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Scientific summary

Background

Lung nodules are found in different populations: (1) when people are referred for a computed tomography (CT) scan 
of the chest because they have signs and symptoms suggestive of lung cancer (symptomatic), (2) when people are 
investigated for conditions unrelated to lung cancer (incidental), or (3) through lung cancer screening programmes 
(screening). CT scans are also undertaken to assess whether the growth of previously identified nodules indicates 
malignancy and if further assessment or treatment is needed (surveillance). Nodules may be challenging to detect 
because of their small size, varying shape and proximity to other structures.

This assessment focuses on the use of software with artificial intelligence (AI)-derived algorithms to assist in the 
detection and analysis of lung nodules in CT chest scans.

Objectives

For the detection and analysis of lung nodules in symptomatic, incidental, screening or surveillance populations, the 
following key questions are asked.

Key question 1
What is the accuracy of CT image analysis assisted by AI software, and what are the practical implications and impacts 
on patient management?

Key question 2
What are the benefits and harms of CT image analysis assisted by AI software compared with unassisted reading?

Key question 3
What is the cost-effectiveness of CT image analysis assisted by AI software compared with unassisted reading?

Methods

Data sources
Databases including MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, Cochrane CENTRAL, Health 
Technology Assessment (HTA) database (Centre for Reviews and Dissemination), International HTA database 
(INAHTA), Science Citation Index Expanded (Web of Science) and Conference Proceedings – Science (Web of Science) 
were searched from 1 January 2012 to January 2022. Preprints, trials registries, reference lists of included studies, 
relevant systematic reviews and forwards citations were also searched. Additional economics sources included NHS 
Economic Evaluation Database (NHS EED), Cost-Effectiveness Analysis registry (Tufts Medical Center), EconPapers and 
ScHARRHUD. Company submissions were accepted until 31 August 2022.

Eligibility criteria

Population
The population was (1) people undergoing a CT scan that included the chest with no known lung nodules or lung cancer 
and who were not receiving investigative or follow-up imaging for primary cancer elsewhere in the body; or (2) people 
having CT surveillance for a previously identified lung nodule.
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Interventions
The intervention was analysis of chest CT images assisted by one of the 13 AI software specified by the National 
Institute for Health and Care Excellence (NICE).

Comparator
The comparator was CT image assessment without assistance by AI software, or no comparator.

Outcomes

• Accuracy of nodule detection; accuracy of measuring nodule diameter, volume or change in volume; characteristics 
of detected nodules; proportion of detected nodules that are malignant; technical failure rate; reading time; 
report turnaround time; impact of test result on clinical decision-making; number of people undergoing biopsy 
or excision or having CT scans as part of surveillance; number and stage of cancers detected; time to diagnosis; 
reader acceptability and experience of using AI software; concordance between readers with and without AI 
software, between readers using different AI software or between different AI software without human involvement; 
inter-observer variability; repeatability/reproducibility.

• Morbidity; mortality; health-related quality of life; patients’ acceptance of use of the software.
• Cost-effectiveness covering incremental costs, incremental benefits, incremental cost-effectiveness ratio (ICER) and 

quality-adjusted life-years (QALYs).

Study selection, data extraction and quality appraisal
Two reviewers independently assessed articles for inclusion and assessed the articles’ quality using the QUADAS-2 and 
QUADAS-C tools or the COSMIN Risk of Bias tool. A single reviewer extracted data, with a second reviewer checking. 
For cost-effectiveness, quality was independently assessed using the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) and Philips criteria.

Data synthesis
Narrative data synthesis was performed.

De novo cost-effectiveness analysis
Two decision trees, developed in TreeAge Pro (TreeAge Software Inc., Williamstown, MA, USA), were used to assess 
the cost-effectiveness of AI-assisted radiologist reading compared with unaided radiologist reading. The preliminary 
model followed current practice for identifying lung nodules that require further action (actionable nodules) based on 
morphology, nodule type and size. The full model followed the whole pathways of nodule surveillance and management 
as specified in the British Thoracic Society (BTS) guidelines. Associated costs of and health outcomes from the 
comparative strategies were estimated.

Information required to populate the models included the prevalence of lung nodules, risk of lung cancer with different 
nodule sizes, sensitivity and specificity for nodule detection, nodule type and size distributions in different population, 
resource use, costs and utilities. Where possible, parametrisation was driven by findings from the test accuracy review. 
This was supported by additional searches, clinical expert opinion and simulations to generate parameters otherwise 
not available. Assumptions and simplification were required for longer-term costs and health outcomes inputs to the full 
model.

Resource use and costs for both models were obtained from the cost-effectiveness literature and NHS reference cost 
schedule. Costs were reported in 2020/21 prices and discounted at 3.5% per annum.

The model estimated the mean costs incurred and benefits accrued associated with each strategy for people entering 
the model at 60 years old. Results are presented in the form of an ICER. The cost per correct detection of an actionable 
nodule was estimated in the preliminary model. The primary outcome measure for the full model was cost per QALY. 
The perspective was that of the NHS and Personal Social Services over a lifetime horizon. Secondary outcome measures 
were also analysed in the full model. Deterministic analysis for the base-case and scenario analyses as well as univariate 
and probabilistic sensitivity analyses were undertaken.
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Results

Key question 1
Twenty-seven studies covering eight NICE-specified AI software and evaluating nodule detection or measurement 
accuracy/concordance, practical implications and/or impact on patient management were identified. All studies were 
rated as being at high risk of bias and had multiple applicability concerns. Twenty-four studies used retrospective data 
sets, 17 of which compared the performance of readers seeing and not seeing the findings of AI software concurrently 
(‘concurrent AI’). Nine of them allowed comparison with stand-alone AI software without human input (‘stand-alone AI’). 
One study evaluated readers with concurrent AI only (vs. a reference standard); five studies evaluated stand-alone AI 
only; and one further study compared stand-alone AI with unaided readers. Only three studies reported on prospective 
screening experiences based on a pilot trial conducted in the Republic of Korea: two studies reported on software-
assisted reading only and one study used a before-and-after design.

Accuracy and reliability
Detection of any nodules
Three studies found that AI assistance significantly increased sensitivity of detecting people with nodules. Pooled 
per-person sensitivity varied from 0.43 to 0.68 for unaided reading and from 0.79 to 0.99 for AI-assisted reading. 
Average specificity decreased slightly in two studies while it improved slightly in one study (0.77–1.00 without and 
0.81–0.97 with AI assistance). A fourth study reported improved average per-nodule sensitivity from 0.72 to 0.84 with 
no difference in false-positive rates with AI assistance.

Detection of actionable nodules
Three studies found that AI assistance significantly increased sensitivity of detecting actionable nodules (≥ 5 mm 
in diameter). In one study, specificity was significantly lower and the number of false-positive detections per image 
significantly increased with AI assistance. The other two studies also reported an increase in false-positive detections 
per scan, but no statistical test was performed.

Detection of malignant nodules
Three studies directly compared sensitivity, with two finding that AI assistance significantly increased sensitivity, and 
one also reporting lower specificity and higher false-positive detections per image. The remaining study only included 
one cancer case detected by readers both with and without AI assistance.

Modifiers for nodule detection accuracy
Estimated sensitivity and specificity for nodule detection varied substantially between studies, possibly due to 
heterogeneity in study designs, populations, reader experience and reader specialty.

Evidence from one UK reader study suggests that unaided, experienced radiologists in clinical practice (with 5% double 
reading) outperform inexperienced, trained radiographers assisted by concurrent AI who read the same screening 
CT images.

The detection performance of radiologists (with and without concurrent AI, respectively) was not significantly different 
between standard-dose and low-dose CT scans (one study).

Three studies that evaluated different AI software suggested that the accuracy of AI-assisted reading for detecting 
different types of nodules compared with unaided readers may vary depending on the performance of individual 
technology, but the evidence was insufficient for a firm conclusion to be drawn.

Nodule type determination
Inter-reader agreement in nodule type determination was similar in readers with and without software use (two studies).

Nodule size measurement
Nodule diameters were similar (two studies) or significantly larger (two studies) with software-aided measurements than 
with manual measurements. A significant correlation between software-aided and manual measurement was observed 
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(two studies). Inter-reader variability (three studies) and intra-reader variability (one study) in nodule size measurement 
was significantly reduced in readers with software use compared with manual measurement. However, the effect on 
measurement accuracy is unclear.

Classification into risk categories based on nodule type and size
AI-assisted readings showed a higher agreement with the consensus session (reference standard) than did unaided 
readings (one study). Inter-reader agreement in risk category classification based on BTS (one study), Lung-RADS 
(Lung CT Screening Reporting And Data System; two studies) and Fleischner (one study) consistently improved with 
concurrent AI. One study also reported reduced intra-reader variability with software use.

Whole read (detection and Lung-RADS categorisation)
One before-and-after study evaluated the performance of a whole read (with Lung-RADS category ≥ 3 classed as 
positive) for lung cancer detection. No significant difference in test accuracy was observed before and after software 
implementation. Positive predictive values differed significantly according to measurement planes (transverse, maximum 
orthogonal, any maximum).

Nodule growth
No study provided data comparing AI-assisted with unaided reading. The sensitivity of stand-alone software to detect 
nodule pairs in subsequent scans of the same patient was 100.0% (23/23), with no false-positive pairs (one study). The 
mean growth percentage discrepancy was similar for unaided chest radiologists and stand-alone software (one study). 
However, a single incorrect segmentation by stand-alone AI resulting in large measurement discrepancy led to the 
advice that human readers should visually verify nodule segmentation.

Practical implications
Segmentation failure ranged from 0% to 57% of nodules (eight studies). However, the observed nodule segmentation 
failure might be mostly due to radiologists rejecting segmentation results, rather than the system’s inability to segment 
the nodule. Failure rates seem to be higher in ground-glass nodules (34%) and part-solid nodules (20%) than in solid 
nodules (7%) (one study). Manual modifications of segmentation were required in 29 to 59% of nodules (two studies).

Radiologist reading time reduced with concurrent AI by 11.3–78% compared with unaided reading (nine studies) 
but increased with the use of AI software after initial unaided reading (‘2nd-read AI’, + 26%, one study). When using 
software with vessel suppression function only, reading time was similar with and without software (one study).

Impact on patient management

• Among all detected nodules (true and false positives), the proportion of solid nodules was lower with concurrent AI 
than with unaided reading (87.1% vs. 90.6%) (one study). Additional true-positive nodules detected with software 
were 56–57% solid, due to larger improvements in the detection of subsolid nodules (two studies). Twenty-two per 
cent of additional true-positive nodules were ≥ 6 mm (one study).

• The proportion of detected actionable nodules that were malignant was lower with software use (two studies).
• With software use, readers tended to upstage rather than downstage Lung-RADS (three studies) or Fleischner risk 

categories (one study).
• The proportion of people classed as Lung-RADS category 3 or 4A increased with software use (two studies).
• Similar (one study) or slightly higher (one study) proportions of people were classed as Lung-RADS category 4B/4X, 

requiring biopsy or excision.
• One retrospective study showed that discrepancies (Lung-RADS category 1/2 vs. 4A/B) between readers would be 

reduced by half, and sensitivity for lung cancer would be improved with AI software use, which might translate into 
earlier diagnosis if confirmed in clinical practice.

Key question 2
No studies were identified that reported on the benefits and harms to patients of AI-assisted reading compared with 
current practice without AI assistance.
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Key question 3
Of the 1,988 records identified, 15 were considered potentially relevant, but all were excluded at full-text stage. Two 
potentially relevant model-based economic analyses did not meet our inclusion criteria but were summarised as they 
provided some contextual evidence.

De novo cost-effectiveness analysis
Due to the complete absence of evidence related to clinical effectiveness, and substantial challenges in linking test 
accuracy evidence to clinical and economic outcomes, the findings presented here are highly uncertain and should be 
regarded as early indications and frameworks for future analyses. Our preliminary model suggested that AI-assisted 
radiologist reading dominates unaided reading in terms of cost per person with an actionable nodule correctly identified 
in the screening population. Our full model suggested that for symptomatic and incidental populations, AI-assisted 
CT image analysis dominates unaided radiologist reading for cost per correct detection of a person with an actionable 
nodule. However, when relevant costs and QALYs incurred throughout the full clinical pathway are considered, AI-
assisted reading is dominated by the unaided reader. This is driven by costs and disutilities associated with false-
positive results and CT surveillance. AI assistance was deemed cost-effective for both symptomatic and incidental 
populations in the scenario analyses from which disutility associated with false-positive results and CT surveillance 
were removed. In the screening population, AI assistance was cost-effective in the base case and all sensitivity and 
scenario analyses. This was driven by a more favourable profile of model inputs, including estimates of improved test 
specificity for AI assistance from a single study. Although more data were available to populate the screening population 
model, there was substantial uncertainty across all models.

Conclusions

AI-assisted detection and analysis of lung nodules increases consistency of nodule measurement and risk classification 
compared with unaided reading, but its effect on measurement accuracy is unclear. AI assistance appears to improve 
sensitivity for lung nodule and cancer detection but can be accompanied by a decrease in specificity and an increase in 
false-positive findings per scan, as well as raising risk categorisation. The reported performance of AI-assisted reading 
varies substantially among published studies (for any nodules: per-person sensitivity 0.79–0.99, per-person specificity 
0.81–0.97), possibly attributable to heterogeneous study and reader populations, other study design features and risk 
of bias in addition to potential differences in the performance of individual technologies.

No eligible studies directly compared the performance of different AI software. Given the paucity of evidence, it is 
currently not possible to reliably establish the cost-effectiveness of AI-assisted reading compared with unaided reading, 
or the relative effectiveness and cost-effectiveness of strategies adopting different AI software to assist nodule 
detection and analysis. However, our preliminary results suggest that AI-assisted reading is dominant for the screening 
population, but reading without AI assistance dominates for symptomatic and incidental populations.

Published studies have largely been conducted retrospectively in a research rather than a clinical environment. All 
studies in this assessment were rated as being at high risk of bias and had multiple applicability concerns for UK 
settings. No studies evaluating downstream clinical outcomes were identified. Further studies are required.

Study registration

This study is registered as PROSPERO CRD42021298449.
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