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EXECUTIVE SUMMARY

The Stand Up To Cancer Innovation Summit, Advancing the Use of Theranostics in Cancer Care,
convened leading experts across imaging, radiation oncology, nuclear medicine, basic science,
and industry to identify priority areas of opportunity and need, and to describe the barriers to
advancing theranostics into the clinic and how to overcome them.

Framing theranostics as a potential fifth pillar of cancer care, Dr. Martin Pomper opened the
summit by highlighting the striking evolution of the field over the past decade and its rapid
transformation driven by scientific advances and, as importantly, intense interest and investment
from industry. Presenters described the experience with approved theranostics agents in the clinic
in patients with prostate cancer and neuroendocrine tumors, and findings from ongoing trials of
theranostics agents in pancreatic cancer and preclinical studies in gastrointestinal cancers.

A major theme of the discussion was the need to better understand the biological mechanisms
that govern response and resistance to theranostic interventions, with suggestions ranging from
the interrogation of DNA repair pathways to window-of-opportunity studies involving pre- and
post-radiation therapy whole genome sequencing of ctDNA.

There was also deep discussion of the clinical contexts in which theranostics might confer the
greatest benefit. Current clinical use and research focus is in late-stage patients, but there was a
sentiment that it may have a powerfulrole in earlier disease settings where tumor burden,
microenvironment, and immune competence may allow for better response and long-term
control. This will require appropriate trial designs and would need to be linked to biomarker
development, dosimetry, and patient selection.

The unmet needs in research and clinical infrastructure, leadership, and workforce development
was another area of intense discussion, with broad agreement that training the next generation of
clinicians must begin now and suggestions for residency and fellowship programs co-designed by
nuclear medicine and radiation oncology. With regard to clinical care, recommendations emerged
for collaborative leadership models in the clinic, with nuclear medicine and radiation oncology
jointly directing theranostic services, and suggestions for dedicated theranostics fellowships at
major centers, with the goal of seeding a nationwide network of expertise.

Regulatory and developmental issues were also front and center, including identifying the
necessary actions prior to submitting Investigational New Drug (IND) applications for human trials
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of theranostics and support for flexible regulatory frameworks, similar to Australian and European
models, that can substantially accelerate early signal generation and target validation.
Participants also touted the potential of leveraging existing trial infrastructure and patient
populations to efficiently evaluate new imaging agents and theranostic candidates.

Finally, there was an emphasis on global collaboration and funding mechanisms that recognize
the complexity and promise of theranostics. Large, coordinated funding models, international
consortia, and data sharing can facilitate the discovery, technology development, and conduct of
robust clinical trials need for regulatory approvals, clinical translation, and improved patient
outcomes.

WELCOME AND INTRODUCTIONS
Martin Pomper, MD, PhD, The University of Texas Southwestern Medical Center

Dr. Pomper opened the session by highlighting the dramatic transformation of theranostics over
the past decade, driven by rapid scientific advances and growing global industry investment.

The summit’s purpose is to share progress from funded research teams, assess developments
across the field, identify key strategies, and confront existing barriers. A central goal is to foster
collaboration, culminating in a forthcoming request for applications (RFA) to build a dedicated
research team focused on advancing theranostics.

Dr. Pomper emphasized that theranostics represents precision medicine in action, combining
advanced imaging to locate tumors, coupled with targeted radioactive therapies to destroy them.
He suggested this approach may become a fifth pillar of cancer care, alongside surgery,
chemotherapy, radiation, and immunotherapy.

SESSION 1: STATE OF THE FIELD: CURRENT THERANOSTIC USES AND STRATEGIES

Theranostics for Prostate Cancer
Steven Rowe, MD, PhD, UT Southwestern Medical Center

Dr. Rowe’s presentation highlighted the evolution of theranostics in prostate cancer, with a focus
on prostate specific membrane antigen (PSMA) as a highly effective target for both imaging and
treatment. PSMA is a protein expressed on the surface of most prostate cancer cells in more than
90% in patients with early disease, with higher levels generally associated with more aggressive
tumors. This biology has enabled a powerful “see it, treat it” strategy using radiolabeled molecules
that bind PSMA.

PSMA-targeted PET imaging has improved clinicians’ ability to detect disease. Compared with
conventional bone scans or CT imaging, PSMA PET can reveal very small sites of disease. This
distinction is clinically important in that some patients with only a few visible lesions may benefit
from focused radiation to those sites, potentially delaying or avoiding systemic therapy and its
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side effects and toxicities. Others, whose scans reveal widespread disease, can be spared
ineffective local treatment and instead be directed toward systemic approaches.

One systemic option in patients with advanced disease is PSMA-targeted radioligand therapy,
most notably lutetium-177 (lu-177)-PSMA-617 (Pluvicto). Large clinical trials have shown that
Pluvicto improves progression-free survival, overall survival, and delays complications compared
with standard care alone. It is generally well tolerated, with dry mouth and mild bone marrow
effects being the most common side effects. Around 70% of patients experience a meaningful
PSA decline, although about 30% show little or no response, a limitation that can spur current or
future research.

A major theme of his presentation was how to improve these outcomes. Earlier enthusiasm that
androgen deprivation therapy might “prime” tumors to respond better to radioligand therapy has
proven overly simplistic, as PSMA expression changes unpredictably across different lesions. This
heterogeneity has shifted attention toward more sophisticated imaging analysis, including
artificial intelligence tools that may identify imaging biomarkers that are predictive of response.

One of the most promising developments discussed came from the LUNAR trial, which tested
giving PSMA-targeted radioligand therapy as a neo-adjuvant approach before metastasis-directed
radiation. This neoadjuvant approach more than doubled progression-free survival from roughly 7
to 17 months. The leading explanation is that radioligand therapy treats microscopic metastatic
disease that even the most sensitive imaging cannot detect, effectively “cleaning up” cancer cells
beyond visible lesions.

Looking ahead, Dr. Rowe presented several future directions, including improved dosing strategies
tailored to individual patients, new radionuclides such as alpha-emitters that may overcome
resistance, advances in radiochemistry, and Al-driven image analysis. He also discussed a
broader conceptual shift that involves moving away from treating cancers based solely on where
they originate, and instead tailoring radioligand therapies to the specific molecular targets
expressed by each patient’s tumor. These developments suggest a future where prostate cancer
treatmentis more precise, more effective, and increasingly personalized, all the while being sure
to address questions about long-term safety as these therapies move to earlier in the disease
course.

Theranostics for Neuroendocrine Cancers
Lilja Solnes, MD, MBA, Johns Hopkins School of Medicine

In their clinic at Johns Hopkins, theranostics is reshaping cancer care by pairing precise imaging
with targeted treatment, Dr. Solnes explained. Her presentation focused on how theranostics has
transformed the care of patients with neuroendocrine tumors (NETs), a rare but increasingly
diagnosed group of cancers that often express somatostatin receptors on their surface.

A major breakthrough has been the shift from older, less sensitive scans to PET imaging with
gallium-68 (ga-68) dotatate. This advance allows clinicians to see disease that was previously
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missed, often revealing that tumors are far more widespread than conventional imaging
suggested. Earlier and more accurate detection matters because theranostic treatments work
best while tumors still express these receptors, which can be lost as cancers become more
aggressive.

Clinically, the field changed with the NETTER-1 trial, which tested lu-177 dotatate, a radioactive
drug that homes in on somatostatin receptors. Compared with standard therapy, this treatment
dramatically improved progression-free survival. Although the overall survival benefit did not
reach statistical significance, the separation between treatment and control groups was striking,
leading to FDA approval and widespread adoption in the United States.

Equally important is the patient experience, with many reporting meaningful improvements in
pain, fatigue, and daily functioning, allowing them to “get their life back.” These quality-of-life
gains for patients living with incurable disease, feeling better for longer periods, is profoundly
meaningful.

Newer studies are pushing boundaries. The NETTER-2 trial showed that this therapy can be
effective even earlier in the disease course and in more aggressive, higher-grade tumors, making it
first-line treatment in some centers, including at Hopkins. Surgeons are now exploring whether
theranostic agents can shrink what were considered to be inoperable tumors, converting them to
resectable disease.

Looking ahead, an exciting frontier involves alpha-emitting radioactive particles. Unlike current
beta-emitters, alpha particles deliver extremely potent radiation over very short distances,
causing lethal double-strand DNA breaks while sparing nearby healthy tissue. Early trials suggest
these agents may achieve deeper, more durable tumor control, and in rare cases, near complete
responses.

Her presentation highlighted unresolved challenges, including how to treat patients whose tumors
show low or uneven receptor expression, the optimum number of treatment cycles, and how to
safely balance more powerful drugs with bone marrow toxicity. Combination therapies, improved
targeting molecules, and somatostatin antagonists may help address these gaps.

Finally, the speaker emphasized a practical but critical issue: capacity. Theranostics requires
specialized teams, facilities, and infrastructure. As these powerful treatments expand to new
cancers, including meningiomas and paragangliomas, the field must grow not just scientifically,
but operationally. The promise is enormous, Dr. Solnes said, but delivering it will require
collaboration across disciplines to ensure patients can actually access these life-changing
therapies.

An Industry Insider’s View on Building a Theranostic Future for Patients
Jeevan Virk, CEO, Sego Therapeutics, Inc.

In this presentation, Jeevan Virk, a longtime leader in radiopharmaceutical development, offered
an industry-wide perspective on why theranostics is rapidly reshaping cancer treatment. Drawing

Page 4 of 17



on decades of experience, including leading the development of Lutathera at Advanced
Accelerator Applications and later building Novartis’s radiopharmaceutical platform, Virk framed
radioligand therapy (RLT) as both scientifically mature and commercially transformative.

Unlike many newer cancer drugs that rely on complex biological mechanisms,
radiopharmaceuticals use a well-established physical principle: delivering radiation directly to
cancer cells. What makes this approach newly powerful is precision. Injectable radioligands can
concentrate radiation within tumors while largely sparing surrounding healthy tissue, avoiding the
“entry” and “exit” doses typical of external beam radiation. This precision makes RLT highly
compatible with other cancer treatments and particularly attractive for combination therapies.

Each radiopharmaceutical consists of three essential components: the radioactive isotope, a
linker, and a cancer-targeting molecule. Subtle changes to any one of these can significantly alter
how the drug behaves in the body. Virk highlighted an insight from recent research that simply
swapping one isotope for another can change a molecule’s distribution and clearance because
heavy metals can alter molecular shape. This finding exposes a gap in current drug-design tools.
Most Al-based models cannot yet accommodate heavy isotopes, underscoring the need for new
computational approaches specifically designed for radiopharmaceuticals.

Virk also emphasized practical barriers to scaling the field. Supply chains for medical isotopes
remain complex and inefficient, often spanning multiple countries and wasting radioactive
material as it decays in transit. He noted that domestic isotope production and co-located
manufacturing facilities are expected to expand in the United States over the next few years, which
could lower costs and improve access. Manufacturing itself remains small-batch and labor
intensive, contributing to high prices and regulatory risk. Virk also shared that many FDA delays in
this field arise not from weak clinical data, but from manufacturing and documentation
challenges, highlighting the need to design radiopharmaceuticals with real world delivery in mind
from the outset.

Clinically, the field is advancing rapidly. Radiopharmaceuticals are now delivered at roughly 750
centers in the United States, up from just 20 or 30 a decade ago. Annual sales of about $3 billion
are projected to reach $28 billion by the mid-2030s, driven initially by PSMA and somatostatin
receptor targets. However, Virk and others discussed and cautioned against “me-too”
development clustered around the same targets, arguing that future progress depends on
expanding into new targets where radioligands offer a clear therapeutic advantage.

In discussion, Virk emphasized that theranostics can de-risk cancer drug development early. First-
in-human imaging quickly reveals whether a drug reaches tumors and delivers sufficient dose,
allowing weak programs to be stopped sooner and resources redirected. He positioned
radiopharmaceuticals as a true platform technology that is capable of meeting unmet patient
needs, transforming oncology pipelines, and redefining how cancer therapies are developed and
combined.
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Efforts of the AACR Cancer Molecular Imaging and Theranostics Task Force
Julie L. Sutcliffe, PhD, University of California at Davis

Dr. Sutcliffe emphasized the rapid emergence of theranostics as a transformative approach in
cancer care, and how the American Association for Cancer Research (AACR) is working to bring
coherence to this field.

With the rapid advancement of multimodality molecular imaging approaches to visualize tumors
throughout the body and enable targeted therapeutic interventions, Dr. Sutcliffe stressed that
there is a critical need to foster closer collaboration between technology developers and cancer
biologists to accelerate progress in the field.

She outlined the creation of the AACR Cancer Molecular Imaging and Theranostics (CMIT) Task
Force. It was formed to address a major obstacle to progress: the fact that cancer biologists,
imaging scientists, clinicians, and industry leaders have historically worked in silos, slowing
translation from discovery to patient care. Sparked by conversations between AACR leadership
and the molecular imaging community, the CMIT Task Force brings together experts from
academia, industry, and clinical practice to align scientific priorities, share language, and
accelerate progress.

Since its formation in 2024, the task force has integrated theranostics into AACR’s annual
meetings through educational and scientific sessions that cover the chemistry behind radioligand
development, clinical experience with radiotheranostics, immune effects of radioligand therapy,
and industry perspectives on scaling and delivery. A major theme has been moving therapies from
bench to bedside, including promising work in gastrointestinal and pancreatic cancers—areas
with urgent unmet need.

Looking ahead, AACR plans to further embed theranostics into its scientific programming and will
host a dedicated conference on January 7-10, 2027, in San Diego, CA, focused on biology-driven
radioligand therapy. This meeting aims to unite experts in cancer biology, immunotherapy, and
radioligand therapy to explore combination strategies, such as pairing theranostics with immune-
based treatments to amplify anti-tumor responses.

The discussion highlighted key challenges that will shape future research and implementation.
Audience members emphasized the need to better understand how radioligand therapies interact
with the tumor microenvironment and immune system, including whether tumor cell destruction
releases neoantigens that could synergize with immunotherapy. Others raised concerns about
workforce development: expanding theranostics will require new training pathways for physicians,
scientists, post docs, nurses, and technical staff, as well as solutions to aging and limited
specialized workforces. Regulatory, manufacturing, and distribution hurdles were also noted as
critical issues to address.

Dr. Sutcliffe said that nominations of others in the field who should be involved in the task force
can be sent to her or one of its other co-chairs, David Piwnica-Worms, MD, PhD, of MD Anderson
Cancer Center, and Kayvan Keshari, PhD, of Memorial Sloan Kettering Cancer Center.
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SESSION 2: CURRENT SU2C-SUPPORTED THERANOSTICS RESEARCH

Theranostics in Pancreatic Cancer: Detection and Treatment
Julie L. Sutcliffe, PhD, University of California at Davis

Dr. Sutcliffe made the case for the epithelial cell surface receptor integrin alpha-v beta-6 as a
theranostic target in cancer. It is undetectable in most healthy tissue, but highly upregulated in
many cancers, including pancreatic, colorectal, and breast. Itis also functionally relevant, playing
a key role in invasion and metastasis, and is a negative prognostic indicator.

With a Round 1 challenge grant from the Lustgarten Foundation and Stand Up to Cancer,
Sutcliffe’s group created a diagnostic ([®¥Ga]GA DOTA-5G) and therapeutic ([""’Lu]Lu DOTA-ABM-
5G) pair. Both compounds demonstrate selectivity and nanomolar affinity for the target, are stable
in human serum, and have good tumor uptake and retention preclinically, along with signs of
therapeutic efficacy in mice.

With a Round 2 challenge grant, the team launched a clinical trial to test the diagnostic ([*®*Ga]GA
DOTA-5G) and therapeutic ([""’Lu]Lu DOTA-ABM-5G) pair in patients with pancreatic ductal
adenocarcinoma (PDAC) in the metastatic or locally advanced state. The goals of the trial are to
ascertain whether the [®®Ga]GA DOTA-5G diagnostic can detect lesions, establish safety and
tolerability of both agents, and establish the maximum tolerated and optimal dose for the [""’Lu]Lu
DOTA-ABM-5G. In the protocol, patients are first given a 5-millicurie (mCi) dose of [®¥Ga]Ga-DOTA-
5G and undergo PET/CT imaging, with careful monitoring on days 1 and 7 to ensure safety. Patients
whose tumors have a SUVmax value greater than 2 times healthy liver or lung are included in the
therapeutic arm. This is a 3+3 dose-escalation study of a single injection of up to 200 mCi of
[”’Lu]Lu-DOTA-ABM-5G. SPECT imaging on day 1 and 7 reveals whether the drug is on target and
can be used to estimate dose to key organs such as the kidney. Patients undergo a follow up
[®#Ga]GA DOTA-5G PET/CT scan 30 days later.

Dr. Sutcliffe presented one example of a patient with heavily treated PDAC that had metastasized
to the liver. In this case, the [#8Ga]Ga-DOTA-5G PET/CT scan picked up previously unknown
disease in bone and lung who was clearly eligible for therapy. Side-by-side images of PET/CT and
SPECT/CT showed strong correlation between [®®Ga]GA DOTA-5G and ['"’Lu]Lu DOTA-ABM-5G
uptake. Dr. Sutcliffe also showed that [®Ga]Ga-DOTA-5G was able to detect lesions in the lung
and brain of patients with metastatic PDAC.

So far, 41 patients have been imaged with [#Ga]GA DOTA-5G and 24 treated with ['”’Lu]Lu DOTA-
ABM-5G. No serious adverse events have been seen, although alopecia is common at the
maximum dose. The investigators are now planning a multidose study.

Developing next generation Radionuclide Theranostics for Upper Gastrointestinal Tumors
Marija Trajkovic-Arsic, PhD, German Cancer Consortium (DKFZ/DKTK), University Hospital Essen

Dr. Trajkovic-Arsic began by describing how the perception of cancer has evolved considerably in
the last 20 years. The older Hanahan/Weinberg model of the six hallmarks of cancer has expanded
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to a model that includes more than a dozen such characteristics. A more modern view of cancer is
that of an ecosystem or habitat that includes endothelial cells, immune cells, cancer-associated
fibroblasts, and others.

Factors limiting efficient approaches to treatment include the heterogeneity of cancer cells, the
complexity of the tissue microenvironment, the role of the immune system, host-cancer
interactions, dynamics in metabolism and cell plasticity (especially in cancer cells), and CAFs.
Targeting the microenvironment as an active player in disease will be critical moving forward, she
said.

In a snapshot of her group’s research, she described work on pancreatic cancer, which consists of
almost 80% stroma. Preclinical work with relatively new RAS inhibitors has shown that the drugs
induce extensive remodeling and changes to the immune milieu, cancer-associated fibroblasts in
particular.

In proof-of-concept research for PDAC, they created several mouse models to explore targeting
cancer-associated fibroblasts with radioligand therapy, based on the importance of CAFs for
microenvironment organization and intratumoral immunity. The team has made use of a novel
CAF target and is exploring the potential for imaging and radiotherapy, also in combination with
recently developed RAS inhibitors.

This approach offers an example of a functional preclinical platform that can be used to go from
target identification through to clinical studies, Dr. Trajkovic-Arsic said.

Development of Claudin 18.2 Radiotheranostics for Battling Upper Gl Cancers
Shadi A. Esfahani, MD, MPH, Massachusetts General Hospital

Dr. Esfahani explained the rationale for the tight-junction protein claudin 18.2 (CLDN 18.2) as a
cancer target and provided an overview of progress toward that goal. Most healthy tissues do not
express CLDN18.2. Normal stomach cells do have expression sites, but they are sparse and out of
reach, blocked by healthy tight cell junctions. Cancers, however, disrupt the polarity of cells and
cause this biomarker to be exposed. More than 60% of upper gastrointestinal tumors express the
protein.

Two phase 2 trials, SPOTLIGHT and GLOW?2, explored the CLDN 18.2-targeted monoclonal
antibody zolbetuximab, in combination with standard of care chemotherapy. The combination
resulted only in modest improvements in progression-free survival and overall survival in
comparison to standard chemotherapy.

Dr. Esfahani suggested that this agent might instead be well suited for theranostic purposes, to
target CLDN18.2-expressing tumors with a radiopharmaceutical. A diagnostic based on this
biomarker would make it possible to identify patients whose tumors express CLDN18.2 and are
likely to respond, without invasive testing. A complementary radiotherapeutic can expand
indications, perhaps helping patients with lower CLDN18.2 expression benefit from the targeted
therapy.
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Her team developed a zolbetuximab-based diagnostic and therapeutic radiopharmaceutical pair
that are stable in human serum, testing it in mouse models of gastric and pancreatic tumors.
Serial PET imaging in the models have shown promising results for the diagnostic agent, with
tumors demonstrating uptake and persistence, and a good tumor-to-background ratio. There is
some uptake in normal stomach tissue, she explained.

Next, the group plans comprehensive studies in multiple models to evaluate the therapeutic,
including comparisons to multiple control conditions, evaluation of different doses and dose
scheduling, and long-term toxicity. She reported one promising preliminary result, showing halted
tumor growth in one pancreatic mouse model after just one injection.

Theranostics for the Treatment of Gastroesophageal Cancer
Paul C. Klauser, PhD, Memorial Sloan Kettering Cancer Center

Dr. Klauser began by emphasizing the challenges posed by cancer heterogeneity for therapeutics,
said Klauser. This is particularly evident in gastroesophageal cancer, which is highly
heterogeneous at both the molecular and histological levels. Current treatment options include
surgical resection and chemotherapy, while immunotherapy has shown limited efficacy.

Dr. Klauser, a research fellow in the lab of Jason Lewis, PhD, who collaborates with
gastrointestinal oncologist Yelena Janjigian, MD, to develop improved imaging agents for HER2-
positive gastric cancer. Standard imaging agents such as [18F]FDG cannot distinguish between
HER2-negative and HER2-positive tumors, he explained. He described work using [89Zr]Zr-
trastuzumab, which selectively targets HER2-expressing lesions, including images from a phase 2
trial of afatinib (Gilotrif) in which [89Zr]Zr-trastuzumab PET was used to predict treatment
response, demonstrating marked heterogeneity in lesion response—even within the same patient.

The lab is pursuing two complementary strategies to address heterogeneity. One approachis to
increase target availability on tumor cells. For example, statins disrupt HER2 endocytosis and
membrane trafficking, increasing receptor density at the cell surface and creating more binding
opportunities for radiopharmaceutical engagement. This pharmacologic modulation effectively
converts low- or heterogeneous-expressing tumors into more targetable lesions. In HER2-positive
xenograft gastric models, statin treatment increased uptake of [177Lu]Lu-trastuzumab, reduced
off-target radiotoxicity, and improved therapeutic response, providing a rationale for clinical
evaluation of combination strategies that enhance target accessibility prior to
radiopharmaceutical therapy.

A second strategy is to engage multiple targets simultaneously. Analyses the lab conducted of
patient tumor samples revealed heterogeneous and often discordant co-expression of HER2 and
MUC16 across gastric cancer histologic subtypes, including signet ring cell carcinoma, small cell
carcinoma, stomach adenocarcinoma, and tubular stomach adenocarcinoma. This variability
suggests that reliance on a single target may leave subsets of tumor cells unscathed within the
same lesion or across metastatic sites. In two preclinical models, the bispecific
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radiopharmaceutical [89Zr]Zr-TAR9.6, which targets both HER2 and MUC16, achieved higher
tumor uptake than monospecific radiopharmaceuticals, supporting multi-specific targeting as a
strategy to improve tumor coverage in heterogeneous disease.

Discussion
Many questions probed technical details of the research presented by Drs. Esfahani and Klauser.

In response to audience queries, Dr. Klauser said that using statins to increase receptor
accessibility works with EGFR as well as HER2. The strategy would not work with all receptors and
antibodies, because mechanisms of endocytosis differ.

Would treatment with statins also increase HER2 binding sites in normal tissue, potentially
increasing toxicity of a radiopharmaceutical? This off-target effect might occur in humans and not
in mouse models, given the differences in the species. It’s a valid concern, Dr. Klauser
acknowledged, and described designing an antibody so that one arm can anchor to a cancer-
specific element, potentially not just bispecific but multi-specific. Another question probed
whether the group had examined real-world data on combined statin and trastuzumab use. Dr.
Klauser said they had not, but that it could be an interesting exploration.

Another audience member pointed out that statins generally are considered to be nontoxic
because they are specifically cleared in the liver, avoiding systemic exposure, an audience
member pointed out. However, if they were used this way in disseminated disease, followed by a
therapeutic, toxicity could become a problem. Dr. Klauser agreed. He also said that other
endocytosis inhibitors other than statins may also prove to be useful candidates for increasing the
availability of targets.

With regard to Dr. Esfahani’s CLDN18.2 approach, an attendee pointed out that targeting
CLDN18.2 with CART cells in animal models has caused gastrointestinal toxicity, specifically
destruction of the stomach. She responded that their method uses only small amounts of
zolbetuximab and that its mechanism of action is different enough that it would not necessarily
induce serious Gl toxicity. Zolbetixumab does not directly kill cells, but engages the immune
system, and may also block tight junctions that are overly abundant in pancreatic and gastric
tumor cells. In mouse models so far, she said, they have not seen side effects and are hopeful that
the radiopharmaceutical method may overcome the limitations of zolbetuximab monotherapy.

Dr. Trajkovic-Arsic was questioned about targeting fibroblast activation protein (FAP) on cancer-
associated fibroblasts, and the role of the RAS inhibitor. FAP is omnipresent in pancreatic cancer,
she said, and work at Genentech has demonstrated that depleting LRRC15+ fibroblasts results in
infiltration of immune cells into tumors and an improved response to immunotherapy. The
opportunity to use the radioligand may be when cancer returns after treatment with a RAS
inhibitor, she said, eliminating cancer-associated fibroblasts and allowing for checkpoint
inhibitors to be used with more success.
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SESSION 3: BIOLOGICAL, TECHNICAL, LOGISTICAL, AND REGULATORY CHALLENGES OF
THERANOSTICS

Biological Barriers to Theranostic Efficacy: Tumor Heterogeneity, Resistance, and the Limits
of Targeted Delivery
Michael Hofman, MD, Peter MacCallum Cancer Centre

Dr. Hofman explored the promise and the biological limits of cancer theranostics. A pioneer of lu-
177 PSMA for advanced prostate cancer, Dr. Hofman said that theranostics is fundamentally a
sophisticated radiation delivery system, and its success depends on how much radiation reaches
tumors.

Early images of dramatic responders to Lu-PSMA-617 were striking, yet most of those patients
ultimately died of their disease. This underscores a key challenge: although some tumors shrink
dramatically, responses are often temporary. Why? Dr. Hofman explained that his research shows
that radiation dose to tumors varies enormously, by up to tenfold between patients, largely due to
differences in target expression. Patients receiving low tumor doses rarely respond, while higher
doses correlate strongly with better outcomes. Normal organs, by contrast, receive relatively
predictable doses. This dose-response relationship suggests theranostics should be treated as
both a drug and a form of radiotherapy, combining careful dosimetry with clinical trial rigor.

Dr. Hofman highlighted radioactive iodine for thyroid cancer, which has been used for more than
80 years as the gold standard. Its extraordinarily high tumor uptake can deliver curative radiation
doses, far exceeding most newer agents. Modern theranostics like Lu-PSMA-617 and Ga-68
dotatate are “game changers,” but still fall short of iodine’s effectiveness. The lesson may be that
high uptake matters, he said.

A major biological limitation is tumor heterogeneity. Advanced imaging with dual PET tracers such
as PSMA and FDG reveals that some aggressive cancer deposits lack the target needed for
therapy. Molecular imaging, he argued, may better capture whole-body tumor diversity than a
single biopsy. New total-body PET scanners, capable of whole-body imaging in seconds with
vastly greater sensitivity, should accelerate this precision, enabling multi-tracer imaging and
improved patient selection.

Looking ahead, advances in radioactive isotopes including alpha and Auger emitters, ligand
design (peptides versus antibodies), and especially combination therapies—with immunotherapy,
chemotherapy, hormonal agents, PARP inhibitors, surgery, or external radiation — are central to
overcoming resistance.

Technical considerations for novel isotopes and combination therapies
Anna G. Sorace, PhD, The University of Alabama at Birmingham
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Dr. Sorace highlighted both the promise and the complexity of theranostics. Her central message
was that advancing theranostics requires equal attention to technical and biological factors,
especially as new isotopes and combination therapies move from the lab to the clinic.

Her presentation emphasized four key considerations: selecting the right isotopes (including
whether imaging and therapy isotopes should be elementally matched), understanding how
targets change over time, determining how combination therapies influence response, and
addressing tumor heterogeneity.

One striking example, from the lab of Suzzanne Lapi, PhD, at the University of Alabama at
Birmingham, showed that simply changing the isotope attached to the same targeting molecule
(neurotensin) altered how the drug distributed through the body. Tumor uptake remained, but
normal organ exposure, including in the liver and kidneys, varied significantly. This finding, Dr.
Sorace noted, underscores that isotope choice can influence both safety and effectiveness and
can directly affect clinical translation.

Focusing on HER2-positive breast cancer, her team developed a scandium-based theranostic
pair, which has demonstrated encouraging synergy between radiotherapy and trastuzumab
(Herceptin). In preclinical models, the combination improved tumor control, including in models
of brain metastases. These results suggest that pairing biological therapies with
radiopharmaceuticals may produce additive or even synergistic effects.

She also covered immune targets such as PD-L1. In mice, they have found that radiation and
immunotherapy dynamically increased PD-L1 expression, creating new therapeutic opportunities
but, at the same time, complicating predictive biomarkers. Similarly, combining radiotherapy with
immunotherapy in triple-negative breast cancer models showed that even treatments that are
modestly effective alone could produce synergistic and long-lasting outcomes together.

A noteworthy finding from her lab’s work involved “elementally matched” isotope pairs, including
copper-64 for imaging and copper-67 for therapy. Imaging predicted therapeutic uptake and even
overall survival but failed to do so when immunotherapy was added. This suggests that imaging-
based prediction models may need to be rethought in combination settings.

Clinically, the takeaway is: theranostics is not just about matching a scan to a treatment. Targets
evolve, therapies interact, and tumors are heterogeneous. Dr. Sorace concluded that better
quantitative imaging, computational modeling, and careful isotope selection will be essential to
personalize treatment and fully realize the potential of theranostics in cancer care.

The Logistical Imperative of Theranostics: Scaling Infrastructure for a Multi-Cycle Future
Brandon Mancini, MD, MBA, BAMF Health

Dr. Mancini emphasized that theranostics is no longer limited by scientific discovery, but instead,
its greatest challenges are logistical. Theranostics work, but delivering these agents reliably,
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safely, and equitably across U.S. cancer centers now requires major investments in infrastructure,
workforce, and coordination.

Unlike traditional cancer treatments that may be given once or over a short period, theranostic
agents typically involve multiple treatment cycles over months or years. Each patient requires
repeated imaging, careful scheduling, specialized facilities, and coordination among many
professionals, including nuclear medicine specialists and/or radiation oncologists, medical
oncologists, pharmacists, nurses, and safety officers. Most cancer centers were not designed for
this kind of repeated radiopharmaceutical therapy, he explained, and many are already reaching
capacity limits, often without realizing it. Physical constraints such as shielded treatment rooms,
radioactive waste storage, and radiopharmacy workflows can cap how many patients a center can
treat, even when demand is high.

Workforce shortages pose another serious barrier. Theranostics requires highly trained personnel,
but training pipelines are not expanding quickly enough to meet growing demand. Equipment can
be purchased, but expertise cannot be created overnight. In addition, supply chains are fragile.
These therapies rely on radioactive materials with short lifespans, manufactured and shipped
“justin time.” Delays caused by weather, transport problems, or production failures can force
treatment cancellations, potentially harming patients and eroding trust.

Access disparities are also a major concern. Institutions that offer theranostics are concentrated
in urban, well-resourced areas, limiting access to patients in rural and lower-income areas. FDA
approval does not guarantee access to theranostics in the real world if the infrastructure is
lacking.

Dr. Mancini indicated that the next phase of progress in theranostics must focus on operational
innovation. Cancer centers will need purpose-built theranostics facilities, regional hub-and-spoke
networks, expanded workforce training, stronger manufacturing and distribution systems, and
early planning for radioactive waste management. Most importantly, theranostics must be
designed with equity in mind from the beginning. The central message was that theranostics has
the potential to transform cancer care, but its success now depends on building the
infrastructure, logistics, and systems needed to deliver it to every patient who can benefit.

Discussion

The group discussion reinforced a central theme shared across all three presentations:
theranostics is a powerful but still maturing field, and its future success depends as much on
coordination, infrastructure, and clinical decision-making as on biological and technical
advances.

Speakers and audience members repeatedly emphasized that theranostics is fundamentally a
multidisciplinary effort that requires tight collaboration among nuclear medicine physicians,
oncologists, physicists, radiopharmacists, imaging specialists, and administrators. One
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participant likened it to a team sport, underscoring that effective delivery depends on coordinated
expertise across specialties.

A major issue raised was the lack of standardized guidelines. Clinicians currently face uncertainty
about when to continue, pause, or stop treatment, especially in patients who respond well or
show mixed responses. Existing clinical trial data, such as from the NETTER-1 study, provides
important efficacy evidence, but real-world clinical experience and expert consensus are still
needed to guide treatment sequencing and decision making. This gap reflects the broader
challenge described by Dr. Hofman: theranostics responses vary widely between patients due to
differences in tumor biology and radiation uptake, making individualized care essential but
difficult without clear frameworks.

The discussion also reinforced the critical role of imaging and dosimetry in personalizing therapy.
Dr. Hofman described routine use of quantitative imaging to assess tumor uptake, predict
likelihood of response, and guide future treatment planning. However, participants noted that
limited scanner availability and infrastructure constraints often prevent optimal imaging, echoing
Dr. Mancini’s concerns about capacity limitations and the need for greater investmentin
theranostics-specific facilities.

Combination therapies emerged as another area of opportunity and uncertainty. Building on Dr.
Sorace’s findings, the discussion highlighted the complexity of integrating theranostics with
immunotherapy or other treatments. Key unanswered questions include how to optimize dosing,
sequencing, and timing. Computational modeling and predictive tools were identified as
promising approaches to guide these decisions, since experimentally testing all combinations is
impractical.

Finally, participants pointed to systemic barriers, including high treatment costs, uneven access,
and slow adoption in the United States compared with Europe and Australia. Without adequate
imaging, infrastructure, and planning, expensive therapies may be used inefficiently or in patients
unlikely to benefit.

Overall, the discussion highlighted several urgent needs, including standardized clinical
guidelines, expanded infrastructure and workforce capacity, improved quantitative imaging and
dosimetry, better predictive models for combination therapies, and more equitable access. These
priorities directly support the biological, technical, and logistical challenges identified in the
presentations and represent the key steps needed to move theranostics from promising
innovation to routine, optimized cancer care.

GROUP READ OUTS & DISCUSSION
A working lunch followed the morning sessions. Attendees were asked to discuss various

questions to inform a potential Request for Applications. Following lunch, the group reconvened
to provide readouts about the lunch discussions.
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First were William Sellers, MD, and David Tuveson, MD, PhD, who began with the mechanisms
underlying theranostics response. It’s understood how these agents work, Dr. Sellers said, but
unlike external beam radiation, radiotherapeutics don’t eradicate everything in their path. As a
result, they may permit an immune response to dying cells that could be harnessed. How might
that be explored?

Given that radiation is DNA damaging, Dr. Tuveson proposed monitoring DNA repair pathway
signatures like p53 for activation. He also suggested the need for a biomarker of activity, such as
looking for double strand-break signatures or monitoring GDF15 in the plasma as a marker for p53
activation. Given the difficulty of biopsies during radioisotope studies, Dr. Sutcliffe suggested
window-of-opportunity studies, for instance when patients are already getting prostatectomies.
Even a deep study of one patient would be informative. Dr. Sellers proposed whole-genome
sequencing of ctDNA during and after radiotherapy, to look for changes in the tumor mutational
landscape. Dr. Tuveson also mentioned a suggestion from Phil Sharp, PhD, to use Al on “deep
imaging” to better understand patient response, given the success of this technique in breast
cancer.

The second question probed the appropriate stage of disease for clinical use of theranostics.
Currently, the theranostic products approved in the United States are for advanced prostate
cancer and neuroendocrine tumors. Perhaps there are opportunities to broaden the population of
patients with these cancers who could benefit, Dr. Tuveson said. For instance, in patients getting
prostatectomy and a PSMA PET scan, a trial of surgery versus Pluvicto might be worthwhile.
Alternatively, Dr. Sellers proposed using the radiotheranostic post-prostatectomy, when PSA is
rising but disease is still minimal. Safety would need to be paramount. William Nelson, MD, of
Johns Hopkins University, noted that Pluvicto is in trials in the context of sharply rising PSA and
oligometastases visible on PSMA PET.

Regarding the need for fundamental research infrastructure, the group acknowledged that the
academic infrastructure may be insufficient to explore alpha and beta particles for payloads, but
that contract research organizations could be an option. Perhaps an accepted nonradioactive
surrogate construct could be identified so that more bench scientists could work in this field. The
group proposed a call for recruiting scientists to study radiation biology and radiopharmacology
and agreed on the need to further develop research infrastructure (arguing that logistics is more
properly the concern of commercial entities). Finally, the group suggested as fundamental clinical
infrastructure the development of a combined fellowship of multiple disciplines, including nuclear
medicine, radiation oncology, “Al oncology,” and others.

Dr. Sorace reported from her group with three areas that could propel research forward. In terms
of infrastructure, the setup described by Dr. Hofman could be a model. In terms of clinical
infrastructure, they discussed the need to begin training the next generation of clinical staff now,
given the expertise that will be needed in the coming decade, including computational training for
readouts in safety, uptake, and efficacy. Residency programs should be collaboratively organized
by nuclear medicine and radiation oncology.
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Regarding personalization, basic cancer biology suggests that the dose of radiation needs to be
modulated based on tumor type and location. That might mean pharmacokinetic studies or other
ways of tailoring treatment. Her discussion group also recommended a call to action around
regulatory and infrastructure improvements as well as financial incentives to push innovation
forward, including a theranostics initiative or department within the National Cancer Institute.

Dr. Hofman reported from his group, which was asked to discuss who should lead theranostics in
the clinic. The group agreed that because there are too few nuclear medicine physicians to meet
demand, theranostics in the clinic should be led through collaborative models involving nuclear
medicine and radiation oncology, supported by dedicated theranostics fellowships at high-volume
centers to build expertise and expand a national network of trained providers.

Regarding theranostics as potential first-line therapy, the group proposed that something with
exceptionally high SUV like radioactive iodine might be a possibility, but most will require a
combination approach and may not be suitable in the beginning of treatment. It will need to be
individualized.

What are the most important decisions to make pre-IND? This group agreed that for phase 0
biodistribution studies, an IND should not be necessary, and the Australian/European model
which permits such studies is preferable. Trials of antibody-drug conjugates and CART-cell
therapies can provide an opportunity for phase 0 PET studies of novel candidate tracers.
Responding to the question about the most important clinical opportunities, the group named
phase 0 distribution studies of novel tracers as an unmet need, as well as multidisciplinary teams
and better links between clinical science centers.

The final group was reported by Karen Winkfield, MD, PhD, of the Meharry-Vanderbilt Alliance. In
part because this group included many German researchers, the discussion included the need for
global collaboration and larger sources of funding than are available through NIH RO1s. Stand Up
To Cancer can create new opportunities for collaborative research and pull together larger sums of
money, she said. Perhaps venture capital can be potential partners, or there may be other new
ways to incentivize companies to invest in this research. As a radiation oncologist by training, she
stressed the need to collaborate with chemists and physicists and engage researchers working on
Al and bioinformatics.

KEY QUESTIONS TO ADDRESS
1. What are the mechanisms underlying response/resistance to theranostics?

a. Directradiation damage to tumor cells, immune response and/or a stromal
response?
i. Preclinical samples are being studied to address this now.
b. Canwe access clinical samples, such as in the short interval between treatment
with a theranostic and prior to surgery?
c. Whatisthe surrogate of clinical response to theranostics that can be assessed in

situ?
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d. How do we improve dosing and decide on appropriate intervals between cycles
(EBRT term is fractionation. At the moment, we treat RLT dosing like a drug.)

2. What stage of disease can be considered for treating patients with theranostics?
Specifically, how about early disease for theranostics considering their low toxicity profile?
3. How can we enhance fundamental academic research in theranostics?

a. Arethere non-radioactive surrogates that can be used by labs that develop ADCs?

b. Canwe investin radiation biology and medical physics in academia?

c. Canweinvestinradio-pharmacology in academia?

d. Caninstitutions that have preclinical/mouse PET/CT imaging facilities and
radiolabeling of peptides/antibodies or other therapeutics be utilized by academics
who don’t have access to these facilities?

4. Logistics: Developmentin society and medical centers will be driven by economics,
regulatory oversight, and payers. Currently, treatment is expensive.

a. Given this, we should prepare for this eventuality and design the best research
infrastructure that can support the development of theranostics: imaging
infrastructure, faculty, trainees.

5. Training: Combinatorial training can be established in:

a. Al

b. Radiology

c. Radiation oncology

d. Medical oncology

e. Nuclear medicine/medical physics

CONCLUDING COMMENTS

Following the reports, Dr. Nelson thanked attendees, highlighted the potential number and variety
of targets that can be prosecuted, and mentioned the RFA to come from Stand Up to Cancer. He
urged that applications for this project keep in mind the mandate for collaborative work.
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