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Imaging Biomarkers
• Biomarker (FDA-NIH definition)

– A defined characteristic that is measured as an indicator of:
› normal biological processes, 
› pathogenic processes, or 
› responses to an exposure or intervention including therapeutic interventions

– Molecular, histologic, radiographic or physiologic characteristics are examples.
• Imaging Biomarker

– A characteristic measured from a medical image



Imaging Biomarkers
• Imaging biomarker example

– Two or more new lesions on bone scan follow-up (PCWG)



Imaging Biomarkers
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In This Talk
• Computer aided diagnosis systems

– Nice or need to have?

• Established
– Bone Scan Index as a prognostic imaging biomarker

• Up and coming
– Automated characterization of PSMA SPECT/CT images



Image Interpretation is Variable
What is the likelihood of at least one metastasis?
53 physicians interpreting 5 bone scans

Number of physicians



Image Interpretation is Variable

Improvement      Stable       ProgressionBefore 
treatment

12 week
Follow-up

Improvement? 
Stable disease? 

Progression?



Delineation of Organs and Disease is Variable
   Stress                                        Rest                                   Difference

Delineations

Myocardial perfusion 
scintigraphy: Delineate the 
area of ischemia

11 physicians delineated area 
in 25 patients



Variability Summary
• Assessments differ

– Between physicians
– Between centers
– Between countries and cultures
– Over time



CAD Systems and Automated Imaging Biomarkers

• Automation (where appropriate!) is key
– Objective
– Repeatable
– Reduces risk of oversight
– Saves time

› Mundane time consuming tasks completed in seconds
› Better allocation of physician’s time

– Safe
› Clear workflows and separation of concerns

› E.g. technologists/nuclear medicine physicians
› Quality is assured by unambiguous quality control workflows

– Enables imaging assessments that are infeasible/impractical with manual tools



Bone Scan Index (BSI)
• 1997: A manual method for quantification of 

whole-body bone scans was presented by a 
group at Memorial Sloan-Kettering Cancer 
Center, New York1

– Bone Scan Index (BSI) reflects the skeletal 
involvement by tumor

• 1999: BSI was associated with survival in patients 
with prostate cancer2 

• No widespread application: The BSI method 
was manual, time-consuming, and not suitable 
for use in the clinical routine 1Erdi et al. J Nucl Med 1997; 38:1401

2Sabbatini et al. J Clin Oncol 1999;17:948 



aBSI - Automated Bone Scan Index
• 2008: Development of a stand-alone 

application
– Used in over 1000 hospitals in Japan, Europe 

and the US
• Calculates BSI in seconds
• Completely automated

– Corrections to classification of hotspots 
possible

Pre-Therapy Post-Therapy





Do CAD Systems Work?
Metastatic Disease or not?

35 physicians interpreting 59 bone scans

18 of 35 physicians missed metastatic disease



Do CAD Systems Work?

Without CAD                                               With CAD

Specificity (%)                                                                     Specificity (%)

Sensitivity (%)

Sadik et al. J Nucl Med. 2009;50:368

Sensitivity increased from 78% to 88% 
p<0.001

Sensitivity (%)

Sadik et al. JNM 2008



Sadik et al. J Nucl Med. 2009;50:368

Number of physicians missing metastatic lesion:
● Without CAD 18/35
● With CAD 5/35

Do CAD Systems Work?



   Stress                                        Rest                                   Difference

Do CAD Systems Work?

            Software                            Physicians                 Software+Physicians

Myocardial perfusion 
scintigraphy: Delineate the 
area of ischemia

11 physicians delineated area 
in 25 patients

● Before
● After suggestion from 

software



aBSI - Validation
• An imaging biomarker must be proven in two ways

– Analytical validation
› Accuracy
› Precision
› Repeatability

– Clinical validation
› Predictive of clinical outcome

› Clinical use: Approved/cleared by FDA - CDER
› Trial use: Qualified by FDA - CDRH



aBSI - Analytical Validation



Clinical Validation - Disease Stratification; Prognostic





Automated Characterization in PSMA Images



Automated Quantification of PSMA SPECT/CT

CT CT + Segmentation Segmentation + SPECT Assessments



Methods
1. Establish Deep Learning Algorithm

• Algorithm trained on 100 manually segmented diagnostic CTs
• Algorithm includes Convolutional Neural Networks with 2.7M parameters

• Designed to process both high- and low-dose CT images
• Designed to process both full and part body scans

• Output: max uptake within volumetric prostate segmentation

2. Testing Algorithm in 1404 SPECT/CT images from clinical study
• Algorithm was evaluated using 68 1404 SPECT/CT images from a phase 2 study (1404-201)

3. Manual assessment of 1404 SPECT/CT images
• The same images were evaluated manually per a standard read protocol in nuclear medicine

• Max uptake: Manual placement of 2D ROI for max uptake measurement (Osirix MD)
• Segmentation: Manual segmentation of prostate

4. Comparison of automated and manual assessments 
• The automated algorithm analytical performance was evaluated against results by manual read

• Max uptake: Pearson correlation and slope of linear regression
• Segmentation: Sorensen Dice Score (overlap)



Results 
Analysis of 1404 SPECT/CT images from clinical study (1404-201)
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Automated Max Prostatic Uptake

Segmentation performance
• Prostate average DICE score 0.76

High correlation with manual reads
r = 0.95, p < 0.0001
Slope=0.89, 95%CI=[0.80,0.98]





Summary

▪ Imaging biomarkers and related software works!

▪ aBSI thoroughly validated prognostic biomarker

▪ New imaging technologies (e.g. PSMA) and algorithms may transform prostate 
cancer diagnosis
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