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Harnessing AI for the development of a blood based 
diagnostic test for Adnexal Mass Risk Assessment

• Development of  a deep neural network-based model for clinical 
management of patients with adnexal mass.

• Clinical Utility of the diagnostic test: Aid the physician in surgical consideration 
decision for adnexal mass risk.

• Understanding the reliability and accuracy of AI powered diagnostic.



Adnexal Mass

• What is an adnexal mass?
“A lump in tissue near the uterus, usually in the ovary or 
fallopian tube. Adnexal masses include ovarian cysts, 
ectopic (tubal) pregnancies, and benign (not cancer) or 
malignant (cancer) tumors.”

• Prevalence of adnexal mass
5-10% of women in US will develop an adnexal mass at 
some point in their lifetime.

• Malignancy rate of adnexal mass 
5-10% of patients scheduled for surgery are found to be 
malignant.
.
1.  https://www.cancer.gov/publications/dictionaries/cancer-terms/def/adnexal-mass 2. https://www.mayoclinic.org/diseases-conditions/adnexal-tumors/symptoms-causes/syc-20355053#dialogId40315602

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/adnexal-mass


US Annual Statistic for Adnexal Masses

Each Year:

1.2-1.5M 
Adnexal Masses Diagnosed 

1. Pavlik, E. J., Ueland, F. R., Miller, R. W., Ubellacker, J. M., DeSimone, C. P., Elder, J., ... & van Nagell Jr, J. R. (2013). Frequency and disposition of ovarian abnormalities followed with serial transvaginal 
ultrasonography. Obstetrics & Gynecology, 122(2 PART 1), 210-217.
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cancer in patients with a pelvic mass. Gynecologic oncology, 112(1), 40-46. 
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In the United States, there are approximately 9.1 surgeries per malignancy compared to 
the European International Ovarian Tumor Analysis center trials, with only 2.3 
(oncology centers) and 5.9 (other centers) reported surgeries per malignancy, 
suggesting that there is room to improve our preoperative assessments.  

https://seer.cancer.gov/statfacts/html/ovary.html


Published OvaWatch Development

“Analytical Validation of a Deep 
Neural Network Algorithm for 
the Detection of Ovarian 
Cancer,” was published in JCO 
Clinical Cancer Informatics in 
June 2022

1. 1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.
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1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.



Data & OvaWatch Performance at a Glance 

1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.

OvaWatch Performance – ROC CurveWorkflow for development of OvaWatch



Data Preparation – Data Augmentation

• Minority Class largely underrepresented and is class 
of interest, difficult for algorithm to learn decision 
boundary. 

• SMOTE first selects a minority class instance a at 
random and finds its k nearest minority class 
neighbors.

• Synthetic instances are created by choosing one k 
nearest neighbors and finding a value between the two 
in the shared feature space. 

• Borderline SMOTE focuses on the instances of the 
minority class that are misclassified, oversampling 
more of the difficult instances of classification.

1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.
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Feature Correlation
• Correlation observed : Age and Menopausal

      Status . Removing menopausal status led to a 

      mean of 3.8% (90.3% to 86.5%) decrease in 

      sensitivity in the test data division. 

• Correlation observed : FSH with both age 

     Menopausal status . Removing FSH from 

     the algorithm led to a 5.5% decrease in specificity

     (86.98% to 81.44%). 

• There were no other correlations in the 

      data that were either ≥ 0.5 or ≤ -0.5. 

• All Features Retained.

1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.



Features and Algorithm Selection

Feature Importance Performance comparison with other algorithms



Deep Neural Network Architecture 

• Neural network has multiple hidden 
     layers, each with their own activation 
     weighted nodes and activation function.

• Regularized using node dropout.

• The final layer of the neural network has 
     two nodes and uses the softmax function
     to assign a binary classification: 
     low or elevated risk of malignancy. 

1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.

*Not the actual architecture for the deep neural network.



OvaWatch Performance – Test Dataset

1. Reilly G, Bullock RG, Greenwood J, Ure DR, Stewart E, Davidoff P, DeGrazia J, Fritsche H, Dunton CJ, Bhardwaj N, Northrop LE. Analytical Validation of a Deep Neural Network Algorithm for the Detection of Ovarian Cancer. JCO Clin Cancer Inform. 2022 Jun;6:e2100192. doi: 10.1200/CCI.21.00192. PMID: 35671415; PMCID: PMC9225600.



Harnessing AI for the development of a blood based 
diagnostic test for Adnexal Mass Risk Assessment

• Development of  a deep neural network-based model for clinical management of 
patients with adnexal mass.

• Clinical Utility of the diagnostic test: Aid the physician in surgical 
consideration decision for adnexal mass risk.

• Understanding the reliability and accuracy of AI powered diagnostic.



Newly Published OvaWatch Study

“Ovarian Cancer Surgical 
Consideration is Markedly 
Improved by the Neural 
Network Powered- MIA3G 
Multivariate Index Assay,” was 
published in Frontiers in 
Medicine in early May 2024

1.  Roy Choudhury M, Pappas TC, Twiggs LB, Caoili E, Fritsche H, Phan RT. Ovarian Cancer surgical consideration is markedly improved by the neural network powered-MIA3G multivariate index assay. Front Med. 2024;11:1374836. doi: 10.3389/fmed.2024.1374836.

 



The Potential of Utilizing OvaWatch for Surgery 
Reduction

FIGURE 1
Differential surgery referrals without and with MIA3G stratification. The 
orange bar depicts surgery referrals without MIA3G (considered as 100%), 
and the blue bar depicts surgery referrals with MIA3G stratification 
(normalized to 100%).

FIGURE 2
Malignancy prediction value without (orange bar) and with 
MIA3G 
(blue bar).

Improvement in Malignancy Prediction ValueDifferential Surgery Reduction

1.  Roy Choudhury M, Pappas TC, Twiggs LB, Caoili E, Fritsche H, Phan RT. Ovarian Cancer surgical consideration is markedly improved by the neural network powered-MIA3G multivariate index assay. Front Med. 2024;11:1374836. doi: 10.3389/fmed.2024.1374836.

 



Performance Analysis for OvaWatch 

FIGURE 3 
(A)  Confusion matrix generated for the total population with clinical outcome vs. MIA3G stratification (B) The pie chart depicts the concordance of 
MIA3G stratification for non-malignant cases

Confusion Matrix for total population Concordance Analysis for non-malignant population

1.  Roy Choudhury M, Pappas TC, Twiggs LB, Caoili E, Fritsche H, Phan RT. Ovarian Cancer surgical consideration is markedly improved by the neural network powered-MIA3G multivariate index assay. Front Med. 2024;11:1374836. doi: 10.3389/fmed.2024.1374836.

 



Harnessing AI for the development of a blood based 
diagnostic test for Adnexal Mass Risk Assessment

• Development of  a deep neural network-based model for clinical management of 
patients with adnexal mass.

• Clinical Utility of the diagnostic test: Aid the physician in surgical 
consideration decision for adnexal mass risk.

• Understanding the reliability and accuracy of AI powered diagnostic.



AI Reliability

General Definition of Reliability?
Reliability is defined as the probability that a product, system, or service will perform its 
intended function adequately for a specified period of time or will operate in a defined 
environment without failure. (Source:  ASQ)

1. https://upkeep.com/learning/bathtub-curve/.
2. asq.org



Components of AI Reliability - Drift

Data 
Drift

Concept  
Drift

• P(Y|X) changes

• Relationship between input 
and output change but input 
does not change. 

Label 
Drift

Training 
Data

• P(Y) changes

• Output data 
     shifts. 

Feature 
Drift • P(X) changes

• Input data 
     shifts. 

1. https://medium.com/@ajayverma23/understanding-and-detecting-different-types-of-drift-20d720c4727a 2
2. https://www.youtube.com/watch?app=desktop&v=uOG685WFO00

https://medium.com/@ajayverma23/understanding-and-detecting-different-types-of-drift-20d720c4727a%202


Components of AI Reliability - Explainability
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1. Doshi-Velez, F., & Kim, B. (2017). Towards a Rigorous Science of Interpretable Machine Learning. arXiv preprint arXiv:1702.08608. 2.  Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). "Why Should I Trust You?": Explaining the Predictions of Any Classifier. Proceedings of the 22nd ACM SIGKDD International Conference on Knowledge Discovery and Data Mining 3. Lundberg, S. M., & Lee, S. I. 
(2017). A Unified Approach to Interpreting Model Predictions. Advances in Neural Information Processing Systems (NIPS).

AI Explainability
The methods and techniques used to make the decision-making processes of artificial 
intelligence models understandable and transparent to humans.

*Individual image components generated by 
ChatGPT



AI Reliability Dashboard Demo 
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