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Multiple myeloma, which is a proliferative disease of plasma cells that originate from a single clone, is
the second most common hematologic malignancy following non-Hodgkin lymphoma. In the past, its
diagnosis was made based on clinical findings (so-called “CRAB”) and a skeletal survey using radio-
graphs. However, since the implementation of the International Myeloma Working Group’s revised
guideline regarding the radiologic diagnosis of multiple myeloma, whole-body (WB) MRI has emerged
to play a central role in the early diagnosis of multiple myeloma. Diffusion-weighted imaging and fat
quantification using Dixon methods enable treatment response assessment by MRI. In keeping with
the trend, a multi-institutional and multidisciplinary consensus for standardized image acquisition
and reporting known as the Myeloma Response Assessment and Diagnostic System (MY-RADS) has re-
cently been proposed. This review aims to describe the clinical application of WB-MRI based on MY-
RADS in multiple myeloma, discuss its limitations, and suggest future directions for improvement.

Index terms Multiple Myeloma; Whole Body Imaging; Magnetic Resonance Imaging;
Myeloma Response Assessment and Diagnosis System
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Shof| =5tE] ofhtH(15-17). SHA|RF International Myeloma Working Group (°15F IMWG) 7+
]~E}° ofl MRIOJA] EFAE = A o] MDEsel| Z&HEHA|, i ZF0] Xdho)] W49l
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Myeloma Response Assessment and Diagnosis System (MY-RADS)

o]2] g} FeAflof| ¥Hgkeo] 20191 Messiou 5(23)2 thiHd 32 2Htol| 4 2] whole-body MRI
(oI5t WB-MRI)9] g5, sfiA] 9l Hato thigh opr| ¢, theka| 4] 7ho| =2tele A 2)ste] Myeloma
Response Assessment and Diagnosis System (°]5F MY-RADS)o]2k= o] &2 & Hrs}qirt.
MY-RADSeI| A|A|&E 7Fo] EgfRlg: ofefjol| A7istalat i),

AL HH

WB-MRIQ] = Alo]] kS 2+ QA A K (clinical information)E-& a3t} thdA =
20| 2z WHEL2 oF) A, M-thl D light chain®] 8% 5=, &4 A7 A3 ofel A
Ap 59l NG el 5, A o 15 w2 A Ao, et oy AKX EE =
et A 27 F B AAY, o] A7} 9l FERFEAE o]A]2] A HEHFES HIR
Sk Al& Bl £42 27 3148 granulocyte colony-stimulating factor (°]3} G-CSF) 2! AE|2
o|= Eojd] |73 minimal residual disease)®] & o} 5o] k.

MU |SESY Z2ES

MY-RADSeI A= WB-MRI2] €& (acquisition)oll + 7FA| Z & EZ(protocol)= HAISHL Q)
t}. ol= &4 (core) & %@L(Comprehensive) mREZo|t} a4 TR2EZL o}x R A|Zo
= @ohe Zlo] F5AQ1 7124l HAteln] 302 oui9] ]
2 -2 Aol gt HJDM 3 T2 EZL 455087 150] Aid oz ¢ 71 # A7
Lot AxA] 9l Z40] Yy o| 7t X8RS B7E Aol o] &kl 2EAR] &9
ZAtolCHTable 1). WB-MRI+= 2] E4] AJA(morphologic sequence) &2 237t |4
L olAe] 71552 94F Al A (functional imaging sequence)S E53tt}, 7152 Al 20
diffusion-weighted image (°15} DWI)S RF=A] Z&stn 27124 0 2 fat-water F/d3 29 Z
7 QdS ZFHITE 55] DWIE A 9l S 2 EF BRo JIEA] Z3tEs 33k AU
olth. Al =l %3] (signal-to-noise ratio; ©|5F SNR)E Z|thtst7| 21slf integrated body coil®
TH= surface coilS o]-85to] Zod3itt 5 Shxjol| A A AAE of] ¥ A|gst= Qo) =7}
374 543 MRI 8|2 e 22 B35 1.5T U 3T MRIOA 2% 2 7Hs3siAe 5L
oM = 5L A Al7E LEEA AR Zle Harsi. :erﬂ%oLl AA2 A2 (sequence
specifications; 1-6)2 T3t 2t} 1) Tl-weighted imagets =4~ ¥ o] 20| -85}
whole spine sagittal T1-weighted image+= 84 9 Z35¢ gﬂ+oﬂ ZEZ 07 HleA] A5y
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Table 1. Sequence Components for Whole-Body MRI

. . . §l|ce . Core  Comprehensive
Sequence Description Field of View Thickness Postprocessing .
(Clinical) (Research)
(mm)
Whole spine sagittal T1- Skull base to coccyx ~ 4-5 Yes Yes
weighted FSE
Whole spine sagittal T2, Skull base to coccyx ~ 4-5 Yes Yes
STIR or fat-suppressed
T2-weighted FSE
Whole body axial/coronal Vertex to knees 5 contiguous  Fat and water image Axial or Axial and
T1-weighted GRE Dixon reconstruction with generation coronal  coronal
of fat fraction maps
Whole body axial diffusion- Vertex to knees 5 contiguous  ADC calculation with 2b 3bvalues*
weighted, STIR fat monoexponential fitting, values'
suppression 3D MIP reconstruction* of
highest b-value images
Whole body axial T2-weighted ~ Vertex to knees 5 contiguous Optional  Yes
FSE without fat suppression
Regional assessment Symptomatic or Usually  Optional
known sites not
outside of standard
field of view

Adapted from Messiou et al. Radiology 2019;291:5-13 (23).

*Whole-body 3D MIP images displayed as a sequence of coronal or sagittal MIP images rotating in the axial plane (< 3 degrees of rotation

per frame) by using inverted gray scale.
2b values: 50-100 sec/mm? and 800-900 sec/mm?.
*3b values: 2b values and additional 500-600 sec/mm?.

ADC = apparent diffusion coefficient, FSE = fast spin-echo, GRE = gradient-echo, MIP = maximum intensity projection, STIR = short tau in-

version-recovery, 3D = three-dimensional

5oto] 249 fat fraction (F%)< AL 4 2ot Two-point Dixon 7]%H-& ©]-&5}o] whole-
body (F8FE FE7k4] 100 cm 40| o3 EE2AE xFhHE s, A _EE*—OHH“
S e WY 9 T shuRt AElshal, Tt TR EZoi= S Y W g A E5
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> .ll
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< Ha13I}. Fat fraction map2 73517 18 Fat-only % water-only 9/42] A§/do] 4=
T}, &4= 3D fast spin-echo T1-weighted A|EAE- ©]-&3t isotropic imaging 2= gF @%4
g™ 2174 (multiplanar reformation)S ©]-85H spineg H71e 4= 9lom o] 1)1} 3) A
AAES AT 4 9t} 2) T2-weighted images THH] 432 A3 e 7]—0]——-]3]
-85 whole spine sagittal T2-weighted image+= A 4 &3 T2 & Fof| B& "ol
o] 7]l short tau inversion-recovery %+= A #)] T2-weighted imageE F7+a 4= Uct. &
Al low b-value (50-100 sec/mm?) G2 o]-8-5tc] si5H T2-weighted images AT +=%
ALt 4) DWI= Y A S T2 EFo| BE D4 o g QAlu= A[FAT of7]0f 27] B=3
71€] b-value7t =™ a4 T2 EFof A= 50-100 2 800-900 sec/mm?*2] b-value”} 2J5-4]
ol 3t X2 EFo|| A= 71 2 & intermediate b-value (500-600 sec/mm?) G4 B 50| &
L3} 0|5 53l apparent diffusion coefficient (015} ADC) Al4ke] QFg Skl 7H 9l gl v

ox,

<]

~—
=

e

jksronline.org



JOURNAL of
THE KOREAN SOCIETY of

J Korean Soc Radiol 2023;84(1):51-74 RADIOLOGY
o] 37}=- 95k SNR 7HAdS 3t 4= 91t} 1000 sec/mm? ©]/¢2] ultra-high b-value G/ ©]7]

A e} 22 SNRE ¥
AR A% =

i 0 2= Yskx] Qeth &4 DWIE whole-bodyZ e} 5 mm

. 5) AGAAE AlddstA] 22 whole-body axial T2-weighted
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o2k grEoj = oF Hm ohE AA 5 Il ke ook §Ht. o] floll® 5=, &
3} Z+o] motion art1fact7} = 7% MIP 970l =20 & 4= Ut} 800-900 sec/mm?2] high

C5 W wo] 7|22 A 289 AT olth(24, 25). TEFF A
o] o}/do] olido] ojstofof Sk, =, ZE S, e, Al 9
AES

AE(chordoma), ‘&%, =+4AZ"Z2 4 (focal fat poor marrow), 45

o]

FH 9] QIF-EE0] QYA (false positive) HHOZ B 4= QITH20, 26). E35] A 5H R 7
liquid transformation 12| T2 shine-through @4l o5 1A TS B 4 Qlch =
-2 Hi7 Z4>(background bone marrow)2] hyperplasia’} S5He 73 &
th. I o2 ¥IE, 38 & rebound phenomenon, G-CSFe} -2 28=
M 5EZXERA|E0] A 9] - 25 Ao Hl= A4 del7] e sitt Y 242 ADC 4k
2 600-700 pm?/sec D|Fto|m 2| S7Z] k2 Z4F B2 700-1400 pm?/sec®]
ADC %k% Hodﬂr(27) | g8kgo] QAL Wioll ZA} FHHE B2 1400 pm?/sec 0144
C 2k ERlt} 12y o]2{dt ADC gt Al 7o) ofm obd FdAlz, A1, 4%
Z F9J7F ohgst vl &=E Alo] Q1AL ADC 32 o]l whet thfstAl Uk 4= 8-S defshok
St} =5k 9/ RS uiAIsE] 918l high b-value F/dollA 1AE 2 Hol= %%%% D
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.1 o]§= WB-MRI =&
5 L0cm B|gk 37]9] ¥
Q34 2t} ADC 7S DWIol|A] water

_i_
signalo] SQIE| ¥ L Helo|A] 25k 13X 9L 79 P4 oo o) HEE &

CH] Z4p%0] njvhy 24 Y-e(diffuse infiltration)& T1 fast spin-echo %/¢°]ut Dixon
in-phase ¥ fat-only @/dolA] 4= ARe] AS =7t A3 Al5e} vjwsto] njgido s 7+
45jo] 1ALt high b-value2] DWIOIA A4 T-8of| B8l Z7He 2248 B uff ojAleh 4= 9lo
M o] 5 BEEol AFetth =4 H(trephine biopsy)E &3l °15 Z 4 Jlom =445
7} o7l AldElE Sl g sAl (posterior iliac crest)o] F4 W& AEIS HHdsh= tEA Q]
(representative) F-9| Q12| = A TEol] AGSH}, njehd go] A== Z4 Holl 1 em?
o}/ M2 9] region of interestE A47g5t0] ADC & Z7g9tct. A4 242 Aol uk2 ADC %t
o} njeky =4+ Qo] ADC g} 2kelol] tiste] of2] 7k IRl MY-RADS <& A 3ol &
A= etk e YRk o 2 X gRkA] oF2 2hAke] E4+71600-700 um?/sec 01742 ADC
S Hol= 4 nvhd &9 7hs/do] ot Whlol] |85 #F2 St 28 g7 G-CSF
Eofof| u}2 rebound hypercellularity2 <1l olx] v]THg -3k AR AU A HY 4
UeZ Fogitt. 55 MRIF Hol= o8t £ 0 24 njabyd 24 Zfo] B& 4791 2ol

olefat A THs AL TS Tefelo] € AL B4 A AP E71E 18] w4l

FE

=RV

thd 2439 vH W7hs 2 siR-aH4] F9l5(anatomic regions)oll thgt B8 57} 5
(response assessment category; 15} RAC)Z 7-4dH th. RACE 54 2] = (five-point scale) S At
85t T332 2ot RAC 1) Highly likely to be responding, 2) Likely to be responding, 3) Sta-
ble, 4) Likely to be progressing, 5) Highly likely to be progressing. RACE 7= 74142l
7132 Bol| A|AISFATHTable 2). MY-RADSOl AIAH sl¥ats) Boj5L A% F3 Q% =
&= (long bones), F7I&, 52/7|6k2 FH2H 1L 2E Ho|E Ssto] o 5719] =4 W I
5719} Az RS 4 YR (target lesion) 0= AJEIS 4> QlTt. ojuff Aoj = Skt o) 4Fo] #A
Bl 2= o)) (axial skeleton)ol X]3} Bwo]ojo} itk 2] T WHle] 91%] 7] (mm
ADC 7S 7123t} MY-RADSE ‘two-pattern’ RAC scoring system= 2}-8-3tct. 7} 55814
2olof tisf| thrk4ro] HH S|4 Hol= 5 RACE primary/dominant pattern©.2 7% 2]5}
1, & HRR2 @A RACE secondary pattern Q.2 7J2|stal o] & HEX|o) FA] 7| =3ttt %]
% ®kS 7} (final response assessment)= 2E sl 55H4] ol 50| RACE Z3tste] AA )
of7]oll & F U3 jHAlo] A8 E|o] A& Th2 mfele] RACO| 3-Edh= - primary RAC®} sec-
ondary RACE 37| 715& 4= ot wha] S Ato]o] x| 5ikgo] EUX|oh= HIHEEA
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(heterogeneity)2 BHe 4= k= %do] MY-RADS #H-g- 7te] EJo]t}. o]2{gt mixed re-

sponse 2]l discordant responses 2 4= Ut} DWILF morphologic image”}t A2 &Y
23 2748 BY w2, o2 59 ‘Tl-pseudoprogression’ (X|ZHH--O2 QI3 Al T|AlZ BE

Table 2. MY-RADS Response Assessment Categories

RAC Descriptions

1: Highly likely to be responding
Return of normal fat containing marrow in areas previously infiltrated by focal or diffuse myelomatous infiltration
Unequivocal decrease in number or size of focal lesions

Conversion of a packed bone marrow infiltrate into discrete nodules, with unequivocal decrease in tumor load in the respective bone
marrow space

Decreasing soft tissue associated with bone disease
Emergence of intra- or peritumoral fat within/around focal lesions (fat dot or halo signs)
Previously evident lesion shows increase in ADC from < 1400 pm?/sec to > 1400 um2/sec
= 40% increase in ADC from baseline with corresponding decrease in normalized high b-value signal intensity; morphologic findings
consistent with stable or responding disease
For soft-tissue disease, RECIST version 1.1 criteria for PR/CR
2: Likely to be responding
Evidence of improvement but not enough to fulfill criteria for RAC 1. For example:
Slight decrease in numbery/size of focal lesions
Previously evident lesions showing increases in ADC from < 1000 um?/sec to < 1400 pm?/sec
>25% but <40% increase in ADC from baseline with corresponding decrease in high b-value signal intensity; morphologic findings con-
sistent with stable or responding disease
For soft-tissue disease, RECIST version 1.1 not meeting requirements for PR
3:No change
No observable change
4: Likely to be progressing
Evidence of worsening disease, but not enough to fulfill criteria for RAC5
Equivocal appearance of new lesion(s)
No change in size but increasing signal intensity on high b-value images (with ADC values < 1400 um?/sec) consistent with possible
disease progression
Relapsed disease: reemergence of lesion(s) that previously disappeared or enlargement of lesion(s) that had partially regressed/
stabilized with prior treatments
Soft tissue in spinal canal causing narrowing not associated with neurologic findings and not requiring radiation therapy
For soft-tissue disease, RECIST version 1.1 criteria not meeting requirements for PD
5: Highly likely to be progressing
New critical fracture(s)/cord compression requiring radiation therapy/surgical intervention; only if confirmed as malignant with MRI
signal characteristics
Unequivocal new focal (> 5 to 10 mm)/diffuse area(s) of infiltration in regions of previously normal marrow
Unequivocal increase in number/size of focal lesions
Evolution of focal lesions to diffuse neoplastic pattern
Appearance/increasing soft tissue associated with bone disease
New lesions/regions of high signal intensity on high b-value images with ADC value between 600-1000 pm?/sec

Adapted from Messiou et al. Radiology 2019;291:5-13 (23).
ADC = apparent diffusion coefficient, RAC = response assessment category, RECIST = response evaluation criteria in solid tumors
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o] A&} 2| A T1-weighted image°ll A ¥ ] morphology7} 2}aHe Z12]3] Holuk ADC Zh
S7Foh= 49) @Iy, X8Rk =4 U] ARAIE7} /g S 9 S7He| A T1 morpholo-
gy 2485 HolX|9k ADC #h2 7HaE]= ol7h lAltE. &4 (paramedullary), =4-2](ex-
tramedullary) B¥12] 7= RECIST 7Fo| =2kl (version 1.1)°ll 2} complete response (CR),
partial response (PR), stable disease (SD), progressive disease (PD)Z T35} Z|oj 5712 =
Holl thigto] fx|ek 2715 7| S5ttt

BE ISE

MY-RADSell AA1E WB-MRIS] EF8} 7324 /4 5 4 (structured clinical reporting
template)> A&H WEES Footal Lo thga} Ztl(Table 3). T5-2oll= 2| 57§7k4] 9]
=4 (focal) ZHHoll thall 2715 S5 24 232 mE (pattern of marrow infiltration)=
normal, focal, focal on diffuse, diffuse, micronodular2 #5353l o5 Ei$h 5 mm %
1 3719] ZAHHo| DWIo|A A|$He &ake Ho|al vi7 Z4(background marrow)= %
¢ AE BY o focal pattern© 2 73}, ol ZzdRto] ZhAH T1 4154+ &=2} 700-

Table 3. Clinical Reporting Template

Clinical Reporting Template Notes

Indication
Technique Core or comprehensive protocol, additional sequences and deviations
Findings

Date of previous examinations

Evaluation of bones Spine and then head to thighs in descending order

Measurements of up to five focal lesions and Normal, focal, focal on diffuse, diffuse, micronodular

document pattern of marrow infiltration
Paramedullary or extramedullary sites Measure size
Vertebral fractures Document presence and use a combination of morphologic and functional

imaging to characterize as benign versus malignant
RAC for each anatomic region Cervical spine, thoracic spine, lumbar spine, pelvis, long bones, skill, ribs or other
1: Highly likely to be responding
2: Likely to be responding
3: Stable
4: Likely to be progressing
5: Highly likely to be progressing

Posterior iliac crests Is trephine likely to be representative?
Incidental findings Incidental lesions including avascular necrosis, which may be a complication of
myeloma treatment
Conclusion
Summary statement, RAC score, heterogeneity, State level of concern regarding incidental findings

recommendations including for investigation
of equivocal findings

Adapted from Messiou et al. Radiology 2019;291:5-13 (23).
RAC =response assessment category
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Fig. 1. Patterns of marrow infiltration in multiple myeloma.

A-E. The collections of figures are respectively arranged in the following manner: left (sagittal TIWI of the whole spine), right above (DWI
of high b-value 800 sec/mm? displayed in inverted grayscale), right below (corresponding ADC map).

A. Normal: Signal intensity of the background marrow of a 58-year-old female patient with multiple myeloma is seen.

B. Focal pattern: A solitary, focal bone marrow lesion measuring 21 mm in its maximal diameter is located in the right anterior aspect of
the T11 body (arrows). It demonstrates high signal intensity on DWI, and the correspondingly low ADC value measures about 870 pm?/sec.
The size of the lesion is larger than the threshold diameter (5 mm) proposed by the International Myeloma Working Group and is there-
fore defined as a “focal” lesion. The background marrow is normal.

C. Diffuse pattern: A sagittal TIWI of the whole spine demonstrates diffusely decreased signal intensity (even lower than the disc signal) of
the background marrow, indicating diffuse marrow infiltration of malignant myeloid cells. The sacrum and pelvic bones also show diffuse
infiltration with restricted diffusion on the DWI and the corresponding ADC map.

D. Focal-on-diffuse pattern: A focal lesion (arrows) measuring 18 mm in its maximal diameter in the right anterior aspect of the T12 verte-
bral body stands out on DWI (the corresponding ADC value is about 780 pum?/sec). Apart from the focal lesion, the signal intensity of the
background marrow is diffusely decreased, suggesting that there are also diffuse marrow infiltrations. In addition, multiple resultant patho-
logic compression fractures are seen at the thoracolumbar vertebrae.

ADC = apparent diffusion coefficient, DWI = diffusion-weighted image, TIWI = T1-weighted image
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Fig. 1. Patterns of marrow infiltration in multiple myeloma (Contin-
ued).

A-E. The collections of figures are respectively arranged in the follow-
ing manner: left (sagittal TIWI of the whole spine), right above (DWI of
high b-value 800 sec/mm? displayed in inverted grayscale), right be-
low (corresponding ADC map).

E. Micronodular pattern: Multiple, tiny (<5 mm in size), nodular in-
filtrations are dispersed throughout the whole spine and pelvic
bones on T1WI, DWI, and the corresponding ADC map. Aside from
these micronodular lesions, the marrow signal appears character-
istically normal on the micronodular pattern.

ADC = apparent diffusion coefficient, DWI = diffusion-weighted im-
age, TIWI = T1-weighted image

1400 um?/sec®] 2 ADC #t= Holu Feidh AW EAGHA] e 49-& diffuse pat-
ternQ & ZJolSit}, FarArHT} vl Z429] n|vhy 80| 3Edh= 79+ focal on diffuse
pattern© = E 1S} 5 mm ©|oF 2719] vl 22 AAYF HHE0| F4 Hto) 4bafisia v
A5 Afolo] WA 247 25 012 wll micronodular patterno|2} 2-F3HH(Fig. 1). A24]
o] Z4FH (paramedullary) ¥ =4-2](extramedullary) B o] 9|29} 2715 7|25k} 4
R B2 24 B 214 0 2 A (direct continuity) H= 22 BHE T, ojet &
2] Z40] RS I R AAER] G Ty E XA BH o R HolstthFig. 2). {5 24
o] F-RE &olst ¥ =4 (benign fracture)NA| = tFHdZ4F ool o5 ¥4 =4
(pathologic fracture) Q1 2| S Tdslal o] S H15kch RACE Y240 2= 7} 52514 He|(H
85, 9%, 29 AZ) FE, 52/718D Sl thsto] primary?t secondary RAC patterns
A5, o5 B TFketo] 2T vk H7HE WRITh MR 9/ 2d0lA thdAdZ4252] nigt
A B4 o] gAlEE A2 Z4HAPEblind HHH o2 AgEE 2H 2ol Flojijuls o]
AR o]2igt H-g-g WSk thEA Q1 F9JQ1A] TE-Rol AFSHt. AA| et Hedt S
2 W57 oA E HEFS| AVHSHHFg. 3).

MY-RADS2| SHA| 2} 7 '8 e
MY-RADS= CHVZ4+5 2HAte] WB-MRIE: o|-8eF Akt 2| 218 g71ol] QlojA] & 2o

FEFES} Almghs HollA 2Jof7) ok, aeiut /g golM AAl A8 Al B 71| SIS Rl
S AU o]2igt ol4r52 4 2l5to] MY-RADS7} 7l Al ofof & wekg mAlska A} Fht,
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Fig. 2. Patterns of soft-tissue involvement in multiple myeloma.

A. Paramedullary disease: Axial T2 weighted image with fat suppression (left) and DWI with inverted gray-
scale (right) demonstrate a large soft-tissue mass formation in the left paravertebral space. The mass is di-
rectly continuous with the 6th and 7th thoracic vertebrae and is extending into the left neural foramina and
epidural space of the central spinal canal (arrows), resulting in neurologic complications. This paramedul-
lary lesion also extensively involves the adjacent posterior chest wall, including the ribs and posterior para-
spinal muscles.

B. Extramedullary disease: Fat-suppressed axial T2 weighted image (left) and corresponding inverted DWI
(right) demonstrate a soft-tissue infiltrative mass in the left piriformis muscle (arrows), showing no anatom-
ic continuity with the bone marrow.

DWI = diffusion-weighted image

HoAEa M35 BAl

ool oA g =30 27] Y 9 g7 el i 2l fRI_M sl s EAlelA
F
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ghelsh7] Igk AAaleb 271 8ARE X 5 & HARe] st vlwrt F 51, §A o 5191 €
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Fig. 3. An example of clinical reporting in accordance with MY-RADS.

A-F. A 42-year-old male was newly diagnosed with multiple myeloma. Sagittal T1 weighted image of the whole spine (A) shows diffusely
decreased signal intensity of the background marrow. Whole-body DWI with 3D MIP reconstruction of b-value 900 sec/mm? (B) using an
inverted grayscale accordingly exhibits the impedance of water diffusivity of the entire marrow of the whole skeleton, suggesting diffuse
myeloid infiltration of the background marrow. Sagittal T2 weighted water-only images of the cervical (C) and lumbar (E) vertebrae and
an axial T2 weighted water-only image of the pelvic bone (F) demonstrate focal lesions in C5, L3, and the right iliac bone (arrows), with the
largest lesion in the right ilium measuring 25 mm in the maximal diameter. Sagittal T2 weighted water-only image of the thoracic spine (D)
shows pathologic compression fractures of T9, T10, T11, and L1 (arrowheads).

ADC = apparent diffusion coefficient, DWI = diffusion-weighted image, ISS = international staging system, LCD = light chain disease, MY-
RADS = myeloma response assessment and diagnosis system, RAC = response assessment category, ROI = region of interest, TSE = turbo-
spin echo, VIBE = volumetric interpolated breath-hold examination, 3D MIP = three-dimensional maximum intensity projection

wHd g 24Folu =49 HRlo] =8 thdA =43l = 2% M-THo| light
chain 2|7} 4/ 4 Athe A2 ARl Fofof atrh. A 2hxke] oF 12.5%004 = A4 %
(hyposecretory type)2-22] Zigto] oidtial eFefx] Qlo], M-THljo] zfte] Xictol| A2k 5}
A Fgk 4= ITH29). oo whet A 7ol M e Al g/ dARe] E e /do] oAl Qlek
ARG gH77E B gk A F8AARe] o] 5ol tigt A=t fluorodeoxyglucose
} FDG) PET-CTZ o] -85t dGL50|H, WB-MRIZ 0|83+ A= BZ51 A% o|th(30). 18]
2 gz dolu BRI/ ol T Tl X &RES 71l f-&siths d7s0l L
1, MY-RADSOl|A &= 21tz
7FWB-MRI7} 0= ghgElo] 9l =
™ oF2]714] FDG PET-CT7} #& GAP|H o= Hokgoi x|l QITh(32). Shbd=2d/d B A%

o
19
o)

r :
oll _u

¥0
10

l

—8}' =
SFet 7IHe ZIRTHH WB-MRIE thget 4 d=dollM PET-CT} 55517 o3t
A2 715 71 2102 7|HiSHAIRE, o] Fazol tisliAl= A1421Q] A7 B 2333, 34).
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Fig. 3. An example of clinical reporting in accordance with MY-RADS (Continued).

G-1. ADC map (G) and the corresponding fat fraction map (H) of the pelvis also display a low ADC value (1200
um?/sec) and decreased fat fraction (5%) of both posterior iliac crests, suggesting diffuse disease and indi-
cating the need for a trephine biopsy. ROIs (yellow circles) > 1 cm? are drawn in both posterior iliac crests.
Based on the aforementioned findings, structured clinical reporting is generated in the template (1) in ac-
cordance with the guidelines of MY-RADS.

ADC = apparent diffusion coefficient, DWI = diffusion weighted image, ISS = international staging system,
LCD = light chain disease, MY-RADS = myeloma response assessment and diagnosis system, RAC = response
assessment category, ROI = region of interest, TSE = turbo-spin echo, VIBE = volumetric interpolated breath-
hold examination, 3D MIP = three-dimensional maximum intensity projection

Clinical Reporting Template Notes
Indication Initial MR evaluation of newly diagnosed multiple myeloma (LCD,
Kappa type, ISS IIl)
Technique Whole spine (skull base to coccyx) sagittal TSE TIWI and Dixon T2WI

(in/opposed/water/fat images), whole body (vertex to knees) axial
TSE Dixon T2WI, axial DWI (2 b-values: 50, 900) with 3D MIP
reconstruction of b-value 900, axial and coronal VIBE g-Dixon
without contrast enhancement for fat quantification

@ings
Date of previous examinations Not available
Evaluation of bones

Measurements of up to five focal lesions and  Focal lesions: C5 body (9 mm), L3 body (13 mm), right iliac bone
document pattern of marrow infiltration (25 mm)
Pattern of marrow infiltration: focal on diffuse

Paramedullary or extramedullary sites None
Vertebral fractures Pathologic compression fractures of T9, 10, 11 and L1 (severe height
loss on L1, but without compromise of spinal canal)
RAC for each anatomic region Not available at baseline
Posterior iliac crests Representative for trephine biopsy (diffuse marrow infiltration, ADC
value: 1200 um?/sec, fat fraction: 5%)
Incidental findings None
Conclusion
Summary statement, RAC score, Afew focal lesions up to 25 mm in size on of known multiple myeloma.
heterogeneity, recommendations including  RAC score and heterogeneity of therapeutic response are
for investigation of equivocal findings not applicable at this pre-treatment phase
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Fig. 4. A 58-year-old male, who was presumed to have smoldering multiple myeloma that was later diagnosed as multiple myeloma after
whole-body MRI.

A. Sagittal fat-suppressed T2-weighted images show two focal lesions in the spinous process of T1 (arrow, left) and the left transverse pro-
cess of T8 (arrow, right).

B, C. Paired axial water and fat images from T2-weighted turbo-spin echo Dixon show both focal lesions without a fat signal located in T1
(arrows, B) and T8 (arrows, C), respectively. The longitudinal diameters of these lesions are 1.3 cm (T1) and 2.1 ¢cm (T8). DWIs and ADC
maps demonstrate impeded water diffusivity with low ADC values (T1: 638 um?/sec; T8: 804 um?/sec).

ADC = apparent d|f‘fu5|on coefficient, DWI = diffusion-weighted image

Dixon_W

DWI_b=800
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Fig. 5. AT1-year-old male with smoldering multiple myeloma.

A. Paired sagittal water and fat images from T2-weighted turbo-spin echo Dixon show a focal bone lesion in the T2 vertebral body (ar-
rows), which contains fat.

B. The same lesion (arrows) is depicted on axial fat-suppressed fast spin-echo T2-weighted image (above), DWI (left), and the correspond-
ing ADC map (right). The lesion shows internal trabecular thickening (arrowhead). DWI and ADC map demonstrate increased water diffu-
sivity with relatively high ADC values (1502 pm?/sec).

ADC = apparent diffusion coefficient, DWI = diffusion-weighted image
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Fig. 6. Discordant presentation of marrow infiltration pattern in different sequences.

A. The marrow infiltration pattern is interpreted as “normal” on sagittal T1-weighted images (left). In contrast, the infiltration pattern is
obviously “micronodular” on the fat-suppressed T2-weighted image (right).

B. The marrow infiltration pattern can be interpreted as “diffuse” on the sagittal T1-weighted image (left). In contrast, the infiltration pat-
tern is either “focal” or “focal on diffuse” on the fat-suppressed T2-weighted image (right).

E5] 1A17b0] e 270 AIREO.R I8l FU) B o) 27| TollA] of 27| EEZAR AlEA
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Fig. 7. A 63-year-old male with multiple myeloma, who showed a mixed response during induction chemotherapy for ASCT.

A. Pre-treatment sagittal fat-suppressed T2-weighted image of the whole spine (left) and two sets of axial images (Dixon-based fast spine
echo T2-weighted water image, DWI with ADC map, arranged in vertical order from top to bottom) at the T4 (middle column) and pelvic
bone level (right column) show disseminated focal lesions with impeded water diffusivity throughout the spine and pelvic bones.

B. Post-treatment sagittal fat-suppressed T2-weighted image of the whole spine (left) shows a decreased size and number of focal lesions,
indicating a reduced tumor burden overall. In contrast, the set of axial images at the T4 level (middle column) still shows a viable focal le-
sion (arrows) with a persistently low ADC value (980 um?/sec). The set of axial images at the pelvic bone level (right column) depicts the
new development of paramedullary extension (arrowheads) of the preexisting focal lesion (arrows) in the right iliac bone, showing sus-
tained viability with a low ADC value (1020 pm?/sec). The coexistence of these progressing and responding lesions represents the hetero-
geneity of variable therapeutic responses in the same patient.

ADC = apparent diffusion coefficient, ASCT = autologous stem cell transplantation, DWI = diffusion-weighted image
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