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NBI study Fielding.
Protocol v 4.0 14 April 2021 
Head and neck cancer Surveillance using a single NBI procedure and CT chest with computer aided diagnostics.
Introduction Head and neck cancer patients have a very high risk of developing second primary Head and Neck (H&N) cancer and lung cancer. This has a devastating impact on their survival. New methods to improve early detection of these cancers are now well established. These include high definition nasendoscopy and bronchoscopy with Narrow Band Imaging (NBI) and Low dose CT chest. The proposed study will seek to apply lung cancer early detection methodologies used in large published studies to this cohort who are at exceptionally high risk of developing lung cancer and second primary H&N Cancer. In so doing it seeks to guide surveillance strategy decision making. It seeks to not only confirm a high prevalence of second primary cancer up to 5 years and beyond after H&N treatment in asymptomatic patients but also to demonstrate an ability to detect treatable early disease, in particular by the benefits of NBI over conventional white light airway inspection. It will also seek to use just one procedure (not 2) to inspect the airways – namely the upper airway including the larynx, as well as the bronchus. High definition images and NBI appearances of early cancer have very similar appearances in both regions facilitating the dual search for cancer in one procedure. The study will also look at the costs and patient impacts of doing this and compare costs of treatment of the new early cancers to existing costs of treating second primary lung cancer when they present at a late stage.
Laryngeal cancer and second primary disease Worldwide, there are 159,000 new laryngeal cancer diagnoses and 90,000 deaths annually [1]. For early (stage I and II) laryngeal cancer radiotherapy and transoral laser microsurgery are accepted treatment options. Open partial surgery or supraglottic laryngectomy may have a role in selected tumours. [2].
Regular post-treatment follow-up has become an essential part of the care of patients after potentially curative treatment of head and neck (H&N) cancer . [3] In general, the intensity of follow-up is greatest 4 years, since approximately 80 to 90 percent of all recurrences after curative intent treatment will occur within this timeframe. Continued follow-up beyond five years is generally suggested since the risk of recurrence remains elevated beyond the first five years and out to 10 years, especially for cancers of the hypopharynx, and larynx,  and for second primary malignancies. [4]
The incidence of multiple primary tumors in this population can be as high as 27%.[9] H&N cancer patients are at risk of such lesions due to field change disease, the effect of cigarette smoke on the genetics and morphological structure of the entire aerodigestive tract mucosa.[5   ] Because of this panendoscopy is done prior to definitive treatment[5].  The objective is to find mucosal disease at other sites within the aerodigestive tract as well as to better stage the known primary.  CT and PET-CT are also done in particular to look for occult cancers of the lung, as well as regional nodal involvement[6,7].  Then, after the third year following definitive treatment the diagnosis of a second primary tumor becomes the most important cause of morbidity and mortality in H&N cancer patients. Most second primary tumors occur in the H&N (40%-59%), lung (31%-37.5%), and esophagus (9%-44%). Patients who develop second primary tumor have a significant reduction of survival expectancy. [8] In a large cohort study, for example, mean survival after detection of events (154 recurrences, 58 second primaries, and 56 distant metastases) was significantly improved with routine follow-up as compared to self-referral (58 versus 32 months) in 428 patients undergoing routine surveillance after curative-intent treatment[8].

Surveillance strategies There is considerable variation in guidelines on the way follow-up should be done. National Cancer Comprehensive Network Guidelines state that follow-up should be 3-6 monthly for 3 years after H&N treatment , and thereafter up to 10 years every 6 to 12 months. This includes clinical and white light nasendoscopy examination as indicated by symptoms. Xrays and CT are not routine.  By contrast others authorities recommend yearly CT chest, particularly in high risk cases such as ongoing smokers[9,10]. Low-dose chest CT scan is only recommended every one to two years by others [3]. 
Post-treatment surveillance may be most effective in patients who initially had limited disease and who retain an option for future curative therapy, such as those with T1 and T2 tumors who received single modality surgery or radiation therapy [8,11]. In one report, 87 percent of those who survived two years or longer after retreatment had initially T1 or T2 tumors, and only 30 percent had node-positive disease [11]. Despite high compliance with recommended surveillance, survival remains poor for patients who were previously treated for advanced stage disease or who present with regional recurrence[8].
Role of Narrow Band Imaging- an improvement on conventional airway inspection “Mucosal surveillance” for tumors involving the oropharynx, hypopharynx, or larynx, routine fiberoptic pharyngoscopy/laryngoscopy is regularly undertaken by some authorities.In a paper titled “'Biologic endoscopy': optimization of upper aerodigestive tract cancer evaluation.”, Piazza et al describe new techniques as pert of mucosal evaluation in these patients. An important one is Narrow Band Imaging (NBI) [14]. A related but less specific method is autofluorescence bronchoscopy which we published in in 2010[25].. As commented by Piazza, these methods are “ the first-line examination and most reliable way to get precise bidimensional assessment of the superficial extent of a squamous cell cancer arising within the H&N. Its role as the cornerstone at each diagnostic step in the evaluation of head and neck cancer patients, in both treatment and follow-up, cannot be overemphasized. These aids attempt to assist the surgeon in achieving a more reliable distinction between normal and neoplastic or precancerous mucosa, within a wide range of inflammatory and iatrogenic modifications.” Presently despite these recommendations very few centres perform regular NBI examinations in these patients.
NBI has been in use since 2003 [14]. It is technically no different to a standard bronchoscopy; only the use of different coloured light gives it its useful features. NBI bronchoscopy was developed with the aim of improving the bronchoscopist’s ability to see very thin abnormal areas which would otherwise go undetected. Even the best bronchoscopist can only detect carcinoma in situ 30% of the time; often these lesions go completely undetected with standard “white light”[14]. It is the same as a standard bronchoscopy from the patient’s perspective - done on an outpatient basis under light sedation using local anaesthetic on the airways to reduce cough. The flexible bronchoscope is 5 mm in diameter; when abnormal areas are seen small samples (biopsies) are taken through the scope. The scope can view the oral cavity, larynx, and bronchial tree in high definition NBI views.

What is NBI  ? 
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[image: image2.emf]NBI displays small mucosal capillaries by a fluorescence method- in severe dysplasia or worse these capillaries have definite characteristic features which direct biopsies to be taken at that area. The capillary changes are due to early neovascularisation in pre malignant tissues. No fluorescing drugs are needed for this effect to be demonstrated. Narrow band imaging (NBI) uses two narrow bands of light, one at 400-430nm and the second at 525-555nm to only minimally penetrate the superficial mucosa and enhance the early abnormal angiogenesis seen in premalignant and malignant lesions. Zubrodsky et al demonstrated the increasing role of NBI in H&N surveillance with a study of post radiotherapy laryngeal and hypopharyngeal cancer patients.[17] NBI demonstrated multiple lesions on NBI which were invisible on white light. NBI nasendoscopy was also able to distinguish recurrent cancer from radiation tissue effects. A direct formal comparison with white light appearance was not made. The accuracy, sensitivity, specificity, and positive and negative predictive value of the method were very high (88%, 92%, 76%, 96%, and 91%, resp.).  In the bronchus, NBI has been shown to be more specific than AF without compromising sensitivity[16].We demonstrated the added benefits of NBI in this region in 2 studies, the first of which was descriptive [18 ] . We then formally compared the addition of NBI to white light as well as to autofluorescence. We found first of all the sensitivity of white light was only 14% improving to 78% with NBI. We also showed that NBI was much more specific than autofluorescence.[19 ] Note our study will just use NBI because we and other authors have shown greater specificity of NBI with no loss of sensistivity and NBI is widely available whereas autofluorescence is not.

NBI has been most extensively investigated in the gastrointestinal tract [20]. Visual interpretation of NBI images based on microvascular based measures has a high diagnostic accuracy in both the colon and Barrett's oesophagus. In the H&N, the largest series found improved diagnostic accuracy, sensitivity and negative predictive value over white light for the detection of early superficial SCCs in patients with known oesophageal cancers[21]. 

NBI and the goal of early detection  Preneoplastic proximal lesions as detected by NBI bronchoscopy are not detected by chest CT but are “curable”. The strength of CT lies mainly in its ability to detect peripherally situated nodules . Most of these are adenocarcinomas. Central lesions are more commonly squamous cell carcinomas. Standard bronchoscopy is used to make a tissue diagnosis when these are big and obvious. However pre neoplasias and microinvasive carcinomas in central regions are often not detectable by standard bronchoscopy and need NBI bronchoscopy[20]. For preneoplasia, diagnosis is usually made by histological examination of bronchoscopic biopsies, aided by NBI bronchoscopic localisation. 
There is increasing evidence that most severe dysplasias and particularly carcinoma-in-situ (preneoplasia) become invasive cancers [23, 53].  Most authorities now agree that CIS needs to be aggressively treated as progression to invasive cancer is very likely. The frequency with which severe dysplasia progresses to invasive carcinoma is between 35% and 40% [21-3]. 

In the large series of 538 patients Hsu[9] reported post operative surveillance results. Seventy –seven patients (14%) developed a second primary malignancy(SPM). Half were in the head and neck region and half elsewhere, of which 60% were in the lung. These non H&N SPMs had a significantly worse overall survival than H&N SPMs, (29% vs 39%, p = 0.01). This most likely related to the detection of lung cancers in more advanced stage, as Xrays were only done if chest symptoms occurred. 

By contrast Bertrand[25] reported 60 cases followed up after past H&N cancer using fluorescence bronchoscopy and CT. Four lung cancers were found, all of which were curable, Stage 1A. 

Lee [29] reported followup of 51 patients 5 years after Head and neck surgery also using fluorescence bronchoscopy and CT. There were 26 second primary cancers in the lung. Twelve (a third) were in the bronchus and the rest found on CT. Of the bronchus cases, 5 were very early stage (in situ) and cured by simple endobronchial ablative therapy. Indeed all bronchial cancers were picked up by fluorescence bronchoscopy and of the SPM lung cancers 90% were early stage and 81% underwent surgery for treatment. 

Dhooge [28] reported that 82% of SPM patients presented with symptoms, indicating an advanced stage of the SPM. Routine CXR only found 34% of Pulmonary SPMs in 1 series, again indicating detection of advanced cases.

The advantage to detection of these early forms of lung cancer is that curative treatment can be done in a minimally invasive way without surgery [20]. Because they are only 1 or 2 mm thick and less than 1 cm in length, small probes can be passed down a bronchoscope and used to ablate the tumours. Methods include diathermy, photodynamic therapy, brachytherapy and cryotherapy. These are easily performed by experienced bronchoscopists. At RBWH we use diathermy and Argon Plasma Coagulation.

Loewen [22] et al conclude that “existing current evidence does suggest that early central lung cancers generally have favourable survival characteristics, even when treated with endobronchial therapy. For this reason we believe that the early detection of curable central lung cancer with fluorescence bronchoscopy should be used in lung cancer surveillance algorithms in high risk patients”. Furthermore “the rate of cancer detection with this bronchoscopy exceeds the cancer detection rate of colonoscopy surveillance in patients with positive faecal occult blood”.

 How safe is NBI bronchoscopy ?:  In Dr Fielding’s series of over 1000 cases of NBI and fluorescence bronchoscopy there have been no serious adverse events. Also in over 1500 cases in the literature there have been no serious adverse events [28-31].  In the largest prospective study assessing complications from 908 patients having a bronchoscopy with the same sedation as for  NBI, there was one death (0.1%) and 4 major complications occurred in 1.7% of procedures ( most of which would be more complex than NBI bronchoscopy)[21] In combined retrospective series /surveys on over 160 000 patients the reported deaths were 0.025%- 0.04%, with major complications between 0.25% and 3.4% [22]. Again these included a wide range of procedural complexity. In probably the most comparable paper for the proposed study in a series of 1150 patients having fibreoptic bronchoscopy in intensive care there were no deaths [31]. NBI bronchoscopy adds about 2 minutes on average to a standard bronchoscopy which usually takes 10 minutes [6]. At bronchoscopy risks can arise from biopsy of large tumours which can bleed, however because lesions in NBI bronchoscopy are very thin there is virtually nil risk of significant bleeding. Also, standard preoperative workup includes an assessment of bleeding tendency. Patients with chronic bronchitis and emphysema can undergo bronchoscopy safely provided careful assessment is undertaken beforehand to ensure there is no current exacerbation ( in which case the procedure is delayed) and often nebulised bronchodilators can be given immediately beforehand to improve tolerance. Monitoring of oxygen saturation, blood pressure and ECG is done at all times in all patients [24].

In a recent study of surveillance bronchoscopy using fluorescence (technically identical to NBI) Loewen et al reported that “We found that florescence bronchoscopy was well tolerated as a minor outpatient procedure even in high risk patients, consistent with other investigators. Patients in our cohort were generally willing to undergo a repeat procedure if necessary.” [20]

Whereas there is no guideline on the routine use of NBI bronchoscopy in those at high risk of lung cancer (for example heavy smokers and those with asbestos exposure) past clinical studies of the efficacy of NBI bronchoscopy have shown these cases to have the highest incidence of abnormal bronchial mucosal biopsies showing dysplasia/carcinoma in situ[16]. Such patients are therefore often included in the type of detailed prospective study we are proposing.

Experience of NBI and Autofluorescence at RBWH, including combined procedures inspecting the H&N and the bronchus In our first published series of fluorescence bronchoscopy at panendoscopy we showed a 6% pick up of lesions which required change of management prior to treating the main known tumour [18]. In a subsequent series comparing NBI to autofluorescence (AF) we showed that NBI was more specific and had a similar yield. Both AF and NBI were more sensitive than white light in the H&N and bronchus regions for detecting additional lesions to the primary carcinoma. [ 19  ]   NBI was more specific than AF in both regions (p=0.003). 12/73 (16.4%) of patients had additional findings that directly impacted on immediate management.
Endbronchial cryobiopsy as part of NBI procedures

Using a conventional forceps can lead to crush artefacts of the small endolumenal biopsies. An alternative type of biopsy is a cryobiopsy which freezes and removes a tiny amount of tissue on the surface ( diameter 1.1mm) Crush artifacts and tissue bleeding can be avoided while the morphological structure of the specimen remains intact. Since the target tissue can be frozen to the cryoprobe frontally and tangentially, a biopsy is also possible in hard to reach target areas.
In a randomised study [52] of endobronchial biopsy using cryoprobes, a total of 593 patients were randomised, of whom 563 had a final diagnosis of cancer. 281 patients were randomised to receive endobronchial biopsies using forceps and 282 had biopsies performed using a flexible cryoprobe. A definitive diagnosis was achieved in 85.1% of patients randomised to conventional forceps biopsy and 95.0% of patients who underwent cryobiopsy (p<0.001). Importantly, there was no difference in the incidence of significant bleeding. Endobronchial cryobiopsy is a safe technique with superior diagnostic yield in comparison with conventional forceps biopsy.
We will make a comparison of the quality of the cryobiopsies versus forceps biopsies using the methodology described in this paper:

Ahmed Ehab et al.  Adv Respir Med 2017;85(6):301-306.Cryobiopsy versus forceps biopsy in endobronchial lesions, diagnostic yield and safety. Introduction: This study aimed to evaluate the safety and diagnostic yield of CB in comparison to forceps biopsy in endobronchial lesions. Material and methods: Patients with suspected endobronchial lesions were enrolled. Two forceps biopsies and one cryobiopsy were done in the same patient with randomized sequence. The largest diameter of the samples was measured in mm by electronic caliper. Diagnostic yield of each technique and postbronchoscopy bleeding were evaluated. Results: Samples obtained by CB was significantly larger than that of the forceps biopsy (5.9 ± 2.3 vs 2.5 ± 0.8), (p = 0.001). Diagnostic yield of CB was significantly higher than forceps biopsy 74.5% versus 51.1% (p = 0.001). Mild and moderate bleeding grades were reported in both techniques with no significant difference (p = 0.063) (p = 0.5) respectively. Severe bleeding was not recorded in both techniques. Conclusions: CB represents a safe and effective tool to obtain a larger tissue samples of a good quality with higher diagnostic yield in comparison to standard forceps samples. On the other hand, bleeding occurred more frequently after CB than forceps biopsy. However, without severe adverse effects
Other studies of NBI Herth et al published a multicentre study of bronchoscopic NBI. [15] Sixty-two patients with a mean age of 56.2 +/- 9.8 years were studied. Five patients had invasive cancers and were excluded from the analysis. The remaining 57 cases had a 30% prevalence of intraepithelial neoplasia. The sensitivity of WLB was 0.18 and the specificity was 0.88. The relative sensitivities (compared with WLB) of AFI and NBI were 3.7 (p = 0.005) and 3.0 (p = 0.03), respectively. The relative specificities of AFI and NBI were 0.5 (p < 0.001) and 1.0 (p = 0.72), respectively. Combining AFI and NBI did not increase diagnostic yield significantly. The sequence of performing AFI and NBI did not impact findings.
Fluorescence Bronchoscopic techniques (NBI and AFI) detect lesions which are invisible to CT. Evaluation of the central airways is important as revealed in a study combining bronchoscopic surveillance in addition to CT chest. [32] In that study 25% of detected cancers were radiologically occult, emphasizing the limitation of CT scan in detecting central carcinoma in situ or microinvasive carcinoma. 70% of squamous cell cancers were CT occult. This group concluded the benefit of bronchoscopic surveillance was very important in patients at high risk of squamous cell carcinomas, which of course includes H&N cancer patients. 
Bronchoscopically Detected Lung Cancers In the 2006 study[32] a total of seven squamous cell carcinomas in four subjects were found using autofluorescence bronchoscopy . These lesions were radiologically occult even on retrospective review of the thoracic CT scan by the study radiologist  Surgical resection was performed in two subjects, and endoscopic treatment with electrocautery/cryotherapy was used in two subjects. The one subject with multiple metachronous lesions had a lobectomy for treatment of the prevalence cancer, endoscopic treatment of the incidence cancers, and finally a completion left pneumonectomy because of persistent disease.
Relative distribution of second primary cancers depending on the site of the original H&N cancer In the series by Hsu, patients with original diagnosis of Larynx cancer, second primary malignancy (SPM) of the lung and larynx made up 55% of the total. In contrast in the patients with original cancer of the Tongue, none of the second primary cancers were in the lung or larynx. As such the SPMs in the larynx cases occurred in the “respiratory axis”. There was a significantly worse overall survival for those with SPM after Larynx and Hypopharynx tumours.
In patients with index tumours related to tobacco and alcohol use ( oral cavity, oropharynx and larynx), 80% of SPM were found in the oral cavity, oropharynx and larynx [4]. Conversely he also reported that where the index tumour was in hypopharynx the most frequent location of the SPM was the digestive axis, (hypopharynx and oesophagus) and where the index tumour was the larynx the most frequent SPM was larynx and lung.

Sasaki [49]reported followup after surgery for ORAL cavity tumours, and SPMs were in the neck region. In fact all were at an advanced stage and the development of SPM here had a bad prognostic impact.

Our study would therefore just include patients with cancers of the pharynx, supraglottis and larynx as they will require surveillance of the entire respiratory tract (H&N and lung)

Emphysema and lung cancer A number of studies have shown airflow obstruction (indicating emphysema) to be a risk factor for lung cancer. This is thought to be independent of the effect of the number of cigarettes smoked and suggests a combined predisposition to both emphysema and lung cancer. Skillrud [43] reported in 1986 a prospective study of 113 patients with FEV1 <70% predicted and 113 controls with FEV1>85%. The rate of development of lung cancer was significantly different in the two groups (p = 0.024): the 10-year cumulative percentage was 8.8% for cases and 2.0% for controls. Overall 10-year survival was estimated to be 74.0% for cases and 91.1% for controls (p <0.001). Others have reported similar findings [44]. Young et al [45] reported a case control study: the prevalence of COPD (pre-bronchodilator Global Initiative for Chronic Obstructive Lung Disease 2+ criteria) in patients diagnosed with lung cancer was 50% compared with 8% in a randomly recruited community control group, matched for age, sex and pack-yr smoking exposure (n = 602, odds ratio 11.6; p<0.0001). In a subgroup analysis of those with lung cancer and lung function measured prior to the diagnosis of lung cancer (n = 127), we found a nonsignificant increase in COPD prevalence following diagnosis (56-61%; p = 0.45). After controlling for important variables, the prevalence of COPD in newly diagnosed lung cancer cases was six-fold greater than in matched smokers; this is much greater than previously reported. They concluded that COPD is both a common and important independent risk factor for lung cancer. 
Can a CT screening program detect lung cancer early enough to save lives.? Yes. The National Lung Screening Trial (NLST) demonstrated a 20% reduction in lung cancer-specific mortality by screening high-risk current or former smokers in the United States using low-dose computed tomography (LDCT).[35] The NLST is the first randomized trial with adequate power and duration of follow-up to demonstrate the absolute benefits of LDCT screening. Incorporating results of the trial, the U.S. Preventive Services Task Force gave a grade B recommendation for lung cancer screening using LDCT in the United States.[36}The potential impact that lung cancer screening may have at the population-level is profound. It is estimated that in 2013, over 300,000 North Americans were diagnosed with lung cancer and approximately 200,000 died from the disease.[36,38] With such high incidence and mortality rates, screening individuals for lung cancer with LDCT has the potential to save thousands of lives. Approximately 8.6 million individuals in the United States meet the criteria for enrolment in theNLST, based on their age and smoking history.[37] 
The proposed study of surveillance of H&N cancer patients is only in a very defined cohort who are at very high risk; nonetheless cost analyses are important and need to take into account the health resource components which the cost analyses in the NSLT and Pan Canadian screening studies have highlighted[38]. These include
The cost of followup scans

The cost of additional treatment

Comparison of costs of the additional treatments to treatments which would have been applied to later staged cancers when subsequently detected.

Diagnostic imaging rates and invasive procedures triggered by "positive" screening results can vary substantially between the different screening studies.[50]The proportion of screened subjects affected by this uncertainty is considerable as data from both of the existing large randomized screening trials, (the NLST and the Dutch-Belgian Randomized Lung Cancer Screening trials) show that 20% or greater of those screened require at least one additional follow-up LDCT scan after their first baseline screening exam.[41,42] The screening programs are driven by the hypothesis that lung cancer may be cured if the disease is detected at an  early stage and that the benefits of doing so not only include reduced lung cancer mortality but also the possibility of averting potentially expensive treatment courses that are associated with low success rates in the advanced stage setting.

What is low dose CT ? Repeated and cumulative exposure to x-ray radiation from standard CT scanning can be harmful. To minimise patient risk, specific lung screening protocols, such as low dose CT have been developed.  Low dose CT (LDCT) scanning refers to the use of technology to minimise ionising radiation exposure to the patient when acquiring images of the lungs to identify early lung cancer. Pre-set scanning algorithms are used and standard scanning equipment acquires the images.  Unlike a diagnostic CT, intravenous contrast is not required, thereby minimising risk of contrast related problems and the discomfort of intravenous access. 
The resultant images provide excellent anatomical detail and can resolve nodules as small as one millimetre. Furthermore, additional information regarding the coronary calcification, bronchial wall thickening and emphysema are easily obtained.  LDCT was used in the pivotal National Lung Cancer Screening Trial, the Pan-Canadian Lung Cancer Screening Trial and is regarded as the gold standard of imaging for lung cancer screening.  Although the images obtained are excellent for screening and allow for procedural planning for bronchoscopy some abnormalities detected may require additional diagnostic imaging, including contrast enhanced CT or PET scanning. CTs can either have an obvious cancer, a nodule(s) requiring follow-up, or be normal:
CT-Detected Lung Cancers Results of the Pan Canadian CT component showed  a total of 21 primary lung cancers in 11 women and 7 men were detected by CT scan .  Most NSCLC (14 of 18) were adenocarcinoma. Overall, 78% (14 of 18) of the NSCLC was stage I. Half of the prevalence cancers (8 of 16) were large solid lesions (mean maximal long axis diameter 18 mm; range, 10 to 25 mm) that were detected on the baseline screening CT scan and received immediate investigation and resection. All cases were treated surgically, and 63% (5 of 8) were stage I. Two subjects had additional chemoradiation. 
CT Detected nodules [50-52]
Many more nodules than cancers are detected in screening programs. In this surveillance program post Head and Neck cancer we will incorporate 2 strategies developed and also utilised by the Pan Canadian screening group- (1) a risk profile for individual nodules which determines ongoing CT frequency and (2) Computer Aided Diagnostics which assist radiologists in the detection and most importantly in the followup of nodules. Regarding risk prediction Table 2 below shows published clinical and CT parameters that have helped determine a risk profile and Table 3 further expands on the clinical importance of each factor. In the appendix are details on how a risk profile of a given nodule can be derived from a numeric calculator and that the range of risk bands can dictate when a CT should next be performed. 
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Newer Computer aided diagnostic software to facilitate CT screening

CAD Softwares Computer software that enabled the performance of volumetric analysis of growing nodules was used in the Pan Canadian study using the Leonardo workstation and LungCare Volumetric Program (Siemens AG, Medical Solutions, Erlangen, Germany). This software was then used to retrospectively evaluate the growing malignant nodules detected on CT follow-up and to calculate volume doubling times of these lesions . Only one lesion was unable to be evaluated with the software. 

In the United States, approximately nine-million individuals are eligible for annual lung cancer screening using LDCT using the recently established criteria recommended by the US Preventative Diseases Task Force. The additional workload required to review these scans may exceed the capacity of existing radiology resources.  Therefore novel computer aided diagnostic software (CAD) has been developed to improve efficiency and quality of image review.  CAD software is already used in radiology screening programs including breast cancer screening with mammography. CAD improves detection of abnormalities that may represent cancer and reduces the time to review a study.  Recently specialised CAD software has been developed to improve the throughput of lung cancer screening studies.  Manual review of a LDCT with annotation and characterisation of all detected nodules, review of lymph nodes and blood vessels takes approximately ten minutes per case.  CAD software dramatically improves read efficiency of lung cancer screening studies.  
Using the CIRRUS Lung Screening Software (a research version of the commercially available Veolity software) which was developed by the Diagnostic Imaging Analysis Group, Radboud University  the average time for a non-radiologist technician to review and triage a LDCT screening examination was 3 minutes. Nodule malignancy risk using the Pan-Canadian Lung Cancer Risk calculator is automatically calculated using variable derived by automatic measurement of the nodule by the CAD software. Furthermore, the CAD software facilitates review of follow-up imaging and automatically identifies and characterises previously detected nodules so the reader knows immediately whether the nodule is stable, growing or changing in density.  Lung nodules that change in size or density may represent lung cancer and merit further investigation.  Finally, CAD softwares allow for the generation of simple, evidence based structured reports which are vital to assist clinical decisions. 
Further a CAD approach can be used to analyse NBI images. This in the future could enable improved certainty about the pathologic diagnosis of endobronchial lesions, that is combining pathology results with CAD derived scores of NBI images- benign or malignant?
Resource Utilization Data In the Pancanadian Lung Cancer Screening project [40] all direct medical healthcare resources used for early detection, diagnosis, staging, and treatment of lung cancer or any other type of cancer were recorded chronologically from the point of enrollment in the study to the point of data completion. The resources were defined as any medical appointment, investigation or procedure, hospital admission, lung cancer treatment including chemotherapy, radiation therapy, surgery, or blood product used in the investigation or treatment of lung cancer and its sequelae. Resources used for clinical correlation of abnormal screening results, for complications arising from diagnostic tests, for lung cancer treatment or further screening were also included. Data on resources used to investigate or treat non-cancer incidental findings such as coronary artery calcification or emphysema were collected for a separate publication, but were not included in this cost analysis.
Resource utilization rates were multiplied by their calculated unit cost and divided by the number of participants in the cohort to determine the mean per-person cost. The unit costs for resource utilization were based on the provincial 2013 reimbursement schedules from the Medical Service Plan in the province of British Columbia. Physician fees and reimbursement for clinical services within Canada do not vary greatly for different provinces. Chemotherapy

drug costs were referenced from Canadian wholesale drug prices. Hospitalizations for surgical resections, surgical pathology, chemotherapy, radiotherapy, palliative care, ambulatory care, and complications resulting from the procedures were accounted for on a per-person basis using hospital data from the province of Ontario and professional fees from the Medical Service Plan All costs were inflated to 2013 Canadian dollars. One Canadian dollar was approximately equal to one U.S. dollar in 2013.

In that study the mean per-person cost of screening individuals who did not have a lung cancer diagnosis was $453 (95% confidence interval [CI], $400-505) for individuals screened with LDCT. For individuals who were screened with Auto fluorescence bronchoscopy and LDCT, the average screening cost was significantly higher as a result of the high unit cost of AFB resources. Importantly The annual follow-up costs were statistically significantly lower for the individuals who received first-line surgery when compared with those who received nonsurgical treatment for the advanced-stage disease in years 1 and 2 (p p n = 38). Eighteen percent (6 of 33) of individuals who completed all four phases of treatment and had early-stage NSCLC (n = 15) ($47,796; 95%CI, $43,258-52,265) (p = 0.061, comparing the two costs). 

The Pan Canadian Study noted importantly also that Continuing care for stage III and IV lung cancer is higher than early-stage lung cancer on a monthly basis, even when chemotherapy costs are excluded.[24] Data from the Canadian National Ambulatory Care Reporting System in Canada also suggested high costs of care to manage advanced lung cancer specifically due to the use of acute inpatient, intensive care, and emergency department resources

in the last month of life.[25] The Canadian data also showed that the number of deaths that occur in an acute care hospital is nearly three times higher for

lung cancer than for any other type of cancer. They concluded “ The collection of individual cost and outcomes data in pilot screening studies is essential as screening guidelines, risk

stratification and evidence to inform cost-effectiveness estimates develop in

the post-NLST era.”
Potential clinical significance of this study

1. Use of state of the art, widely available techniques will facilitate early detection of second primary disease. 

2. Simplifying endoscopic assessment by using 1 scope will save time and patient discomfort. 

3. Early detection will allow less invasive treatment for second primary mucosal tumours and more curative treatment (surgery) for early lung parenchymal tumours detected by CT.

4. Costs and QOL impacts of this type of surveillance in H&N patients have never been studied before
5. Developing and using artificial intelligence/computer aided diagnosis (via deep learning algorithims) to effectively diagnose, interpret and classify benign, pre-malignant or malignant lesions of the larynx 
What is new about this study?
· Multicentre

· Done with 1 scope

· Done with best optics instruments

· Done with CAD for CT assessment

· Cost analyses
· Using CAD on NBI and white light images of larynx 
Research Questions/Hypotheses:
1a. Can NBI improve the yield of pre neoplastic versus invasive second primary disease compared to historic series ?
In the large series of 538 patients Hsu[28] reported post operative surveillance results. Seventy –seven patients (14%) developed a second primary malignancy(SPM). Half were in the head and neck region and half elsewhere, of which 60% were in the lung. In the Hsu series, half of all of the SPMs (36 of 77) were diagnosed after 5 years, at a constant rate of 3% per year. Di Martino and van der Haring [31,32] also report that more than 40% of SPM occur after 5 years.

From a series of 2063 cases followed up for 10 years, Rennemo [33] reported that 17% developed a second primary tumour. Median survival after diagnosis of the second primary was only 12 months. There was a regular incidence of new second primary tumours of 3.9% per year up to 10 years. The primary objective of this study is to determine whether using NBI as an adjunct to WLB could improve the bronchoscopist’s ability to locate areas suspicious of moderate/severe dysplasia, CIS, and invasive carcinoma as compared with WLB alone. The related objective is to determine whether WLB + NBI could detect intraepithelial neoplasms (moderate/severe dysplasia and CIS) better than WLB alone.  
Hypothesis

Every year post curative treatment of H&N cancer 3% of patients are diagnosed with an invasive second primary aerodigestive tract tumour. By sampling up to 5 years and beyond post the detection of significant SPM would rise from 9% to 26% using NBI for both head and neck and bronchus regions (“bringing forward” the cases that would have been found up to 10 years per published studies- that is, for the NBI group ALL  cases which would have been detected each year would be found at that 5 year timepoint.). 
1. Can NBI improve detection of mucosal tumours compared to conventional white light nasendoscopy and bronchoscopy ?

Hypothesis: by using each patient’s white light appearance as their own control the additional yield of adding NBI in the H&N region and bronchus can be shown. 

This type of methodology has been demonstrated before in a population based study of lung cancer screening but not in such a high risk cohort as this. The important pathology is severe dysplasia and carcinoma in situ as these require treatment- these will  be the endpoints of dectection.

2.. What are the costs and patient impacts of a formal secondary surveillance program at 5 years post treatment for H&N cancer ?
This has never been studied before and will be an important contribution to decision making on surveillance strategies.
3. What are the changes found on NBI of the upper airway at time of diagnosis and post radiotherapy treatment ? 

NBI is based on illuminating mucosal surface with defined narrow band of wavelengths. Illumination is increased in blood containing vessels compared with surrounding normal tissue thereby highlighting even subtle changes of microvascular architecture; which are characteristic of dysplastic or early stage carcinomas. Irradiated mucosae membrane however are characteristically different as the tissue architecture is destroyed by external beam radiation. Clinicians may have to look for other signs indicating recurrence at the primary site including the presence of ulceration, or an irregular feeding vessel.[33] The objective of this is to analyse the pattern and types of changes seen in the microvascular architecture on NBI in irradiated tissue post treatment. Further, no classification system has yet been described within the literature of NBI changes found within irradiated tissue of the upper airway. We hypothesise that describing the patterns of NBI in the patient cohort at time of diagnosis and within the first year post radiotherapy treatment will help improve the accuracy and help better distinguish the NBI changes in irradiated tissue of the patient cohort 3 to 5 years post radiotherapy. 
3a. What is the utility of computer aided diagnostics in interpreting NBI and white light images of the larynx and hypopharynx? 
There has only been one study within the literature which has developed a deep conventional neural network (DCNN) to interpret images of the larynx. Xiong et al analysed over 10,000 raw laryngoscopic images taken using conventional white light during endoscopy across 5 tertiary hospitals in China to develop a deep learning algorithm which had a sensitivity of 0.731 and a specificity of 0.922 and overall accuracy of 0.867 in detecting malignant and pre-malignant lesions of the larynx. [34] To the best of our knowledge, no study has ever been conducted to analyse the utility of applying deep learning algorithms to images of the larynx taken using NBI.  
Hypotheses

1. Bronchoscopic surveillance will be well tolerated and acceptable to patients as part of the dual methodology of this surveillance program.

2. Using one scope to enact to perform detailed surveillance of both the H&N and bronchial region will save patient discomfort and resources, and provide a useful and cost effective paradigm for surveillance programs

3. Early detection will result in less radical treatments (such as endoscopic laser resection) than could ultimately have been required had the second primary disease presented later and in a more advanced stage, ( for example requiring surgery or chemoradiation) 
Study Endpoints
Primary: Incidence of early second primary H&N and lung cancer as detected by NBI and CT chest

Secondary:
1. Costs of the surveillance strategy as they apply to this initial phase

2. Types of treatment for second primary lung cancer in this cohort who have had early detection methods applied compared to historic series. 
3. NBI changes of the upper airway at time of diagnosis and post  treatment
4. Utilising computer aided diagnosis to classify, interpret and/or diagnose benign, pre-malignant or malignant lesions of the lung in this cohort 
5. Utilising computer aided diagnosis to classify, interpret and/or diagnose conventional white light and NBI images of benign, pre-malignant or malignant lesions of the larynx or hypopharynx in this cohort
6. Measuring patient tolerance of bronchoscopic procedures in terms of procedure comfort experienced, utilising established questionnaires delivered pre procedure to gauge baseline mood(Modified Observers Assessment of Alertness/Sedation scale (mOAA/S scale) , and between 24-48 hours post procedure by telephone. (Modified Bronchoscopy Comfort Survey. Skinner et al. ERJ Open Access April 2021. In press)
Subjects
Inclusion criteria

Patients diagnosed with cancer of the HEAD AND NECK region at any time after 1 year post treatment.  
Exclusions
Patients who have had previous head and neck malignancy and/or radiotherapy other than this diagnostic episode 
Severe associated comorbidities affecting Life expectancy such as active coronary artery disease, severe COPD, or untreated or disseminated cancer of other organs

Usual contraindications to bronchoscopy and biopsy:
· Moderate-to-severe emphysema or COPD with FEV1 <60% predicted or RV >200% predicted

· > Stage 3 heart failure (NY Heart Failure Classification)

· Uncontrolled Hypertension (BPsys>200mmHg, BPdiast. >120mmHg)

· Myocardial infarction within 6weeks

· Ventricular Arrhythmia

· Severe respiratory insufficiency with resting oxygen saturations < 85%   

unstable angina

known or suspected pneumonia or acute bronchitis within the previous month

known uncontrollable bleeding disorders

bronchoscopy within previous 3 years with no available bronchoscopy report or more than or equal to 1 bronchoscopy in previous 3 years with more than four biopsies. 

known allergy to xylocaine, fentanyl, morphine, midazolam, diazepam, and/or codeine (if used)

treatment with anticoagulants in previous 6 days

pregnancy
Breast feeding
(bronchoscopy need not exclude all patients with COAD, only those with specific more severe ventilatory limitations)

Exclude  patients if they have

EVER had  a  bronchoscopy for clinical reasons  AFTER THEIR ORIGINAL DIAGNOSIS NB- If patients have had a CT within 1 year of the bronchoscopy this does not need to be repeated, and the patient would only have the bronchoscopy / laryngoscopy
Protocol
Patients can be consented at any time from 1 year after the completion of their curative treatment, be it surgery, radiotherapy and or chemotherapy.
TIMING OF BRONCHOSCOPY and CT The earliest time post curative treatment for an NBI bronchoscopy and CT chest will be 12 months. Once a patient has been consented to the study, these will be scheduled at the appropriate time no less than 12 months from time of last curative therapy. If a patient is more than 12 month from curative therapy at the time of consenting for the study then these procedures can be done without delay.

Procedures 

A. for patients 0-12 months after curative therapy:

Patients will attend clinic visits as normal. NBI nasendoscopy will be performed as is usal at clinic and images recorded to document changes due to therapy, for example radiotherapy. Before 12 months bronchoscopy and CT will not be done unless clinically indicated. 
B. Patients diagnosed with laryngeal and hypopharyngeal cancer up to 5 years post initial diagnosis

[image: image4]Procedures: Bronchoscopy including detailed inspection of the H&N using high definition NBI equipment- see attached appendix. The first part (WHITE LIGHT) of the procedure will be done by one PROCEDURALIST, and the second part ( BLUE LIGHT) will be done by a DIFFERENT PROCEDURALIST who is blinded to the results of the first white light part. Bronchoscopy will be done with ENT surgeon in attendance. Biopsy of NBI abnormal areas suggestive of at least severe dysplasia. Biopsies of hypopharynx/larynx regions to be supervised by ENT surgeon. Bronchoscopy biopsies to be done by Thoracic Physician.

Regarding cryobiopsies: We will ask pathologist to formally score the quality of these samples comparing cryobiopsy with “conventional” forceps biopsy. Each patient would have 2 forceps biopsies and 1 cryobiopsy at both abnormal and normal bronchial sites. The order of the biopsies would be randomised re which biopsy type came first. We would adopt methods from the paper by Ehab et al enclosed above; specifically measuring biopsy size and also request that pathologists score the biopsy quality using a 1-4 scale ranging from poor to excellent in terms of being able to delineate the mucosal / submucosal and muscular layers of the biopsy accurately- the better to visualize the layers in order facilitates diagnosis of early mucosal pre-neoplasia. 
We would also report the relative diagnostic sensitivity of dysplastic lesions with the 2 methods.  We will also score any post biopsy bleeding per the previously enclosed paper.

Biopsies will be reported by each clinical centre’s pathologist who will be blinded to the results of the NBI examination.

Biopsy results will be discussed with Head and Neck surgeons and where appropriate referred to Multidisciplinary Head and Neck or Lung Cancer Multidisciplinary Meetings

On Bronchoscopy biopsies where there are lesions of severe dysplasia repeat biopsy will be done at 3 months. Lesions of moderate dysplasia will have repeat bronchoscopy and biopsy at 6 months. Where there are lesions of carcinoma in situ or microinvasive or invasive cancer treatment will be discussed at the hospital multidisciplinary lung cancer meeting.

Procedure comfort surveys

Pre Procedure Questionnaire- Modified Observers Assessment of Alertness/Sedation scale (mOAA/S scale). On day of procedure

Modified Bronchoscopy Comfort Survey and between 24-48 hours post procedure by telephone. (. Skinner et al. ERJ Open Access April 2021. In press
1. Low dose CT chest- see attached appendix 

Nodule assessment and follow-up as per the appendix 

Each CT will be evaluated for nodules and the ongoing decisions about biopsy versus further CT versus no further CT will be evaluated using published data for risk prediction of nodules. (Tammamagi). Whereas most of the studies in this area are predictions of development of cancer in POPULATION SCREENED PATIENTS  ( as opposed to the high risk cohort of this study) the published method for ongoing management decisions is the best we have available. CT and clinical factors which come into play include nodule number, speculation, size, as well as patient emphysema and   family history of cancer. The risk can be automatically calculated using freely available calcuators in-putting these clinical variables at www.brocku/lung-cancer-prediction-calulator. Table 2 then translates this risk prediction into an action for when the next CT should be. For example a risk of 2% is a Category 2 case and requires another CT in 12 months.
Data collection
Data will be collected from QOOL - a web-based system which supports cancer multidisciplinary teams by assisting meeting preparation, communication and documentation of essential clinical information such as diagnosis, cancer stage and recommended treatment plans.  A search of QOOL will be conducted to identify all patients with cancer of the larynx or hypopharyngeal regions diagnosed within the last 5 years.
Other databases including CHARM electronic database and iEMR (integrated Electronic Medical Record) may also be accessed for additional information not obtained through QOOL, including date of treatment initiation, treatment regime, date of treatment cessation or treatment delays.

Specific data elements to be obtained through QOOL

PatientUR          

FirstName         

LastName          

DateOfBirth          

Sex       

Smoking status      

PerformanceStatus         

DiagnosisDate

AgeAtDiagnosis 

AgeGroupAtDiagnosis    

DiagnosisBasis   

PrimarySiteCode  ( hypopharynx and larynx)      

Morphology      

Grade        

Stage at diagnosis  
Investigations (CT, Bronchoscopy)  

Surgery_First_AdmissionDate       

Surgery_First_DischargeDate       

Surgery_First_Facility

Surgery_First_ProcedureDate       

Surgery_First_ProcedureCode      

Surgery_First_ProcedureDescription
Had chemotherapy (Y/N)

Had radiotherapy (Y/NDateOfDeath   

Other clinical data for collection
Smoking

Family history of lung cancer
Lung function

Any CT chest results from time of diagnosis and later up to 5 years

Any clinical followup

Any nasendoscopy or bronchoscopy during followup

Any respiratory or upper airway symptoms

Statistical analysis- as discussed with Dr Lee Tripcony, RBWH Oncology Department Bio Statistician:
1. NBI biopsies: Statistical analyses will be calculated for 

· All positive biopsies from moderate dysplasia up to invasive malignancy

· Biopsies of early cancer ( severe dysplasia and carcinoma in situ)

The data will be analysed on a per-lesion basis and a per patient basis. For the per-lesion analysis, each biopsy specimen was evaluated and considered positive if the final diagnosis was positive. For the per-patient analysis, each patient was considered positive if he or she had at least one positive lesion (biopsy). The primary efficacy endpoint will be the relative sensitivity of a white light bronchoscopy (WLB)+ NBI examination as compared with a WLB examination alone for the detection of moderate/severe dysplasia, CIS, or invasive cancer. In addition, the false-positive rate (i.e., 1-specificity) will be determined. This methodology has previously been published for fluorescence bronchoscopy. 
Statistically unbiased estimates of sensitivity and specificity are not possible to obtain because serial sections of the entire tracheobronchial tree would need to be examined after the bronchoscopic procedures for these to be defined, as outlined in the published studies of Herth and Lam on NBI and autofluorescence. Nevertheless, because the objective of the study is to determine whether the addition of NBI examination to WLB is better than WLB alone, the relative sensitivity, or the ratio of the sensitivity of WLB + NBI as compared with WLB alone, along with the 95% confidence interval (CI), will be calculated to evaluate the contribution of the fluorescence examination to detect neoplastic lesions. A relative sensitivity more than 1 would indicate a significant improvement of WLB + NBI versus WLB alone. Two other statistically unbiased estimates, the positive predictive value and negative predictive value, will also be calculated to evaluate the performance. 
Published data on white light versus NBI in the bronchus (Herth) and in the Head and Neck ( Nguyen) reveal differences in sensitivity for INTRAEPITHELIAL NEOPLASIA ( SEVERE DYSPLASIA AND CARCINOMA IN SITU) of 18% vs 53% ( Herth) and 40% vs 96% ( Nguyen). If we use Herth’s results we estimate conservatively that there is a 30% difference in sensitivity with the use of NBI. Therefore calculating sample size for a paired t test we obtain a sample size of 90, which uses a sigma of 1.0, power of 0.8, and alpha of 0.05. (http://homepage.stat.uiowa.edu/~rlenth/Power/index.html). That is there would be 90 patients in total as each patient is their own control.
An alternative way to calculate patient numbers would be using a test of 2 proportions: Every year post curative treatment of H&N cancer 3% of patients are diagnosed with an invasive second primary aerodigestive tract tumour. By sampling at 3-5 years post the detection of significant SPM would rise from 9% to 30% using NBI for both head and neck and bronchus regions (“bringing forward” the cases that would have been found up to 10 years per published studies- that is, for the NBI group ALL cases which would have been detected each year would be found at that 5 year timepoint.). Sample size to detect a difference between 9% and 30 % would be 80 patients, with alpha value of 0.05 and Power of 0.90. (http://homepage.stat.uiowa.edu/~rlenth/Power/index.html). This is similar to the number calculated above.
Overall cancer incidence will be on the basis of NBI procedure biopsies of in situ carcinoma and invasive carcinoma as above combined with positive biopsy of cancer as a result of CT chest (either by bronchoscopic transbronchial lung biopsy or CT needle biopsy).

Proposed study duration 2 years

Year 1 will be for patient recruitment and the initial bronchoscopy and CT

Year 2 will allow further data to be collected on followup up scans and the results of any additional treatments which arose as a result of the initial tests.

Appendix 1
Protocol for training and video analysis prior to study commencement
1. Half day training session, to be determined where/when

2. On line quiz, as used at RBWH for 2 training courses, submitted for publication now

3. Uploading of an atlas of NBI images

4. Make a video of the ORDER OF EXAMINATION OF THE SITES IN THE UPPER AIRWAY STARTING FROM TONSIL GOING DOWN TO LARYNX

5. Thoracic doctors watch this and do their first 2 or 3 cases with ENT in attendance; these become the “training videos” as per Stephen Lam’s multicentre study; I would look at all of these with Phan Nguyen and Julie Agnew and confirm a subsequent start in the study; these patients can be included in the study data for procedure time and complications etc
6. The video would also of course include bronchoscopy and this would be to ensure correct NBI technique and process of recording and labelling images prior to biopsies

Appendix 2 Protocol for recording of images during NBI
The examination conducted under standard conscious sedation. All bronchoscopies to be digitally recorded

Examination of the tonsils, pharynx, supraglottic region including vallecula, pyriforms, vocal cords, trachea, main carina, and orifices of the subsegmental bronchi to the extent that they could be examined without causing trauma to the bronchial wall. Unless contraindicated, the bronchoscopist examined at least to the third generation bronchi.
The first part (WHITE LIGHT) of the procedure will be done by one PROCEDURALIST, and the second part ( BLUE LIGHT) will be done by a DIFFERENT PROCEDURALIST who is blinded to the results of the first white light part.
The first stage performed under white light. During this stage, sites of interest visually classified. No change in classification was allowed once the white light examination had been completed. 
Under this visual classification system, areas without any visual abnormality classified as class I. Areas with the appearance of inflammation, trauma, anatomic abnormalities, which could be areas of metaplasia or mild dysplasia, classified as class II. Areas suggestive of moderate dysplasia, severe dysplasia, or CIS class III. Appearance of a gross, visible tumor classified as class IV. 

After WLB, the device switched to NBI mode and another examination of the airways is done. 

Areas of interest were visually classified using the same classification scheme as above. Sites classified as III or IV under NBI but not classified under WLB  automatically default to class I under white light.  Still images of all sites of interest recorded with a digital image capture system under both WLB and NBI. 

After NBI examination, all regions classified as III or IV under either imaging modality to be  biopsied, as well as at least one class I/II region as a control.

 Biopsy acquired under NBI unless the lesion was only visible under WLB. 

The clinical center’s pathologist, will be blinded to the endoscopic findings, first evaluated the biopsy followed by a reference pathologist who is blinded to the previous results. Pathologists coded the biopsy slides based on a 9-point scheme (Table 2). In case of disagreement between center and reference pathologist, slides to be reread by the reference pathologist, and these results were taken as final. 

For analyses using the lesion as the basis of analysis, positive lesions defined as those with a visual classification of III or IV under WLB and/or NBI and a corresponding biopsy result of moderate/severe dysplasia, CIS, or invasive carcinoma. For analyses using the patient as the unit of analysis, a patient was defined as positive if they had at least one lesion visually classified as class III or IV and a corresponding biopsy result of moderate/severe dysplasia, CIS, or invasive carcinoma for that lesion. For analyses measuring detection of early intraepithelial lesions, the same definitions of positive lesions and patients described above were used, except positive pathology only included moderate/severe dysplasia or CIS.

During the examination, all procedure-relevant data, including adverse effects, to be recorded. The subject to be followed-up 7 days after bronchoscopy to determine whether any side effects from the procedure were experienced. 
 Appendix 3 Protocol for biopsy pathology classification
[image: image5.png]TABLE 2. Pathology Coding

Pathology
Classification Code Description
Negative 1.x Normal
2.x Inflammation
3.x Hyperplasia
4.x Mild atypia
Positive 5.1-5.25 Moderate atypia
5.3-5.45 Severe atypia
6.x CIS
7.x Microinvasive
8.x Carcinoma
Unevaluable 9.x Unsatisfactory

CIS, carcinoma in situ.





Appendix 4 CT protocol
The low dose CT chest protocol uses 20% of our standard dose. We would use both Philips scanners for the study:

Coverage: lung apices to lung bases

kVp: 100

mAs: 65

Pitch: 0.891

Rotation time: 0.75 s (Br64), 0.5s (iCT)

Collimation configuration: 64 x 0.625 (Br64), 128 x 0.625 (iCT)

CTDIvol: 2.6 (Br64), 2.7 (iCT)

Dose modulation: Z-DOM

Total dose 1.5Msv

Images will be acquired in a helical fashion on full inspiration, with reconstruction of 0.63mm thick axial images. These images will be viewed on commercially available diagnostic workstations in multiple planes with user defined slice thickness and overlap (typically 1 mm and 50% overlap) and production of maximum and minimum intensity images.
Study radiologist(s) at each imaging will report all study CT scans (both baseline and follow up), and will be called “designated readers”. Images will be reviewed in a dedicated workstation with appropriate illumination and ergonomics.  Lung and mediastinal images will be reviewed using appropriate window and level settings as determined by the reviewing radiologist.  Up to 10 lung nodules will be identified and recorded on the radiology study work sheets indicating nodule type (solid, nonsolid, partsolid, peri-fissural opacity) with measurement of the long and short axis diameters.  The nodule(s) will be described as well-defined, lobulated, spiculated, or demonstrating a halo, and their location as parenchymal or pleural/fissural. Patients with greater than 10 nodules will have the 10 largest nodules measured and documented.  In patients with innumerable nodules and no dominant nodule, no measurements will be performed. Any other abnormalities in the lung or mediastinal tissues will be recorded.  The radiologist’s visual assessment of the extent of emphysema will be recorded on a five-point scale (none, minimal, mild, moderate, or severe).  The spatial distribution of emphysema will be recorded using a four point scale (upper, mid, lower, or diffuse). The presence of fully or partially calcified lung parenchymal nodules and calcified hilar or mediastinal lymph nodes will be recorded.  Coronary artery calcification, noncalcified enlarged mediastinal and hilar adenopathy, and chest wall, pleural and upper abdominal pathology will be recorded. On subsequent examinations, any change in the size of the nodules recorded at baseline will be documented plus any new nodules that become visible or larger in the interval.

CAD assessment of nodules- All centres would do their own scans then send DICOMS by disc to RBWH for CAD assessment regarding change in nodule shape and volume over time as well as detection of additional nodules  Each of these phases will have cost and time assessment.

Appendix 5  Protocol for management and follow-up of CT detected nodules 

LDCT follow-up will be arranged by the Study team if a participant is found to have a noncalcified pulmonary nodule on the baseline scan. If perifissural nodules (PFO) are the only type of nodule detected LDCT follow-up is not required. All nodule details will be entered into an electronic database. The frequency of LDCT follow-up will be determined by a lung nodule malignancy risk calculator www.brocku/lung-cancer-prediction-calulator.that was developed in Canada. (24) (See Table 1 below) This innovative calculator is highly accurate with a ROC AUC of 0.96 in an external validation set. All of the LDCT data and CT strategy will be fed back to the clinician at the study centre. 
Table 1:

	LDCT Result
	LDCT Follow-up



	No nodules or PFO only
	None



	Nodule risk: <1.5%
	24 months



	Nodule risk: 1.5 to ≤ 6%
	12 + 24months



	Nodule risk: >6 to <10%
	3, 12 + 24 months



	Nodule risk: ≥ 10%

OR

Increase in size, density or new suspicious lesion on follow-up LDCT
	Immediate assessment by Respiratory Team

e.g. biopsy, bronchoscopy, PET/CT, resection


Appendix 6 Protocol for Costs assessments- taken from the Pan Can study:
Record demographic information, screening test results, and resource utilization data for enrolled participants on an electronic case report form. All direct medical healthcare resources used for early detection, diagnosis, staging, and treatment of lung cancer or any other type of cancer recorded chronologically from the point of enrollment in the study to the point of data censoring described in the "screening-phase parameters" section.

The resources as per the Pan Canadian study will be:
any medical appointment, investigation or procedure, 
hospital admission, 
lung cancer treatment including chemotherapy,
radiation therapy, surgery, or blood product used in the investigation or treatment of lung cancer and its sequelae. 
Resources used for clinical correlation of abnormal screening results, 
for complications arising from diagnostic tests, for lung cancer treatment or further screening 
Data on resources used to investigate or treat noncancer incidental findings such as coronary artery calcification or emphysema  
Screening Resources

Resource utilization data for the screening phase will commenced upon the date of

Bronchoscopy or CT-Scan-1, whichever is first and continue for 18 months for the participants who did not have cancer.

Data for participants who had cancer to be classified as "screening-phase" data

until a cancer diagnosis was confirmed by biopsy or surgical excision or 18

months of time from CT-S-1 has passed, whichever occurs first.  
Treatment-Phase Resources Resource utilization data for the treatment of lung cancer will be analysed separately as treatment-phase resources. The data to be divided into four
sub-phases of treatment: diagnostic workup, first-line treatment, follow-up year

1 and follow-up year 2. The data to be sorted further according to the modality

of first-line treatment (i.e., surgery or nonsurgical management) in order to

represent the policy decision problem related to treating lung cancer with a

curative intent. Resource utilization data for the diagnostic workup continued up to the date of the first chemotherapy or radiotherapy treatment, date of surgery, or the date on which a decision was made for management by supportive care only. Resources utilized during the first-line treatment-phase to be collected starting from the date of surgery or first chemotherapy or radiotherapy treatment and continued until the final day of first-line treatment, or 30 days after the surgery. Resources for complications  included in the first-line treatment phase until the complication resolves or the patient died, whichever occurred first. First-line treatment costs for patients receiving supportive care only were set to zero and any subsequent resource utilization data were accounted for in the annual follow-up phases of

treatment.  
Cost Analysis

Resource utilization rates to be multiplied by their calculated unit cost (derived from DRG costs)and divided by the number of participants in the cohort to determine the mean per-person cost. Physician fees and reimbursement for clinical services from Medicare sources. Chemotherapy drug costs were referenced from Australian wholesale drug prices. Hospitalizations for surgical resections, surgical pathology, chemotherapy, radiotherapy,

palliative care, ambulatory care, and complications resulting from the procedures to be accounted for on a per-person basis using hospital data from the Medical Service Plan. 
APPENDIX 7

NBI study pre bronchoscopy survey

Modified Observers Assessment of Alertness/Sedation scale (mOAA/S scale)
	6
	Appears alert and awake, responds readily to name spoken in normal tone

	5
	Appears asleep but responds readily to name spoken in normal tone

	4
	Lethargic response to name spoken in normal tone

	3
	Responds only after name is called loudly or repeatedly

	2
	Responds only after mild prodding or shaking

	1
	Does not respond to mild prodding or shaking

	0
	Does not respond to noxious stimulus


APPENDIX 8
NBI study post bronchoscopy survey 

to be delivered by telephone  24-48  hours after the procedure. 

Modified Bronchoscopy Comfort Survey. Skinner et al. ERJ Open Access April 2021. In press
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Informed consent questionnaire lung function





NBI


All patients





Low dose CT


All patients





Lung cancer 


Diagnosis Staging 


Treatment





Pulmonary Nodules Detected





No abnormalities





Lesions detected, biopsies and management per protocol





No abnormalities





Clinical follow-up





Follow-up arranged according to protocol





No further LDCT follow-up





12-24 month follow-up


Resource utilisation and cost analysis


Quality of life measurement





12-month follow-up


Resource utilisation and cost analysis


Quality of life measurement








Six statements which people have used to describe themselves are given below.


Read each statement and then circle the most appropriate number to the right of the statement to indicate how you felt during the bronchoscopy. There are no right or wrong answers. Do not spend too much time on any one statement but give the answer that seems to describe the feelings you had during the procedure best.








	                        Not at all	    Somewhat         Moderately	     Very Much


I felt calm ………… 	1 		   2		        3	 	       4





I was tense ……….        	1        	2	3                   4





I felt upset ………...       	1	2	3                   4





I was relaxed ……..      	1	2	3                   4





I felt content ……         	1	2	3                   4





I was worried ……      	1	2	3                   4








	Overall the procedure was:





Tolerable------------------------------Unsure-------------------------------------Intolerable


1		2	3	4	5	6	7	8	9	10	





	Would you do it again?





Yes / No
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