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Case Report
FDG PET imaging in multiple myeloma: implications
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Abstract: 18F-fluorodeoxyglucose positron emission tomography integrated with computed tomography (18F-FDG PET/
CT) is an effective modality to assess disease burden, detect extra-medullary disease and monitor minimal residual
disease (MRD) for multiple myeloma (MM) patients. This modality of imaging is incorporated in the International
Myeloma Working Group (IMWG) response criteria that are widely used in MM clinical trials. Interpretative pitfalls
are commonly encountered in 18F-FDG PET/CT studies and proper interpretation requires knowledge of the normal
physiologic distribution of the tracer affecting available 18F-FDG for tumor tissue uptake. We describe a series of MM
patients who exhibited a deep response to treatment, based on clinical features, serum markers and bone marrow
(BM) biopsy. However, these patients seemed to have new lesions on post-therapy 18F-FDG PET/CT images which
could be interpreted as progressive disease according to the IMWG criteria. Sequestration phenomenon, which is
the disappearance of 18F-FDG sequestration by myeloma-infiltrated marrow after successful anti-myeloma therapy,
could lead to unmasking of new 18F-FDG-avid lesions on post-therapy PET/CT due to higher 18F-FDG bioavailability
to residual tumor tissue. Clinical correlation, awareness of the 18F-FDG sequestration in myeloma infiltrated BM and
its impact on other 18F-FDG avid areas in the body are necessary to avoid potential pitfalls in end-of-treatment imaging interpretation. While considering patients for clinical trials, clinicians should be mindful of this sequestration
phenomenon in the interpretation of post-therapy PET/CT imaging in MM patients with initially heavily infiltrated
marrow.
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Introduction
F-FDG PET/CT is commonly used for the
detection of myeloma bone disease and extramedullary sites of metabolically active myeloma foci with relatively high sensitivity and specificity. Furthermore, follow-up PET/CT scans can
be used to monitor treatment response and
are of prognostic value for survival [1-3]. This
modality of imaging uses enhanced glucose
metabolic activity to visualize areas of interest,
and detects more lesions compared to whole
body X ray [4, 5]. A decrease in 18F-FDG uptake
correlates with chemotherapeutic response,
and residual 18F-FDG uptake after completion
of therapy may serve as an accurate marker for
assessing MRD comparable to next-generation
sequencing or multi-color flow cytometry [6, 7].
According to the IMWG response criteria, development of new bony lesions or soft tissue plas18

macytoma on imaging modalities, including
PET/CT indicates progressive disease (PD)
independent of serum monoclonal protein or
light chain concentration [8, 9]. This criterion is
widely used in myeloma clinical trials to unify
the trial recruitment and response assessment
across studies. However, cautious interpretation of the PET/CT findings is necessary, taking
into consideration the possible pitfalls encountered due to normal variation, processes that
mimic pathology and factors influencing the
18
F-FDG distribution throughout the body [10,
11]. Here, we present a series of cases highlighting the phenomenon of 18F-FDG sequestration by heavily myeloma-infiltrated BM at
diagnosis, which can lead to false interpretation of residual disease as PD on subsequent
PET/CT images when patients experienced a
significant response.

PET imaging in multiple myeloma
Table 1. Patient demographics and clinical characteristics
Clinical Parameters
Age (years)
Gender
Type of para protein

Case 1

Case 2

61

69

Case 3
65

Male

Male

Male
IgA Lambda

IgG Lambda

IgG Kappa

Stage (r-ISS)

III

III

II

CRAB criteria

Anemia Lytic lesions

Anemia Renal failure

Anemia Hypercalcemia

Pre-therapy BM cellularity (%)

65

45

30

Pre-therapy myeloma involvement of BM (%)

90

60

95

Hyperdiploidy

t (11; 14)

Hyperdiploidy

Cytogenetics
Risk stratification
Pre-therapy FDG PET

Standard risk

Standard risk

Standard risk

1. Widespread BM uptake

1. Widespread BM uptake

1. Widespread BM uptake
2. Liver lesion

2. Uptake in extremities

2. Low brain uptake

Pre-therapy serum M-spike

3.2 gm/dL

5.4 gm/dL

4.6 gm/dL

Type of Chemotherapy

Carfilzomib

Bortezomib

Bortezomib

Pomalidomide

Lenalidomide

Lenalidomide

Dexamethasone

Dexamethasone

Dexamethasone

Daratumumab

Cisplatin

Elotuzumab

Doxorubicin
Cyclophosphamide
Etoposide
Thalidomide
Daratumumab
Carfilzomib

Post-therapy serum M-spike

0.2 gm/dL

0.1 gm/dL

Post-therapy PET uptake in BM

No uptake

No uptake

No uptake

1. Right humerus

1. Right femur

1. Appendicular skeleton
2. Pelvic lesions

Post-therapy PET

0.2 gm/dL

2. Left femur

2. Increased brain uptake

Post-therapy BM cellularity (%)

35

30

50

Post-therapy BM MM burden (%)

0

10

10-20

MM - multiple myeloma, r-ISS - Revised International Staging System, CRAB - hypercalcemia, renal failure, anemia and bone lesions (CRAB criteria signify the presence of
end-organ damage in multiple myeloma), BM - bone marrow, M-spike - measurable marker of multiple myeloma in blood.

Materials and methods
18

F-FDG acquisition and evaluation

Our series consisted of three patients diagnosed with MM according to the IMWG criteria and underwent staging according to the
Revised International Staging System [12]. All
patients underwent whole body 18F-FDG PET/
CT for initial diagnosis of the disease according to standard protocol in our center. After a
fasting period of at least 4 hours, patients
received an intravenous dose of 13.7 mCI of
18
F-FDG. PET images from skull vertex to feet
were then acquired after a one hour delay.
Also acquired was a contemporaneous low
dose non-contrast CT scan performed for
attenuation correction of PET images and anatomic localization. The PET and CT images
were digitally fused for display and all images
were acquired on a combined PET-CT scanner
unit. Bone and extramedullary lesions with a
Deauville score >/=4 on PET scan were identi422

fied as positive foci of disease involvement
and selected as index lesions for assessment
post-therapy.
Informed consent
Informed consent for the study was obtained
from each patient described in our series. In
accordance with our institutional policy for a
short case series, institutional review board
(IRB) review and approval was not deemed necessary for publication.
Presentation and management of cases
In Table 1, we summarize the clinical features
of each patient with their disease characteristics and treatment received.
Case 1
61-year-old male diagnosed with ISS Stage III
MM underwent standard triplet induction therAm J Nucl Med Mol Imaging 2018;8(6):421-427
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urine M protein and remarkable improvement in cytopenias. PET/CT post treatment
showed minimal 18F-FDG uptake in BM with significant improvement in the innumerable
previously noted axial lesions.
However, there were two new
lesions with high 18F-FDG uptake noted at the right humeral metaphysis and left femoral
neck concerning for PD (Figure
1). The patient was deemed
eligible for a relapsed MM
Phase I clinical trial due to PD
on last line of therapy based
on development of a new 18FFDG-avid lesion as listed in
IMWG response criteria [8, 9].
However, a BM biopsy at this
time in fact did not show any
evidence of a plasma cell neoplasm by morphology or flow
cytometry, confirming response to therapy. He was closely
monitored off therapy and
maintained this response for
another 24 months.
Case 2
A 69-year-old male admitted
to our hospital with anemia
and worsening renal failure
was found have IgG Kappa
MM. He had a pre- treatment
PET/CT imaging demonstrating diffuse, enhanced 18F-FDG
BM uptake throughout the
spine and pelvis and very low
intracranial uptake. The SUVmax of the L4 vertebral body, right iliac crest and basal ganglia
were measured as pre-treatment index lesions
(Figure 2). With standard triplet induction therapy, he achieved a very good partial response
(VGPR) based on clinical features, serum markers and results of BM biopsy as defined by the
IMWG response criteria [8, 9] (Table 1). The
patient experienced >98% reduction in serum
and urine free light chains. Post-treatment PET/
CT showed a significant reduction in 18F-FDG
uptake throughout the BM and the reduction in
plasma cell burden was confirmed on BM biopsy. However, there was a paradoxical increase

Figure 1. Case 1-PET imaging before and after therapy. A. Arrow points at a
lesion in the right humerus femur with no 18F-FDG uptake before treatment
and showing an SUVmax of 12 in the same area post treatment. B. Arrow
shows an area in the left femur humerus with an SUVmax of 3 before treatment and SUVmax of 9.3 post treatment. C. Image depicts a pretreatment PET
scan showing widespread axial skeletal disease and diffuse marrow 18F-FDG
uptake. Post treatment PET scan shows response with therapy in axial skeleton and bone marrow.

apy followed by consolidation with tandem
autologous stem cell transplants achieving a
partial response. After 9 months, he had clinical and laboratory features consistent with disease relapse that was confirmed with increasing serum and urine monoclonal protein and
free lambda light chains. PET/CT showed widespread BM hyper intensity along with multifocal
increases throughout the axial skeleton and
several new punctate lesions in the visualized
extremities (Figure 1). BM analysis showed
infiltration with over 90% malignant plasma
cells. After multiple sequential lines of therapy,
the patient had a 90% reduction in serum and
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right acetabulum lesion. On
observation off treatment for
a year after this, he was found
to maintain the VGPR status
with eventual resolution of the
previously noted increased
femoral 18F-FDG uptake, which
was likely a non-tumor hyper
metabolic bony lesion.
Case 3
A 65-year-old male with IgA
lambda MM presented with
multiple soft tissue plasmacytomas, a 4-cm hepatic lesion
and extensive infiltration of
BM with disease (Figure 3A).
He achieved an initial partial
response with standard induction therapy; however, just prior to stem cell collection, patient was noted to have PD with
new plasmacytomas. He then
underwent multiple sequential
lines of salvage therapy (Table
1) and achieved over 98% reduction in myeloma markers
and BM assessment showed
significant reduction in plasma
cell burden to 10-20% residual
plasma cells from previous
Figure 2. Case 2-PET imaging before and after therapy. A. Pelvic PET/CT
showing diffuse increased bone marrow 18F-FDG uptake in the pelvis before
extensive marrow infiltration.
therapy and interval development of a new focus of 18F-FDG uptake in right
PET/CT at this time showed
acetabulum on the post-therapy PET/CT. The bone marrow uptake returned
resolution of the liver lesion
to background 18F-FDG uptake after therapy. B. Brain PET/CT showing lower
18
and significant reduction in
F-FDG uptake in the right basal ganglia (arrows) before therapy (SUVmax =
3.74) and after therapy (SUVmax = 7.78). C. Sagittal PET image of the upper
previously noted marrow activbody showing diffuse increased bone marrow 18F-FDG uptake through the
ity; however, there was apparentire spine. The correlative image after therapy illustrates the normal 18Fent worsening of disease in
FDG in the spine with increased brain 18F-FDG uptake.
the appendicular skeleton and
pelvic soft tissue masses that
in 18F-FDG uptake in the right femoral head
previously showed minimal metabolism (Figure
that was suspected to possibly represent PD
3B). This would have been misinterpreted as
and patient was considered eligible for a
PD by IMWG criteria while in actuality, he had
relapsed MM phase II clinical trial due PD on
achieved a significant reduction in myeloma
last line of therapy according to IMWG criteria
disease burden.
[8, 9] (Figure 2B). Also noted was a relative
increase in the intracranial uptake of 18F-FDG
Discussion
in comparison to pre-treatment PET/CT (Figure
18
F-FDG PET/CT plays an important role in MM
2C). These findings were likely secondary to
where it combines functional imaging provided
lack of 18F-FDG sequestration after successful
by PET with morphological evaluation assessed
anti-myeloma therapy and disappearance of
by CT. It enables the detection of metabolically
myeloma-infiltrated marrow which leads to
active plasma cells both inside and outside the
higher 18F-FDG availability for the brain and
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FDG uptake in the marrow can
significantly influence availability of 18F-FDG to other tissues including extra medullary
tumor, given the large volume
represented by the BM space.
It has been shown that activation of the marrow by pegfilgrastim can reduce the available 18F-FDG to the tumor and
lead to tumor SUV reduction,
even with unchanged tumor
metabolic rate [15]. Others defined a correction factor to
calculate tumor SUV in the
presence of high marrow 18FFDG uptake [16]. A somewhat
similar phenomenon can be
seen with a high rate of false
negative tumor detection by
increased muscular uptake
due to non-fasting state [17].

Figure 3. Case 3-PET imaging before and after therapy. A. PET/CT before
treatment showing a hypermetabolic liver lesion and high 18F-FDG uptake in
the bone marrow; Post treatment PET/CT shows interval development of hypermetabolic appendicular lesions with resolution of liver and bone marrow
disease. B. An area in the right humerus with SUVmax of 2.5 pre-treatment
and then an SUVmax of 8.5 post-treatment. C. Phenomenon of “cold-brain”
noted in pre-treatment PET CT secondary to 18F-FDG tracer sequestration
in the bone marrow heavily infiltrated with MM. PET/CT imaging post treatment shows an increase in brain 18F-FDG uptake after response to therapy
in bone marrow.

BM, thus predicting patients’ clinical outcomes. The accuracy of 18F-FDG PET/CT imaging depends upon a number of factors that
include optimal patient preparation, patientspecific metabolic features and adequate pharmacokinetics of 18F-FDG that together determine the tracer availability and uptake [2, 13,
14]. In highly metabolic bulky tumors or extensive tumor infiltrated marrow, there is radiographic tracer uptake and sequestration in the
malignant areas. Consequently, there is less
available tracer for uptake by physiologic or
other pathologic sites. Diffuse increase in 18F-
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After therapy related eradication of myeloma infiltrated
marrow, there is increased 18FFDG tracer availability leading
to an artefactual increase in
18
F-FDG uptake at residual tumor sites. This may confound
the interpretation of 18F-FDG
PET/CT studies post-therapy.

Our cases illustrate the phenomenon of extensive BM infiltration by tumor leading to
18
F-FDG tracer sequestration
in the marrow, limiting its availability, not only to other pathologic sites, but also physiologic
sites with healthy metabolically active tissues (i.e., brain). As described in
Case 2, the absence of intracranial uptake (i.e.
cold brain) in the pre-treatment PET scan
was likely due to preferential distribution of
tracer to the myeloma-infiltrated BM [18]. Subsequently, with treatment-based eradication of
tumor, there is elimination of this aberrant tracer sequestration leading to normalization of
18
F-FDG uptake in brain. Interestingly, the phenomenon of cold brain as a concomitant finding with bulky aggressive lymphoma has been
described in some aggressive lymphomas and
is associated with lower complete response
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rate and shorter progression free survival
[18-21].
MM therapy leads to elimination of tracer
sequestration and causes an artefactual
increase in metabolic activity at the sites of
residual disease that could be misinterpreted
as PD while in reality, there is significant treatment response by all other criteria. Such scenarios frequently prompt clinicians to reshape
treatment strategies. Hence, it is important for
oncologists to be cognizant of this potential
situation, and to interpret 18F-FDG PET/CT
studies in the context of other clinical and
biomedical disease markers. The frequency of
this sequestration phenomenon is unknown
largely due to lack of frequent assessments of
MM patients with PET/CT. Prospective trials
that would study the extent of 18F-FDG sequestration at diagnosis, determine disease and
host factors influencing this phenomenon (e.g.
enhanced anaerobic glycolysis) as well as the
influence of different anti-myeloma therapies
on tumor metabolism of myeloma cells (reversal of ‘Warburg effect’) [22] and subsequent
18
F-FDG uptake are warranted.

[2]

[3]

[4]

[5]

Conclusion
Extensive BM infiltration by tumor leads to 18FFDG tracer sequestration in the marrow, limiting its availability for uptake in other pathologic
sites as well as physiologic sites with healthy
metabolically active tissues.
Elimination of tracer sequestration with therapy and artefactual increase in metabolic activity at the sites of residual disease could be misinterpreted as PD based on IMWG criteria while
in reality, the patient enjoys significant response
to anti-myeloma therapy.

[6]

[7]
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