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es were only obtained in 21 of the patients evaluated, and 
hence, complete information including histopathological 
information was available in 21 patients. Endocytoscopy ap-
peared to correlate with the histopathological findings on 
tissue biopsy, and was able to distinguish normal epithelium 
from dysplasia and carcinoma. Confocal endomicroscopy 
was a more reliable technique with adequate visual informa-
tion obtained in all patients examined but was unable to dis-
tinguish between dysplasia and carcinoma.  Conclusion:  This 
feasibility study suggests that endocytoscopy may have the 
potential to fulfil the role of optical biopsy in the evaluation 
of the pathogenesis of lung cancer.  © 2016 S. Karger AG, Basel 

 Introduction 

 Lung cancer is one of the commonest malignancies with 
a worldwide incidence estimated at 1.6 million, with about 
1,095,200 cases in males and 513,600 in females  [1] . Lung 
cancer accounts for 20% of all cancers in men with a life-
time risk of 1 in 13, and 12% of all cancers in women with 
a lifetime risk of 1 in 23  [2] . Squamous cell carcinoma 
(SQCC) is the second most common type of lung cancer 
after adenocarcinoma. Smoking is the main aetiological 
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 Abstract 

  Background:  Lung cancer is one of the commonest malig-
nancies with a worldwide incidence of 1.6 million cases each 
year. Although the main aetiological factor has been identi-
fied (cigarette smoking), the progression of lung cancer from 
early changes such as dysplasia through to cancer is still not 
fully understood. Furthermore, current research techniques 
are reliant on obtaining tissue biopsies, a process that alters 
the natural history of the very process under investigation. 
Hence, there is a need for developing optical biopsy tech-
niques.  Objectives:  To prospectively evaluate the feasibility 
of endocytoscopy and confocal endomicroscopy in the de-
tection of malignant and pre-malignant changes in the air-
ways.  Methods:  Findings with endocytoscopy and endomi-
croscopy were compared with conventional biopsies ob-
tained from the same areas in 25 patients undergoing 
bronchoscopy for evaluation of endobronchial abnormali-
ties and in 5 healthy control subjects.  Results:  Endocytos-
copy was technically more difficult, and interpretable imag-
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factor for SQCC, as it exposes the lung to numerous carci-
nogenic substances which induce direct and indirect dam-
age to DNA, RNA, and proteins. A general assumption is 
that SQCC typically develops in a stepwise manner from 
squamous metaplasia through dysplasia and carcinoma in 
situ (CIS), and finally to invasive disease  [3–5] . However, 
some longitudinal studies have suggested that this natural 
history may be more complex and there may be changes 
that are out of step, with both progression and regression 
of pathological changes seen within lesions over time  [6] .

  One of the major limitations of some of these studies 
is that the natural history is altered by the process of ob-
taining a tissue biopsy. Indeed, one study reported com-
plete removal of the dysplastic areas following forceps bi-
opsy  [7] . Hence, there is a need to develop optical biopsy 
tools, where histopathological information can be ob-
tained from the surface epithelium without the need for 
a tissue biopsy  [8] . We have prospectively evaluated 2 
novel optical imaging techniques, endocytoscopy and 
confocal endomicroscopy, and how findings obtained 
with these 2 techniques correlate with conventional biop-
sies obtained from the same areas.

  Methods 

 Patients undergoing bronchoscopy for diagnostic purposes fol-
lowing an episode of haemoptysis or those with a suspected endo-
bronchial neoplasm were enrolled ( Fig.  1 ). The purpose of the 
study was to evaluate the utility of 2 optical imaging techniques, 
confocal microscopy and endocytoscopy, in a spectrum of patients 
with normal endobronchial epithelium through to those with ar-
eas of severe dysplasia and invasive carcinoma.

  The procedure was conducted under local anaesthesia with or 
without midazolam. Flexible bronchoscopy was first performed 
using a video-bronchoscope (BF-F260; Olympus Medical, Tokyo, 
Japan) with both white light and fluorescence functionality. The 
trachea, main bronchi, and segmental bronchi were first examined 
with white light bronchoscopy, and the procedure was then re-
peated under blue light (fluorescence mode). The location and ex-
tent of any abnormalities were systematically noted using standard 
nomenclature.

  Confocal Endomicroscopy 
 Confocal endomicroscopy was performed using a probe-based 

confocal laser endomicroscope (pCLE, Cellvizio ® -Lung; Mauna 
Kea Technologies, Paris, France). The imaging unit delivers laser 
light at a wavelength of 488 nm, whilst the confocal probe (which 
measures 1.4 mm in diameter) is inserted through the instru-
ment channel of the bronchoscope. This is a contact probe, and 
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  Fig. 1.  Flow chart illustrating characteristics of subjects recruited and findings obtained by white light bronchos-
copy, fluorescence bronchoscopy, confocal endomicroscopy, and endocytoscopy. 
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therefore, it was gently apposed to the airways and the image dis-
played on a monitor. The image produced had a 600-μm diameter 
field of view with 9 frames per second, imaging to a depth of up to 
50 μm. The system captures still images, movie clips, and still mo-
saics where adjacent images are stapled together to increase the 
field of view. Normal airways in a patient were first examined fol-
lowed by areas identified as abnormal by white light and fluores-
cence imaging.

  Endocytoscopy 
 After completing the examination with the pCLE probe, the 

bronchoscope was removed and the patient was intubated with a 
prototype hybrid endocytoscope (XEC-300-U/F; Olympus, To-
kyo, Japan). This integrated bronchoscope provides both normal 
and endocytoscope functions. About 0.5 ml of 2% methylene blue 
was instilled around the area of interest and the bronchoscope was 
gently apposed. The image produced was magnified 570 times, 
with a resolution of 4.2 μm, a field of view of 300 × 300 μm, and a 
depth of observation from 0 to 30 μm. Control images were first 
obtained by examining an area of normal epithelium. Again, both 
still and video image findings were recorded. The process was re-
peated by applying the endocytoscope to the abnormal area identi-
fied at fluorescence and white light bronchoscopy.

  Histology 
 Bronchial biopsies were first obtained from a normal control 

area, usually the right middle lobe carina (RC2), and then at least 
2 bronchial biopsies were obtained from each abnormal area. His-
tological analysis was performed by 2 expert pathologists after rou-
tine haematoxylin and eosin (HE) staining, and in selected cases, 
routine immunohistochemical staining for pankeratin (MNF116), 
of 5-μm sections of formalin-fixed, paraffin-embedded tissue.

  The study was approved by the Brompton, Harefield,
and NHLI Research Ethics Committee (09/H0708/18), and all
patients provided written consent. The trial was registered at www.
clinicaltrials.gov (NCT00934778). 

 Results 

 Thirty subjects were recruited for assessment between 
June 9, 2009 and September 15, 2011. Optical imaging 
with endocytoscopy, confocal endomicroscopy, and 
matching histopathological biopsies was available in 21 
subjects ( Fig. 1 ). An obvious endobronchial abnormality 
was visible on white light bronchoscopy in 14 patients. A 
further 2 patients had abnormal changes only visible dur-
ing examination in the fluorescence mode. 

 Adequate endocytological images were obtained in 
only 21 patients during attempted endocytoscopy. This is 
a technically challenging procedure as it relies on the en-
docytoscope being held in a steady position a very short 
focal distance away from the mucosa (20–30 μm). Hence, 
coughing, breathing movement, and any general move-
ment by the patient or operator affects the quality of the 
images obtained. In our experience, the best strategy was 

to try to obtain an adequate video loop and then create 
stills from these videos which could then be evaluated in 
more detail. In contrast, apposition of the pCLE probe 
and acquisition of interpretable pCLE images was a sim-
ple and reliable technique, with reproducible images ob-
tained in all patients despite also being a contact imaging 
technique.

  HE staining of normal bronchial mucosal biopsies and 
examination with a microscope at 200 times magnifica-
tion revealed the surface lined with intact respiratory, cil-
iated epithelium lacking atypia or suprabasal mitoses 
( Fig. 2 ). In cases of dysplasia, the typical histological fea-
tures comprised squamous metaplasia with varying de-
grees of disorganisation of the epithelium, with nuclear 
atypia and suprabasal mitoses, but with a degree of dif-
ferentiation towards the epithelial surface. In patients 
with CIS, the changes were histologically similar to dys-
plasia, but lacked differentiation in superficial cell layers. 
The appearances of the surface epithelium in patients 
with invasive carcinoma were similar to CIS, but demon-
strated frank invasion with strands and clusters of atypi-
cal cells in the underlying stroma, accompanied by a des-
moplastic tissue response.

  The appearance of normal endobronchial mucosa 
with pCLE demonstrates the reticular structure of the 
elastin skeleton of the endobronchial tree ( Fig. 2 ). These 
appearances are interspersed by circular defects repre-
senting the mucosal pits or glands. In areas of dysplasia, 
the fluorescence is muted and the reticular structure is 
lost, with a similar appearance found with both CIS and 
neoplasia involving the endobronchial mucosa.

  Despite the difficulties encountered with endocytos-
copy, when adequate images were obtained, the findings 
appeared to correlate with the histological findings 
( Fig. 2 ). Normal mucosa has the appearance of elongated 
cells with dense nuclei of a uniform appearance which are 
all aligned in one direction. In patients with dysplasia, the 
cells appear more rounded with larger rounded nuclei, 
abundant cytoplasm, and some variability in the ratio of 
nuclear to cytoplasm volume. The endocytoscopy ap-
pearance of carcinoma is more variable than the appear-
ances seen with dysplasia. The cells are more irregular, 
have a larger amount of nuclear material and a higher 
nucleus-to-cytoplasm ratio, and necrotic cells may also be 
present. The appearance of CIS is similar but with fewer 
necrotic cells and areas of gradation which appear similar 
to dysplasia.

  Two subjects were found to have endobronchial me-
tastases from extrapulmonary tumours. The first was an 
endobronchial metastasis from a renal cell carcinoma, 
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with scattered nuclei interspersed with amorphous mate-
rial and ghost-like cellular areas at endocytoscopy ( Fig. 3 ). 
This correlates closely with the histological appearance of 
nested tumour cells with ample, clear cytoplasm. The sec-
ond case was a patient with a metastasis from an osteo-
sarcoma, which on histology demonstrated atypical
osteoblastic tumour cells within areas of necrosis, and 
corresponded to a similarly haphazard pattern on endo-
cytoscopy.

  Discussion 

 Despite its technical challenges, endocytoscopy ap-
pears to show some promise as a technique for optical 
biopsy. There were distinct changes visible between nor-
mal bronchial epithelium, dysplasia, and carcinoma. The 
findings correlated closely with the histopathological 
samples. To date, no other optical technique, including 
fluorescence bronchoscopy and narrow band imag-
ing, has been able to distinguish between dysplasia and 
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  Fig. 2.  Confocal endomicroscopy, endocytoscopy, and histological appearances of endobronchial epithelium for 
the various stages of carcinogenesis: normal epithelium, dysplastic epithelium, CIS, and invasive SQCC. The HE-
stained sections for normal bronchial mucosa and dysplasia are at 200× magnification, and those for CIS and 
invasive SQCC are at 100× magnification. 
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  Fig. 3.  Endocytoscopy appearance of metastases (renal cell carcinoma and osteosarcoma). 
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  Fig. 4.  Comparison of findings between confocal endomicroscopy and endocytoscopy for normal epithelium, 
dysplasia, and carcinoma. N:C, nucleus-to-cytoplasm ratio. 
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carcinoma. Confocal endomicroscopy was able to distin-
guish between normal bronchial tissue and abnormal 
bronchial tissue but was unable to distinguish between 
dysplasia and carcinoma, although 1 report has shown 
improved image interpretation with the use of topical ac-
riflavine for cell staining at pCLE, with an accuracy of 
91% for detecting malignancy  [9] . The comparative find-
ings for the 2 techniques are summarised in  Figure 4 . The 
ability to recognise early carcinoma or CIS is important, 
as 5-year survival rates in this group are between 74 and 
91% compared to survival rates for lung cancer as a whole 
of approximately 15%  [2, 10–12] .

  There is a wealth of literature describing the imaging 
features and diagnostic accuracy of pCLE and endocytos-
copy within the gastrointestinal tract. However, no stud-
ies have utilised all available optical techniques at the 
same setting in vivo in patients. Furthermore, the applica-
tion of endocytoscopy to evaluate the bronchial epitheli-
um has been very sparse, with the literature limited to 1 
case series and 2 case reports using an early generation 
probe-based endocytoscope  [13–15] .

  The key limitation of this work is the small number of 
patients evaluated. Endocytoscopy appears to be the more 
promising technique for distinguishing between dyspla-
sia and carcinoma but is challenging to perform. Very 
careful and precise manipulation of the bronchoscope is 
required to hold the tip of the scope about 20–30 μm 
above the airway epithelium in order to obtain adequate 
quality cytological images of the epithelium. The tech-
nique can be difficult to implement during bronchoscopy 
under conscious sedation, and may be facilitated by gen-
eral anaesthesia. Furthermore, it is impossible to evaluate 
the whole of the accessible endobronchial tree, and it can 
only be used to evaluate areas of interest. The most effec-
tive way of utilising endocytoscopy is first to identify ab-
normal areas with a combination of white light and fluo-
rescence bronchoscopy. Anatomical landmarks should 
be used to determine the location of the abnormality. Af-
ter instillation of methylene blue, the endocytoscope is 
apposed to the epithelial surface close to the area of ab-
normality and slowly panned across the surface whilst re-
cording the video images, which can be carefully studied 
after the procedure.

  Endocytoscopy remains a research tool, and as such, 
validation currently requires the taking of endobronchial 
biopsies. As the technique matures and an evidence base 
is accumulated, this may obviate the need for biopsies in 
certain situations. Further developments such as image 
stabilisation and best picture capture similar to those 
found in commercial digital cameras may enhance the 

utility of endocytoscopy. Alternatively, a probe-based 
system as used for confocal microscopy may be easier to 
manipulate and hold steady over the bronchial mucosa to 
obtain good quality images instead of the current inte-
grated bronchoscope/endocytoscope prototype. In com-
bination with accurate navigation techniques, a probe-
based system may also allow the characterisation of pe-
ripheral nodules in situ, something that may become 
increasingly important with the advent of lung cancer 
screening.

  A further problem with endocytoscopy was the diffi-
culty in evenly staining the bronchial mucosa with meth-
ylene blue. The methylene blue liquid tends to pool in 
patches with uneven staining. Methylene blue is a vital 
stain that has been shown to be absorbed by abnormal 
intestinal tissue but not by squamous epithelium  [16] . A 
technique known as chromoendoscopy has been devel-
oped, whereby a fine mist is created to evenly stain large 
areas of mucosa, followed by rinsing and suctioning away 
any dye that has not been absorbed within a couple of 
minutes. Any areas that have not been stained may be 
secondary to squamous metaplasia, and the technique al-
lows more targeted biopsy in Barrett’s oesophagus  [17] . 
There is 1 report of selective staining of bronchial tu-
mours with methylene blue  [18] . As normal bronchial 
epithelium does not absorb methylene blue, any selective 
staining of the bronchial mucosa could be used for target-
ing endocytoscopy and optimising this technique. There 
is now a need for bigger blinded studies directly compar-
ing techniques in the same patient population, with the 
calculation of sensitivities and specificities for the differ-
ent techniques, and inter-observer agreement values. 

 Conclusions 

 This preliminary study suggests that endocytoscopy is 
feasible with some utility as an optical biopsy technique, 
as it is able to distinguish between dysplasia and CIS/car-
cinoma. It also has the potential to increase our under-
standing of the natural history of dysplastic airway mu-
cosa and the subsequent development of lung cancer. 
However, the technique can be difficult to implement 
during bronchoscopy.
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