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Abstract
The management of multiple myeloma has fundamentally changed over the years and imaging
techniques able to match the therapeutic advances are now much needed. Although many patients
now achieve complete response after first-line treatment, relapse is common. Therefore, it would
be important to improve the initial prognostic stratification and to detect minimal residual disease
after treatment. 18F-FDG-PET/CT is a useful imaging tool which has a high prognostic value at
baseline evaluation and can effectively differentiate active from inactive lesions during induction
treatment or after autologous stem-cell transplantation. In combination with biological data, it improves the prediction of relapse. Other PET tracers may soon enter clinical practice and overcome
some of the limitations of 18F-FDG, such as the low sensitivity in detecting early bone marrow
infiltration. Excellent results with 11C-Methionine are reported by Lapa and colleagues in this issue
of the Journal. 11C-Methionine uptake reflects the increased protein synthesis of malignant plasmocytes and correlates well with bone marrow infiltration. Other promising PET ligands include
lipid tracers, such as 11C-Choline or 11C-acetate, and some peptide tracers, such as
68
Ga-Pentixafor, that targets CXCR4 (chemokine receptor-4), which is often expressed with high
density by myeloma cells.
Malignant plasma cells are radiosensitive and thus potentially amenable to systemic radionuclide
therapy. Indeed, excellent preclinical results were obtained with radioimmunotherapy targeting
CD38. Also, preliminary clinical results with peptides targeting CXCR4 (e.g. 177Lu- or
90
Y-Pentixather) are encouraging. Multiple myeloma may represent a renewal of the already strong
partnership between hematologists and nuclear medicine physicians.
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Nuclear medicine has substantially influenced
the management of hematological patients. In many
subtypes of lymphomas, 18F-FDG-PET/CT improved
initial staging, refined the definition of complete remission, and opened new perspectives for a tailored
treatment based on early metabolic response (i.e. “interim PET”) (1). Targeted radionuclide therapy, using
anti-CD20 antibodies labeled with either 131I or 90Y,
was successfully used to treat patients with relapsed
or refractory non-Hodgkin lymphomas and, more

recently, for consolidation of remission (2, 3). However, nuclear medicine has traditionally played a limited role in the management of multiple myeloma.
Multiple myeloma (MM) represents about 15%
of hematologic cancers. The median age at diagnosis
is 69 years (4). MM is characterized by the proliferation of clonal plasma cells in the bone marrow, which
causes an increased secretion of monoclonal immunoglobulins. These immunoglobulins are detectable in
the serum or urine. Signs of organ damage include
http://www.thno.org
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lytic bone lesions, renal impairment, hypercalcemia,
and anemia. The median survival has increased from
3 to 6 years in the past two decades (4), mainly as a
result of increased use of autologous stem cell transplantation and the introduction of immunomodulatory drugs (e.g. thalidomide, lenalidomide, pomalidomide) and proteasome inhibitors (e.g., bortezomib, carfilzomib).
Treatment of patients who are eligible for transplantation usually consists of two-drug (e.g. lenalidomide-dexamethasone
or
bortezomibdexamethasone) or three-drug induction regimen,
followed by high dose melphalan and autologous
stem-cell transplantation (4). Various combinations of
active drugs can be used in patients not eligible for
transplantation (e.g., melphalan, dexamethasone and
bortezomib) (4). Thanks to these therapeutic strategies, many patients now achieve complete response,
as defined by conventional serological and morphologic techniques (5). Unfortunately, the majority of
patients still relapse. There is thus growing interest in
improving the prognostic stratification at staging, as
well as in improving the detection of minimal residual
disease, which can be present inside or outside the
bone marrow. Functional imaging might be one of the
most promising tools to achieve these improvements.
Indeed, early studies suggested that 18FDG imaging at
baseline and post-treatment may offer important
prognostic information (6).
Staging of patients with MM in the revised International Staging System (R-ISS) is based only on
biological parameters (serum β2-microglobulin, albumin, and LDH levels) and the presence or absence
of high-risk chromosomal abnormalities (7). Regarding diagnostic imaging, planar radiographies of the
skeleton have been traditionally used as the standard
screening technique, despite some known limitations
such as low sensitivity and specificity and the inability to detect extraosseous lesions (8). It is now accepted that the diagnosis of myeloma bone disease
can be made with whole-body low-dose CT, MRI or
18F-FDG-PET/CT (9).
Compared to other radiographic methods, MRI
has higher sensitivity for early detection of marrow
infiltration in the axial skeleton. It is the gold standard
imaging technique for evaluating painful lesions and
for distinguishing malignant versus benign (e.g. osteoporotic) vertebral fractures. Moreover, MRI can
detect spinal cord or nerve compression and the
presence of masses in the soft tissues (10).
However, the strengths of MRI should not obscure those of 18F-FDG-PET/CT. At baseline, the
presence of more than three 18F-FDG-avid bone lesions, the presence of extra-medullary disease, and
the intensity of 18F-FDG uptake have better prognostic
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value for overall survival than the parameters provided by MRI (11, 12). 18F-FDG-PET/CT is the best
imaging tool for distinguishing between active and
inactive disease after therapy, and it allows for earlier
and more specific evaluation of therapeutic efficacy
compared to MRI (13). 18F-FDG-PET/CT provides
prognostic information during induction treatment
(11, 14) or after autologous stem-cell transplantation
(12). In combination with biological data, it improves
the prediction of relapse (15, 16).
Correctly identifying minimal residual disease
would be of paramount importance to predict the
outcome of patients in apparent complete remission
and to better manage the individual risk (e.g. choosing whether to use maintenance therapy or consolidation). The excellent results recently obtained by
treating relapsed/refractory MM with anti-CD38 or
anti-SLAMF7 monoclonal antibodies (17, 18) suggest
that these treatments might soon be used earlier, for
example for consolidation. Minimal residual disease
can be detected in the bone marrow with immunophenotypic techniques based on multiparameter flow
cytometry, or with PCR-based molecular techniques
(5, 19). Patchy bone marrow infiltration, and extramedullary involvement, may however generate
false negative results (19). 18F-FDG-PET/CT can be an
excellent complementary tool for detecting focal sites
of activity. Indeed, 18F-FDG-PET/CT is highly sensitive for extra-medullary localizations (6, 20, 21), and
for detecting residual focal bone or bone marrow lesions (11, 12). However, a baseline study is important
for assessing residual sites of uptake after therapy
(11), as is the case in lymphomas (1, 22).
Limitations of 18F-FDG-PET/CT include a lack of
sensitivity for detecting diffuse bone marrow involvement (in this case MRI remains the gold standard) and low-density plasmocyte infiltration. Also,
physiological 18F-FDG uptake in the brain reduces the
sensitivity for small skull lesions (23).
The prospective study by Lapa and colleagues in
this issue of Theranostics presents an interesting option
to overcome some of the limitations of 18F-FDG (24).
The authors performed a head-to-head comparison of
11C-Methionine and 18F-FDG-PET/CT scans in 43 patients referred for staging or re-staging of MM (24).
11C-Methionine was better than 18F-FDG at detecting
both
intraand
extramedullary
lesions.
11C-Methionine found more focal lesions in 28 out of
43 patients (65.1%; p<0.001), whereas in the other 15
patients both tracers yielded comparable results. The
degree of bone marrow infiltration strongly correlated
(r=0.9) with 11C-Methionine uptake at the site of iliac
crest biopsy, which was performed in 31 patients.
11C-Methionine has been used for imaging brain
tumors such as gliomas, as well as for detecting parhttp://www.thno.org
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athyroid lesions (25). The uptake of 11C-Methionine is
correlated with L-type amino acid transporter 1
(LAT1) (26). Interestingly, LAT1 expression has been
suggested as a prognostic marker in MM (27).
11C-Methionine uptake in MM probably reflects increased protein and immunoglobulin synthesis (28).
In a pilot study by Dankerl and colleagues (29), MM
patients with diffuse bone marrow involvement displayed significantly higher uptake than control patients (patients investigated for hyperparathyroidism).
The study of Lapa and colleagues shows impressive uptake of 11C-Methionine in MM lesions and
substantially confirms other studies which found a
higher sensitivity of 11C-Methionine compared to
18F-FDG (30, 31).
Some questions are however still unanswered:
• What is the prognosis of lesions displaying high
11C-Methionine and low 18F-FDG uptake and
how do these lesions respond to current treatments?
• To what extent can the high physiological uptake
of 11C-Methionine in the liver mask liver lesions?
Although less frequent than other sites of extra-medullary disease (e.g., skin, soft tissue and
lymph nodes) at initial presentation, the liver is
more commonly involved during relapse (21).
• Is 11C-Methionine as good as 18F-FDG for assessing response to treatments? Preliminary data
in xenografted mice suggest that 11C-Methionine
may be better than 18F-FDG as an early marker
for response to proteasome inhibitors (32).
• MRI is recommended for the workup of patients
with solitary bone plasmacytoma and those with
smoldering “asymptomatic” myeloma (9, 10).
Preliminary reports suggest that 18F-FDG-PET/
CT is useful also in these patients (33, 34). Can
11C-Methionine offer higher sensitivity?
• How does 11C-Methionine compare with other
metabolic tracers, such as 11C-Choline (35) or
11C-acetate (36, 37)? These tracers also are more
sensitive than 18F-FDG for detecting MM lesions
(35-37).
Interestingly, some new peptides may specifically image MM lesions. 68Ga-Pentixafor is a peptide
with high affinity for CXCR4 (chemokine receptor-4),
which is often expressed with high density by MM
cells (38). A recent study in 14 patients with advanced
MM showed that 68Ga-Pentixafor had an excellent
tumor-to-background ratio, although not all lesions
were visualized, and 18F-FDG-PET/CT revealed additional information in some patients (39). Interestingly, these peptides can be labeled also with
ß-emitters and thus be used for targeted radiotherapy
if all MM lesions in a patient show high receptor ex-
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pression. Indeed, preliminary results with 177Lu- or
90Y-Pentixather are encouraging (40).
The excellent results obtained by targeting CD38
with cold antibodies in patients with relapsed/refractory MM (17) raise the hope that an even
stronger response might be obtained by conjugating
CD38 antibodies with radioisotopes, as previously
demonstrated with radiolabeled anti-CD20 antibodies
in lymphoma (2). In one study, CD38-pretargeting/
90Y-DOTA-biotin was very effective at eradicating
subcutaneous plasmocytoma xenografts (41). Similarly, promising preclinical results were obtained with
213Bi-anti-CD38 (42). Many other receptors, such as
CD138 (43), SLAMF7, CD40, CD54, IL-6 receptor, and
CD74 are highly expressed in MM cells and they
might be targeted for radioimmunotherapy.
In summary, the management of MM has fundamentally changed in the past two decades and imaging techniques able to match the therapeutic advances are much needed.
18F-FDG-PET/CT is an excellent tool that deserves wider clinical use. Other tracers may soon enter
clinical practice. PET-CT imaging can be used in MM
patients with renal impairment without safety concerns from contrast agents. PET-MRI would allow
both MR and metabolic imaging within a single examination (44).
The effectiveness of external beam radiotherapy
for treating plasmocytoma shows that malignant
plasma cells are highly radiosensitive. Thus, MM patients may be good candidate for targeted radionuclide therapy, because this approach would deliver a
high dose to disseminated tumors while relatively
sparing the healthy tissues. In conclusion, MM may
represent a renewal of the already strong partnership
between hematologists and nuclear medicine physicians.
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