shibuya et al. 2003]. This technique 
enables the visualization of microvascular net-
works in the bronchial mucosa. Increased vessel 
density in the bronchial submucosa is often pre-
sent in squamous dysplasia and may play an early 
role in cancer pathogenesis [Keith et al. 2000]. 
Narrow band imaging (NBI, Olympus Optical 
Corp.) is a novel system that also utilizes the 
changes seen in the microvascular network. This 
technique uses a narrow band filter rather than 
the conventional broad RGB (red/green/blue) fil-
ter used in standard videobronchoscopes. The 
conventional RGB filter uses 400–500 nm (blue), 
500–600 nm (green) and 600–700 nm (red). 
NBI uses three narrow bands, 400–430 nm (blue 
– covers hemoglobin absorption at 410 nm), 420–
470 nm (blue) and 560–590 nm (green). Blue 
light has a short wavelength, reaches into the 
bronchial submucosa and is absorbed by hemo-
globin. This technique enables the detection of 
increased vessel growth and complex networks 
of tortuous vessels, dotted vessels and spiral or 
screw type tumor vessels of the bronchial mucosa, 
which might reflect the onset of angiogenesis in 
the process of carcinogenesis [Shibuya et al. 
2010]. On evaluation of airway lesions that were 
abnormal under autofluorescence imaging, this 
technique provides more accurate images of 
microvessels compared with high-magnifica-
tion videobronchoscopy using broadband 
RGB technology [Shibuya et al. 2003]. NBI in 
comparison to standard white light videobron-
choscopy seemed to improve the detection of 
dysplasia/malignancy when used as an adjunct to 
white light in this small study [Vincent et al. 
2007]. Only one prospective study compared the 
diagnostic yield of WLB, NBI and AFB in early 
squamous lung cancer [Herth et al. 2009]. The 
authors concluded that NBI might increase the 
specificity of bronchoscopic detection. NBI and 
AFB might be complementary techniques in the 
future.

Optical coherence tomography (OCT) is a pow-
erful optical imaging technique that offers high 
resolution visualization of structures at and below 
the tissue surface. It is a method similar to ultra-
sound, but applies near infrared light instead of 
sound waves to the endobronchial tissue via a 
small probe that reaches the lesion via the 
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working channel of a bronchoscope. Because the 
velocity of light is far greater than that of sound, 
the light that is reflected back from the structures 
within the tissue cannot be detected electroni-
cally. Instead it is detected with a technique 
known as low-coherence interferometry. An 
advantage of this technique is that light waves, 
unlike sound waves, do not need a liquid based 
coupling medium which makes it ideal for use in 
the airways. OCT allows imaging of cellular and 
extracellular structures from analysis of the back-
scattered light with a spatial resolution of around 
3–15 µm and a depth penetration of around 2 
mm to provide near-histological images in the 
bronchial wall [Fujimoto et al. 1995; Huang et al. 
1991; Lam et al. 2008; Li et al. 2006; Tearney 
et al. 1997; Tsuboi et al. 2005; Whiteman et al. 
2006; Yang and Vitkin, 2006]. Early studies 
showed that dysplasia can be distinguished from 
metaplasia, hyperplasia or normal tissue and that 
carcinoma in situ (CIS) can be distinguished 
from invasive cancer [Lam et al. 2008; Tsuboi 
et al. 2005]. Severity of the histopathology grade 
was associated with a progressive increase in the 
epithelial thickness. The nuclei of the cells also 
became darker and showed less light scattering. 
The basement membrane became disrupted or 
disappeared with invasive carcinoma [Lam et al. 
2008]. To further advance this technology, sys-
tems with higher resolution and Doppler capabil-
ity that can measure both tissue microstructures 
in greater detail and microvascular blood flow 
may be useful [Yang and Vitkin, 2006]. Doppler 
OCT systems already exist that can detect very 
slow blood flow (<20 µm/s in blood vessels as 
small as about 15 µm diameter). In summary, 
OCT technology might become a useful modal-
ity for structural and functional assessment of 
suspicious lesions, staging (invasion of basement 
membrane) and provide feedback during endo-
bronchial therapy. The use of ligand-conjugated 
microparticles in combination with OCT might 
enable in vivo identification of molecular treat-
ment targets [Jefferson et al. 2011]. However, 
these promising techniques require further tech-
nical improvements and assessment of their clini-
cal value.

Natural history of early squamous lung 
cancer
The World Health Organization (WHO) has clas-
sified preinvasive squamous lesions into nine 
categories, ranging from normal (A) to invasive 

cancer (I) (Table 1) [WHO, 1999]. Both the inva-
sive potential of these lesions and the need for 
curative treatment are controversial [Kennedy 
et al. 2007; Vonk Noordegraaf et al. 2003]. The 
natural history of premalignant lesions is difficult 
to study for several reasons. First, these lesions 
are often asymptomatic and discovered by chance. 
Second, longitudinal studies are required with 
repeated biopsies from the same site(s). Third, 
there is considerable interobserver variability in 
the assessment of these lesions by pathologists 
[Nicholson et al. 2001; Venmans et al. 2000b]. 
Finally, by taking biopsies of small mucosal 
lesions one can affect their natural course because 
these lesions can be very small in size [Auerbach 
et al. 1957].

Several institutions have performed longitudinal 
studies with serial AFB and biopsies (Table 2) 
[Bota et al. 2001; Breuer et al. 2005; George et al. 
2007; Hoshino et al. 2004; Moro-Sibilot et al. 
2004; Pasic et al. 2004; Venmans et al. 2000a; 
Salaun et al. 2008, 2009]. There are several diffi-
culties when comparing these studies. The initial 
histology of the patient varies among the different 
studies. The follow-up time of some studies is 
relatively short (±2 years), considering that the 
progression of precancerous lesions to invasive 
cancer can take a long time [Ishizumi et al. 2010; 
Satoh et al. 1997]. Furthermore and importantly, 
‘progression’ is not uniformly defined. Whereas 
most authors define progression as the progres-
sion of the initial precancerous lesion to invasive 
cancer [George et al. 2007; Hoshino et al. 2004; 
Moro-Sibilot et al. 2004; Salaun et al. 2008, 2009; 
Venmans et al. 2000a], other authors also use 
CIS or even severe dysplasia as the end point of 

Table 1. Classification of endobronchial (pre)
malignant lesions according to the World Health 
Organization [Holiday et al. 1995].

Histologic grade

A Normal
B Inflammation/bronchitis
C Hyperplasia
D Squamous metaplasia
E Mild dysplasia
F Moderate dysplasia
G Severe dysplasia
H Carcinoma in situ
I Invasive carcinoma
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progression [Bota et al. 2001; Breuer et al. 2005; 
Pasic et al. 2004]. For future publications it is 
important to use a uniform definition. Because 
high-grade lesions often do not progress to inva-
sive cancer (Table 2), including severe dysplasia 
or CIS in the definition of progression might 
overestimate the carcinogenic potential of certain 
preinvasive lesions. We therefore propose that 
progression is defined as the site-specific progres-
sion of a lesion of any histological grade (WHO 
grade A-H) to invasive lung cancer. Another rea-
son why studies are difficult to compare is that 
different follow-up and treatment regimens were 
employed. Finally, the patient cohorts from these 
studies were predominantly established in expert 
referral centers, which evidently results in referral 
bias. Nonetheless, these institutions have greatly 
contributed to the understanding of lung carcino-
genesis. For example, these studies show that 
high-grade lesions (WHO G, H) are more likely to 
progress to invasive cancer than low-grade lesions 
(WHO A–F). This finding in itself supports the 

theory of slow stepwise carcinogenesis. However, 
even low-grade lesions (hyperplasia, metaplasia) 
can sometimes progress rapidly to lung cancer, 
thereby skipping several histological grades [Bota 
et al. 2001; Breuer et al. 2005; Ishizumi et al. 
2010]. In addition, these studies demonstrate that 
the majority of precancerous lesions, even high-
grade dysplasia, regress spontaneously instead of 
progressing step by step towards invasive cancer. 
In the study by Breuer and colleagues [Breuer 
et al. 2005], for example, 32% of severe dysplasia 
lesions progressed to CIS or invasive cancer and in 
the study by George and colleagues [George et al. 
2007] only 17% of high-grade lesions (severe dys-
plasia and CIS) progressed to invasive cancer. 
Taken together the course of precancerous lesions, 
with the exception of CIS, is highly unpredictable. 
As a result, many patients without clinically rele-
vant disease are repeatedly exposed to broncho-
scopic examinations while patients with true 
precancers might be undertreated or treated with 
delay.

Table 2. Longitudinal studies investigating the natural history of endobronchial squamous preinvasive lesions.

Reference N 
(lesions/
patients)

Follow-
up time 
(months)*

Initial 
histologic 
grade$

Definition of 
progression$

Treatment 
of high-
grade 
lesions

Progression 
according to 
definition$

Progression to 
invasive cancer$

Breuer et al. 
[2005]

134/52 Not stated D–G H and I Yes D: 4/45 (9%)
E, F: 6/64 (9%)
G: 8/25 (32%)

Not stated

Venmans et al. 
[2000]

9/9 Not stated H I Yes 56% 56%

Moro Sibilot et al. 
[2004]

31/27 24 (13–41) G and H I Partly Gtreated: 1/2 (50%)
Guntreated: 0/1 (0%)
Htreated: 9/21 (43%)
Huntreated: 2/7 (29%)

Gtreated: 1/2 (50%)
Guntreated: 0/1 (0%)
Htreated: 9/21 (43%)
Huntreated: 2/7 (29%)

Bota et al. 
[2001]

416/104 21% > 24 A–H G–I Yes A: 0/36 (0%)
D: 3/152 (2%)
E, F: 6/169 (3.5%)
G: 10/27 (37%)
H: 27/31 (87%)

A: 0/36 (0%)
D: 1/152 (1.5%)
E, F: 0/169 (0%)
G: 0/27 (0%)
H: 0/31 (0%)

Salaun et al. 
[2008,2009]

54/37‡ 68 (19–117) G and H I Yes G: 0/23 (0%)
H: 7/31 (23%)

G: 0/23 (0%)
H: 7/31 (23%)

Hoshino et al. 
[2004]

99/55 Mean 7, 
range 5–17

E–G I No E: 0/32 (0%)
F: 1/56 (2%)
G: 2/11 (2%)

E: 0/32 (0%)
F: 1/56 (2%)
G: 2/11 (2%)

Pasic et al. [2004] 135/52 21 (1–72) D–G H and I Yes 27/135 (20%) Not stated
George et al. 
[2007]

53/22 E–H I no E, F: 0/17 (0%)
G, H: 6/36 (17%)

E, F: 0/17 (0%)
G, H: 6/36 (17%)

*Median (interquartile range) unless stated otherwise.
$Histologic grade according to the World Health Organization classification: A = normal, B = inflammation/bronchitis, C = hyperplasia, D = squa-
mous metaplasia, E = mild dysplasia, F = moderate dysplasia, G = severe dysplasia, H = carcinoma in situ (CIS), I = invasive carcinoma.
‡26 out of 37 patients were from the cohort described by Bota and colleagues [Bota et al. 2001].
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Prognostic biomarkers
Identification of molecular, immunohistochemical, 
proteomic or genetic markers that predict progres-
sion to invasive cancer might streamline the man-
agement of patients with precancerous lesions and 
further improve our understanding of lung car-
cinogenesis. Jeanmart and colleagues studied 
the value of immunohistochemistry in the 
development of lung cancer from precancer-
ous lesions [Jeanmart et al. 2003]. 
Immunohistochemical analysis of P53, cyclin D1, 
cyclin E, Bax and Bcl2 was performed. Aberrant 
expression of two or more of these proteins was 
associated with the combined endpoint of CIS and 
invasive lung cancer, although no isolated param-
eter could predict the development of invasive lung 
cancer. Proteomic analysis of preinvasive lesions 
might help to identify patients harboring lung can-
cer or patients whose condition progresses to lung 
cancer [Rahman et al. 2011], but this has not been 
prospectively validated in a cohort at risk. Several 
research groups have tried to identify genetic mark-
ers of progression to lung cancer. Salaun and col-
leagues investigated the molecular profile of 23 
severe dysplasia and 31 CIS lesions from 37 
patients and showed that baseline pathology and 
3p loss of heterozygosity were associated with pro-
gression to cancer [Salaun et al. 2008]. McCaughan 
and colleagues analyzed the structure of chromo-
some 3 in 10 high-grade and 7 low-grade preinva-
sive lesions from 15 patients [McCaughan et al. 
2010]. No low-grade lesions progressed to cancer, 
whereas eight high-grade lesions progressed. All 
high-grade lesions exhibited 3q amplification and 
three patients showed incremental amplification of 
the SOX2 gene. In a recent study by van Boerdonk 
and colleagues six subjects with squamous meta-
plastic (SqM) lesions at baseline that had pro-
gressed to lung cancer over time were compared 
with 23 patients with nonprogressive SqM 
lesions at baseline [van Boerdonk et al. 2011]. 
Immunohistochemistry at baseline (p53, p63, 
Ki-67) was not predictive of lung cancer, whereas 
array comparative genomic hybridization analysis 
identified specific DNA copy number alterations 
at baseline, especially in the regions 3p26.3–p11.1, 
3q26.2–q29 and 6p25.3–24.3, which predicted 
cancer with 97% accuracy when combined. Taken 
together, immunohistochemistry has no additional 
prognostic value to histologic grading. Genetic 
markers, on the contrary, hold promise as prognos-
tic markers, although their value in the management 
of preinvasive mucosal lesions remains to be estab-
lished in future prospective studies.

Staging of early central lung cancer
Once early lung cancer lesions are detected by 
one of the above-mentioned methods, clinicians 
have to decide whether additional workup is 
necessary, whether treatment is indicated and 
with what modality. When a high-grade lesion is 
diagnosed, the first step is to assess whether 
there is extraluminal growth. The presence or 
absence of extraluminal growth has direct impli-
cations for selection of the optimal treatment 
modality, because the depth of the effect of the 
available modalities varies greatly. In addition, 
clinicians should be aware that a patient with an 
endobronchial high-grade lesion might harbor 
invasive lung cancer nearby. To avoid tunnel 
vision, some form of imaging prior to treatment 
is crucial. Sutedja and colleagues showed that 
high-resolution computed tomography (HRCT, 
slice thickness ≤1 mm) proved peribronchial 
tumor extension or lymph node enlargement in 
35% of cases referred for endobronchial treat-
ment, and have implemented this in a treatment 
algorithm [Sutedja et al. 1996, 2001]. In this 
algorithm high-grade dysplastic, CIS and can-
cerous lesions with a visible distal margin and 
occult on HRCT were treated with an endo-
bronchial approach. Also fludeoxyglucose F18 
positron emission tomography (FDG-PET) 
scanning in addition to CT has been evaluated 
in this setting. A pilot study with 18 patients 
harboring 20 lesions suggested that FDG-PET 
scan might be useful [Pasic et al. 2005]. 
However, more data are needed to determine 
the full potential of FDG-PET in these patients. 
Also endobronchial ultrasound (EBUS) can be 
applied in the staging of central airway lesions. 
Lymph nodes adjacent to the airways can be 
sampled with EBUS fine needle aspiration, 
which has become an established staging tech-
nique for lung cancer. In addition, EBUS can be 
used to study the depth of invasion in the layers 
of the bronchial wall. Kurimoto and colleagues 
compared the depth of invasion on ultrasono-
graphic images with histopathologic findings in 
24 cases [Kurimoto et al. 1999]. The estimation 
of depth of invasion by ultrasound was correct 
in 23 cases (96%). In a larger study 105 cases 
were assessed for tumor invasion and the authors 
found a sensitivity and specificity of 89% and 
100% respectively for EBUS and a far inferior 
sensitivity and specificity of 75% and 28% for 
CT scan [Herth et al. 2003]. As mentioned 
above, OCT can also be used to determine the 
depth of tumor invasion.
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Bronchoscopic treatment of early squamous 
lung cancer
Although endoscopic minimally invasive tech-
niques are becoming increasingly sophisticated, 
surgery is still the gold standard for the treatment 
of CIS and results in over 80–90% 5-year survival 
rate [Cortese et al. 1983; Fujimura et al. 2000; 
Kennedy et al. 2007; Nakamura et al. 2001; 
Woolner et al. 1984]. A drawback of surgery is 
that, in many cases, significant normal lung 
parenchyma also has to be removed. Up to 30% 
of patients with early proximal lung cancer require 
bilobectomy or pneumonectomy, and the remain-
ing 70% require lobectomy [Nakamura et al. 
2001]. In addition, these patients often harbor 
synchronous lesions or develop subsequent pri-
maries (field cancerization). Moreover, significant 
comorbidities such as COPD often limit the 
amount of lung parenchyma that can be removed. 
Minimally invasive techniques have the additional 
advantages of less morbidity and lower cost in 
comparison to surgery, while the reported out-
comes are similar [van Boxem et al. 2001; Furuse 
et al. 1993; Sutedja et al. 2001; Venmans et al. 
2000; Vonk Noordegraaf et al. 2003]. The cost of 
treatment and follow up of bronchoscopically 
treated small stage IA cancers in patients with 
inoperable disease was 30% of the cost of surgical 
resection in matched patients with operable dis-
ease in one cost-effectiveness analysis [Pasic et al. 
2004]. As discussed above, treatment success 
with bronchoscopic techniques strongly depends 
on accurate staging. Lymph node metastasis, 
although rare in early squamous lung cancer, has 
to be excluded. Tumor invasion of the airway wall 

can be assessed with EBUS or OCT and extralu-
minal tumor growth can be assessed with EBUS 
or HRCT (slice thickness ≤1 mm).

Treatment modalities
Commonly used bronchoscopic treatment modal-
ities include electrocautery, APC, cryotherapy, 
laser, PDT and intraluminal irradiation therapy 
or brachytherapy. The concepts between these 
different techniques vary substantially and there-
fore the effects that these modalities exert on tis-
sue vary equally.

Endobronchial electrocautery is the application of 
heat, produced by electrical current that is trans-
ferred to the target tissue with the use of a specifi-
cally designed probe or a snare (Figure 1) [Barlow, 
1982]. With a monopolar probe superficial coagu-
lative necrosis can be achieved with relative spar-
ing of the cartilage. Electrocautery can be applied 
with both rigid and flexible instruments and under 
local or general anesthesia, which depends on the 
experience of the bronchoscopist, risk assessment 
and the availability of instruments. The effects on 
the tissue depend on the tissue itself (how it con-
ducts the electrical current) and the energy level 
that is used. A high energy level will result in car-
bonization, whereas a low energy level will result 
in blanching of the mucosa. Electrocautery is the 
most used technique and is cheap compared with 
other techniques such as laser.

APC is a noncontact mode that utilizes a special-
ized flexible catheter to apply a flow of argon 

Figure 1. Carcinoma in situ on the carina between RB1 and RB2 before (a) and during (b) electrocauterization. 
Note the charring of the mucosa during treatment (the electrocautery probe is in place).
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around a high-frequency electrode. This produces 
a plasma jet that transfers the energy homogene-
ously to the tissue. The coagulative necrosis after 
standard electrocautery and APC are similar [Go 
et al. 1991; Lanzafame et al. 1988; Rusch et al. 
1990; Sessler et al. 1995]. APC is a very safe 
method because it causes very superficial tissue 
destruction, but is therefore less efficient in the 
case of bulky tumor.

The cyrotherapy system uses the expansion of a 
pressurized gas (e.g. nitrous oxide) that cools the 
metal tip of a flexible probe, thereby freezing the 
adjacent tissue (Figure 2). Cryotherapy causes 
cell death by repetitive fast freezing and slow 
thawing [Deygas et al. 2001]. Tissues with high 
water content are especially sensitive to cryother-
apy. Poorly vascuralized tissues such as cartilage 
and connective tissue are cryoresistant, which is 
an advantage when treating endobronchial 
lesions. Only a few studies with cyrotherapy have 
been performed, mostly on patients with advanced 
lung cancer [Beeson, 2007; Deygas et al. 2001; 
Hetzel et al. 2004; Jung et al. 2008; Noppen et al. 
2001; Walsh et al. 1990]. Two studies specifically 
investigated early central lung cancer [Deygas 
et al. 2001; Noppen et al. 2001]. Deygas and col-
leagues reported a complete response rate of 91% 
after 1 year [Deygas et al. 2001] and Noppen and 
colleagues reported favorable outcome in four 
patients with CIS [Noppen et al. 2001]. Obviously, 
more studies are required to determine its effec-
tiveness. A new freezing technique is the spraying 
of liquid nitrogen through a flexible catheter. This 
technique enables treatment of large epithelial 
surfaces, which might be useful for patients with 
superficial spreading squamous cell carcinoma. 

Although there is some experience with cryospray 
in the treatment of Barrett’s esophagus [Dumot 
et al. 2009], no studies have been published on its 
application in bronchial lesions.

Laser is also suitable for bronchoscopic treatment 
because of its high power and durability. Laser 
can be applied through a flexible catheter or rigid 
instruments. The effects of laser depend on the 
wavelength of the laser light and the settings of 
the machine. The most commonly used laser is 
the neodymium-doped yttrium aluminum garnet 
(Nd:YAG) laser, which emits light with a wave-
length of 1064 nm. The most common indication 
for laser treatment is the debulking of central 
tumors. For the application of laser in superficial 
squamous lesions, excellent depth control is nec-
essary. Two-micron thulium continuous wave 
laser might become an alternative for such lesions 
because of its shallow effects (0.5 mm) and excel-
lent tissue vaporization.

PDT causes selective death of tumor cells by the 
interaction between tumor-selective photosensi-
tizers and laser light. Interaction between the 
photosensitive molecules, light of a specific wave-
length and tissue oxygen results in the formation 
of active forms of oxygen that induce cellular 
necrosis. Second-generation photosensitizers 
such as mono-L-aspartyl chlorine e6 (NPe6) have 
excellent antitumor activity and cause lower skin 
photosensitivity than older agents. The depth of 
the treatment effects is limited to the penetration 
of the laser light, which is usually around 4 mm. 
Careful selection of patients with imaging tech-
niques such as EBUS is important because 
patients with extracartilaginous should be referred 

Figure 2. Cryotherapy unit (a) and cryotherapy for a central dysplastic lesion using a flexible probe (b). Note 
the clear demarcation of the frozen tissue.
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for conventional treatment modalities such as 
surgery or radiotherapy [Miyazu et al. 2002]. The 
arrival of second-generation photosensitizers and 
modern imaging techniques such as OCT and 
EBUS warrant a careful reassessment of PDT as 
a minimal invasive treatment for early lung can-
cer. A recent study by Usuda and colleagues sug-
gests that NPe6-PDT has strong antitumor 
effects, also in larger and more invasive central 
lesions [Usuda et al. 2010].

Endoluminal brachytherapy is irradiation of tis-
sue by placing a radioactive source at the site of 
the endobronchial lesion. Brachytherapy has the 
advantage of delivering a higher dose to the tumor 
while sparing normal tissues more than with 
external beam radiation. In the absence of lymph 
node metastasis, brachytherapy can be applied in 
case of CIS or radiographically occult squamous 
cell cancer with excellent results. The border 
between the first and second isodoses is located 1 
cm from the source, which allows treatment of 
lesions that reach beyond the intercartilaginous 
space [Fisher and Huber, 2000]. No randomized 
controlled trials have investigated the role of 
brachytherapy in CIS/early stage NSCLC. Saito 
and colleagues applied a combination of external 
beam radiation (40 Gy in 20 fractions) and low-
dose-rate endobronchial brachytherapy (25 Gy in 
five fractions) in 79 lesions of 71 patients with 
roentgenographically occult lung cancer [Saito 
et al. 2000]. The 5-year cause-specific survival 
was 96% and the overall survival was 72%. 
Bronchial obstruction was common (32%), but 
no severe or fatal toxicity was observed. Marsiglia 
and colleagues used high-dose-rate brachytherapy 
(30 Gy in six fractions) as the only modality in 34 
patients with early stage lung cancer [Marsiglia 
et al. 2000]. The local control rate was 85%, the 
survival rate was 78% and no acute toxicity was 
observed, except one pneumothorax. Another 
series of 35 tumors in 33 patients with either CIS 
or small invasive carcinoma treated with 6×5 Gy 
showed a local control rate of 86% after 6 months 
and an overall 1-year survival rate of 71% 
[Lorchel et al. 2003]. One patient developed 
pneumothorax and 12 developed bronchial 
stenosis.

Considerations with regard to minimally 
invasive treatment
The choice of the modality depends on the char-
acteristics of the individual patient as well as 

factors related to care providers and institutions. 
On a patient level the most important factors for 
determining the right modality are the depth of 
invasion of the lesion, the lymph node status and 
comorbidities that might preclude other treat-
ments such as surgical resection. The treating 
physicians should possess the knowledge and 
skills required to correctly and safely apply the 
modality in question. Importantly, sufficient tech-
nical support should be available, especially with 
the use of complex modalities such as PDT, 
brachytherapy and laser.

There is currently no evidence from randomized 
controlled studies that early detection and mini-
mally invasive treatment of central early lung 
cancer is beneficial. In case endobronchial high-
grade preinvasive lesions are discovered, careful 
assessment of treatment options other than sur-
gical resection as the primary therapeutic choice 
should be considered, especially for syn- or 
metachronous lung cancer or significant comor-
bidities. Although cure rates of 43–97% for 
endobronchial minimally invasive techniques 
have been reported, these studies are often small 
series with a short follow-up time and include 
patients with more advanced disease [Chhajed 
et al. 2005; Holiday et al. 1995; Hung et al. 1991; 
Jung et al. 2008; Kennedy et al. 2007; Lam et al. 
1994, 1998, 2000; Motherby et al. 1999; Qu et al. 
1994, 1995; Shibuya et al. 2002; Venmans et al. 
1998; Wagnieres et al. 2003; Woolner et al. 
1984].

Another limitation is that many studies were per-
formed without modern imaging techniques for 
careful assessment of extension on and beyond 
the epithelial surface.

Chemoprevention
While doctors and scientists put a lot of effort 
into the systemic treatment of advanced lung can-
cer, the preceding process of lung carcinogenesis 
receives little attention. This is understandable 
because patients with advanced lung cancer are 
symptomatic and in urgent need of treatment. 
Treating lung carcinogenesis, however, might 
reduce the worldwide burden of lung cancer. 
Because squamous lung cancer is induced by car-
cinogens, it exhibits a marked genomic complexity 
and alteration of many metabolic pathways. 
Therefore, in the absence of specific oncogene 
addiction, such as in epidermal growth factor 



 JMA Daniels and TG Sutedja

http://tam.sagepub.com 243

receptor and EML4-ALK associated lung adeno-
carcinoma, probably multiple pathways will have 
to be targeted to effectively impede squamous 
lung carcinogenesis [Hecht et al. 2009]. The first 
step is to perform preclinical studies and assess 
whether a single agent possesses chemopreventive 
effects. Subsequently, the agent can be tested in 
clinical studies with the use of surrogate end-
points, such as regression of histologic grade and 
biomarkers. A comprehensive review of all pre-
clinical and clinical work is beyond the scope of 
this review and has been performed by others 
[Cohen and Khuri, 2004; Hecht et al. 2009; 
Hirsch and Lippman, 2005; Keith and Miller, 
2005; Lee et al. 2008; Shaipanisch et al. 2006; 
Soria et al. 2003; Winterhalder et al. 2004; van 
Zandwijk, 2005]. Here we review several agents 
that have been tested on patients with preinvasive 
lesions.

Inhaled corticosteroids (ICS) were studied 
because chronic inflammation seems to play an 
important role in squamous carcinogenesis and 
pooled data from randomized clinical trials 
indicated that ICS reduced cancer mortality 
[Sin et al. 2005]. Lam and colleagues performed 
a randomized phase IIb study of 6 months’ 
duration of inhaled budesonide (1600 µg daily) 
in smokers with at least one site of bronchial 
dysplasia [Lam et al. 2004]. After a repeat biopsy 
of the same lesions at the end of the interven-
tion, no differences in histologic progression or 
regression were observed. Another target of 
interest is the phosphatidylinositol 3-kinase 
(PI3K) pathway. Myo-inositol, an inhibitor of 
the PI3K pathway, was tested in a phase I clini-
cal trial of 36 patients with preinvasive bronchial 
lesions [Lam et al. 2006]. After 3 months, 91% 
(10/11) of dysplastic lesions had regressed to 
normal. This lesion-specific regression rate was 
considerably higher in comparison to the bude-
sonide trial (91% versus 48%, p = 0.014) [Lam 
et al. 2004]. It should be noted, however, that 
these groups are from different trials, the num-
bers in the myo-inositol trial were small and 
that most lesions showed only mild dysplasia, 
which mostly regresses spontaneously (Table 
2). An additional analysis of the patients from 
the myo-inositol trial [Lam et al. 2006] suggests 
that PI3K activity is reduced in histological 
responders to myo-inositol [Gustafson et al. 
2010]. Preclinical work suggests that the chem-
opreventive effects of ICS are enhanced by myo-
inositol [Wattenberg et al. 2000]. Sulindac, a 

nonsteroidal anti-inflammatory drug, was 
recently tested in a phase II randomized trial on 
current and ex smokers with at least one dysplas-
tic bronchial lesion [Limburg et al. 2013]. 
Inclusion was prematurely closed after 61 
patients because of slow recruitment. No dif-
ferences in histological regression rates or Ki67 
expression were observed. Iloprost, a synthetic 
analogue of prostacyclin, has shown chemopre-
ventive effects in preclinical studies [Keith 
et al. 2002, 2004; Nemenoff et al. 2008]. A 
recent phase II placebo-controlled trial enrolled 
152 subjects with sputum atypia or bronchial 
dysplasia [Keith et al. 2011]. Bronchoscopy 
was performed before and 6 months after treat-
ment. Oral iloprost significantly improved his-
tology (average histological grade and dysplasia 
index) of bronchoscopic biopsies in former 
smokers, but no effect was seen in current 
smokers.

Taken together, there are currently no established 
chemopreventive agents for lung cancer. 
However, several agents, such as myo-inositol 
and iloprost, seem to have anticarcinogenic 
effects, which warrants further research. 
Identification of prognostic and predictive bio-
markers is essential for the development and 
future clinical application of these agents. The 
use of small histological changes in preinvasive 
lesions as surrogate endpoints is questionable 
because most preinvasive lesions regress sponta-
neously (Table 2). Early genetic markers of pro-
gression to invasive cancer could assist in 
selecting high-risk patients that could really ben-
efit from chemoprevention.

Conclusion
At present, sufficient technology is available for 
the detection, staging and treatment of early 
squamous lung cancer. The greatest challenge for 
the future is to determine whether early detection 
and treatment of early squamous lung cancer in 
high-risk cohorts improves patient survival and 
whether such an approach is cost effective. No 
conclusions can be drawn about the superiority of 
certain treatment modalities above others because 
randomized trials are lacking. Biomarkers (espe-
cially genetic makers) hold promise as predictors 
of progression to cancer, and response to (tar-
geted) treatments should be studied prospectively 
and possibly implemented in future treatment 
strategies.
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