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The last 2 years have brought significant progress for the
clinical use of somatostatin receptor (SSR) targeted imaging and
therapy in the United States. In 2016, the Food and Drug Admin-
istration approved 68Ga-DOTATATE for imaging of neuro-
endocrine tumors (NETs), and very recently 177Lu-DOTATATE
received approval for therapy of gastroenteropancreatic NETs.
68Ga/177Lu-DOTATATE and the related peptides DOTATOC
and DOTANOC are SSR ligands. They stimulate the receptor
as the natural ligand somatostatin, which in turn causes internal-
ization of the receptor–ligand complex (1). Internalization and
intracellular retention were considered to be critical for high-
contrast imaging of SSR-positive tumors because unbound pep-
tide ligands are rapidly cleared via the kidneys, resulting in a
very high gradient between activity concentration in the blood
and activity concentration in the tumor tissue. Therefore, wash-
out of cell surface–bound SSR ligands was believed to be fast
and image contrast to be low or to be quickly decreasing over
time.
However, G protein–coupled receptors, such as SSR, exist in

different conformations, active and inactive, and receptor agonists
and antagonists have different affinities for these conformations
(2). Specifically, the affinity of the agonist is modulated by the
degree of coupling of the receptor to the G protein, whereas this
is not the case for antagonists (2). These differences between G
protein–coupled receptor agonist and antagonist binding were
demonstrated for opioid receptors in the 1970s (3), but only in
2006 did Ginj et al. demonstrate in cell culture studies that ra-
diolabeled SSRs have severalfold more binding sites for antago-
nists than for agonists, probably because of the ability to recruit
inactive receptors on the cell surface (1). Furthermore, SSR an-
tagonists demonstrated significantly higher tumor uptake in mice
than agonists did (1). A substantially higher number of binding
sites was also shown by ex vivo autoradiography of human NET
samples (4).

This finding prompted the development and clinical testing of
the high-affinity SSR type 2 (sstr2) ligand 68Ga-NODAGA-JR11
(NODAGA 5 1,4,7-triazacyclononane,1-glutaric acid-4,7-acetic
acid and JR11 5 Cpa-c(DCys-Aph(Hor)-DAph(Cbm)-Lys-Thr-
Cys)-DTyr-NH2), which was tested clinically by Nicolas et al.
(5,6). 68Ga-NODAGA-JR11 had shown a highly favorable biodis-
tribution in mice bearing sstr2-expressing xenografts and an almost
2-fold-higher tumor uptake than the sstr2 agonist 68Ga-DOTATATE,
which has the same affinity for sstr2 as 68Ga-NODAGA-JR11 (7).
Small previous clinical studies suggested that SSR antagonists

can efficiently target NETs and may be preferable to agonists. In a
head-to-head comparison of the antagonist 111In-DOTA-BASS
and 111In-DTPA-octreotide, the antagonist demonstrated improved
image contrast and visualized significantly more metastatic lesions
(25 vs. 17) than the agonist although both ligands exhibited almost
identical SSR affinity (8). Tumor uptake of 111In-DOTA-BASS
remained higher than that of 111In-octreotide until 24 h after injec-
tion (8), indicating that antagonists are well retained in the tumor
tissue although they do not cause significant internalization of the
SSR (7). In a comparison of JR11 labeled with 177Lu (177Lu-DOTA-
JR11) and 177Lu-DOTATATE in 4 patients with metastatic NETs,
177Lu-DOTA-JR11 delivered 1.7–10.6 times higher tumor radiation
doses per administered activity, again indicating that sstr2 antago-
nists can be retained by NETs for longer periods (9).
The 2 papers by Nicolas et al. in this issue of The Journal of

Nuclear Medicine (5,6) represent the first prospective, systematic
evaluation of PET imaging with radiolabeled sstr2 antagonists.
The first paper (5) describes the human biodistribution, safety,
and radiation dosimetry of 68Ga-NODAGA-JR11. Radiation doses
to normal organs were similar to or lower than those in the liter-
ature for SSR agonists. Two masses of 68Ga-NODAGA-JR11 (15
and 50 mg) were injected in 12 patients, with no serious side
effects for either peptide mass. However, it should be noted that
a 50-mg peptide mass is identical to a pharmacologically active
dose of octreotide (which has an affinity for sstr2 similar to that
of NODAGA-JR11). In patients with hormone-secreting tumors
treated with octreotide, injection of 68Ga-NODAGA-JR11 may
antagonize the inhibitory effects of octreotide on hormone secretion.
Slow intravenous injection of 68Ga-NODAGA-JR11 may therefore be
advisable in these patients until more safety data become available.
In the second paper, uptake in normal organs and tumor is

compared between 68Ga-NODAGA-JR11 and the SSR agonist
68Ga-DOTATOC. The antagonist demonstrated significantly lower
uptake than the agonist in liver, spleen, pancreas, and gastrointes-
tinal tract. It is currently unclear whether this finding is due to the
antagonist properties of 68Ga-NODAGA-JR11 or to other differ-
ences in the pharmacologic properties of the two sstr2 ligands.
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Regardless, the low liver background activity is promising for
detection of small liver metastases, which are notoriously difficult
to delineate with agonists. Uptake of 68Ga-NODAGA-JR11 in
several normal organs was slightly but significantly decreased
by increasing the peptide mass from 15 to 50 mg. In contrast,
tumor uptake of 68Ga-NODAGA-JR11 showed no significant
change with increasing peptide mass. This result is consistent with
previous animal studies on the impact of peptide mass on tumor
and normal-tissue uptake of SSR ligands (10). A possible expla-
nation is saturation of sstr2 receptors, ubiquitously expressed at
low density in normal organs but not in the tumor. The stability of
tumor uptake over a 3.3-fold range of injected masses is important
for the clinical application of 68Ga-NODAGA-JR11 because the
mass of NODAGA-JR11 injected for a given amount of radioac-
tivity continuously increases with the physical decay of 68Ga. If
tumor uptake of 68Ga-NODAGA-JR11 were highly dependent on
the injected peptide mass, all quantitative indices of tracer uptake
by the tumor tissue would be unstable.
Contrary to previous animal studies, tumor uptake of 68Ga-

NODAGA-JR11 in patients was not higher than that of 68Ga-
DOTATATE (6), potentially indicating that tumor uptake is not
limited by receptor density but by tracer delivery and perfusion.
Nevertheless, markedly more liver metastases were detected by
68Ga-NODAGA-JR11 than by 68Ga-DOTATOC, because of the
lower liver background activity (sensitivity, 94% vs. 59%). The
positive predictive values of 68Ga-DOTATOC and 68Ga-NODAGA-
JR11 PET/CT were similarly high (.95%), indicating that the ad-
ditional number of lesions detected by 68Ga-NODAGA-JR11 were
not false-positives.
These data are promising for NET staging with 68Ga-NODAGA-

JR11 PET/CT. However, the absolute sensitivity reported for both
ligands should be cautiously interpreted because the reference stan-
dard (CT and MRI) does not have a perfect sensitivity for detection
of liver metastases (11). Another limitation of the study is the use of
68Ga-DOTATOC as a comparator for 68Ga-NODAGA-JR11. 68Ga-
DOTATOC also binds to sstr5 and to a lesser extent sstr3, whereas
68Ga-NODAGA-JR11 is a pure sstr2 ligand (7). Differences in bio-
distribution and tumor uptake may therefore reflect not only differ-
ences between their agonistic and antagonistic properties but also
differences in the SSR binding profile.
Finally, the results of the present study support a potential

theranostic role for radiolabeled SSR antagonists. The higher tumor
uptake of JR11 than of DOTATOC suggests that higher tumor
radiation doses may be delivered by antagonists, because there is
also preliminary clinical evidence that antagonists show unexpect-
edly slow washout from NETs (9). However, larger studies are

necessary to show that antagonists can provide meaningfully higher
tumor response rates and prolonged progression-free survival. Also,
the side-effect profile of radiolabeled antagonists needs to be studied
carefully.
In conclusion, Nicolas et al. (5,6) show that PET imaging of

patients with SSR antagonists is promising for detection and stag-
ing of NETs. 68Ga-NODAGA-JR11 shows favorable biodistribu-
tion and may be superior to 68Ga-DOTATOC for detection of liver
metastases. Further studies confirming the high sensitivity in
larger populations, as well as studies on the impact of the higher
sensitivity on patient management, are warranted.
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