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The current training programs relevant for theranostic therapy
include nuclear medicine and radiation oncology. Each has inde-
pendent residencies of several years duration with accredited
board certifications. Nuclear medicine is focused on the use of
radioisotopes for both diagnostic and therapeutic applications,
with prominent emphasis on radiochemistry, radiopharmacy man-
agement, human radiopharmaceutical metabolism, and pharmaco-
kinetics. Radiation oncology is focused on oncologic care and
decision making, with details of treatment simulation for individ-
ualized cancer patient dosimetry, radiation toxicity, and tumoricidal
effects on tissues (cells to organs) with attention to volume, dose
fractionation, and outcomes in follow-up cancer care. Both train-
ing programs have requirements addressing radiation safety and
tailored radiation biology knowledge. Both specialties routinely
deliver a range of radioisotope therapies.
Within this context, a rapidly evolving and indeed disruptive

advance of therapeutically relevant theranostic agents is on us. For
decades, radioiodine therapy for thyroid cancer and hyperthyroid
thyrotoxicosis has been the only form of radiopharmaceutical
theranostic. 123I and 131I have been used for identification of met-
astatic disease and for assisting in the calculation of the adminis-
tered therapeutic dose of 131I. More recently, the theranostic pair
of 68Ga-DOTATATE and 177Lu-DOTATATE has become commer-
cially available, and now patients with neuroendocrine tumors are
being evaluated with the former and treated with the latter (1).
68Ga-PSMA and 177Lu-PSMA will soon become available for the
evaluation and treatment of prostate cancer (2). Multiple other
promising theranostic pairs are under development and in the next
few years will become available for administration to patients.
Advances in biologically targeted chemistry appear to be trans-
lating positively into a new era for theranostics (3,4).
Our training and paradigms for care delivery have not really

been optimized for the best theranostic oncology patient care.
Currently, physicians who are authorized to administer these ther-
apeutic agents are ‘‘authorized users,’’ a designation from the Nu-
clear Regulatory Commission, which requires specified training
and experience, including experience in the administration of par-
enteral therapeutic radiopharmaceuticals in at least 5 patients.
These physicians have been trained in the specialties of nuclear

medicine or radiation oncology. The training programs are not
identical, but both include radiation safety, radiobiology, and sig-

nificant experience in treating thyroid cancer with 131I. Because
68Ga/177Lu-DOTATATE has become available only recently, there

are no specifically applicable training requirements. Furthermore,
177Lu-DOTATATE treatment of neuroendocrine tumors is signifi-
cantly more complex than the treatment of thyroid cancer, and it

remains unclear whether this therapy has been optimized in terms

of individualized dosimetry and dosing for best patient care and
outcome (5,6). Additional training, as well as enhanced collaboration

between our specialties, will be required to conduct these new thera-

nostic therapies most effectively for the optimal care of patients.
Nuclear medicine physicians, who have been primarily diagnos-

ticians, will have to assume the role of clinical oncologist in the

management of cancers and also, of particular importance, learn to

manage treatment responses and adverse reactions. They will need to
learn more about the pathophysiology of the relevant malignancies, the

effects of alternative or concurrent treatments, and the enhanced

dosimetry required to select the most effective administered dose and
to avoid normal-organ injury. Radiation oncologists will need to learn

more about radiopharmacy practices, radiopharmaceutical metabolism,

and pharmacokinetics, as well as new radiation safety requirements for
radioactive patients treated with a range of new agents. The methods

for individualized, accurate, internal dosimetry are important, are

rapidly evolving, and will require a concerted effort from our
physics colleagues in both nuclear medicine and radiation oncology.
Listed below are the most important areas of knowledge and

experience that theranostic physician teams (including residents

and practicing physicians) will need to master to provide the best
theranostic oncologic care. Physicians need to thoroughly evaluate

the need for therapy with knowledge of alternative oncologic ther-

apies. They will need to determine the optimal theranostic agent
and pharmacokinetic parameters to calculate an individual pa-

tient’s optimized administered dose. They will need to supervise

the process for theranostic agent preparation, quality assurance,
and administration. Finally, the number and timing of treatments

will need to be prescribed, and the plan for follow-up assessment

and care of patients receiving this therapy will need to occur.

• Pathobiology of relevant oncologic diseases
• Broad understanding of the alternative therapy options
• Indications for theranostic treatment
• Initial workup requirements and potential contraindications
and therapy considerations, including previous treatments
with radiation or chemotherapy affecting organ function (marrow
reserve, kidney function)

• Pretherapy imaging
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• Pretherapy medication
• Basics of the infusion procedure
• Dosimetry calculation and uncertainty considering both tar-
get doses and organs at risk

• Posttherapy imaging
• Possible adverse events and their management, both acutely
and considering late effects

• Appropriate blood chemistry and its interpretation both be-
fore and after therapy

• Appropriate follow-up visits, examinations, and imaging for
response and toxicity outcomes

This list is not intended to be comprehensive but should provide
a starting point for determining how to modify current existing
residency training programs, as well as training for practicing
physicians, in light of the exciting expansion in theranostic
oncology therapy. How to change the formal requirements as
stated by the Residency Review Committees and the boards, and
determination of what type of continuing education needs to be
provided to practicing physicians, should be guided by establish-
ing a model that prioritizes the best care for cancer patients and

leverages the unique and complementary knowledge base within
nuclear medicine and radiation oncology.
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