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Introduction and Summary
The Investigation of suspicious pulmonary nodules (1-3cm diameter shadows on CT scan) is a very common reason for referral and represents a major part of clinical time for Interventional Thoracic departments. The efficient investigation of this problem is therefore of great importance and good studies defining the best combination and order of investigations continue to be needed as technology involves, so that patients have the least number of tests and so resources are well utilised without duplication. 

The key sampling methods are Endobronchial Ultrasound (EBUS) and CT Trans Thoracic Needle Aspiration, (TTNA). These are outpatient based diagnostic tests. There is also the CT scan of the chest and PET/CT scans. Clinical prediction algorithms based on the radiologic data exist to stratify the need for investigations. Whilst PET/CT is regarded as important in the workup in Guidelines the exact timing of when this should occur is not well defined in prospective studies. In particular in Australia PET/CT ordering is meant to be done only after a tissue diagnosis has been made, except in some difficult circumstances. So the potential utility of the PET CT in streamlining investigations is currently not being properly utilised.  

CT technology continues to rapidly advance, including the use of diagnostic scans in computer software to generate pathways for a bronchoscopist to be guided along to reach a nodule, like using “Sat-Nav”. However again the timing issues of how patients are referred often makes this a practical impossibility and this effective addition to diagnostic work up is lost.

Our focus is therefore on putting PET FIRST, and examining the way this facilitates biopsy decision making, to simplify the patient journey, and get the most out of the test. Too often PET comes “last” and investigations which should have been done have to be organised “last minute” often delaying treatment decisions and result in the realisation that the first procedures were actually redundant.

Our question is to look at the timing not only of PET/CT (putting it first) but also how an additional simple CT scan done with a single breath hold and using a low dose CT, can be employed “first” and facilitate the bronchoscopic biopsies by giving Sat Nav information. These questions on how to be use EBUS versus CT TTNA utilising a PET/CT “first” have never been prospectively studied.

We don’t want to be ordering a PET/CT on every patient with a pulmonary nodule because there are too many patients with this problem. So prior to recommending a PET/CT it is necessary to demonstrate on clinical grounds that there is sufficient concern/ risk of malignancy to warrant the PET/CT. This is best done with a malignancy risk predictor incorporating numerous clinical and radiologic factors. At least 4 malignancy risk calculators have been developed and studied- see below. . We will additionally evaluate a novel cancer blood test developed by our colleagues at the QIMR Berghofer ( 32-43) , also below.

The best known of these is the Brock calculator which has been studied in numerous cohorts and is currently recommended in malignancy risk assessment in the BTS guidelines on the investigation of lung nodules. The “cut point” for investigation is a 10% risk of malignancy. This algorithm stands on its own with CT chest. One algorithm utilises PET data in the risk calculation and indeed the BTS guideline suggests that PET be “offered” to patients IN THE WORKUP PRIOR TO any biopsy. Yet our Medicare schedule suggests this only be done either when a nodule has actually been diagnosed with cancer or where a nodule is difficult to biopsy.
The novel lung cancer test is a very recent discovery and has not been tested in patients. For this part, a small sample of blood from the patient will be evaluated for changes in its composition. Preliminary data suggest that the alteration of the blood composition could indicate the presence/absence of lung cancer, which if proven correct, could be used as an adjunct for triaging patients into the most appropriate clinical evaluation procedure. As this is the first evaluation of this test, at this point, there will be no data provided back to the clinical teams to influence therapeutic decision making. 
Therefore we could have a new approach whereby PET/CT becomes the first diagnostic test: this allows us as bronchoscopists to go to the point of sampling which gives the most information and save a patient a test which might not give the answer.
That is we could either
· sample a lymph node that shows up unexpectedly on the PET/CT using EBUS TBNA
OR
· sample the nodule (with the aid of a virtual bronchoscopy acquired at the time of PET/CT)
What are the procedural goals?

· To do only 1 procedure which accomplished both tissue diagnosis and staging in 1 sitting

· Where possible to avoid invasive interventions such as CT needle biopsy or bronchoscopy if there is an easier extra pulmonary target such as a supraclavicular lymph node or a liver metastasis.

· Where possible to do no interventions of any kind if the combined CT and PET CT is sufficiently reassuring in its own right

THREE REASONS WE WANT TO DO A PROSPECTIVE STUDY

1. We have published data showing PET changes the diagnostic procedure from a peripheral nodule biopsy to a lymph node biopsy thereby giving a higher diagnostic yield in one procedure- see below and attached paper Gibson et al.

2. We have pilot data on the use of low dose breath hold CT at the time of PET. We want to take this to a prospective ethics approved setting- see below

3. we need supportive data to allow re writing of the medicare guidelines on PET in terms of the order of investigations, as clinicians often do this by default. Little/no prospective data exists on this topic despite it being recommended in guidelines

OUTLINE OF PROCEDURES
What is EBUS ?
We introduced ENDOBRONCHIAL ULTRASOUND (EBUS)(1) to Australia at RBWH  in 2003 (EBUS Guide sheath) and 2005 (EBUS TBNA) and these bronchoscopic methods have now become the main stay of lung cancer diagnosis. 

EBUS Guide sheath (EBUS-GS)


(2, 3) ADDIN EN.CITE ?
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A thin flexible ultrasound probe is placed into a long plastic sheath, and passed down the biopsy channel of a bronchoscope. Once the bronchus navigates the airways to the nodule, the EBUS ultrasound is activated and images can confirm the target has been reached. At this point the ultrasound probe is removed, leaving its guide sheath in place. Biopsy forceps and brushes are placed down this guide sheath. 

EBUS-GS became available in the early 2000s and since that time it has held its place as a safe and elegant way to sample peripheral nodules. Prior to that lesions could only be accessed by conventional transbronchial lung biopsy with fluoroscopy guidance and the yields were poor (4). Traditional bronchoscopic biopsy of peripheral nodules had diagnostic yields  of only 14-34% for nodules less than  2 cm, and has been found to be as low as 14%. 

Kurimoto’s 2004 study of 150 patients at once showed its safety as well as great diagnostic potential


(5) ADDIN EN.CITE . Importantly most lesions less than 20mm in diameter could not be visualized on simultaneous fluoroscopy so EBUS was offering a completely unique and vital means of confirming lesion location prior to biopsy. The diagnostic yield of 21 lesions < 10 mm was 76%, of lesions 10-15mm was 76%, of 35 lesions 15-20mm was 66%, and of 43 lesions 20-30mm was 77%. An important concept was defined namely whether the probe was located within the lesion (circumferentially surrounded by pathology) or whether the probe was adjacent to it, implying no airway directly led into the lesion effectively having the brush and forceps approaching the lesion from a less advantageous position. Cases within the lesion had a significantly higher diagnostic yield (105 of 121cases, 87%) than cases with probe was adjacent to the lesion (8 of 19 cases, 42%). No pneumothoraces were observed.

This safety profile has remained; recently a review of almost 1000 cases from the National Cancer Centre Hospital done over 2 years reported an overall complication rate of 1.3%(13/965)(6).  Pneumothorax incidence was 0.8% (8/965) and 0.5% (5/965) for pulmonary infection. There was nil significant haemorrhage, air embolism, tumor seeding or procedure-related death. 

Recently Zhan et al reported a systematic review and meta analysis of EBUS-GS (31 studies) and CT-TTNA (14 studies) for the diagnosis of peripheral lung cancer


(7) ADDIN EN.CITE . EBUS-GS had sensitivity of 0.69 (95% CI: 0.67–0.71), which was less than CT-TTNA 0.94(95% CI: 0.94–0.95). This meta-analysis showed that EBUS-GS is a safe and relatively accurate tool in the investigation of lung nodules. Although the yield remains lower than that of CT-TTNA, the procedural risks are lower. CT-TTNA had a pooled incidence of 0.32% (36 out of 11,234) for severe bleeding and 1.09% (127 out of 11,697) for pneumothorax that needed chest tube drainage. The pooled rate for EBUS GS was across all included studies was 0.087% (2 out of 2,284) for severe bleeding and 0.48% (11 out of 2,284) for pneumothorax that needed chest tube drainage.
A persistent theme in analyses of yield is the importance of a positive bronchus sign on pre-procedure CT scans. Minezawa


(8) ADDIN EN.CITE  recently reported results of 149 patients who had undergone thin section (0.5mm slices) CT; from EBUS GS the total diagnostic yield was 72.5%. In a multivariate analysis the only significant factor for diagnostic success was the presence of a CT bronchus sign: compared to reference lesions which clearly did not have a bronchus sign, cases with a clear bronchus visible within the lesion there was a hazard ratio of successful biopsy of 11.1 (2.99-41.2, p<0,001). Figure 1 from that paper demonstrates the classification of bronchus signs.

CT BRONCHUS SIGN. The 18 mm tumour at lower left of the picture has a clear bronchus running to it diagonally across the image. This case would be easily accessable by EBUS -GS
[image: image3.png]



Ultrathin and thin bronchoscopes are ideally suited to the EBUS GS methods because of the need for better access to the periphery of the lung through the small branching airways. OKI et al 


(9) ADDIN EN.CITE  reported the use of a 3.4-mm thin bronchoscope and a 1.4-mm ultrasonic probe for peripheral pulmonary lesions without a guide sheath, as the sheath would not fit the smaller 1.7mm channel. A total of 71 lesions (mean size, 31.2 +/- 12.7 mm) were studied. The mean bronchus level reached with the thin bronchoscope was 4.6 generations (range 2nd to 7th generation). Diagnostic pathology was obtained in 49 of 71 patients (69%:80% for malignant lesions and 52% for benign lesions). A definitive diagnosis of malignancy for lesions less than 20 mm and lesions greater than 20 mm was made in 82% (31 of 38) and 67% (four of six), respectively. 

Regarding current guidelines for the use of these technologies, in 2013 ATS gave the following recommendations as they apply to the use of EBUS GS (“Radial EBUS”)(10):

3.3.2.1. In patients suspected of having lung cancer, who have a peripheral lung nodule, and

a tissue diagnosis is required due to uncertainty of diagnosis or poor surgical candidacy, radial EBUS is recommended as an adjunct imaging modality (Grade 1C). Remark: Radial EBUS can confirm in real time the ideal location of bronchoscopic sampling and increase the diagnostic yield over conventional bronchoscopy for peripheral nodules. 

3.4.2.1. In patients with peripheral lung lesions difficult to reach with conventional bronchoscopy, electromagnetic navigation guidance is recommended if the equipment and the expertise are available (Grade 1C). Remark: The procedure can be performed with or without fluoroscopic guidance and it has been found complementary to radial probe ultrasound. Remark: If electromagnetic navigation is not available, TTNA is recommended.
3.5.2.1. In patients suspected of having lung cancer who have a peripheral lesion, and who

require tissue diagnosis before further management can be planned, TTNA is a diagnostic

option. However, it is recommended that further testing be performed if TTNA results are non-diagnostic and suspicion of lung cancer remains (Grade 1B) .

What is EBUS TBNA ?

[image: image4.emf]
Lung cancer presents with a wide range of clinical and radiologic abnormalities, and EBUS TBNA holds a central place in the investigation of many of these scenarios(1). Not uncommonly there is a large tumour mass with or without obvious metastases such as bony or CNS disease. Here EBUS TBNA provides a simple, rapid and accurate way to make a tissue diagnosis and obtain tissue for genetic analysis. Typically the lymph nodes in this situation are large and readily accessible. Or there may be single station nodal disease either detected on CT or PET/CT and a small peripheral mas suspicious of cancer, that is N1 or single station N2 disease. EBUS TBNA here can provide an easier access to the diagnosis than the more difficult peripheral nodule(11). Or there may be clinically N zero or N1 disease and the prospect of either surgery or curative radiotherapy; here EBUS TBNA can confirm the absence of N2 disease, or even detect occult micrometastatic disease, thereby significantly changing treatment decision-making


(12) ADDIN EN.CITE  In such staging EBUS TBNA, lymph nodes are often small and need to be systematically sampled starting at the highest lymph node group (N3) working back towards N1 node groups with the use of Rapid On Site Examination (ROSE)


(13) ADDIN EN.CITE  . EBUS TBNA can be performed safely either as a conscious sedation or general anaesthetic outpatient procedure. The EBUS bronchoscope provides  real time ultrasound images of lymph nodes adjacent the major airways, having been guided there using a luminal “ white light “ bronchoscopy view. (Figure 1). Location of the node uses both surface and radiologic landmarks as well as ultrasound appearance of characteristic patterns of adjacent vessels near particular lymph nodes.Then a dedicated EBUS TBNA needle is passed through the wall of the trachea or main bronchus into the lymph node and its position there is confirmed real- time with ultrasound. 
Many series have reported the utility of EBUS TBNA in confirming the diagnosis of lung cancer(1).The study by Herth et al of 502 patients was on hilar or mediastinal adenopathy of unknown origin , with nodes of more than 1 cm diameter in short axis. (there were some staging cases in the series). Adequate cellular material was obtained in 94% of cases. Diagnostic sensitivity, specificity were 94%,100% respectively. In a 2013 meta-analysis(14), 9 studies were reviewed with 1066 patients, 7 of which studies were prospective. Sensitivity was 90% (84-96%) and negative predictive value was 93%. The mean time for the EBUS TBNA procedure was 24 minutes. In 2006, Herth and colleagues evaluated EBUS-TBNA in patients with lung cancer and a radiographically normal mediastinum; this study showed an unexpected detection rate of mediastinal metastases of 17% in 119 lymph nodes 5 to 10 mm in size. 
EBUS TBNA can also be used to make the diagnosis on primary lung cancers and masses situated centrally in a peri-bronchial position in the inner third of the lung. A study of 60 patients 


(15) ADDIN EN.CITE  after a prior negative standard bronchoscopy, EBUS TBNA was able to make the diagnosis of the primary central lung cancer in 46 cases (77%). Other diagnostic procedures (CT FNA or surgical biopsy) could be cancelled in 47% and 30% of patients, respectively. 

Our published series of diagnostic work up of pulmonary nodules and the relative merits of EBUS – GS, EBUS TBNA, AND PET/CT: (16)The abstract from that paper is as follows:
 “Risk stratification in the investigation of pulmonary nodules in a high-risk cohort: positron emission tomography/computed tomography outperforms clinical risk prediction algorithms”
Background: Clinical prediction models and 18-ﬂuorine-ﬂuorodeoxyglucose positron
emission tomography/computed tomography (18F-FDG-PET/CT) are used for the
assessment of solitary pulmonary nodules (SPN); however, a biopsy is still required
before treatment, which carries risk.  Aim: To determine the combined predictive beneﬁt of one such model combined with modern PET/CT data to improve decision-making about biopsy prior to treatment and possibly reduce costs. Methods: Patients with a SPN undergoing 18F-FDG-PET/CT from January 2011 to December 2012 were retrospectively identiﬁed; 143 patients met inclusion criteria. PET/CT studies were rated (5-point visual scale), and CT characteristics were determined. Tissue was obtained by endobronchial ultrasonography with guide sheath (EBUS-GS), CT-guided biopsy and/or surgery. EBUS-transbronchial needle aspiration(TBNA) was used instead of nodule biopsy if there were PET-positive sub-centimetre lymph nodes.
Results: The prediction model yielded an area under the receiver operating character-
istic curve (AUC-ROC) of 64% (95% conﬁdence interval (CI) 0.55–0.75). PET/CT
increased this to 75% (95% CI 0.65–0.84). The 11% improvement is statistically signiﬁ-
cant. PET/CT score was the best single predictor for malignancy. A PET score of 1–2 had
a speciﬁcity of 100% (CI 0.73–1.0), whereas a score of 4–5 had a sensitivity of only
76% (CI 0.68–0.84). No signiﬁcant difference in clinical prediction scores between
groups was noted. PET/CT showed the greatest beneﬁt in true negatives and in detect-
ing small mediastinal lymph nodes to allow EBUS-TBNA with a higher diagnostic rate.
Cost analysis did not support a policy of resection-without-tissue diagnosis.
Conclusion: PET/CT improves the clinical prediction of SPN, but its greatest use is in
proving benignity. High PET scores had high false positive rates and did not add to clini-
cal prediction. PET should be incorporated early in decision-making to allow for more
effective biopsy strategies
Table 1  summarises results of this audit of 143 patients at RBWH of a 2 years period of all patients referred for investigation of a nodule 1-3 cm who had a PET. (not all patients referred to our unit had a PET).

Table 1: RBWH published data on procedure choice for lung nodules. 
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Important results included 1.where there was the incidental detection of a positive “hot” mediastinal node (sub centimetre) which allowed EBUS TBNA the diagnostic rate was far higher ( 100 % versus 60% for all patients who had EBUS Guide sheath of the peripheral pulmonary nodule)2. for EBUS GS procedure itself the radiologic characteristics of the nodule greatly affected biopsy results- good definition of the nodule with an air bronchogram in 60 cases pushed the diagnostic yield up to 96%, hence the importance of a good quality pre-procedure CT.  3. We did not find that this risk predictor was better than CT alone, as there was a high percentage of cases of false positive nodules. Where the PET was very useful however was in firstly defining those cases with very low or NIL PET uptake in the nodule, (allowing NO biopsy to be performed, and only CT follow up).
Not shown in the table is that of the 143 patients in the cohort, 26 patients were observed without a biopsy and 6 patients went direct for surgery, meaning that 111 ( 78%) of the cohort went eiether for an EBUS GS or a CT TTNA. This is important for power calculations as outlines below.
Virtual Bronchoscopy
What is virtual bronchoscopy ? 


(17) ADDIN EN.CITE  EBUS Guide sheath sampling results can be further improved by creating a virtual bronchoscopy navigation pathway thereby improving small nodule localisation. Virtual images can be prepared using commercial general-purpose image preparation software: after inserting the starting position and the peripheral target lesion, the software gives a fly-through of the most ideal route to the target lesion during the bronchoscopy. This can either be manually tracked by an assistant, or linked to the bronchoscopic image with side by side displays of the virtual path and real image. Most studies of this show a 10% improvement in diagnostic yield of this technique. 
[image: image6.wmf]The virtual plan is created by using CT DICOMs which would be acquired at the time of the PET/CT. Not all of our EBUS GS cases had virtual bronchoscopy planning; of those lesions which did not have an air bronchogram we would anticipate a further improvement in diagnostic yield improving overall diagnostic rate for all comers.
Ishida reported a randomized study of VBN assisted EBUS versus non VBN assisted EBUS.  


(18) ADDIN EN.CITE .The VBNA group had higher diagnostic yield than the NVBNA group (80.4% vs 67.0%; p=0.03). The overall procedure duration and the time elapsed until the start of sample collection were reduced in the VBNA compared with the NVBNA group (median 24.0 minutes (range 8.7-47.0) vs 26.2 minutes (range 11.6-58.6) =0.016) and 8.1 minutes (2.8-39.2) vs 9.8 minutes (2.3-42.3) p=0.045, respectively). Eberhardt et al first reported Lung Point ( the software we use at RBWH) in a small series of 25 cases and showed in 25 lesions of mean size 28mm that the planned route was correct in all cases and that the bronchoscope could be advanced all the way to the lesion bronchus in 54% of cases. The median planning time was 5 minutes, and definitive diagnosis was possible in 20 cases (80%).

Our Pilot data on the use of low dose breath hold CT at the time of PET.
A good quality CT to create the Virtual Bronchoscopy (VB) (hereafter called the VB-CT) can be problematic to obtain in a timely fashion. Typically only 3mm cuts are saved but overlapping 1 mm cuts are required to get good quality usable VB images. Many patients present to clinic with CT already done in the community without fine cuts or easily retrievable digital data. Most lung cancer patients require PET, hence we explored options of getting the VB CT at PET upon initial referral prior to EBUS GS.  The hypothesis was that the low dose CT done as part of the PET/CT could be used for the purpose of VB without the need for an additional formal CT study. We started by exploring the possibility that the non breath hold CT data could be used for this purpose. We then found that much better images were obtained by a single low dose CT done as a breath hold image, at the completion of the PET/CT. The virtual plans were as good as “formal” CT scans and took only a few seconds to obtain, and had significantly less radiation exposure: see Table 2. This CT data can be transferred simply to our VB software.
Table 2. Summary data of pilot of low dose CT for virtual bronchoscopy done at the time of PET/CT.

	
	Group 1 
Tidal breathing CT , acquired during PET/CT
	Group2
Breath hold CT after PET/CT
	Group3 
Conventional CT ( fine cuts, not acquired at PET)

	n
	18
	17
	20

	Lesion size (mm)
	21.1± 12.0
	23.8±11.0
	21.6±7.2

	Number of Bronchial divisions seen on VB CT
	3.25±0.9
	4.49±1.1, p<0.01
	4.55±0.5 p<0.01

	Proximity to target lesion (mm) of the end of the VB pathway
	25.8±19.5
	6.7±6.3, p<0.001 cf Gp1
	13.3±9.2, p<0.02 cf Gp1

	DLP
	435 ± 31
	173 ± 77
	341 ±94, p<0.001 cf Gp 2

	CTDI
	3.9 ± 1.3
	4.1 ± 1.9
	8.9±2.9, p<0.001 cf Gp2


ASANO has recently reviewed the associated technologies and adaptations that have followed and combined with EBUS GS, advancing the place of bronchoscopic sampling of peripheral nodules.(19) These included virtual bronchoscopic assistance in navigation, electromagnetic bronchoscopy, and ultrathin bronchoscopy. Each of these address difficulties of the biopsy and can be regarded as adjunctive approaches, almost as team work in the ultimate goal of obtaining tissue diagnosis. Most importantly EBUS GS remains central to the final biopsy site selection even when other tools including VB and EMN are ultilized.

Transthoracic Needle Aspiration (TTNA)

TTNA is a well-established, useful procedure. However, the diagnostic accuracy of TTNA

depends on the size and location of the lesion, as well as the guidance technique, and decreases from over 90% to 25% when the malignant nodule is small (<1 cm), and to 70% when the lesion is benign


(7) ADDIN EN.CITE . The sensitivity and specificity of lung biopsy are separately 86% and 98.8% . According to reports by Tsukada et al (20)., the diagnosis accuracy of diameter 6–10, 11–20, 21–30 mm are separately 66.7%, 78.9% and 86.7% . 

The complications of TTNA mainly include pneumothorax and haemorrhage. According to literature reports, the incidence of pneumothorax is about 10–40% and requirement for chest tube placement between 5-10% (7). The occurrences of these complications are not only related to nodule size, depth to the chest wall and patients’ basal lung function, but also related to the preoperative preparation, operation technology and patients’ cooperation.
Positron emission tomography (PET) is  exceptionally important in lung cancer imaging


(21) ADDIN EN.CITE . When 18F-FDG is injected intravenously, it is taken up by tumour cells at a higher rate than in normal cells. Lung cancer cells have a particularly high avidity for FDG. The emergence of combined PET/CT imaging has greatly aided the investigation of lung cancer


(22) ADDIN EN.CITE . In a retrospective study on identification of characteristics of solitary pulmonary nodule, the sensitivities of CT, PET and PET/CT were 93%, 69% and 97% while specificities were 31%, 85% and 85%. PET/CT has been shown to be invaluable for detecting distant metastasis, particularly in patients already known to have a primary tumor. 
In patients with confirmed non-small cell lung cancer (NSCLC), PET/CT has also repeatedly been shown to be more sensitive and specific than conventional noninvasive imaging methods for staging of the mediastinum(23). For these reasons, PET/CT has become widely used for staging of NSCLC is performed using the tumor, node, metastasis (TNM) classification system. PET has been used to assist in determining the presence of malignancy in SPNs, although, even in lesions over 1 cm in size, it has become clear that PET cannot be considered conclusive. High levels of FDG uptake correlate strongly with malignancy, as well as with prognosis in patients with known NSCLC 


(24-26) ADDIN EN.CITE .
In the detection of unexpected distant metastases PET/CT has consistently shown benefits, including patients with seemingly “early stage 1 disease” ie Pulmonary nodules. McManus et al 


(27) ADDIN EN.CITE reported FDG-PET for 167 NSCLC patients, with Stage I-III by conventional workup, who were candidates for curative therapy. Each patient was allocated a conventional "pre-PET stage" and a "post-PET stage" that relied on PET when discordance with conventional staging occurred. In 32 patients (19%), PET detected distant metastasis, most commonly abdominal with 17 cases (adrenal, n = 7; liver, n = 4; other, n = 6). Other sites included lung (n = 10) and bone (n = 6). PET-detected metastasis increased with increasing pre-PET stage from I (7.5%) through II (18%) to III (24%, p = 0.016) Progression occurred at PET-detected metastatic sites or other metastatic sites in all but 3 of the 32 patients by last review. PET staging is recommended for radical RT candidates with NSCLC. The highest yield of unexpected distant metastases is observed in Stage III. 
Halac et al


(22) ADDIN EN.CITE  reported a more recent study of PET CT in patients with newly diagnosed non-small cell lung cancer (NSCLC) who had no defined metastatic lesion, and to investigate the contribution of fludeoxyglucose (FDG)-PET/CT in metastasis staging. From a total of 567 patients 39 had solitarypulmonary nodules (group 1a, n = 39)  5/39 (12.8%) patients with a solitary pulmonary nodule had distant metastases. No increased FDG uptake focus suggesting distantmetastasis was observed in 32 of 39 patients with a solitary pulmonary nodule (group 1a) who were examined with FDG-PET/CT. However, true positive distant metastases were determined in 5 (12.8%) of these patients. Two of them had brain metastasis (outside of the thorax CT coverage area), 1 had metastatic lesions in ribs of the left hemithorax and metastatic lymphadenopathies (LAPs) in the left axilla (within the thorax CT coverage area), 1 patient had metastatic multiple lesions in the skeletalsystem and a metastatic lesion in the liver and 1 patient had metastatic lesions in both adrenals and the peritoneum and metastatic multiple lesions in the skeletal system.
Choosing between the different types of procedure

· An EBUS-GS is ideally done where there is a bronchus sign

It is also best done in cases where the proceduralist can best expect to reach the lesion, which usually excludes lesions which touch the pleura (too far out and difficult to locate because of multiple branchings)
· An EBUS TBNA on the other hand is a bronchoscopic procedure but which does not concern itself with the periphery of the lung, only hilar or mediastinal nodes. It is important to find cases which can have this procedure as it makes the overall yield of sampling a locoregional lymph node and getting a tissue diagnosis ( (90-95%)- significantly higher than that for a peripheral nodule by EBUS Guide sheath 75-80%.). Very importantly also, not only is there a higher sensitivity for malignancy, the sampling of nodes is essential in the staging of lung cancer, hence allowing a “two for the price or one” procedure for some patients.

· Conversely if a lesion touches the pleura it is exceptionally safe to do a CT needle biopsy
Nodule risk calculators In 2015 Al-Ameri 


(28) ADDIN EN.CITE studied 4 lung cancer nodule risk calculators in 244 patients with lung nodules (33.2% confirmed as primary lung cancer, 7.4% metastatic disease). The Mayo and Brock models performed similarly (AUC 0.895 and0.902 respectively) and both were significantly better than the Veterans Association model (AUC 0.735,p < 0.001 and p = 0.002 respectively. For sub-centimetre nodules, AUC values for the Mayo and Brock models were 0.788 and 0.852 respectively. Finally, performance of the CT-based prediction models was compared for the 103 patients with nodules ≤10 mm (not restricted by exclusion criteria). The AUC values (95% CI) were Mayo 0.788 (0.630–0.946), VA 0.575 (0.391–0.758) and Brock 0.852(0.766–0.938). 
The Brock model


(29) ADDIN EN.CITE  has become the most widely used in the clinic , and an easily downloadable APP allows inputting of the clinical and radiologic data as shown in the table. If a threshold of at least 5% risk of lung cancer is used in the parsimonious model (see  Table 3) including spiculation, the sensitivity, specificity, positive predicative value and negative predicative value were: 71.4%, 95.5%, 18.4% and 99.6%. Thus, the model developed by McWilliams et al. can be used to accurately estimate the probability that lung nodules detected on baseline screening with low-dose CT scans are malignant. This model showed good accuracy for determining likelihood of malignancy in nodules detected on CT scans (13).
DETAILS OF THE CLINICAL AND RADIOLOGIC PARAMETERS EMPLOYED IN THE “BROCK” MODEL.  These are obtained from the referral CT.

Table 3 Brock model for nodule risk calculation
[image: image7.emf]
Management and investigation of small pulmonary nodules


(30) ADDIN EN.CITE 
This is the most widely used guideline, and importantly recommends investigations once the risk prediction (Brock) is greater than 10%. The document also states : “ Offer a PET/CT to patients with a pulmonary nodule with an initial risk of malignancy of >10% ( Brock model)…Grade B evidence).” It is interesting that such an approach is not acknowledged in our Medicare Guidelines and indeed the study we are proposing seeks to provide data to support this approach. Note that most of the data for that recommendation was retrospective. Little prospective data exists on the way PET CT adds to the diagnostic algorithm in terms of the pulmonary nodule.

[image: image8.emf]
Nodules with a low likelihood of malignancy following PET-CT(<10%) are appropriate for ongoing CT surveillance. Image guided biopsy (particularly percutaneous biopsy) appears to have the greatest utility for nodules of indeterminate malignant risk. This is the preferred option for nodules with a malignant risk between 10and 70%, although alternative options of surveillance or resection can be considered dependent on patient preference. 

Development of blood test for cancer

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 compared to those secreted by normal lung epithelium. They found significant alterations in the vesicle composition, indicative of the presence of lung cancer. In patient cohorts of ‘healthy’ blood donors, these changes are not detected, whereas in cohorts of stage I-IV non-small cell lung cancer (NSCLC) patients, these alterations are detected. However, most of the NSCLC patients were of higher stage with profound cancer burden. No retrospective or prospective study has been conducted to evaluate this cancer test in a cohort of patients with unclear nodules. The expectation is that the blood test can discriminate between benign and malignant nodules, and therefore could serve as an additional triaging tool for managing patients presenting at thoracic units in the future. 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.
Endpoints and AIMS
PRIMARY

1. Percent of cases correctly triaged to a procedure OTHER than one directed solely at the nodule, including
· An EBUS TBNA dual diagnostic and staging procedure

· No bronchoscopy- biopsy of a metastatic deposit

· No procedure, especially on the basis of PET negativity in a solid nodule
2. Rate of tissue diagnosis at EBUS GS with the addition of routinely performed VB CT, as compared to historic controls.
SECONDARY

1. Benefit and properties of the low dose breath-hold CT COMPARED TO the referral CT

· Number of generations seen 

· Confirmation of air bronchogram

· Confirmation of lesion within/adjacent A BRONCHUS

· Radiation exposure

2. Benefit of the PET/CT  in Clarification of the referral CT in terms of procedure choice

· Detecting positive hilar or mediastinal nodes where none were evident on CT ( either reported by referring  radiologist  (or as measured by us))
· Where there is N1 or N2 on the referral CT, which confirmation of highest PET positive node compared to CT to allow best staging
3. Evaluation of blood-based cancer test

· Detecting of blood composition changes in patients with suspicious nodes

· Correlation of blood test results with diagnostic findings
Hypotheses

1. That PET/CT done to assist diagnostic intervention decision making, and compared to a Pre-PET decision based on the referral CT ( mock Decision making)
will increase the number of patients having a single diagnostic test by 15%. This is on the basis of 
i. our data showing we had an 11% rate of cases having EBUS TBNA instead of EBUS GS

ii. data of Mcmanus and Halac above showing between 7.5 and 12.8% incidence detection of unexpected distant metastasis( average =10%)

iii. Combining these two gives a total of 21% of cases for an alternative biopsy;
iv.  the positivity of such biopsies in these locations is high, 20% increase in the number of patients having a single diagnostic procedure.  
2. Successfully creating a virtual pathway from the VB-CT  will improve the % of cases where EBUS GS is successful in diagnosing malignancy by a lesion is localised with EBUS-GS by 15% compared to historic procedure controls which did NOT have virtual bronchoscopy planning and matched by lesion size and location 
(Ishida reported a randomized study of VBN assisted EBUS versus non VBN assisted EBUS.  The VBNA group had higher diagnostic yield than the NVBNA group (80.4% vs 67.0%; p=0.03)
3. A blood-based test evaluating alterations in the composition can identify malignant lesions
STUDY DESIGN

i. Direct comparison of 1 group for the effect of adding PET/CT to the investigation of pulmonary nodules. Paired comparison of procedural decision making made at a “mock” radiologic decision making review and procedural decision making after PET CT.

ii. For the effect of the CT VB this will be a case control study compared to historic data for size and location matched nodules sampled at procedures at RBWH by EBUS GS which did not have CT VB
Inclusion Criteria
· Referrals to Thoracic Medicine OPD or Inpatient Consults

· Nodules 8-30mm diameter, solid or semi-solid
· Brock risk calculator risk of malignancy of >10%

Exclusion Criteria
· Unsuitable for bronchoscopy (see Appendix 1)
· where nodules have 
· morphology clearly suggestive of benign disease per BTS guidelines
· peri-fissural or 
· subpleural nodules less than 10 mm diameter. 
· Ground Glass opacity nodules with less than 5 mm solid component – see reference

· Pregnant or lactating women

Statistics 

· Power calculation
See comments about expected procedural outcomes in Hypotheses above. From our data set we analysed 143 patients referred for investigation of a pulmonary nodule who had a PET CT; 111 of these had either an EBUS GS or a CT TTNA. From the total cohort 16 cases (11%) underwent an EBUS TBNA as the first test on the basis of a suspicious node on PET. This had a very high diagnostic yield and was clinically indicated on the basis of the PET. Further, the literature includes data on unexpected metastases in T1 tumours, conservatively 10%. Overall we therefore expect that PET CT will give a combined change in the diagnostic procedure ( to either an EBUS TBNA or sampling of a distant metastasis) in 20%. From a baseline of 78% having either an EBUS GS or a CT TTNA, this will reduce to 58%, with the remainder having other biopsies as stated. It is assumed that because of the very high yield of these other biopsies this would represent a 20% increase in the number of patients having a single diagnostic test.  Using a change from 78% to 58% and an alpha of 0.05 and a beta of 0.8 for 2 groups with a single dichotomous variable (lung nodule biopsy or not) the total sample size is 168 patients, 84 in each group.
Outcomes

As per the Primary and secondary outcomes results would be expressed as proportions of each analysis pre and post the PET/CT, and compared using a paired T test.
For the benefit of the VB CT this will be expressed as the difference in proportion of diagnostic yield of malignancy for each group (cases from this study versus historic controls form our Unit), compared with a T test. 
PET/CT acquisition to allow future additional studies

 Although the PET/CT scans will be standard of care, there may be a slight technical changes to how they are acquired.  The outputted “clinical” data and images will be the same and the radiation dose, is no different to the clinical scans.  The scans may be acquired as dynamic scans which require a longer time on the scanner bed.  Normally the patient sits resting in a chair post injection for about an hour and is then put on the scanner.  For a dynamic study, the patient lies on the scanner bed during the uptake period, and the scanner acquires image data.  The normal clinical FDG PET scan follows. This allows for generation of dynamic images (like a movie) of the FDG uptake into the tissues including the primary and the local nodes.  This then allows all sorts of image analysis and technical image corrections we had been talking about, such as respiratory motion and partial volume corrections, kinetic analysis to help differentiate inflammatory from neoplastic lesions etc. Acquiring the images in this way will allow further study in different protocols of the PET/CT data itself, allowing other publications to be generated.
Ethical Considerations

All patients will still have whatever biopsy is clinically indicated. 
All management decisions will be made in the usual way with clinic followup and where indicated a full discussion at Combined Multidisciplinary lung cancer meeting.

Currently it is usual clinical practice to get both a PET/CT and a low dose CT chest 

This is because all of these nodules are technically difficult to biopsy ( this is a pre requisiste for obtaining a PET/CT) and we are familiar and like to use virtual bronchoscopy for the reasons outlined above.

So we are de- facto doing what the study clinically is wanting to test; the only difference is that we are being explicit about prospectively studying the other possible benefits of a pre-procedure PET.
Radiation Exposure
PET/CT is a common clinical procedure, and as stated above PET/CT is part of the work up of the vast majority of these patients.
Further a low dose CT for DICOM data for VB is also commonly performed
We therefore will not be exposing patients to more radiation that normal

Typical radiation data are as follows:
METHODS

Procedural workflow of the study

1. referral is received including report of CT with suspicious nodule 8-30mm for investigation

2. electronic download of that outside CT

3. Risk prediction using Brock calculator- study inclusion if > 10% risk of malignancy-     see enclosed Table 3
AT THIS POINT PATIENTS WOULD BE SEEN IN CLINIC AND HAVE STUDY DISCUSSIONS AND CONSENT, WITH BOOKING OF PET/CT SCAN
4.  Review of CT with study Radiologist for “Mock Decision Making” 

See enclosed Appendix 2 for the format of that review

5.  Clinic Review, consider inclusions and exclusions and perform blood tests as clinically indicated including Cryptococcal antigen, Quantiferon Gold, inflammatory markers etc.  Consent patient to study including PET CT and breath-hold low dose CT 

6. Perform PET CT followed by procedure triaging. Collect 50 ml blood sample at time of cannulation for PET CT study.
see Appendix 4 below

7. Bronchoscopy done as per institutional preference, either EBUS TBNA or EBUS GS per Appendix 3, 

a. In EBUS Guide sheath cases utilising the virtual bronchoscopy as generated by the combined breath hold low dose CT (VB CT)
8. CT needle or other biopsy as per triaging when possible
9. Following histologic confirmation, presentation of malignant cases at Combined Lung MDT in usual way

10. For nodules which were not biopsied due to size criteria and or PETCT result see appendix 4- Fleischer criteria for ongoing nodule management

Consent

Consent will be obtained by Thoracic Physicians in outpatient clinics or after inpatient consultation.

Information sheets will be posted to patients before their clinic visit and the Study coordinator will contact the patients and explain the broad outline of the study before they arrive at clinic

This will allow more questions to be asked at clinic

Patients will be able to either consent at clinic or delay decision making for a further week; delays longer than that might impact their overall rate of progress through the diagnostic process; if they decided not to proceed with the study then a one week delay would not adversely affect outcomes.

Appendix 1: Exclusion Criteria for procedures:

· ASA class >3

· Continuous use of anticoagulants (eg, heparin, warfarin) or antiplatelet agents (e.g. Cyclooxygenase Inhibitors (Aspirin),   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

· Moderate-to-severe pulmonary fibrosis

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

· One or more bullae >1 cm located in close vicinity (<1cm) of target PN

· Giant bullae within the same lobe of the target PN

· 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 

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

· Unstable Angina

· Myocardial infarction within 6 months

· Severe cachexia, debility and malnutrition

· Acute Renal or Liver Failure

· Ongoing systemic acute or chronic infection 

· Recent head injury or increased intracranial pressure

· Patients who are pregnant or lactating

· Patients with known intrapulmonary metastases of extrapulmonary cancer/tumors

· 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) 

· Known allergy, sensitivity or previous allergic reaction to ortho-phthalaldehyde (OPA)
APPENDIX 2: REVIEW OF REFERRAL CT- The “Mock” multidisciplinary review Pre PET/CT
For “The Pre-PET decision”

Attendees

2 Thoracic Physicians

Radiologist

Surgeon
1. general nodule suitability for the study

confirm nodule 1-3 cm

confirm solid or semi solid

2. ? are there hilar or mediastinal lymph nodes which are abnormal and needing biopsy as an alternative to biopsy of the nodule

Confirm status of the hilar and mediastinal nodes ? any nodes > 1cm in short axis

3. confirm presence or absence of any distant metastases 
eg liver , adrenal, axillary or supraclavicular nodes
4.Consider the place of which type of biopsy should be done for the nodule- see also Appendix 4
For CT TTNA: 

confirm whether nodule touches visceral pleura

absence of surrounding bullae

in outer two-thirds of the lung

not immediately adherent to large vascular structures

For EBUS GS


Confirm air bronchogram either within or touching the bronchus
5. Consider surgical resection Direct ( without tissue diagnosis) for those cases with Brock risk prediction of >70%
APPENDIX 3:  CHOICE OF BIOPSY PROCEDURE
Table : Summary of decision making around biopsy

	
	
	PET/CT  

	
	
	Positive nodes suitable for EBUS TBNA

*see notes below

** see notes below
	Negative

	Bronchus sign on VB CT
	Positive
	EBUS TBNA, consider EBUS GUIDE Sheath in the same sitting if ROSE negative


	EBUS Guide sheath

	
	Negative
	EBUS TBNA


	CT Needle biopsy


* discreet nodes in positions 2,3,4,7,10,11 or 12 per established Lymph node descriptors

** Reporting of the PET CT may lead to the following description : low grade symmetric uptake across hilar and mediastinal nodes, highly suggestive of benign inflammatory lymph nodes, See Nguyen et al. In these cases following the PET CT report the clinician may elect to just sample the lung nodule; these cases would be exempt from the analysis of the total number of procedures per patient, but would be included for the information pertaining to the sampling procedure of the nodule itself, be it EBUS GS or CT TTNA

APPENDIX 4 : FINAL DECISION:

For “The Post-PET decision”

Attendees

2 Thoracic Physicians

Radiologist

Surgeon

Nuclear Physician
1. EBUS GUIDE SHEATH

a. Bronchus sign positive

b. Tumours in the central third of the lung

2. EBUS TBNA

a. For combined tissue diagnosis and staging where there is a unilateral PET positive node

b. For diagnosis of the primary tumour where is sits adjacent a large bronchus or trachea

(NB any discrete lymph node > 1cm on CT or discrete PET positive node regardless of size must be sampled if in the well described positions 2,3,4,7,10,11, or 12; these being the sites EBUS TBNA can reach))

3. CT NEEDLE BIOPSY

a. any lesion touching the pleura

b. bronchus sign negative

c. mediastinal PET negative

4. EXTRA-PULMONARY BIOPSY

a. Sites of extra pulmonary likely metastases

5. NO BIOPSY: Observe
a. PET negative in the nodule and mediastinum and rest of body. This decision would be on the basis of discussions with radiologist and Nuclear physician and would be followed by usual CT surveillance procedures at OPD followup.
6. NO BIOPSY: Operate without a tissue diagnosis

For cases with Combined clinical radiologic and PET/CT data (Brock and Herder ) showing risk of malignancy of >70%. 
Appendix 5
McMahon et al. Radiology(31): Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From theFleischner Society 2017
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Background

 The bronchoscope combined with the convex probe was produced for Endobronchial Ultrasonography (EBUS) -TBNA. This scope shows us the target lesion for TBNA beyond the bronchial wall, and real-time image the needle of TBNA is going into para-bronchial lesions.
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