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Introduction

"F-prostate-specific membrane antigen (PSMA) positron
emission tomography/computed tomography (PET/CT) in
the imaging of prostate cancer is now well-established (1).
Despite excellent sensitivities, it is noteworthy that
PSMA expression is not specific to the prostate; increased
"F-PSMA uptake can be found in some non-prostatic
malignancies (2). Herein, we present the case of a 76-year-
old male patient who underwent ""F-PSMA-1007 PET/
CT for bone pain after radical prostatectomy. PET images
revealed increased '"F-PSMA uptake of diffuse bone lesions
and CT images showed multiple osteolytic destructions.
Bone biopsy confirmed a diagnosis of multiple myeloma
(MM). We also summarize the histopathology, clinical
characteristics, and imaging manifestations of MM,
especially regarding PSMA PET/CT imaging.

Case presentation

A 76-year-old male patient underwent prostatectomy for
prostate cancer and was followed for more than 9 months.
During the whole follow-up process, his prostate-specific
antigen (PSA) level was stable with a most recent PSA
reading of 0.006 ng/mL in our hospital. Clinically, there
was no evidence of biochemical recurrence after surgery.
The patient experienced pain in the anterior chest wall and
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back for more than 1 month, and "*F-PSMA-1007 PET/CT
imaging was performed to further investigate the possibility
of recurrence and bone metastases.

"F-PSMA-1007 PET/CT imaging showed no abnormal
PSMA uptake in the prostatectomy area, however, extensive
PSMA-avid osteolytic lesions were found in multiple bones
(including the skull, bilateral humerus, clavicle, scapula,
sternum, ribs, multiple vertebral bodies of the spine, pelvis,
bilateral humerus, and middle/upper femur). The maximum
intensity projection (MIP) images of PET/CT showed
extensive PSMA-avid osseous lesions in the skeleton,
including the spine, bilateral humerus, and middle/
upper femur (Figure 14). Normal uptake was found in the
prostatectomy region (Figure 1B-1D). In the pelvic region,
multiple osteolytic lesions of the sacrum and bilateral iliac
bones with intense PSMA uptake were found, and the
maximum standardized uptake value (SUVmax) of the
sacral lesion was about 31.0 (Figure 1E-1G). In the thoracic
region, PET/CT images also showed many PSMA-avid
osteolytic lesions in multiple vertebral bodies of the spine
and bilateral ribs (Figure 1H-1%).

For further evaluation, histological specimens of the
iliac bone marrow were obtained. The bone marrow
aspiration cytology showed hyperplasia with visible and
abnormal plasma cells (Figure 24). The biopsy pathology
showed abnormal cell proliferation of plasma cells with
hypertrophy, abundant cytoplasm, round or irregular
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Figure 1 The "F-PSMA-1007 PET/CT images of a 76-year-old male patient with multiple myeloma and prostate cancer treated with
primary radical prostatectomy. The MIP (A) shows diffuse and increased PSMA uptake in multiple bones, including the spine, bilateral
humerus, and middle/upper femur. The PET image, plain CT image, and PET/CT fusion image (B-D) show no abnormal uptakes in the
surgery region. The PET image, plain CT image, and PET/CT fusion image (E-G) show PSMA uptakes with osteolytic bone destruction of
the sacrum and bilateral ilium, while the SUVmax was about 31.0 in pelvic lesions. The PET image, plain CT image, and PET/CT fusion
image (H-]J) show diffuse PSMA positive lesions in the bilateral scapula, bilateral ribs, and thoracic vertebrae. CT, computed tomography;
MIP, maximum intensity projection; PET, positron emission tomography; PSMA, prostate-specific membrane antigen; SUVmax, maximum

standardized uptake value.
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Figure 2 The aspiration cytology of bone marrow (A) shows abnormal plasma cell (HE, x100). The biopsy pathology (B) shows abnormal

cell proliferation of plasma cells with reticulin fibrosis (HE, x100). Immunohistochemical staining (C) shows CD38 positive (x200). HE,

hematoxylin and eosin.

nucleoli, and reticulin fibrosis of Grade MF-3 (Figure 2B).
The immunohistochemical (IHC) staining showed that
CD138 (+), CD38 (+), kappa (+), lambda (-), MUMI1 (+),
CD56 (=), CyclinD1 (+), CD19 (-), cytokeratin (CK) cells
cytoplasmic (+), PSA (=), P504S (-), positive rate of Ki67
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<5% (Figure 2C). The final histological diagnosis was
plasma cell myeloma (PCM). According to the Chinese
guidelines for the diagnosis and treatment of MM (revised
in 2020) (3), the final clinical diagnosis was IgG and kappa
light chain-type MM. At the time of writing, our patient
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had received 6 courses of the BRD regimen (bortezomib +
lenalidomide + dexamethasone) and was in full remission.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was provided by the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

MM is a hematological malignant neoplasm defined by
the abnormal proliferation of clonal plasma cells, and it is
the second most common tumor of the blood system after
lymphoma. Males are more likely to have MM than females
and the median age at the time of discovery is around
65years old. Some of the most common clinical signs are
osteolytic bone destruction, anemia, renal dysfunction,
recurring infections, and hypercalcemia, and the disease
progresses rapidly in a short period of time. MM presents
as diffuse or focal bone infiltration, in which the destruction
is usually confined to the bone marrow and extramedullary
infiltrates are rare. Overall, extramedullary lesions occur in
approximately 10-16% of all MM cases (4). The common
diagnostic methods of MM are laboratory tests, urine
testing, bone marrow biopsy, and imaging evaluations
including CT, magnetic resonance imaging (MRI), whole-
body scintigraphy, and PET (5). 2-deoxy-2-[fluorine-18]
fluoro-D-glucose ("*F-FDG) PET/CT provides both
anatomical and metabolic information for the diagnosis,
staging, treatment response, and prognostic assessment of
MM (6).

PSMA, also known as glutamate carboxypeptidase II,
is a transmembrane glycoprotein normally expressed in
healthy human tissues and normal prostate epithelium,
and it is strongly up-regulated in prostate tumor cells and
related metastatic lesions (7). Its high sensitivity and high
tumor background ratio make PSMA an excellent PET
imaging agent for prostate cancer (8), and of great value in
the accurate staging, metastasis evaluation, and treatment
response assessment, especially in patients with biochemical
recurrence (9). On the other hand, a variety of normal
tissues express PSMA in salivary glands, lacrimal glands, the
liver, spleen, pancreas, small intestine, bladder, and renal
cortex. It is reported that PSMA can be highly expressed in
other non-prostatic malignant tumors (such as glioblastoma
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and renal cell carcinoma) and some benign lesions (such as
schwannoma and adrenal adenoma) (10-12).

MM is predominantly characterized by multifocal
osteolysis on CT images. Tumor neovascularization occurs
earlier than osteolytic changes by CT, a comprehensive
result of osteoclast activation, osteoblast inhibition, and
imbalance in the bone remodeling process (13), which
results in bone defection. Besides, it is not possible
to visualize osteolytic osseous destruction in the early
period, in the case of preserved trabecular bone structure.
Compared to CT, PET scan, using PSMA as the tracer,
is more effective in evaluating bone destruction. Several
experts (10,12,14-18) have reported cases of high PSMA
uptake in MM and considered PSMA-avid mechanism as the
excessive expression of PSMA in tumor neoangiogenesis.
However, many previous studies utilized “Ga-PSMA
imaging (10,12,14-16) and the lesions in some cases were
discrete (10,12,14-17). Only one of them was diffuse bone
marrow involvement of MM on "*F-PSMA-1007 PET/CT
without any pathological evidence of prostate cancer (18).
Physically, the end-point positron energy of '*F-labeled
PSMA ligands is much lower than that of “Ga (0.65 vs.
1.90 MeV), which reduces the positron range in tissue and
may improve spatial resolution (19). Whole-body PSMA
tumor volume (wbPSMA-TV) and whole-body total
lesions PSMA uptake (wbTL-PSMA) have been shown to
predict progression-free survival, and wbPSMA-TV had
the greatest accuracy among these parameters (20). In our
MM case, on "*F-PSMA-1007 PET/CT, extensively intense
uptakes were found in the axial skeleton including the skull,
bilateral humerus, clavicle, scapula, sternum, ribs, multiple
vertebral bodies of the spine, pelvis, bilateral humerus, and
middle/upper femur. Non-prostatic pathological uptake is a
potential pitfall of PSMA PET/CT imaging. Especially in
this case, diffuse PSMA-avid bone lesions were mimicking
the recurrence of prostate cancer, however, no evidence
of biochemical recurrence was found, and the histological
diagnosis was PCM. Overall, this case of MM found in a
patient with a history of prostate cancer and with extensive
bone uptakes on ""F-PSMA-1007 PET is extremely rare
and a similar case has not been reported before. Therefore,
more studies are needed to evaluate whether this diffuse
uptake could be considered a suggestive feature of myeloma

on ®F-PSMA-1007.
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