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ABSTRACT
Introduction  Despite many technological advances, the 
diagnostic yield of bronchoscopic peripheral lung nodule 
analysis remains limited due to frequent mispositioning. 
Needle-based confocal laser endomicroscopy (nCLE) 
enables real-time microscopic feedback on needle 
positioning, potentially improving the sampling location 
and diagnostic yield. Previous studies have defined 
and validated nCLE criteria for malignancy, airway 
and lung parenchyma. Larger studies demonstrating 
the effect of nCLE on diagnostic yield are lacking. We 
aim to investigate if nCLE-imaging integrated with 
conventional bronchoscopy results in a higher diagnostic 
yield compared with conventional bronchoscopy without 
nCLE.
Methods and analysis  This is a parallel-group 
randomised controlled trial. Recruitment is performed 
at pulmonology outpatient clinics in universities and 
general hospitals in six different European countries and 
one hospital in the USA. Consecutive patients with a for 
malignancy suspected peripheral lung nodule (10–30 mm) 
with an indication for diagnostic bronchoscopy will be 
screened, and 208 patients will be included. Web-based 
randomisation (1:1) between the two procedures will 
be performed. The primary outcome is diagnostic yield. 
Secondary outcomes include diagnostic sensitivity 
for malignancy, needle repositionings, procedure and 
fluoroscopy duration, and complications. Pathologists will 
be blinded to procedure type; patients and endoscopists 
will not.
Ethics and dissemination  Primary approval by the Ethics 
Committee of the Amsterdam University Medical Center. 
Dissemination involves publication in a peer-reviewed 
journal.
Support  Financial and material support from Mauna Kea 
Technologies.
Trial registration number  NCT06079970.

INTRODUCTION
Lung cancer remains the leading cause of 
cancer-related deaths, with 2.09 million new 
diagnoses and 1.76 million deaths worldwide 
per year.1 2 The increased use of chest CT and 
the future implementation of low-dose CT 
lung cancer screening result in an increased 
detection of lung nodules.3 4 Consequently, 
more early-stage lung cancer is detected, 
which is most often located in the periphery 
of the lung.5 6 Depending on lesion charac-
teristics and associated risk factors, tissue 
sampling is needed to establish a definitive 
diagnosis and determine the appropriate 
treatment.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is an (international multicentre) randomised 
controlled trial evaluating a novel sampling tech-
nique needle-based confocal laser endomicoscopy 
(nCLE) with the current standard for bronchoscopic 
diagnosis of peripheral lung nodules.

	⇒ The definition of diagnostic yield is under debate. 
In this study, the diagnostic yield will be reported 
based on two different definitions for better compar-
ison with existing and future studies.

	⇒ Each participating centre uses their own methods 
for conventional bronchoscopic diagnosis of pe-
ripheral lung nodules and will, therefore, not be 
completely uniform across all centres. Each centre 
will keep conventional methods uniform in both the 
control and intervention group to ensure differences 
can be attributed to the nCLE technique.

	⇒ In this study, only peripheral pulmonary nodules be-
tween 1 and 3 cm are included.
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Bronchoscopic analysis of peripheral lung nodules 
remains challenging despite many technological inno-
vations. The procedure comprises three essential pillars 
needed for a diagnostic success: navigation to the lesion, 
confirmation of tool location within the lesion (ie, tool-
in-lesion confirmation) and successful tissue sampling. 
In the past years, fluoroscopy, radial probe endobron-
chial ultrasound (r-EBUS), electromagnetic navigation 
(EMN), virtual bronchoscopy (VB) or cone beam CT 
(CBCT) combined with augmented fluoroscopy have 
improved navigation with or without tool-in-lesion confir-
mation.7 Additionally, rapid on-site evaluation (ROSE) 
is sometimes used for direct feedback on the repre-
sentativeness of the sample and forming a preliminary 
diagnosis. Nevertheless, diagnostic yield rarely exceeds 
71%,8 as it depends highly on factors such as nodule size, 
bronchus sign on preprocedural CT, eccentric versus 
concentric r-EBUS pattern, pretest probability of malig-
nancy and sampling tools used.9–12 The arrival of robotic 
bronchoscopy platforms combined with existing tech-
niques has shown promising results with high navigation 
success rates. However, diagnostic yield remains behind 
due to substantial mispositioning rates, retaining a large 
gap between navigation success and diagnostic yield.13–15 
The persistently low diagnostic yield calls for complemen-
tary techniques providing real-time information for fine-
tuning the needle position.

Confocal laser endomicroscopy (CLE) is a high-
resolution microscopic technique that visualises indi-
vidual cells in real time. It has proven useful in the 
gastroenterology field, where it has been demonstrated 
that CLE could be used for rapid diagnosis, targeting of 
biopsies and prediction of neoplasms.16 CLE has been 
recently introduced in the respiratory tract, including 
for the peripheral lung nodule analysis.17–19 CLE probes 
are thin enough to fit through 18G biopsy needles to 

provide microscopic feedback at the tip of the needle 
(needle-based CLE (nCLE)). Fluorescein dye is used as 
a contrast agent and binds to the extracellular matrix, 
resulting in a highly fluorescent background in which 
individual cells can be seen. Previous studies have iden-
tified three nCLE image characteristics for malignancy 
in the lung,19 and criteria for airway and lung paren-
chyma.18 The identification of malignancy and distinc-
tion from airway and lung parenchyma were accurate 
based on these criteria.18 19

A recent study demonstrated a high needle misposi-
tioning rate, as nCLE-imaging resulted in a repositioning 
of the biopsy needle in 9 out of 20 patients.20 nCLE could, 
therefore, potentially bridge the gap between navigation 
success and diagnostic yield.

To date, larger studies investigating the effect of the 
addition of nCLE to bronchoscopic peripheral lung 
nodule analysis are lacking. The improved diagnostic 
yield could reduce the necessity of further or more inva-
sive diagnostic interventions such as CT-guided transtho-
racic biopsies or diagnostic surgery. In this multicentre 
randomised controlled trial, we aim to investigate if 
nCLE-imaging integrated with conventional bronchos-
copy results in a higher diagnostic yield compared with 
conventional bronchoscopy without nCLE in diagnosing 
peripheral lung nodules.

METHODS AND ANALYSIS
Study design
This study is an investigator-initiated, international, 
multicentre, parallel-group randomised controlled 
trial comparing two bronchoscopy procedures (with or 
without nCLE) for the diagnosis of suspected peripheral 
lung nodules. The study flow chart is shown in figure 1.

Figure 1  Study flow chart. EMN, electromagnetic navigation; nCLE, neelde-based confocal laser endomicroscopy; PET, 
positron emission tomography; r-EBUS, radial endobronchial ultrasound; TBNA, transbronchial needle aspiration; VB, virtual 
bronchoscopy.
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Participating centres
The study was executed in university or general hospitals 
in six countries in Europe and one hospital in the USA. 
Study inclusion started on 18 October 2023. Other centres 
will start including in 2024 and the estimated duration of 
the study is 24 months including follow-up.

Randomisation
After the participant has given written informed 
consent, patient data are entered into a digital database 
(CASTOR Electronic Data Capture (EDC) electronic 
case report form (eCRF)). We will use a web-based block-
randomisation module in Castor to randomise partic-
ipants into the control and intervention group (1:1). 
Randomisation will be stratified by participating centre 
to ensure that the nCLE and non-nCLE group is of the 
same size in each centre. As nodule size has a significant 
impact on diagnostic yield,8 we will stratify for nodule size 
(≤20 mm and >20 mm) to ensure that size is evenly distrib-
uted across study arms.

Patients and endoscopists will not be blinded since 
the physician needs to know if nCLE images must be 
acquired during bronchoscopy. Pathologists will be 
blinded to procedure type and raters who will analyse 
the nCLE videos after the procedure will be blinded to 
the patient history and histopathological outcome of the 
tissue samples.

Study population
Consecutive patients will be recruited by their treating 
physician at pulmonology outpatient clinics of partici-
pating centres. Patients are eligible for inclusion if they 
meet the following inclusion criteria:
1.	≥18 years of age.
2.	 Suspected malignant peripheral lung lesion with an in-

dication for a bronchoscopic diagnostic workup as de-
termined by the attending physician or tumour board. 
Peripheral pulmonary lesions are defined as lesions 
located beyond the visible segmental bronchi, not de-
tectable by regular flexible bronchoscopy.

3.	 Bronchus sign on preprocedural CT or estimated con-
fidence for successful navigation to the nodule result-
ing in a r-EBUS signal.

4.	 Solid part of the lesion must be ≧10 mm.
5.	 The largest dimension of lesion size on CT 30 mm 

(long axis).
6.	 Ability to understand and willingness to sign a written 

informed consent.
A potential subject who meets any of the following 

criteria will be excluded from participation in this study:
1.	 Inability or non-willingness to provide informed 

consent.
2.	 Endobronchial visible malignancy on bronchoscopic 

inspection.
3.	 Target lesion within reach of the linear EBUS scope.
4.	 Failure to comply with the study protocol.
5.	 Known allergy or risk factors for an allergic reaction 

to fluorescein.

6.	 Pregnancy or breast feeding.
7.	 Haemodynamic instability.
8.	 Refractory hypoxaemia.
9.	 Therapeutic anticoagulant use that cannot be with-

held for an appropriate interval before the procedure.
10.	 Unable to tolerate general anaesthesia according to 

the anaesthesiologist.
11.	 Undergoing chemotherapy as several chemother-

apies have fluorescent properties at the same wave-
length (eg, doxorubicin).

Primary outcome measure
Diagnostic yield (defined as the proportion of patients 
in whom the bronchoscopic procedure results in a defin-
itive diagnosis (either malignant, specific benign or 
non-specific benign confirmed as benign in follow-up), 
relative to the total number of patients that underwent 
the diagnostic bronchoscopic procedure). If patients with 
multiple lesions are included, the diagnostic yield will be 
computed per nodule.

Secondary outcome measures
1.	 Diagnostic sensitivity for malignancy (defined as the 

proportion of patients in whom the bronchoscopic 
procedure diagnoses malignancy relative to the total 
number of patients with a final diagnosis of malignan-
cy as determined by the reference standard).

2.	 Diagnostic yield according to the strict definition by 
Vachani et al21 (defined as the proportion of patients 
in whom the bronchoscopic procedure results in a de-
finitive diagnosis (either malignant or specific benign 
diagnosis), relative to the total number of patients that 
underwent the diagnostic bronchoscopic procedure).

3.	 Procedure duration (from bronchoscope insertion un-
til removal).

4.	 Percentage of patients in which the needle was fine-
tuned (defined as moving the needle within the same 
distal airway) or repositioned (defined as the selection 
of a different distal airway for tissue sampling) based 
on nCLE feedback (defined as the number of patients 
the needle was fine-tuned/repositioned divided by the 
total number of patients in which nCLE imaging was 
used).

5.	 Fluoroscopy radiation time and dose.
6.	 Diagnostic yield of ROSE (defined as the proportion 

of patients in whom ROSE resulted in a classifying di-
agnosis (malignant or specific benign diagnosis), rela-
tive to the total number of patients).

7.	 The proportion of patients in which ROSE provided 
tool-in-lesion confirmation, meaning that the acquired 
tissue shows signs of a malignant or non-malignant 
diagnosis and was not related to airway/lung paren-
chyma sampling such as bronchus epithelium/blood 
contamination, and tissue not suitable for a specific 
diagnosis such as atypical cells.

8.	 Complication rate (defined as any complication or 
complication categories occurring during or directly 
after the bronchoscopic procedure or any procedure-
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related complication within 1 week after the proce-
dure).

9.	 Requirement of additional diagnostic procedures (CT-
guided transthoracic biopsies, surgical diagnostics 
and/or additional bronchoscopy) during the 6-month 
follow-up period.

Exploratory endpoints
As an exploratory endpoint, we aim to identify poten-
tial new nCLE image characteristics for malignant and 
benign pathologies. We will also create an algorithm for 
automated nCLE criteria recognition using machine-
learning or deep-learning methods.

Outcome parameters
Box 1 shows the baseline patient characteristics and corre-
sponding procedural information that will be collected 
at the time of study inclusion, during the procedure and 
6-month follow-up period.

Investigational product
The Cellvizio CLE system with the corresponding 
AQ-Flex 19 miniprobe (Mauna Kea technologies (MKT), 
Paris, France) is the investigational medical device of this 
study. The probe has a compatible operating diameter of 
0.91 mm, a resolution of 3,5 µm, a penetration depth of 
40–50 µm and a maximum field of view of 325 µm. The 
device and corresponding probes are CE-marked and will 
be used for the intended purpose.22

The technique uses a laser beam (488 nm) focused by 
an objective lens to illuminate the tissue, with the illumi-
nation focus at a predefined depth. The light strikes the 
tissue resulting in fluorescent light emission back from 
autofluorescent structures such as elastin in the airways 
or an exogenous fluorescent dye such as fluorescein, a 
contrast dye used for nCLE imaging in the lung. Light 
originating from the focal layer is focused by the objec-
tive lens at the opening of a pinhole and detected while 
light from out-of-focus layers is rejected by the pinhole. 
This results in high-resolution imaging of individual cells 
and structures at a specific point with limited influence of 
(scattered) light from out-of-focus areas.22

STUDY PROCEDURES
Conventional diagnostic bronchoscopy (control group & 
intervention group)
The following procedure will be performed routinely 
(regardless of study participation): Bronchoscopic proce-
dures will be performed by experienced pulmonologists 
specifically trained in navigation bronchoscopy and 
nCLE-imaging. All procedures are performed according 
to institutional practice, usually on an outpatient basis. 
Patient preparation and sedation will be done according 
to institutional practice and might include propofol or 
midazolam sedation and the use of topical anaesthesia. 
Vital parameters will be monitored during and after the 
procedure.

Systematic bronchoscopic inspection of the airways will 
be performed, followed by r-EBUS imaging (guide sheath 
optional) to select the distal airway with the highest prob-
ability of reaching the lesion. The use of fluoroscopy, 
EMN, VB or ultrathin bronchoscope is optional if regu-
larly used at that institution. CBCT navigation with or 
without augmented fluoroscopy and robotic bronchos-
copy will not be used in patients included in this trial. 
Bronchoscopist may use these techniques after following 
all actions related to this protocol while ensuring tissue 
samples are processed separately. Transbronchial needle 
aspirations (TBNA) using the 18G FleXNeedle (Broncus 
Medical, San Jose, SA) and (cryo)biopsies will be 
performed to acquire tissue for pathological evaluation 

Box 1  Data to be collected

Patient characteristics
Age.
Sex.
BMI.
Smoking history.
Patient cancer history.
Family history of lung cancer.

Preprocedural (PET) CT scan lesion characteristics
CT scan quality (slice thickness).
Size (largest diameter).
Localisation (segmental level).
Lesion appearance/nodule type (solid, non-solid/ground glass, partially 
solid).
Bronchus sign (present(concentric/eccentric)/absent/insufficient CT 
scan quality).
Spiculation sign (present/absent).
Emphysema (present/absent).
PET uptake (not performed/no uptake/faint (SUV<1)/moderate (SUV 
1–2.5) /intense (SUV>2.5)).

Intraprocedural information
r-EBUS sign (eccentric, concentric, absent).
Location of tissue sampling (lung segment).
nCLE image observations (for every needle pass).
Needle fine-tuning and repositioning done (for every needle pass).
Sampling techniques used (TBNA, (cryo)biopsy, brush).
ROSE results of tissue sample (if available).
Bronchoscopy start and end time.
Fluoroscopy duration.
Additional procedures performed (eg, EBUS/EUS-B/etc).
(Serious) complications.

Postprocedural information
(Serious) complications (up to 1 week week after the procedure).
Final pathological diagnosis (cytology and/or histology).
(Additional) Diagnostic follow-up procedures needed (eg, transthoracic 
needle biopsies, surgery, additional bronchoscopy, follow-up imaging) 
including (altered) diagnosis and/or results of follow-up CT-scans of the 
lesion(s).

BMI, body mass index; nCLE, needle-based confocal laser endomicroscopy; 
PET, positron emission tomography; r-EBUS, radial endobronchial ultrasound; 
ROSE, rapid on-site evaluation; SUV, standard uptake value; TBNA, 
transbronchial needle aspiration.
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(a recommended minimum of three TBNA and three 
biopsies). During the bronchoscopic workup, some of the 
cytological aspirations will be evaluated on site (ROSE) 
and the representativeness of the samples will be reported 
to the bronchoscopist. ROSE will always be performed for 
the first TBNA pass. For the following passes, the bron-
choscopist decides if it is indicated.

Addition of nCLE imaging (intervention group)
The same procedure will be performed as described 
above for the patients randomised to the intervention 
arm, except for the addition of fluorescein administra-
tion and nCLE imaging before TBNA. Prior to the proce-
dure, an 18G needle is preloaded with the CLE probe 
(AQ-Flex 19 Miniprobe, MKT, Paris, France). The CLE 
probe is advanced through the needle until the probe is 
positioned approximately 4 mm past the needle tip and 
secured using a locking device to maintain the probe 
position relative to the needle tip.

After determining the sample location based on r-EBUS 
and/or fluoroscopy, fluorescein (2.5 mL of 10% fluores-
ceindinatrium solution) is administered intravenously. 
Then, the preloaded 18G needle punctures the target 
area, followed by the insertion of the CLE probe through 
the biopsy needle for real-time microscopic feedback. In 
case nCLE visualises airway or lung parenchyma, indi-
cating a near-miss, the biopsy needle is fine-tuned (ie, the 
needle is moved within the same distal airway) or repo-
sitioned (ie, a different distal airway is chosen). If nCLE 
demonstrates that the biopsy needle is placed within the 
lesion, the CLE probe is removed from the biopsy needle 

while holding the needle in position, followed by tissue 
sampling at the same location (repeated for at least three 
TBNAs). A flow chart of the procedure steps for both the 
conventional bronchoscopy and the nCLE-guided bron-
choscopy is shown in figure 2.

nCLE image interpretation
The airway and lung parenchyma nCLE criteria as 
described by Kramer et al18 will be considered as ‘out-
of-lesion’ criteria indicating mispositioning of the 
needle. Currently known criteria for ‘tool-in-lesion’ are 
malignancy criteria and granuloma criteria.18 19 23 nCLE 
images will be interpreted during the procedure by the 
performing bronchoscopist and their team. Additionally, 
all videos are rated postprocedure by blinded raters of 
the initiating centre to establish a ground truth interpre-
tation of the images.

Pathological examination
The cytological and histological examination will be done 
according to standard hospital procedure. In case the 
bronchoscopic procedure is considered non-diagnostic, 
additional procedures (transthoracic needle aspiration, 
surgical procedure, etc) could follow to obtain a definite 
diagnosis. Results of the nCLE imaging do not influence 
the indication for additional diagnostic procedures. If a 
surgical procedure is indicated, the histological images 
will be collected to compare this with the nCLE imaging.

In this study, the final pathological diagnosis will be 
subdivided into four categories as described by Vachani 
et al,21 namely (1) malignant, (2) non-malignant, which 

Figure 2  Procedure flow chart for control and intervention group (without and with nCLE). Fluorescein administration is 
only done once before the first puncture. EBUS, radial endobronchial ultrasound; EMN, electromagnetic navigation; nCLE, 
neelde-based confocal laser endomicroscopy; PET, positron emission tomography; ROSE, rapid on-site evaluation; TBNA, 
transbronchial needle aspiration; VB, virtual bronchoscopy.
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is divided into specific benign (including granuloma-
tous, infectious and lymphocyte-predominant patterns) 
or non-specific benign (eg, inflammation) and (3) 
non-diagnostic (ie, insufficient material for classifying 
diagnosis or in case atypical cells could not be classified 
further).

REFERENCE STANDARD
For the primary outcome, diagnostic yield will be calcu-
lated using the intermediate method described by 
Vachani et al.21 The above-mentioned final pathological 
diagnosis categories will be used regardless of the results 
of the reference standard, except for initial non-specific 
benign diagnoses. In these cases, results from the refer-
ence standard will be considered. If the initial benign 
diagnosis is confirmed benign in follow-up, the broncho-
scopic procedure will be considered diagnostic.

For the calculation of diagnostic sensitivity, malignant 
cases identified by the procedures under investigation 
will be considered as true positive since false positive 
results (almost) never occur. Benign (either specific or 
non-specific) and non-diagnostic samples will undergo a 
reference standard, which can be a subsequent sampling 
method such as transthoracic needle biopsy or surgery. 
Alternatively, if no subsequent sampling method is 
performed, clinical and radiological follow-up at 6 
months is considered the reference standard. If follow-up 
CT imaging shows regression or resolution of the nodule 
or in case a nodule remains stable, it will be consid-
ered as a confirmation of non-malignant diagnosis (ie, 
true negative). Cases that are benign (either specific or 

non-specific) or non-diagnostic at the index bronchos-
copy will be considered false negative if a malignancy 
diagnosis is established by the reference standard or if 
therapeutic procedures are done without confirmation 
of diagnosis. Figure 3 gives a schematic overview of the 
calculation methods of diagnostic yield and sensitivity for 
malignancy.

Informed consent procedure
Patients will be recruited by their treating physician. If 
the patient is willing to receive more information about 
study participation, information will be provided by the 
local investigator. The eligible participants will have suffi-
cient time to consider their consent. Written informed 
consent must be provided before any study-related proce-
dures take place. The English template of the informed 
consent is provided as online supplemental file. After 
informed consent, patients will be randomised using 
Castor EDC software and assigned to the control or inter-
vention group. The bronchoscopy will then be performed 
according to the study protocol. In case patients decline 
participation in the study, they will be treated to the usual 
local clinical practices and guidelines.

Quality assurance
Only experienced pulmonologists will perform the proce-
dures to ensure high-quality bronchoscopic procedures. 
Additionally, all participating centres will be trained 
in the use of the CLE Cellvizio device and to maintain 
homogeneous quality of the nCLE image acquisition and 
interpretation over all centres. Training entails theoretic 

Figure 3  Flow chart explaining calculation methods of diagnostic yield and sensitivity of malignancy. FN, false negative; ND, 
non-diagnostic; NSB, non-specific benign; SPB, specific benign; TN, true negative; TP, true positive.

https://dx.doi.org/10.1136/bmjopen-2023-081148
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and practical training by the initiating centre with exten-
sive nCLE experience and MKT representatives.

Sample size justification
Based on previous studies and meta-analyses, we expect 
the diagnostic yield in patients with a lesion <30 mm in 
the conventional bronchoscopy arm to be 62%.24 25 We 
hypothesise that additional nCLE guidance in the inter-
vention arm will result in a diagnostic yield of 80%. In 
total, 198 patients are needed to show that nCLE guid-
ance results in a diagnostic yield that is 18% point higher 
than the conventional bronchoscopy arm (alpha=0.05 
and power=0.80). Taking into account a 5% study 
drop-out, a total of 208 patients will be included. We 
believe an increase in the diagnostic yield (from 62% to 
80%) demonstrates a clinically relevant improvement in 
lung cancer diagnosis.

Data analysis
 

Results for continuous variables will be expressed as 
means and SDs or medians with IQRs. Categorical vari-
ables will be expressed as frequencies and percentages. 
The χ2 test will be used to compare diagnostic yield 
(or other comparisons between categorical variables) 
between the two randomisation groups. Continuous vari-
ables will be compared using Student’s t-test or Mann-
Whitney U tests. A two-tailed p<0.05 will be considered 
statistically significant. All analyses are done based on 
an intention-to-treat approach, meaning that patients 
are analysed as part of the intervention group they were 
assigned to, even if nCLE imaging was not executed in 
a patient in the intervention arm due to unforeseen 
circumstances. These specific cases will be reported in the 
manuscript. Patients not undergoing the planned bron-
choscopy procedure after randomisation are excluded 
from the analysis. Patients with missing outcome data 
will be excluded from analysis. Patients with incomplete 
essential follow-up information will also be excluded 
from the calculation of diagnostic sensitivity. However, 
we will also calculate diagnostic sensitivity based on a 
‘worst-case scenario’, in which these patients are consid-
ered false negatives. For the primary outcome, subgroup 
analysis will be performed for several lesions and proce-
dural characteristics (lesion size (≤20 mm vs >20 mm), 
radial EBUS image (eccentric vs concentric vs absent), 
location (upper lobe (without lingual) vs middle lobe/
lingual vs lower lobe), pretest probability that the nodule 
is cancerous (<10%, 10%–35%, 36%–70% and >70%) 
based on the Brock score.26

Protocol amendments
Substantive protocol amendments will be assessed by the 
METC Amsterdam UMC. A substantial amendment is 
already incorporated in this publication. In the course of 
subject screening, it was observed that certain patients, 

integral to the population that could potentially benefit 
from nCLE, were excluded. Initially, the presence of a 
positive bronchus sign was obligatory. After inclusion of 
12 patients, we also include patients if the bronchosco-
pist has estimated confidence for successful navigation to 
the nodule resulting in a r-EBUS signal without a clear 
bronchus sign on chest CT. As only 5% of patients were 
included at a single centre at the moment of the change, 
effects on the outcomes are negligible. In the event of 
other substantial amendments, all changes with a ratio-
nale will be reported in future publications arising from 
this protocol.

Patient and public involvement
There was no patients or public involvement in the 
design of this study. An original research manuscript will 
be prepared to present the study results.

ETHICS AND DISSEMINATION
The CLEVER study will be conducted in accordance with 
the Declaration of Helsinki (64th WMA General Assembly, 
Fortaleza, Brazil, October 2013) and the Medical Research 
Involving Human Subjects Act (WMO, The Netherlands) 
principles. To date, the Medical Ethical Committee 
of the Amsterdam UMC (NL83257.018.22), Athens 
Chest Hospital (21583/25-08-23) and General Univer-
sity Hospital in Prague (č.j. 143/23 S) have approved 
the study. All participating sites will obtain local ethical 
approval prior to starting inclusions. Written informed 
consent will be obtained prior to randomisation and any 
study-related procedures. In case of major changes to the 
protocol, the ethical review board will be notified, and it 
will be communicated with all participating centres and 
registered on ​clinicaltrials.​gov.

Data management and safety
After informed consent, the patient will be given a 
code. This code will be used on all (pseudonymised) 
data, including CLE images and eCRF data. Castor EDC 
ecosystem (International Organization of Standardiza-
tion 27001 and 9001 certified) will be used to collect key 
patient information described in outcome parameters. 
The key to the code is safeguarded by the local principal 
investigator and access to all records is limited to directly 
involved researchers. The coordinating investigator will 
centralise patients’ data, and principal investigators will 
have direct access to their own site’s data sets and to other 
sites’ data on reasonable request. All principal investi-
gators will maintain records, including signed patient 
informed consent forms and information on adverse 
events (AEs).

Data management of all data (collection, storage and 
analysis) will be done according to the local data manage-
ment plan. All records will be stored for a period of 15 
years following the completion or termination of the 
study. Monitoring will be done according to a monitoring 

http://www.hoejetypt.nl/letter/Kleine%20letter%20c%20met%20hacek
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plan with specific attention paid to informed consent, 
completion of the eCRF, and storage of CLE video data.

Patient safety and AEs
The study was deemed a negligible risk study (according 
to the Nederlandse Federatie van Universitaire Medisch 
Centra (NFU) descriptions) by the ethical committee 
of the Amsterdam UMC. Previous study publications 
showed that nCLE-imaging and intravenous fluorescein 
administration are safe.27 Fluorescein adverse reactions 
are rare and mostly mild in nature. No study-related AEs 
occurred in the prior bronchoscopic nCLE studies in the 
Amsterdam UMC.18 19 Estimated prolonged endoscopy 
time due to study participation is approximately 10 min. 
Patients will not be aware of this as they will already be 
sedated for the bronchoscopic procedure.

In case any (serious) AE ((S)AE) occur during the 
procedure or up to 1 week after the procedure, the 
sponsor will register SAEs through the web portal Toets-
ingonline to the accredited METC that has approved the 
protocol. AEs are defined as any undesirable experience 
occurring to a subject during the study, whether or not 
considered related to the trial procedure. The severity 
and possible relatedness to the investigational product 
or the procedure will be documented. Investigators 
of the participating centres will report all SAEs to the 
coordinating and principal investigator of the initiating 
site. Reporting of SAEs that result in death or are life-
threatening will be done within 7 days after initial identi-
fication, followed by a period of a maximum of 8 days to 
complete the preliminary report. All other SAEs will be 
reported within 15 days after first knowledge of the SAE.

Annual progress report
The sponsor will ensure that a progress report is submitted 
to the medical ethics committee once a year. Informa-
tion on the start date of inclusion, number of subjects 
included to date, number of subjects that have completed 
participation, SAEs and amendments.

Dissemination
We aim to publish the study results in a peer-reviewed 
journal. Reporting will be in line with Consolidated Stan-
dards of Reporting Trials and Standard for Reporting 
Diagnostic Accuracy (STARD) 2015 reporting guide-
lines.28 29

DISCUSSION
In this multicentre, investigator-initiated, randomised 
controlled trial, we aim to determine if the addition of 
nCLE-imaging to bronchoscopic peripheral lung lesion 
analysis results in an improved diagnostic yield.

Since there is still is a gap between the success rate of 
navigating the tissue sampling instrument towards the 
target lesion and the final diagnostic yield, there is a need 
for real-time tool-in-lesion confirmation. The addition of 
high-resolution microscopic nCLE imaging at the tip of 

the needle could potentially lead to a decrease in mispo-
sitioning rates and an improved diagnostic yield. As a 
result, fewer patients would need additional diagnostic 
procedures such as transthoracic needle biopsy or surgery, 
which are more invasive and have higher incidences 
of complications such as pneumothorax and haemor-
rhage.30 Previous smaller studies have already shown that 
nCLE is safe, and raters can distinguish different image 
characteristics with high accuracy. On top of that, it has 
also been demonstrated that fine-tuning the needle based 
on these image characteristics is often done, even when 
navigation to the lesion is successful.18–20 However, nCLE 
image interpretation remains subjective and challenging, 
especially when interpreting images live in the bronchos-
copy suite. As described by Tian et al,31 the role of artificial 
intelligence might be important to make the technique 
routinely implementable in clinical practice. An explor-
atory endpoint of this study is to develop a deep-learning 
network for automated image interpretation. This is the 
first step towards easier, quicker and reproducible image 
interpretation.

Current literature on nCLE imaging for this purpose 
remains limited to smaller patient groups and the clin-
ical benefit remains to be demonstrated. The results of 
the CLEVER study provide a formal comparison between 
conventional image-guided diagnostic bronchoscopy and 
conventional bronchoscopy with the addition of nCLE in 
a large randomised patient group. The results of this trial 
will clarify the added benefit of nCLE for bronchoscopic 
diagnosis of peripheral lung nodules and identify which 
patients could benefit from the use of this technique.
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