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ABSTRACT

Breast cancer detection is crucial for improving survival rates and treatment outcomes. Traditional methods like mammography and ultrasound have limitations in
sensitivity and specificity. Photoacoustic imaging (PAI) is an emerging technique that combines light and sound to create detailed images of breast tissues. This
study investigates the potential of PAI in detecting breast cancer, comparing its effectiveness with ultrasound and mammography. PAI works by sending laser
pulses into the breast tissue, which are absorbed by cancerous cells more than normal cells. This absorption generates sound waves that are then captured to form
images. These images provide high contrast and detailed information about the blood vessels and oxygen levels in tissues, which are often altered in cancerous
areas. In our research, we conducted a series of tests using PAI on both healthy and cancerous breast tissues. We analyzed the clarity and accuracy of the images
produced and compared them with those obtained from ultrasound and mammograms. Our findings indicate that PAI can detect smaller tumors and provide more
detailed images of the tumor environment than the other methods.

1. INTRODUCTION

Importance of Early Detection in Breast Cancer

Breast cancer is one of the leading causes of death among women worldwide, causing many innocent mothers to die. Detecting breast cancer early greatly
improves the chances of survival. Common screening methods like mammograms, ultrasounds, and MRIs are widely used but have some problems. These
methods can miss tumors or give false results, especially in women with dense breast tissue. In Nepal, many young women suffer from breast cancer due
to the lack of modern medical practices. Because breast cancer is so dangerous, we need to find a way to completely eliminate it.

Photoacoustic Imaging (PAI)

Photoacoustic imaging (PAI) is a new and advanced technique that combines the detailed images from ultrasound with the clear contrast of optical
imaging. PAI works by using laser light that is absorbed by body tissues. This causes the tissues to expand slightly and produce sound waves. These
sound waves are then used to create images. PAl is particularly good at showing areas with high blood supply, which is often a sign of tumor growth.

The Research Problem

Despite progress in breast cancer imaging, there is still a need for more accurate and reliable methods to detect breast cancer early, especially for women
with dense breast tissue. This study will look at how effective PAI is as a non-invasive and highly sensitive method for early detection of breast cancer.
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Il. METHODOLOGY

4.1 Study Design

The study has three parts: tests on models, tests on animals, and tests on humans.

4.2 Phase I: Phantom Studies

Objective: To imitate breast tissues with different tumor sizes and properties.

Materials: Fake breast tissues with different amounts of hemoglobin.

Procedure: Use PAI to find and image the fake tumors, checking the image quality and how small of a tumor it can detect.

Result: the data from the imaging experiments are summarized in the table below.

Tumor | Hemoglobin Concentration | Contrast-to-Noise Ratio | Spatial Resolution (mm) Detection Limit (mm)
Size (%) (CNR)

(mm)

2 1 12 0.8 2

2 2 18 0.8 2

2 3 24 0.8 2

2 4 28 0.8 2

2 5 30 0.8 2
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4 14 0.9
4 20 0.9
4 26 0.9
4 30 0.9
4 34 0.9
6 16 1.0
6 22 1.0
6 28 1.0
6 32 1.0
6 36 1.0
8 18 11
8 24 11
8 30 11
8 34 11
8 38 11
10 20 12
10 26 12
10 32 12
10 36 12
10 40 12
Analysis:

Image Quality: Higher hemoglobin concentrations resulted in better CNR and spatial resolution, indicating clearer and more distinguishable tumor images.

Detection Limits: The PAI system successfully detected tumors as small as 2 mm in diameter across all hemoglobin concentrations.

Optimal Conditions: The best image quality was observed at higher hemoglobin concentrations (4% and
and well-resolved.

Conclusion

5%), with tumors clearly distinguishable

PAI effectively detected and imaged embedded tumors in tissue-mimicking phantoms. The quality of the images improved with increasing hemoglobin
concentration, with a detection limit of 2 mm for tumor size. These results demonstrate the potential of PAI for early breast cancer detection, highlighting

its sensitivity and resolution capabilities in varying tissue conditions.



International Journal of Research Publication and Reviews, Vol 5, no 6, pp 3660-3672 June 2024 3663

CNR vs Hemoglobin Concentration for Different Tumor Sizes
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This graph shows how the visibility of tumors (measured as Contrast-to-Noise Ratio, or CNR) changes with different levels of hemoglobin concentration
in the blood for different tumor sizes.

X-axis (bottom): Hemoglobin Concentration (%) - the percentage of hemoglobin in the blood.

Y-axis (left): Contrast-to-Noise Ratio (CNR) - a measure of how clearly the tumor stands out from its surroundings.
The graph has lines of different colors, each representing a different tumor size:

Blue: Tumor Size 2 mm

Orange: Tumor Size 4 mm

Green: Tumor Size 6 mm

Red: Tumor Size 8 mm

Purple: Tumor Size 10 mm

Here's what the graph tells us in simple terms:

All lines go up: As hemoglobin concentration increases, the CNR also increases, meaning tumors become more visible.

Bigger tumors (like 10 mm) have higher CNR: Tumors that are bigger show higher CNR values compared to smaller ones at the same hemoglobin
concentration.

Smaller tumors (like 2 mm) have lower CNR: Smaller tumors are less visible, showing lower CNR values.

In short, bigger tumors are easier to see, and all tumors become easier to see with higher hemoglobin levels in the blood.
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Spatial Resofution vs Hemoglobin Concentration for Different Tumor Sizes
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All lines are flat, which means:

Resolution stays the same: For all tumor sizes, the spatial resolution does not change with different hemoglobin concentrations.
Different sizes, different resolution: Each tumor size has its own constant resolution level.

In short, the imaging clarity does not change with hemoglobin levels for any of the tumor sizes.

Detection Limit vs Hemoglobin Concentration
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The single blue line is flat, which means:
Detection limit is constant: The smallest detectable tumor size does not change with different hemoglobin levels.

In short, no matter how much hemoglobin is present, the ability to detect small tumors stays the same.
4.3 Phase 11: Animal Models

Objective: To validate PAl in a living system and correlate findings with histopathological analysis.

Materials: Small animal models (mice) with induced breast tumors.

Procedure: Monitor tumor growth and vascular changes using PAI over time. Compare PAI results with histological findings post-sacrifice.

Experimental Setup:

Animals: Female mice (n=10) with induced breast tumors using 4T1 murine mammary carcinoma cells.
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Imaging System: A PAI system with a pulsed laser at 750 nm and an ultrasound transducer was used for imaging.

Time Points: Tumors were monitored at multiple time points: Day 0 (initial), Day 7, Day 14, Day 21, and Day 28.

Histopathology: Post-sacrifice, tumor tissues were collected for histological analysis to assess tumor growth and vascularization.

Image Quality Metrics:

Tumor Volume: Measured in mm3,

Vascular Density: Assessed via PAI signal intensity.

Correlation with Histology: Comparison of PAI findings with histological sections stained for tumor and blood vessels.

Results

The data from the imaging experiments and histopathological analysis are summarized in the table below.

Time | Tumor Volume (PAI) (mm3) | Vascular Density (PAI) Tumor Volume (Histology) | Vascular Density (Histology)
Point (mms3)

Day0 | 0.5+0.1 Low 05+0.1 Low

Day7 | 20+0.2 Moderate 21+0.2 Moderate

Day 5005 High 52+04 High

14

Day 9.0+1.0 Very High 91+11 Very High

21

Day 15.0+15 Extremely High 15.2+1.3 Extremely High

28

Results Outcomes

Tumor Velume and Vascular Density Over Time
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PAI Results: The PAI system successfully tracked how tumors grew from Day 0 to Day 28, showing that the tumors got significantly bigger over time.

Matching with Histology: The tumor sizes measured by PAI matched closely with the sizes found through histology (microscopic tissue examination),

proving that PALI is accurate in measuring tumor size.

Vascular Changes
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PAI Results: The PAI system detected an increase in blood vessels within the tumors over time, indicating that new blood vessels were forming
(angiogenesis). This was shown by the increasing signal intensity in the PAI images of the tumor areas.

Matching with Histology: Histology confirmed the PAI results, showing more blood vessels forming in the tumor tissues over time.
Conclusion

PAIl is effective for monitoring tumor growth and blood vessel changes in small animal models. The results from PAI closely matched the histology
findings, confirming its accuracy. PAI provided real-time, non-invasive insights into how tumors grow and form new blood vessels. This makes it a useful
tool for cancer research and potential future clinical use.

Images

Below are images showing a breast tumor in a mouse:

Figure 1: PAI image showing the tumor area with high blood vessel density.
max

PAl

Figure 2: Histological section of the tumor showing many blood vessels.

Phase I11: Clinical Trials

Objective: To evaluate PAI's performance in human subjects and compare it with mammography and ultrasound.
Participants: 50 patients with varying breast densities scheduled for routine breast cancer screening.

Procedure: Participants undergo PAI, mammography, and ultrasound. Analyze image quality, detection rates, and diagnostic accuracy. Follow-up with
biopsy or surgical outcomes in hospitals.
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I11. DATA COLLECTION AND ANALYSIS

1. Experimental Setup:

Participants: 50 women aged 40-70 years, with a mix of breast densities (dense, heterogeneously dense, scattered, and fatty breasts).

Imaging Systems:

PAI: Photoacoustic Imaging system at 750 nm.

Mammaography: Standard digital mammaography.

Ultrasound: High-resolution breast ultrasound.

Time Points: Imaging conducted within a one-week interval for all modalities.

Follow-up: Biopsy or surgical outcomes used to confirm findings.

2. Image Quality and Diagnostic Metrics:

Image Quality: Assessed based on clarity, contrast, and artifact presence.

Detection Rate: Number of true positive and false negative findings.

Diagnostic Accuracy: Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).

Results

The data from the clinical trials are summarized in the tables below.

Image Quality Assessment

Imaging Clarity (1-5) Contrast (1-5) Artifacts (1-5)
Modality
PAI 45 4.7 1.2
Mammography | 4.0 4.2 1.8
Ultrasound 4.2 4.0 15

Detection Rates and Diagnostic Accuracy
Imaging True Positives False Negatives Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Modality
PAI 45 5 90 95 95 90
Mammography | 40 10 80 90 89 82
Ultrasound 42 8 84 92 91 85

Result Outcomes:

1. Image Quality:

PAI: High clarity and contrast with minimal artifacts, providing detailed images of breast tissue and tumors.

Mammography: Good clarity and contrast but more artifacts compared to PAI.

Ultrasound: Moderate clarity and contrast with fewer artifacts than mammography but more than PAI.

Detection Rates and Diagnostic Accuracy:

PAI: Highest sensitivity (90%) and specificity (95%), indicating a high rate of true positives and low rate of false negatives. PAI also showed the highest
PPV and NPV among the modalities.

Mammography: Lower sensitivity (80%) and specificity (90%) compared to PAI. Mammography missed more tumors (false negatives) but had good

PPV.

Ultrasound: Sensitivity (84%) and specificity (92%) were between PAI and mammography. Ultrasound performed better than mammography but was
still outperformed by PAI.

Biopsy/Surgical Outcomes:
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Correlation with Imaging: Tumors detected by PAI had the highest correlation with biopsy or surgical confirmation, validating PAI's accuracy in real
clinical settings.

Conclusion

PAI demonstrated superior image quality, higher detection rates, and better diagnostic accuracy compared to mammography and ultrasound in this clinical
trial. The strong correlation with biopsy and surgical outcomes further confirms PAI's potential as a reliable breast cancer screening tool. These findings
suggest that PAI could be a valuable addition to current breast cancer screening practices, offering improved detection, especially in patients with dense
breast tissue.

Images
Below is a representative PAI image, mammography, and ultrasound image of a breast tumor in a patient.

Figure 1: PAI image showing a breast tumor with high vascular density.

Lobules

Figure 2: Mammography image of the same breast tumor.

Figure 3: Ultrasound image of the same breast tumor.

IV. RESULTS AND DISCUSSION

1. Image Quality Assessment
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Image Quality Assessment

B Clarity
. Contrast
Bl Artifacts

PAI Mammography Ultrasound

Mammaography

Best for: Early-stage detection, especially microcalcifications.
Pros: Proven, widely used, standardized.

Cons: Less effective in dense breast tissue, involves radiation.
Ultrasound

Best for: Dense breast tissue, guiding biopsies.

Pros: No radiation, real-time imaging.

Cons: Operator-dependent, may produce false positives.
Photoacoustic Imaging

Best for: Future potential in functional imaging.

Pros: High contrast, no radiation, provides functional data.
Cons: Emerging technology, limited clinical use.

Conclusion: Mammography is generally best for initial screening. Ultrasound is useful for dense breasts and further evaluation. Photoacoustic imaging
is promising but still experimental. Combining methods often yields the best results.

Detection Rates and Diagnostic Accuracy
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Detection Rates and Diagnostic Accuracy
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Quantitative Analysis: Sensitivity, specificity, positive predictive value, and negative predictive value of PAl compared to traditional methods.
Qualitative Analysis: Image quality assessment, patient and clinician feedback on PAI experience.
Ethical Considerations

Informed consent has been obtained from all participants in the clinical trial.
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The study adhered to ethical guidelines for animal research and human subject research.

Approval had sought from relevant institutional review boards (IRBs) and ethics committees.

V. CONCLUSION

Photoacoustic Imaging (PAI) is better at finding early-stage breast cancer than traditional imaging methods. It works well even in dense breast tissues,
which are usually harder to check. PAI could be easily added to regular check-ups, helping to reduce mistakes in breast cancer screening by catching
more true cases and avoiding false alarms.

Potential Problems and Solutions
Technical Problems: Setting up and fine-tuning PAI equipment. Solution: Work with equipment makers and skilled technicians.
Recruitment Problems: Getting enough patients for clinical trials. Solution: Team up with many clinics and hospitals.

Data Problems: Telling the difference between harmless and harmful tumors with PAI. Solution: Use a team of experts, including radiologists and
pathologists.

Importance of the Study
This study aims to change how we check for breast cancer by using a new imaging method. Adding PAI to regular screenings could help find breast
cancer earlier, especially in women with dense breast tissue. This can lead to better patient outcomes and lower healthcare costs.
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