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Abstract
Purpose:  To  assess  the  distribution  of  bone  lesions  in  patients  with  prostate  cancer  (PCa)  and
those with  multiple  myeloma  (MM)  using  whole-body  magnetic  resonance  imaging  (MRI);  and
to assess  the  added  value  of  four  anatomical  regions  located  outside  the  thoraco-lumbo-pelvic
area to  detect  the  presence  of  bone  lesions  in  a  patient-based  perspective.
Materials  and  methods:  Fifty  patients  (50  men;  mean  age,  67  ±  10  [SD]  years;  range,  59—87
years) with  PCa  and  forty-seven  patients  (27  women,  20  men;  mean  age,  62.5  ±  9  [SD]  years;
range, 47—90  years)  with  MM  were  included.  Three  radiologists  assessed  bone  involvement  in
seven anatomical  areas  reading  all  MRI  sequences.

Results:  In  patients  with  PCa,  there  was  a  cranio-caudal  increasing  prevalence  of  metastases
(22% [11/50]  in  the  humeri  and  cervical  spine  to  60%  [30/50]  in  the  pelvis).  When  the  thoraco-
lumbo-pelvic  region  was  not  involved,  the  prevalence  of  involvement  of  the  cervical  spine,
proximal humeri,  ribs,  or  proximal  femurs  was  0%  in  patients  with  PCa  and  ≥  4%  (except  for  the
cervical spine,  0%)  in  those  with  MM.
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Conclusion:  In  patients  with  PCa,  there  is  a  cranio-caudal  positive  increment  in  the  preva-
lences of  metastases  and  covering  the  thoraco-lumbo-pelvic  area  is  sufficient  to  determine  the
metastatic  status  of  a  patient  with  PCa.  In  patients  with  MM,  there  is  added  value  of  screening
all regions,  except  the  cervical  spine,  to  detect  additional  lesions.

© 2019  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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he  ability  to  accurately  detect  bone  involvement  has  a
ajor  importance  in  patients  with  ‘‘osteophilic’’  cancers

ike  breast  or  prostate  cancer  (PCa)  and  in  hematologic
alignancies  involving  bones,  like  multiple  myeloma  (MM).

ndeed,  the  detection  of  bone  metastases  (BM)  or  focal
steolytic  lesions  in  MM,  at  the  time  of  diagnosis  or  dur-
ng  the  follow-up,  has  an  impact  on  patient  management.
ost  frequently,  the  presence  of  bone  lesions  leads  to  the

ntroduction  or  adaptation  of  systemic  therapy  [1,2]  or  more
pecific  treatments  [3—7].

In  patients  with  cancers  at  risk  for  skeletal  dissemination,
he  search  for  BM  has  been  performed  for  decades  using  bone
cintigraphy  (BS)  [1].  In  patients  with  MM,  the  radiographic
keletal  survey  has  been  used  to  detect  characteristic  lytic
one  lesions  [8].  However,  whole-body  magnetic  resonance
maging  (MRI)  allows  now  coverage  of  the  whole  skeleton
imilar  to  BS  and  radiographic  skeletal  survey,  and  has  sev-
ral  advantages  [9—12].

In  PCa,  whole-body  MRI  has  proven  superior  to  BS  and
argeted  radiographs  for  the  staging  and  monitoring  of  BM.
t  represents,  along  with  PSMA-ligand  positron  emission
omography  and  other  specific  tracers,  the  current  imaging
f  choice  in  patients  with  PCa  [13—16].  Whole-body  MRI  is
uperior  to  the  radiographic  skeletal  survey  for  the  detec-
ion  of  bone  involvement  in  MM  and  is  promoted  as  the  first
ine  imaging  modality  [17—21].  The  protocols  of  whole-body
RI  examinations  have  been  defined,  including  anatomical
1  and  STIR  sequences,  and  more  recently  enriched  with  a
ystematic  acquisition  of  diffusion-weighted  images  (DWI)
s  an  adjunct  to  anatomical  sequences  [12,22].

The  coverage  of  the  whole-body  with  MRI  results  in  long
cquisition  times  (approximately  45  min),  which  is  a  limita-
ion  of  this  technique  [23].  A  limitation  of  skeletal  coverage
or  BM  and  MM  lesions  to  necessary  and  sufficient  anatomi-
al  areas  could  help  reduce  examination  times  and  optimize
orkflow,  as  access  to  MRI  is  critical  in  many  countries

24].
The  availability  of  whole-body  MRI  examinations  acquired

n  metastatic  cancers  and  in  MM  offers  the  opportunity  of
 critical  approach  of  the  technique  and  the  possibility  to
etermine  the  ‘‘minimal’’  anatomical  areas  to  cover  for
n  optimal  skeletal  screening.  The  need  for  covering  the
pine  and  pelvis  as  minimal  MRI  surveys  (‘‘axial  skeleton’’
pproach)  is  well  established  for  PCa  and  MM  [19,21,25].
he  specific  diagnostic  interest  of  other  skeletal  areas
ncluded  in  whole-body  MRI  surveys  remains  unclear.  Based
n  previous  data  from  the  literature  on  the  distribution  of
Ca  and  MM  bone  lesions,  we  hypothesized  that  minimal
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xamination  should  include  the  thoraco-lumbo-pelvic
egion,  and  decided  to  investigate  which  additional  anatom-
cal  areas  should  be  included  for  optimal  bone  screening.

The  purposes  of  this  study  were  (1)  to  assess  the  dis-
ribution  of  bone  marrow  lesions  in  PCa  and  MM  patients
n  seven  anatomical  regions;  (2)  to  assess  the  added  value
f  the  four  anatomical  regions  located  outside  the  thoraco-
umbo-pelvic  area  to  detect  the  presence  of  lesions  in  the
erspective  of  a  patient-based  analysis.  To  achieve  this,  we
etermined  the  confidence  intervals  (CI)  for  the  frequency
f  involvement  of  these  four  regions  when  the  thoraco-
umbo-pelvic  regions  were  not  involved.

aterials and methods

atients

his  two-center  study  was  approved  by  our  institution’s
thics  committee,  which  did  not  require  signed  informed
onsent  for  the  retrospective  review  of  prospectively
cquired  data.  Over  a  one  year  period,  50  consecu-
ive  patients  with  PCa  at  high  risk  for  metastasis  (newly
iagnosed  cancer  with  ≥  20  ng/mL  prostate-specific  antigen
PSA),  Gleason  score  ≥  8,  Union  for  International  Cancer
ontrol  (UICC)  clinical  T  stage  3  or  4;  or  suspicion  of  bio-
hemical  recurrence  with  a  PSA  doubling  time  ≤  12  months)
26—29]  were  prospectively  enrolled  at  the  Cliniques  Uni-
ersitaires  Saint  Luc,  Brussels,  Belgium.  During  the  same
eriod,  47  patients  with  newly  diagnosed  and  histologically
roven  MM  were  prospectively  enrolled  at  the  Lapeyronie
ospital,  Montpellier,  France.  All  97  patients  were  examined
sing  a  whole-body  MRI  protocol  as  described  below.

one marrow involvement

hree  fellowship-trained  musculoskeletal  radiologists  with
-,  12-,  and  25-years  of  experience  each  in  oncologic
maging,  including  whole-body  MRI,  performed  all  readings
ogether.  The  presence  of  bone  lesions  was  determined
ased  on  the  consensus  reading  of  all  morphologic  and
unctional  whole-body  MRI  sequences,  and  on  the  evalua-
ion  of  all  clinical,  biological,  histological  and  imaging  data
vailable  at  baseline  and  6-months  follow-up  as  part  of
he  standard  of  care  in  our  institutions.  In  PCa  patients,

vailable  routine  examinations  consisted  in 99mtechnetium
S  performed  to  detect  bone  metastases,  complemented
ith  targeted  radiographs  on  equivocal  foci  with  increased
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Whole-body  MRI  of  bones  lesions  

uptake  at  BS  considered  as  equivocal,  and  abdominopelvic
computed  tomography  (CT)  performed  for  lymph  node
detection  [14,30].  In  MM  patients,  the  routine  work-up  con-
sisted  in  a  radiographic  skeletal  survey  covering  the  skull,
thoracic  cage,  cervical,  thoracic  and  lumbar  segments  of
the  spine,  both  humeri  and  both  femurs.

MRI protocol

The  MRI  studies  were  performed  on  two  different  1.5-T  MR
magnets  (PCa  cohort:  Achieva

®
,  Philips  Medical  Systems;  MM

cohort:  Magnetom  Avanto
®
,  Siemens  Healthineers).  Patients

were  placed  on  the  imaging  table  headfirst  in  supine  posi-
tion  and  covered  with  head,  neck,  and  spine  coils  and  two
6-element  body  matrix  coils.  Five  stacks  of  coronal  T1  and
STIR  images  and  axial  high  b  value  DWI  MR  images  were
reconstructed  and  fused  into  one  single  stack  of  coronal
whole-body  images.  The  imaging  parameters  are  detailed
in  Table  1 and  elsewhere  [31].  All  images  were  read  on  PACS
workstations  (Carestream  Vue;  Carestream  Health).

MRI readings

The  presence  of  bone  lesions  was  assessed  at  MRI,  recorded
in  a  per-region  approach  (distribution),  and  summarized  in
a  per-patient  approach  (bone  lesions  present  or  absent).
In  each  region,  the  bone  marrow  was  considered  as  being
either  normal  or  as  presenting  one  of  three  well-defined
patterns  of  tumor  involvement  (focal,  diffuse,  and  varie-
gated;  the  latter  being  observed  in  patients  with  MM  only).
This  widely  accepted  categorization  has  been  repeatedly
described  [14,32—35].  Focal  lesions  were  recorded  if  pre-
senting  a  minimal  diameter  of  10  mm,  corresponding  to
twice  the  slice  thickness,  to  avoid  partial-volume  artifacts,
as  previously  recommended  [36].

Lesion distribution

The  skeleton  was  divided  into  seven  anatomical  areas  for
evaluating  the  distribution  of  lesions:  thoracic  cage  (includ-
ing  scapula,  ribs  and  sternum),  right  and  left  humeri,
cervical  spine,  thoracic  spine,  lumbar  spine,  bony  pelvis,
and  right  and  left  proximal  femurs.  Each  region  was  consid-
ered  involved  if  at  least  one  focal  lesion,  or  diffuse  bone
marrow  involvement  (including  salt  and  pepper  pattern  at
MRI)  was  present  at  imaging  and  confirmed  on  the  rest  of
the  clinico-biological-histological  data.

Statistical analysis

With  respect  to  lesion  distribution,  the  frequency  of  involve-
ment  of  the  seven  anatomical  areas  was  determined  in  PCa
and  in  MM  patients.  The  frequencies  of  involvement  along
with  their  95%  confidence  intervals  (CI)  of  the  humeri,  tho-
racic  cage,  humeri  and  cervical  spine  was  then  determined

in  patients  with  no  involvement  of  the  thoraco-lumbo-pelvic
region.  Statistical  analyses  were  performed  using  MedCalc
Statistical  Software  version  17.2  (MedCalc  Software  bvba;
https://www.medcalc.org;  2017).
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esults

atient population and frequency of bone
nvolvement at whole-body MRI

ifty  patients  with  PCa  at  high  risk  for  metastasis  were
nrolled  (50  men;  mean  age,  67  ±  10  [SD]  years;  range,
9—87  years).  Forty  patients  had  been  newly  diagnosed  with
igh-risk  disease  and  10  patients  had  PSA  recurrence  after
adical  treatment  or  when  receiving  androgen-deprivation
herapy.  Forty-seven  patients  with  histologically  proven,
ewly  diagnosed  MM  were  enrolled  (27  women  and  20  men;
ean  age,  62.5  ±  9  [SD]  years;  range,  47—90  years).
Thirty-eight  of  the  50  PCa  patients  (38/50;  76%)  had  bone

etastases  on  whole-body  MRI.  Of  these  38  patients,  34
atients  (34/38;  89%)  had  focal  lesions  and  4  patients  (4/38;
1%)  had  diffuse  bone  marrow  infiltration.  Thirty-one  of  47
M  patients  (66%)  had  bone  marrow  involvement  on  whole-
ody  MRI.  Among  these  patients,  23  patients  (74%)  had  focal
esions,  5  patients  (16%)  had  diffuse  bone  marrow  involve-
ent,  and  3  patients  (10%)  presented  a  salt-and-pepper

nfiltration  of  the  bone  marrow.

istribution of lesions

n  patients  with  PCa,  the  most  frequently  involved  areas
ere  the  pelvis  (30/50;  60%),  followed  by  the  lumbar  spine

25/50;  50%),  and  thoracic  spine  (22/50;  44%)  (Table  2).
here  was  a  ‘‘cranio-caudal  positive  gradient’’  in  the  fre-
uencies  of  metastatic  involvement  ranging  from  22%  of
one  involvement  in  the  humeri  and  the  cervical  spine,  to
0%  in  the  pelvis  (Fig.  1).  In  the  MM  population,  the  distri-
ution  of  lesions  ranged  from  15%  (7/47;  cervical  spine)  to
4%  (16/47;  pelvis)  without  evident  cranio-caudal  gradient
Fig.  2).

nvolvement of anatomical areas outside the
horaco-lumbo-pelvic region

or  patients  with  PCa,  when  the  thoraco-lumbo-pelvic
egion  was  not  involved,  the  frequencies  of  involvement  of
ervical  spine,  proximal  humeri,  ribs,  and  proximal  femurs
ere  all  0%  (95%  CI  =  0.0—7.4%)  (Table  3).  For  patients  with
M,  when  the  thoraco-lumbo-pelvic  region  was  not  involved,

he  frequencies  of  involvement  ranged  from  0%  (0/47)  to  11%
5/47).  Of  note,  no  cervical  spine  involvement  was  found  in
atients  free  of  thoraco-lumbar  spine  involvement,  for  both
atients  with  PCa  and  those  with  MM.

iscussion

his  study  compared  the  skeletal  distribution  of  neoplastic
one  marrow  lesions  between  patients  with  PCa  and  those
ith  MM.  We  also  evaluated  the  necessary  skeletal  cover-
ge  for  a  confident  detection  of  bone  involvement  in  both
iseases  in  a  patient-based  approach  (positive/negative  for
one  involvement).  Regarding  lesion  distribution,  a  sub-

tantial  difference  is  worth  noting:  whereas  bone  marrow
esions  are  homogeneously  spread  over  the  different  parts
f  the  skeleton  in  patients  with  MM,  bone  metastases  from
Ca  show  an  increasing  frequency  among  the  investigated

https://www.medcalc.org;/
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Table  1  MR  imaging  parameters.

Parameter  T1  (Siemens)  T1  (Philips)  STIR  (Siemens)  STIR  (Philips)  DWI  (Siemens)  DWI  (Philips)

Plane  Coronal  Coronal  Coronal  Coronal  Transverse  Transverse
Phase  encoding  direction  Right-left  Right-left  Feet-head  Feet-head  Anterior-posterior  Anterior-posterior
Field  of  view  (mm)  265  265  265  265  265  265
Matrix  384  ×  307  208  ×  287  256  ×  320  336  ×  120  112  ×  63  108  ×  63
Slice  thickness  (mm)  4  4  4  4  5  5
Interslice  gap  (mm) 1  1  1  1  0  0
Number  of  slices 30  30  30  30  30  30
Number  of  averages 1  1  2  2  1  1
TR  (ms)  550  537  3200  4358  3100  3134
TE  (ms)  15  18  50  64  63  64
TSE  factor  4  7  17  30  —  —
TI  (ms)  —  —  150  150  150  150
Fat  suppression  technique  —  —  STIR  STIR  STIR  STIR
b-values  (s/mm2)  —  —  —  —  0—800  0—800
Acquisition  timea 4  min  55  sec  4  min  5  sec  6  min  52  sec  6  min  30  sec  10  min  20  sec  10  min  25  sec

DWI: diffusion-weighted imaging; STIR: short tau inversion recovery; T1: T1-weighted sequence; TE: echo time; TI: inversion time; TR:
repetition time; TSE: turbo spin echo.
a Time to image all stations for each sequence.

Table  2  Frequency  of  involvement  of  different  anatomical  regions  in  50  patients  with  prostate  cancer  and  in  47  patients
with  multiple  myeloma.

Prostate  cancer  Multiple  myeloma

Humeri  11/50  (22%)  [11;  39]  7/47  (15%)  [6;  31]
Ribs  15/50  (30%)  [18;  52]  12/47  (26%)  [13;  45]
Cervical  spine  11/50  (22%)  [11;  39]  7/47  (15%)  [6;  31]
Thoracic  spine  22/50  (44%)  [28;  67]  13/47  (28%)  [15;  47]
Lumbar  spine  25/50  (50%)  [32;  74]  12/47  (26%)  [13;  45]
Pelvis  30/50  (60%)  [41;  86]  16/47  (34.0%)  [20;  55]
Proximal  femurs  13/50  (26%)  [14;  45]  10/47  (21%)  [10;  39]
Total  spine 29/50  (58%)  [39;  83]  16/47  (34.0%)  [20;  5]
Thoraco-lumbo-pelvic  region 38/50  (76%)  [54;  100] 21/47  (45%)  [0;  68]
Thoraco-lumbo-pelvic  region  and  proximal  femurs 38/50  (76%)  [54;  100]  23/47  (49%)  [31;  73]

Data are proportions; raw data are followed by % in parentheses. Numbers in brackets are 95% CI.
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natomic  areas  in  a  cranio—caudal  direction,  with  the  tho-
acic  and  lumbar  spine  segments  and  bony  pelvis  being  the
ost  frequently  affected  areas.
Regarding  the  minimal  anatomic  coverage  for  the  posi-

ive  diagnosis  of  bone  involvement  in  a  given  patient,  the
tudy  of  the  thoraco-lumbo-pelvic  area  appears  sufficient
o  detect  the  presence  of  bone  metastases  in  PCa  patients,
ith  little  added  value  for  other  anatomic  areas.  Conversely,
overage  of  the  thoracic  cage,  humeri  and  femurs  appears
ecessary  for  an  optimal  survey  of  bone  involvement  in  MM
atients.  Coverage  of  the  cervical  spine  seems  to  have  no
dded  value  to  detect  bone  marrow  involvement  in  patients,
oth  in  PCa  and  in  MM  patients.  This  finding  may  be  of  inter-
st  given  the  frequent  poor  quality  and  difficult  analysis  of
ervical  region  images  with  whole-body  MRI.  In  general,  MRI

as  shown  lower  diagnostic  performances  for  the  detection
f  cervical  spine  metastases  compared  to  other  locations
n  the  spine  [37].  Of  note,  covering  the  femurs  did  not

f
s
a

ontribute  to  the  detection  of  metastatic  patients  in  PCa,
hereas  it  was  helpful  in  MM.  Although  proximal  aspect  of

emurs  is  included  in  the  coronal  sequences  obtained  on
he  pelvis,  this  finding  suggests  that  extensive  cranio-caudal
overage  of  the  femurs  is  not  mandatory,  which  could  con-
ribute  to  shortening  the  examination  durations,  especially
n  larger  patients.

The  cranio-caudal  increment  in  the  prevalence  of  bone
arrow  lesions  and  the  predominant  involvement  of  the

horaco-lumbo-pelvic  area  has  already  be  pointed  out  in
Ca,  both  in  autopsy  and  imaging  studies,  contrasting  with
he  more  homogeneous  distribution  of  metastases  of  other
olid  cancers  and  MM  lesions.  Bubendorf  et  al.  in  an  autopsy
tudy  of  1509  PCa  patients,  reported  skeletal  metastases  in
0%  of  cases,  and  noted  a  decreasing  prevalence  of  lesions

rom  the  lumbar  (97%)  to  the  cervical  (38%)  segments  of  the
pine  [38].  Other  autopsy  studies  also  pointed  out  the  spine
nd  bony  pelvis  as  the  most  frequently  involved  skeletal
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Figure 1. Whole-body MR examination in a 55-year-old man with newly diagnosed prostate cancer reveals lumbo-pelvic distribution of
metastases. (a) Coronal T1-weighted and (b) short tau inversion-recovery (STIR) images, and (c) reconstructed coronal maximal intensity
projection view from diffusion-weighted imaging sequence (inverted grayscale, b = 800 s/·mm-2) show multiple areas typical for bone
metastases (arrows). Note their predominant lumbo-pelvic location.

Figure 2. Whole-body MRI examination in a 74-year-old man with newly diagnosed multiple myeloma reveals homogeneous spread of
bone marrow lesions along the whole axial skeleton. (a) Coronal T1-weighted and (b) STIR images, and (c) reconstructed coronal maximal
intensity projection view from diffusion-weighted images DWI (inverted grayscale, b = 800 s/·mm-2) show multiple areas of low signal typical
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for myeloma foci (arrows). There is no clear preferential distributi
distribution. Note the involvement of thoracic spine and ribs. Note 

areas  [39,40].  Previous  imaging  studies,  using  either  NaF
PET(CT),  BS,  SPECT,  or  whole-body  MRI  found  the  same
thoraco-lumbar  and  pelvic  predominant  distribution  of
bone  metastases  from  PCa  [36,41,42].

PCa  can  theoretically  disseminate  either  through  pro-
static  veins  or  the  lymphatics.  The  disease  may  involve
the  lower  spine  and  pelvis  via  regional  lymph  nodes.  But
the  most  likely  predominant  hypothesis  to  explain  the

preferential  involvement  of  the  lower  thoracic  and  lumbar
spine  and  of  the  pelvi-femoral  area  by  PCa  metastases  has
been  proposed  decades  ago  and  is  known  as  the  ‘‘Batson

T
m
p

ithin the skeleton, and in particular no predominant lumbo-pelvic
the involvement of femurs and humeri (arrowheads).

heory’’  [43].  This  theory  highlighted  the  key  role  played  by
 valveless  venous  system  extensively  developed  along  the
ertebral  column  up  to  the  skull  and  featuring  rich  anasto-
oses  between  the  veins  of  the  pelvic  viscera,  the  veins  in

he  spinal  canal,  and  the  intercostal  veins,  communicating
ith  the  azygous  veins,  and  from  there  with  the  bronchial
eins.  Hence,  this  system  allows  metastatic  seeding  bypass-
ng  the  caval  venous  system  and  pulmonary  circulation.

he  valveless  nature  of  the  system  explains  the  retrograde
igration  of  neoplastic  cells  in  the  venous  flow  from  the
elvic  veins  to  this  system  in  relation  with  variations  in
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Table  3  Proportions  of  tumors  in  region  1  when  region  2  was  free  of  tumors.

Region  1  Region  2  Prostate  cancer  Multiple  myeloma

Humeri  Thoraco-lumbo-pelvic  region  0/50  (0%)  [0;  7]  3/47  (6%)  [0;  12]
Proximal  femurs  Thoraco-lumbo-pelvic  region  0/50  (0%)  [0;  7]  2/47  (4%)  [0;  15]
Ribs  Thoraco-lumbo-pelvic  region  0/50  (0%)  [0;  7]  2/47  (4%)  [4;  8]
Cervical  spine  Thoraco-lumbo-pelvic  region  0/50  (0%)  [0;  7]  0/47  (0%)  [0;  8]
Thoracic  spine  Lumbar  spine  3/50  (6%)  [1;  17]  5/47  (11%)  [3;  24]

Data are proportions; raw data are followed by % in parentheses. Numbers in brackets are 95% CI.
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bdominal  pressures  (during  straining,  coughing  or  lifting  for
xample)  [43].

The  predominant  involvement  of  the  thoraco-lumbo-
elvic  area  in  PCa  patients  parallels  the  results  of  previous
tudies  on  MRI  screening  and  coming  to  the  conclusion  that

 limited  MRI  marrow  screen  confined  to  the  axial  skele-
on  (i.e.,  the  thoraco-lumbar  spine  and  pelvi-femoral  area)
ould  be  sufficient  for  bone  screening  and  would  not  result

n  any  significant  loss  of  accuracy  for  staging  compared  with
S  or  with  whole-body  MRI  surveys,  as  isolated  peripheral
keletal  metastases  without  involvement  of  the  thoraco-
umbar  spine  and  pelvi-femoral  area  were  almost  never
bserved  in  these  studies  [25,36].

Promoting  MRI  surveys  limited  to  the  thoraco-lumbo-
elvic  area,  might  be  regarded  as  ‘‘outdated’’,  when
hole-body  MRI  is  available  and  is  recommended  in  many

tudies,  allowing  for  a  concurrent  bone  and  lymph  node
etastatic  screening  [9,14,44—46].  However,  a  thoraco-

umbo-pelvic  MRI  bone  survey  is  limited  to  15  minutes  of
agnet  time,  compared  to  the  45—50  minutes  required  for

 whole-body  MRI  study.  MRI  surveys  might  be  considered
s  a  reliable  triage  tool  to  ‘‘rule  in’’  metastatic  disease  in
atients  at  high  risk.  The  presence  of  polymetastatic  disease
n  these  areas  would  be  sufficient  to  start  therapy  [47].

In  our  study,  we  found  a  more  homogeneous  distribu-
ion  of  MM  lesions  compared  to  PCa  metastases.  This  is
ecause  MM  is  a  disease  that  diffusely  involves  the  red
arrow-containing  skeleton  [48].  Extensive  infiltration  of

he  bone  marrow  by  abnormal  plasma  cells  is  invariably  seen
t  autopsy,  including  15%  of  patients  in  whom  no  abnormality
as  seen  on  radiographic  skeletal  surveys  [49].  The  current

tudy  on  MRI  thus  suggests  that  extensive  body  coverage  is
ecessary  to  confidently  identify  bone  involvement.  This  is
n  line  with  the  previous  demonstration  that  an  MRI  survey
imited  to  the  spine  missed  significant  lesions  compared  to
ore  exhaustive  MRI  coverage  [50].  This  also  parallels  the

bservation  that  spine  and  pelvis  coverage  using  MRI  was
nsufficient  compared  to  whole-body  radiographic  skeletal
urvey  given  the  high  sensitivity  of  skull  and  ribs  radio-
raphs  to  detect  osteolytic  MM  lesions  [51].  Finally,  our
esults  support  the  whole-body  MRI  approach  recommended
y  authorities  in  the  field  of  MM  and  its  preference  over  a
imited  spine  and  pelvic  survey  [19,21].

Our  study  has  several  limitations.  First,  the  small  number
f  patients  needs  further  larger  scale  studies  to  validate  our

esults.  The  lack  of  added  value  of  including  the  cervical
pine  in  both  PCa  and  MM  patients,  as  well  as  the  ribs,
roximal  humeri  and  proximal  femurs  in  PCa  patients  needs
o  be  further  confirmed.  Second,  we  deliberately  chose  two
ifferent  conditions  to  study  the  value  of  whole-body  MRI
n  its  two  most  validated  indications.  These  findings  should
ot  be  extrapolated  to  other  cancers  involving  the  skeleton
52,53].  A  third  limitation  is  the  inclusion  of  patients  at
elatively  early  stages  of  skeletal  dissemination  so  that
ur  results  might  not  be  applied  to  patients  with  more
dvanced  disease  [54]. Finally,  we  did  not  obtain  histolog-
cal  confirmation  and  positive  findings  were  considered  as
one  metastases  or  MM  foci  at  MRI  [55].

In  conclusion,  our  results  suggest  a  cranio-caudal
ncrease  in  the  prevalence  of  bone  metastases  in  PCa,
hereas  the  distribution  of  lesions  in  MM  is  more  homo-
eneous,  with  no  gradient.  The  assessment  of  the  axial
keleton  using  MRI  (thoraco-lumbar  spine  and  pelvis)  is  suf-
cient  to  detect  bone  metastases  in  PCa,  whereas  coverage
f  the  entire  axial  skeleton  with  whole-body  MRI  seems  nec-
ssary  to  detect  MM  involvement.
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