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Executive Summary
The Foundation is thankful for the work of Joo Ha Hwang, who organized and led 
the workshop, held on February 28 – March 1, 2019, to identify novel preclinical, 
translational, and clinical research projects that would enable additional treatment options 
and further develop the potential for focused ultrasound (FUS) to help patients with 
pancreatic cancer. FUS is an early-stage, disruptive, noninvasive therapeutic technology 
that has the potential to improve the lives of millions of patients with a variety of medical 
disorders by providing an alternative, or complement to, existing techniques.

Workshop attendees included a multidisciplinary group of experts in pancreatic cancer, 
representing the fields of oncology, surgery, cancer immunotherapy, and focused 
ultrasound. These physicians and scientists were joined by leaders from the US Food and 
Drug Administration (FDA) and industry and scientific staff from the Cancer Research 
Institute (CRI) and the Focused Ultrasound Foundation. The workshop’s overarching 
goal was to share experiences, candidly challenge the status quo, and then outline and 
prioritize the most promising pathways for using FUS to treat pancreatic cancer.
Current FUS treatment for pancreatic cancer, which is aimed at pain control and reduction 
in tumor size, is approved in Europe, Korea, Russia, and China. This use is still in its early 
days, and considerable variability exists in the details of the treatment – notably dosing, 
frequency, and timing with respect to other treatments. Clinical applications are underway 
in some centers, and the FUS Foundation will soon be tracking them in a new registry: 
the Pancreatic Cancer International Registry (ARRAY). ARRAY was designed to capture 
treatment parameters, better understand best practices, and compare outcomes. Principle 
investigators from many of the sites interested in participating in the ARRAY registry 
attended the workshop.

The workshop began with presentations that provided background information on the 
state-of-the-art standard for treating patients with pancreatic cancer, how FUS is currently 
being used to treat patients with pancreatic cancer, how FUS could be further developed 
to provide more solutions in treating this devastating disease, and the current limitations 
of the technology. On the second day, the group discussion was led by an expert panel to 
generate ideas, answer burning questions, and formulate three possible pathways for future 
research. The workshop attendees recommended a roadmap that focused on three specific 
areas of research: to advance the field of FUS for the treatment of pancreatic cancer, 
including ablation, targeted drug delivery, and immunotherapy. Specifically, the workshop 
attendees recommend the following:

	 1	 For FUS ablation, conduct a clinical trial wherein patients with stage 3 or 
		  4 pancreatic cancer would receive FUS ablation plus chemotherapy versus 
		  chemotherapy alone using current state-of-the-art chemotherapy regimens.

	 2	For FUS-enhanced drug delivery, (a) determine how much of an increase in 
		  drug delivery would be clinically significant (preclinical study); (b) improve 
		  FUS technology to reliably achieve stable hyperthermia to pancreatic tumors; 
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		  and (c) treat patients with stage 3 or 4 pancreatic cancer using current 
		  chemotherapeutic agents.

	 3	For FUS-enhanced immunotherapy, initiate a collaborative, multicenter 
		  trial performing immune treatment on patients with pancreatic cancer 
		  in an effort to reliably produce an abscopal effect (i.e., disappearing 
		  metastases). This may include (a) performing additional preclinical studies 
		  in appropriate mouse models of pancreatic cancer to evaluate treatment 
		  regimens using immune agonist and checkpoint inhibitor prior to 
		  FUS ablation; and (b) obtaining biopsies before and after FUS ablation 
		  in treatment-naïve patients to evaluate the immune response resulting 
		  from ablation.

FUS Foundation staff asked attendees to continue thinking about and collaborating 
on these issues. The Foundation will be delighted to consider funding the resulting 
research proposals.
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Workshop Presentations  
Workshop presentations provided background information on the 
state-of-the-art standard for treating pancreatic cancer, how FUS is currently 
being used to treat patients with pancreatic cancer, how FUS could be 
further developed to provide more solutions to treating this devastating 
disease, and the current limitations of the technology. 

.  .  .  .  . 

Types of Pancreatic Cancer

The two main types of pancreatic cancer, exocrine tumors and neuroendocrine tumors, 
are classified by their cell types. Exocrine tumors comprise 96 percent of pancreatic cancers 
and start in the exocrine cells, where digestion enzymes are made. The most common 
type of pancreatic cancer, pancreatic ductal adenocarcinoma (PDAC), is an exocrine 
tumor. Neuroendocrine tumors, or PancNETs, originate in the hormone-producing 
neuroendocrine cells. Pancreatic hormones help control normal body functions (e.g., 
insulin production).

Pancreatic cancer rapidly metastasizes to the abdomen and liver, and it also spreads to the 
lungs, bones, brain, and other organs. It is most often treated as a systemic disease rather 
than being focused on a specific tumor. Patients commonly succumb to the disease as a 
result of complications from the metastases. The American Cancer Society website provides 
a comprehensive overview of the current treatment of pancreatic cancer. 

.  .  .  .  . 

Current Treatments for Pancreatic Cancer
Obstacles and Results

Eileen O’Reilly from Memorial Sloan Kettering Cancer Center described Current 
Treatments for Pancreatic Cancer: Obstacles and Results. In her review of the state-of-the-
art standard for treating patients with pancreatic cancer, Dr. O’Reilly said that 56,770 US 
patients would be diagnosed with pancreatic cancer in 2019. It is currently the 9th or 10th 
most common cancer, and it is increasing at a rate of 1.2 percent per year.

Physicians who research and treat patients with PDAC face many challenges. The at-risk 
patient population is difficult to identify. There is a lack of strategies for early detection 
and prevention. Most diagnoses are made late in the disease course, so the best therapies 
are only modestly effective. There are limited biomarker-based strategies, and there is 
essentially no impact for adding novel therapies to the standard of care. There are tissue 
acquisition constraints, and less than 20 percent of pancreatic tumors are operable. Finally, 
patient advocacy is a challenge, because of the lack of survivors to act as advocates.

https://www.cancer.org/cancer/pancreatic-cancer/treating/by-stage.html
https://www.cancer.org/cancer/pancreatic-cancer/treating/by-stage.html


Focused Ultrasound Foundation

The Role of  Focused Ultrasound in Pancreatic Cancer	 		  5

The standard of care for patients with PDAC is a cytotoxic combination of chemotherapy 
agents. The current front-line therapy is a regimen of modified FOLFIRINOX/
gemcitabine/nab-paclitaxel. If patients experience disease progression after gemcitabine-
based therapy, current second-line treatment combinations include oxaliplatin or 
irinotecan (Onivyde); however, the NAPOLI 1 clinical trial showed that irinotecan alone 
improved overall survival by two months. The National Comprehensive Cancer Network 
(NCCN) publishes treatment guidelines with evidence blocks, a framework for resource 
stratification, guidelines for patients, a list of educational resources and programs, and 
international adaptations for pancreatic cancer.

Genetic evaluations, now a part of routine clinical care, help determine therapy. Genetic 
evaluation of the pancreatic cancer genome shows two commonly affected genes (i.e., 
KRAS and tumor protein p53 or TP53) and a smattering of lower-frequency genetic 
events. Researchers at Memorial Sloan Kettering are studying pancreatic cancer genetics, 
and novel genetic-based drugs are in development.

With regard to immunotherapy, the tumor microenvironment in PDAC is hypovascular 
and hypoxic with a physical stromal barrier and excessive hyaluronan (HA) accumulation. 
A series of clinical trials, such as HALO 202, showed improvement in patients with 
an elevated level of HA, so a Phase II trial (HALO 301) is underway. However, the 
addition of PEGPH20 to gemcitabine/nab-paclitaxel causes thrombosis, so participating 
patients also need anticoagulation therapy. Pancreatic cancer has an immune suppressive 
environment, with a lack of effector T cells and a low mutational load. It is considered a 
cold tumor, and many approaches are trying to improve the environment. Research has 
been done with durvalumab (an anti-PD-L1 antibody), and the Parker Consortium is 
trying chemotherapy plus immunotherapy (i.e., FOLFOX plus Peg IL-10, FOLFOX plus 
immune therapy). Another curious investigational agent is eryaspase—a drug encapsulated 
within red blood cells. Researchers are seeking to understand how treatments affect 
the immune landscape, but sophisticated immune profiling is difficult in a disease that 
progresses so rapidly. Asking patients for additional biopsies during end-of-life care, 
although difficult, might help researchers understand why treatments are not working and 
elucidate the unique makeup of individual tumors.

In rare cases, a patient will have a nearly complete response to treatment and live for several 
years with advanced disease. Researchers are seeking to identify these patients, and those 
with germline mutations who also appear to do better.

In conclusion, cytotoxic therapy is the mainstay for treating patients with unresectable 
pancreatic cancer. Besides that, novel therapeutics are undergoing phase I/II trials, 
researchers are conducing intense biomarker evaluation and DNA-repair targeting, while 
others are studying stromal degradation, metabolism, and immunotherapy.

.  .  .  .  . 

https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.onclive.com/web-exclusives/eryaspase-may-provide-second-line-option-in-pancreatic-cancer
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Summary of International Focused Ultrasound Experience

Joan Vidal-Jové from Hospital Universitari Mutúa Terrassa provided a summary of the 
current international FUS experience for treating pancreatic cancer. He described the FUS 
bioeffects that are being explored, the commercially available FUS systems being used, and 
the clinical groups pursuing treatment for this disease.

Several bioeffects of FUS are under development for treating pancreatic cancer, including 
hyperthermia, ablation, cavitation, histotripsy, boiling histotripsy, immune regulation, drug 
activation, and drug delivery. Ultrasound-guided FUS devices are most often being used 
for these indications because of the positioning requirements for reaching the pancreas. 
Systems that are being used, or that could be used, include the Chongqing HAIFU JC200, 
Alpinion Alpius 900, Theraclion Echopulse, and Histosonics. Respiratory gating is an 
important consideration with the pancreas, because it is a moving organ.

Researchers in China were the first clinical groups to use high intensity focused ultrasound 
(HIFU) to treat pancreatic cancer, and they treated thousands of patients with excellent 
local results but minimal follow-up data. Ning et al. retrospectively compared outcomes 
in 689 patients (436 HIFU, 253 other treatments) and determined that a multimodal 
treatment approach (the combined therapy of HIFU, regional intra-arterial chemotherapy, 
and chemotherapy with or without radiotherapy) could improve survival of patients with 
unresectable pancreatic cancer; repeated HIFU presented a survival benefit and did not 
increase risk.1 It is difficult to determine which element of the treatment was responsible 
for the results, but repeated HIFU and multimodality treatments did improve survival.

At the University of Bonn Department of Radiology, in Germany, Holger Strunk and 
Milka Marinova treated 35 patients with pancreatic cancer for pain control, and some 
cases showed improved survival. In addition to pain control, this research group has 
published recent articles on tumor reduction, clinical effectiveness, and potential survival 
benefit.2,3,4,5,6

At Pleven University Department of Surgical Oncology in Bulgaria, Dobromir Dimitrov 
published a safety study using FUS to treat 47 patients with advanced (stage 3 or 4) 
pancreatic cancer.7 The group found FUS to be safe with a complication rate of 10.6 
percent and no severe complications.

In Milan, Italy, at the European Institute of Oncology’s Department of Interventional 
Oncology, Franco Orsi, has treated at least 80 patients with pancreatic cancer and has 
observed an abscopal effect that he attributes to the tumor ablation process.8

In Barcelona, Joan Vidal-Jové has completed 80 cases since 2010. He compared 
these patients to a control group comprising a similar cohort of patients undergoing 
only chemotherapy using a seven-year observational retrospective comparative cohorts 
study, and his team found a statistically significant difference in survival in the FUS 
treated patients.9
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At Stanford University Medical Center’s Department of Radiology and Department of 
Gastroenterology, Pejman Ghanouni and Joo Ha Hwang collaborated with Alessandro 
Napoli’s group at La Sapienza University in Rome to conduct a meta-analysis evaluating 
pain palliation, tumor control, and immune activation for patients with PDAC.10 The 
analysis included 23 studies and 639 patients treated with FUS, 459 of whom experienced 
partial or complete relief. The group concluded that FUS provides good pain control in 
patients with PDAC. The La Sapienza group believes that FUS represents a multimodality 
approach to treating patients with all types of malignant diseases because it affects pain 
palliation through multiple pain pathways, including tissue denervation, tumor-mass 
reduction, and neuromodulation.11

In summary, more than 1,000 patient treatments have been reported in the literature, 
with a focus on pain control, tumor reduction, and survival. Most reports describe 
single-center experience and possibly contain patient selection bias. A patient registry 
will allow the technology to move toward a randomized multicenter study. Collaboration 
with interventional oncologists is needed to select the best treatment or combination 
of treatments. Future projects should investigate immunological activation, enhanced 
chemotherapy delivery into the tumor, tumor burden reduction, immunotherapy 
combination therapies, activated liposomes, and the use of microbubbles. Clinical trials 
should replicate current clinical realities.

.  .  .  .  . 

How Can the Immune Response  
Improve Results in Pancreatic Cancer?

Petros Mouratidis from the Institute of Cancer Research (ICR) described how a 
specific immune response—the abscopal effect—might improve treatment results for 
patients with pancreatic cancer.

The goal of cancer immunotherapy is to initiate a self-sustaining cycle of cancer immunity. 
Checkpoint inhibitors, oncolytic viruses, cancer vaccines, bispecific antibodies, and CAR-T 
cells can contribute to enabling, amplifying, and propagating the cancer immunity cycle 
without generating unrestrained autoimmune inflammatory responses.12 Scientists have 
manipulated various stages of the cancer immunity cycle and the interventions have been 
effective in some, but not all patients with various types of cancers.13 Essentially, not every 
patient treated with immunotherapy receives the same benefit.

The abscopal effect is defined as the destruction of tumors at anatomical locations 
far outside of the treated tumor, probably owing to activation of systemic antitumor 
immunity. First described in 1953, the treatment schedule has been identified as a factor 
in creating an abscopal effect, which improves patient survival. More than 45 cases were 
reported prior to 2014.14, 15 The biological mechanism underlying the abscopal effect is not 
yet fully understood, but the following parameters are likely to be involved: optimal dose 
range, single or multiple fractions, the sequence of combination treatments, the number 
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of sites treated, the relevance of preclinical models, and tumor heterogeneity and evolution 
(i.e., the communication between the tumor microenvironment and the tumor).

In recent preclinical studies, the abscopal effect has been demonstrated with both FUS 
ablation and cavitation. In a preclinical in vivo study of metastatic mammary carcinoma, 
Silvestrini et al. found priming with immunotherapeutic agents to be the key to effective 
incorporation of image-guided thermal ablation into an immunotherapy protocol.16 
Silvestrini’s results also showed that 80 percent of the nonirradiated tumors were 
eliminated by day six and that survival was improved to 100 days for those treated with 
combination therapies. Although the FUS model may or may not have been relevant, 
the critical finding was that immunotherapy must be given before the immune system is 
activated. A preclinical in vivo colorectal cancer study designed to use microbubbles and 
cavitation to improve checkpoint inhibitor therapy found an abscopal effect following 
FUS cavitation with 50 pulses, 0.1 ms long, 1 ms apart, repeated at 20 sec intervals for 
a total exposure duration of 2 minutes, with peak negative pressures of 1.65Mpa.17 This 
study provides an example of an adaptive immune response after treatment with an FUS 
protocol. Clinically, FUS ablation has been associated with an abscopal effect in patients 
with pancreatic cancer. A 2016 case report of a 74-year-old patient with anaplastic 
pancreatic carcinoma showed a reduction in tumor size after 6 weeks and further reduction 
16 weeks after FUS treatment.18

To answer the question, “How can the immune response improve results in pancreatic 
cancer and induce an abscopal effect?”, Mouratidis and his group at the ICR are testing 
whether FUS-induced thermal ablation and cavitation can augment the anticancer effects 
of immunotherapy, induce the abscopal effect, and protect against rechallenge (publication 
in progress). The group observed that pulsed FUS plus anti-cytotoxic T-lymphocyte–
associated antigen 4 (CTLA-4) and anti-programmed cell death protein 1 (PD1) immune 
checkpoint inhibitors decreased the relative volumes of orthotopic pancreatic tumors. The 
low number of abscopal effect case reports suggests a high threshold for the potency of 
immune activation to translate into a clinically relevant response. Therefore, there is an 
urgent need to design, test, and compare treatment regimens (dose, number of fractions, 
sequencing) of FUS-based combination treatments for cancers with different physical 
(stiffness, water content, extracellular matrix [ECM] density) and biological (mutation 
burden immunogenicity) characteristics. In pancreatic cancer, there is a need to understand 
whether mechanical changes in the tumor microenvironment or inflammatory-mediated 
changes in the immune phenotype are the predominant cause of the effect observed after 
FUS treatment. Additional FUS studies on pancreatic cancer and immunotherapy have 
been published.19, 20, 21, 22, 23

The abscopal effect has also been found in other types of cancer with the application 
of energy from radiofrequency ablation, magnet-mediated hyperthermia and magnetic 
nanoparticles, electro-hyperthermia, and cryoablation.24,25,26, 27, 28, 29, 30 A 2017 case report 
showed an abscopal effect in a patient with metastatic pancreatic cancer (lung and liver 
metastases) following local radiotherap.31

.  .  .  .  . 
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Are There Preclinical Immune Therapies Using 
Focused Ultrasound that Are Ready for Clinical Application?

Katherine Ferrara from Stanford University presented data for attendees to help determine 
whether preclinical FUS immune therapies were ready for translation to clinical applications.

Dr. Ferrara’s work centers on combining activatable chemotherapy or ablation with innate 
immune stimulants (agonists) to achieve an in-situ vaccination against cancer. Agonists 
currently in clinical trials include toll-like receptor agonists, CD40, adenosine A2aR, 
and stimulator of interferon genes (STING) protein. Agonists can be injected locally or 
systemically to enhance the innate immune response and synergize with focal therapy. 
Clinical trials combining radiation therapy and immunotherapy are ahead of those using 
FUS. Multiple clinical trials are currently underway combining agonist therapies with 
checkpoint inhibitors and radiotherapy. Dr. Ferrara said that these are examples of the types 
of studies that could be considered for the incorporation of FUS.

Her laboratory uses preclinical models to study both treated and distant tumors. She 
showed that there are four important mechanisms by which focal ablation synergizes with 
immunotherapy: 1) tumor cells within a defined region of interest can be killed (thermal 
ablation can eliminate all cells); 2) therapeutic penetration of the tumor and accumulation 
at the boundary is enhanced due to leaky blood vessels and loss of cell-cell integrity; 
3) tumor-specific antigen is presented on macrophages and dendritic cells (DCs) in 
tumor and lymph nodes at higher levels than achievable by either treatment alone; and 
4) dying tumor cells release cytokines, inducing a viral-like antitumor response.32, 33  
The group sought to incorporate agonists and checkpoint inhibitors into a priming 
protocol and found that adding immunotherapy before ablation enhanced antigen levels 
in the lymph nodes, blood, and spleen. When starting with immunotherapy, the effects 
build. A locally injected CpG plus an anti-PD1 antibody activated innate immune sensors, 
altered the extracellular matrix, and enhanced chemokines, inflammatory cytokines and 
T cell costimulatory factors. Finally, adding ablation amplifies these effects and enhances 
the “hot tumor.” Researchers are currently trying to understand the mechanisms, because 
combining ablation and immunotherapy alters the expression of 10,000 genes, which 
is greater than when applying immunotherapy alone. There is a much greater effect 
magnitude with the combined treatment; in fact, the effect size is up to four standard 
deviations from the mean with changes in expression of some important genes exceeding 
80-fold. Antitumor gene expression is thus enhanced, as is anti-tumor efficacy. Ablation 
alone induces fewer immune effects and fewer innate immune sensors. The group also 
combined agonists with mechanical FUS protocols and observed a smaller infiltration 
of CD8+ T cells as a result of this combination as compared with agonists combined 
with ablation.

In summary, FUS ablation releases antigen and cytokines, enhances therapeutic 
accumulation, destroys viable tumor, and synergizes with agonists. FUS creates a 
significantly greater immune response and affects ECM modulation, innate immune 
sensors, and chemokines.

.  .  .  .  . 
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Are There Focused Ultrasound-based 
Preclinical Drug Delivery Options that are 
Close to Being Used for Clinical Treatment?

Holger Grüll from Uniklinik Köln discussed FUS-based preclinical drug delivery options 
that are in development for clinical treatment.
 
To demonstrate how FUS works to deliver drugs to pancreatic cancer, Dr. Grüll showed 
a video of drug delivery to the pancreas from temperature sensitive liposomes (TSLs). 
This hyperthermia-induced drug delivery model uses FUS for local heating to 42°C prior 
to the injection of the TSL delivery systems. The increased temperature at the tumor 
triggers the release of the TSL’s payload.34

 
Historically the melting transition process in lipids affected their ability to deliver drugs, 
because the melting temperature depended on whether the lipid was saturated, whether 
it was mixed with other lipids, and the length of the lipid chain. Lipids begin to turn 
to gel at physiological temperatures, or approximately 41°C, where they undergo 
a gel-to-liquid crystalline transition, increased membrane permeability, and the formation 
of transient grain boundaries in the lipid layer.35, 36, 37,38 Modern lyso-lipid-based TSLs, 
such as ThermoDox, now have stabilized pores, and the composition for most TSLs are 
now similar.34, 37, 39, 40, 41, 42

 
Are there FUS-based preclinical drug delivery options that are close to being used for 
clinical treatment? Several TSLs are available or in development. A CE-certified system 
is needed for magnetic resonance (MR)-guided HIFU hyperthermia (and ablation) 
of PDAC; Profound Medical’s Sonalleve platform has been in development for this 
application for 2 to 3 years.
 
To provide pancreatic cancer therapy using MR-HIFU, access to the pancreas is needed. 
The typical depth of pancreatic tumors is 7–16 cm, and critical structures (e.g., nerves 
and blood vessels) surround the pancreas. Other challenges are beam path obstruction by 
bowel and stomach tissue and motion from breathing and peristalsis.43, 44

 
Preclinical MR-HIFU treatment protocols have been developed and published.42 Imaging 
and the predicted response from image-guided drug delivery have been described.45 HIFU 
heating strategies can target the tumor border zones or the tumor core, but combination 
protocols may be the most optimal, including the combination of ablation plus TSL drug 
delivery. In this case, the hyperthermia and TSL delivery precede the ablation of whatever 
tissue is left that can be ablated safely. During TSL delivery, doxorubicin accumulates on 
the outside of the tumor. There is also a danger zone near the ablation area: viable tissue 
that later recovers and creates a recurrence of the tumor. Possible treatment protocols 
include ablation alone, ablation plus TSL delivery, and hyperthermia plus TSL delivery, 
but hyperthermia plus TSL delivery followed by ablation produced the best survival 
advantage.46 Various quantities of doxorubicin have been used in preclinical rat studies 
in two models. MR-HIFU has been tested in a PDAC mouse model;47 i.e. in that study, 
hyperthermia increased the delivery and the uptake of doxorubicin by the tumor.
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Several factors need to be addressed for clinical translation, including the following:
 
n	 Clinical MR-HIFU-induced hyperthermia
 
n	 Patient preparation protocol with a spacer to compress bowel
 
n	 Pancreas ablation using MR-HIFU
 
n	 Preclinical hyperthermia in a porcine model
 
n	 TSLs for clinical use
 
n	 Drug delivery protocols in large animals mimicking the clinical protocol
 
Although not in pancreatic cancer, clinical hyperthermia treatments have begun at 
University Hospital Cologne. A patient with sarcoma was treated with an infusion of 
olaratumab followed by an infusion of doxorubicin plus MR-HIFU induced hyperthermia 
every three weeks. Olaratumab is a human antiplatelet-derived growth factor receptor α 
(PDGFRα) monoclonal antibody that has antitumor activity in human sarcoma xenografts. 
Although the patient experienced bladder pain, the team developed a protocol for staging, 
treatment, volumetric heating, manual control of the hyperthermia application, and novel 
ideas for patient positioning and the use of a transparent acoustics spacer.
 
To prepare for human clinical trials, the team performed a pancreas ablation in a porcine 
model with the Sonalleve v2 system. Five reproducible ablations were applied during a 
one-minute phase of apnea with success at multiple ablation spots and no side effects after 
proper patient preparation. For future approaches, the team is developing a predictive 
control model to replace the currently used model of binary control (data to be published), 
and they are currently testing the custom software.

.  .  .  .  . 

Technical Considerations for Using Focused Ultrasound

Chrit Moonen ffrom Universitair Medisch Centrum Utrecht discussed technical 
considerations for using FUS to treat pancreatic cancer.
 
There are several challenges for MR-HIFU of the pancreas: HIFU access to the pancreas 
must pass through the stomach, duodenum, and ribs; the pancreas is in motion; and near-
field heating is a concern.
 
To address access to the pancreas, scientists at Utrecht designed and built a compression 
device constructed for improved acoustic access (in press as part of the image-guided 
pancreatic cancer therapy [iPaCT] project). To remove the air in the beam path and improve 
acoustic access and MR thermometry readings, Arthurs et al. proposed using pineapple juice 
for the fluid filling of the digestive track.48 The juice plus compression removes the air in the 
beam path. Respiratory-gated MR thermometry combined with 4 cm of compression could 
eliminate air and improved MR thermometry for MR-guided systems.
 
Real-time image processing of magnetic resonance imaging (MRI) images could address 
the challenge of physiological motion.49 This technique allows visualization of each voxel 

https://cordis.europa.eu/project/rcn/110781/factsheet/fr
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and the cyclic movement of the pancreas. Data is recorded to correct the beam for the 
motion. Several technical solutions have been proposed for beam steering and respiratory 
gating with FUS that may be applicable for pancreatic cancer.50, 51, 52, 53, 54, 55, 56

To address the challenge of rib obstruction and near-field heating, another iPaCT project 
developed a novel, MR-compatible transducer with a spiral design.57 Similarly, Wijlemans 
et al. also designed a phased-array element configuration that reduces the bone heating of 
the ribs.58 Another transducer design is optimized for uterine fibroids to provide near-field 
energy density, and there are a multitude of possible transducer designs. Near-field heating 
can be quantified.59

Chrit Moonen’s conclusions and take-home messages included the following points:
 
n	 HIFU access and MR thermometry of the pancreas region can be improved with 
	 adapted patient preparation, including filling the stomach and duodenum with fluid
	 and use of a 2 to 4-cm spacer between the transducer and the skin.
 
n	 Real-time tracking of pancreas motion by MRI is possible. However, for now, 
	 respiratory gated HIFU, together with adapted sedation medication, is advisable.
 
n	 A new phased-array transducer has been designed and integrated in the Sonalleve 
	 platform. This Voronoi-Tiled-Fermat-Spiral (VTFS) has superior characteristics 
	 for HIFU heating, as demonstrated by simulations, hydrophone measurements, 
	 nd phantoms.
 
n	 After applying a binary apodization law for intercostal sonication, VTFS-transducers 
	 maintain a greater active surface compared to clinically available transducers. 
	 With VTFS, the distribution of absorbed energy in the near-field is more favorable. 
	 VTFS-transducers maintain higher focal point intensity, reducing the overall sonication 
	 time for the desired energy deposition in the target volume.
 
n	 Shortening the total sonication time reduces the amount of energy that is absorbed 
	 in the near-field.
 
n	 Near-field heating remains a limitation for ablation of the pancreas, and even more
	 so for hyperthermia of typical volumes for prolonged periods.
 
n	 Can we use nonlinear effects for ablation of pancreas cancer?

.  .  .  .  . 
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Discussion from Presentations

Participants discussed the subgroup of patients with pancreatic cancer who have a high 
response to treatment (e.g., a man in his 70s with localized pancreatic cancer that recurred 
a number of years later. He had Lynch Syndrome, was treated with checkpoint inhibitors, 
and lived 11 years. He also got stomach cancer and two other cancers). It is a unique 
subgroup of patients with a different natural history.

There was a question as to what extent pancreatic cancer metastases resemble the primary 
tumor. Eileen O’Reilly said that there is a notion that the metastases have a significant 
stromal component, but it is less than what is seen in the primary tumor.

A medical oncologist said that it was striking that FUS research in this area was highly 
limited, non-rigorous, and not institutional-based. He was convinced that FUS reduced 
pain, but saw no evidence for why it would work in metastatic disease, saying that the studies 
did not differentiate whether FUS alone or other, later interventions influenced survival. 
Regardless, the overall survival in the published studies was not better than that achieved 
with single-agent chemotherapy. Joan Vidal-Jové responded that patients have not typically 
tried FUS until after chemotherapy failed; therefore, designing clinical trials with controlled 
variables, perhaps between cycles of chemotherapy, might be a place to start.

A participant said that pancreatic cancer was a systemic disease and suggested evaluating the 
data more carefully to theorize where the improved benefit might be originating; eventual 
systemic control would be the goal when there are circulating tumor cells.

Regarding the abscopal effect, Joan Vidal-Jové said that it occurred in three out of 200 of 
his patients, when treatment included the primary tumor and the metastases, but noted that 
Alessandro Napoli has observed it in a greater percentage of patients. Joan Vidal-Jové uses 
FUS hyperthermic ablation. He said that others who are working with histotripsy may 
be achieving a better immune response. Joo Ha Hwang explained the FUS mechanisms for 
damaging tissues (hyperthermia, ablation, histotripsy) and noted that histotripsy has the 
ability to destroy cells without denaturing the proteins. Importantly, each FUS mechanism is 
completely noninvasive and non-ionizing.

Naren Sanghvi raised the question of the right instrument and the best approach for 
reaching the pancreas (e.g., approaching through the stomach instead of through the skin). 
A participant asked what proportion of locally advanced cases were amenable to FUS. Joan 
Vidal-Jové responded that 70–90 percent can be reached for partial treatment but that it 
was almost impossible to do 100 percent ablation.

The group discussed metrics for assessing the effectiveness of clinical trials. There was 
a question on performing core biopsies during oncology clinical trials, which would be 
needed to prove that an intervention was modulating the tumor microenvironment. 
Tim Bullock described a clinical trial at the University of Virginia that is looking at the tumor 
microenvironment, and another participant said that proteomics can be used to measure 
systemic responses to an intervention. Collecting and analyzing serum is used to determine 
cytokine responses.
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In response to a question about the time points for measuring immune response changes, 
Kathy Ferrara said 24 hours to 7 days. She cautioned that it is dangerous to perform 
RNA sequencing too early and her laboratory is careful not to interpret the data too early. 
At the 7-day time point, the T-cell population in the tumor shows a robust distant response. 
Her group also evaluates the blood, spleen, and lymph nodes at each time point.

Participants also questioned whether the elevated immune effects were seen with ablation 
from any type of energy (e.g., radiation). It is difficult to conform a treatment region with 
radiofrequency ablation. Kathy Ferrara said that the FUS mechanical effect is likely creating 
the immune response and her group plans to study the degree to which it impacts survival. 
It is possible that the FUS is sparking a local fire that releases cytokines and educates cells and 
then that fire spreads systemically.

In response to a question about the optimal ablation temperature, Kathy Ferrara said that 
60 degrees is high enough to see an effect, but the effect is lost if the entire tumor is ablated 
or heat-fixed.

In a discussion of heat effect versus mechanical effect versus other therapy parameters, 
Kathy Ferrara said that FUS changes start to heal at 48 hours, but mechanical FUS is even 
faster. With radiation therapy, the cells do not have time to create interferon, so that effect 
is lost. Kathy Ferrara said that thermal ablation is superior, and it is what is needed to create 
the immune response because the cell needs time as it dies to produce the type 1 IFN. 
Mechanical ablation, or mechanically changing the tissue, can cause cell death too quickly.

In response to a question about the types of cancer she has studied, Kathy Ferrara said breast 
cancer and pancreatic cancer cell lines. The group discussed the possibility of creating a 
pancreatic cancer model that is responsive to immunotherapy.

The group discussed novel TSLs that are in development and which therapeutic agents or 
drugs could be delivered by TSLs, including immune activating agents. Tatiana Khokhlova 
said that although hydrophobic drugs are difficult to encapsulate, there are some tricks to 
turning them into a hydrophilic prodrug.

Participants discussed beam steering versus gating, along with technical solutions for 
treating a conscious patient under free-breathing conditions. Anesthesiologists have tricks 
for sedation, breathing control, and displacement of the diaphragm. With regard to filling 
the stomach and duodenum with pineapple juice to reduce air, Pejman Ghanouni wondered 
whether anesthesiologists would allow this practice prior to a procedure that involves 
sedation.

A participant asked about using endoscopic ultrasound to approach the pancreas, which 
launched a discussion of whether endoscopic limitations could be addressed (e.g, the 
magnetic resonance environment).

.  .  .  .  . 
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Panel Discussion of Burning Questions
Moderator Joo Ha Hwang and panelists Joan Vidal-Jové, Alessandro Napoli, 
Gail ter Haar, and Gabriela Chiorean led attendees through a discussion of 
burning questions. Group discussion elicited the following responses:

.  .  .  .  . 

What are the possible clinical indications for FUS regimens? 
	 l	pain palliation 
	 l	 tumor ablation 
	 l	 targeted drug delivery 
	 l	 local tumor control 
	 l	 immunotherapy 
	 l	preoperative tumor volume reduction

Which focused ultrasound mechanisms of action could be employed to treat 
pancreatic cancer? 
	 l	Tumor ablation via thermal ablation or mechanical ablation (i.e., histotripsy) 
	 l	Drug delivery via pulsed FUS plus a systemic drug 
	 l	Drug delivery via TSLs: what drugs should be loaded into the TSLs? 
	 l	Radiosensitization (i.e., hyperthermia) 
	 l	Timing considerations for FUS with other therapies

Are there animal models and tumor models that can be used for pancreatic cancer research? 
	 l	Subcutaneous 
	 l	Orthotopic 
	 l	Genetically engineered (i.e., KPC mouse model)

What technological advances are needed? 
	 l	Treatment planning that includes identification of critical structures around the tumor 	
		  (e.g., vessels, nerves, lumen, ducts, and more) 
	 l	 Image guidance and targeting 
	 l	Treatment monitoring 
	 l	Defining cavitation dosimetry for mechanical ablation trials 
	 l	Compensation for respiratory motion using gated respiration, breath holds, 
		  or high-frequency jet ventilation 
	 l	Patient positioning (prone vs. supine) 
	 l	Endoscopic transducer development 
	 l	Determining which medical specialists should be treating patients with FUS
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What is needed to use immune therapy to treat pancreatic cancer? 
	 l	Determining whether enough is known to pursue a clinical trial with FUS and immune 
		  therapy. (Some of the presented material in the Workshop is unpublished. It may be 
		  that following publication, the translation to clinical treatment can begin.) 
	 l	Establishing metrics for measuring effectiveness in immune treatment 
				    n	Collecting and analyzing tissue specimens to evaluate for an immune response 
				    n	Measuring a change in T-cell population 
				    n	Measuring levels of PDL1, IDO, LAG 
	 l	 Identification of a tumor marker

What are the priorities? 
	 l	Pain palliation 
	 l	Tumor ablation for local tumor control and/or preoperative tumor volume reduction 
	 l	 Immunotherapy 
	 l	Drug delivery using pulsed FUS plus a systemic drug, or hyperthermia + TSL 
		  loaded with drug 
	 l	Device development, including better transducers, motion compensation, and 
		  endoscopic devices
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Developing a Clinical Roadmap
To move forward with developing the use of FUS to treat patients with pancreatic cancer, 
workshop participants chose the following pathways.

Route 1
For FUS ablation, conduct a clinical trial wherein patients with stage 3 or 4 pancreatic cancer 
would receive FUS ablation plus chemotherapy versus chemotherapy alone using current 
state-of-the-art chemotherapy regimens.

Route 2
For FUS-enhanced drug delivery, (a) determine how much of an increase in drug delivery would 
be clinically significant (preclinical study); (b) improve FUS technology to reliably achieve stable 
hyperthermia to pancreatic tumors; and (c) treat patients with stage 3 or 4 pancreatic cancer 
using current chemotherapeutic agents.

Route 3
For FUS-enhanced immunotherapy, initiate a collaborative, multicenter trial performing immune 
treatment on patients with pancreatic cancer in an effort to reliably produce an abscopal effect 
(i.e., disappearing metastases). This may include (a) performing additional preclinical studies 
in appropriate mouse models of pancreatic cancer to evaluate treatment regimens using 
immune agonist and checkpoint inhibitor prior to FUS ablation; and (b) obtaining biopsies before 
and after FUS ablation in treatment-naïve patients to evaluate the immune response resulting 
from ablation.

A future protocol idea would be to start with a biopsy (the standard of care), and then apply 
HIFU one time. Another biopsy should be taken at least one week later to measure the 
effects of the HIFU, and serum markers should be checked to evaluate those patients as they 
progress through chemotherapy.

The group discussed clinical end points such as safety, the percentage of pain reduction 
(e.g., 90 percent), the percentage of tumor shrinkage, a length of time for progression-free 
survival, and a change in the immune response. 

FDA representatives advocated for a step-wise approach to treating patients in clinical trials, 
meaning providing the FUS alone before adding drug delivery.

Next Steps
The FUS Foundation encouraged participants to submit research ideas and project proposals 
in this area. The Foundation will continue engagement with this community to move the 
research forward.



Focused Ultrasound Foundation

	 18 	 The Role of  Focused Ultrasound in Pancreatic Cancer

References
	 1	 Ning Z, Cheng C, Xie J, Chen Q, Xu L, Zhuang L, et al. A Retrospective Analysis of Survival Factors of 
		  High Intensity Focused Ultrasound (HIFU) Treatment for Unresectable Pancreatic Cancer. Discov 
		  Med. 2016 Jun 24;21(118):435–45. 

	 2	 Strunk HM, Henseler J, Rauch M, Mücke M, Kukuk G, Cuhls H, et al. Clinical Use of High-Intensity 
		  Focused Ultrasound (HIFU) for Tumor and Pain Reduction in Advanced Pancreatic Cancer. 
		  ROFO Fortschr Geb Rontgenstr Nuklearmed. 2016 Jul;188(7):662–70.

	 3	 Marinova M, Strunk HM, Rauch M, Henseler J, Clarens T, Brüx L, et al. [High-intensity focused 
ultrasound (HIFU) for tumor pain relief in inoperable pancreatic cancer : Evaluation with the pain 
sensation scale (SES)]. Schmerz Berl Ger. 2017 Feb;31(1):31–9. 

	 4	 Strunk HM, Henseler J, Rauch M, Mücke M, Kukuk G, Cuhls H, et al. Clinical Use of High-Intensity 
Focused Ultrasound (HIFU) for Tumor and Pain Reduction in Advanced Pancreatic Cancer. ROFO 
Fortschr Geb Rontgenstr Nuklearmed. 2016 Jul;188(7):662–70. 

	 5	 Marinova M, Strunk HM, Rauch M, Henseler J, Clarens T, Brüx L, et al. [High-intensity focused 
ultrasound (HIFU) for tumor pain relief in inoperable pancreatic cancer : Evaluation with the pain 
sensation scale (SES)]. Schmerz Berl Ger. 2017 Feb;31(1):31–9. 

	 6		 Marinova M, Wilhelm-Buchstab T, Strunk H. Advanced Pancreatic Cancer: High-Intensity Focused 
Ultrasound (HIFU) and Other Local Ablative Therapies. ROFO Fortschr Geb Rontgenstr Nuklearmed. 
2019 Mar;191(3):216–27. 

	 7	 Dimitrov D, Karamanliev M, Stanislavova N, Feradova H, Ivanova-Yoncheva Y, Yotsov T, et al. Clinical 
safety of focused ultrasound surgery in the treatment of advanced pancreatic cancer patients—
single center prospective study. J IMAB – Annu Proceeding Sci Pap. 2019 Feb 22;25(1):2384–9.

	 8	 Mauri G, Nicosia L, Xu Z, Di Pietro S, Monfardini L, Bonomo G, et al. Focused ultrasound: tumour 
ablation and its potential to enhance immunological therapy to cancer. Br J Radiol [Internet]. 2018 
Mar [cited 2019 Mar 18];91(1083). Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5965486/

	 9	 Vidal-Jove J, Perich E, del Castillo MA. Ultrasound Guided High Intensity Focused Ultrasound for 
malignant tumors: The Spanish experience of survival advantage in stage III and IV pancreatic 
cancer. Ultrason Sonochem. 2015 Nov 1;27:703–6.

	10	 Dababou S, Marrocchio C, Rosenberg J, Bitton R, Pauly KB, Napoli A, et al. A meta-analysis of 
palliative treatment of pancreatic cancer with high intensity focused ultrasound. J Ther Ultrasound 
[Internet]. 2017 Apr 1 [cited 2019 Mar 18];5. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5376281/

	11	 Dababou S, Marrocchio C, Scipione R, Erasmus H-P, Ghanouni P, Anzidei M, et al. High-Intensity 
Focused Ultrasound for Pain Management in Patients with Cancer. RadioGraphics. 2018 Jan 
30;38(2):603–23.

	12	 Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WEE, Poddubskaya E, et al. Nivolumab versus 
Docetaxel in Advanced Squamous-Cell Non–Small-Cell Lung Cancer. N Engl J Med. 2015 Jul 
9;373(2):123–35.

	13	  Chen DS, Mellman I. Oncology Meets Immunology: The Cancer-Immunity Cycle. Immunity. 2013 Jul 
25;39(1):1–10.



Focused Ultrasound Foundation

The Role of  Focused Ultrasound in Pancreatic Cancer	 		  19

	14	  Postow MA, Callahan MK, Barker CA, Yamada Y, Yuan J, Kitano S, et al. Immunologic Correlates 
of the Abscopal Effect in a Patient with Melanoma [Internet]. http://dx.doi.org/10.1056/
NEJMoa1112824. 2012 [cited 2019 Mar 23]. Available from: https://www.nejm.org/doi/10.1056/
NEJMoa1112824?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_
pub%3Dwww.ncbi.nlm.nih.gov

		  15	 Grimaldi AM, Simeone E, Giannarelli D, Muto P, Falivene S, Borzillo V, et al. Abscopal effects 
of radiotherapy on advanced melanoma patients who progressed after ipilimumab immunotherapy. 
Oncoimmunology [Internet]. 2014 May 14 [cited 2019 Mar 23];3. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4106166/

	16	  Silvestrini MT, Ingham ES, Mahakian LM, Kheirolomoom A, Liu Y, Fite BZ, et al. Priming is key to 
effective incorporation of image-guided thermal ablation into immunotherapy protocols. JCI Insight 
[Internet]. 2017 Mar 23 [cited 2019 Mar 23];2(6). Available from: https://insight.jci.org/articles/
view/90521

	17	 Bulner S, Prodeus A, Gariepy J, Hynynen K, Goertz DE. Enhancing Checkpoint Inhibitor Therapy with 
Ultrasound Stimulated Microbubbles. Ultrasound Med Biol. 2019 Feb 1;45(2):500–12.

	18	 Ungaro A, Orsi F, Casadio C, Galdy S, Spada F, Aless C, et al. Successful palliative approach with 
high-intensity focused ultrasound in a patient with metastatic anaplastic pancreatic carcinoma: 
a case report [Internet]. 2016 [cited 2019 Mar 24]. Available from: /journal/10/related/635-
successful-palliative-approach-with-high-intensity-focused-ultrasound-in-a-patient-with-
metastatic-anaplastic-pancreatic-carcinoma-a-case-report.php

	19	 Zhang Q, Bao C, Cai X, Jin L, Sun L, Lang Y, et al. Sonodynamic therapy-assisted immunotherapy: 
		  A novel modality for cancer treatment. Cancer Sci. 2018 May;109(5):1330–45.

	20	 Rech AJ, Dada H, Kotzin JJ, Henao-Mejia J, Minn AJ, Victor CT-S, et al. Radiotherapy and CD40 
Activation Separately Augment Immunity to Checkpoint Blockade in Cancer. Cancer Res. 2018 Aug 
1;78(15):4282–91.

	21	 Yasmin-Karim S, Bruck PT, Moreau M, Kunjachan S, Chen GZ, Kumar R, et al. Radiation and Local 
Anti-CD40 Generate an Effective in situ Vaccine in Preclinical Models of Pancreatic Cancer. Front 
Immunol [Internet]. 2018 [cited 2019 Mar 24];9. Available from: https://www.frontiersin.org/
articles/10.3389/fimmu.2018.02030/full

22	 O’Leary MP, Choi AH, Kim S-I, Chaurasiya S, Lu J, Park AK, et al. Novel oncolytic chimeric 
orthopoxvirus causes regression of pancreatic cancer xenografts and exhibits abscopal effect at 
a single low dose. J Transl Med [Internet]. 2018 Apr 26 [cited 2019 Mar 24];16. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5918769/

	23	 Blanquicett C, Saif MW, Buchsbaum DJ, Eloubeidi M, Vickers SM, Chhieng DC, et al. Antitumor 
Efficacy of Capecitabine and Celecoxib in Irradiated and Lead-Shielded, Contralateral Human BxPC-
3 Pancreatic Cancer Xenografts: Clinical Implications of Abscopal Effects. Clin Cancer Res. 2005 
Dec 15;11(24):8773–81.

	24	 Sánchez-Ortiz RF, Tannir N, Ahrar K, Wood CG. Spontaneous regression of pulmonary metastases 
from renal cell carcinoma after radio frequency ablation of primary tumor: an in situ tumor vaccine? 
J Urol. 2003 Jul;170(1):178–9.

25		 Kato H, Nakamura M, Muramatsu M, Orito E, Ueda R, Mizokami M. Spontaneous regression 
of hepatocellular carcinoma: two case reports and a literature review. Hepatol Res. 2004 Jul 
1;29(3):180–90.



Focused Ultrasound Foundation

	 20 	 The Role of  Focused Ultrasound in Pancreatic Cancer

	26	 Rao P, Escudier B, de Baere T. Spontaneous Regression of Multiple Pulmonary Metastases 
After Radiofrequency Ablation of a Single Metastasis. Cardiovasc Intervent Radiol. 2011 Apr 
1;34(2):424–30.

27	 Wang H, Zhang L, Shi Y, Javidiparsijani S, Wang G, Li X, et al. Abscopal antitumor immune 
effects of magnet-mediated hyperthermia at a high therapeutic temperature on Walker-256 
carcinosarcomas in rats. Oncol Lett. 2014 Mar;7(3):764–70.

28	 Hoopes PJ, Mazur CM, Osterberg B, Song A, Gladstone DJ, Steinmetz NF, et al. Effect of intra-
tumoral magnetic nanoparticle hyperthermia and viral nanoparticle immunogenicity on primary 
and metastatic cancer. Proc SPIE-- Int Soc Opt Eng [Internet]. 2017 [cited 2019 Mar 24];10066. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5711520/

29	 Qin W, Akutsu Y, Andocs G, Suganami A, Hu X, Yusup G, et al. Modulated electro-hyperthermia 
enhances dendritic cell therapy through an abscopal effect in mice. Oncol Rep. 2014 Dec 
1;32(6):2373–9.

30	  Thakur A, Littrup P, Paul EN, Adam B, Heilbrun LK, Lum LG. Induction of specific cellular and 
humoral responses against renal cell carcinoma after combination therapy with cryoablation 
and granulocyte-macrophage colony stimulating factor: a pilot study. J Immunother Hagerstown 
Md 1997. 2011 Jun;34(5):457–67.

	31	 Shi F, Wang X, Teng F, Kong L, Yu J. Abscopal effect of metastatic pancreatic cancer after local 
radiotherapy and granulocyte-macrophage colony-stimulating factor therapy. Cancer Biol Ther. 
2017 Mar 7;18(3):137–41.

	32	 Wong AW, Fite BZ, Liu Y, Kheirolomoom A, Seo JW, Watson KD, et al. Ultrasound ablation 
enhances drug accumulation and survival in mammary carcinoma models. J Clin Invest. 
126(1):99–111.

	33	 Chavez M, Silvestrini MT, Ingham ES, Fite BZ, Mahakian LM, Tam SM, et al. Distinct immune 
signatures in directly treated and distant tumors result from TLR adjuvants and focal ablation. 
Theranostics. 2018;8(13):3611–28.

	34	 Grüll H, Langereis S. Hyperthermia-triggered drug delivery from temperature-sensitive 
liposomes using MRI-guided high intensity focused ultrasound. J Controlled Release. 2012 Jul 
20;161(2):317–27.

	35	 Weinstein JN, Magin RL, Yatvin MB, Zaharko DS. Liposomes and local hyperthermia: selective 
delivery of methotrexate to heated tumors. Science. 1979 Apr 13;204(4389):188–91.

	36	 Jacobson K, Papahadjopoulos D. Phase transitions and phase separations in phospholipid 
membranes induced by changes in temperature, pH, and concentration of bivalent cations. 
Biochemistry. 1975 Jan 14;14(1):152–61.

	37	 Mabrey S, Sturtevant JM. Investigation of phase transitions of lipids and lipid mixtures by 
sensitivity differential scanning calorimetry. Proc Natl Acad Sci U S A. 1976 Nov;73(11):3862–6.

	38	 Yatvin MB, Weinstein JN, Dennis WH, Blumenthal R. Design of liposomes for enhanced local 
release of drugs by hyperthermia. Science. 1978 Dec 22;202(4374):1290–3.

	39	 Al-Ahmady Z, Kostarelos K. Chemical Components for the Design of Temperature-Responsive 
Vesicles as Cancer Therapeutics. Chem Rev. 2016 Mar 23;116(6):3883–918.

40	 Needham D, Park J-Y, Wright AM, Tong J. Materials characterization of the low temperature 
sensitive liposome (LTSL): effects of the lipid composition (lysolipid and DSPE–PEG2000) on 
the thermal transition and release of doxorubicin. Faraday Discuss. 2013 Jan 24;161(0):515–34.



Focused Ultrasound Foundation

The Role of  Focused Ultrasound in Pancreatic Cancer	 		  21

	41	 Gaber MH, Hong K, Huang SK, Papahadjopoulos D. Thermosensitive Sterically Stabilized Liposomes: 
Formulation and in Vitro Studies on Mechanism of Doxorubicin Release by Bovine Serum and 
Human Plasma. Pharm Res. 1995 Oct 1;12(10):1407–16.

42	 Hijnen N, Langereis S, Grüll H. Magnetic resonance guided high-intensity focused ultrasound for 
image-guided temperature-induced drug delivery. Adv Drug Deliv Rev. 2014 Jun 15;72:65–81.

43	 Khokhlova TD, Hwang JH. HIFU for Palliative Treatment of Pancreatic Cancer. In: Escoffre J-M, 
Bouakaz A, editors. Therapeutic Ultrasound [Internet]. Cham: Springer International Publishing; 
2016 [cited 2019 Mar 24]. p. 83–95. (Advances in Experimental Medicine and Biology). Available 
from: https://doi.org/10.1007/978-3-319-22536-4_5

44	 Anzidei M, Marincola B, Bezzi M, Brachetti G, Nudo F, Cortesi E, et al. Magnetic Resonance–Guided 
High-Intensity Focused Ultrasound Treatment of Locally Advanced Pancreatic Adenocarcinoma. 
Invest Radiol. 2014 Dec 1;49(12):759–65.

45	 de Smet M, Langereis S, van den Bosch S, Bitter K, Hijnen NM, Heijman E, et al. SPECT/CT imaging 
of temperature-sensitive liposomes for MR-image guided drug delivery with high intensity focused 
ultrasound. J Controlled Release. 2013 Jul 10;169(1):82–90.

46	 Hijnen N, Kneepkens E, De MS, Langereis S, Heijman E, Grüll H. Thermal combination therapies for 
local drug delivery by magnetic resonance-guided high-intensity focused ultrasound. Proc Natl Acad 
Sci U S A. 2017 Jun 13;114(24):E4802–11.

47	  Farr N, Wang Y-N, D’Andrea S, Starr F, Partanen A, Gravelle KM, et al. Hyperthermia-enhanced 
targeted drug delivery using magnetic resonance-guided focussed ultrasound: a pre-clinical study 
in a genetic model of pancreatic cancer. Int J Hyperth Off J Eur Soc Hyperthermic Oncol North Am 
Hyperth Group. 2018 May;34(3):284–91.

48	 Arthurs OJ, Graves MJ, Edwards AD, Joubert I, Set PAK, Lomas DJ. Interactive neonatal 
gastrointestinal magnetic resonance imaging using fruit juice as an oral contrast media. BMC Med 
Imaging. 2014 Sep 22;14:33.

49	 Roujol S, Benois-Pineau J, de Senneville BD, Ries M, Quesson B, Moonen CTW. Robust real-time-
constrained estimation of respiratory motion for interventional MRI on mobile organs. IEEE Trans Inf 
Technol Biomed Publ IEEE Eng Med Biol Soc. 2012 May;16(3):365–74.

	50	 Holbrook AB, Ghanouni P, Santos JM, Dumoulin C, Medan Y, Pauly KB. Respiration Based Steering 
for High Intensity Focused Ultrasound Liver Ablation. Magn Reson Med Off J Soc Magn Reson Med 
Soc Magn Reson Med. 2014 Feb;71(2):797–806.xxxand metastatic cancer. Proc SPIE-- Int Soc Opt 
Eng [Internet]. 2017 [cited 2019 Mar 24];10066. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5711520/

	51	 Gedroyc W. New Clinical Applications of Magnetic Resonance-Guided Focused Ultrasound. Top 
Magn Reson Imaging. 2006 Jun 1;17(3):189–94. 

	52	 Kopelman D, Inbar Y, Hanannel A, Freundlich D, Vitek S, Schmidt R, et al. Magnetic resonance-
guided focused ultrasound surgery using an enhanced sonication technique in a pig muscle model. 
Eur J Radiol. 2006 Aug 1;59(2):190–7. 

	53	 Vigen KK, Daniel BL, Pauly JM, Butts K. Triggered, navigated, multi-baseline method for proton 
resonance frequency temperature mapping with respiratory motion. Magn Reson Med. 
2003;50(5):1003–10. 

	54	 Zwart JA de, Vimeux FC, Palussière J, Salomir R, Quesson B, Delalande C, et al. On-line correction 
and visualization of motion during MRI-controlled hyperthermia. Magn Reson Med. 

		  2001;45(1):128–37. 



Focused Ultrasound Foundation

	 22 	 The Role of  Focused Ultrasound in Pancreatic Cancer

	55	 Senneville BD de, Mougenot C, Moonen CTW. Real-time adaptive methods for treatment of mobile 
organs by MRI-controlled high-intensity focused ultrasound. Magn Reson Med. 2007;57(2):319–30. 

56	 Auboiroux V, Viallon M, Roland J, Hyacinthe J-N, Petrusca L, Morel DR, et al. ARFI-prepared 
MRgHIFU in liver: Simultaneous mapping of ARFI-displacement and temperature elevation, using a 
fast GRE-EPI sequence. Magn Reson Med. 2012;68(3):932–46. 

57	 Ramaekers P, Greef M de, Berriet R, Moonen CTW, Ries M. Evaluation of a novel therapeutic focused 
ultrasound transducer based on Fermat’s spiral. Phys Med Biol. 2017 May;62(12):5021–5045. 

58	 Wijlemans J, Greef M de, Schubert G, Bartels L, Moonen C, Bosch M van den, et al. A Clinically 
Feasible Treatment Protocol for Magnetic Resonance-Guided High-Intensity Focused Ultrasound 
Ablation in the Liver. Invest Radiol. 2015 Jan 1;50(1):24–31. 

59	 Mougenot C, Köhler MO, Enholm J, Quesson B, Moonen C. Quantification of near-field heating 
during volumetric MR-HIFU ablation. Med Phys. 2011;38(1):272–82. 

	60	 Pancreatic Cancer Stages [Internet]. [cited 2019 Mar 26]. Available from: https://www.cancer.org/
cancer/pancreatic-cancer/detection-diagnosis-staging/staging.html

	61	 Amin MB, American Joint Committee on Cancer, American Cancer Society, editors. AJCC cancer 
staging manual. Eight edition / editor-in-chief, Mahul B. Amin, MD, FCAP ; editors, Stephen B. Edge, 
MD, FACS [and 16 others] ; Donna M. Gress, RHIT, CTR-Technical editor ; Laura R. Meyer, CAPM-
Managing editor. Chicago IL: American Joint Committee on Cancer, Springer; 2017. 1024 p. 

	62	 Prognosis [Internet]. Hirshberg Foundation for Pancreatic Cancer Research. [cited 2019 Mar 26]. 
Available from: http://pancreatic.org/pancreatic-cancer/about-the-pancreas/prognosis/



Focused Ultrasound Foundation

The Role of  Focused Ultrasound in Pancreatic Cancer	 		  23

Abbreviations

AJCC	 American Joint Committee on Cancer

ARRAY	 Pancreatic Cancer International Registry

CAR-T 	 chimeric antigen receptor T

CD40 	 Cluster of differentiation 40, a costimulatory protein found on antigen-presenting cells

CDRH	 Center for Devices and Radiological Health

CRI	 Cancer Research Institute

CTLA	 cytotoxic T-lymphocyte-associated antigen 4

DC	 dendritic cells

ECM	 extracellular matrix

FDA	 Food and Drug Administration

FUS	 focused ultrasound

HA	 hyaluranon

HIFU	 high-intensity focused ultrasound

ICR	 Institute of Cancer Research

IFN 	 interferon

iPaCT	 image-guided pancreatic cancer therapy program

LTSL	 low temperature sensitive liposome

MR	 magnetic resonance

MRI 	 magnetic resonance imaging

NCCN	 National Comprehensive Cancer Network

NIBIB	 National Institute of Biomedical Imaging and Bioengineering

PancNETs	Pancreatic cancer neuroendocrine tumors

PD1	 programmed cell death protein 1

PDAC 	 pancreatic ductal adenocarcinoma

STING 	 stimulator of interferon genes

TSL 	 temperature sensitive liposome

VTFS	 Voronoi-tiled-Fermat-spiral



Focused Ultrasound Foundation

	 24 	 The Role of  Focused Ultrasound in Pancreatic Cancer

Workshop Participants 
Mathieu Allard, PhD
	 Profound Medical

Reiko Ashida, MD, PhD
	 Osaka International Cancer Institute 

Grischa Bratke, MD
	 Uniklinik Köln

Tanisha Brown-Caines, MBA
	 KAI Research

Timothy Bullock, PhD
	 University of Virginia

Gabriela Chiorean, MD
	 University of Washington

Douglas A. Christensen, PhD
	 University of Utah

Christian Coviello, PhD 
	 OxSonics

Christ J. Diederich, PhD
	 University of California, San Francisco

Avinash Eranki
	 National Institutes of Health

Keyvan Farahani, PhD
	 National Cancer Institute

Katherine W. Ferrara, PhD
	 Stanford University School of Medicine

Joseph A. Frank, MD 
	 National Institutes of Health Clinical Center

Bart Geboers, MD
	 Vrije Universiteit Medisch Centrum Amsterdam

Pejman Ghanouni, MD, PhD
	 Stanford University School of Medicine

Holger Grüll, PhD
	 Uniklinik Köln

Gregory M. Heestand, MD
	 Stanford University School of Medicine

Joo Ha Hwang, MD, PhD
	 Stanford University School of Medicine

Jürgen W. Jenne, PhD
	 Fraunhofer Institute for Digital Medicine MEVIS

Paul J. Karanicolas, MD, PhD
	 Sunnybrook Health Sciences Centre

Tatiana Khokhlova, PhD
	 University of Washington

Randy King, PhD
	 National Institute of Biomedical Imaging 
	 and Bioengineering (NIBIB)

Cyril Lafon, PhD
	 INSERM, LabTAU

Clayton T. Larsen
	 Vesselon

Jae Young Lee, MD, PhD
	 Seoul National University College of Medicine

Yun Lu, PhD
	 KAI Research

Vanessa M. Lucey, PhD
	 Cancer Research Institute

Subha Maruvada, PhD
	 FDA Center for Devices and Radiological Health 
	 (CDRH)

David Melodelima, PhD
	 INSERM, LabTAU

Arianna Menciassi, PhD
	 Scuola Superiore Sant’Anna

Craig H. Meyer, PhD
	 University of Virginia

Chrit Moonen, PhD
	 Universitair Medisch Centrum Utrecht

Petros Mouratidis, PhD
	 Institute of Cancer Research

Matthew R. Myers, PhD
	 FDA Center for Devices and Radiological Health 
	 (CDRH)

Alessandro Napoli, MD, PhD
	 Università Sapienza di Roma

Eileen M. O’Reilly, MD
	 Memorial Sloan Kettering Cancer Center

Ari Partanen, PhD
	 National Institutes of Health

Robbert S Puijk, MD
	 Vrije Universiteit Medisch Centrum Amsterdam

Srikanth P. Reddy, MBBS, PhD
	 Oxford University Hospital

Jill W. Roberts, MS
	 Corazón Communications

Narendra Sanghvi
	 SonaCare Medical

Doris Schechter, MD
	 Insightec

James M Scheiman, MD
	 University of Virginia Health System

Hans Anton Schlößer, MD
	 Uniklinik Köln

Xavier Serres-Créixams, MD, PhD
	 Hospital Vall d’Hebron

David Sinden, PhD
	 National Physical Laboratory



Focused Ultrasound Foundation

The Role of  Focused Ultrasound in Pancreatic Cancer	 		  25

Goldy Singh
	 Profound Medical

Gail ter Haar, PhD
	 Institute of Cancer Research

Joan Vidal Jové, MD, PhD	
	 Hospital University Mutúa Terrassa

Brendan C. Visser, MD
	 Stanford University School of Medicine

Eli Vlaisavljevich, PhD
	 Virginia Polytechnic Institute and State University

Kobi Vortman, PhD
	 Insightec

Andrew Y. Wang, M
	 University of Virginia Health System

Kerstin Wennhold, PhD
	 Uniklink Köln

Focused Ultrasound Foundation
R. Michael Broad, PhD
	 Director of Global Relations

Jessica Foley, PhD
	 Chief Scientific Officer

Tim Meakem, MD
	 Chief Medical Officer

Frederic Padilla, PhD
	 Fellow

Emily C. Whipple, PhD
	 Director of Strategic Initiatives

Emily J. White, MD
	 Director of Operations



1230 Cedars Court, Suite 206

Charlottesville, VA 22903

fusfoundation.org


