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Autofluorescence bronchoscopy
to identify pre-cancerous bronchial lesions
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ABSTRACT: Autofluorescence bronchoscopy to identify
pre-cancerous bronchial lesions. L. Fuso, G. Pagliari,
V. Bonidllo, A. Trove', F.Varone, A. Longobardi, S. Basso,
L. Trodella.

Background. Thisstudy aimed to assessthe diagnostic
yield of autofluorescence bronchoscopy (AFB) in the de-
tection of pre-cancerous bronchial lesionsin a non-select-
ed sample of patients.

Methods. Both fiberoptic white-light bronchoscopy
(WLB) and AFB using the Storz D-light system were per-
formed on 166 consecutive patients. Biopsy specimens
wer etaken in areas of the tracheobronchial treejudged as
abnormal or suspicious at WLB and/or AFB. The bron-
choscopic procedures were randomly performed by two
operators.

Results. A total of 93 patients had a positive biopsy
specimen: 80 for cancer and 13 for dysplasia. AFB was ab-
normal or suspiciousin 85 of the 93 patients with a sensi-
tivity of 91.4%. Specificity was 50.7%. In 16 patients with

normal WLB examination, AFB identified abnormal or
suspicious areas which had a positive biopsy. Thus AFB
significantly improved sensitivity of WLB (100% vs
82.8%, respectively, p<0.001) in the entire sample of pa-
tients studied. Data was further analysed separately for
patients with dysplasia and those with cancer. Indeed, 13
of 16 patients recognized only by AFB had a histological
diagnosis of dysplasia. Theremaining three patientshad a
diagnosis of cancer (small intraepithelial neoplastic le-
sions). Since no other patient with dysplasia was found,
AFB had a sensitivity of 100% in diagnosing dysplasia. On
the other hand, excluding the 13 patients with dysplasia,
WLB had a high sensitivity in diagnosing cancer (93.7%).
Conclusions. The AFB Storz system showed a high
sensitivity. Theincreasein diagnostic yield of AFB in com-
parison with WLB was related to the power of AFB to
identify pre-cancerous bronchial lesions so showing its
usefulnessin the early diagnosis of lung cancer.
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I ntroduction

Fluorescence bronchoscopy is recognised as a
new technique playing an important role in the
early detection of lung cancer [1]. Indications in-
clude known or suspected lung cancer by abnor-
mal sputum cytology findings, inspection for syn-
chronous tumours, surveillance following cancer
resection, and primary screening among high-risk
patients [2].

Autofluorescence Bronchoscopy (AFB) is a
procedure in which premalignant and malignant
tissue is distinguished by a change in colour from
normal tissue without the need for fluorescence-
enhancing drugs. The diagnostic yield of this
method in patients with lung cancer has been re-
ported in some papers. AFB showed better sensi-
tivity for cancerous and pre-cancerous lesions than
conventional White-Light Bronchoscopy (WLB)
and the evaluation of the extent of cancer invasion
was more accurate [3, 4]. These results were ob-
tained using Laser-Induced Fluorescence En-
doscopy (LIFE). Another system now currently

used, the Storz D-light system, is less expensive
and alows an immediate comparison between
white-light and autofluorescence imaging [5]. This
system has been recently tested in a multicenter
study only for class 111 (severe dysplasia, carcino-
ma in situ, early invasive cancer) mucosal lesions
and a significant increase in sensitivity in compar-
ison with WLB has been found [6]. Moreover, itis
showed that both LIFE and Storz systems yielded
comparable results with only a difference in terms
of examination time which was significantly short-
er with the Storz system [7].

A potential limit of this technique is related to
the interpretation of the AFB imaging, especialy
when the difference in colour between abnormal
and normal areas is poor. In these cases, it is pos-
sible that the experience in interpreting the AFB
imaging might play an important role.

The aim of this study was to verify the useful-
ness of AFB Storz system in identifying pre-can-
cerous bronchia lesions in a non-selected sample
of consecutive patients who underwent bron-
choscopy.
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M ethods
Patients

One-hundred-sixty-six consecutive patients
(120 males and 46 females), mean age 65 + 10
yearswho underwent bronchoscopy were enrolled.
An informed written consent was obtained from
each patient and the study protocol was approved
by the local ethical committee.

The indications to bronchoscopy were the fol-
lowing:

1. radiological abnormality at chest x-ray or CT
scan suspected for lung cancer (patientsn. 73);

2. post-operative follow-up programme in pa
tients who had previously undergone a com-
plete surgical resection for non-small cell lung
cancer (n. 39);

3. Chronic Obstructive Pulmonary Disease
(COPD), especially in patients with a history
of recent haemoptysis and/or worsening of res-
piratory symptoms (n. 54).

Endoscopy

The bronchoscopic procedure was performed
under local anesthesia using the Storz D-light sys-
tem (Karl Storz, Tuttlingen, Germany). This sys-
tem consists of a fiberoptic bronchoscope and a
Xenon lamp to produce a light with an emission
spectrum from ultraviolet to blue corresponding to
a wavelength from 380 to 460 nm. The fluores-
cence response from the tissue is filtered and dis-
played on amonitor. Abnormal tissue is marked as
a darkened reddish-brown area within the blue-
green coloured normal tissue [8]. A direct switch-
ing between the white-light and autofluorescence
mode alows an immediate comparison between
the imaging during the same procedure. The se-
guence of the examinations (WLB performed be-
fore or after AFB) was randomly defined for each
patient before the procedure. The bronchoscopic
procedures were randomly performed by two op-
erators (G.P. and L.F)).

An area of the tracheobronchial tree was
judged as abnormal at WLB in presence of aclear
mucosal infiltration and/or a
proliferative lesion; it was
judged as suspicious if aslight

Table 2. - Diagnostic yield of white light bronchoscopy (WLB) alone (upper
panel) and together with autofluorescence bronchoscopy (AFB, lower panel)

gle pathologist unaware of bronchoscopic findings
into the following categories. negative for cancer-
ous or pre-cancerous lesions, dysplasia of moder-
ate or severe grade, positive for cancer.

Statistical analysis

Suspicious and abnormal cases were consid-
ered together to calculate sensitivity, specificity,
positive predictive value and negative predictive
value of AFB. Differencesin sensitivity and speci-
ficity between WLB considered alone and AFB in
addition to WLB were analysed by a chi-square
test.

Results

The results of AFB are reported in table 1. A
total of 93 patients had a positive biopsy specimen:
80 for cancer and 13 for dysplasia. In 68 cases the
AFB examination was abnormal and in 17 suspi-
cious with a sensitivity of 91.4%. Specificity was
relatively low (50.7%) and the negative predictive
value (82.2%) was better than the positive predic-
tive value (70.2%).

Table 2 shows the comparison between WLB
and AFB. WLB did not identify 16 patients with
a positive biopsy specimen taken in areas abnor-
mal or suspicious only at AFB. Thus, the sensi-
tivity significantly increased from 82.8% when
WLB was considered alone to 100% when AFB

Table 1. - Results of autofluorescence bronchoscopy
(AFB) compared to biopsy specimens

Biopsy specimen Total
Positive for cancer ~ Negative
or dysplasia
AFB abnormal (n.) 68 7 75
AFB suspicious (n.) 17 29 46
AFB normal (n.) 8 37 45
Total 93 73 166

thickening or irregularity of
the mucosa was present. An
abnormal AFB imaging in-

Biopsy specimen Total

cluded a well defined dark- Positive for cancer Negative

ened red area, whereas a AFB or dysplasia

imaging was considered suspi- —

cious in presence of patchy WL B abnor mal-suspicious (n.) 7 16 93
and heterogeneous defects in  WLBnormal (n) 16 . i
the green normal mucosa as-

pect. At least three consecutive Tota 9 3 166
biopsieswere taken in each ab-

normal and suspicious areato  wLB + AFB abnormal-suspicious(n.) 93 41 134
obtain sufficient material for WLB + AFB normal (n.) 0 32 32
the histological examination.

The results of the biopsy spec- Total 93 73 166

imens were classified by asin-
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was added to WLB (x-square 17.51, p < 0.001).
On the other hand, specificity significantly de-
creased from 78.1% to 43.8% (x-square 17.99, p
< 0.001). Figure 1 shows both WLB and AFB
imaging of a positive case identified only by an
abnormal AFB.

A further analysis was performed separately
for patients with dysplasia and those with cancer.
Indeed, 13 of 16 patients recognised only by AFB
had a histological diagnosis of dysplasia. The re-
maining three patients had a diagnosis of cancer
(small intragpithelial neoplastic lesions). Since no
other patient with dysplasia associated with abnor-
mal findings both at WLB and AFB was found,
AFB had a sensitivity of 100% in diagnosing dys-
plasia. On the other hand, excluding the 13 pa-
tients with dysplasia, WLB was found to have a
high sensitivity in diagnosing cancer (93.7%).

Discussion

Several papers have shown the diagnostic use-
fulness of AFB in high-risk patients [4, 9, 10], in
staging of lung cancer [11, 12], in the follow-up of
pre-cancerous lesions and after cancer resection
[13-16].

Our main results were that sensitivity of AFB
was high (table 1) and that the diagnostic yield sig-
nificantly improved when AFB was used in addi-
tion to the conventional WLB examination (table
2). Theincrease in sengitivity was due to the iden-
tification by AFB of dysplasia which was not visi-
ble by WLB. This data confirms the usefulness of
AFB in detecting pre-cancerous bronchia lesions
and early cancer [6] and show that this technique
is especialy indicated in high-risk patients rather
than in non-selected population [17]. On the other
hand, AFB seemsto be less useful in the diagnosis
of cancer in more advanced phase. In this case, a

high diagnostic yield could be obtained also by an
accurate WLB examination aone.

Our study group had a relatively poor homo-
geneity because it included patients with several
indications to bronchoscopy. However, the aim of
the study was just to assess the diagnostic yield of
AFB in non-selected consecutive patients. The
great majority of them had either known or radio-
logically suspected lung cancer and, therefore, a
high sensitivity of WLB in diagnosing cancer was
found. All patients were at risk of developing lung
cancer and this could explain the high percentage
of pre-cancerous lesions identified and the in-
crease in sengitivity obtained by AFB added to
WLB examination.

Specificity of AFB derived from our data was
relatively low in agreement with the known in-
crease of false positive cases due to the non-spe-
cific abnormalities identified by AFB [18, 19]. As
expected, we found that the negative predictive
value was better (82.2%) than the positive predic-
tive value (70.2%) dueto asmaller number of false
negative in comparison to false positive cases.
However, the positive predictive value of AFB that
derived from our data was satisfactory and compa-
rable with other studies [3].

Actually, a comparison between our results and
those abtained by other authorsisonly partially pos-
sible for differencesin study design and study pop-
ulation. The sengitivity of AFB found by Kusunoki
et al [4] was 83.7% but in this study alarge number
of biopsieswere performed. In another paper, avery
high sensitivity of AFB for diagnosis of cancer
(97%) was found in patients with lung cancer who
received surgery [3]; however, thin sections from
resected lung rather than biopsy specimens were
considered as histological reference and ahighly se-
lected group was studied [3]. Moreover, a much
lower sengitivity was found when diagnosis of dys-
plasiawas considered separately [3].

Fig. 1. - Normal white-light imaging (on the left) and abnormal autofluorescence imaging (on the right) of the same area (lingula carina): the
histological specimen resulted positive for intraepithelial cancer.
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As noted above, our data showed that AFB
was particularly useful in the detection of pre-can-
cerous lesions thereby increasing the diagnostic
yield of the conventional WLB examination. The
increase in sengitivity of AFB in comparison with
WLB was reported in previous studies conducted
using the LIFE system [4, 9, 20]. Lam et al studied
a large population in a multicenter trial: the rela
tive sensitivity of WLB and AFB used together
versus WLB used aone increased especialy for
intraepithelial neoplastic lesions[9]. In another pa-
per, the addition of autofluorescence resulted in a
greater relative sensitivity over WLB aone in
high-grade lesions (moderate to severe dysplasia
and carcinoma in situ: relative sensitivity 2.4) and
particularly in low-grade lesions (mild dysplasia:
relative sensitivity 4.7) [10]. A significant im-
provement in sensitivity in comparison with WLB
in diagnosing dysplasia or early cancer was also
found using the AFB Storz system [6]. Our results
were in agreement with these studies which
demonstrated that the increase in sensitivity was
related to the power of AFB to detect cancer in its
pre-cancerous and/or early phase.

In our study, WLB was not able to identify any
case of dysplasia and the sensitivity of AFB in di-
agnosing dysplasia was particularly high. Thus,
the relative sensitivity of WLB and AFB used to-
gether versus WL B alone was quite different from
that reported in literature in which it varies from
15t06[3,4,9, 10, 21]. However, in the great ma-
jority of the previous studies the relative sensitivi-
ty was calculated in the whole sample of patients
and not separately for cancer and for dysplasia. In
our study the AFB sensitivity of 100% was related
exclusively to patients with dysplasia. Moreover,
the studies in which the relative sensitivity was
separately calculated for cancer and for pre-neo-
plastic lesions included carcinoma in situ among
pre-neoplastic lesions [9, 21]. Patients with carci-
noma in situ were not found in our sample. Final-
ly, itisnot usual that WLB can detect dysplasia. In
fact, only in one study some cases of dysplasia (10
out of 92 low-grade lesions) were identified by
WLB [10].

Limitations of our study deserve to be cited.
The first is related to the relatively small number
of biopsies examined. Another limitation is the
lack of follow-up of the patients studied. This pre-
vented us from verifying whether the early diag-
nosis of cancer or pre-cancerous lesions could in-
fluence the treatment and the prognosis of the pa-
tients. Moreover, it must be noted that sensitivity
obtained in this study refers to a relative sensitivi-
ty because the true total number of lung cancer and
pre-cancerous lesions was not verified after
surgery or in a post-mortem study [22].

In conclusion, although partialy influenced by
some limitations, this study showed that the AFB
Storz system is a sensitive tool in the diagnosis of
lung cancer. The increase of the diagnostic yield in
comparison with conventional bronchoscopy was
due to the detection of pre-cancerous bronchial le-
sions by AFB. This characteristic could especially
emphasise the role of AFB in early diagnosis and

in screening of lung cancer in selected patients. A
future aim could be to compare the results ob-
tained by different bronchoscopistsin alarger pop-
ulation to verify whether the experience in inter-
preting the AFB imaging may positively influence
the diagnostic yield of this technique.
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