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Abstract
Somatostatin receptor‑targeted alpha radionuclide therapies have been introduced including 
actinium‑225 labeled tetraazacyclododecanetetraacetic acid–octreotide  (Ac‑225 DOTATATE) for 
advanced metastatic neuroendocrine tumors (NET). Very limited data are available on the posttherapy 
imaging using Ac‑225 DOTATATE therapy in metastatic NET. We present Ac‑225 single‑photon 
emission computed tomography/computed tomography images of a 72‑year‑old patient diagnosed as 
a case of advanced rectal NET treated primarily with Ac‑225 DOTATATE.
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Introduction
Neuroendocrine tumors  (NET) are 
heterogeneous group of tumors with 
different malignant potentials.[1] Peptide 
receptor radionuclide therapy  (PRRT) 
using somatostatin analogs labeled with 
beta  (β)‑particle emitting isotopes such as 
yttrium‑90 and lutetium‑177  (Lu‑177) has 
been a promising treatment strategy for 
metastasized NET.[2] Although remission 
can be accomplished in a high percentage 
of NET, some tumors do not respond 
to this treatment. Alpha  (α)‑emitting 
isotopes such as actinium‑225  (Ac‑225) 
are characterized by extremely high 
cytotoxic activity on the cellular level and 
may be superior in the treatment of NET 
not responding to PRRT using β‑emitting 
isotopes.[3] Furthermore, imaging α‑emitting 
nuclides with such low count statistics 
and gamma rays using single‑photon 
emission computed tomography/computed 
tomography  (SPECT/CT) is not reported 
yet. Our case describes the image findings 
of Ac‑225 tetraazacyclododecanetetraacetic 
acid–octreotide  (DOTATATE) whole body 
and SPECT/CT in a case of rectal NET 
with metastases.

Case Report
A   72‑year‑old male presented with 
complaints of epigastric burning sensation, 
loss of appetite, constipation, and altered 
bowel habits. Ultrasound abdomen showed 
a pararectal mass and liver lesions. Upper 
gastrointestinal  (GI) endoscopy showed 
Grade  II esophagitis. Colonoscopy showed 
normal colonic study with extraneous 
impression in the rectum. CT contrast 
abdomen showed a cystic and solid complex 
mass lesion in the right lateral pelvic 
wall and precoccygeal region measuring 
8.2  cm  ×  7.7  cm causing extrinsic 
compression of the rectum, retroperitoneal 
lymph nodes, and multiple liver metastases. 
Biopsy of pararectal lesion was consistent 
with NET Grade II  (Ki‑67‑proliferation 
index‑4%). His complete blood counts, liver 
function test, and kidney function tests were 
within normal limits. He was referred for 
whole‑body gallium‑68 (Ga‑68) DOTANOC 
positron‑emission tomography/CT  (PET/
CT)  [Figure  1a, maximum intensity 
projection] for staging which showed 
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intense uptake in enhancing lesion in right pararectal 
lesion [Figure 1b], retroperitoneal lymph nodes [Figure 1c], 
liver lesions  [Figure  1d], and right third rib  [Figure  1e] 
metastases. He was treated with 5.5 MBq  (150 μCi) of 
Ac‑225 DOTATATE as the primary modality of treatment 
with aminoven infusion. Posttherapy images were acquired 
at 24  h. High‑energy general‑purpose collimators were 
used for both whole body and SPECT/CT. Both scans were 
acquired using 218‑ keV and 440‑keV photon energies with 
20% window width. Whole‑body images were acquired for 
30 min using 256 × 1024 matrix [Figure 2]. SPECT/CT scan 
was acquired with sixty projections for 60 s using 64 × 64 
matrix. Whole body  [Figure  2] shows increased Ac‑225 
uptake in the pararectal lesion, lymph nodes, and liver 
metastases. SPECT/CT images of the pelvis  [Figure  3a‑d] 
show increased accumulation of Ac‑225 DOTATATE in the 
pararectal mass lesion, concordant with Ga‑68 DOTANOC 
PET/CT. The patient is on follow‑up without any side 
effects.

Discussion
NETs have proven to be ideal neoplasms for PRRT, as the 
majority of these slow‑growing malignancies overexpress 
somatostatin receptors. Appropriate candidates for PRRT are 
patients presenting with well‑differentiated or moderately 
differentiated NET defined as NETs of Grade I or II according 
to the 2010 WHO classification.[4] The clinical presentation 
may vary depending on the site of tumor origin. About 72% 
of NETs arise in GI structures, 25% are bronchopulmonary in 
origin, and  <5% arise at other sites  (e.g., thymus, breast, and 
genitourinary system). Frequently, these tumors are discovered 
when metastatic or locally advanced and therefore inoperable.[5]

Functional imaging procedures using PET/CT with Ga‑68 
labeled somatostatin analogs are used for staging, assessing 
somatostatin receptor status, and making decisions on 
the most appropriate therapy regimens.[6] PRRT with 
Lu‑177‑DOTATATE is the first radiopharmaceutical 
approved by the Food and Drug Administration for 
NETs. The approval was based on the results of phase 
III, randomized controlled landmark international, 
multicenter open‑label NET therapy  (NETTER‑I) trial, 
which compared Lu‑177 DOTATATE versus high‑dose 
long‑acting octreotide in patients with inoperable 
progressive, G1–G2 somatostatin receptor‑positive midgut 
NETs. The median progression‑free survival had not yet 
been reached in the Lu‑177 DOTATATE group at the time 
of interim analysis and was 8.4  months in the control 
group. The data support the efficacy of Lu‑177 DOTATATE 
in Gastroenteropancreatic GEP‑NETs.[7] The limitation of 
Lu‑177 DOTATATE therapy is that 26%–55% of patients 
only achieve stabilization of disease and a significant 
number, i.e., 18%–32% are refractory to β radiation 
Lu‑177 DOTATATE therapy. Moreover, those who achieve 
stabilization of disease invariably relapse in 2–3  years of 
the initiation of treatment.[8]

Figure 1: Gallium-68 tetraazacyclododecanetetraacetic acid–octreotide 
positron-emission tomography/computed tomography maximum intensity 
projection image (a) and axial fused positron-emission tomography/computed 
tomography images, showed intense somatostatin receptor expression in the 
pararectal lesion (b), aortocaval nodes (c), liver lesion, (d) and rib metastases (e)
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Figure  2:  Whole‑body posttherapy act inium‑225 tetraazacy 
clododecanetetraacetic acid–octreotide anterior  (a) and posterior 
(b) images showing intense accumulation in pararectal lesion and liver 
metastases (arrows) (note there is no bladder activity)
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Figure 3: Actinium225 tetraazacyclododecanetetraacetic acid–octreotide 
singlephoton emission computed tomography/computed tomography (axial 
computed tomography (a), singlephoton emission computed tomography 
(b), fused singlephoton emission computed tomography/computed 
tomography (c) and Maximum intensity projection(MIP) image(d) showing 
intense uptake in the right pararectal lesion 
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Ac‑225  (half‑life 9.9  days) for targeted α‑therapy has 
distinct advantages including the short range of α radiation 
in human tissue, which allows the selective killing of 
targeted cancer cells while sparing surrounding healthy 
tissue, and much higher linear energy transfer than 
β‑emitters, which leads to highly effective cell killing 
through DNA double‑strand and DNA cluster breaks. 
The theoretical physical advantages of α‑radiation over 
β‑radiation improve the efficacy of PRRT by labeling the 
peptides with α‑particle emitters.[9] The first study by Ballal 
et  al. which is a prospective single‑arm study in advanced 
NET patients who were refractory to Lu‑177 DOTATATE 
demonstrated Ac‑225 DOTATATE therapy to be effective in 
inducing high response rates, has a low toxicity profile and 
improves the quality of life.[10] We treated our patient with 
Ac‑225 DOTATATE as the primary modality of treatment.

Limited data are available for Ac‑225 posttherapy images. 
Posttherapy images are a potential source of quality control to 
confirm the localization of Ac‑225 in the target metastatic sites 
and to calculate organ dosimetry wherever required. Current 
literature suggests clinical imaging using two photopeaks 
440 KeV (26.5% of 213Bi decays to give 440 KeV) and 218 
KeV during Ac‑225 therapy  [decay of Ac‑225, Figure  4].[11] 
Recently, only one case of Ac‑225 DOTATATE SPECT/CT 
image is published as image of the month by Ocak et al.[12] This 
is the first case report showing the whole body and SPECT/CT 
Ac‑225 DOTATATE images.

Conclusion
Ac‑225 DOTATATE can be used as a primary modality of 
treatment in advanced NET with metastases. Furthermore, 
it has the potential to use in Lu‑177 DOTATATE 
resistant cases to promote remission without much 
toxicity. Posttherapy images are very important to see the 
biodistribution of tracer and for dosimetry purposes. As the 
dose of Ac‑225 is used in microcurie range, imaging low 
counts needs more time for SPECT imaging. Using 218 
keV and 440 keV gamma rays, whole body and SPECT/CT 
can be acquired with high energy collimator, posttherapy 
with Ac‑225 DOTATATE.
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Figure  4: Actinium‑225 decay showing 218 keV and 440 keV photon 
emission for imaging


