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OBJECTIVE. The purposes of this article are to increase understanding of the concepts
of theranostics and peptide receptor radionuclide therapy (PRRT) as they apply to neuroendocrine tumors (NETs); review the key 1, 2, and 3 clinical trial data leading to the approval of
177Lu–tetraazacyclododecanetetraacetic acid–octreotide (177Lu-DOTATATE); and foster understanding of the practical aspects and future directions of PRRT for NETs.
CONCLUSION. In January 2018, 177Lu-DOTATATE therapy was approved in the United States (previously approved in Europe in September 2017) for adult patients with somatostatin receptor–positive gastroenteropancreatic neuroendocrine tumors, including those of
the foregut, midgut, and hindgut. The results of the phase 3 Neuroendocrine Tumors Therapy
(NETTER-1) trial show favorable outcomes with respect to the primary endpoint of progression-free survival and a host of secondary objectives, including overall survival, objective response rate, and quality of life measures. Patient selection is based on a number of specific
factors and should be sequenced carefully with respect to other available therapies, ideally
in multidisciplinary cancer conferences. Establishing the therapy at a new institution can be
somewhat involved, but once it is established, the therapy is fairly straightforward to administer and is well tolerated with limited side-effects and toxicity. A number of approaches and
issues are still to be worked out, and this therapy will continue to be studied and optimized.
omatostatin receptor (SSTR) analogues, which are used for imaging of neuroendocrine tumors
(NETs), can also be used for
therapy by replacing the imaging isotope
with a therapeutic isotope. This general field
is referred to as peptide receptor radionuclide therapy (PRRT). PRRT is not specific
to NETs, but NET therapy is currently the
most advanced and only U.S. Food and Drug
Administration (FDA)-approved example of
it. Furthermore, this combination of imaging
and therapeutic isotopes with the same target
is a good example of theranostics, which is a
portmanteau word consisting of “therapy”
and “diagnostics.” The term “theranostics” is
fairly new, but the best example of it is one of
the oldest isotopes, essentially originating
the field of nuclear medicine, 131I, which is
used for simultaneous imaging and therapy.
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Development of Peptide Receptor
Radionuclide Therapy
NETs are well known for being heterogeneous. They can arise from a variety of different organs; can be benign or malignant;

are well, moderately, or poorly differentiated, as in grade; have variable metastatic potential; and are either functional or nonfunctional (i.e., produce hormones and symptoms
or do not) [1]. Symptoms can markedly reduce quality of life and are an important consideration for therapy. NETs have a low incidence but a high prevalence given the lower
mortality associated with these tumors.
One commonality among NETs is expression of the G protein–coupled SSTRs,
of which there are five subtypes in humans.
The human somatostatin molecule, composed of 14 amino acids, is a hormone used
by neuroendocrine cells for neurotransmission and cell proliferation. An abbreviated
version of the human somatostatin molecule,
composed of eight amino acids, is octreotide (Sandostatin, Novartis). Octreotide was
FDA-approved in 1988 for symptom control
in patients with functional NETs (package
insert, Novartis). However, it is also known
to have antiproliferative effects and is practically used in that way for patients with lowor intermediate-grade metastatic inoperable
NETs [2].
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