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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. 
Questions and Hypotheses

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.

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.

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 Quensland colleagues ( Drs Mahendra Singh and Lakshmy Nadakumar)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
	


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). 
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

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

3. 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

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 extraction from these slides. 
· 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.
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APPENDIX TO PROTCOL

1. TECHNICAL DETAILS FOR EBUS TBNA PROCEDURE

1. Upon consenting data manager will send randomisation result which will give the proceduralist the required needle procedure for the FIRST  pass (number of needle agitations) following which there will be alternating sampling for each of the method issues ( agitations). This will be issues as a running sheet for sampling, and include all of the specific requirements for each needle pass.- see below
2. 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.

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 fornext 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 

RNALater pot4. Saline pot for cell block and sectioning and immunohistochemistry.

NEEDLES

21g, Olympus Vizishot 1

BEFORE COMMENCING OPEN 2 EBUS TBNA NEEDLES 

Mark one with a tape “3” and the other with a tape “10” 

Each needle will only be used for that number of agitations on an alternating basis

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 either 3 times or 10 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 4ml)

· Dedicated tube for ctDNA- ( dedicated tube, 1x 5ml)

· 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 Pathology Queensland.
· Normal saline pot to Pathology Queensland to make FFPE - Cell block used for conventional diagnostic workup bysectioning for IHC for “tissue diagnosis” and molecular testing where appropriate.
All done at each hospital as usual. RNALater pot- this will be sent together with the blood tests ON THE DAY OF COLLECTION to RBWH Specimen Reception then to be collectred by Dr Andrew Dalley (UQCCR).  
Differences in specimens at RBWH versus GCUH, SCUH, RMH, RAH, and Liverpool Hospital Sydney
It is important that specimen collection resembles usual practice as closely as possible in ALL sites. This includes taking of PAP slides. PAP slides will be made in the usual way and used for diagnostic workup in the usual way in the respective pathology labs. This means we will NOT be asking the question about first vs last drops at the other hospitals ( because by making the PAP slide there would potentially be not enough material to do this. ) The first vs last drops question will only be addressed at RBWH – see below.

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 

Needle procedure for RBWH

Randomisation

Once consented obtain a randomisation from printed randomisation schedule giving the order of specimens
This will be EITHER :
 3  agitations first followed by 10 agitations and so on

OR 10 agitations first followed by 3 agitations and so on.
For each TBNA needle pass
Once the sample is taken:

Step 1 Stylet first drop onto DIFF QUIK SLIDE #1

Step 2 Stylet into RNALater POT until no further aspirate can be pushed out by stylet

Step 3 Air (approx first 5 ml of 30 ml syringe) pushing onto DIFF QUIK SLIDE #2

Step 4  Air (approx last 25 ml of 30 ml syringe) pushing into  SALINE POT FOR CELL BLOCK

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

NB Once the On Site Pathology positive and at least 1 pass is taken with each needle take extra needle TAKE further needle passes up to a maximum total of 6 passes- PUT ALL OF THIS SAMPLE IN THE SALINE POT ONLY, as well as make one PAP slide and 1 further Diff Quik slide ( non study).
SUMMARY OF SPECIMEN USE:

RESEARCH SPECIMENS

1. The Diff Quik slides from the first passes until ROSE positive plus one pass (  between 4 and 10 slides, labelled as below)

2. The RNA later pot from up to the first 5 passes.

ROUTINE DIAGNOSTIC SPECIMENS

1. Saline pot for cell block

2. Pap slides

3. Additional (non research Diff) Quik slide

Research study Diff Quik  slide labelling

For each Research study needle pass there are TWO Diff Quik slides. 
Therefore the Research Needle passes will generate between 4 and 10 slides per case.
These slides should be labelled using the following abbreviations:
P= pass

A=agitations

F/L=first or last drops

Therefore the DQ SLIDE labelling will be

P1A3F

P1A3L

P2A10F
P2A10L

P3A3F

P3A3L

P4A10F
P4A10L, AND SO ON

Needle procedure for GCUH, SCUH,RMH, RAH, Liverpool Hospital
Randomisation

Once consented log onto website and obtain a randomisation giving the order of specimens

This will be 
EITHER :3 agitations followed by 10 agitations and so on

OR: 10 agitations followed by 3 agitations and so on
For each TBNA needle pass
Once sample is taken:

Step 1 Stylet- start the push out : first drops into saline pot then
Step 2 Stylet:  DIFF QUIK SLIDE: one drop
Step 3 Stylet: PAP SLIDE: one drop

Step 4 Stylet into RNALater POT until no further can be pushed out by stylet

NB: If these 3 drops are not possible use the first 5 ml of air in a 30 ml syringe to obtain them

Step 5 Air ( last  25 ml- 30 ml syringe of 30 ml syringe) pushing into saline pot
Step 6 Saline flush of final material into the same SALINE POT FOR CELL BLOCK

NB Once the On Site Pathology positive and at least 1 pass is taken with each needle take extra needle TAKE further needle passes up to a maximum total of 6 passes- PUT ALL OF THIS SAMPLE IN THE SALINE POT ONLY.
DQ slide labelling

therefore for each pass there is one DQ slide. This could mean that there will be between 2 and 5 DQ slides per case

P= pass

A=agitations

Therefore the DQ SLIDE labelling will be

P1A3 

OR

P1A10
P2A3

OR

P2A10

P3A3

OR

P3A3

P4A10

OR

P4A10
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