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Abstract: Early lung cancer screening failed to reduce
lung cancer mortality. New techniques such as autoflu-
orescence bronchoscopy (AF) and the identification of
specific genetic alteration might change future out-
comes of lung cancer screening. 

It was the aim of our study to combine p53 analysis
with white-light bronchoscopy  (WL) or WL and AF
to improve the diagnostic yield in a series of 36 pa-
tients with histologically proven lung cancer, pul-
monary metastasis or suspected lung cancer.

Endobronchial sites were analysed by WL (n = 71),
AF (Storz) (n = 34), histopathology (n = 71) and p53
mutations were examined by SSCP analysis on addi-
tional biopsies (n = 69). The overall frequency of can-
cerous lesions was 19, of which 14 were macroscopi-
cally visible lesions. The addition of p53 and autofluo-
rescence improved the yield to 17 of 19 cases. In 7
preinvasive lesions (dysplasia/metaplasia) 4 were iden-
tified macroscopically and 5 of 7 lesions by all 3 meth-
ods. In the WL/p53  group the diagnostic yield was 7
of 9 cancerous lesions compared to 10 of 10 cancer-
ous lesions in the AF group.

It should be noted that all methods were associated
with false positive results. However, the combination
of conventional with autofluorescence bronchoscopy
and mutation analysis is a promising approach which is
applicable to clinical routine and may be further en-
hanced by the inclusion of a panel of markers of tu-
mour progression. 
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INTRODUCTION

Bronchial carcinoma is not only one of the most fre-
quent malignant tumours worldwide, but is also asso-
ciated with a distressingly high mortality [20]. In spite
of vast therapeutic progress in recent decades cure
rates are low unless radical resection can be achieved
in the very early stage Ia. Early identification of lung
cancer has therefore received much attention in the
hope that it would allow to improve the cure rate by
early tumour resection or chemoprevention. While
several early randomized controlled studies have not
shown a reduction in lung cancer mortality as a result

of screening [1, 11, 19], new techniques might change
future outcomes of screening for lung cancer and ran-
domized trials are underway to evaluate their efficacy
[4-6, 14, 17, 22].

Many efforts to develop suitable screening methods
for risk patients for the early detection of lung cancer
could not fulfil the hopes put into them. Among the
methods believed to have the greatest potential are low-
dose CT scan, improved endoscopic procedures, im-
proved sputum collection and analysis and the identifi-
cation of specific genetic alterations [16-18, 23, 25-27]. 

Autofluorescence bronchoscopy was developed to
improve the sensitivity and specificity of conventional
endoscopy [3]. In large Canadian and US studies the
addition of fluorescence systems increased the detec-
tion of dysplasia or CIS up to a detection rate of more
than 80% while specificity decreased at the same time
[5, 12-14].

Among the candidate genes for molecular screening
p53 mutations are a suitable target because they occur
early in tumour development, they can be detected by
well established methods and are known to be induced
by tobacco consumption [7, 10].

In our study we investigated 36 patients with
known, pretreated bronchial carcinoma or with sus-
pected lung carcinoma and compared white-light with
a combination of white light and autofluorescence
bronchoscopy for the detection of malignant changes.
In addition p53 mutation analysis was carried out to
see whether this marker of early tumour progression
could improve the diagnostic yield.

PATIENTS, METHODS AND STATISTICS

The study population comprised 36 adults (11 females
and 25 males, mean age 61 ±10 years) with histologi-
cally proven lung cancer (n = 26), pulmonary metasta-
sis of other solid tumours (n = 3) or suspected lung
cancer (n = 7) undergoing diagnostic bronchoscopy at
the University Hospital of Munich, Innenstadt, Ger-
many. Patients were selected from participants of the
ongoing  multicentre “European study for early detec-
tion of central lung cancer” and they agreed to have
additional biopsies taken for molecular analysis.  The
main criteria for inclusion in the study were a smoking
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history of at least 20 pack years (1 pack a day for one
year = 1 pack year), chronic obstructive pulmonary
disease or a history of workplace exposure to carcino-
gens. Exclusion criteria were poor health status
(Karnofsky Index < 60), pregnancy, psychiatric dis-
ease, severe mucus production, significant bronchial
bleeding, exacerbation of  bronchitis, general con-
traindications for bronchoscopy and chemotherapy
within the preceding 6 months.

The study protocol was approved by the ethics com-
mittee of the University of Munich. Written informed
consent was obtained from all study participants. 

TREATMENT ASSIGNMENTS

Consecutively enrolled patients were participants of
the multicentre “European study for early detection of
central lung cancer” and were randomized by the cen-
tral study centre to receive either conventional white-
light or autofluorescence and conventional bron-
choscopy. 

BRONCHOSCOPIC PROCEDURES

The bronchoscopies were carried out with a flexible
bronchoscope with D-Light/AF mode (Storz, Tuttlin-
gen, Germany). D-light was used for conventional
white-light bronchoscopy and the AF mode for auto-
fluorescence (wavelengths of the blue-light between
380 and 480 nm) [2]. Multiple biopsies were taken and
sent to the pathologist for histological examination of
suspicious lesions. For the molecular analysis two ad-
ditional biopsies were taken each from macroscopical-
ly suspicious tissue and from the contralateral normal
appearing mucosa. These biopsies were stored frozen
at -20°C.

DNA ANALYSIS

For DNA extraction a DNA isolation kit (nucleon
BACC 1 extraction kit from Amersham Life Science,
Braunschweig, Germany) was used and the DNA yield
was determined photometrically at 260 nm for quanti-
ty and at 280 nm for purity. Exon 5–8 of the p53 gene
were amplified by PCR using the protocol published
previously [15]. All primers were from MWG biotech
(Munich, Germany).

Mutations of the p53 gene were analysed by single
strand conformation polymorphism (SSCP) analysis of
amplified DNA. After non-denaturing polyacrylamide
gel electrophoresis, DNA bands were visualised with a
0.1% silver stain and band size was assessed by com-
parison with known standard DNA (123 bp DNA lad-
der; Gibco BRL, Bethesda, Maryland, USA). A prepa-
ration of wild type DNA from peripheral leucocytes of
healthy volunteers served as negative control.

STATISTICAL ANALYSIS

Data were analysed using SPSS software (release 10.0;
SPSS, Inc. Chicago, IL, USA). Results are expressed as
mean (SD). Statistical comparisons between the
groups were performed using the Pearson chi-square
test. Significance was accepted at a p<0.05 level.

RESULTS

18 patients were randomized to receive conventional
white-light bronchoscopy and 18 patients had white-
light and autofluorescence bronchoscopy. The study
groups were comparable in age, gender distribution
and tumour stage (Table 1). In the autofluorescence
group, there were more squamous carcinomas, the
white light group had more adenocarcinomas. 

Biopsies taken from 71 sites were sent for histologi-
cal assessment. 69 additional biopsies were processed
for DNA analysis and interpretable results could be
obtained in 61 sites. There was no difference in the av-
erage number of biopsies taken between the white-
light and the autofluorescence group. The histological
results of the 71 bioptic sites and their correlation with
white-light, autofluorescence bronchoscopy and p53
analysis are given in tables 2 and 3. In the white-light
group histological assessment showed 9 carcinomas
and 5 preinvasive histologies (dysplasia or metaplasia).
6 of 9 biopsies with carcinoma and 2 biopsies from
premalignant lesions were from a visible tumour or
from a suspicious lesion. With the addition of p53
analysis one more carcinoma and one more metaplas-
tic lesion could be  identified. In the autofluorescence
group carcinoma was present in 10 cases, dysplasia or
metaplasia in 1 case each. Macroscopically visible tu-
mor or suspicious lesions were present in 8 of 10 can-
cerous  sites and two additional sites had suspicious
autofluorescence. Both preinvasive lesions were de-
tected by macroscopical assessment alone.

It should be noted that autofluorescence, conven-
tional bronchoscopy and p53 analysis were also associ-
ated with false positive results. From 23 sites with in-
flammation, scar tissue or normal mucosa 6 were mis-
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Table 1. Patient characteristics in the white-light (WL) and
autofluorescence (AF) group.

Study group WL AF

N 18 18
Age (years) 62 (10) 60 (11)
Gender (f/m) (6/12) (5/13)
Apparent tumour 

stage I 0 0
stage II 0 1
stage IIIA 1 0
stage IIIB 3 4
stage IV 11 9

Histological type
Adenocarcinoma 5 2
Small cell carcinoma 2 2
Large cell carcinoma 2 1
Squamous carcinoma 3 8
Other histologies 3 1

No apparent tumour 3 4

Data are given as mean ± SD



judged as suspicious  (n = 4) or tumour (n = 2) in the
white light group and 2 of 22 sites in the autofluores-
cence group (Table 2). 

Altered P53 was detected in 10 of 19 carcinomas (4
in the white-light group and 6 in the autofluorescence
group) and in 3 of 7 preinvasive lesions. 3 mutations
were found in histologically inflamed or normal ap-
pearing tissues (Table 3). 

The addition of autofluorescence or p53 mutational
analysis added further diagnostic information because
the histological diagnosis was concordant with the
macroscopic impression gained by conventional bron-
choscopy only in 49 of 71 biopsy sites. With the addi-
tion of fluorescence and p53 mutational analysis only
10 biopsies had histological results which would have
been missed by all 3 modalities used. 

DISCUSSION

Endoscopic screening for early lung cancer with dif-
ferent modes of autofluorescence has been shown to
work in risk populations [2, 5, 8, 9, 10, 13, 21]. The de-
tection rate of preinvasive or early invasive lesions
could be improved by the use of autofluorescence
from  27%  up to 71% in the USA and Canada [12, 13]
and from 47% up to 83% in Europe [10]. Even higher
rates were reported from Japan (51% up to 88%) [23].
The differences reported may be due to selection cri-
teria such as presence of atypical cells in sputum as in-
clusion criterion. The worldwide experience shows de-
tection rates of approx. 40% of preinvasive lesions  by
conventional bronchoscopy. The addition of autofluo-
rescence can double this detection rate [2, 5]. 
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Table 2. Detection of tumour tissues by white-light and autofluorescence bronchoscopy.

Histology Invasive Dysplasia Metaplasia Inflammation Normal 
carcinoma or scar

Number of bioptic sites 19 2 5 20 25

Macroscopic Visible WL 4 0 1 1 1
finding tumor
(N = 71 from (N = 15) AF 6 1 1 0 0
37 x WL + 
34 x AF) Suspicious WL 2 1 0 3 1

site
(N = 11) AF 2 0 0 1 1

Abnormal WL 0 0 2 1 2
site
(N = 8) AF 1 0 0 1 1

Unsuspicious WL 3 0 1 4 10
site
(N = 37) AF 1 0 0 9 9

Fluorescence Suspicious AF 7 1 0 2 1
(N = 34) site (N = 11)

abnormal AF 1 0 1 3 1
site (N = 6)

unsuspicious AF 1 0 0 6 9
site (N = 16)

Not diagnostic AF 1 0 0 0 0
(N = 1)

Table 3. Detection of tumour tissues by p53 analysis.

Histology Invasive Dysplasia metaplasia inflammation Normal 
carcinoma or scar

P53 Mutation WL 4 1 2 0 1
AF 6 0 0 1 1

wildtype WL 4 0 2 6 11
AF 4 1 1 9 7



However, in clinical practice screening not only en-
compasses risk populations but more often patients
with known treated carcinoma with a high risk of re-
currence or metachronous lesions. Conventional en-
doscopy often faces the problem how pretreated le-
sions should be interpreted. While the addition of aut-
ofluorescence does not substantially prolong the en-
doscopic procedure and is associated with virtually no
extra risk for the patient, our data show that the addi-
tion of autofluorescence and mutation analysis may
add further diagnostic information. 

In our series of mostly pretreated lung cancer pa-
tients the diagnostic yield was 7 of 9 cancerous lesions
in the white light/p53  group compared to 10 of 10
cancerous lesions in the group with all modalities
combined. In 7 preinvasive lesions (dysplasia/metapla-
sia) 4 were identified macroscopically and 5 of 7 le-
sions by all 3 methods.  It was not only the diagnostic
yield of malignant or preinvasive lesions but also the
diagnostic accuracy which was supported by a high
number of concordant findings in our series of pa-
tients.

While it is still not clear what kind of genetic alter-
ation is essential for the development of lesions to can-
cer, it is known that somatic molecular genetic changes
underlie and drive tumour progression. P53 mutations
are typically first seen in dysplasia and are thought to
be indicative of a high risk to develop lung cancer. On
the other hand, p53 mutations do not occur in all
bronchial tumours and negative results do not neces-
sarily imply the absence of tumour [16, 22, 24]. 

The detection of early genetic alterations as well as
suspicious autofluorescence may be additional tools in
our armamentarium to diagnose endobronchial le-
sions. One of the drawbacks of the endoscopic proce-
dures is the fact that autofluorescence improves sensi-
tivity but not specificity. Therefore additional informa-
tion such as the presence of abnormal p53 or better a
combination of molecular markers of tumour progres-
sion may be useful to interpret these lesions. 
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