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PROTOCOL DESCRIPTION

Streamlining lung cancer diagnosis through genomic testing of cytology smears. 

DR DAVID FIELDING AND TEAM AT THORACIC MEDICINE RBWH, UQCCR, QIMR BERGHOFER, GENOMIQA AND MAX KELSEN

BACKGROUND AND AIMS 

Lung cancer is the commonest cause of cancer-related death [1]. Many patients present with enlarged mediastinal lymph nodes. EBUS TBNA (Endobronchial ultrasound transbronchial needle aspiration) is a highly sensitive and specific and safe way to make the diagnosis of non small cell lung cancer [2]. It is a bronchoscopic procedure under conscious sedation in the bronchoscopy suite. RBWH has 12 years experience of this procedure and we were the first department to do this in Australasia, with over 2500 cases performed [3]. Bronchoscopy is the inspection of the trachea and bronchial airways. Lymph nodes sit adjacent to those airways. Needle aspiration means a needle is passed from the bronchoscope within the bronchial tube through the wall of the bronchus into the adjacent node. Ultrasound greatly assists this process by allowing real time visualisation of the needle passing into the node. Suction is applied and after aspiration the needle is removed from the scope and node material is extruded onto slides for cytology and into saline for cell block to allow histology and genetic analysis. EBUS TBNA is very safe and very few adverse reports exist in the literature after 10 years worldwide experience[4]. Mediastinal lymph nodes sampling can make the diagnosis of up to 65% of all lung cancer patients, with a sensitivity of 95%.  At RBWH we do 250 EBUS TBNA s every year, of which 150 would be to make the new diagnosis of lung cancer. Lymph node material from mediastinal nodes at EBUS procedures provide large amounts of tumour tissue and can be used for genetic tumour analysis. Usually 3-4 passes into a node is adequate to confirm malignancy, however it is not known how many more samples are needed to confidently get enough tissue for genetic testing using present methods.

Present molecular testing methods for DNA use Formalin fixed paraffin embedded(FFPE) material and in lung cancer are usually restricted to single gene and ‘hotspot’ approaches, mostly for KRAS, EGFR and ALK [5]. However, an ever expanding number of genetic mutations are being detected in lung cancer[6] some of which may have therapeutic opportunity. Over the years the classic approach to “personalised” cancer treatment has been first to detect a gene responsible for disease, second to develop drugs specific for that gene, and third to perform lengthy and expensive trials to confirm responses. Now the paradigm is to look widely for relevant genes to find “druggable” targets, and take existing drugs “off the shelf” and apply them[7]. As Casey et al[7] state: “NGS is likely to reduce lengthy and expensive ‘diagnostic odysseys’ owing to the nature of the technology and the cost-effective aspects of sequencing all known disease-causing genes for a particular disease at once rather than one by one. Sequencing of tumour DNA should lead to the application of more effective targeted therapies. These technologies will undoubtedly affect the way in which we manage disease.”  It is likely that clinical trials will develop treatments for a percentage of these mutations with either existing or new agents. This was the case with ELM ALK where the drug Crizotinib, a monoclonal antibody, was applied from a different area of medicine with excellent results[8].

Targeted Next Generation Sequencing (NGS) allows for the detection of multiple gene mutations in a manner which is highly reproducible with existing single gene approaches[9]. Wide experience across a range of tumours including breast, prostate, colon and lung has demonstrated the detection of multiple genes in addition to those already commonly known[10]. NGS allows for rapid turn-around of specimens to facilitate timely treatment decisions. The result is clinicians get broad  information quickly. 

We recently published our pilot study using NGS (a 48 gene panel) on bronchoscopic lymph node aspirates in 67 patients[11]. The important findings of our study were

1. Where mutations were identified by conventional lab based single gene tests these were always identified by NGS; further we found additional mutants within these genes such as the important EGFR gene which had not been identified by lab testing.

2. Many more mutations were identified in other genes not tested by standard lab based tests
A total of 46 potential somatic variants were identified in 29 tumour samples, which included 12 silent, 31 missense and 3 nonsense alterations across 21 genes (Figure 4). Twenty four of the samples contained at least one non-silent, likely somatic mutation. The most common was TP53; other well described alterations included: activating codon 12 and codon 61 mutations in KRAS, as well as mutations in RB1, PIK3CA, PTEN and EGFR, similar to previously reported findings. 
NGS has only very recently been offered in hospital pathology labs including our own at RBWH, where a 25 gene panel is applied to a wide range of tumour samples including lung adenocarcinomas.
The  samples from fine needle specimens are routinely fixed in paraffin (formalin fixation and paraffin embedding- FFPE) and slides cut for histology, and immunohistochemistry to measure tumour content and selected markers[12]. Classically it is DNA extracted from this material which is sent for genetic testing, particularly in adenocarcinomas[13]. However, FFPE retrieval of specimens is a highly specialised process and involves lengthy dissection of material identified on slides by specialist pathologists [14]. Furthermore, formalin fixation and paraffin embedding of specimens damages DNA, reducing the utility of the specimens[14]. Also this process is heavily dependant on the QUANTITY of tumour tissue within the specimens, which varies greatly, for example due to the amounts of non informative stromal tissue. NGS can be done with tiny amounts of material without the need for extra biopsies[15]. 
On site cytology (slides made using Diff Quik staining and reviewed in the bronchoscopy room) provides accurate assessment of the tumour prior to formal lab based cytology and cell block preparation[16]. Here small amounts of an aspirate are given to the cytologist in the bronchoscopy suite to advise the bronchoscopist that adequate material is being obtained. More abundant cells means fewer passes are needed and a procedure can be shorter, making it better for the patient. At RBWH our method of doing on site cytology is extremely efficient, using less than 0.05 ml of aspirate material, from a total amount of up to 2 ml. 

In a further analysis of our NGS data we extracted DNA from the on-site slides already utilised in the procedure and which were no longer needed for any diagnostic workup. This DNA was a better quality than the FFPE DNA and was successfully used in our panel sequencing. We have presented the findings of this analysis at a National Scientific meeting (2017 TSANZ ASM- abstract attached at end of this protocol) and a manuscript of this data is in preparation. The important findings of this study were
1. NGS of DNA from DiffQuik slides yielded significantly more mutations overall

2. The quality of DNA from DiffQuik slides for NGS was higher than standard FFPE blocks.

On site (Diff Quik) slides had an abundant amount of tumour DNA for NGS Sufficient genomic DNA for amplicon-based NGS library preparation (≥50 ng) was obtained from FFPE material for 40/66 (61%) patients and from cytology smears for 54/61 (89%) patients.  Our findings are in line with emerging data from other labs and in other tumours. This approach is simple and does not require any additional training of staff nor does it require more samples.

Therefore going forward it is now accepted that NGS on EBUS TBNA samples is an excellent way to obtain not only the diagnosis but genetic information on lung cancer patients. Also we have shown that Diff Quik slides offer a simple solution to the problem of poor quality and time-consuming nature of retrieving tumour DNA from FFPE specimens.

There are still some practical issues to sort out to even further maximise the benefits of this approach. These fall into 2 groups of questions

i. the practical aspects of needle sampling and how to maximise tumour DNA yield

ii. the benefits of using next generation methods to analyse WHOLE EXOME and WHOLE GENOME SEQUENCING, as opposed to just sampling a small set of 48 pre-selected genes. 

Regarding point 1: Recently a review paper summarised consensus statements on how best to take TBNA samples, but there are outstanding questions, of which we want to focus on 2

1. How many times should a needle be agitated within the node while suction is being applied? 

In our pilot study we noted that simply taking more samples by doing more passes of a needle did not necessarily give more DNA; some cases got good DNA amounts with 1 pass and others had poor yield with 5 passes. At the same time we know from experience in other organs for example aspirating supraclavicular nodes, suggests that as few as 2 to 3 agitations within a node gives excellent results [17]. Typical numbers of agitations in clinical practice would be 10-20[ 18]. That is even with 1 pass and as few as 2 agitations within that node there can be excellent cellular (and presumably tumour DNA) yield. Further in our experience some cases have poor sample quality because the material is contaminated by blood due to the trauma of agitating the needle repeatedly within the node. Hence it makes sense that we should investigate the “less is more” approach to needle agitation within the node. By doing less agitations we might anticipate less trauma to the node and potentially less blood. Also, shorter procedure times (by a quicker needle technique) would be a welcome finding for patients. 

Second, in our study method in the initial studies we used the last drops of the needle content to make the Diff Quik smear; traditionally it has been the first drops. Yet this method yielded excellent DNA content, even more than the traditional source of DNA, namely FFPE material. This would be well worth confirming as the best method in a simultaneous comparative study.
Regarding point 2: Which is better- analysing a panel of a limited number of genes, or performing whole exome (WES) or whole genome sequencing (WGS)? 
Our work provides a prospective “real-world” evaluation of next generation sequencing of EBUS-TBNA samples in clinical practice. However it was limited to 48 genes and was unable to detect gene fusion (e.g. in ALK, ROS1, RET) or copy number changes. Recently the ELM ALK gene was a new discovery in some 5% of adenocarcinomas, the identification of which has led to dramatic responses in these highly selected patients who were otherwise untreatable due to the advanced nature of their disease[19]. Our data shows the advantages of “what you see is what you get” when using Diff Quik cytology slides for molecular testing. Furthermore, current clinical testing is restricted to individual genes (e.g. EGFR and ALK rearrangements) and requires several tests run consecutively in a time consuming and protracted manner. This proposal will explore an innovative way to overcome these two key issues with no changes required to the current clinical biopsy procedure.

Liquid biopsy media continue to grow as the main source of DNA and RNA for analysis as opposed to traditional fixed sources such as formalin fixed and paraffin embedded blocks. (Sholl et al). A few drops from needle samples are adequate from fine needleaspirates to yield abundant DNA. Examples of these media are methanol (Doxtader) and RNALater(Vaught, Henderson). 
Therefore, we now wish to test the feasibility of performing a comprehensive genomic characterisation by WES or WGS on DNA and Nanostring and RNASeq from RNA derived from Diff Quik slides orRNA later. WES allows the detection of many somatic mutations across the entire coding sequence of the genome, while WGS allows the detection of all somatic mutations (point mutations, copy number alterations, non-coding mutations, structural variations and neoantigen load). Both methods offer a significant advantage over both the current protracted process of clinical genetic testing for EGFR and ALK alterations; as well as targeted approaches amplicon sequencing.

We now wish to extend this research with a pilot project to perform WES and WGS from cytology slides and/ or RNAlater that provide better DNA quality than FFPE. These methods will detect all mutations currently tested in clinical labs and may identify other potential druggable targets, including copy number changes and novel ALK and ROS fusions that might not be captured by clinical testing. For samples that don’t produce enough DNA or quality of RNA is not suitable for RNAseq, we will use a combination of WES and Nanostring to cover mutation detection relevant to lung cancer (coding point mutations and known fusion genes).Importantly, the collection of samples for these sequencing methods will not require any change in the current clinical practice but will greatly extend genetic testing and treatment capacities. [20,21].  A challenge faced by diagnostic labs for FFPE genetic testing is the quality of DNA and the time required for initial microdissection of tumour samples. 

In genetic studies in malignancy, where tumour genetics are positive for mutations, it is important to compare this to the patient’s “normal” genome (germline variants), as determined by analysing peripheral blood. This is usually not an issue in standard lung cancer testing of KRAS, ALK and EGFR because the mutations being screened are known tumour associated somatic mutations. However, when screening many genes or whole genomes it is necessary to sequence blood DNA so that the germline variants can be subtracted thus allowing the identification of the somatic or tumour specific mutations. 
Nakajima et al published a paper in 2012 regarding EBUS TBNA samples and their yield of material for molecular analysis. ( EBUS Doppler image features correlate with nRNA expression of HIF1-a and VEGF-C in patients with Non small cell lung cancer. Journal of Thoracic Oncology • Volume 7, Number 6, June 2012) They classified doppler images of lymph node blood vessels and compared vessel image type with success of performing molecular analysis. 
CT and PET scans are used to make the diagnosis of lung cancer which leads to the sampling procedures described above. No further scans are required in this study. Others have shown the way the scans themselves can be computer-analysed for their image features- are they malignant or benign. This is known as “Radiomics”. (Lambin P, Rios-Velazquez E, Leijenaar R, et al. Radiomics: extracting more information from medical images using advanced feature analysis. Eur J Cancer 2012; 48: 441–46. 2 Thawani R, McLane M, Beig N, et al. Radiomics and radiogenomics in lung cancer: a review for the clinician. Lung Cancer 2018; 115: 34–41). One Radiomics platform is called Optellum Massion, Pierre P., et al. “Assessing the accuracy of a deep learning method to risk stratify indeterminate pulmonary nodules.” American journal of respiratory and critical care medicine 202.2 (2020): 241-249.
[2] Baldwin, David R., et al. “External validation of a convolutional neural network artificial intelligence tool to predict malignancy in pulmonary nodules.” Thorax 75.4 (2020): 306-312.. This platform has been successfully used to distinguish benign from malignant lung cancer nodules. We will apply Optellum software to the scans in this study to determine the feasibility of the software to predict DNA content. We will measure the Radiomic features of the sampled lymph nodes on the already-performed CT scans and PET scans. We will then relate the actually measured DNA yield from the samples as described above to the Radiomic features. Could the Radiomic features have predicted the DNA yield? If so if it was low could we have sampled a different lymph node? Also if so could we have used an alternate DNA sample such as liquid biopsy (blood) cell free DNA ( cfDNA) analysis to identify targetable mutations instead of the EBUS TBNA tissue biopsy?   
Cell Free (cf) DNA: Cell-free DNA (cfDNA) is small fragments of DNA that are released from tumour cells by programmed cell death (apoptosis) into the blood (Mattox, A et al. B. (2019). Applications of liquid biopsies for cancer. Science Translational Medicine, 11(507); A. Bardelli:  Liquid biopsies: genotyping circulating tumour DNA. J Clin Oncol, 2014. 32(6): p. 579-86)
Tumour cell free DNA is abbreviated ctDNA. ctDNA concentration generally increases with an increase in the tumour load, however the baseline and the increase will vary between individuals. It may contain identical mutations to those seen identified in the primary tumour. Release of ctDNA into the blood allows for a ‘“liquid biopsy’” to be performed from a blood sample as an alternative to invasive biopsy procedures. ctDNA testing may give an indication of the size of a tumour or the amount of cancer cells in the body, monitor patient response to treatment and may alert doctors to early signs of recurrence or resistance. If a patient is responding to treatment, we would expect ctDNA levels to decrease.

Questions and Hypotheses( see also “Note to Protocol June 18 2020 on page 8)
Procedural optimisation of EBUS-TBNA sampling is a major focus of our research proposal. Also we will use Diff Quik slides and/or RNALater samples(not the FFPE sections) as the focus of this study, as this has shown the highest DNA yield. (We will not compare with FFPE in this study). This will streamline lung cancer diagnosis and genomic testing from cytology smears, ie we will develop a new emphasis on cytology smears rather than FFPE cell blocks as an optimal source of tumour DNA. The EBUS-TBNA procedure with ROSE is already a refined diagnostic procedure. However, subtle components will be further optimized to maximise tumour cell and DNA yield from every needle pass prior to implementing in our wider network of hospitals.
Question 1A: Investigate whether fewer agitations of the needle through a node (2 versus the current number of 10) will result in better quality, less bloody aspirates and higher DNA yields, thereby improving sampling success while lessening the procedure time.

Question 1B: Investigate whether better cell and DNA yields will be obtained from the first drops vs. the last few drops of EBUS-TBNA aspirate. This will confirm our impression of the utility of the last drops, as at this stage it has not been directly compared to the first drops.

Question 2: The benefits of using next generation methods to analyse the WHOLE EXOME and WHOLE GENOME SEQUENCING, as opposed to just sampling a small set of 48 pre-selected genes? We will also test if simultaneously can the same specimens be used for RNA analysis. 

Question 3: Application of novel computational methods to predict treatment response. We will use the genome data to see if Artificial Intelligence can be used to predict who may respond to treatments such as immunotherapy.
Question 4: Application of novel computational methods to analyse the diagnostic CT and PET/CT scans to predict tumour cell and tumour DNA content of sampled lymph nodes. Similarly can the analysis of these images predict the yield of circulating tumour derived DNA (ctDNA) yield in patients (and therefore indicate that the analysis of ctDNA by NGS represent an alternative molecular test to tissue-based (EBUS TBNA) molecular testing.
Hypotheses: 

1A.: Fewer agitations of a TBNA through a node ( 3 versus the current number of 10) will result in better quality, less bloody aspirates and better quality DNA, thereby improving the outcome and lessening procedure time.

1B.: the best yield from TBNA aspirates will come from the last few drops ( not the first drops) after the initial needle contents have mostly been extruded into the cell block container.

2. Whole exome and whole genome sequencing will be feasible on Diff Quik cytology smears and/or RNA Later collected samples and will provide data on all well known lung cancer mutations and initiate “discovery” of other mutations.
3. Doppler class 2 patterns (increased but low flow) will be more conducive to high DNA yields than Doppler class 3 patterns (increased and high flow), where blood may contaminate the sample
4 Radiomic software will predict lymph nodes with high DNA content, because they will have the strongest AI features of malignancy. Conversely it will predict nodes with low DNA content ( for example due to necrosis) which will appear to have low malignancy features. These cases may still have high DNA content in simultaneously collected blood samples (already collected and stored, and prospectively collected with new patients recruited), providing an alternative DNA source for molecular testing.
Study Design

INCLUSION CRITERIA

Patients referred to the Thoracic Medicine Outpatients department for investigation of abnormal mediastinal and / or hilar lymph nodes where the clinical suspicion is primary lung cancer.

EXCLUSION CRITERIA

Patients deemed not suitable for bronchoscopy by their treating clinician

Patients deemed unfit for bronchoscopy on the basis of

· Severe respiratory insufficiency or hypoxia, moderate-to-severe hypoxemia or any degree of hypercarbia

· Continuous use of anticoagulants (eg, heparin, warfarin)  ADP-Receptor inhibitors (Clopidogrel), GP-IIB/IIIA- inhibitors (Abciximac), fish oil, etc) which cannot be discontinued. 

· Uncorrectable coagulopathy or bleeding diathesis

· Platelet dysfunction or platelet count <100×10

· History of major bleeding with bronchoscopy

· Partial tracheal obstruction or obstruction of the superior vena cava

Any other severe or life-threatening comorbidity that could increase the risk of bronchoscopic biopsy for example:

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

· Unstable hemodynamic status including 

· Uncontrolled dysrhythmias 

· History of ventricular arrhythmias 

· UncontrolledHypertension 
(Blood Pressure systolic>200mmHg, Blood Pressure diastolic >120mmHg)

· Unstable Angina

· Myocardial infarction within 6 months

· Severe cachexia, debility and malnutrition

· Acute Renal or Liver Failure

· White Blood Cell (WBC) Count  <2000 or  >20,000

· Recent head injury or increased intracranial pressure

· Contraindication to general anesthesia

· Patients who are pregnant or lactating

· Persons with any kind of dependency on the investigator or employed by the sponsor or investigator

· Persons held in an institution by legal or official order, or part of vulnerable population (i.e. mentally disabled)

THE 2 PARTS OF THE STUDY WILL RUN SIMULTANEOUSLY. Needle sampling questions will be undertaken in the procedure room (for Question 1), and subsequent diagnostic lab analysis will determine selection of the appropriate cases from the whole cohort for the WHOLE EXOME and WHOLE GENOME SEQUENCING and RNA analysis study (Question 2). The data from the WGS and RNAseq will be analysed using Artificial Intelligence to predict who may have responded to immunotherapy (Question 3).

Informed patient consent will be obtained prior to admission. EBUS-TBNA procedures will follow departmental protocols throughout including a maximum of 6 needle passes into each node. As per usual practice obtainment of diagnostic material will be the priority, Once diagnostic sufficiency has been confirmed by rapid onsite evaluation (ROSE) of Diff-Quik® stained cytology smears, at least one additional pass will be taken which is standard practice. All samples will use 21G Olympus Visishot needles.
For Question 1A: two different EBUS needles will be used: one for node passes with 3 agitations of the needle and the other needle for passes with 10 agitations of the needle (the current standard). The 2 different needles will be used on alternating node passes. Diff‑Quik® (Diff Quik) smears will be made for each needle pass and importantly the sample material from the 2 different needles will be kept separate from material used for the cell block (upon which all usual lab workup including histology, immunohistochemistry and lab based PCR will be performed.).  

For Question 1B: ( THIS QUESTION AND PART OF THE PROTCOL WILL ONLY BE STUDIED AT RBWH): the same material (from Question 1A) without the need for any additional passes will be put onto the Diff Quik slide in one of 2 ways on alternating passes: either the first drops or the last drops out of the needle. The DiffQuik slides will therefore be labelled as to both WHICH NEEDLE was used and whether FIRST OR LAST DROPS were used. See Table 1 for work flow.

Importantly we will randomise the order of 3 versus 10 ( and first versus last drops AT RBWH). In the lab following the procedure Diff Quik cytology slides will be scanned, each scan will be quality checked, and tumour cell abundance will be scored by Pathology Queensland colleagues (Drs Mahendra Singh and Lakshmy Nandakumar)before DNA is extracted. DNA will only be extracted from Diff Quik Slides collected that are in addition to the cytology material collected for normal diagnostic requirements. Tumour abundance and DNA yields will be compared between: 3 vs. 10 needle passes and the first vs. last drops of aspirate; to determine optimal procedure technique.  A Standard Operating Procedure with supporting printed and video reference material will be created at the RBWH site in close consultation with the other participating sites for distribution to collaborators. NB where aspirate is frankly bloody this would be discarded and not counted as an “aspirate” .
Further details on the procedure for the study are included in the appendix “Technical details for EBUS TBNA procedure”

Table 1: Workflow of lymph node sampling in the bronchoscopy room.
	
	                EBUS TBNA procedure
	

	
	Question 1A
Optimal Number of Agitations
	
	Question 1B 
Optimal part of the needle sample

(This part at RBWH only)
	TOTAL OF 4-10 Cytology Smears per patient

( in addition to RNA later sample, saline sample for cell block, and PAP slide- see appendix)

	Lung Cancer Provisional Diagnosis
	NEEDLE 1

3 agitations
	

	First Drops


	
· Diff Quik Stain

· Digital Scan

· Quality Check

· Tumour score

· Extract DNA

· Measure Yield

	
	
	
	Last Drops
	

	
	NEEDLE 2

10 agitations
	
	First Drops


	

	
	
	
	Last Drops
	


NOTE TO PROTOCOL June 18 2020

1. Simplification of needle procedure:

Part one of the study has been completed- our analysis of the pathologist scores of EBUS TBNA samples shows equivalence between 3 agitations and 10 agitation. That is as few as 3 agitations of the needle within the lymph node yields sufficient malignant cells. Hence to make the procedure quicker and reduce needle trauma on the node we will go forward with just 3 agitations ( as opposed to alternating between 3 and 10 agitations).

Also our analysis of pathologist scores shows trends that the last drops out of the needle have more malignant cells, so we will make that the protocol.

hence the material for molecular analysis for the study will be collected from samples taken with 3 agitations, selecting the last drops out of the needle.

The following comments have therefore been added to the protocol:

Following the completion of the first part of the study analysis shows the needle sampling method for the remainder of the study is 3 agitations and a focus on the last drops out of the needle.

Hence there is no need to change needles and no need to alternate between 3 and 10 agitations of the needle.

At the analysis stage, Diff Quik slides will be reviewed by additional pathologists within Metro North, Pathology Queensland (Prince Charles Hospital). The aim of this will be to derive inter-rater agreement data on reporting of the cellularity of Diff Quik slides. A selection of slides will be reviewed by pathologists there and returned to RBWH Pathology laboratory. 

Study design for Question 2: Tumour samples and matched normal DNA pairs will undergo next generation sequencing depending on the amount of DNA and RNA recovered from DQ slides and RNAlater. Some tumours will have known actionable mutation identified by routine diagnostic testing (i.e. EGFR mutation or ALK-fusion) and these will be the controls to ensure the next generation sequencing technology is sufficiently sensitive and specific(we have previously demonstrated this with targeted sequencing vs diagnostic sequencing). The remaining tumours will not have actionable mutation found using routine diagnostic testing. This data is exploratory in nature, so statistical analysis is not applicable.   

Methods:

· Dr Fielding (RBWH) will perform EBUS-TBNA to collect tumour samples and matched blood. He will also ensure that any other hospitals which contribute to the study use the same protocol.
· Dr Simpson and Dr Dalley (UQCCR) will digitally scan cytology slides prior to DNA extraction. They have optimized the scoring of tumour cell abundance to ensure that cases selected will yield sufficient DNA (200ng to 1ug).Not all Diff Quik smears will be used for this purpose, ensuring that representative slides remain un-used in Pathology Queensland for long term archiving to allow clinical recourse to the slides in the future if needed. To ensure representative slides are kept, which slides are used would be at the discretion of the study pathologists.
·  DNA will undergo WES using the Illumina Hiseq to a minimum depth of 100x in normal and 150x in tumour or WGS using the Illumina Hiseq Xten using the Illumina Hiseq Xten and/or the BGI Seq to a targeted minimum depth of 30x in normal and 60x in tumour. RNA will be analysed using a BGI Seq or nanostring. 

· Dr Nones (QIMR Berghofer) coordinate SNP arrays to assess tumour purity of DNA samples from RNALater and/or cytology slides prior to sequencing.

· Dr Nones and Dr Waddell will co-ordinate sequencing analysis using pipelines established by the Medical Genomics and Genome Informatics groups(John Pearson). All workflows have been licensed to genomiQa who will ensure the data is analysed (Colin Albert). They have extensive experience in these analyses(20-23). Results from sequencing will be compared to clinical testing, to confirm currently clinical testing results and add novel candidate targetable options. Results from sequencing will be compared to clinical testing, to confirm currently clinical testing results and add novel candidate targetable options.  
· This is a multi-disciplinary collaboration. Briefly, Dr Fielding is a respiratory physician at the RBWH leading a collaborative project to enhance the molecular testing of lung cancer patients. Dr Nones is playing a significant role in this partnership, in analysing sequencing data from clinical samples. They have co-published two articles. They have received funding from Cancer Council Queensland (CCQ) and Cancer Australia (CA (CIA Fielding, CIB Simpson, CIC Nones) to perform WES and Nanostring on 100 samples.  They also received funds from Australian Genomics to compare outcomes of WES and WGS (Investigators Fielding, Nones, Waddell and Simpson) in 50 samples and have received funding from a CRC-P to profile 500 samples with WGS and RNAseq (Investigators RBWH – Fielding, QIMR Berghofer – Nones and Waddell, BGI – Yang, genomiQa – Albert and Pearson, Max Kelsen – Bean and Therkelsen-Terry).  Therefore we now wish to further push the boundaries of what is feasible from EBUS-TBNA specimens in testing the utility of WGS.

· RNA fusion transcript analysis 
will be performed on a cohort of n=60 non-small cell lung cancer samples derived from DiffQuik stained cytology smears. Patients determined to have ALK rearrangements by diagnostic testing will be included as positive controls. We will use the Ion AmpliSeq™ RNA Fusion Lung Cancer Research Panel (ThermoFischer), which detects transcripts from 37 ALK, 9 RET, 15 ROS1, and 11 NTRK1 fusion variants along with 5 housekeeping genes that serve as internal controls.
 This panel requires only 10ng input total RNA and is reported to have sufficient sensitivity to detect targeted fusion transcripts when present in only 1% of input RNA. Sample libraries will be multiplexed 16 to each Ion 318™ Chip Kit v2 BC 
(expected to achieve >20K on-target reads per library) and sequenced using an Ion PGM™ system (ThermoFischer) and analyzed with the AmpliSeq™ RNA Lung Fusion workflow in Ion Reporter™ software (ThermoFischer).

Study design for Question 3: Whole genome data and RNA analysis will be used to predict treatment response using complex machine learning approaches. This will work will be undertaken in collaboration with RBWH (Fielding), QIMR Berghofer (Nones and Waddell), BGI (Yang), genomiQa (Albert and Pearson) and Max Kelsen (Bean and Therkelsen-Terry). The analysis will include developing and testing predictive models.  

· Dr Waddell, Dr Nones, John Pearson and Cameron Bean will co-ordinate the development of artificial intelligence algorithms to predict prognosis and response to treatment including immunotherapy. Genome and RNAseq data (where available) will be processed by QIMR Berghofer, genomiQa and Max Kelsen to identify and test predictive markers of therapy response of 500 patients. This work requires somatic mutation and transcriptome expression data. Data will be analysed by the investigators using Cloud computational resources uch as Google or AWS. All data used will be de-identified. 
· A health economics evaluation of the WGS compared to standard of care will be undertaken (QIMR Berghofer, Louisa Gordon). 
Study Design and Methods for Question 4:
All diagnostic CT and PET CT scans will be saved onto RBWH PACS. It is only the original diagnostic scans which will be used, and no additional scans will be performed. Images will undergo de-identification and be saved as DICOM images. ( see attached protocol in Appendix). They will be uploaded to the server for the Optellum software, to allow the image analysis. Optellum is a UK based image analysis software firm. The Optellum staff will analyse the images using the same algorithm already developed for distinguishing malignant from benign nodules- it will be applied to the sampled node. Optellum will be blinded to the DNA content results from the actual sampling of the node.
Blood samples collected from consenting patients at the time of the EBUS procedure will processed for germline DNA (as a normal control DNA for sequencing purposes, as above) and blood samples collected in specialised blood tubes for preserving ctDNA will be processed to yield ctDNA. The yield of ctDNA will be compared with the yield of tumour cell content and DNA derived from the EBUS TBNA sample and the CT scan analyses to see if analysis of the CT images can predict tissue-based and/or blood based tumour DNA yields.  

ctDNA samples will be analysed by NGS in a similar manner to the NGA described above (targeted gene panel sequencing) to investigate the capability of this method to detect actionable tumour mutations.
Power Calculation 
For Question 1.For a non inferiority study of 3 agitations versus 10 agitations we need 134 patients; outcome measure is DNA yield. A clinically meaningful difference (as shown from our pilot study) was taken as 1000ng, and the standard deviation from our study DNA yield of cytology slides was 1970 ng.

If there is truly no difference between the standard and experimental treatment, then 134 patients are required to be 90% sure that the lower limit of a one-sided 95% confidence interval (or equivalently a 90% two-sided confidence interval) will be above the non-inferiority limit of -1000. Hence we would study 140 patients
For question 2. The work here is a feasibility project to demonstrate WES and WGS can be performed on these cytology slides and / or liquid media (RNALater). 

Outline the conceptual framework 

This study is NOT attempting to validate EBUS TBNA as a method of sampling tissue in lung cancer patients- this is already well validated. All of the patients in the study would have been due to have EBUS TBNA anyway. Also it is NOT attempting to explore the role of EGFR mutations in treatment outcomes of patients- this also is well known. The study is looking at how the existing node aspirate material can be better utilised to get broader genetic information simply with a less labour intensive method for the lab. We will achieve technical refinement of EBUS-TBNA needle usage to minimise procedural duration whilst maximising tumour cells and DNA return. 
Outcome measures

PRIMARY OUTCOMES
1A.Mean tumour DNA yield comparing 3 agitations versus 10 agitations
1B. Mean tumour DNA yield comparing first to last drops

1. Descriptive comparison of mutations comparing standard lab tests versus Whole exome/genome sequencing.

2. Artificial Intelligence to predict which patients may have responded to immunotherapy and health economics evaluation of WGS compared to standard of care.

Table 2 Presentation of data for Next Generation Sequencing (NGS)
	
	
	NGS results

	
	
	Positive
	Negative

	Standard genetic test results
	Positive
	
	

	
	Negative
	
	


Table 3 Workflow of TBNA samples

	In bronchoscopy room
	Diff Quik Slides ()

	drops into RNALater
	Cell Block



	

	In Pathology Lab
	

	
	Quantitate tumour cellularity on Diff Quik slides using 

published criteria


	Save pellet for DNA analysis
	Make lab tissue diagnosis and 

Perform EGFR/ KRAS/ ALK testing in usual way for Adenocarcinomas

	
	
	
	

	In UQCCR
	
	
	

	
	Digital Scan of slides
	Use Diff Quik slide and RNALater material for DNA 

quantitation
	Store this material for subsequent 

NGS (Exome sequencing and whole genome sequencing)

	
	 
	
	

	In QIMR BERGHOFER
	
	
	

	
	SNP array profiling to assess quality and tumour purity. Select cases with >3.5ug of DNA from Diff Quik and/or RNALater samples for WES (n=100)and WGS (n=60 with Illumin and 500 with BGI),  nanostring (n=72) and RNAseq (n=500).
	Analysis of genome and RNA sequencing to identify the somatic mutations within the entire genome 
	Health economics evaluation

	In genomiQa and Max Kelsen
	Analyse genome data and test and developed complex algorithms to look for treatment response
	


HOW WILL THE RESULTS BE ANALYSED ?
PRIMARY OUTCOME

1A and B. Paired T test comparing weights of DNA
Part 2. We will demonstrate the utility of WES/WGS to identify i) mutations detected by diagnostic testing and ii) mutations that are therapeutically actionable but missed by routine testing (e.g. other mutations in EGFR or other targetable genes; ALK rearrangements involving other genes, or rearrangements involving ROS1, RET etc).

Secondary Outcomes

· Development of a clinically useful diagnostic report for NGS.

· The data will serve as useful pilot data to stimulate the exploration of WES/WGS as a diagnostic tool in a larger cohort of lung EBUS-TBNA cytology specimens, via initiatives such as the NHMRC or Queensland Genomics Health Alliance.
· Compare DNA yield from RNALater pellet to both Diff Quik slides and cell block

· Explore the potential for reporting Tumour Mutation Burden from these specimens

· Explore the potential for complex machine learning approaches from genomic data

· Explore the potential for RNA analysis

· Compare cost/clinical benefit of WES, WGS and current clinical testing

· Compare different platforms for WGS : Illumina and BGI
· Compare Doppler flow / power image type with DNA yield. Use the Nakajima classification of classes 1-3 vascular patterns.

· Compare Radiomic features of diagnostic CT and PET/CT scans of the sampled lymph node to the actual measured amount of DNA. These will scans from patients already enrolled, as well as scans from ongoing prospective new study enrolments
· Compare Radiomic features of diagnostic CT and PET/CT scans to DNA content in blood sample cell free DNA. These will blood samples from patients already enrolled, as well as scans from ongoing prospective new study enrolments.

INNOVATION, CLINICAL RELEVANCE AND EXPECTED BENEFITS

•
Lung cancer is an ideal tumour type for the advantages of broad genetic testing; advances in management will come from “personalised” medicine approaches. That is, the future of lung cancer management is application of existing (and some new) biological agents to multiple small patient groups with specific candidate genes mutated.

•
The “amount” of tumour tissue needed appears to be extremely small indeed from our preliminary studies. Some advocate taking large extra samples just for genetic testing, which would disadvantage patients. By using NGS in a novel way (especially by just using Diff Quik cytology smears, or liquid biopsy-style samples in RNAlater solution, and by refining the technique) we believe the process of tying genetic testing to histology confirmation will revolutionise lung cancer diagnostics. The question will not be “how much tissue is needed?, but “ how little?”. If we can show that the present practice of taking only 3 agitations is more than adequate (due to the advent of NGS) this would have great practical import to many bronchoscopists.

•
What are the expected benefits of the project?

Simpler and broader candidate gene diagnostics for lung cancer, including rapid turn-around of results for patients and clinicians. Ability to use existing biopsy protocols without inconveniencing patients to get extra tissue.

Currently lung cancer patients benefit from targeted therapies when their tumour harbours mutations in EGFR or ALK rearrangements. Clinical testing however is cumbersome; using FFPE tissue samples, requiring multiple consecutive tests and is restricted to a limited set of mutations in these genes. We are working to optimise the molecular genomic testing, which will have clear clinical benefit. Firstly by extending the enormous potential of cytology slides that are already collected and provide better quality and quantity of DNA. Secondly by evaluating a technology that supersedes traditional methods. WES and WGS allow detection of a significant increase in the repertoire of mutations in a tumour in a single test, including those currently tested in the clinic but also other targetable mutations that could result in repurposing of drugs extending treatment options for lung cancer patients. Together we will also develop a clinically meaningful report for the WES/WGS data.
COLLABORATION

· Dr Fielding will do patient selection EBUS TBNA and sample collection together with matched blood. Dr Fielding a clinician from RBWH will contribute in kind costs for the hospital procedure and EBUS-TBNA sampling and blood sampling, as well as providing advice on the development of a clinically relevant report from whole genome sequencing data. Routine genetic testing for EGFR and ALK will be performed as per normal diagnostic practice by the Pathology Queensland, and so no costs will be incurred for this aspect of the project.

· Dr Singh and Nandakumar and Pathology Queensland staff will do on-site cytology, histopathology and genetic testing as per routine clinical practice. Prof Lakhani and Dr Simpson will supervise DNA /RNA extraction at UQCCR. Dr Simpson and Dr Dalley (UQCCR) will perform the digital scanning of research-based cytology slides ( see appendix)  and DNA/RNA extraction from these slides, tissue samples and blood samples. 
· Dr Nones and Waddell will co-ordinate the WES/WGS and RNAseq/Nanostring at QIMR Berghofer. 
· Dr Nones and genomiQa will co-ordinate the sequencing analysis and identify all somatic mutations

· genomiQa and Max Kelsen will test and develop machine learning approaches for predicting treatment response 

· Together the collaborators will develop a clinical style (research)  report from the sequencing data for discussion with clinical colleagues as to the potential future benefit of this approach in the management of patients.
· This study is running in conjunction with the Australian Genomics Project (HREC/16/MH/251) and a sub-set of de-identified genomic and health related data will be shared to help demonstrate how the application of genomic data impacts the care of patients.
· Optellum Ltd is a UK based medical software company – we will collaborate with them in the Radiomic part of the study using existing scans. Address Oxford Centre for Innovation Oxford OX11BY United Kingdom. info@optellum.com

Additional processing of Blood samples for Exosomes:
Development of blood test for cancer analysis

The Tumour Microenvironment Laboratory of Associate Professor Andreas Möller at the QIMR Berghofer Medical Research Institute, Brisbane, has evaluated the composition changes of small vesicles secreted by lung cancer cells. They found significant alterations in the vesicle composition, indicative of the genetic mutational changes in the lung cancer cells. This implies that a blood test could inform clinicians about the most appropriate, targeted therapy for a lung cancer patient if a sampling of the cancer itself is not possible. 

There is no prospective exosome data in the literature to test if this blood test is suitable for clinical use. In particular, because the current study patients’ will have cancer genomic DNA results available, the small vesicle content can be correlated to these genomic DNA results.

Because of the preliminary nature of the test in the current form, no results of the testing will be reported back to the clinicians in a manner that it could influence patient care, diagnostic or therapeutic procedures.”

INFORMATION REGARDING 3 SUBSTUDIES

SUBSTUDY 1:ADDITIONAL DATA COLLECTION RELEVANT TO GUT MICROBIOME AND ITS LINKS TO GENOMIC INFORMATION AS OUTLINED ABOVE. THIS PART OF THE STUDY is a  COLLABORATION BETWEEN RBWH AND QIMR BERGHOFER. Patients from all sites who are to receive immunotherapy cancer treatment will have microbiome sample kits sent to them in the post for this purpose. Samples from all sites will be sent to QIMR BERGHOFER directly. 
Background and Rationale: The intestinal microorganisms (known as the gut microbiota) play a fundamental role in host immune response regulation and are increasingly recognized as key to determining susceptibility to various diseases. The composition of the gut microbiota has been linked with response to immunotherapy in cancer patients. Recent studies have revealed that the gut microbiota modulates the host immune system to respond to immunotherapy.

Preliminary evidence in lung cancer (Liu et al) suggests that the gut microbiome plays an important role in the carcinogenesis and progression of cancers by metabolism, inflammation and immune response. In one study, faecal samples were collected from 16 healthy individuals and 30 lung cancer patients who were divided into 3 groups based on different tumor biomarkers and were analyzed using 16S rRNA gene amplicon sequencing. Lung cancer subjects had gut microbial communities which differed compared to that of the healthy controls : an elimination, low-density, and loss of bacterial diversity microbial ecosystem. The microbiome structures in family and genera levels are more complex and significantly varied from each group presenting more different and special pathogen microbiome such as Enterobacteriaceae, Streptococcus, Prevotella, etc and fewer probiotic genera including Blautia, Coprococcus, Bifidobacterium and Lachnospiraceae. 

These authors concluded that gut microbiota may serve as a microbial marker and also contribute to the derived metabolites, development and differentiation in the lung cancer patient.
Hypothesis: Intestinal microbial markers can be used to predict clinical outcome to immunotherapy treatment. We will test this hypothesis in NSCLC patient faecal samples and address the following aims:


Aim 1. Sequence and characterize the baseline gut microbiota obtained from faecal samples in patients with NSCLC before immunotherapy,
Aim 2. Build models incorporating microbial genetics to identify individuals who will benefit from ICI treatment.

METHODS

Aim 1: Faecal samples will be collected from participating individuals before immune therapy cancer treatment. All patients will receive a kit for outpatient faecal sample collection and a questionnaire about diet and lifestyle prior to treatment. Samples will be sent to QIMR Berghofer and immediately stored at -80◦ C. Samples will be sent to Microba for DNA extraction. Subsequently the DNA will be divided and the aliquots will be analysed using two different approaches: (1) An aliquot will remain at Microba and used for metagenome libraries preparation and sequencing. Metagenome data will be analysed at Microba using their in-house pipeline and databases. (2) Another aliquot will be sent to AGRF for 16S rRNA amplification and sequencing. The 16S rRNA gene data will be analysed at QIMR. Quality control and processing will be carried out at QIMR Berghofer using QIIME, a standard pipeline for microbiota characterisation. Data analysis and mining will be performed in the software package Calypso according to overall microbial diversity and abundances of individual taxa using univariate methods, correlation analysis and linear regression models.  
16S rRNA and metagenome data will be compared by Microba and QIMR Berghofer.
METHODS Aim 2: Receiver operating characteristic analysis, accuracy, sensitivity, specificity, positive and negative predictive values will be reported. We will test multiple algorithms including deep neural networks, decision trees and support vector classification and evaluate based on their accuracy.
Samples will be de-identified and only the data from the microbial content of the participants will be provided for the data analysis at QIMR Berghofer and Microba. No direct access to the identity of the participants is provided during the data analysis. The data will be safely stored at QIMR Berghofer and is password protected. Only researchers with permission will be able to access it. Data will be deleted 5 years after publication. Data includes: text files sequencing data.

Reference Liu F et al. Dysbiosis of the Gut Microbiome is associated with Tumor Biomarkers in Lung Cancer Int J Biol Sci 2019; 15(11):2381-2392. doi:10.7150/ijbs.35980
Substudy 2 : Molecular analysis of pleural fluid

Background & Rationale

A common complication of advanced lung cancer is development of a malignant pleural effusion (MPE) resulting in symptoms such as dyspnoea, cough and chest pain. There are several approaches to the diagnosis and management of suspected MPE. Aspiration and drainage of MPE (pleurocentesis) is a simple, non-invasive & repeatable procedure often performed for therapeutic relief of respiratory distress as well as for diagnostic purposes
 ADDIN EN.CITE 

[1]
. During the course of their treatment, patients often require repeat pleurocentesis for management of symptoms. The purpose of this sub study is to determine if existing MPE aspirate material can be better utilized to obtain broader genetic information. We know from our current lab procedures that malignant pleural effusions have  abundant malignant cells potentially readily allowing extensive molecular resting, however much of this potentially useful fluid is currently discarded by the lab. We want to use this material which would otherwise be discarded and apply the same genetic analysis as we apply to the lymh nodes as described above.

Pleurocentesis can be performed at the beside or in procedural suite. It involves ultrasound confirmation of pleural effusion. Sterile technique is then used to infiltration of skin & subcutaneous tissue with local anaesthetic, followed by insertion of either a needle or pleural catheter into the pleural space, allowing for aspiration of fluid. Pleural fluid is routinely sent for cell count, culture, biochemical and cytological analysis. The diagnostic rate of pleural fluid cytology varies depending on the underlying malignant process, with a large study by Arnold et al. [2] demonstrating an overall diagnostic rate of MPE of 46%, with a higher rate of diagnostic cytology in cases of adenocarcinoma (79%) and significantly lower rate in mesothelioma (6%). As little as 25mL of pleural fluid is required to confirm malignancy[3], but most patients will have up to 2L of fluid drained for symptom relief. Therefore, this allows for abundant material for analysis in additional to standard of care testing, without any additional procedures required for the patient. 
Routine methods for increasing diagnostic yield for cases of suspected MPE include medical thoracoscopy. Medical thoracoscopy is a minimally invasive procedure performed under local anaesthetic or conscious sedation. With ultrasound guidance a trocar and cannula (port) are inserted into the pleural space, then a semi-rigid pleuroscope is introduced via the port. This allows for direct visualisation of the pleural space. Pleural abnormalities/masses are then biopsied with either needle (FNA) or forceps via the pleuroscope. At the conclusion of the procedure, a pleural drain is inserted to drain residual air and fluid and allow the lung to re-expand.

While tissue biopsy remains the gold standard specimen for molecular and genetic testing, accessing tumour tissue is often difficult, requiring invasive procedures. Therefore, MPE may be an alternative, easily accessed source of tumour material for genetic mutation profiling. Previous studies of MPE for genetic profiling have suggested that mutation detection rates from MPE were similar to tissue biopsy and superior to plasma, using limited genetic panels 
 ADDIN EN.CITE 

[4-6]
. There is little research assessing the amount of tumour DNA in pleural fluid samples, and as a result if this would be an adequate source of material for WES or WGS.

Traditionally, pleural fluid is prepared by separating cells from supernatant by centrifugation. The cell pellet is then processed into formalin-fixed paraffin embedded (FFPE) cell blocks [4]. As described in the main study, the process of extracting DNA from cell blocks is often lengthy and results in damage to DNA. In this study usual lab processes will continue including making a diff quik slide in the lab from the fluid, and creating a cell pellet by centrifuging the fluid. For this cell pallet a cell block will bemade (FFPE) from which standard of care testing for histopathology and molecular analysis will be done. The study sample will come from additional pleural fluids already collected and stored in the lab from the same patient but which would otherwise be discarded. Once it is conformed ( from the standard of care testing) that the effusion contains malignant cells then these additional fluids will also be spun down and a cell pellet created. This cell pellet will then be transferred to the research lab at UQCCR/QIMR Berghofer where it will be prepared and analysed for DNA content and quality and then undergo sequencing. Before this an additional diff quik slide will be made from this same sample. This slide will be assessed in 2 ways- ( 1) Does it predict DNA content for WES and WGS and (2)  can this  Diff Quick cytology slide from the cell pellet be used as an alternative source of genomic material for NGS. Additionally any Diff quik slides prepared in the procedure room during collection of pleural specimens will be tested in the same way.
Aim 1: Can pleural fluid samples taken as part of routine clinical care provide a feasible source of genetic material for WES/WGS?

· Is there adequate amount of tumour DNA in pleural specimens to perform WGS?

· How does a quik diff smear cellularity predict the amount of tumour DNA in the specimen?

Aim 2: Are diff quik slides prepared from  needle biopsy during medical thoracoscopy or during cell pellet creation a feasible source of genetic material for WES/WGS?

Methods:

Aim 1: Patients referred to the Thoracic Medicine department for investigation and management of suspected malignant pleural effusion will be identified and informed consent obtained. A matched blood sample will be taken to allow sequencing of the patient’s normal genome. Pleural fluid samples will be sent as per standard of care to Pathology QLD for routine tests including cytology. Once malignancy is confirmed spare pleural fluids in the lab will be centrifuged to create a cell pellet for study purposes. A Diff Quik cytology smear will be prepared from this cell pellet. If malignancy is confirmed, DNA will then be extracted from the pleural fluid for sequencing.

Aim 2: Patients undergoing pleuroscopy will be consented to study prior to procedure. A matched blood sample will be taken to allow sequencing of the patient’s normal genome. At the time of closed pleural biopsy or pleuroscopy, if an FNA is performed, a Diff Quik cytology smear will be prepared. If malignant cells are identified further FNA passes will be performed adequate diagnostic tissue as per standard routine care. DNA will then be extracted from the Diff Quik smear which is no longer required for routine diagnostics and processed in the same manner as EBUS-TBNA samples in primary study. 

1.
Liu, L., et al., Next generation sequencing-based molecular profiling of lung adenocarcinoma using pleural effusion specimens. J Thorac Dis, 2018. 10(5): p. 2631-2637.

2.
Arnold, D.T., et al., Investigating unilateral pleural effusions: the role of cytology. European Respiratory Journal, 2018. 52(5): p. 1801254.

3.
Wu, H., et al., The minimum volume of pleural fluid required to diagnose malignant pleural effusion: A retrospective study. Lung India, 2017. 34(1): p. 34-37.

4.
Zhihua, G., et al. Malignant pleural effusion supernatant is an alternative liquid biopsy specimen for comprehensive mutational profiling. Thoracic Cancer, 2019. 10, 823-831 DOI: 10.1111/1759-7714.13006.

5.
Tong, L., et al., Tumor-derived DNA from pleural effusion supernatant as a promising alternative to tumor tissue in genomic profiling of advanced lung cancer. Theranostics, 2019. 9(19): p. 5532-5541.

6.
Jin, S., et al., A multicenter real-world study of tumor-derived DNA from pleural effusion supernatant in genomic profiling of advanced lung cancer. Translational Lung Cancer Research, 2020. 9(4): p. 1507-1515.



SUBSTUDY 3- MOLECULAR ANALYSIS OF LUNG MASSES

-lesions in the lung of at least 3 cm diameter on CT scan. 

The diagnostic evaluation of patients with suspected lung cancer frequently involves biopsy of the primary lung mass directly. Depending on the position of the mass, biopsy of a primary lung cancer can be performed by a variety of bronchoscopic methods, including endobronchial fine needle aspirate (FNA) of proximal lesions, or transbronchial needle aspirate (TBNA) of peripheral lesions utilising radial EBUS and guide sheath (EBUS-GS). This SUB-STUDY  incorporates tissue obtained by these bronchoscopic techniques into the main study, with the objective of further genomic characterizing by whole genome/whole exome sequencing (WGS/WES). The procedures are outlined below.
Bronchoscopy Procedures

Proximal primary lung lesions may sit adjacent to an airway or may invade though the bronchial wall into the bronchial lumen, and may be visualized with a convex EBUS probe or conventional bronchoscope. In these cases, a fine needle aspirate (FNA) of the tumour is an accepted sampling method, and would yield specimens that can be processed in an identical fashion to a lymph node biopsy (as outlined in the original protocol).

In contrast to proximal lung primaries, a peripheral pulmonary lesion (PPL) cannot be directly visualized with a standard bronchoscope or convex EBUS probe, and a different type of EBUS probe and biopsy technique is utilized – radial EBUS with guide sheath (EBUS-GS). A radial EBUS miniprobe is a thin ultrasound probe that is fitted through a plastic guide sheath (GS), and passed though the working channel of a standard bronchoscope. The miniprobe can enter the distal airways, and generate a 360 degree ultrasound picture around the probe. The ultrasound can find the lung mass because it differentiates pulmonary lesions from normal lung tissue. Once the lesion is located, the EBUS miniprobe is removed and the GS and bronchoscope remain in the same position, and instruments such as brushes, biopsy forceps, and TBNA needles can then be passed though the bronchoscope and guide sheath, and the lesion can be biopsied. TBNA occurs prior to a transbronchial forceps biopsy, to avoid blood contaminating the specimen. The TBNA needle is inserted through the bronchoscope and GS and directed towards the lesion, with the aid of X-ray fluoroscopy and radial EBUS guidance. Negative pressure may be applied with a 20mL syringe in a similar manner to a convex EBUS, and the lesion is then aspirated by moving the needle back and forth. EBUS-GS that incorporates TBNA (in addition to forceps biopsy) further improves the technique’s diagnostic capabilities (Riviera 2013; Takai 2014; Chao 2009).
The use of Radial EBUS miniprobe with guide sheath has a low complication rate (Livi 2019; Ishiwata 2019; Kurimoto 2004), and is recognized as the standard of care for the diagnosis of PPL at institutions where it is available (Riviera 2013), including the RBWH and other sites throughout South East Queensland, including Gold Coast University Hospital (GCUH) and Sunshine Coast University Hospital (SCUH). 

It is important to note that any patients included in this substudy will have the planned diagnostic bronchoscopic procedure determined by their treating clinician in accordance with best medical practice. Recruitment to this substudy will only be offered to potential participants who are already planned to have such bronchoscopic procedures, and Involvement in the substudy will not alter the patient’s lung cancer diagnosis. If a patient has enlarged mediastinal nodes they would be offered enrolment in the main study instead of this sub-study.
Sample Processing

Specimens will be collected and processed in a way that ensures sufficient material is available in the cell block for routine diagnostic testing, and enough research specimens are available for molecular analysis, as outlined below. 

A cytologist will be present at the bronchoscopy for rapid on-site evaluation (ROSE), consistent with routine practice. Before ROSE is positive, the initial passes will focus on collection of material into the RNALater pot in order to ensure enough material for WES/WGS. After each needle pass, the TBNA needle is removed from the bronchoscope and specimens are processed. The stylet is reintroduced and specimen is pushed out through the hollow needle. The initial 1-2 drops of material is collected in a saline pot for cell block and routine diagnostic analysis. The next 1 drop will be collected on a glass slide, which is air dried and stained with modified Giemsa (Diff-Quik). Further material (aiming 2-3 drops) will then be collected in liquid media for molecular analysis (RNALater) or into a plain pot. After specimen is pushed through the needle with the stylet, the stylet is then removed, and air is pushed through needle via 30mL syringe and any further material will be collected in the saline pot for cell block. Saline is flushed through the needle and the final material is collected in the saline pot for cell block. 

Once ROSE is positive, further passes will focus on obtaining specimens for routine diagnostic testing, including 1-2 PAP slides (1 drop of material each), one further Diff Quik slide for clinical purposes, and further material in saline for cell block. 

Molecular Testing of lung masses.

Specimens will be prepared for molecular analysis. Evidence for the utility of molecular testing of peripheral pulmonary lesions isn’t as extensive as more proximal lymph node specimens as in clinical practice molecular testing typically guides the treatment of patients with advanced lung cancer, in whom isolated peripheral pulmonary nodules are rarely targeted for sampling (Tajarernmuong 2020). The substudy outlined in this amendment will focus on advanced lung cancers that will undergo molecular testing and consideration for targeted treatment as part of standard clinical management. Molecular testing for limited panels (EGFR, ALK, PD-1) of samples obtained by EBUS-GS, including the use of TBNA, is feasible and the procedure has been demonstrated to yield sufficient specimens (Guiser 2016; Moon 2019; Livi 2019). TBNA specimens obtained from peripheral pulmonary lesions by EBUS-GS are suitable for Diff Quik slide preparation for rapid on site evaluation (Wan 2020), and will be amenable to further study with NGS. 
Study questions and Potential outcomes.

The objective of this substudy are consistent with those of the main study – procedure optimisation of TBNA sampling in order to streamline lung cancer diagnosis and genomic testing. The difference is a focus on primary lung lesions rather than convex EBUS TBNA sampling of lymph nodes. For the purpose of inclusion in this substudy, primary lesions may include peripheral pulmonary lesions, or proximal pulmonary lesions with an endobronchial component. The specific focus of this substudy will be to investigate the benefits of using next generation sequencing methods to analyse the whole exome sequence or whole genome sequence.

The specific Hypothesis of this substudy is that whole exome and whole genome sequencing will be feasible on Diff Quik cytology smears and/or RNA Later collected samples and will provide data on all well-known lung cancer mutations and initiate “discovery” of other mutations.

This sub-study will broaden the inclusion criteria of the main Debutante study and obtain additional study samples by incorporating lung cancer tissue obtained at different sites within the lung and by different bronchoscopic techniques. 

As with the main study, there will be the opportunity for comparison between standard lab-based tests, and whole exome/genome sequencing. 

Patient Recruitment 

Inclusion Criteria

· Patients referred to the Thoracic Medicine Outpatients department for investigation of abnormal lung masses where the clinical suspicion is primary lung cancer.
· Patients considered for this substudy will have large lesions (eg 3cm or larger), that are amenable to bronchoscopic diagnosis (EBUS GS or endobronchial FNA)
Exclusion Criteria

· Patients deemed not suitable for bronchoscopy by their treating clinician as outlined in the main study.
Potential risks

There are no significant risk to study involvement, beyond the risk of the anaesthetic and procedure itself. These risks will be outlined to the patient as part of the consent process of the procedure itself. It also should be noted that the procedures themselves (EBUS-GS or bronchoscopy with endobronchial FNA) are common interventions that are part of the standard of care for the investigation of primary lung cancers. In the absence of contraindications as outlined above, patients with such lesions would be considered for these bronchoscopic procedures regardless of their involvement in the study

As outlined above, EBUS-GS is a safe procedure with a low complication rate, and risks are further minimised by utilising xray fluoroscopy and the guide sheath itself as per standard procedure. Some specific risks of EBUS-GS include pneumothorax (collapsed lung), and bleeding risk related to the needle biopsy. These are the risks of the procedure itself and involvement in the study won’t heighten these risks. 

References

· Chao TY, Chien MT, Lie CH, et al. Endobronchial ultrasonography-guided transbronchial needle aspiration increases the diagnostic yield of peripheral pulmonary lesions: a randomized trial. Chest 2009; 136:229-36.

· Guiser F, Salaun M, Lachkar S et al. Molecular analysis of peripheral non-squamous non-small cell lung cancer samples by radial EBUS. Respirology 2016; 21: 718-26. doi: 10.1111/resp.12737
· Ishiwata T, Gregor A, Inage T, Yasufuku K. Advances in interventional diagnostic bronchoscopy for peripheral pulmonary lesions, Expert Review of Respiratory Medicine, 2019. 13:9, 885-897, DOI: 10.1080/17476348.2019.1645600

· Kurimoto N, Miyazawa T, Okimasa S, et al. Endobronchial ultrasonography using a guide sheath increases the ability to diagnose peripheral pulmonary lesions endoscopically. Chest 2004;126:959–65. 

· Livi V, Barisione E, Zuccarosta L, et al. Competence in navigation and guided transbronchial biopsy for peripheral pulmonary lesions. Panminerva Medica 2019 September;61(3):280-9. DOI: 10.23736/S0031-0808.18.03568-1

· Moon SM, Choe J, Jeong BH, et al. Diagnostic Performance of Radial Probe Endobronchial Ultrasound without a Guide-Sheath and the Feasibility of Molecular Analysis. Tuberc Respir Dis (Seoul) 2019;82:319-27.

· Riviera MP, Mehta AC, Wahidi MM. Establishing the diagnosis of lung cancer: Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical practice guidelines. Chest 2013;143(Suppl):e142S–65S. 

· Tajarernmuang P, Ofiara L, Beudoin S, Gonzalez A. Bronchoscopic yield for advanced molecular testing: are we getting enough? J Thorac Dis 2020; 12(6):3287-3295.  doi: 10.21037/jtd-19-4119

· Takai M, Izumo T, Chavez C, Tsuchida T, Sasada S. Transbronchial Needle Aspiration through a Guide Sheath with Endobronchial Ultrasonography (GS-TBNA) for Peripheral Pulmonary Lesions. Ann Thorac Cardiovasc Surg 2014; 20: 19–25. doi: 10.5761/atcs.oa.13-00261

· Wan T, Li Y, Hu Q, Deng H, Li D. Diagnostic value of rapid on-site evaluation during endobronchial ultrasound with a guide sheath for peripheral pulmonary lesions. Cytopathology. 2020;31:16–21. doi.org/10.1111/cyt.1277

MAIN STUDY REFERENCES

1. Coleman MP, Forman D, Bryant H, Butler J, Rachet B, et al. (2011) Cancer survival in Australia, Canada, Denmark, Norway, Sweden, and the UK, 1995–2007 (the International Cancer Benchmarking Partnership): an analysis of

population-based cancer registry data. Lancet 377: 127–138.

2. Yasufuku K, Nakajima T. Endobronchial Ultrasound Guided Transbronchial Needle Aspiration Manual EBUS-TBNA at a Glance. Tokyo, Japan: Kanehara & Co., Ltd., 2009.

3. Fielding D, Windsor M Endobronchial ultrasound convex-probe transbronchial needle aspiration as the first diagnostic test in patients with pulmonary masses and associated hilar or mediastinal nodes.. Intern Med J. 2009 Jul;39(7):435-40.

4. Cameron SE, Andrade RS, Pambuccian SE. Endobronchial ultrasound guided transbronchial needle aspiration cytology: a state of the art review. Cytopathology 2010;21:6 –26

5. Coe BP, Chari R, Lockwood WW, Lam WL) Evolving strategies for global gene expression analysis of cancer. J Cell Physiol(2008 217: 590–597.

6. Liu P, Morrison C, Wang L, et al. Identification of somatic mutations in non-small cell lung carcinomas using whole-exome sequencing. Carcinogenesis. 2012 Jul;33(7):1270-6. Epub 2012 Apr 17.

7. Casey G, Conti D, Haile R, et al. Next generation sequencing and a new era of medicine. Gut (2012). doi:10.1136/gutjnl-2011-301935 1 of 13

 8. Choi YL, Soda M, Yamashita Y, Ueno T, Takashima J, Nakajima T, Yatabe Y, Takeuchi K, Hamada T, Haruta H, Ishikawa Y, Kimura H, Mitsudomi T, Tanio Y, Mano H EML4-ALK mutations in lung cancer that confer resistance to ALK inhibitors. N Engl J Med 2010 363 1734-9

9.Wistuba I. Molecular Testing of Non–Small Cell Lung Carcinoma Biopsy and Cytology Specimens.  

10. Banerji S, Cibulskis K, Rangel-Escareno C, Brown KK, Carter SL, et al. Sequence analysis of mutations and translocations across breast cancer subtypes  Nature 2012 Jun 20;486(7403):405-9.

11. Fielding D, Dalley AJ, Bashirzadeh F, Singh M, Nandakumar L, McCart Reed AE, Black D, Kazakoff S, Nones K, Pearson J, Waddell N, Lakhani SR, Simpson PT. Next generation Sequencing on Endobronchial Ultrasound Transbronchial Needle Aspiration specimens. American Journal of Respiratory and Critical Care Medicine 2017; in Press

12. Nakajima T, Yasufuku K, Suzuki M, et al. Assessment of epidermal growth factor receptor mutation by endobronchial ultrasound-guided transbronchial needle aspiration. Chest 2007;132:597– 602.

13. Mohamed S, Yasufuku K, Nakajima T, et al. Analysis of cell cycle-related proteins in mediastinal lymph nodes of patients with N2-NSCLC obtained by EBUS-TBNA: relevance to chemotherapy response. Thorax 2008;63:642–647.

14. Beane J, Vick J, Schembri F, Anderlind C, Gower A, Campbell J, Luo L, Zhang XH, Xiao J, Alekseyev YO, Wang S, Levy S, Massion PP, Lenburg M, Spira A Characterizing the impact of smoking and lung cancer on the airway transcriptome using RNA-Seq. Cancer Prev Res (Phila) 2011 4 803-17

15. Li S, Yang C, Zhai L, Zhang W, Yu J, Gu F, Lang R, Fan Y, Gong M, Zhang X, Fu L.

Breast Cancer Res Treat. Deep sequencing reveals small RNA characterization of invasive micropapillary carcinomas of the breast.2012 Sep 14.

16.
Nakajima T, Yasufuku K, Saegusa F, Fujiwara T, Sakairi Y, Hiroshima K, et al. Rapid on-site cytologic evaluation during endobronchial ultrasound-guided transbronchial needle aspiration for nodal staging in patients with lung cancer. The Annals Of Thoracic Surgery. 2013;95(5):1695-9

17. Hammon M, Dankerl P, Janka R, et al. Fine needle aspiration cytology of lymph nodes in breast cancer follow-up is a feasible alternative to watchful waiting and to histology. BMC Women’s Health. 2015;15:114

18. Wahidi MM, Herth F, Yasufuku K, Shepherd RW, Yarmus L, Chawla M, et al. Technical Aspects of Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration: CHEST Guideline and Expert Panel Report. Chest. 2016;149(3):816-35.

19. Thunnissen E, Bubendorf L, Dietel M, Elmberger G, Kerr K, Lopez-Rios F, Moch H, Olszewski W, Pauwels P, Penault-Llorca F, Rossi G. EML4-ALK testing in non-small cell carcinomas of the lung: a review with recommendations.Virchows Arch. 2012 Sep;461(3):245-57.

20. Waddell N et al. Whole genomes redefine the mutational landscape of pancreatic cancer. Nature 518:495-501(2015).

21. Nones K et al. Genomic catastrophes frequently arise in esophageal adenocarcinoma and drive tumorigenesis. Nat Commun 5, 5224 (2014).

22. Hayward NK, et al.Whole-genome landscapes of major melanoma subtypes. Nature. 2017 May 11;545(7653):175-180. doi: 10.1038/nature22071. Epub 2017 May 3.PMID: 28467829

23. Scarpa A, et al.Whole-genome landscape of pancreatic neuroendocrine tumours. Nature. 2017 Mar 2;543(7643):65-71. doi: 10.1038/nature21063. Epub 2017 Feb 15.PMID: 28199314

24. Sholl LM et al. Liquid Biopsy in Lung Cancer: A Perspective From Members of the Pulmonary Pathology Society.

Archives Of Pathology & Laboratory Medicine [Arch Pathol Lab Med] 2016 Aug; Vol. 140 (8), pp. 825-9

25. Vaught J, Henderson M. Biological sample collection, processing, storage and information management. IARC scientific publications}2011;163:23-42
26.DOXTADER, E. E.; CHENG, Y.-W.; ZHANG, Y. Molecular Testing of Non-Small Cell Lung Carcinoma Diagnosed by Endobronchial Ultrasound-Guided Transbronchial Fine-Needle Aspiration. Archives Of Pathology & Laboratory Medicine, , 2018; 10.5858/arpa.2017-0184-RA. 
27. Yarmus L, Akulian J, Gilbert C, et al. Optimizing endobronchial ultrasound for molecular analysis. How many passes are needed? Ann Am Thorac Soc. 2013;10(6):636-643.
APPENDIX TO PROTCOL

TECHNICAL DETAILS FOR EBUS TBNA PROCEDURE- New for Protocol V5.4: the previous randomisation between 3 and 10 agitations is no longer required. Also the distinction between first and last drops is no longer required. Hence all samples will be taken using 3 agitations and emphasize last drops out of needle
1. If a case has a large mass which might be accessible to the EBUS TBNA procedure, it is preferred that adjacent LYMPH NODES be sampled first rather than the mass itself. However if technical factors mean that aspirates from adjacent lymph nodes are NEGATIVE then it is acceptable to sample the MASS  for study purposes.
2. Once EBUS image of node is obtained,  prior to needling take still and video recordings of Doppler flow / power images at the maximum diameter point of the lymph node. If needed use the flow gain adjustment on the touch screen. (Nakajima et al Journal of Thoracic Oncology • Volume 7, Number 6, June 2012)
3. All procedures will start with suction applied to needle as per our usual practice. The proceduralist can decide to stop using suction after that on the usual clinical grounds.

4. A “bloody” sample is defined as a case where the suction catheter gets blood into it and the needle is withdrawn from the node. The PREFERRED options HERE IN ORDER ARE

a. 1. MOVE TO AN ADJACENT NODE

b.  as per usual clinical practice would be to remove the needle here and continue with aspirates WITHOUT SUCTION

5. A completely “dry” tap is also discounted as one of the samples for the study.

6. If on the basis of a bloody tap or a dry tap or other technical reason for unsatisfactory sampling is occurring, the proceduralist can decide to sample a different node as is usual clinical practice. Here the counting of needle passes will re-start- ie between 2-5 samples. That is the counting of needle passes will be per NODE (as opposed to Per PATIENT)

7. A procedural video will be made for participating doctors, to demonstrate the way material is extruded from the needle into sample pots and onto the relevant slides. This will in particular show our current practice for the way the first and last drops from the needle will be collected, as well as the use of the stylet to extrude material.
8. diff quik will be the stain for the ROSE. A minimum of 2 passes will have ROSE DIFF QUIK SLIDES MADE
9. Once ROSE is positive  (using at least 2 passes)  further PASSES up to a total of 4-6 passes per node will be made for further material ( AS PER RECOMMENDED GUIDELINES). The further pass samples will ONLY GO INTO THE SALINE POT and contribute to the cell block, as well as one PAP slide and one Diff quik slide.

2. COLLECTION OF PART OF SAMPLE IN RNALater
Usually we make the following preparations with the material in the sample needle:
1. Diff Quik slides (cytology slides looked at in the bronchoscopy room)

2. multiple PAP slides (cytology slides looked at in the lab after processing)

3. Saline pot for cell block and sectioning and immunohistochemistry.

The amendment concerns point 2, and will involve substituting the collection of multiple PAP slides with collection of only 1 PAP slide and instead use this small amount of material in a RNALater pot for subsequent processing. This material can be simply processed and in preliminary studies shows excellent viability for DNA and RNA analysis for next generation sequencing- the object of this study.

Note: the Research lab (UQCCR) is set up to process such specimens without the requirement for any additional hardware or software.

So the final preparations with the material in the sample needle will be

1. Diff Quik slides (cytology slides looked at in the bronchoscopy room)

2. PAP SLIDE 
3. RNALater pot (or pot in Liquid Nitrogen for RBWH only- see below)

4. 4. Saline pot for cell block and sectioning and immunohistochemistry.

NEEDLES

21g, Olympus Vizishot 1

Stylet will be used, suction will be used

Once “into” the node come back to the near end of the node

With suction on pass the needle 3 times “coast to coast” from the near to the far side of the node

“Waltz” time ie push in fast and come back slow

Make slight rotations keeping the needle in view

Each patient will have these specimens

· Blood test

· Clotted blood for exclusion of germline mutations (EDTA tubes 2 x 5ml)

· Dedicated tube for ctDNA- (dedicated tube, 2x 10ml)

· TBNA Needle sample

· Diff Quik slides- labelled as below; these will be held in Pathology Queensland for tumour abundance scoring.  As mentioned above not all Diff Quik smears will be used for DNA analysis, only a selection with abundant DNA(ensuring that representative slides remain un-used in Pathology Queensland for long term archiving to allow clinical recourse to the slides in the future if needed). To ensure representative slides are kept, which slides are used would be at the discretion of the study pathologists.
· Before being sent to Dr Andrew Dalley UQCCR GCUH and SCUH will send these slides to Pathology Queensland once their diagnostic workup is complete. These slides will be digitally scanned; these slides will be returned to peripheral centres.

· PAP slides for conventional diagnostic work up in each hospital.
· Normal saline pot to make FFPE - Cell block used for conventional diagnostic workup by sectioning for IHC for “tissue diagnosis” and molecular testing where appropriate.
RNALater pot- this will be sent together with the blood tests to Dr Andrew Dalley (UQCCR).  
Needle procedure for GCUH, SCUH,RMH, RAH, Liverpool Hospital, John Hunter Hospital Newcastle
FIRST PASSES (Before ROSE positive)
For each TBNA needle pass, Once sample is taken:
Step 1 Stylet- start the push out : first 1-2 drops into saline pot then

Step 2 Stylet:  DIFF QUIK SLIDE: one drop

Step 3 Stylet into RNALater POT until no further can be pushed out by stylet. Aim for 2-3 drops. NB: If these 2-3 drops into RNALater are not possible use the first 5 ml of air in a 30 ml syringe to obtain them

Step 4 Air ( last  25 ml- 30 ml syringe of 30 ml syringe) pushing into saline pot

Step 5 Saline flush of final material into the same SALINE POT FOR CELL BLOCK

ONCE ROSE POSITIVE

Take One more study pass as above, then:

take extra needle TAKE further needle passes up to a maximum total of 6 passes- make one or two PAP slides from these passes (1 drop per slide as usual)

 and put the remainder of the sample in the Saline pot only (not RNA later) . 

If ROSE negative inclusive of 4th pass then option is to move to another node, or stop procedure depending on circumstances.

DQ slide labelling

For each pass there is one DQ slide. This could mean that there will be between 2 and 4 DQ slides per case

Label the slides P1, P2 etc up to P4 (ie pass1, pass 2)
P= pass

Needle procedure for RBWH

At RBWH there will be the option of storing the molecular sample in a vial which is frozen in Dry Ice. So where the other sites are collecting samples in RNALater, we will collect sample in Dry Ice stored vial. (If Dry Ice not available we would collect sample in RNALater)

ONCE ROSE POSITIVE, TAKE ONE MORE STUDY PASS AS ABOVE THEN
take further needle passes up to a maximum total of 6 passes- 

make one or two PAP slides from these passes (1 drop per slide as usual)

and ONE Diff Quik slide( label DQ Clinical)

and put the remainder of the sample in the Saline pot only (not RNA later) . 

SUMMARY OF SPECIMEN USE for RBWH:

RESEARCH SPECIMENS

1. The Diff Quik slides until ROSE positive plus one pass (between 2 and 4 slides,)

2. The pot stored in Dry Ice OR RNA later pot from up to the first 4 passes.

ROUTINE DIAGNOSTIC SPECIMENS

1. Saline pot for cell block

2. Pap slides

3. Additional (non research Diff) Quik slide

Staff Roles:

· Dr Fielding (RBWH), Drs Putt and Bint (SCUH) and Pahoff (GCUH) Steinfort (RMH), Nguyen (RAH), and Williamson ( Liverpool Hospital) will perform EBUS-TBNA to collect tumour samples and matched blood.

· Routine histopathology and molecular testing  will be done at each participating hospital Pathology Department in the usual way using cell block and PAP slides.

· Drs Singh and Nandakumar will coordinate routine diagnostic processes using PAP smears/ cell block material at RBWH. They will also coordinate scoring cellular properties of the Diff Quik slides
· Dr Simpson and Dr Dalley (UQCCR) will coordinate i) blood processing and ctDNA storage ii) digitally scanning of the “research” collected Diff Quik cytology slides prior to DNA extraction and  quantitation (there may be up to 10 slides per patient); and iii) processing of the RNAlater samples for DNA/RNA extraction and quantitation. 
Dr Nones and Dr Waddell (QIMR Berghofer) will co-ordinate SNP array profiling and sequencing analysis using pipelines established by the Medical Genomics and Genome Informatics groups that have been licensed to genomiQa. DNA will undergo WES using the Illumina Hiseq to a minimum depth of 100x in normal and 150x in tumour and/or WGS using the Illumina Hiseq Xten to a minimum depth of 30x in normal and 60x in tumour

· Results from sequencing will be compared to clinical testing, to confirm currently clinical testing results and add novel candidate targetable options.  

· genomiQa will undertake genome analysis and genomiQa and Max Kelsen will test and develop machine learning approaches to integrate genomics and AI for therapy response 
· Optellum will undertake AI analysis of the CT scans
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Royal Brisbane and Women's Hospital - Pilot Study Data Collection Protocol
Overview

This document outlines the protocol for a small pilot study associated with the Improving genomic testing rates for inoperable lung cancer patients project, specifically the project described in Aim 1: Analysing clinical imaging features to predict EBUS-TBNA tissue quality carried out as collaboration between RBWH and Optellum. In this project, we will identify CT- and PET/CT -based clinical imaging features of primary lung nodules and malignant lymph nodes to predict whether tumour DNA sampling by EBUS-TBNA or liquid biopsy will yield sufficient tumour material for genomic testing.

To achieve this aim, data will be transferred to Optellum for curation, analysis, and AI model development and testing. The purpose of this pilot study is to trial the transferal and curation process with a small subset of the data such that it can be debugged and refined prior to processing the entire dataset associated with the project.

Data description

Overall, the data comprise medical images and for each, associated clinical metadata describing the corresponding patient and their disease, along with the results of any related tests.

Medical images

The medical image data comprises, for each patient, a single CT and, in some cases (~70%), a PET/CT as well. These are diagnostic images taken prior to EBUS-TBNA procedures and prior to any form of treatment. All scans were performed as part of routine clinical work.

The medical images shall be collected according to the following image-quality inclusion and exclusion criteria:
Inclusion criteria:

1. Full field of view inspiration thoracic CT

2. Chest CT scans with thinnest available slice spacing and no greater than 2.5mm
Exclusion criteria: 

1. The radiology report for the scan mentions any quality issues

2. The scan contains any of the following:

a) Visible implants such as pacemakers and wires

b) Motion artefacts causing blur and double images

c) Any missing slices in the reconstructed volume

CT Annotations

Within each medical image, there will be one or more lymph nodes that were sampled via EBUS-TBNA, as well a primary lung tumour.

To specify which lymph node(s) were sampled via EBUS-TBNA, an annotated 2D axial view of the lymph node(s) will be created, where the annotation marks the location of the sampled lymph node. The 2D axial views will be created from the same series as the CT scan that will be sent (rather than a derived series or a different reconstruction). The annotation will also display the 3D coordinate of the lymph node. This will be given as the x, y coordinates (to specify the in-plane position) with either the z coordinate or the axial slice number (to specify the out-of-plane position).

These 2D views should not include any visible patient identifiable information (e.g. in overlays of DICOM metadata from the CT viewer). This can either be addressed by creating CT annotations on the already anonymized CT scans or by manually masking any patient identifiable information in the 2D views.
Clinical metadata
For each patient in the study, the following clinical parameters will be retrieved from existing databases and utilised for the AI study: 

· age

· sex
· ethnicity
· smoking history

· previous cancer in medical history
· family history of cancer

· date(s) of tissue biopsy

· date(s) of liquid biopsy

· pathologic / genomic results from tissue biopsy

· pathologic / genomic results from liquid biopsy 
· size of primary tumour

· location of primary tumour

· clinical and pathological TNM
· necrosis in lymph nodes

· primary tumour attenuation (solid/GGO/mixed)

· primary tumour margins (smooth/spiculated/etc)

· Notes on additional visible lung nodules

Data Transfer and curation

To transfer the pilot study data for the from RBWH to Optellum, it will first be prepared by RBWH, which will include anonymization of the CT images and creating CT annotations to specify the location of the lymph nodes of interest.

Data preparation

CT scans

Anonymization
Each CT and PET scan will be anonymized using the DicomCleanerTM such that all patient identifiable information is removed, ensuring no patient can be identified after anonymisation. Patient name will be replaced by a unique study identifier (or whatever you are going to replace what with). All other personal and institutional identifying information will be deleted. If there are multiple series per study, the study UID will be kept the same for all series. If dates and times are altered, they will be in a manner that preserves temporal relationships.
Export format
The exported CT scan DICOM directory (in which all the corresponding dcm axial slice files are contained) will be stored in an archive (ZIP file) with a filename of the form:

PatientID_StudyDate_StudyInstanceUID.zip

where StudyDate is given as YYYYMMDD e.g. 20210912 for 12th September 2021.

The Image Type (0008, 0008) of the exported CT series should be ORIGINAL\PRIMARY\AXIAL (or another ORIGINAL\PRIMARY\... type).

CT annotations

To specify which the lymph node(s) were sampled via EBUS-TBNA, an annotated 2D axial view of the lymph node(s) will be created, where the annotation marks the location of the sampled lymph node. The annotation will also display the 3D coordinate of the lymph node. This 2D view will be saved as a bitmap image file (png or jpg) with a filename of the form:

PatientID_StudyDate_StudyInstanceUID.png (or .jpg)

Clinical metadata

Corresponding entries from the patient database containing clinical metadata will be exported in a spreadsheet.

Data transfer

Once all the CT +/- PET scans, CT annotations and clinical metadata have been collected, they will be saved in a single archive (ZIP file) per patient. Each of these zip files will then be transferred securely to Optellum via FTP. This process is described in the document op414-0 Data transfer to the Optellum FTP.

Once the data have been transferred to the Optellum FTP server, it will be transferred from there to a secure location on one of Optellum’s internal servers.

Data curation

To prepare the data for AI analysis, the CTs will be curated by Optellum’s data team. This will involve the following steps:

Overall inspection of the CT 

Ensuring the CT meets the inclusion/exclusion criteria and reporting of any image quality issues found e.g. noise, missing slices

Metadata correspondence

Checking the correspondence of the associated metadata with the CT i.e. does the tumour in the image match its description in the metadata based on  tumour size, tumour location, and stage. This is helpful to identify errors in the metadata or cases where the anonymised IDs have been mixed up.

Creation of 3D markup - lymph nodes

The CT annotations that mark the sampled lymph nodes will be used to create 3D annotations in the form of spheres centred on each sampled lymph node, where the size of the sphere is approximately matched to that of the lymph node.

Creation of 3D markup – primary tumour

Similarly to the lymph nodes, a 3D annotation of the primary tumour shall be created using the same approach.

Data analysis and AI model development

Once the data has been transferred and curated, the following analyses shall be performed as part of the pilot. Given the number of cases in the pilot, these are not expected to produce any statistically significant results; the purpose of these analyses is only to assess feasibility.

LCP-CNN feature extraction

Using the 3D annotations on each case, subvolumes of the CT centred on the primary tumour and sampled lymph nodes will be extracted. The LCP-CNN will then be applied to these subvolumes in each case to extract the associated image features and malignancy scores. 

Features analysis

These relationship between these features and the pathological clinical metadata will be examined, including the tumour cell yield and cfDNA yield.
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