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[bookmark: _Toc194143832]Abbreviations and definition of terms

	Acronym/abbreviation
	Definition

	AE
	Adverse Event

	AI
	Artificial intelligence

	CEA
	Cost-effectiveness analysis

	CEAC
	Cost-effectiveness acceptability curve

	CEP
	Cost-effectiveness plane

	CI
	Chief Investigator

	CRF
	Case Report Form

	CSRI
	Client Service Receipt Inventory (resource use questionnaire)

	CT
	Computed tomography

	CTU
	Clinical Trials Unit

	CUA
	Cost-utility analysis

	CXR
	Chest X-ray

	EQ-5D-5L
	EuroQol 5-dimension 5-level quality of life questionnaire

	GCP
	Good Clinical Practice

	HEAP
	Health economic analysis plan

	ICF
	Informed Consent Form

	IDMC
	Independent Data Monitoring Committee

	ISRCTN
	International Standard Randomised Controlled Trial Number

	Leeds CTRU
	Leeds Clinical Trials Research Unit

	MDT
	Multidisciplinary team

	MRI
	Magnetic resonance imaging

	NHS
	National Health Service

	NICE 
	National Institute for Health and Care Excellence

	NIHR
	National Institute for Health and Care Research

	NOLCP
	National Optimal Lung Cancer Pathway 

	PIS
	Participant Information Sheet

	PSSRU
	Personal Social Services Research Unit

	RCT
	Randomised Controlled Trial

	REC
	Research Ethics Committee

	SAE
	Serious Adverse Event

	SAP
	Statistical analysis plan

	SOC
	Standard of care

	SOP
	Standard Operating Procedure

	TMG
	Trial Management Group

	TSC
	Trial Steering Committee

	VAS
	Visual analogue scale

	VSE
	Value Set for England










[bookmark: _Toc153980843][bookmark: _Toc194143833]1.	Introduction

The LungIMPACT study is a health service evaluation with the primary objective to examine the impact of AI support at the time of chest x-ray (CXR) acquisition and prioritisation for immediate review of CXRs referred from primary care on the time to CT chest and the time to diagnosis of lung cancer. 

1.1 [bookmark: _Toc153980844][bookmark: _Toc194143834]Background
Improving the rapid diagnosis and treatment of lung cancers is a priority to improve outcomes for lung cancer patients. The National Optimal Lung Cancer Pathway (NOLCP), designed to accelerate the lung cancer pathway, recommends rapid progression from chest X-ray (CXR) to CT and then specialist clinic. If best case implementation of the NOLCP is achieved, all imaging investigations would be performed in a single diagnostic episode, with suspicious CXR triggering direct referral for a CT chest. A single attendance reduces delays for appointments and should eliminate the chance of communication not being received or understood.

Recently published work performed by members of the study team [1] found that immediate radiographer CXR reporting and triage straight to CT significantly reduced time to diagnosis of lung cancer by almost half from a median of 63 days from CXR, to 32 days, (p = 0.03) compared to routine CXR reporting once the patient has left the department. This demonstrated that immediate CXR reporting pathway is feasible and beneficial. What is unclear is if the findings of this single site study with a small number of lung cancers (n=49) is replicable in other settings or scalable at a system level. Since immediate reporting has resource and workforce implications, it is crucial that if immediate reporting is to be rolled out nationally, it is done so based on robust evidence.

One way to optimise the limited imaging workforce could be to use an artificial intelligence (AI) tool as assistance in decisions to triage CXRs referred from primary care that have findings suspicious for lung cancer. This would enable immediate flagging and reporting to be prioritised for patients most likely to benefit from a same-day CT scan. AI clinical decision support was identified as one way to reduce observer variability in CXR interpretation by NICE as well as supporting current NICE care pathways for suspected cancer, chronic obstructive pulmonary disease, cystic fibrosis, idiopathic pulmonary fibrosis and tuberculosis.

If AI solutions are to be introduced into the NHS, it is important that they are evaluated in a clinically relevant way. In this trial the impact of a CXR reporting solution on the lung cancer pathway is being tested because even relatively small increases in time to diagnosis are associated with adverse outcomes in lung cancer. The main outcomes measure how AI assistance at the point of CXR acquisition impacts the time to CT and the diagnosis of lung cancer. The pathway is not being altered in any way other than more information being available at the time of the CXR. The hypothesis is that this will lead to a change in the timing of the CT scan for people with suspicious CXRs. The study will also test the accuracy against human radiologists and the cost effectiveness.

1.2 [bookmark: _Toc153980845][bookmark: _Toc194143835]Design
This is a prospective, multi-centre healthcare service delivery study with the primary objective of assessing the effectiveness of AI immediate read and worklist prioritisation for immediate review on the time to diagnosis of lung cancer and the time to CT chest following abnormal CXR. The study will be conducted over a 12-month period at eight NHS Trusts in England.

qXR, a class IIa CE certified deep learning algorithm already in routine clinical use in some NHS Trusts, will be used in this study. All patients in the study will have their CXRs read by qXR. The only difference is the timing of the information from the AI.

The process adopted in radiology departments is that the patient attends for a CXR and it is performed by a radiographer. The radiographer may, at their discretion flag abnormalities that may require further action and this may result in a CT scan being done, sometimes on the same day as is a preferred option in the NOLCP. The radiographer flag can also happen for any other (non-cancer) findings where they consider that action is potentially needed. The usual clinical pathway will be followed where action is confirmed to be necessary or optimal. Where there is no flag, the CXR is later reported by a radiologist or reporting radiographer. This study is testing whether having an AI immediate tag influences that process and shortens time to diagnosis.

The intervention is the timing of the CXR alert from the AI, on intervention (worklist prioritisation for immediate report) and non-intervention (routine reporting time) days. On intervention days, an active notification will be sent to the worklist for any ‘qXR-suspected-abnormal cases, so these can be prioritised for immediate reporting. Pre-allocation to intervention (qXR AI support at the time of CXR acquisition and worklist prioritisation for immediate CXR review) and routine care (normal reporting with qXR read available) will occur using random sampling (Monday – Friday when routine imaging is performed).

All patients over 18 years will have qXR decision support available. Patients will receive routine care, no additional diagnostic tests will be performed. Data will be collected from existing routine clinical data sources. All imaging (CXR or CT) will be performed as part of routine care, and no additional radiation exposure will be required. The reporting practitioner will have the AI decision support information for all cases and all days, the intervention is only the timing of the AI information (immediate reporting or with usual reporting ). The reporting practitioner can choose to accept the alert and refer the patient for CT chest and/or referral onto the lung cancer pathway where appropriate. Patients who are referred for CT will follow the current CT and post-CT pathways of the participating clinical sites, which may include placing them on a cancer pathway. On non-notification days, the AI tool information will be available at the time the CXRs are reporting by the reporting practitioner. 

Individual patients will not be randomised. Days will be randomised to intervention or standard care*, using a randomisation list provided by a statistician based at the University of Nottingham (not from Leeds CTRU). All patients referred for a CXR by primary care will receive the usual standard of care* and referral pathways for each of the eight clinical sites, including the AI decision support, the only difference is the timing of CXR reporting. The intervention is the same at each institution with block randomisation to the intervention or no intervention by day.

1.3 [bookmark: _Toc153980846][bookmark: _Toc194143836]Aims
The primary objective of this study is:
· What is the impact of AI support at the time of CXR acquisition for primary care referrals on the time to CT and the diagnosis of lung cancer? 

The secondary objectives of this study are:
· What is the agreement between an AI algorithm and human reporters when interpreting CXRs referred from primary care? 
· Does immediate AI supported reporting of CXRs referred from primary care reduce the number of non-cancer diagnoses referred for an urgent lung cancer appointment? 

The primary health economic research question of this study is:
· For people referred from primary care, is the use of AI support at the time of CXR acquisition cost-effective, compared to no AI support? 

* Note: there are 3 groups here: (i) AI support at the time of CXR, (ii) AI support at time of reporting, and (iii) no AI support. The study is randomising between (i) AI support at the time of CXR and (ii) AI support at time of reporting, as the latter is current standard of care (SOC) at the sites in the study while the study is open. Current more widely used SOC nationally is (iii) no AI support, hence this being the comparator group in the health economic analysis.	Comment by Caroline Clarke: https://www.nice.org.uk/guidance/hte12/documents/final-scope
Diagnostics Assessment Programme
Artificial Intelligence software for analysing chest Xray images to identify suspected lung cancer
Final scope, November 2022
4. Comparator
The comparator for this assessment is chest X-ray image review by an appropriate radiology specialist (radiologist or reporting radiographer) without the assistance from AI-derived software. 

[bookmark: _Toc194143837]1.4	Sample size and expected accrual

Sample size calculations were performed by Prof Trisha McKeever, University of Nottingham, for the grant application and inclusion in the study protocol. 

The primary endpoints of this study are the difference in median time between CXRs suspicious for lung cancer and CT chest and the difference in median time to lung cancer diagnosis between routine reporting with AI available and AI support at the time of CXR acquisition and prioritisation for immediate review of CXRs reporting arms. The expected prevalence of lung cancer in this cohort (primary care referrals for CXR) is 0.6%. Thus for 150,000 CXRs this will lead to the detection of about 900 cancer cases. Using data from previous work, the median time to lung cancer diagnosis was 63 days in the standard reporting group and if we use a conservative reduction of 10 days, with 95% power we would need 265 cases per group.

The primary endpoints are likely to be skewed and a two-group comparison on a log-transformed scale is planned. Therefore, additional estimation of the required sample size have been conducted to based on sample sizes for differences in medians [2]. The RadioX study used an SD estimates of 14 days in their sample size calculations, however they reported standard deviations of 36 and 63 days respectively for the immediate and standard reporting groups [1]. Assuming a differences in median time of 10 days with a standard deviation of 40, with 95% power it was estimated that 265 cases per group were needed. After further discussion with the study team it was decided that a detection rate of 0.4% should be assumed therefore approximately 135,000 CXR would need to be carried out to detect 540 cases of lung cancer. 

Table 1: Sample size for difference in medians (significance level = 0.05)
	Median time to lung cancer diagnosis (SD)
	
	

	Standard reporting
	qQR immediate reporting
	Power
	N per group

	63 (40)
	53 (40)
	80%
	160

	63 (40)
	53 (40)
	90%
	215

	63 (40)
	53 (40)
	95%
	265


https://adraptis.shinyapps.io/sample_size_median_sd/ 
Based on O’Keefe et al [2]

The co-primary endpoint of this study is time between an abnormal CXR that is suspicious for lung cancer to CT chest. Based on the NHS Diagnostic Imaging Dataset between 4,000-4,500 CT chest scans referred from primary care are expected during the study period at the clinical sites, median time for England (CT chest request to test) is 14 days, but this data is not segregated between urgent scans and those that are routine or for follow up. The mean and standard deviation of time between abnormal CXR and CT chest are not known for either the intervention (AI support at the time of CXR acquisition and prioritisation for immediate review of CXRs) or routine CXR reporting with AI available. Cohen’s d (effect size) was used to estimate sample size with power 0.1, 0.3 and 0.5 are considered small, moderate and large effect size. Assuming approximately equal distribution (Nnotification:Nstandard as 0.8 to 1.2) of the number of scans taken, the estimated 4,000 CT chest scans will give adequate power to detect even the smallest effect size (Cohen’s d = 0.1). We have defined a clinically meaningful difference in time from abnormal to CT chest as 3 days, using the maximum time recommended in the NOLCP.

[bookmark: _Toc194143838]1.5	Planned analyses

No interim analysis is planned. The study will run over a 12-month period and the full analysis will be conducted at this time. 
Note: @ July 2024, the study has had its recruitment extended until 31 December 2024 in order to capture sufficient cancer diagnosis events.
[bookmark: _Toc194143839]2.	Statistical Endpoints

[bookmark: _Toc194143840]2.1	Primary (statistical) endpoint
The primary outcomes are: 
1. The difference in time (in days) to the diagnosis of lung cancer for patients who have CXRs with an AI support at the time of CXR acquisition and prioritisation for immediate review and those that have no immediate read but the AI read is available at the time of reporting. 
2. The difference in time (in days) to CT for patients with suspected lung cancer who have CXRs with an AI support at the time of CXR acquisition and prioritisation for immediate review and those that have no immediate read but the AI read is available at the time of reporting.

Time to lung cancer diagnosis is clinically meaningful and time to CT will be the least affected by the heterogeneity inherent in this study. Both outcomes will be considered primary and there are no hierarchy among these two. 

[bookmark: _Toc194143841]2.2	Secondary (statistical) endpoints
The secondary outcomes are: 
· Time to first appointment for urgent lung cancer referrals as defined by time between CXR acquisition, time to urgent lung cancer referral (2WW) and time of first consultation (first appointment) 
· Time to treatment start for lung cancer patients
· Agreement between qXR and human readers for normal/abnormal diagnosis of CXRs referred from primary care 
· Number of urgent lung cancer (2WW) referrals 
· Incidence of lung cancer 
· Stage of lung cancer at diagnosis 

[bookmark: _Toc153980852][bookmark: _Toc194143842]2.3	Derivation of endpoints
Data for all outcomes will be collected via already existing data flows and routine data (see section 4.1 for full list of data items collected and source data). 

2.3.1 [bookmark: _Toc153980853][bookmark: _Toc194143843]Primary endpoint
These will be derived from the dates of CXR and dates of cancer diagnosis and CT scan as the difference in time (in days) between CXR and date of diagnosis of lung cancer or date or CT scan. 

2.3.2 [bookmark: _Toc153980854][bookmark: _Toc194143844]Secondary endpoints
These will be derived from the dates of CXR and secondary outcomes: date of first appointment for urgent lung cancer referral, date started treatment. The number of 2WW referrals, number of cancers diagnosis and stage at diagnosis will be reported for the two groups. 

Each CXR will be reviewed by a radiographer (human reader) and qXR (AI reader) both methods will flag any abnormalities and agreement between qXR and human readers for normal/abnormal diagnosis will be estimated. Discordance will be assessed for individual categories produced by the AI reader and for grouping of these categories that indicate a cancer diagnosis. 

[bookmark: _Toc153980855][bookmark: _Toc194143845]2.4 	Missing data
If no information on cancer diagnosis or subsequent CT scans is recorded then it will be assumed that these events did not occur and these patients will not be included in the analysis of the primary endpoints.


[bookmark: _Toc194143846]3.	Populations

Initially the clinical evaluation study was going to be performed in secondary care at eight acute Trusts in England, however since the protocol was published three sites have dropped out (mainly due to logistical reasons). The clinical sites that will be included in the study are: 
· Nottingham University Hospital NHS Trust 
· University College London Hospitals NHS Trust 
· University Hospitals Birmingham NHS Trust 
· East Suffolk and North Essex NHS Trust 
· University Hospitals of Leicester NHS Trust 

[bookmark: _Toc194143847]3.1	Eligibility
Inclusion criteria 
· CXR referred from primary care
· Age >18 years
· Anteroposterior (AP) or posteroanterior (PA) view

Exclusion criteria 
· Age <18 years 
· CXR referral not from primary care 
· Lateral X-ray view of the chest

[bookmark: _Toc194143848]3.2	Intention to treat population
Individual patients will not be randomised. Days will be randomised to intervention or standard care (i.e. AI support at time of reporting). Patients will be analysed in two groups: AI support at time of CXR, or standard care (i.e. AI support at time of reporting). 



[bookmark: _Toc194143849]4.	Data Handling

[bookmark: _Toc194143850]4.1	Data collection
The clinical evaluation study will not directly recruit patients; it is an evaluation of health service delivery. Patients will have their pseudonymised data collected to provide the outcomes. All data collected in the study is routinely collected for statutory reporting (cancer waiting times) and service evaluation (radiology activity, reporting times, peer review). The data items listed below will be extracted for this study. 

Only data collected for routine care will be used and no additional data will be collected. No patient identifiable data will be available outside of the clinical care team; all data will be pseudonymised prior to analysis by the independent statistician and health economists.

[bookmark: _Toc194143851]4.2	Data validation
Data quality checks will be carried out for each variable in the data set to identify potential outliers and erroneous data points. A data quality report will be generated and discussed with the study team to try to resolve data queries if possible. However as this is routinely collected data it may not be possible to update and amend all data items.


[bookmark: _Toc153980862][bookmark: _Toc194143852]5.	Statistical Data Analysis

[bookmark: _Toc153980863][bookmark: _Toc194143853]5.1	General calculations

Unless otherwise stated, percentages will be calculated using the total number of patients in the relevant population as the denominator (i.e. including all patients with missing data for that variable). Analyses will be carried out on all patients and the ITT populations. The primary outcomes of time to lung cancer diagnosis will only be calculated for those with a lung cancer diagnosis and time to chest CT will only be estimated for those with a chest CT referral. 

All percentages will be rounded to 1 decimal place. Means, medians, ranges and standard deviations will be summarised to one more decimal place than the data is collected. All analyses will be carried out in R. Hypothesis testing will be 2-sdied and at the 5% significance level unless stated otherwise. 

[bookmark: _Toc153980864][bookmark: _Toc194143854]5.2	Analysis
[bookmark: _Toc153980865][bookmark: _Toc194143855]5.2.1 	Study Summary
A CONSORT flow diagram will be used to summarise the flow of patients through the study. The number of patients randomised by each NHS Trust will be reported.

[bookmark: _Toc153980866][bookmark: _Toc194143856]5.2.2 	Baseline Characteristics
Baseline characteristics of the study population will be tabulated using summary statistics overall and by intervention group (AI support at time of CXR or standard care). No statistical testing will be carried out on this data. 

[bookmark: _Toc153980867][bookmark: _Toc194143857]5.2.3 	Time to lung cancer diagnosis and time to CT scan
Graphical representation of the time to lung cancer diagnoses and time to CT scan between the two groups will be presented, using histograms and boxplots. It is anticipated that these data will not be normally distributed and will have a skewed distribution. A t-test on the log transformation of these data will be used to test the null hypothesis that mean values on the log-transformed scale are equal. This is equivalent to the null hypothesis that the medians on the untransformed scale are equal. The assumption of normality on the log-transformed scale will be assessed graphically. 

[bookmark: _Toc153980868][bookmark: _Toc194143858]5.2.4. 	Analysis of secondary outcomes 
The secondary endpoint of agreement between reporting doctors and AI will be summarized using overall agreement, positive percent, and negative percent agreement. The strength of the agreement will be reported using Kappa. 

Other time related endpoints (time to urgent referral and time to treatment starting) will also be assessed using t-test on log-transformed time duration data. 

The number of urgent referrals, incidence of lung cancer and stage of lung cancer at diagnosis will be compared between the two groups using chi-squared tests. 

[bookmark: _Toc153980869][bookmark: _Toc194143859]5.2.5. 	Subgroup analysis
All primary and secondary endpoints will be analysed by sites and duration (quarterly) as we anticipate heterogeneity in these endpoints. 




[bookmark: _Toc194143860]6. 	Health Economic Analysis

[bookmark: _Toc194143861]6.1 	Overview

The health economic analysis is concerned with 3 groups: 
(i) AI triage support at the time of CXR (“AI now”)
(ii) AI interpretation-only support at time of reporting (“AI later”)
(iii) no AI support (“no AI”).

The AI now and AI later groups are also combined in some secondary analyses below to become the “any use of AI” group.


[bookmark: _Toc194143862]6.1.1 Primary health economic analysis (AI now vs. no AI)

· Incremental cost per unit reduction in time (in days) from CXR to diagnosis of lung cancer for CXR with AI now (i.e. triage with AI) compared to no AI use (control arm), from the perspective of the NHS, over the time period of the study (anticipated to be around 60 days). 
· Note that date of lung cancer diagnosis is defined during the study as biopsy sample date in patients who received biopsies and MDT date in patients who did not receive biopsies.

[bookmark: _Toc194143863][bookmark: _Hlk189655922]6.1.2 Secondary health economic analyses (any use of AI vs. no AI; AI now vs. AI later)

· Incremental cost per unit reduction in time (in days) from CXR to diagnosis of lung cancer for CXR with any use of AI (combining AI now for triage or AI later for interpreting images) compared to no AI use (control arm), from the perspective of the NHS, over the time period of the study (anticipated to be around 60 days).

· [bookmark: _Hlk186726677]Incremental cost per unit reduction in time (in days) from CXR to diagnosis of lung cancer for CXR with AI now (triage with AI) compared to AI later (i.e. available for radiologist to refer to when interpreting images only, with no triage), from the perspective of the NHS, over the period of the study (anticipated to be around 60 days).

[bookmark: _Hlk189655942]6.1.3 Tertiary health economic analyses (assessment using different outcomes)

· Incremental cost per unit reduction in time (in days) from CXR to CT scan using same comparators (AI now vs. no AI), time frame and perspective as primary health economic analysis. Two scenarios will be considered here: using all CT scans, or using only those within 13 days of CXR, as the longer gap suggests that the CT scan was not triggered by the CXR.

Incremental cost per extra early-stage cancer diagnosed (stage 0-2), using same comparators (AI now vs. no AI), time frame and perspective as primary health economic analysis.

[bookmark: _Toc194143864]6.2 	Decision modelling for intervention and comparator arms

The analyses will require decision analytic models, which will incorporate information from the CXR and AI now (triage with AI) arm of the LungIMPACT study to characterise the intervention arm in the primary health economic analysis, and information from literature and from national aggregated information, such as the NHS England Diagnostic Imaging Dataset Statistical Release and the National Lung Cancer Audit (NLCA), to characterise the control arm (‘no AI’). 	Comment by Caroline Clarke: https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2023/05/Statistical-Release-18th-May-2023-PDF-471KB-1.pdf

We will consider using a decision tree as this is a short time horizon, and the structure of the decision tree will be discussed in detail with the rest of the study team. 

The second arm of the LungIMPACT study, i.e. where AI is available later for interpreting images, will be included in secondary analyses as noted above, to characterise the AI later arm.

[bookmark: _Toc194143865]6.3 	Resource use and costs

We will not have information on any health and social care resources used during the 60-day period except for the CXR and CT scans. Therefore the difference in costs between the 2 arms will depend primarily on the cost of setting up and delivering the AI facility, and this cost will be applied in the AI now and AI later arms. This will be estimated as the cost to implement the AI support at the time of CXR acquisition and prioritisation for review of CXRs either now or later, the training costs, and the maintenance costs. 

It is possible that there might be some difference in staff time required for interpreting the scans with and without AI assistance, or differential training requirements or other requirements, and other members of the study team will identify these differences as part of staff experience interviews and we will determine these possible differences based on discussions with the clinical experts in the research team. If these differences are identified, they will be included for the appropriate arm in the decision analytic model.

The unit cost parameters required to populate the model will be identified from national datasets, such as NHS Reference Costs. 

[bookmark: _Toc194143866]6.4 	Outcomes 

Information on outcomes will come from the study database as follows (see Table 2):

Table 2: Routine data collected for the health economic study analyses. This table includes only those variables directly relevant to the health economic analysis. The dataset contains more variables, that can be found here: “LungIMPACT data dictionaryv0.1.docx”

	Original variable name
	Recoded variable name
	Response categories (with some tidying required, e.g. combining F and Female in Sex variable)
And other comments

	Common patient identifier (pseudonymised)
	id
	

	Date of CXR referral at radiology
	date_CXR_ref
	

	AI prioritisation day
	AI
	No / Yes

	Date CXR taken
	date_CXR
	

	Time CXR taken
	time_CXR
	

	Date CXR report generated
	date_CXR_report
	

	Time CXR report generated
	time_CXR_report
	

	Time in seconds from CXR taken to CXR report generated
	time_secs_CXR_report
	

	CXR radiologist report (details)
	CXR_rad_report
	Remove – free text

	CXR radiologist report- Nodule
	CXR_rad_nodule
	Each of these variables can be Absent / Present

	CXR radiologist report- Cavity
	CXR_rad_cavity
	

	CXR radiologist report- Mediastinal widening
	CXR_rad_mediastinal
	

	CXR radiologist report- Hilar Enlargement
	CXR_rad_hilar
	

	CXR radiologist report- Blunted CP/ Pleural Effusion
	CXR_rad_plueral
	

	CXR radiologist report- Opacity
	CXR_rad_opacity
	

	CXR radiologist report- Cardiomegaly
	CXR_rad_cardiomegaly
	

	CXR radiologist report- Pneumothorax
	CXR_rad_pneumothorax
	

	CXR radiologist report- Others
	CXR_rad_other
	

	qXR AI result - Nodule
	qxr_ai_nodule
	Each of these variables can be Absent / Present

	qXR AI result - Cavity
	qxr_ai_cavity
	

	qXR AI result - Mediastinal widening
	qxr_ai_mediastinal
	

	qXR AI result - Hilar Enlargement
	qxr_ai_hilar
	

	qXR AI result - Blunted CP/ Pleural Effusion
	qxr_ai_plueral
	

	qXR AI result - Opacity
	qxr_ai_opacity
	

	qXR AI result - Cardiomegaly
	qxr_ai_cardiomegaly
	

	qXR AI result - Pneumothorax
	qxr_ai_pneumothorax
	

	qXR AI result - Others
	qxr_ai_other
	

	CXR <> qXR report in agreement
	CXR_qxr_agreement
	Concordance
Discordance
Discordance (P1, AI positive finding but radiologist negative finding)
Discordance (P2, AI negative finding but radiologist positive finding)

Note, this is whether the 2 new variables created above agree or not.

	Review Status
	review_status
	NA
Review Done
Review Pending

	Addendum Required
	addendum_req
	No / Yes / Missing Null values

	Addendum Added
	addendum_added
	No / Yes / Missing Null values

	Qure app final report - Nodule
	qure_final_nodule
	Absent / Present / Missing Null

	Qure app final report - Cavity
	qure _final_cavity
	Absent / Present / Missing Null

	Qure app final report - Mediastinal widening
	qure_final_mediastinal
	Absent / Present / Missing Null

	Qure app final report - Hilar Enlargement
	qure_final_hilar
	Absent / Present / Missing Null

	Qure app final report - Blunted CP/ Pleural Effusion
	qure_final_pleural
	Absent / Present / Missing Null

	Qure app final report - Opacity
	qure_final_opacity
	Absent / Present / Missing Null

	Qure app final report - Cardiomegaly
	qure_final_cardiomegaly
	Absent / Present / Missing Null

	Qure app final report - Pneumothorax
	qure_final_pneumothorax
	Absent / Present / Missing Null

	Qure app final report - Hiatus Hernia
	qure_final_hernia
	Absent / Present / Missing Null

	Qure app final report - Others
	qure_final_other
	Absent / Present / Missing Null

	QURE FINAL TECH FAILURE
	qure_final_techfail
	Absent / Present / Missing Null

	Qure app final report - Clinically Insignificant
	qure_final_clin_insig
	Absent / Present / Missing Null

	Outcome of discordant review - Nodule
	review_outcome_nodule
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Cavity
	review_outcome_cavity
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Mediatstinal widening
	review_outcome_mediatinal
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Hilar Enlargement
	review_outcome_hilar
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Plural Effusion
	review_outcome_pleural
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Opacity
	review_outcome_opacity
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Cardiomegaly
	review_outcome_cardiomegaly
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Pneumothorax
	review_outcome_pneumothorax
	FN / FP / TN / TP / Missing Null

	Outcome of discordant review - Others
	review_outcome_other
	FN / FP / TN / TP / Missing Null

	Suggested CXR Outcomes - No actionable finding
	Soutcome_noaction
	No / Yes / Missing Null

	Suggested CXR Outcomes - Suspected lung cancer- Refer for CT and to lung cancer MDT
	Soutcome_lungcancer
	No / Yes / Missing Null

	Suggested CXR Outcomes - Pulmonary nodule requiring CT
	Soutcome_noduleCT
	No / Yes / Missing Null

	Suggested CXR Outcomes - Suspected other cancer- refer to other cancer MDT
	Soutcome_othercancer
	No / Yes / Missing Null

	Suggested CXR Outcomes - Incidental thoracic finding- requires respiratory review
	Soutcome_respreview
	No / Yes / Missing Null

	Suggested CXR Outcomes - Incidental non-thoracic finding- requires other secondary care action
	Soutcome_secondarycare
	No / Yes / Missing Null

	Suggested CXR Outcomes - Incidental findings for primary care action
	Soutcome_primarycare
	No / Yes / Missing Null

	Reporting practitioner ID
	rep_prac_id
	

	Reporting practitioner profession
	rep_prac_prof
	e.g. 
Consultant Radiologist
Reporting Radiographer
Trainee Radiologist

	Referral for CT scan
	CT_ref
	e.g. 
Yes
No

	Date of CT scan
	date_CT
	

	Time of CT scan
	time_CT
	

	Date of CT report
	date_CT_report
	

	Time of CT report
	time_CT_report
	

	Time in seconds from CXR taken to CT taken
	time_CXR_CT
	

	Cancer diagnosis
	can_diag
	e.g.
Yes
No

	Date of lung cancer diagnosis
	date_lungcancer
	Defined as biopsy sample date in patients who received biopsies and MDT date in patients who did not receive biopsies

	Stage of lung cancer
	stage_lungcancer
	The co-CIs are manually assigning all stages to early vs late – a new variable will be created to accommodate this.

	Date of decision to treat
	date_decision_treat
	

	Treatment start date
	date_treat
	

	Discharge date from cancer pathway
	date_discharge
	




[bookmark: _Hlk219702045]Further information will be gathered from the literature, using information from the qualitative work and expert opinion where required.
· National Lung Cancer Audit - Lung Cancer Data England and Wales
· Rapid Cancer Registration Data dashboards - NDRS

This will include: 

Required model parameters for the control arm information in analyses described above:
· Branching probabilities, derived from times in health states, or time to progress – depends on format of available information for the control arm in the literature
· i.e. rates of CT scans and LC diagnoses after GP-referred CXRs in general population (“no AI”) and times to these events (i.e. waiting times)
· Uncertainty around these estimates
· Consideration of any implementation costs – i.e. what is the counterfactual in the control arm to the AI development and implementation costs? It might be appropriate to include nothing here (as all arms will have staff and training etc. for looking at scans), but we will need to discuss this and justify our decision.

[bookmark: _Toc194143867]6.5 	Lifetime decision modelling

An additional analysis adopting a lifetime horizon could be potentially conducted if there is sufficient evidence and data (e.g. utility scores for QALYs), and if it is possible that adopting this longer-term horizon could lead to different conclusions, i.e. if we consider that important information on costs or outcomes is at risk of being ignored when using only the shorter time horizon. If a lifetime horizon model is performed, costs and outcomes after the first year shall be discounted at a 3.5% discount rate as recommended by NICE. 

[bookmark: _Toc194143868]6.6 	Return on investment (ROI) analysis 

A Return-on-investment (ROI) analysis shall be undertaken, identifying net benefits relative to net costs. We shall estimate payback over different time periods (e. g. one year, five years). ROI demonstrates whether a new technology or service offers value for money, and it is used by local decision-makers. The ROI analysis would help NHS to identify net benefits relative to costs demonstrating value for use by decision-makers.

[bookmark: _Toc194143869]6.7 	Sensitivity analysis 

Deterministic and probabilistic sensitivity analyses will be conducted to explore parameter uncertainty and the uncertainties caused by methodological assumptions. Deterministic sensitivity analysis will identify the key parameters that have a significant impact on the findings in each analysis, varying one parameter at a time. The probabilistic sensitivity analysis will estimate the confidence intervals for costs and outcomes, using Monte Carlo simulation.

Results will be presented on cost-effectiveness planes and cost-effectiveness acceptability curves, using a range of cost-effectiveness thresholds.


[bookmark: _Toc153980870][bookmark: _Toc194143870]7.	Reporting and Dissemination of the Results (i.e. same process as for statistical reporting)

All health economic analysis will be reported to the Trial Management Group. The health economics report will be written and produced by the independent health economists. Findings of the study will be disseminated in peer reviewed journals and professional conferences. An evaluation report for the programme will be prepared and submitted to the funders.
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