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Online adaptive radiation is a new and exciting modality of treatment for gynecologic cancers. Traditional radiation
treatments deliver the same radiation plan to cancers with large margins. Improvements in imaging, technology,
and artificial intelligence have made it possible to account for changes between treatments and improve the
delivery of radiation. These advances can potentially lead to significant benefits in tumor coverage and normal
tissue sparing. Gynecologic cancers can uniquely benefit from this technology due to the significant changes in
bladder, bowel, and rectum between treatments as well as the changes in tumors commonly seen between
treatments. Preliminary studies have shown that online adaptive radiation can maintain coverage of the tumor while
sparing nearby organs.

gynecologic cancer online adaptive radiotherapy radiation oncology

| 1. Introduction

Gynecologic (GYN) cancer is defined as any cancer originating in the women'’s reproductive organs. There are five
major subtypes of GYN cancers including cervical cancer, uterine cancer, ovarian cancer, vaginal cancer, and
vulvar cancer. About 94,000 women are diagnosed with gynecologic cancers in the US every year, with the most

common GYN cancer being uterine cancer followed by ovarian cancer and cervical cancer [,

The management of GYN cancers varies, but can involve surgery, chemotherapy, and/or radiation. Often, patients
with locally advanced disease or high-risk features after surgery will receive either definitive radiation or adjuvant

radiation while others may receive further radiation with brachytherapy.

| 2. History of Radiotherapy for GYN Cancers
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Figure 1. Timeline showing the evolution of radiation in the treatment of GYN cancers.

In the modern era of IMRT, patients with gynecological cancer who are planned for radiotherapy undergo a process
called CT simulation. This step involves patients undergoing a CT scan, which radiation oncologists use to
delineate targets and nearby normal structures in a process called contouring. Additional imaging with MRI and
PET/CT can also help to better delineate structures. Targets including the cervix, uterus, vagina, and pelvic lymph
nodes are contoured and constitute the gross tumor volumes (GTV) and clinical tumor volumes (CTV), which
represent gross disease and microscopic disease, respectively. The CTV is further expanded to create a planning
tumor volume (PTV). This expansion is conducted to account for errors during the delivery of radiation as well as
potential movement of organs not only during treatment delivery, but throughout the course of fractionated
treatments of radiotherapy. Nearby organs are also contoured including the rectum, bladder, sigmoid, bowels,

femurs, and kidneys. An example of a GTV, CTV, and PTV is shown in Figure 2.
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Figure 2. Representation of GTV, CTV, and PTV. A gross lymph node represents the GTV in red. The pelvic lymph

node basin is the CTV in yellow with a 5 mm expansion to create the PTV in orange.

Treatment planning is particularly challenging for GYN cancers for several reasons. First, given the location of
gynecologic cancers in the pelvis, changes in bladder filling and rectal gas can lead to significant motion. Previous
studies in cervical cancer have shown that the interfractional motion (motion between treatments) of the cervix can
vary up to 35 mm. In addition, patients undergoing definitive radiation treatment can have significant tumor
regression that can further distort the expected anatomy of patients. Given these potential variations in anatomy,

modern day clinical trials for cervical cancer recommend a CTV to PTV expansion of 1.5-2.0 cm &,

With the targets and OARs defined, a radiation treatment plan is generated by trained dosimetrists. This plan is

reviewed by the treating physician and if acceptable, is then delivered to the patient for all their planned fractions.

| 3. Adaptive Radiation Introduction

Adaptive radiation was first described by Yan et al. in the 1990s 2. In this paper, the authors described a radiation
treatment that could be modified during the course of treatment in response to changes in anatomy. This concept
of adaptive radiation has become more popular recently with the recent development of linear accelerators
(LINACs) dedicated for ART. Both cone-beam CT-based (CBCT) LINACs and MR-based LINACs have recently
been developed and popularized for ART. Online ART is able to account for real-time changes in anatomy and
adapt radiation plans during treatment delivery. Preliminary studies have shown that online ART can better spare

OARs and improve target coverage in head and neck, abdomen, and pelvic cancers.

GYN cancers can reap significant benefits from adaptive radiation for two major reasons. First, GYN cancers like
cervical cancer can have significant changes in size over the course of treatments. Adaptive radiotherapy is able to

account for these changes in tumor size and potentially treat less normal tissue while maintaining tumor coverage.
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Lastly, the pelvis contains the bladder, rectum, and bowel which can move significantly between treatment
fractions. Again, adaptive radiation can account for this interfractional motion and potentially treat less normal

tissue. These potential benefits are shown in Figure 3.

Figure 3. Potential benefits of ART. (a,b) show the decrease in CTV to PTV margins with daily adaptive radiation.
The uterocervix CTV is in orange and the PTV is in red; (c,d) show the decrease in target size between the first

fraction and last fraction. The uterocervix CTV is in green

| 4. Logistics of Adaptive Radiation

The online ART workflow starts with on-board imaging aimed to obtain the anatomical/functional information on the
day of treatment as guidance for adaptation. CBCT and MRI are the most common imaging modalities available in
commercial on-line ART treatment units L8271 CBCT can be acquired quickly providing anatomical and physical
properties of tissue in the scanned area. MRI, on the other hand, often takes longer to scan, but can offer better
tissue delineation, and potentially some functional information [&. Furthermore, functional imaging techniques,
such as PET/CT, have also been integrated as an on-board imaging option which has the potential to provide
additional information to guide online ART 12,
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With images acquired, online contouring is performed to re-delineate treatment targets and critical organs to reflect
the anatomical/functional changes of the patient at the time of treatment. Automatic contour generation is highly
demanded to not only improve efficiency, but also to reduce manual efforts and potential human errors under
intense time pressure. There are many approaches developed recently for automatic contour generation including
artificial intelligence-based segmentation methods, which directly contour targets and OARs, and deformable
registration-based methods, which propagates contours from the pre-planning stage to the images of the day.
Regardless of the strategy employed for automatic contour generation, it is recommended that clinicians review

and adjust contours if needed in routine clinical practice to ensure the integrity of contours.

With contours generated, online re-planning is then performed. Different commercial systems have implemented

distinct plan optimization strategies to generate high-quality treatment plans efficiently.

p%E%Eeepo?n%%tion of online re-planning, plan review and approval will be performed by the attending physician
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Clinical Trial Name Goal

Demonstrate that ART for locally advanced

ARTIA-Cervix [ cervical cancer will translate into decreased Gl
toxicities

Phase | Trial of Stereotactic MRI-Guided Online Adaptive Assess the feasibility of stereotactic MRI-

Radiation Therapy (SMART) for the Treatment of guided online adaptive radiation therapy for

Oligometastatic Ovarian Cancer 31 treatment of oligometastatic ovarian cancer
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] o Evaluate the utility of adaptive intratreatment
Intratreatment FDG-PET During Radiation Therapy for

PET-CT planning for gynecologic and
Gynecologic and Gastrointestinal Cancers 22 . grrgy J

gastrointestinal cancers

| 7. Conclusion

Online ART presents the newest frontier in the treatment of gynecologic cancers. The potential benefits from online
ART include improved normal tissue sparing, improved target coverage, and improved treatment in response to
biologic changes. However, they come at the cost of increased demand of clinic resources. These benefits need to
be proven through clinical trials that are currently ongoing and recruiting. Online ART is the next step in the

personalization of cancer care and has the possibility to revolutionize the treatment of GYN cancers.
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