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Advances in genomic technologies should lead to improved prevention and early detection strategies. As we develop a better understanding of common genetic variants that are associated with higher or lower risk of certain cancers, we may be able to use that knowledge to identify individuals who may or may not benefit from prevention strategies. And techniques to analyze bits of tumor DNA (and other molecules) that are released into the blood and other body fluids may enable noninvasive screening for very early cancers.
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The Role of Imaging in Cancer Early Detection, Precision Diagnosis and Minimally- invasive Treatment:  General Contributions

Medical Imaging plays a central, critical, and irreplaceable role in early cancer detection diagnosis, treatment planning, treatment delivery and disease monitoring. The contribution of medical imaging to cancer diagnosis and treatment can be divided into at least two major categories— i.) early detection, precision diagnosis and treatment monitoring, and ii.) image- guided interventions.

Early Detection, Precision Diagnosis and Treatment Monitoring:

Imaging beyond structure and morphology are major initiatives which see in-vivo evaluation of cancer and pre-cancerous conditions. Current work in functional, molecular and quantitative imaging already play important roles in early detection of cancer, precise diagnosis and characterization of tumors (particularly when combined with quantitative information from feature analytics, radiomics and genomics) and monitoring the response to therapy, and the creation of databases for deep learning. Imaging is a valuable tool to identify and characterize ‘target’ lesions that have the potential to be malignant.

The ability to identify the appropriate target lesions to guide biopsy and obtain the relevant genomics profiling will guide treatment choice, impact patient management, improve health outcomes and save lives. Many tumors are internally heterogeneous, with aggressive and less aggressive areas in a single mass. Advanced functional and metabolic imaging, such as molecular imaging, highlights the active portions of a tumor, enabling precise medical interventions to improve patient outcomes.

Imaging also plays a critical role in the advances of novel therapeutics for cancer, as it objectively defines clinical trial endpoints and thus provides a basis for the regulatory approvals of new anti-cancer agents for their clinical application. The role of imaging is
further increasing in the current era of precision cancer therapy, where an increasing number of novel agents are being approved and prescribed in the clinical setting.

Image-guided Interventions:

Multiple imaging modalities have matured as a means to guide and monitor the performance of minimally-invasive procedures.  In current practice, X-ray, fluoroscopy, CT, MRI, PET and ultrasound technologies are used every day as guidance tools for procedures, surgery and therapies. Newer handheld probes are in development, such as optical and mass spectrometry probes. When used in real-time, these probes may allow for improved targeting, reduction of positive margins, and more complete excision. In the case of radiation delivery, this approach can allow for escalation without increased toxicity or damage to nearby healthy tissue.
Another major research focus is in-vivo tissue sampling and ultimately non-invasive imaging biomarkers of disease and response. Image-guided device development and testing is underway to facilitate both tissue retrieval for in-vivo/in- vitro characterization, guide the performance of surgical interventions or focal tumor ablative procedures or targeted drug delivery. The expanding field of Interventional Oncology encompasses a variety of image- guided approaches to delivering potent therapies directly to tumors with minimal toxicity to the surrounding tissue.

Image-guided interventional techniques have already diminished the need for open surgery for many conditions, reducing patient mortality and morbidity as well as reducing healthcare costs. But there is much more that we can do to develop more advanced and more precise imaging technologies that will have an even greater impact.

Additionally, image-guided surgery, or Precision Surgery, where a surgeon is guided by real- time images of the target tumor, often at its cellular level, enables the complete removal of the tumor with minimal damage to the surrounding healthy tissues while assuring that no residual tumor is left behind. As one example, real-time mass spectrometry is under investigation during glioblastoma resection, with a goal to optimize the tumor resection.

Imaging researchers have pioneered non-invasive image-guided interventions, such as MR guided Focused Ultrasound (MRgFUS), which enables clinicians to destroy tumors in-situ without making an incision. MRgFUS uses the imaging power of an MR to precisely localize a tumor in three dimensions and then destroy the tumor by applying focused ultrasound to heat the selected tissue. This approach holds important potential for brain tumors where invasive surgery entails significant risks of morbidity and mortality. Beyond the important surgical applications of MRgFUS, this technology can guide and monitor localized drug delivery and with its unique ability to open the blood-brain barrier it can allow large
 
molecules to pass into the brain. This innovation will lead to major changes in neuro- oncology and all fields of oncology.

Theranostics:

An important and promising component of (non-imaging) oncology research today involves the development of tumor-specific biomarkers that provide the potential for cancer detection in blood, urine or other fluids as well as the potential to deliver targeted drug or radiation therapies directly to the tumor cells. The Cancer Moonshot may accelerate this exciting field.

Less obvious, perhaps, is the link between tumor-specific biomarkers and medical imaging, and the benefits that such a link offers for patients and the healthcare system. We believe that it will be possible to develop use tumor-specific biomarkers to develop imaging agents that would ‘paint’ even microscopic tumors and make them visible on advanced imaging devices. For example, a biomarker could be labeled with a radioisotopes (18F, 11C, among others) visible via PET, or various agents visible via MRI including hyperpolarized molecules (13C or others), paramagnetic agents, nanoparticles, and novel technologies now under development. This approach would be very flexible; one could envision many tumor-specific biomarkers, many approaches to tag the biomarkers to make them visible to advanced imaging, and many anti-cancer payloads that could be delivered in conjunction with the biomarkers. Labeling the biomarker in this manner would allow clinicians to confirm that the biomarker has found the target tumor cells. It the biomarker carries an anti-cancer payload, imaging could confirm that the payload has hit its target. Follow up imaging using the biomarker (perhaps without the anti-cancer payload) could monitor treatment efficacy.

The benefits to the patient and clinician would include confirmation that anti-cancer payload has been delivered to the right cells or, if imaging does not confirm the delivery the treating clinician may stop the therapy, reducing unnecessary toxicity and unnecessary cost. This concept of image-driven theranostics would be a durable and significant contribution to your program.



