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Carbon lon Radiotherapy for Locally Advanced Pancreatic Cancer:
the Time for CIPHER is NOW

David J. Sher, MD, MPH

Department of Radiation Oncology
University of Texas Southwestern Medical Center, Dallas, Texas, USA
E-mail: david.sher@utsouthwestern.edu

Local therapy outcomes for unresectable, non-metastatic pancreatic cancer have historically been so
poor that often palliative chemotherapy alone is considered a reasonable therapeutic approach.
However, retrospective photon series have suggested improved survival with dose-escalation,
including more recent studies using stereotactic body radiotherapy (SBRT). Carbon ion radiotherapy
(CIRT) may be an ideal therapy for dose intensification in pancreatic cancer, as the higher biologically
effective dose, combined with superior conformality, may significantly impact local tumor control and
thus survival. Indeed, the NIRS (National Institute of Radiological Sciences) has conducted elegant
phase I/Il studies of CIRT for pancreatic cancer, with and without concurrent gemcitabine, with
survival outcomes that compare remarkably well in comparison to historical controls. The CIPHER
(Carbon lon versus Conventional Photon Radiation Therapy) trial is a phase Il randomized study
comparing definitive chemoradiotherapy with CIRT versus intensity modulated radiation therapy
(IMRT) in patients with locally advanced, unresectable pancreatic cancer. This study will randomize
103 patients in a 2:1 ratio (CIRT:IMRT) between CIRT (55.2 GyE in 12 fractions) and (IMRT 50.4
Gy in 28 fractions), both with concurrent gemcitabine. The study is powered to detect an increase in
2-year survival from 22% to 48% with CIRT. This trial is particularly unique in its international
collaborations, as patients will be accrued and treated with IMRT in Beijing, Seoul, Dallas, and Milan,
and CIRT will be delivered at NIRS, Gunma, and Centro Nazionale di Adroterapia Oncologica
(CNAO). We believe this trial may redefine the standard-of-care in the non-surgical management of
this disease.
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[1] Mitsunaga M, Ogawa M, Kosaka N, et al. Nature Medicine 2011;17(12):1685-1691.
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[3] Sato K, Sato N, Xu B, et al. Science Translational Medicine 2016;8(352):352ral10.
[4] Ogawa M, Tomita Y, Nakamura Y, et al. Oncotarget 2017;8(6):10425-10436.
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Exploiting the 5 R’s of Radiobiology to Enhance Pancreatic Cancer Therapy
Michael Story, Ph.D.

Department of Radiation Oncology and Simmons Comprehensive Cancer Center
The University of Texas Southwestern Medical Center, Dallas, TX USA
Email: Michael.Story@UT Southwestern.edu

The role of radiotherapy (RT) in treating pancreatic ductal adenocarcinoma (PDAC) has been
characterized as controversial because of the results of early trials of RT or chemo-RT, trials that
ultimately were heavily criticized for the use of low RT doses, split RT doses, and unspecified field
sizes and techniques used. More modern RT techniques using limited treatment fields in combination
with gemcitabine to target distant micrometastatic disease has shown real benefit in the control of
local/regional disease. However, real changes in survival are still elusive. PADAC can be characterized
by an average of more than 60 genetic alterations, assigned to 12 major signaling pathways, more than
one of which is relevant to their response to radiotherapy through an examination of the 5 R’s of
Radiobiology. Repair: PDACs are considered both chemo- and radio-resistant. Resistance is governed
in part by the overexpression of genes associated with the DNA Damage Response (DDR) including
genes in the homologous recombination (HR) and nucleotide excision repair (NER) pathways. These
genes and pathways represent druggable targets directly or set up conditional vulnerabilities that can be
exploited. Furthermore, there are mutations in DDR genes that may render PDACs vulnerable to
specific agents. Heavy charged particles also generate complex DNA damage that is difficult to repair.
Agents that further impede HR, particularly after heavy particle exposures may be especially useful
given the reliance of some tumors on HR. Repopulation: Early clinical trials for PDAC that employed
radiation often used split dose regimens at doses that are not considered especially lethal. This approach
led to accelerated repopulation of the tumor. More modern radiotherapy approaches that use ablative
doses limit repopulation as the cells do not progress through the cell cycle. Furthermore, there is
significant evidence that charged particles are less effective at inducing repopulation. Reoxygenation:
Hypoxia is the bane of radiation oncology and PDACs are considered very hypoxic. The use of limited
fraction radiotherapy regimes with ablative doses is reviving the consideration of hypoxic cell
sensitizers because of limited side effects due to the limited number of radiation fractions. Furthermore,
heavy particle radiotherapy, if delivered appropriately is highly effective at killing hypoxic cells. In
both cases this allows for tumor reoxygenation and increased radiosensitivity in subsequent radiation
fractions. Radiosensitivity: The intrinsic radiosensitivity of a given PDAC tumor is driven by enhanced
DNA repair but also by evasion of apoptotic signaling and enhanced growth and proliferation signaling
via growth factor independence. These fundamental characteristics of PDACs argue for ablative doses
of radiation rather than conventionally fractionated therapies unless or until there are actionable targets
that target apoptosis evasion. Redistribution: Classic radiotherapy assumes a redistribution of cells
from radioresistant to radiosensitive cell cycle phases although there has been no effective method that
takes advantage of this process. However, when ablative doses of radiation are used there is only limited
or no cell cycle progression. Cells die an interphase death in the same cell cycle phase in which they
were irradiated. There may yet be another R in radiobiology that can be exploited clinically, particularly
with ablative X-ray doses or with charged particles. Radioimmune stimulation may render tumor cells
more susceptible to immune checkpoint therapy. High doses of radiation may be more effective at
generating neo-antigens through neo-ORFs (open reading frames) where transcription and translation
is occurring on DNA that has been damaged by irradiation. Lastly, the identification of key drivers of
PDAC or the identification of specific tumor vulnerabilities that can be exploited is ongoing. Many of
these vulnerabilities are compatible with the 5 R’s of radiobiology. This will allow for precise and
personalized therapy for those suffering with PDAC.
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[1] T. Inaniwa, N. Kanematsu, K. Noda, T. Kamada, Treatment planning of intensity modulated
composite particle therapy with dose and linear energy transfer optimization, Phys. Med. Biol.,
62, 5180-5197 (2017).
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Artificial Intelligence for Radiotherapy

Steve Jiang, Ph.D.

Medical Artificial Intelligence and Automation Laboratory, Department of Radiation Oncology,
University of Texas Southwestern Medical Center
E-mail: Steve.Jiang@UT Southwestern.edu

The progress of artificial intelligence (Al) technologies has recently been exponential and shown to be
both transformative and disruptive in many fields such as computer vision, natural language
processing, audio processing, and automobile auto piloting. Al has become the No. 1 priority for
industry leaders like Google, Facebook, Apple, Amazon, Microsoft, and IBM. Al is expected to have a
significant impact on healthcare, especially in the areas of individualized and precision medicine,
medical image analysis, disease diagnosis assistance, treatment solution recommendation, care
delivery optimization/automation/safety, treatment outcome and toxicity prediction, patient care in
resource limited regions, medical error detection and quality assurance, assisted care and chronic
disease management with wearable sensors, and surgical and rehabilitation robots. At UT
Southwestern Department of Radiation Oncology medical physicists are working closely with
clinicians and biologists to solve various important clinical problems in radiation therapy in specific
and medicine in general. In this talk I will introduce our Al research work at UT Southwestern, mainly
in the areas of organ segmentation and treatment target delineation, Al treatment planner, treatment
outcome and toxicity prediction, peer review and error detection, image reconstruction, restoration,
super-resolution, and interpretation, wearable sensors and smart clinic.
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[1] Takahara T, et al. Radiat Med. 2004 Jul-Aug;22(4):275-82

[2] Kwee TC, Takahara T, et al. Eur Radiol. 2008 Sep;18(9):1937-52 (Review).
[3] Yamashita T, Kwee TC, Takahara T. N Engl J Med. 2009 Jul 30;361(5):538-9.
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