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Abstract

Objective To assess associations between bone marrow infil-
tration patterns and localization in magnetic resonance imag-
ing (MRI) and baseline clinical/prognostic parameters in mul-
tiple myeloma (MM).

Methods We compared baseline MM parameters, MRI pat-
terns and localization of focal lesions to the mineralized bone
in 206 newly diagnosed MM patients.

Results A high tumour mass (represented by International
Staging System stage III) was significantly associated with
severe diffuse infiltration (p=0.015) and a higher number of
focal lesions (p=0.006). Elevated creatinine (p =0.003), anae-
mia (p<0.001) and high LDH (p=0.001) correlated with se-
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vere diffuse infiltration. A salt and pepper diffuse pattern had a
favourable prognosis. A higher degree of destruction of min-
eralized bone (assessed by X-ray or computed tomography)
was associated with an increasing number of focal lesions on
MRI (p<0.001). Adverse cytogenetics (dell7p/gainlq21/t
(4;14)) were associated with diffuse infiltration (p=0.008).
The presence of intraosseous focal lesions exceeding the min-
eralized bone had a borderline significant impact on
prognosis.

Conclusions Diffuse bone marrow infiltration on MRI corre-
lates with adverse cytogenetics, lowered haemoglobin values
and high tumour burden in newly diagnosed MM whereas an
increasing number of focal lesions correlates with a higher
degree of bone destruction. Focal lesions exceeding the corti-
cal bone did not adversely affect the prognosis.

Key Points

* Diffuse MRI correlates with adverse cytogenetics, lowered
haemoglobin and high tumour burden.

* Higher numbers of MRI focal lesions correlate with increas-
ing degree of bone destruction.

* Focal lesions exceeding the cortical bone borderline signif-
icantly influence survival.

* Moderate/severe diffuse infiltration and more than 23 focal
lesions adversely affect survival.

Keywords Multiple myeloma - Magnetic resonance
imaging - Prognosis - Bone marrow - Plasma cells

Abbreviations

ax Axial

b2MG  Beta-2-microglobulin

BMPC Bone marrow plasma cell infiltration
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CA Cytogenetic aberrations

CRAB Calcium elevation, renal failure, anaemia,
bone disease

CRP C-reactive protein

DCE Dynamic contrast enhanced

DWI Diffusion-weighted imaging

EFS Event-free survival

EMD  Soft tissue lesions/extramedullary disease

Hb Haemoglobin

ISS International Staging System

iFISH  Interphase in-situ hybridization

LCD Light chain disease

LDH Lactate dehydrogenase levels

MBS  X-ray-based metastatic bone survey

MRI Magnetic resonance imaging

MM Multiple myeloma

oS Overall survival

PFS Progression-free survival

S&P Salt and pepper

STIR  Short-tau inversion recovery

wb Whole-body
>ULN  Above the level of normal

Introduction

Magnetic resonance imaging (MRI) is recommended for dis-
ease assessment in almost all stages of monoclonal plasma cell
disorders [1]. It is able to depict bone marrow infiltration and
to distinguish different growth patterns of the disease. The
adverse prognostic implications of diffuse infiltration and fo-
cal lesions have been demonstrated in asymptomatic as well as
symptomatic multiple myeloma (MM) [2—4]. Recently, MRI
findings have been included into the revised criteria to define
symptomatic MM, and it is recommended to obtain a baseline
MRI at any disease stage [5, 6]. In symptomatic MM more
than seven focal lesions on axial (ax; MRI of the head, spine
and pelvis) MR1 are of adverse prognostic significance regard-
ing event-free (EFS) and overall survival (OS) [4, 7].

Recent studies applying axMRI demonstrated a correlation
of both clinical and genetic features of MM with MRI find-
ings: Moulopoulos et al. [8, 9] demonstrated that diffuse infil-
tration in axial MRI correlates with unfavourable cytogenetic
aberrations (CAs) as well as advanced stages according to the
International Staging System (ISS). Baseline parameters, such
as lowered haemoglobin (Hb) value, higher bone marrow
plasma cell infiltration (BMPC), higher lactate dehydrogenase
levels (LDH) and elevated serum calcium levels correlate with
presence of diffuse infiltration [9]. More than seven focal le-
sions were associated with lowered serum albumin, higher
LDH, C-reactive protein (CRP) and serum creatinine [4]. Fo-
cal lesions as well as diffuse infiltration on MRI were
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associated with an increased number of lytic bone lesions
detected by X-ray-based metastatic bone survey (MBS) [8].

The current study used whole-body (wb; MRI of the head,
spine, pelvis and extremities) MRI to independently (1) ana-
lyze the prognostic value of the described focal and diffuse
infiltration (including the hitherto poorly investigated diffuse
salt and pepper (S&P) infiltration pattern), (2) examine the
prognostic value of the localization of focal lesions to the
mineralized bone (intraosseous +exceeding cortical bone),
and (3) assess the mutual correlation between diffuse infiltra-
tion or the number of focal lesions and unfavourable CA as
well as clinical baseline and prognostic parameters.

Materials and methods
Subjects

The wbMRI studies of 206 untreated MM patients, which
were obtained between June 2004 and March 2010, were ret-
rospectively evaluated. Patients were included if wbMRI had
been performed within 0—100 days prior to initiation of sys-
temic treatment (median 13 days, range 0-92 days). Baseline
characteristics are shown in Supplemental Table 1. At least
one high-dose melphalan therapy and subsequent autologous
stem cell transplantation was performed in 160 patients, while
the other 46 were transplant-ineligible. Maintenance therapy
was performed in 83 patients with interferon (17 patients),
thalidomide (47 patients) or bortezomib (19 patients), respec-
tively. This retrospective data analysis was approved by the
institutional ethics committee. Parts of the cohort have already
been published [7].

Imaging protocol and analysis

Whole-body MRI was performed without the administration
of contrast agent on two similar 1.5 Tesla MRI units
(Magnetom Avanto, Siemens Healthcare, Erlangen, Germany,
duration of MRI scan: approximately 30—45 minutes) and
included coronal T1w and short-tau inversion recovery T2w
(STIR) sequences from the vertex to the mid-calves as well as
sagittal Tlw and T2*w (in phase) sequences covering the
vertebrae from the atlas to the coccygeal bone. The STIR
sequence provides T2w, fat-suppressed images. All MRI
scans were read by two experienced investigators in consen-
sus reading as reported previously [3, 10-12].

Focal lesions were defined as circumscribed areas (>5 mm
in diameter) with decreased signal intensity in TIw images
and increased signal intensity in T2w images [12, 13].

Diffuse bone marrow infiltration in the axial skeleton was
assessed according to the criteria proposed by Stibler and
Baur et al. [7, 13] as follows:
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A diffuse infiltration pattern (general T1w hypointensity)
was subcategorized into moderate (hyperintensity in Tlw
compared to the intervertebral disc) or severe (T1 shows the
same low signal intensity as the intervertebral disc). Further-
more, an S&P pattern (T1w mixed hyper- and hypointense,
STIR hypointense) and minimal infiltration pattern (appearing
as ‘normal’, fatty-converted bone marrow, with high signal
intensity in T1w and low signal intensity in T2w STIR im-
ages, called minimal diffuse infiltration, because a minor in-
filtration of plasma cells is very likely and cannot be ruled out)
were defined. If both diffuse and focal involvement were pres-
ent, both patterns were assessed separately.

Cytogenetic analyses

As previously described, cytogenetic analyses identifying ad-
verse CA (deletion 17p, translocation t(4;14) and gain
1q21>3 copies) were performed according to local standards
using interphase in-situ hybridization (iFISH) [14].

Statistical analyses

Association between categorical and continuous parameters
was tested using Mann-Whitney-Wilcoxon test (two groups)
and Kruskal-Wallis test (multiple groups). Fisher’s exact test
was used to test the association between categorical parame-
ters. Spearman’s tho was used to assess the correlation be-
tween continuous parameters.

Progression-free survival (PFS) was defined as time from
MRI to progression or death from any cause, whichever oc-
curred first. OS was defined as the time from MRI to death
from any cause. Patients without event were censored at last
follow-up. Distribution of event times was estimated by the
Kaplan-Meier method. The log- rank test was used to compare
survival curves, stratified by transplant-eligibility.

All tests were two-sided. P-values below 0.05 were consid-
ered statistically significant. All analyses were performed
using the R 3.1 software package (R Core Team, http://
www.R-project.org/).

Results
Baseline MRI findings

Minimal diffuse infiltration (normal appearing,
fatty-converted bone marrow) was present in 25.2 % (52 pa-
tients), moderate diffuse infiltration in 37.9 % (78 patients),
severe diffuse infiltration in 27.7 % (57 patients) and S&P
diffuse infiltration in 9.2 % (19 patients) of patients.

At least one focal lesion was found in 79.6 % (164 patients)
whereas 20.4 % (42 patients) of patients had no focal lesions.
Among the patients with at least one focal lesion, 97.6 % (160/

164 patients) presented with intraosseous focal lesions,
57.9 % (95/164 patients) with intraosseous focal lesions ex-
ceeding the cortical bone (extracortical) and 7.3 % (12/164
patients) with soft tissue (extramedullary) lesions. Notably,
in our cohort of symptomatic MM patients soft tissue
lesions/extramedullary disease (EMD) always appeared in
the presence of other intraosseous focal lesions. Frequencies
and co-incidences of focal lesion types are shown in Supple-
mental Table 2.

There was no correlation between the diffuse infiltration
and number of focal lesions (p=0.38) or a grouped diffuse
infiltration according to prognosis (minimal/S&P and moder-
ate/severe) and the number of focal lesions (p=0.38). Repre-
sentative images and clinical courses for S&P diffuse infiltra-
tion and EMD are presented in Fig. 1.

Survival analyses of MRI focal and diffuse infiltration
patterns

Median follow-up was 64.8 months, last updated in August
2014, and there were 163 PFS and 77 OS events. Kaplan
Meier estimates for minimal, moderate, severe and S&P dif-
fuse infiltration were significantly different for both PFS and
OS (Fig. 2A and B; PFS: p=0.002 and OS: p=0.05). The
S&P diffuse infiltration had the best OS prognosis (Fig. 2B).

As previously reported, an increasing number of focal le-
sions was associated with an adverse prognosis, but there was
no unique cut-off number of focal lesions to define patients
with a poor prognosis [4, 7]. Dividing the total focal lesion
number into three groups depending on quartiles (<Q1, Q1-3
and>Q3) led to significant PFS and OS differences (Fig. 2C
and D; PFS: p<0.001 and OS: p=0.04).

The presence of at least one intraosseous focal lesion had
no influence on either PFS or OS (Fig. 3A and B). Similarly,
the presence of at least one focal lesion exceeding the cortical
bone had a borderline significant influence on PFS and OS
(p=0.10 and p=0.08, Fig. 3C and D). The presence of pri-
mary EMD without connection to the mineralized bone result-
ed in a significantly shortened PFS (p<0.001) and OS, though
the results for OS did not reach statistical significance
(P=0.14, Fig. 3E and F).

Association of MRI diffuse infiltration patterns
with baseline clinical and prognostic variables

Categorical (ISS, CRAB criteria (calcium elevation, renal fail-
ure, anaemia, bone disease, according to Durie et al. [15]), CA,
grouped patterns of osteolyses and LDH above the level
of the normal, >ULN) and continuous (BMPC,
beta-2-microglobulin (b2MG), Hb, LDH and creatinine) vari-
ables were associated with the different diffuse infiltration pat-
terns. The results are shown in Table 1. P values for any overall
difference between the investigated parameters and diffuse
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Fig. 1 Representative images of salt and pepper diffuse infiltration and
extramedullary myeloma disease. T1w (A) and T2w (B) images of a salt
and pepper diffuse infiltration of the vertebra from a 69-year-old male
patient. He received an upfront therapy including a bortezomib-based
induction therapy and high-dose melphalan with autologous blood stem
cell transplantation. Since then, he has remained in complete remission
for almost 6 years now. T1w (C) and T2w (D) images of a histologically
confirmed extramedullary myeloma disease at the left kidney (red arrows)

bone marrow infiltration are depicted in Table 1, whereas p
values for specific comparisons between distinct diffuse pat-
terns are stated in the following text.

Minimal diffuse infiltration served as a reference since it
reflects signal intensity similar to normal, fatty-converted
bone marrow in the MRI. ISS stage III was more frequent
among the severe diffuse infiltration (p=0.015) and S&P pat-
terns, though this was not statistically significant (p=0.13).
Higher b2MG (mg/1) values and BMPC (%) were associated
with moderate and severe diffuse infiltration (b2MG: p=0.01
and p<0.0001; BMPC: p=0.04 and p=0.0002), respectively.
S&P was associated with higher b2MG (p=0.04), but not
with an increased BMPC (p=0.2). Anaemia
(haemoglobin< 10 g/dl or >2 g/dl below the lower limit of
normal) as well as a lower haemoglobin (g/dl) value signifi-
cantly correlated with moderate and severe diffuse infiltration
(anaemia: p=0.046 and p=0.0005; haemoglobin: p=0.001
and p=<0.001). S&P was also associated with a lowered
haemoglobin value (p=0.02). Renal impairment (defined as
creatinine >2 mg/dl) was associated with a severe and S&P
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from a 65-year-old male patient. He was initially diagnosed with multiple
myeloma growing primarily outside the bone marrow (lymph nodes at the
kidney/stomach, left testicle and next to the left the tibia). The first-line
treatment included an induction therapy and subsequent high-dose thera-
py with autologous stem cell transplantation. He progressed for only
3 months after the initial therapy and died due to therapy-refractory
disease only 2 months later

pattern (p=0.06 and p=0.02, respectively). Accordingly,
higher creatinine values (mg/dl) were associated with severe
diffuse infiltration (p=0.003) and reached borderline statisti-
cal significance for S&P (p=0.06). An LDH>ULN (%) was
more frequently observed in severe diffuse infiltration and
S&P (p=0.001 and p=0.03), respectively.

Patients with severe diffuse infiltration were more likely
to carry any adverse CA (severe diffuse infiltration 60.8 %
vs. minimal diffuse infiltration 32.6 %, p=0.008). Adverse
CAs were also observed more frequently in moderate dif-
fuse infiltration and S&P, though the results did not reach
statistical significance (moderate diffuse infiltration
51.5 %, p=0.055 and S&P 52.9 %, p=0.16). In detail,
deletion 17p was most frequent in S&P (S&P 29.4 % vs.
minimal diffuse infiltration 2.2 %, p=0.004) whereas
translocation t(4;14) was not observed in S&P. Gain 1q21
was more frequent in severe diffuse infiltration (severe
diffuse infiltration 51.0 % vs. minimal diffuse infiltration
25.5 %, p=0.01). Frequencies of cytogenetic aberrations
for each diffuse infiltration pattern are shown in Table 1.
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Fig. 2 Kaplan Meier Plots of diffuse and focal MRI patterns. (A, B)
Progression-free survival (PFS) and overall survival (OS) for the different
diffuse magnetic resonance imaging (MRI) patterns: salt and pepper

Association of MRI number of focal lesions with baseline
clinical and prognostic variables

A quantitative analysis of focal lesions in correlation with
baseline variables was performed. The number of focal lesions
was associated with the above-described categorical and con-
tinuous variables (Table 2).

The median number of focal lesions was significantly
higher in patients with ISS stage III (p=0.006). Accordingly,
there was a significant positive, weak correlation between the
number of focal lesions and b2MG values (mg/l, r=0.19,
p=0.01). Renal impairment was associated with an increased
number of focal lesions (vs. no renal impairment, p=0.005) as
well as with higher creatinine levels (r=0.19, p=0.01). Bone
destruction (at least one lytic lesion) and the degree of bone
destruction detected by MBS (no: no osteolyses; minor: up to
two osteolyses; major: three or more osteolyses or pathologi-
cal fractures) were also associated with an increased number
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(S&P), minimal, moderate and severe. (C, D) PFS and OS for the focal
MRI lesions grouped in quartiles. Log-rank p values <0.05 were consid-
ered statistically significant

of focal lesions (CRAB ‘bone disease’-positive vs. CRAB
‘bone disease’-negative p=0.006 and MBS osteolyses cate-
gories ‘no’ vs. ‘major’ p=<0.0001).

There was no correlation between the number of focal le-
sions and any adverse CAs (Table 2).

Discussion

The current analysis investigated the associations of baseline
clinical and prognostic parameters with different MRI patterns
as well as the orientation of focal lesions detected on MRI to
the mineralized bone in a cohort of 206 symptomatic MM
patients.

Both diffuse infiltration and focal lesions on MRI are dis-
tinct MM infiltration patterns associated with differentially
pronounced clinical/prognostic parameters and an indepen-
dent adverse prognostic impact on PFS and OS. Higher
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Fig. 3 Kaplan Meier Plots of focal lesions according to their relation to
the mineralized bone. (A, B) Progression-free survival (PFS) and overall
survival (OS) for intraosseous focal lesions (FL, 0 vs. >1 FL) detected by
magnetic resonance imaging (MRI). (C, D) PFS and OS for focal lesions

numbers of focal lesions on MRI are associated with more
extensive destruction of mineralized bone as detected by
MBS. Moderate and severe diffuse infiltration correlated with
a higher degree of BMPC, lower Hb values and
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exceeding the cortical bone (0 vs. >1 FL). (E+F) PFS and OS for
extramedullary/soft tissue lesions (equivalent to extramedullary disease,
0 vs. >1 lesion). Log-rank p values <0.05 were considered statistically
significant

adverse CAs. A high tumour burden, as represented
by advanced ISS stage or renal impairment, is associated with
both severe diffuse infiltration and a higher number of focal
lesions. The S&P pattern, which was found in a small
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Table 1  Associations of diffuse MRI patterns with categorical and continuous baseline clinical and prognostic parameters
MRI diffuse infiltration (DI)
Parameter n Minimal Moderate Severe S&P P value
ISS (%)
1 193 75.0 61.1 42.6 68.4 0.004
I 14.6 27.8 259 53
I 10.4 11.1 315 26.3
CRAB criteria (positive %)
C 206 1.9 5.1 8.8 53 0.44
R 0.0 5.1 8.8 15.8 0.03
A 11.5 26.9 42.1 26.3 0.004
B 88.5 78.2 75.4 89.5 0.24
Adverse cytogenetics (%)
del 17p 183 22 11.6 11.8 29.4 0.02
t(4;14) 182 6.4 11.9 11.8 0.0 0.44
gain 1q21 182 25.5 38.8 51.0 353 0.08
any 180 32.6 51.5 60.8 529 0.04
Osteolyses (%)
No 206 19.2 333 36.8 15.8 0.13
Minor 13.5 3.8 53 5.3
Major 67.3 62.8 57.9 79.0
LDH (>ULN, %) 205 5.8 16.9 29.8 26.3 0.006
BMPC (%) 199 22.0 (2.0-95.0) 35.0 (0.0-93.0) 52.0 (2.0-98.0) 30.0 (5.0-93.0) 0.003
b2MG (mg/l) 193 1.9 (0.9-10.3) 2.6 (1.0-14.8) 3.4 (1.4-22.0) 2.2(1.3-15.9) <0.001
Haemoglobin (g/dl) 206 11.6 (7.6-16.1) 11.3 (7.4-16.1) 10.5 (7.9-14.5) 10.8 (8.2-15.0) <0.001
LDH (U/1) 205 173.0 (100.0-516.0) 179.0 (99.0-333.0) 198.0 (2.7-691.0) 190.0 (118.0-383.0) 0.41
Serum creatinine (mg/1) 203 0.8 (0.4-2.0) 0.8 (0.5-2.7) 1.0 (0.6-8.4) 1.0 (0.5-6.0) 0.01

1SS International Scoring System, CRAB calcium elevation, renal failure, anaemia, bone disease, according to Durie et al. [15], LDH lactate dehydro-
genase, ULN upper limit of the normal, BMPC bone marrow plasma cell infiltration, b2MG beta-2-microglobulin

subgroup of patients, is associated with a favourable prognosis
despite being correlated with advanced ISS stages and adverse
CAs. The association of focal lesions with the mineralized
bone (only intraosseous focal lesions or intraosseous focal
lesions exceeding the cortical bone) had a borderline signifi-
cant impact on PFS and OS, while the presence of EMD had.
The previously described adverse impact of diffuse infiltra-
tion pattern on PFS as well as OS could be confirmed in our
cohort [4, 8, 16]. In addition to the recent qualitative approach
we included a grading of diffuse infiltration according to the
characteristics suggested by Baur and Staebler [7, 13].
Several studies have demonstrated that bone marrow plas-
ma cell infiltration as well as cellularity are increased in pa-
tients with diffuse infiltration [9, 12, 16, 17]. Along with an
increased BMPC, lowered Hb levels, increased b2MG and
LDH (>ULN) are associated with a diffuse infiltration pattern.
Consequently, symptomatic MM patients more often present
advanced ISS stages since their BMPC is high [9, 17, 18]. The
current study supported these observations and additionally
identified a mutual correlation between severe but not moder-
ate diffuse infiltration and renal impairment at diagnosis. In

another study, increased destruction of mineralized bone was
associated with diffuse infiltration [16]; however, in the pres-
ent analysis these results could not be confirmed (Table 1).
Furthermore, the addition of novel agents improved the out-
come of patients with diffuse infiltration [8]. Any adverse CAs
as well as gainlq21 were found more frequently among pa-
tients with a diffuse infiltration pattern. Together, these factors
might partially explain the poor prognosis associated with
moderate and severe diffuse infiltration detected by MRI [7,
8].

The S&P pattern has to be discriminated from the variegat-
ed and moderate/severe diffuse infiltration patterns [8, 19].
Patients with a S&P pattern, representing a small proportion
in our cohort (9.2 %), had a favourable PFS and OS. However,
some baseline variables associated with S&P were
unfavourable, such as elevated b2MG, ISS stage III, renal
impairment and lowered Hb values. Furthermore, the CA de-
letion 17p occurred in 29.4 % (five of 17 with iFISH analysis)
and an LDH (>ULN) in 26.3 % of patients with S&P. This is
of particular interest, since a recent analysis from Moreau et al.
[20] identified patients with an ISS stage III deletion 17p or
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Table 2 Associations of numbers of focal lesions in MRI with
categorical and continuous baseline clinical and prognostic parameters

MRI focal lesions (FL)

Parameter n Median (IQR) P value

ISS
I 193 6.0 (2-16) 0.02
I 10.5 (1-27)
11 18.0 (447)

CRAB criteria
C 206 10.0 (1-24) 0.89
No C 7.0 (2-23)
R 206 42.0 (15-61) 0.005
No R 7.0 (1-22)
A 206 12.5 (2-39) 0.17
No A 7.0 (2-22)
B 206 10.0 (2-28) 0.006
No B 4.0 (0-14)

Adverse cytogenetics
del 17p 183 7.5 (2-20) 0.80
no del 17p 7.0 (2-23)
t (4;14) 182 10.0 (1-25) 0.72
no t (4;14) 7.0 2-22)
gain 121 182 7.0 (2-18) 0.71
no gain 121 7.0 (1-26)
Any 180 7.0 (2-18) 0.87
No 7.0 (1-28)

Osteolyses
No 2.0 (0-11) <0.001
Minor 206 2.0 (1-9)
Major 12.5 (4-37)
LDH
>ULN 205 10.5 (0-23) 0.76
Normal 7.0 (2-23)
Parameter n r p value
BMPC (%) 199 0.00 0.95
b2MG (mg/1) 193 0.19 0.01
Haemoglobin (g/dl) 206 -0.09 0.21
LDH (U/1) 205 0.10 0.15
Creatinine (mg/1) 203 0.19 0.01

IOR inter-quartile ranges from Q1 to Q3, /SS International Staging Sys-
tem, CRAB calcium elevation, renal failure, anaemia, bone disease, ac-
cording to Durie et al. [15], LDH lactate dehydrogenase, ULN upper limit
ofthe normal, BMPC bone marrow plasma cell infiltration, b2MG beta-2-
microglobulin

translocation t(4;14), and LDH (>ULN) at high risk of early
progression-related death. These counterintuitive findings
might be explained by the small number of patients with
S&P. Further analyses of this rare infiltration pattern might
yield interesting findings, since it represents a patchy mixture
of normal and infiltrated bone marrow, which is supposed to
leave islands of normal hematopoietic or fatty bone marrow
right next to plasma cell infiltrates.

@ Springer

More than seven focal lesions in axMRI has been demon-
strated to be a reasonable cutoff point for symptomatic
transplant-eligible MM to identify patients with unfavourable
EFS and OS [4, 7]. This cutoff point was confirmed in our
cohort of transplant-eligible MM patients when counting axial
focal lesions and applying a subdivision of focal lesions into
quartiles. However, our data suggest that a continuously in-
creasing number of focal lesions is associated with an adverse
prognosis rather than a distinct number of focal lesions in
axMRI or wbMRI [7].

Whether a whole-body MRI or an axial MRI is sufficient in
routine clinical practice has to be determined in prospective
studies. A retrospective analysis, however, demonstrated that
a significant number of focal lesions in the extra-axial skeleton
are missed if only axMRI is performed [11].

A higher number of focal lesions might correlate with a
higher overall tumour burden. Our results demonstrated that
a higher focal lesion number is associated with ISS stage III,
higher b2MG values and renal impairment. Accordingly,
more than seven focal lesions are associated with lowered
serum albumin, higher LDH, C-reactive protein and creatinine
values [4, 7]. Another study demonstrated that a higher num-
ber of osteolyses was associated with a focal infiltration pat-
tern which we also observed in our recent cohort [8]. It seems
reasonable that almost every osteolysis in MM is preceded by
focal lesions in MRI if its size is detectable. As reported pre-
viously, there was no mutual correlation between adverse
CAs, a higher BMPC or lowered Hb values and the number
offocal lesions [4, 8]. The fact that neither the presence nor the
number of focal lesions was correlated with any adverse CAs
in FISH analysis might be another suggestion that cells in and
outside focal lesions are genetically different, as described by
the Little Rock group recently [21]. Furthermore, angiogene-
sis appears to be an important underlying pathomechanism in
both focal and diffuse infiltration patterns [16, 22, 23].

Limitations of the present analysis are that the evaluation of
the diffuse infiltration is limited by the experience of the in-
vestigating radiologist. However, the description suggested by
the Munich group allows a rather reproducible assessment
[13]. The presence of severe diffuse infiltration might limit
the identification of focal lesions and therefore the number
of focal lesions in these patients may be miscalculated.
Furthermore, assessment of diffuse infiltration can be compro-
mised by a delayed fatty conversion of the bone marrow in
middle-aged patients as well as reactive changes, e.g. inflam-
matory processes. Furthermore, categorizing bone marrow in-
filtration in T1w images and comparing signal intensity with
the intervertebral disc might be misleading in cases of degen-
erative disc disease. Nevertheless, this represents a widely
used strategy. Certainly, diffusion-weighted imaging
and dynamic contrast enhanced MRI may add additional
information to the hitherto applied morphological MRI
sequences [23-27], and should be offered to MM patients
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within prospective imaging studies. However, these tech-
niques are not broadly available in routine clinical practice
and are not incorporated in the recent guidelines on MM treat-
ment as compared to morphological MRI sequences [6, 26].

In conclusion, wbMRI is a valuable tool for the assessment
of tumour mass, and for prognosis and localization of infiltra-
tion of monoclonal plasma cells in patients with symptomatic
MM inside and outside the skeleton. An increasing number of
focal lesions as well as moderate/severe diffuse infiltration is
associated with an adverse prognosis. Focal lesions exceeding
the cortical bone have a borderline significant impact on PFS
and OS. Baseline disease characteristics and biological fea-
tures of MM are differentially pronounced in the evaluable
MRI patterns: A diffuse infiltration pattern is associated with
a poor prognosis and features of advanced disease as well as
surrogates of high tumour burden. Moreover, diffuse infiltra-
tion is associated with adverse CA. In contrast, a S&P pattern
is associated with a favourable prognosis despite its associa-
tion with unfavourable CAs (namely deletion17p) and adverse
disease features.
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