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In nuclear medicine, the term theranostics describes the combination of therapy and diagnostic imaging. In practice, this concept
dates back more than 50 years; however, among the most successful examples of theranostics are peptide receptor scintigraphy and
peptide receptor radionuclide therapy of neuroendocrine tumors.
The development of these modalities through the radiolabeling
of somatostatin analogs with various radionuclides has led to a
revolution in patient management and established a foundation for
expansion of the theranostic principle into other oncology indications. This article provides a review of the evolution and development of the theranostic radionuclide approach to the management
of neuroendocrine tumors, as described by the inventor of this technique, Eric P. Krenning, in an interview with Rachel Levine.
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lthough the term theranostics was reported to be coined by
John Funkhouser in 1998 (1) to describe a material that combines
the modalities of therapy and diagnostic imaging, this basic principle had been applied to imaging and treating thyroid diseases for
more than 50 years (2). In 1941, Saul Hertz was the first to use
131I therapeutically in patients with hyperthyroidism and later
those with thyroid cancer (2). In 1951, the U.S. Food and Drug
Administration (FDA) approved sodium iodide (131I) for use in
patients with thyroid disease. It was the first FDA-approved radiopharmaceutical (3).
PEPTIDE RECEPTORS AND NEW THERANOSTIC
APPLICATIONS

mainly neuroendocrine tumors (NETs) (4,5) in the late 1980s and
early 1990s, although these acronyms were not published until
1994 (5).
The origination of PRS and PRRT date back to an endocrinology
postdoctoral meeting of Erasmus University Medical Center (Erasmus
MC), Rotterdam, The Netherlands, in 1985. Steven Lamberts
presented slides with receptor autoradiograms obtained and originating from Jean Claude Reubi, who was, at that time, working at
the Sandoz Research Institute in Basel, Switzerland. Using slices
of tumor tissue obtained from patients with gastroenteropancreatic
NETs (GEP-NETs), Reubi, Lamberts, and collaborator Larry
Kvols (at the Mayo Clinic, Rochester, Minnesota, at that time) had
demonstrated, for the first time, the presence of receptors for
somatostatin on the surface of intestinal NET cells. This finding
was crucial to identifying (one of) the mechanisms of action of
octreotide, a somatostatin analog invented at the Sandoz Research
Institute and first published in 1982 (6,7). Reubi’s team was using
this analog coupled to the iodine isotope 125I (8). Eric P. Krenning,
an endocrinologist and then recently appointed head of nuclear
medicine at Erasmus MC, was present at that meeting. Working
daily with the isotopes 123I and 131I for the localization and
treatment of thyroid cancer, Krenning instantly recognized the
potential of radiolabeled peptides to localize and treat NETs in
a clinical setting (“from bench to bedside”). Later that evening,
at the usual social gathering after the scientific part of the meeting, Krenning started a discussion with chemists Theo Visser and
Roel Docter regarding how to change the application of the
somatostatin analog from in vitro receptor autoradiography to
in vivo receptor scintigraphy by radiolabeling it with the 2
iodine isotopes frequently used in nuclear medicine, namely,
123 I and 131 I.
CHALLENGE OF RADIOLABELING

Among the most successful examples of the theranostic concept
in nuclear medicine are peptide receptor scintigraphy (PRS) and
peptide receptor radionuclide therapy (PRRT) for imaging and
treating cancer. These innovations were first used in patients with
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After a period of trial and error (resulting in, “Eric, it is a nogo”) during attempts to label the peptide with a radioiodine isotope appropriate for imaging in humans, Willem Bakker and Wout
Breeman, chemists working in Krenning’s department, made a
final and crucial attempt. They ordered every available preparation
of 123I from vendors worldwide and finally found a single, highspecific-activity preparation of 123I that enabled them to overcome
the labeling challenge and succeed in producing a suitable radiolabeled somatostatin analog, 123I-labeled Tyr3-octreotide. In 1987,
the surprising and exciting planar and SPECT images obtained of
a GEP-NET patient with this new technique showed almost
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