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Abstract

Background: 18F-fluciclovine (Axumin) positron emission tomography (PET) is a novel agent for detection of
biochemical recurrence of the prostate cancer. In this article, we present an interesting case of prostate cancer
recurrence with bone metastasis not visualized with conventional CT, but detected with Axumin PET/CT. This case
report will help reader to understand shortcomings of conventional modalities (CT/MRI/bone scan) in evaluation of
biochemical recurrence of prostate cancer.

Case presentation: We report a case of 73-year-old male previously diagnosed with adenocarcinoma of prostate,
status post-radiation treatment with excellent response to therapy. He presented with progressively increasing right
groin pain and rising PSA level indicating biochemical recurrence. A bony metastasis to right inferior pubic ramus
was diagnosed with Axumin PET/CT, not detected with conventional CT. He underwent local radiation treatment
with excellent response to therapy.

Conclusion: 18F-fluciclovine (Axumin) PET/CT is the most sensitive tool in detection of biochemical recurrence of
prostate cancer. CT and MRI may not detect early cases of tumor recurrence which affects disease prognosis and
patient management.

Background
About 1/3rd cases of prostate cancer develop biochemical
recurrence during post-treatment surveillance. After treat-
ment for localized prostate cancer, patients are followed
up with serial PSA level to detect biochemical recurrence
[1]. 18F-fluciclovine (Axumin) is a novel radiolabeled
amino acid analog with higher uptake in prostate cancer
cells than in the surrounding tissues. Although 18F-
fluorodeoxyglucose (18F-FDG) is a widely available work-
horse tracer agent for vast majority of the cancers, it has
limited role in prostate cancer imaging due to its poor
sensitivity for both initial staging as well as recurrence
localization. Poor sensitivity is attributed to most prostate
cancers utilizing non-glucose metabolic pathway, small
size of recurrent lesions, and adjacent intense urinary
bladder activity [1, 2]. 18F-fluciclovine (Axumin) is the
only 18F-based radiotracer that the US Food and Drug

Administration (FDA) has approved for molecular im-
aging in patients suspected of having recurrent prostate
cancer. It has better recurrence detection rate than 11C-
choline and 18F-FDG positron emission tomography
(PET); currently, it is the most sensitive approved novel
agent for detection of biochemical recurrence of the
prostate cancer [2]. Axumin PET is indicated in localizing
recurrent disease in prostate/prostatectomy bed, pelvic or
distant lymph nodal disease, and bony as well as distant/
visceral metastasis in patients with rising PSA after treat-
ment completion [1, 2]. Detecting sites of relapse and
characterizing extent of tumor provide crucial information
for appropriate treatment planning. We present an inter-
esting case where the bony metastasis was not seen with
CT pelvis but detected with Axumin PET/CT highlighting
the role of novel PET tracer to detect biochemical recur-
rence of prostate cancer.

Case presentation
Four years back, a 73-year-old male was diagnosed with
adenocarcinoma of the prostate with Gleason score 6.
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The patient then underwent radiation treatment with
excellent response to therapy and undetectable PSA. He
presented to his physician with progressively increasing
right groin pain for a month, 4 years after the treatment
completion. On physical examination, there was deep
right groin tenderness, but no mass was palpable. Rest of
the physical examination was unremarkable. A non-
contrast CT of pelvis did not show significant abnormal-
ity apart from focal anterior cortical bulge (Fig. 1). His
PSA level was markedly elevated (6.1 ng/mL) from his
baseline (< 0.1 ng/mL) indicating biochemical recurrence
of the prostate cancer. Only < 5% of bone scans are posi-
tive for detecting bony metastasis at PSA level < 7 ng/
mL, as well as bone scans are more sensitive to detect
sclerotic lesions [1]. Since our patient had radiologically
occult disease with no significant abnormality on pelvic
CT, our multidisciplinary team thought to proceed with
Axumin PET/CT. Moreover, we were not sure whether
our patient had radiologically occult bony/soft tissue
lesions, lymph nodal, or distant metastasis. After insur-
ance approval for reimbursement, Axumin PET/CT scan
was performed which showed increased tracer activity in
right inferior pubic ramus with standardized uptake
value maximum (SUVmax) 7.4 (Figs. 2 and 3) consistent
with bony metastasis. CT guided biopsy of the lesion
revealed metastatic adenocarcinoma of the prostate.
Patient was again treated with local radiation therapy
and currently under surveillance with nadir PSA < 0.1 ng/
mL. His symptoms of right groin pain also subsided.

Discussion
Food and Drug Administration (FDA) has approved
18F-fluciclovine (Axumin) for workup of the prostate
cancer biochemical recurrence. Radiology and nuclear

medicine residents, clinicians, and reporting radiologists
should be aware of the characteristics, imaging protocol,
and interpretation criteria for Axumin PET/CT. 18F-
fluciclovine (Axumin) is a leucine amino acid analog
which can move across the tumor cells fairly rapidly,
with peak time ranging 4 to 10min [3, 4]. Images can be
obtained 3 to 5 min post-injection, quickly compared to
fluorodeoxyglucose (FDG) PET/CT. Patient must fast for
at least 4 h to reduce amino acid level in the blood
which can interfere competing with the tracer [4–6].
Contrary to FDG-PET/CT, Axumin PET/CT is per-
formed with full bladder because of very minimal renal
excretion and urinary bladder activity [5]. This allows
for better evaluation of prostate bed. Intense tracer
uptake is seen in liver and pancreas [6]. Variable uptake
is noted in salivary glands, bone marrow, and muscles.
Unlike FDG, uptake in brain is minimal [6].
The most intense physiologic tracer uptake is seen

in the pancreas, which decreases within 15 min after
injection to a level lower than that of the liver. The
liver has second most intense physiologic activity and
is the most critical organ for radiation [1, 6]. Axumin
PET image interpretation is predominantly visual or
qualitative, rather than measurement of actual SUV.
Radiotracer uptake in suspicious lesions is compared
with uptake in the bone marrow or blood pool. Bone
marrow in third lumbar vertebra (L3) is recom-
mended as a standard comparator because it is less
likely to have arthritic changes that could confound
interpretation of tracer uptake [2, 6]. Tracer uptake
equal to or greater than that of the blood pool but
less than that of the bone marrow is considered to be
mild. Tracer uptake equal to or greater than that of
bone marrow but less than that of the liver is consid-
ered to be moderate, and avidity equal to or greater
than that of the liver is considered to be intense [1].
Lytic bone metastases typically show intense uptake,
followed by mixed (lytic and sclerotic) bone lesions
which commonly show moderate uptake. It should be
noted that sclerotic metastatic lesions may have no
tracer uptake with Axumin PET. Being an 18F radio-
tracer, an on-site cyclotron is not required for its
production, which enables widespread clinical avail-
ability of this agent [1]. Compared to 18F-FDG, how-
ever the cost is high [6].
Axumin PET findings can alter treatment modification

by finding otherwise undetected metastasis. After defini-
tive treatment for prostate cancer, patients are routinely
followed up with serum PSA levels. Imaging with CT
and MRI may not detect or accurately characterize the
biochemical relapse at earliest such as in our case. Mul-
tiple imaging modalities are available; usually imaging
performed with computed tomography (CT), magnetic
resonance imaging (MRI), and bone scan to evaluate

Fig. 1 Non-contrast CT of pelvis axial image did not show definite
bony metastasis, but abnormal focal cortical bulge, which was
inconclusive. Note is made of permanent radioactive seeds within
the prostate from prior treatment
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prostate cancer recurrence. CT and MRI provide
anatomic information and detect the mass when it is
obvious, but do not provide physiological information.
Also, it may be difficult to detect local tumor recurrence
at prostate bed due to radioactive seeds. Metastasis to
bone and lymph nodes may not be detected early with
conventional imaging [6]. Bone scan has low sensitivity
and specificity in detecting bony metastasis, and further
it cannot evaluate lymph nodal or distant metastasis.
Axumin PET is superior to bone scan because bone scan
only detects osteoblastic process, whereas Axumin PET
shows both bony and soft tissue tumors.
Axumin PET has detection rates of 72.0%, 83.3%, and

100% at PSA levels < 1, 1–2, and equal or more than 2

ng/mL, respectively [7]. It has negative predictive value
(NPV) of 100% with PSA value of more than 1.05 ng/
mL. The findings on Axumin PET may be crucial in
treatment modification such as widening radiation field
when more local lesions are seen or avoiding radiation
altogether because distant metastasis is seen, not identi-
fied by other structural imaging modalities such as CT/
MRI or other PET tracers. Axumin uptake can be
detected in benign prostatic hypertrophy nodules in the
residual prostate tissue and it is still not indicated for
evaluation of initial prostate cancer staging [1, 2].
Axumin PET is in initial phase; thus, further research
and case studies will definitely enrich us with knowledge
about this novel PET tracer.

Fig. 2 a Axial 18F-fluciclovine (Axumin) PET and b PET/CT fusion images showing increased activity in right inferior pubic ramus (arrow) with
standardized uptake value maximum (SUVmax) 7.4 consistent with recurrent bony metastasis

Fig. 3 Coronal 18F-fluciclovine (Axumin) PET/CT fusion image showing increased activity in right inferior pubic ramus (arrow) with standardized uptake
value maximum (SUVmax) 7.4 consistent with recurrent bony metastasis. Also note the physiological distribution of 18F-fluciclovine tracer within the liver,
pancreas, and visualized muscles. Contrary to FDG PET, brain activity is minimal. b Non-contrast CT image of same patient for comparison
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Conclusion
18F-fluciclovine (Axumin) PET/CT provides physio-
logical information and most sensitive tool in detection
of biochemical recurrence of prostate cancer. Conven-
tional imaging modalities may not detect early cases of
tumor recurrence which affects disease prognosis and
patient management.
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