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International myeloma working group consensus recommendations on imaging in 
monoclonal plasma cell disorders 
 
ABSTRACT 
 
Recent advances in the treatment of multiple myeloma (MM) have increased the need for 
accurate diagnosis of the disease. The detection of bone and bone marrow lesions is crucial 
in the work-up of MM, and often dictates the decision to start treatment. Furthermore, detection 
of minimal residual disease (MRD) is important for prognosis and treatment planning, and has 
underscored an unmet need for sensitive imaging modalities that accurately assess response 
to therapy in MM. Low dose whole body computed tomography (WBCT) has increased 
sensitivity compared to conventional skeletal survey (CSS) in the detection of bone disease, 
and can reveal information leading to changes in therapy and management that could prevent 
or delay the onset of significant morbidity and mortality related to skeletal-related events. 
Given the multiple options for detection of bone and bone marrow lesions ranging from CSS 
to WBCT, positron emission tomography (PET)-CT, and magnetic resonance imaging (MRI), 
the International Myeloma Working Group has established guidelines on the optimal and 
standardized use of imaging modalities in different stages of the disease. These 
recommendations on imaging within and outside of clinical trials will help to standardize the 
imaging worldwide in order to allow comparison of results and unification of treatment 
approaches.  
 
INTRODUCTION 
 
MM is caused by the infiltration and proliferation of malignant monoclonal plasma cells, 
primarily in the bone marrow. There is evidence that it is always preceded by precursor stages 
of monoclonal gammopathy of undetermined significance (MGUS) and smoldering multiple 
myeloma (SMM) (1). The early stages of the disease are defined by the presence of 
monoclonal plasma cells in the bone marrow—with 10% or more being the defining 
percentage for SMM compared to MGUS—along with the presence of monoclonal protein in 
serum and/ or urine (2). Sometimes, MM can be preceded by a solitary accumulation of clonal 
plasma cells either in the bone or the soft tissue (solitary plasmacytoma or SPC) without signs 
of systemic disease (2).  
Usually, the diagnosis of a monoclonal plasma cell disorder is made based on immunofixation 
electrophoresis on serum and urine samples and on bone marrow biopsies (3). The main 
presenting symptoms of MM have been given the acronym ‘CRAB’, and include 
hypercalcemia (C) and bone destruction (B) due to an over-activation of osteoclasts, renal 
impairment mostly caused by monoclonal light chains affecting the kidneys (R), and anemia 
(A) reflecting amongst other things infiltration of the bone marrow with replacement of the 
physiological hematopoiesis (2). Given that 80–90% of all MM patients develop bone disease 
(4), a thorough assessment of the degree of skeletal involvement and damage to structural 
integrity is of utmost importance. Furthermore, whole body imaging techniques have revealed 
that MM does not always affect mineralized bone and bone marrow in a homogeneous way. 
In fact, approximately 60% of patients have plasma cell accumulation and bone destruction 
occurring in a focal or patchy fashion without osteolysis. These lesions are referred to as focal 
lesions, and are different from lytic lesions where bone destruction has already taken place 
(5). 
 
The clinical use of imaging modalities to diagnose MM is oftentimes influenced by availability 
and affordability of different techniques rather than by scientific data alone. Therefore, the 
present guidelines aim to provide a rationale for the use of different imaging modalities at 
various time points along the continuum of plasma cell disorders, as well as to provide 
recommendations regarding imaging in specific clinical scenarios. These guidelines may also 
serve as the basis for further research questions. 
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General clarifications 
Due to a paucity of randomized data on MM imaging, this paper does not apply levels of 
evidence to the guideline recommendations. It is also important to highlight that treatment 
should be considered for any patient meeting the active MM criteria (2) even if imaging is 
negative. The same approach should hold true for MM in biochemical or clinical 
relapse/progression. In this manuscript, we will use the term ‘Whole body MRI’ (WBMRI), 
which should not be confused with a cancer screening technique e.g. for patients with cancer 
of unknown primary. Specific recommendations on how to perform this imaging technique 
have been accepted for publication (Messiou et al, accepted, Radiology 2018). 
 
Availability of Imaging Modalities 
Low dose whole body computed tomography (WBCT) is preferred over conventional skeletal 
survey (CSS) for the diagnosis of MM bone disease. However, the panel is aware that the 
novel imaging techniques mentioned in this paper are not available at all locations worldwide. 
We are also aware that in some countries, financial considerations may preclude even CSS 
in patients in whom MM is diagnosed based on other myeloma defining events (MDE). 
Therefore, despite the shortcomings mentioned in this manuscript, CSS can be utilizied when 
WBCT or other novel imaging methods are not available.  
 
Although WBMRI is preferred in some situations, it is not available in many institutions in the 
world. MRI of the spine and pelvis is a reasonable alternative to provide sufficient bone marrow 
imaging. However, even this may be limited by the ability of patients to tolerate the procedure. 
In these situations, PET-CT or a more limited MRI assessment may need to be conducted.  
 
PET-CT can be used in place of WBCT, but is dependent on availability. However, if a PET-
CT is used instead of a WBCT, it is necessary that the CT part of PET-CT fulfills the criteria 
of a diagnostic WBCT. 
 
Finally, the panel recognized that limited imaging of symptomatic areas in MM are needed 
throughout the MM disease course and that the choice of the specific imaging modality is 
dependent on both the location of the symptom, and the area involved (e.g. bone versus 
extramedullary). Recommendations on such focused imaging are beyond the scope of this 
paper.  
 
Replacement of conventional skeletal survey by WBCT 
Historically, CSS has been applied for the assessment of MM bone disease (6) because of its 
low costs and widespread availability. Therefore, it has been broadly used and has formed the 
basis for previous guidelines and diagnostic models (7). However, this technique has 
significant limitations, particularly regarding sensitivity. As evidence of this, Edelstyn et al. 
showed in 1967 that up to 30–50% bone loss was required before it could be detected in 
conventional x-ray (8). 
 
WBCT either alone or in combination with PET has been shown to provide significantly 
superior sensitivity for the detection of osteolytic lesions in MM patients. In a multi-center 
analysis, the International Myeloma Working Group (IMWG) compared CSS and WBCT scans 
from 212 patients with monoclonal plasma cell disorders, finding that WBCT was positive in 
25.5% of patients who had negative CSS. This difference was mainly due to the superior 
detection rate in the spine and pelvis, because when comparing the sensitivity of CSS and 
WBCT in the long bones, no significant difference could be determined (9). Similar findings 
had been reported previously in a different series of 32 patients with 50% positive patients in 
X-ray and 74% positive in CT of spine and pelvis (10). In another study of 29 patients 5 (17%) 
showed osteolytic lesions in WBCT despite CSS being negative (11). Finally, in a cohort of 52 
patients in all stages of monoclonal plasma cell disorders, 12 (23%) were positive by CT and 
negative by CSS, confirming the increased sensitivity of WBCT (12). 
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In the adult long bones, MM infiltration can be detected by CT as nodular or even diffuse 
manifestations and appears to have prognostic significance as well as correlation with 
treatment response (13,14). Additionally, WBCT compared to CSS is more comfortable for the 
patient since the study is performed in the supine position and has a short acquisition time. 
 
Technical considerations with WBCT 
To avoid missing osteolytic lesions in the humeri in WBCT, the arms should not be placed 
above the head but rather next to the body to keep them in the field of view, and on cushions 
to avoid weakening of the CT beam in the area of the thoracic and lumbar spine. 
In general, it is recommended to perform a whole body low dose multi-detector CT; doses as 
low as 3.2-4.8 mSv have been reported to be sufficient. In comparison, radiation dose of CSS 
is usually 1.2-2.4 mSv (11,15–17). Recently, an expert group consisting of radiologists and 
hematologists has analyzed data on this topic to provide further recommendations(18). 
 
Bone marrow imaging 
The higher sensitivity of modern imaging techniques such as PET-CT and WBMRI provides 
the opportunity not only to determine bone destruction in MM but also to assess tumor burden 
and disease activity in a large area, if not the whole bone marrow compartment. As mentioned 
earlier, bone marrow infiltration in MM is not homogeneous in the majority of patients. 
Therefore, the ability to identify discrete areas of diffuse versus focal plasma cell infiltration by 
sensitive imaging techniques provides a novel dimension to disease burden and response 
assessment. Until now, in most cases at initial diagnosis, genetic testing for risk assessment 
and definition of complete remission (CR) as well as minimal residual disease (MRD) 
assessment in MM rely on the plasma cell percentage and biology found in a bone marrow 
specimen taken essentially at random either from the iliac crest or the sternum. However, 
these sites may or may not be representative for the real disease burden. Given this caveat, 
it is noteworthy that a retrospective study by the Arkansas group has shown that in some but 
not all patients, genomic findings of MM cells from a random sample and an imaging guided 
biopsy of a focal lesion can in some cases be similar and in others different, respectively (19). 
In a prospective study, the group from Heidelberg has shown that also the plasma cell 
percentage differs significantly (20). Given this heterogeneity and its potential to impact clinical 
care decisions, more comprehensive bone marrow imaging is highly desirable in MM. 
 
Comparison of PET-CT and WBMRI for bone marrow imaging 
PET-CT and WBMRI provide different and complementary information on the investigated 
tissue. While WBMRI is based on examining the composition of the tissue regarding water 
and fat content, PET-CT draws information from metabolic activity of the cells within the 
investigated area, which are taking up a radioactive tracer. 
In PET-CT the most widely used tracer is 18F Fluorodeoxyglucose (FDG) with the radionuclide 
18 Fluorine. If PET-CT imaging is mentioned in this manuscript, this refers to 18F FDG PET-
CT. FDG is ingested by cells in accordance with their glucose metabolism and therefore with 
their energy consumption. 
In WBMRI contrast agents are usually based on gadolinium which has been shown to be 
relatively inert, but in the case of renal insufficiency can lead to a severe complication: namely, 
nephrogenic systemic fibrosis (21). However, the indications where a contrast agent is needed 
for WBMRI in MM patients are rare, as already conventional non-enhanced WBMRI has a 
high resolution and contrast with regards to the bone marrow. 
While PET-CT is superior to MRI regarding the assessment of viability of focal lesions, a 
diffuse infiltration can be better assessed in MRI due to its higher spatial resolution.  
Diffusion weighted imaging (DWI) is an MRI technique measuring the movement of water 
molecules in the tissue (22). At present, the DWI technique is not validated sufficiently to be 
recommended for general application. Similarly, data with the combined PET-MRI scanners 
and novel tracers are not mature for the purposes of this guideline paper (23,24). 
 
RECOMMENDATIONS IN DIFFERENT STAGES OF THE DISEASE 
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Monoclonal gammopathy of undetermined significance 
 
MGUS has a high incidence of 3.2% in individuals of 50 years of age or older and of 5.3% in 
persons of 70 years or older (25). According to the recently updated analysis of the 
Southeastern Minnesota cohort, risk factors for MGUS to active MM progression include an 
M-protein of 1.5 g/dl or more and an abnormal free light chain ratio in patients with non-IgM 
MGUS. Patients with no or 1 risk factor had a progression rate of 7% and 20% within 20 years 
respectively, while individuals with 2 risk factors showed a progression rate of 30% in 20 years 
(26). Therefore, the IMWG decided to recommend whole body imaging only in patients with 
high risk MGUS. Because the most important symptom to be excluded in patients with 
monoclonal gammopathy is bone destruction and due to the benefits of WBCT mentioned 
above, we recommend this technique as the primary modality to be used. Recommendations 
are summarized in Figure 1 and the grey box below. IgM MGUS usually does not develop into 
MM but Waldenstrom’s Macroglobulinemia and no routine bone imaging is recommended for 
this entity. 
 
MRI has been investigated in MGUS, resulting in recognition of focal lesions in different 
reported series from 3.5% to 23.4% (27–29). However, confirmative histological examination 
of the focal lesions identified was not performed in any of these studies, and there is a high 
probability of false positive findings. WBMRI can be useful in selected patients where there is 
concern for MM based on equivocal WBCT results. The prevalence of MGUS increases with 
age, and distinguishing any MM related bone changes from a benign etiology becomes very 
important. For example, age-related osteoporosis in elderly individuals is usually accompanied 
by a higher fat content in the bone marrow due to replacement of the physiological 
hematopoiesis by fat cells, whereas osteoporosis caused by MM goes along with a higher 
cellularity due to malignant infiltration. These changes can be teased out by the use of WBMRI, 
especially in case of vertebral fractures (30–32). Furthermore, presence or absence of bone 
marrow edema allows an assessment of the age of the fracture (new versus old). Oligo-
secretory disease occurs in about 3-5% of MM patients (4) and remains in the differential 
diagnosis during evaluation of an MGUS patient. WBMRI can help identify this subset of 
patients as well. To date, there are no published data on PET-CT findings in MGUS patients. 
 

 
Solitary plasmacytoma 
 
SPC occurs as solitary bone (SBP) or extramedullary lesion (EMP), with the former being 
about twice as prevalent as the latter (33). Furthermore, SBP has a significantly higher risk of 
progression into MM compared to EMP, with 35% versus 7% within 2 years, respectively (33). 
The most important information acquired from whole body imaging in any patients with SPC 
is the exclusion of additional osteolytic lesions or further soft tissue masses, which would 
constitute systemic MM. WBMRI and PET-CT provide high sensitivity and specificity to detect 
both (further) diffuse as well as focal bone marrow infiltration. Different guidelines have 
preferred PET-CT over WBMRI of the spine and pelvis. However, since WBMRI has a higher 

Recommendations for imaging in MGUS 

 In suspected high risk non IgM MGUS, we recommend WBCT to rule out MM. 
If WBCT is not available, conventional skeletal survey or WBMRI are 
alternatives. 

 In patients with equivocal findings on WBCT (or skeletal survey) in whom there 
is concern for myeloma, we recommend WBMRI (or MRI of the spine and pelvis 
if WBMRI is not available).  

We do not recommend follow up bone imaging unless there are signs of progression 
to symptomatic disease e.g. pain or increase in serological parameters. 
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sensitivity for the diffuse infiltration part of the bone marrow, WBMRI would be the first choice 
in patients with SBP. If a WBMRI is not available PET-CT provides a reasonable alternative. 
In EMP, PET-CT has been preferred to exclude further lesions. 
 
Since the risk of progression of SPC into MM or relapse is relatively high with 14-38% within 
the first 3 years (34), yearly follow up with the same imaging technique used at first diagnosis 
should be performed for the first 5 years and later on only in case of clinical or laboratory signs 
or symptoms even though there is no clear evidence for the benefit of this procedure yet. 
Figure 2 and the respective grey box show the recommendations for imaging in patients with 
SPC. 
 

 
Smoldering multiple myeloma 
 
Compared to active MM, the disease burden is relatively lower in SMM patients. This makes 
it very important to apply imaging techniques with a high sensitivity to identify bone 
disease/involvement and distinguish them from active MM. Several retrospective analyses—
both with MRI and PET-CT—have been performed. In two independent datasets of 149 and 
67 patients with SMM using WBMRI and spinal MRI, respectively, an optimal cutoff of two or 
more focal lesions even without underlying osteolytic lesions has been found to be of 
prognostic significance for progression into symptomatic disease with a 2-year rate of 
progression of 70–80%. Positive findings of focal lesions were reported in 16% and 28% of 
patients, respectively (35,36). This observation has led to the inclusion of MRI focal lesions as 
an MDE, leading to the recommendation to treat these patients (2).  
 
For the same reasons mentioned in the MGUS section, we recommend WBCT as the first 
imaging technique for exclusion of osteolytic lesions. If imaging findings are inconclusive, the 
same imaging technique should be repeated after 3–6 months. In a study by Merz et al., 
increase in number or size of focal lesions in SMM patients on follow-up WBMRI studies were 
prognostic for progression to active MM requiring treatment compared to SMM patients who 
had stable FL findings (37). If only a WBMRI has been performed initially, bone imaging - i.e. 
WBCT - should be done to exclude lytic lesions. It has been shown that the risk of progression 
from SMM to MM decreases over time, reflecting the potential presence of a group of patients 
with high risk SMM and such with a rather MGUS-like type (38). Therefore, if no signs of 
progression occur, regular imaging might be reduced or stopped after 5 years, especially in 
patients without high risk features. Due to the complementary findings of WBCT (osteolytic 
lesions) and WBMRI (bone marrow lesions) in patients with only one focal lesion, an 
alternating approach might be considered. Figure 3 shows an algorithm for imaging in patients 
with SMM. 
 

Recommendations for imaging in SPC 

 We recommended WBMRI (or MRI of the spine and pelvis, if WBMRI is not 
available) in patients with newly diagnosed solitary bone plasmacytoma. 

 We recommend PET-CT in patients with newly diagnosed solitary 
extramedullary plasmacytoma. 

 If WBMRI is not available, WBCT or PET-CT can be used as alternatives in 
patients with newly diagnosed solitary bone plasmacytoma. 

 The same technique used at initial diagnosis should be repeated in yearly 
intervals for at least 5 years. 
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Multiple myeloma 
 
Imaging at first diagnosis 
 
Similar to investigations on early stages, both PET-CT and MRI have been shown to provide 
prognostic information based on the presence and number of focal lesions, as well as diffuse 
infiltration of the bone marrow. In analyses of newly diagnosed patients with MM in the context 
of the total therapy protocols, more than 7 focal lesions in spinal MRI and more than 3 lesions 
in PET-CT have been shown to be of adverse prognostic significance (39–42). These data 
have been confirmed in another cohort of 192 patients by the MM group in Bologna and Udine 
(43). Although these results are prognostic at diagnosis (46) and do serve as a reference point 
for emerging new lesions at progression, they are not utilized to escalate or de-escalate 
therapy at the moment. Furthermore, the post-therapy imaging interpretation should be done 
in the context of the same imaging technique (WBMRI or PET-CT) that was used at baseline 
assessment. The novel imaging techniques give a comprehensive assessment of total tumor 
mass, extramedullary disease and potentially clinically relevant impairment of the skeletal 
system or involved organs. 
In clinical routine, a careful evaluation of the extent of bone destruction is of utmost 
importance. Therefore, WBCT is the first technique recommended as a minimal requirement 
that should be used. If this does not show any signs of lytic lesions or osteoporosis, preferably 
WBMRI should be performed as per the reasons mentioned in the paragraph on SMM. Due 
to the prognostic effect at both first diagnosis as well as after completion of therapy, PET-CT 
is recommended within clinical trials and also where available outside of them. In figure 4 the 
recommendations for imaging in patients with MM in clinical routine and clinical trials, 
respectively, are outlined. For patients who are negative in all imaging techniques but show 
other MDEs, the general recommendations of the IMWG should be considered. 
Certain emergent clinical situations may necessitate imaging, such as an MRI to rule out cord 
compression or a CT to assess bone integrity or stability. 
 
 
 
 
 
 
 
 

Recommendations for imaging in SMM 

 In SMM, accurate diagnosis is critical and hence CSS is not recommended to 
determine presence or absence of bone disease.  

 WBCT is the first choice to exclude osteolytic lesions. 

 If WBCT is negative, we recommend consideration of WBMRI (or MRI of spine 
and pelvis, if WBMRI is not available) as the next diagnostic step because of its 
high sensitivity and the necessity of excluding focal lesions as MDEs.  

 PET-CT can be used in place of WBCT.  

 PET-CT can be used in place of WBMRI if the procedure is not feasible or if 
there are other contraindications or patient factors that preclude its use. 

 The same technique used at initial diagnosis should be repeated in yearly 
intervals for at least 5 years, depending on risk factors. Furthermore, alternating 
CT examinations should be performed in certain circumstances to exclude small 
osteolytic lesions 
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Imaging during follow-up or therapy for response evaluation 
 
Recently the IMWG has published an updated version of the criteria for assessment of 
treatment response in MM. Here for the first time the possibility of a focal infiltration pattern 
was taken into account mentioning that especially in case of a CR or even MRD negative 
stage, information derived from whole body imaging has to be considered (44). This is 
because both CR and MRD negativity are defined by low and not measurable plasma cell 
counts in the bone marrow, respectively. Since these examinations are usually performed in 
the pelvic bone where the bone marrow is best accessible, one can miss residual disease at 
other sites in the body. Several studies have proven that residual focal lesions in either PET-
CT, spinal or WBMRI are of adverse prognostic significance (39,45–47). In an Italian study 
published by Zamagni et al., the progression-free survival was 44 versus 84 months for 
patients with versus without residual focal lesions (45). Figure 5 shows a potential algorithm 
for imaging during follow-up and for response evaluation. It has to be mentioned again that 
during follow up the same technique as at baseline should be used to provide comparability.  
Follow-up imaging does not only provide information on progression of the disease. Instead, 
the more widespread use of computed tomography has revealed that lytic lesions can show 
signs of bone healing, and residual lesions immediately after intensive therapy can become 
negative after a longer follow-up. As a caveat, it has to be mentioned that in PET-CT reparative 
osteogenesis in rare cases can lead to false positive results. Therefore, in case of PET-avid 
focal lesions in the setting of serological response, these should be compared to the CT part 
of the examination which would show sclerotic versus further lytic activity. 
 

 
Imaging in relapsed multiple myeloma 
 
At relapse, MRI has been proven to be of value for early detection of recurrent bone marrow 
infiltration with a slight superiority over PET-CT, while PET-CT was better in early detection of 
response to salvage therapy (48). However, these findings too have not been incorporated to 
change therapy while managing relapsed MM patients. We recommend WBCT when a 
relapse is suspected (e.g. serological relapse or progression) to assess the extent and 
dynamic of bone destruction as the most clinically relevant parameter. These 

Recommendations for imaging in MM during follow up and therapy 
Depending on availability of baseline examinations and initial results either WBCT to 
provide a baseline bone status for potential relapse or a PET-CT as part of response 
assessment should be performed. In patients with residual lesions in PET-CT, yearly 
follow up is recommended because these patients have a high risk of an early 
progression 

Recommendations for imaging in MM at first diagnosis 

 CSS is not recommended to determine presence or absence of bone disease in 
myeloma.  

 WBCT is the first choice to assess presence and extent of osteolytic lesions. 

 PET-CT can be used in place of WBCT.  

 If WBCT is negative, and there are no other MDEs, we recommend 
consideration of WBMRI (or MRI of spine and pelvis, if WBMRI is not available) 
as the next diagnostic step because of its high sensitivity and the necessity to 
exclude focal lesions as MDEs.  

 PET-CT can be used in place of WBMRI if the procedure is not feasible or if 
there are other contraindications or patient factors that preclude its use. 

 In clinical trials, PET-CT is preferred to create a baseline for response 
assessment 
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recommendations are summarized in figure 6. 
 
How to perform and report bone marrow findings in PET-CT and WBMRI 
 
Some studies investigating MRI in monoclonal plasma cell disorders only included the spine 
and the pelvis and sometimes the skull (axial MRI). A comparative study of axial and WBMRI 
revealed that 10 of 100 patients had focal lesions only in the extra-axial skeleton which would 
have been missed if only a spinal MRI had been performed (49). Therefore, if available 
WBMRI should be the preferred imaging technique.  
 
It would be beyond the scope of this manuscript to describe in detail which specifications for 
WBMRI and PET-CT should be used. However, recommendations for the interpretation of 
PET-CT have been published by the IMWG and are currently refined by the same group (50). 
In brief, focal lesions in PET-CT at first diagnosis have been defined by a tracer uptake higher 
than that of hematopoietic bone marrow and/or that of the liver. A diffuse uptake should be 
reported if it lies above that of the liver.  
 
Recommendations for technical specifications of WBMRI as well as WBCT by interdisciplinary 
groups of radiologists, physicists, and hematologists have been accepted for publication 
(18)(Messiou et al, accepted, Radiology 2018). MRI focal lesions are characterized by 
hypointensity in T1- and corresponding hyperintensity in T2-weighted or inversion recovery 
images. Diffuse infiltration can be identified if the signal intensity is decreased homogeneously 
in T1- and increased in T2-weighted images. As a reference, the signal intensity of the 
intervertebral disk should be used. 
 
All whole body imaging should include the vertex of the skull and at least the knees. If protocols 
are available, the lower extremities should be displayed in full. 
 
Based on the generally used slice thickness of 5 mm of the WBMRI, a minimum diameter of 
a focal lesion to be defined as such was arbitrarily set at 5 mm. From a hematologist’s 
perspective the following information should be provided when reporting on PET-CT or 
WBMRI. 



 9 

 

 
This manuscript aims to provide guidelines for how to use current imaging modalities. New 
PET-tracers and novel technologies such as double energy CT will likely be introduced into 
clinical routine in the not too distant future. This might lead to a necessity for changes in the 
current recommendations. 
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Recommendations 
First diagnosis 
A radiological report on whole body imaging in patients with monoclonal plasma cell 
disorders should include information on the following: 

1) Infiltration/ bone destruction pattern 
a. Minimal (normal appearing) 
b. Focal lesions 
c. Diffuse Infiltration/ bone destruction 
d. Mixed (focal lesions on diffuse background) 

2) Absolute number of focal lesions  
a. For WBMRI 0, 1, 2-7, >7 
b. For PET-CT 0, 1-3, > 3 

3) Number of fractures (new versus old, location, likelihood of malignant versus 
benign cause) 

4) Extramedullary disease 
5) Soft tissue masses growing out of the bone marrow into the surrounding tissue 
6) Infiltration of the long bones 
7) Evidence of surgical procedures at the skeletal system 
8) Incidental findings 

 
In Remission 
A 5-stage scoring system is recommended differentiating the following findings 
regarding response to therapy in imaging (guidelines papers for WBCT, WBMRI and 
PET-CT): 

1) Response 
a. Normalization of bone marrow signal in previously affected areas 
b. Decrease in number and/or size of focal lesions 
c. Resolution of severely infiltrated bone marrow infiltrate into focal lesions 
d. Decrease of number and/or size of soft tissue tumors (para- and 

extramedullary) 
2) No change 
3) Progression 

a. Worsening of diffuse bone marrow signal or new appearance of 
infiltration in previously unaffected areas 

b. Increase in number and/or size of focal lesions 
c. Merging of focal lesions into severely infiltrated bone marrow 
d. Increasing in size and/or number of soft tissue tumors (para- and 

extramedullary) 
 
Specifics for MRI 
Cystic/ liquid transformation of focal lesions after therapy 
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FIGURE LEGENDS 
 
Figure 1: Imaging algorithm for patients with non-IgM MGUS 
 
Figure 2: Imaging algorithm for patients with SPC 
 
Figure 3: Imaging algorithm for patients with SMM 
 
Figure 4: Imaging algorithm for patients with MM at first diagnosis 
 
Figure 5: Imaging during follow-up therapy for response evaluation 
 
Figure 6: Imaging algorithm for patients with suspicion of relapsed/progressing MM 
 


