
Biomedical Applications in Molecular, Structural, and Functional Imaging, SPIE Medical Imaging 2014, February 18, 2014, San Diego, CA 11

Biomedical Applications in Molecular, Structural, and Functional Imaging, 
SPIE Medical Imaging 2014, San Diego, California

February 18, 2014

Jason Zalev, Bryan Clingman, Remie Smith, Don Herzog, Tom Miller, 
Micheal Ulissey, MD,  A. Thomas Stavros, MD 

Seno Medical Instruments, San Antonio, Texas, USA

Alexander Oraevsky, PhD 
TomoWave Laboratories, Houston, Texas, USA

Kenneth Kist, MD,  N. Carol Dornbluth, MD,
Pamela Otto, MD

University of Texas Health Science Center, San Antonio, Texas, USA

Opto-acoustic Breast Imaging with 
Co-registered Ultrasound

Presenter
Presentation Notes
Hi, I’m Jason Zalev, Algorithms Development Lead,  from Seno Medical Instruments.


Today I’m going to a give high-level overview to demonstrate some of the capabilities of Imagio, which is the name of our opto-acoustic imaging system for breast cancer diagnosis. 

In opto-acoustics, a high energy pulse of light is used to generate ultrasound waves in tissues, that are detected and used to form 2D images. 
In this sense, opto-acoustics is a light-in / sound-out technology. 

I’m going to share some of the preliminary results and images from our Feasibility Study that demonstrate how Imagio can detect some of the differences between benign and malignant breast tumors, and talk about how this would benefit patient care. We are also currently conducting a much larger Pivotal Study to confirm the early results from the Feasibility Study. 

Our work is done in collaboration with the University of Texas Medical Center in San Antonio. 
Dr. Pamela Otto is our principal investigator along with co-investigators, Dr. Ken Kist and Dr. Carol Dornbluth
and the Chief Medical Officer at Seno is Dr. Tom Stavros. 
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Findings

• Feasibility Study showed preliminary 
evidence that fused opto-acoustic and 
ultrasonic images 
– improves specificity over that of conventional 

diagnostic ultrasound 
– can potentially reduce the number of negative 

biopsies performed without missing cancers

Presenter
Presentation Notes
<talk>
The findings from our Feasibility Study indicated improved specificity over conventional diagnostic ultrasound. This has the potential to reduce the number of biopsies that need to be performed in patients, and can lead to improved patient care, and I will talk about this more in a moment. 
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Imagio & Breast Cancer 
Diagnosis

• Opto-acoustics can display real-time 
functional information about the metabolism 
of tumors

• The Imagio system could be used as an 
additional diagnostic test following 
mammographic screening

Presenter
Presentation Notes
What is significant about opto-acoustics is that it can display real-time functional information about the metabolism of tumors, which is important for the diagnosis, monitoring and treatment of breast cancer. 
<click>
One area where opto-acoustic imaging with Imagio would fit in, is as an additional diagnostic test that would be performed after mammographic screening.  
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Breast Cancer

• Over 38 million mammograms in USA per year1

• 1.6 million breast biopsies in USA per year2

– Around 80% of biopsies performed are negative3

• 261,000 cases of breast cancer in USA per year2

[1] - FDA  MQSA National Statistics, http://www.fda.gov
[2] - Gutwein, L. G., et. al , Utilization of minimally invasive breast biopsy for the evaluation of suspicious breast lesions, 

The American Journal of Surgery, Volume 202, Issue 2, pp127-132, August 2011
[3] - White, R. et al., “Impact of core-needle breast biopsy on the surgical management of mammographic abnormalities,“

Ann. Surg. 233, 769-777 (2001).

Presenter
Presentation Notes
<talking>
First, I’ll give some background on breast cancer. 
<click>
Mammograms are the most common form of breast cancer screening. There are over 38 million mammograms performed every year in the united states. 
It is recommended that women over age 40 have annual mammographic screening, because it is important to detect breast cancer early. 
If the result of a mammogram is positive, then further diagnostic imaging tests, like ultrasound and MRI, may be performed to confirm the diagnosis. and if the result is still indicating a more than 2 percent chance of malignancy, then a biopsy would be performed to determine the presence of cancer. 

From screening and other follow up imaging tests, 1.6 million breast biopsies end up being performed every year. 
<click>
Biopsy is a medical procedure, where a needle or surgery is used to collect a sample of tissue from a lesion to determine if it is malignant or benign. 
Biopsy can be painful and causes anxiety to the patient, and it is costly. 
<click>
It is interesting to note however that over 80% of the results from biopsies are negative – and of the 1.6 million biopsies, only 260,000 cases of breast cancer are found. 
<click>
There’s a reason why there are so many biopsies with negative results. This is because it is critical to find all cases of cancer, and the consequences of not finding a cancer could be dire. so a high sensitivity is required for the overall diagnostic process. 
However, in existing imaging modalities, there is actually considerable overlap between benign and malignant features that are seen in diagnostic images. So in many cases a benign tumor could appear malignant, or a malignant tumor could appear benign. This leads to a low specificity in existing diagnostic imaging, which requires a high number of biopsies to maintain sensitivity. 

Results from the Feasibility Study show that Imagio is providing a way to more accurately differentiate between tumors, and this could reduce the number of performed biopsies while maintaining the necessary high sensitivity. 
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Diagnostic Imaging

• Initial screening with additional ultrasound and MRI 
can increase sensitivity but generate more false 
positives than mammography1

• Ultrasound useful for characterizing breast tumors, 
but has low specificity and causes high percentage 
of negative biopsies2

[1] – Berg, W. et. al, JAMA 2012, Volume 307, No. 13 
[2] - Stavros, A. T., et al., Breast Ultrasound, Lippincott Williams & Wilkins, 2003

Presenter
Presentation Notes
<click>
Diagnostic imaging tests such as MRI and ultrasound, including Doppler-ultrasound,  are shown to increase sensitivity, but proportionally they generate more false positives than mammography. This is one reason why mammography is used for initial screening. Ultrasound and further functional imaging tests can be used after a suspected tumor is found, or for high risk patients.  
<click>
Ultrasound is useful for characterizing breast tumors, but has a low specificity and causes a high percentage of negative biopsies. 
<pause>
With Imagio,  the specificity is showing to be increased by using functional information from the optical spectrum. <pause><break>
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Functional Opto-acoustic Imaging
Tumor Metabolism

As compared to normal tissue and benign tumors
– cancers are metabolically more active
– cancers have more blood vessels and more blood
– cancers have irregular branching vessels
– cancers pull more oxygen out of blood and 

thus de-oxygenate tissues more
– cancers can have hypoxic or necrotic regions of tissue

•Functional opto-acoustics provides information about tumor 
metabolism
•OA demonstrates this relatively greater de-oxygenation within 
malignant tissues
•OA demonstrates this increased internal blood within lesions

Presenter
Presentation Notes
So, 
Functional opto-acoustic imaging provides information about the tumor metabolism. 

And this means that opto-acoustics allows you see things that differentiate benign from malignant tumors that can’t be seen from ultrasound. 
<click>
As compared to normal tissue and benign tumors, <click>
cancers are metabolically more active. <click> 
they have more blood and more blood vessels. <click> 
they can have irregular branching vessels. <click>
the metabolic activity causes cancer to pull more oxygen out of the blood and thus de-oxygenate tissues more, which can be seen in opto-acoustics. <click>
and cancers can have hypoxic or necrotic regions of tissue. 
<click><click>
So with opto-acoustic technology, we may be able to make distinctions between different types of tumors based on this functional opto-acoustic information. 
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ImagioTM Breast Imaging System

Functional Contrast

Presenter
Presentation Notes
<pause>
Our system uses a specialized handheld probe for 2D imaging. The probe has a transducer array for ultrasound,  and also windows on its face that allow an alternating sequence of dual laser  wavelengths to illuminate the volume of the tissue. 
In opto-acoustics, when tissue is illuminated for a few nanoseconds, with a high energy pulse of light, it rapidly heats up by a fraction of a degree, and expands. This creates regions of pressure in the tissue that are strongest in areas of high optical absorption. When this happens, it causes ultrasound waves to radiate from the regions where light was absorbed to the surface of the tissue.  The probe’s transducer array can detect the waveforms at the surface, and we use this information to reconstruct an image representing the tissue. 

Now, breast imaging is an ideal application of opto-acoustics because of high  near-infrared optical penetration.
Light can penetrate 4 to 6 cm in breast tissue, because breast primarily consists of fat which is mainly water. 
Blood has the strongest optical absorption in breast tissue, so you can use opto-acoustics to create a blood-map of the tissue. 
Using dual wavelengths allows us to capture functional contrast based on the oxygenation level of the blood.
One of the wavelengths that we use is 757 nanometers, which  shows de-oxygenated blood stronger; and the other is 1064 nanometers which shows oxygenated blood stronger.  So we can create colorized images representing this information. 
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ImagioTM Breast Imaging System

Functional Contrast

deoxygenated
tumor

oxygenated
tumor

Presenter
Presentation Notes
<pause><look-up>
Consequently, opto-acoustics can tell us how the metabolism of a tumor is functioning, which is important in determining if a tumor is benign or malignant. 
Typically, a benign tumor will be more oxygenated and have less blood associated with it than a typical   malignant tumor. Conversely, a typical malignant tumor will have more blood and lower blood oxygenation than a typical benign tumor. 
<pause> 
In our Feasibility Study we have also found that opto-acoustics reveals additional information about the aggressiveness for certain types of malignant tumors. 

Imagio also captures real-time co-registered grayscale ultrasound, which is useful to locate and characterize  the tumors that are detected. 
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Oxygenation Level of Tumors

• Deoxygenated Tumor 
– Signifies Malignant (Bad) – Red

• Oxygenated Tumor  
– Signifies Benign (Good) - Green

Presenter
Presentation Notes
Before I show any images, I’ll discuss the color scheme that we use. 
<click>
Typically, when a tumor is strongly deoxygenated, <click> this is one of the signs that it is malignant (which is bad) <click> so we signify this with red. 
<click>
Typically, when a tumor is oxygenated relative to the background tissue <click> this tends to be associated with it being benign (which is good) <click> and we colorize it green. 
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Subject 58-711 - Classical IDC, gr 2 - OA ff #1

Invasive Ductal Carcinoma
(Malignant)

Presenter
Presentation Notes
This is an ultrasound image of a breast tumor. 
It is an invasive ductal carcinoma which is cancerous. 
<click>
You can see that when I segment this lesion, that it appears as a dark region in the image.
This dark region underneath the tumor in the ultrasound is just a shadow. 

Ultrasound is good at determining certain features of a lesion, and showing morphology. In ultrasound you can see the tumor quite well, along with its boundaries and its internal structures, and ultrasound is a familiar way to locate and analyze the tumor for radiologists. But ultrasound presents information about the tumor morphology, not its function.
Ultrasound can reveal signs of malignancy in many malignant tumors, but there can be a lot of overlap in features between benign and malignant tumors. �So when there is more than a 2% chance of a lesion being malignant, it requires a biopsy, and you end up with a lot of biopsies performed on benign lesions.  

<click>
Here is an Imagio image of the tumor. 
The opto-acoustic functional information is complimentary to the ultrasound information, because the ultrasound   provides information about the tumor anatomy and structure, but not about its metabolism. 
<side-note> And, also in opto-acoustics you can see hemoglobin in ways that it can’t be seen with Doppler, because the blood doesn’t have to be flowing in large vessels to be seen in opto-acoustics. 

With opto-acoustics, we think we can add information that will help reduce the number of biopsies that need to be performed on patients. 
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Invasive Ductal Carcinoma
(Malignant)

Presenter
Presentation Notes
<click>
In this video, the lesion starts off a little further to the left. 
We see this lesion in very high contrast in opto-acoustics. 
It appears strongly de-oxygenated indicating high metabolic activity.  
It exhibits some irregular internal branching and a disorganized vascular pattern. 
And in general the opto-acoustics confirms signs of malignancy. 
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Fibroadenoma
(benign)

Presenter
Presentation Notes
In this slide, we see several views of a fibroadenoma tumor, which is benign. Each view has been manually segmented with a white outline. 
The functional opto-acoustic information reveals a feeding artery, and draining vein, that can both be seen in the center image, where only a small amount of mixed red and green internal signal is seen. On the left view, you can see the artery. On the right view, you can see the artery, and there is part of another vein that crosses over. 
This is completely in line with how a benign lesion of this type should manifest. 
<click>
In addition to functional contrast, we can examine the total opto-acoustic signal, which represents the amount of hemoglobin and blood in the tissue. 
These three views correspond to the views above. 
These images further reveal the nature of the feeding and draining vessels of this tumor, and sometimes radiologists like to use both types of views. 
Consequently, images such as this would be reassuring to the radiologist. 
In many cases, images like these could provide sufficient information so that a biopsy does not need to be performed,.  
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Clinical Phase II Trial
Feasibility Study

• 155 subjects with solid breast masses imaged 
with conventional diagnostic ultrasound 
underwent Imagio scans at two IRB approved 
sites

• 79 biopsies performed
– 40 benign 
– 34 malignant 
– 6 excluded

• Images retrospectively interpreted by 5 
independent readers blinded to biopsy results

Presenter
Presentation Notes
Now I will talk about our feasibility study. 
<click><click>
In our feasibility study, 155 subjects who had underwent mammographic screening, were scanned with the Imagio system.
Of those, 79 subjects were biopsied, to assess if cancer was present. Of those biopsied, 40 lesions were found from biopsy to benign and 34 were malignant.  
<pause>
<click>
All of the images collected were interpreted, with and without opto-acoustic information, by five independent readers who were completely blinded and did not have access to the biopsy results or other patient information.  
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Clinical Phase II Trial
Feasibility Study

• Probability of malignancy (POM) assigned by readers to each 
lesion based on Imagio opto-acoustics (OA) vs. conventional 
diagnostic ultrasound (CDU) 

• Area under receiver operating characteristic (ROC) curve 
derived from POM compared to biopsy results and sensitivity
and specificity were calculated

• OA had same sensitivity as CDU but 40% better specificity

OA CDU
POM for all malignant lesions 73.6 62.1
Sensitivity 0.99 1.0
Specificity 0.237 0.161

Presenter
Presentation Notes
<click>
The readers assigned probability of malignancy score to each lesion, first with conventional ultrasound alone, and then when it was combined with the functional opto-acoustic information from Imagio.
<click>
The data was analyzed against the results from biopsy to derive the sensitivity and specificity. <click>
Imagio and Conventional Diagnostic Ultrasound modalities were found to have similar sensitivity. 
<click><click>
But when Imagio was used, the specificity went from 16% to 24%, which is an absolute improvement of 8 percentage points. In terms of relative improvement, the specificity with Imagio actually increased by 40%. And this is very significant. 
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Clinical Phase II Trial
Feasibility Study

• Readers also classified lesions according to 
BI-RADS (Breast Imaging-Reporting and Data 
System) categories 

• For 40 biopsied benign lesions, downgrades 
were achieved as follows
– BI-RADS 3 (≤ 2% POM) 

• 5/5 (100%) remained BI-RADS 3
– BI-RADS 4a (>2% to ≤10% POM)  

• 12/22 (54%) downgraded to BI-RADS 3
– BI-RADS 4b (>10% to ≤50% POM) 

• 3/13 (23%) downgraded to BI-RADS 3
• All 34 biopsied cancerous lesions remained at 

original BI-RADS per site PI

Presenter
Presentation Notes
<click>
In the study, the readers also classified lesions in the images according to BI-RADS categories. BI-RADS is a system used by radiologists to categorize images of tumours based on their suspicion of malignancy. All of the tumors in our study were either BIRADS 3, 4 or 5. In BI-RADS 3 images, a radiologist has determined that there is less than 2% chance of the lesion being malignant, and therefore a biopsy is optional and the patient can be monitored with follow up care. 
In the BI-RADS 5 category, it has been determined from a diagnostic image that malignancy is near certain, and there is over a 95% chance of cancer being found when the lesion is biopsied. The BI-RADS 4 category is the indeterminate category, where there is a lot of overlap between benign and malignant features, and a biopsy must be performed to determine if the lesion is cancerous. And BI-RADS  4 is furthered divided into subcategories. 
<click>

In the Feasibility study, all 5 of the BI-RADS 3 lesions remained at BI-RADS 3, where the probability of malignancy is under 2%. But most interesting is that for the lesions that turned out to be benign after biopsy, when Imagio was used, the readers were able to correctly downgrade many of the benign lesions from BI-RADS 4 categories to BI-RADS 3, without having access the biopsy results or any other patient data. 

For the 4a category, 54% of the 22 lesions were downgraded by the readers to BI-RADS 3.   
And for the BI-RADS 4b category, 23% of the 13 lesions were downgraded to BI-RADS 3. 
<click>
For the cancerous lesions, all of them remained at the original BI-RADS category, which means that there were no false negatives and that all true positives remained true positives. 

This shows how opto-acoustic information was used in the feasibility study to successfully downgrade certain benign lesions to under 2% probability of malignancy. 
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OA safer than competitive 
functional imaging tests

• OA uses no ionizing radiation and           
no contrast agents, making Imagio 
completely safe for use on patients
– PET/CT,  PEM and Technetium Gamma 

Imaging (BSGI) use ionizing radiation
– MRI uses a gadolinium contrast agent which 

can have side effects

Presenter
Presentation Notes
<click><click>
So far in our progress, we have finished conducting the feasibility study, 
and we’re currently continuing our study on a large population at multiple sites to potentially confirm these early results. 

Before concluding, I also want to emphasize one of the other important benefits of opto-acoustics, which is that it uses no ionizing radiation and no injected contrast agents. 
This makes it is safer than the other main functional imaging tests that may be performed after mammographic screening. 
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Conclusion
• Imagio can display real-time functional information 

about the metabolism of tumors
• Clinical results from Feasibility Study illustrate that 

– the technology may have the capability to improve 
overall accuracy of breast tumor diagnosis, monitoring 
and treatment

– the potential to reduce the number of biopsies
– to characterize cancers that were not seen well with 

conventional ultrasound
• Further study in a large population is being 

underway at multiple sites

Presenter
Presentation Notes
<click>
In closing, I have tried to summarize how providing real-time information about the metabolism of tumors may be helpful to radiologists and to patients. 

<click>
With opto-acoustics, feasibility results showed that we were able to improve accuracy for diagnosis.<click>
This has the potential to reduce the number of biopsies performed on patients. <click> 
It can also help to further characterize cancers that are difficult to characterize right now with ultrasound. <click>
<click>

So I hope that helps to give a general overview of the technology we are working on. 
Thank you all very much for your time and attention. 
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Presenter
Presentation Notes
THE END. 


Some statistics: 

After mammography:
AHRQ: 
MRI = Sens=91.7, Spec=77.5;
PET = Sens = 83%, Spec = 74%; 
BSGI = Sens = 84%, Spec = 77%; 
Greyscale Ultrasound = 92.5%, Spec = 75.8%
Color Doppler, Sens = 85%, Spec = 76.4%
Power Doppler, Sens = 70%, Spec = 72.6%
 
Mammography:  Sens:55%, Spec=90%. 

Q: what’s wrong with negative biopsies? 
When diagnostic imaging tests have suspicion of cancer, meaning that they are positive, then a biopsy gets performed. 
So if we can improve the positive predictive value of diagnostic imaging tests, which is the percentage of true-positives found from biopsy, 

SENS = TP/(TP+FN)
SPEC = TN/(FP+TN)
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