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2. MRMC Study Design

4. Conclusion

• Lung cancer is one of the leading causes of cancer-related deaths 

worldwide.

• Early detection of pulmonary nodules is critical to improve treatment 

outcomes and survival.

• Chest CT is the standard tool, but:

• Large image volumes

• Variable nodule appearance

→ High workload and risk of misinterpretation for radiologists.

• AI in medical imaging: shows strong potential, but rigorous evaluation 

methods are needed to demonstrate real clinical value and meet FDA 

standards.

• FDA guidance recommends Multi-Reader Multi-Case (MRMC) as 

the standard approach for evaluating CADe systems.

• Core principle:

• Multiple radiologists (readers)

• Diverse patient cases

→ Simulates real-world practice and quantifies AI’s clinical impact.

• Advantages over small-scale studies:

• Captures reader variability

• Captures case heterogeneity

→ More accurate assessment of AI’s diagnostic benefit.

• Typical setup:

• Cases read with and without AI assistance

• Randomized readers, cases, and order to reduce bias

• ≥4-week interval for repeated cases to avoid recall bias

• Evaluation metrics: sensitivity, specificity, ROC, FROC, LROC

• FDA recommendation: ROC summary measures as primary metric; 

sensitivity and specificity as secondary metrics.

[Figure 1] MRMC study design applied to AI-assisted pulmonary nodule interpretation 

(Chao, H. S. et al., 2023).

• Kim et al. (2022) [2]

• 12 readers, 300 cases; malignancy risk scored on a 100-point scale

• Results: AI improved accuracy in malignancy risk assessment for 

indeterminate nodules; enhanced inter-reader consistency in risk 

stratification and management.

• Hsu et al. (2021) [3]

• 6 readers, 150 chest CT cases (340 confirmed nodules)

• Three conditions: unaided, second-read CADe, concurrent CADe

• Results: Both AI modes improved detection; concurrent CADe 

also reduced reading time, improving workflow efficiency.

• Comparison of Chao (2023), Kim (2022), and Hsu (2021) shows 

broad and practical use of MRMC in AI evaluation.

• MRMC strengths:

• Handles variability among readers and heterogeneity across cases

• Provides realistic, representative performance evaluation in 

clinical settings.

• Practical significance:

• Aligns with FDA recommendations

• Frequently adopted by companies to validate AI-assisted systems.

• Takeaway:

• MRMC is not just a theoretical model—it's a widely trusted, 

practical tool in both research and industry.

• Plays an essential role in ensuring objective and reliable AI 

performance evaluation.

Paper Chao et al., 2023 Kim et al., 2022 Hsu et al., 2021

Imaging / Task

Chest CT / 

Pulmonary 

nodule detection

Chest CT ／
Malignancy risk 

classification

Chest CT / 

Pulmonary 

nodule detection

Readers / Cases 8／200 12／300 6／150

Company V5med Optellum ClearReadCT

Evaluation 

Metrics

Se, Sp, ROC-

AUC, LROC-

AUC, FROC

Mean ROC-AUC 

(OR/DBM), Se, Sp,

inter-reader agreement

Se, Sp, ROC-

AUC, reading 

time

Conclusion

Improved overall 

sensitivity and 

higher mean AUC

Increased mean AUC 

and improved risk 

stratification

Improved AUC 

and sensitivity, 

with significantly 

reduced reading 

time

[Table 1] Research overview, metrics, and key findings from past studies
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3. Applications in Clinical Studies

• Chao et al. (2023) [1]

• 8 radiologists, 200 chest CT cases (with vs. without AI)

• Metrics: sensitivity, specificity, ROC

• Results: Improved overall accuracy, greatest gains in detecting 

small nodules (4–5 mm) and ground-glass nodules (GGNs).
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