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Editorial on the Research Topic
Theranostics as a driving force in nuclear medicine
In the last decade, there has been a widespread and rapidly evolving use of the concept

of “theranostics” within the field of nuclear medicine (1). Briefly, theranostics describes the

in vivo identification of a target for therapy through the use of diagnostic imaging – most

often through positron emission tomography (PET) radiotracers – and the subsequent

leveraging of that target by the application of therapeutic molecules – generally b-particle-
or a-particle-emitting labeled agents. In its very essence, theranostics is precision medicine

in that the right patient is identified by PET uptake and the right medication is

subsequently administered through a targeted theranostic (2).

The archetype of theranostics is the use of iodine-123 for imaging and iodine-131 for

therapy, with such therapy having first been carried out by Saul Hertz in 1941 (3). In more

recent years, we have seen that theranostic approaches for neuroendocrine tumors (4) and

prostate cancer (5, 6) can be life-extending treatments. Those observations have

supercharged interest in the field of nuclear medicine and emphasized the need for a

robust pipeline of future theranostic agents. The clinical and pre-clinical pipelines are both

brimming with potentially impactful agents that achieve optimal results by either

leveraging new targets (7), utilizing radionuclides that are more energetic than currently

approved agents (8), or making use of medicinal chemistry techniques to avoid toxicities

from on-target or off-target binding in normal tissues (9).

Given the rapid (and accelerating) changes in the field, our special issue, titled

“Theranostics as a Driving Force in Nuclear Medicine”, sought to engage potential

authors who could provide manuscripts on a wide range of different topics across the

theranostics space – from preclinical discovery through advanced clinical applications. We

believe the carefully selected articles in this issue meet that objective.

For example, Chen et al. provided an excellent manuscript that described the synthesis

and preclinical evaluation of a radiofluorinated PET radiotracer for imaging of the

fibroblast growth factor receptor-1 (FGFR1), a target commonly found on various types

of cancer. The authors found that their agent, 18F-FGFR1 had high uptake in RT-112

xenografts with low uptake in tissues that do not express FGFR1, thus suggesting their

agent has clinical promise for imaging and therapy of FGFR1-expressing tumors.
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Moving on to another preclinical topic with important

implications for eventual clinical imaging, Huang et al. provided

an in-depth overview of efforts to image hypoxia with PET

radiotracers. The development of hypoxia in tumors portends a

poor prognosis with resistance to common therapeutic methods

and higher rates of recurrence and metastasis. Hypoxia imaging has

the potential limitation that the low blood flow to hypoxic regions

of a tumor may lead to decreased radiotracer deliver and uptake.

However, the likely impending regulatory approval of an imaging

agent for carbonic anhydrase IX (89Zr-girentuximab), a hypoxia

marker in many tumors, emphasizes the need for an understanding

of this group of imaging agents (10).

As a final preclinical effort, Singh et al. describe the application of

prostate-specific membrane antigen (PSMA)-targeted radiotracers

in models of clear cell renal cell carcinoma (ccRCC). The routine

clinical use of PSMA-targeted theranostic agents in men with

metastatic, castration-resistant prostate cancer, combined with the

known high PSMA expression in the tumor neovasculature of

ccRCC (11), makes their work a highly appealing application of

theranostics. The authors report that a-particle-emitting agents

provided tumor growth control and a survival advantage in murine

models of ccRCC.

The scope of the manuscripts in this special issue transitions to

more immediately clinically relevant work in the other submitted

papers. In a manuscript from Wang and Kiess, the argument for

leveraging the use of prostate-specific membrane antigen (PSMA)-

targeted theranostics in non-prostate cancers is convincingly made.

Numerous non-prostate cancers express PSMA – primarily in the

tumor neovasculature (12). Indeed, targets such as PSMA,

fibrinogen-activating protein (FAP), and FGFR1 might best be

thought of as pan-cancer targets whose expression can be

interrogated via PET imaging and then acted upon if appropriate

levels of target are present. The authors ultimately conclude that

there is theranostic promise for PSMA agents across different

cancers, but that more study is needed to define appropriate

patient cohorts and determine dosimetry and efficacy.

Further along the clinical spectrum, George et al. describe an

optimized workflow for incorporating imaging-based dosimetry

into programs utilizing lutetium-177-labeled therapeutic agents

into their clinical practices. The authors’ manuscript is a great

example of a practical “field guide” that includes multiple different

workflows, as well as important information for anyone

administering such radiopharmaceuticals. The incorporation of

individualized dosimetry remains controversial, but may have an

important role in personalizing doses and improving outcomes.

George et al. provide important information for anyone utilizing

individualized dosimetry into their practice.
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Last, but certainly not least, Rahmim et al. describe the use of

theranostic digital twins in order to help transition current clinical

practice from a “one-size-fits-all” strategy to a paradigm in which

truly precision doses are administered. There are clearly potential

advantages to personalized dosimetry and to leveraging the

emerging concept of digital twins. The paper by Rahmim et al. is

a clear step in the right direction toward realizing the promise of

such precision medicine.

Wehope this collectionof carefully curatedmanuscripts provides a

flavor for the broad advances that are occurring in theranostics. Based

on the successes to-date, and based on how nuclear medicine is

evolving more into a theranostics-centric field, we are likely just

scratching the surface of the potential of these technologies to

impact patient care. Multiple coalescing trends will need to continue

in order to optimize the use of theranostics for improved patient

management: (1) the preclinical pipeline must continue to expand to

encompass new targets and new chemical methodologies to develop

molecules that bind to those targets, (2) our understanding of clinical

spaces and the potential to address specific disease states with

theranostic approaches must improve, and (3) our embracing of new

technologies such as digital twins and artificial intelligence must

be encouraged.

At the confluence of multiple revolutions in medical imaging

and therapy, it is incumbent upon us to ensure that eventual reality

matches the current promise.
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