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MR Imaging of the Femoral Marrow in Adult
Acute Leukemia: Correlation of MRI patterns
with FAB subtype and prognosis

Osamu Tanaka', Shojiro Takagi®,
Yasuyuki Kobayashi', Tamaki Ichikawa'’,
Katsuhiko Matsuura'’and Jun Nagai'’

MR imaging of the femoral marrow was performed in 36
patients with untreated acute myeloid leukemia (AML )and
7 patients with acute lymphocytic leukemia (ALL). The MRI
appearance was classified into five patterns: 1)fatty marrow;
2) faint signal; 3) nodular pattern; 4) heterogeneous
infiltration; and 5)diffuse infiltration. The MRI patterns of
the femoral marrow were compared among the FAB sub-
types of acute leukemia, and the MRI patterns were corre-
lated with prognosis.

All five MRI patterns were observed in the femoral mar-
row in adult acute leukemia, and diffuse infiltration was most
commonly seen (41.9%). A completely fatty marrow was also
depicted in two cases (4.7%)and faint signal in four cases
(9.3%) in spite of untreated acute leukemia. The M2 sub-
type of AML tended to be demonstrated as a minimally ab-
normal MRI finding, which was significantly different from
the other types of AML. The patients who showed fatty mar-
row or faint signal were thought to have a good prognosis,
while diffuse or heterogeneous infiltration was regarded as
a poor prognostic sign. However, there were some excep-
tions to these rules, and no significant differences were re-
vealed in prognosis between minimally abnormal and ad-
vanced MRI patterns.

We concluded that MRI of the femoral marrow could be |
useful in the assessment of tumor volume of adult acute leu-
kemia, and that there were limitations to predicting prog-
nosis on the basis of the MRI manifestations.
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SEE MR LG L TIE4EFAB (French- American-British) 27
=TI L BHE VSN L) I2RY, Kol Bl
D IEBRANE B (T B B B 0% (acute my-
eloid leukernia; AML) 1%, HIFEOZED TR BEADFEHE |2
EoT, MO~MTDHEENZHIGENBYY, T/, B~
7SPEE G (acute lymphocytic leukemia; ALL )b L1 ~L3® 3
DT ENBAY, LI EL2OENIEEL W &%, G
BRIZERALNL W L5, ALLOFABGHEIETEHES
B 2 S5 2 R FH DI I d F 0 B S s
HBY,

FHILE B 28 #MRIO A FHIZ oW TIE, §TIK%
COEEDH HATVD | figsk, HHEOMRUIHHE % A
RIZTEIENE Dol L L, FHETIIEAICLE-T
O EMBIATRA L Tnb 7z, IEH THTIRHAE TIRE
5, STIRETEAG 7 /R T #IgA A 5, "*'%ﬁﬁ&a)ff

DS A b Ak v, ThICKH LT, KEFo
BEIZ25 UL LD A TIRE L A ETRIFSIML L TV A 721,
M EOHILC, KRt S & i~ o FEilni 2 5 7
ElZLAERASE I DY, FHEL D D RE LMRIFTROZ(L
MEREshE, L 7.’}‘0‘(, KERE 15 REOMRID J A3 HE
L0, HMHEEEOEMGEGDORELFHET 29 2T
EHLLESENETFHRINEY,

Allbivbitid, AMLEB L UALL & 3Bl S RGO
BABNZ A L TR OMRIZ 1TV, MRIVSY — ¥ &
SYRMFEOFABSHH L O, 46 CIZHINBOTFED
FHNZ BT 5 KBEMRIOA FHTEIZ oW TR L 72,

WRBLUHE

19904 1 H & D 19954121 F T2, HBERKFEK
ey —12C, BEAIKE D Mﬂﬂt}mﬁmmkﬂ
T, KBEFHEOMRIAHETT S W72 AML 365E 5] (551423
B, “tk13f), B KL ALL 7 5ER (14 61, Zik 3 #)
gl L7z, FABAMHHIZ X ) AMLIZMO~MT7, ALLIZ
L1 ~L3OHIRIZ 5 S5 H%, JEFIOFABT I OPER %
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Table 1 The French-American-British (FAB)classification of

acute leukemia®

AT EOMR T FL o B s

WERRES, STIRMECEES 2Rk %+ 3
Z O KE TR 127 2 5L D

V. UEABRBE | L% 0% A, ﬁ"DﬂJ%;&ﬂ

WETHEED, G EFERE I EHRETICF o

BLTWAH0,

FREPT R OGENE, BERFHE 3 212 300 Bk

WERETTY, HHEMTHESRIR L > 7

fllzowTid, Wao b, 8Tk’ AMLE

L UFALLIZ BT AFABEIG WM O K5 B 8o

MRIFT L Z L, 2R EN ORI B 2 ]

W b hhERE L.

Subtype No. of patients

MO minimally differentiated 2

M1 myeloblastic, without maturation 6
M2 myeloblastic, with maturation 17

AML M3 hypergranular promyelocytic 3
(n=36) M4 myelomonocytic 1
M5  a) monoblastic b) rmonocytic 4

M6  erythroleukemia 2

M7  megakaryoblastic 1

L1 small lymphoblast, monomorphic 3

(,f\ I=_l_7) L2 large lymphoblast, heterogeneous 4
L3 Burkitt cell-type 0

7z, KBREOMRISY - > EAENEOT#

Table 1127779, AML EHDEMGGATIE21 ~ 805 ((F3453.5
i) T, ALLI329~-647% (F3949.0i%) TH 5.

fEH L 7-MRIZEE (L3028 MRT-200FX/11 (#5085 1.5
Tesla)'C, fRfZEIT1IHFISEZ400/20/2 (TR/TE/excitation)
£ STIR%:1500/150/20/1 (TR/TI/TE/excitation) % V>, el
BOREZIG - 7ZEIRE R 2 BRG Lz, SZEa A VIIdgE
BHIa A VEMHL, 254 ZAE10mm, matrix!$256 x
256, FOV (field of view){Z40cm & L 7-.

KIREEHMOMRIFTRIZOWTIE, TIMHMSESR T
&, STIRETEES L R THBEREETHE L, F04E
HIRE, WEBLVENYIZE-T, RO520/8% —

ﬁ}%ﬁ L7z (Fig.1 )

FEMGRER . MEEFTHFE o7 ABNT, Fhitse
1?t<ﬁfT15‘mﬁSEﬁ‘§’w ZEfgr, STIRMGTIES -7 D
.

. BEESR . ﬁﬁﬁ%ﬁ#~ﬁ?ﬂwnmvbt”?wtﬁ
ZTUHIRSEE TR VRIS, STIRME TANE L EES %
TH5HD,

L #EERY © KBRAE I ER D ARIGEE D 12 % 364 D5 B
KORFFEFTHOERELZFDL LD,

IV, RESEEEE | R Ag i & OIS T RASEIL T

EDMIEIZONT, W22 £ ERATBEI L

BT EIBTREPI A ARG L. PREMFELAR
REED 2 DI 72h%, AbSRekic &) EREE A B X UsHE
FRCHZI L, 2 FULEHRE RO Rh o 72b D% T BT
L, BREEATERD - B RERBREIZERE LD
TGS ETIEC LIIEPI 2 FHRARREEL L7,

S

AML & ALL D &5 2 BT 2 KB S OMRIFT L7 &
FIZTFRIZOVTORRE T LD DOH Table 2TH B, £
PEHIMECIX, WBROKBEEMRI (2T, UF AR,
AYEFHEZEE, RER, BEETI S SR o 5 7
FTRTOINY — D SN, Uihmﬁﬂ%mtt%
DHAIFEBIH1861(41.9%) THe b £ o 7:h%, BEEESHE
272 AL NGB WIRIGFIEIAS 2 51(4.7%), %Eﬁg%@ b4
$1(9.3%) IZfRD &H Tz,

AMLODOFABSMERI DO BT, OF ABEEI L Lo ik
MR DMRIS % 7R 2 L A% M2 LA ORREIZ T LT,
M2 TIRILHE 2 B RS & 29 265474 <, HkryEyg
TR A R ATAR S L, AML M2 & M2UAL R
W2t 5 &, WHEROKBEOMRINY — 213 5 %DfE
ERTHEDEDTRYD Bz (p = 0.0465: Mann-Whitney's U

test) (Table 3). ALLTIZ, U'F AR
B F 7RSSR e o g

el

I. Fatty Il. Faint signal lIl. Nodular

IV. Hetero-
geneous

Wiz EE 200 b 0%, #HE
W, BEETHE L ORISR 2 2 L
i (] = AR A
SRR B 5 KBRS OMRI S
- YHOFROREIZODVWTE LD
72OH Table 4 TH 5. JEHFIR, #REE
BRI IHMEBMERLIbDEA
I, RYEREREI0E AR
j FELI-LOEBHL L T2
&, BETTFHRARDHDNE (EDHS
iz L L, WEEMICHEICH
ELrERIGRO LRI -7 (p > 0.05:

V. Diffuse

Fig.1 MRI patterns of the femoral bone marrow.
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Table 2 MRI patterns of the femoral marrow and prognosis in acute leukemia NAER. KBEEEEo
MRI patterns Prognosis MRITIE, Balhitis 55t
EAB.SUbLpe (Go IIPE:or) SR gy AR B i -
Fatty  Faintsignal Nodular Heterogeneous Diffuse oc LT, ihrEhoasilE iz
Mo =2 o : 5 5 - e TIHRAHSER T/ Ei R
M1 (n=6) 0 0 1 2 3 2/4 BRSO EFR S AL N,
M2 (n=17) 1 3 3 7 3 11/5 STIR{ETH IR L 7-fiidic
L (n=3) 1 0 1 0 1 210 YRR TR 5
M4 (n=1) 0 0 0 0 1 0/0 iz, AbSREEAH= L,
M5 (n=4) 0 0 0 2 2 212 Vo 7 AN SR TE R O PRk
M7 (n=1) 0 0 0 0 1 0n1 %L, WBAS 13D
L =3 o 0 0 1 2 11 e e =3B
L2 (n=4) 0 0 0 1 3 2/1 i L.
Total 2(4.7%)  4(9.3%) 5(11.6%) 14(32.6%) 18(41.9%) 22/15 iER) 4 (Fig.5) .
535, Bk FABSMET

probability test). IHHEAVERZZMRIFTREZ 2 LA HTD,
Mtk 2 FUPITELE L2 b oh5 11415 3 61(27.3%) & -
2. IhbiE, WTRBILFEREIER L Tvo 2 AIRSE
LERIIES-DDOD, HHETIIBIHEDOHIEIZ L VIE
CLEFITH o/, Tz, RHAEREREE %R L7-B B
TH, BEFEALLUMERRORIIL, 24U EEFELTHS
BIAEELLE 266141451, 53.8%) % 7.

E Bl

SHERMFIC BT 5 KBEEEROMRIC TR ERN 2 MRI
Y — R LIERERRT 5.
FEBI 1 (Fig.2)

655k, M. LU 77BN 5 2 ZM2OAMLT, K
BB EREOMRIZ TIRIFMEI D/ S5 — > % 2 L7, %
HREROAMLIZS 22 b 5, KRG TILE5
WEERATT 1 FSER: TH %2 EES, STIR
BTEESEZRL, REGHFETF o7 AL

MIDAMLT, KB

DOMRIUE TR FB 2R LR, KBRS T, B
HEEBE HLICTIEASER TS RIS S, STIRE T
B 2RI A LN, REETEAMEFRE T4
NERL TV 200500 b iz, AFERI GG
T, WoAEREAIES O, §CIZESEL,
FHARTH -7z,
fEHI 5 (Fig.6)

70K, Btk RBUER AT SN B HERTEDAML T,
FABHHHTIIMSbIZ G &, U'F ARIEBOMRI /3% —
Y B UER. KERE OEACEEE % 0T HHSE%
TUF AN THELEES, STIRETEHES € /R THEN
BN, FOFMBAHTALLL2E B TRAFEHEIC T T
BLTW (L BEN L ERL, SaEMOIRIET 2 E
6 WRLEEFLTEY, REFLEEER L.

Table 3 MRI patterns of the femoral marrow in acute leukemia

Rietofe. (CHIRENSA L, KL T o

FEHBHEEL, BHTD 1L.0%KRMICHD L

MRI patterns

‘ Faint Hetero-
Fatty signal Nodular geneous Diffuse

7o LA L, ESBEICHE ) EERIERED & M2(n=17) 1 3 3 7 3
EEC XS, Miges k OB % 6E5 L <O P P ] 5w 4@ Jp=0.04es
CLz. ALL(n=7) 0 0 0 2 ]

fESI 2 (Fig.3)
591, B M2OAMLT, KhgoEi
WK TREESROMRIISY — > %5 L7 6E

p - Mann-Whitney's U test tied-P-value

Table 4 MRI patterns of the femoral marrow in relation to the prognosis
of acute leukemia

Bl. KBREOMRITIZRBHEL Y, HAEE e
S~ F IR IR L 7= S8 T1 RIS EAL T ik Al patioms o Foor
VIEES, STIR(ET b B 518 BH0E 0> S 1 P
ADHTHoIz. BRRAS L ORISR Faint signal (n=4) 3 1 } :
L, Wiz 2FE9 7 HEBLTVDH, B3 Nodular (n=5) 4 ;- p=0.2850
SLC, FRREHTHST. Heterogeneous (n=12) 6 6 - J p=0esr)
TEfI 3 (Fig.4) Diffuse (n=14) 8 6 -] .

52i%, Bt RAOMCLBEHFERD S % HMI o e

DAMLBIT, #EEEIDOMRI/SY — & A5 &

FH8E 11 H25H

p . Chi-square P-value (Fisher's exact P-value)
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I (A) ||

Fig.2 Case 1. Fatt)r marrow pattern. 65-year-old female with AML(ME)

(A)T1-weighted SE image (400/20).(B)STIR image (1500/150/20

The entire marrow space of the femur shows a uniformly high sm;nal intensity on T1-weighted SE image and a low signal on STIR
image.

Fug 3 Case 2. Faint signal pattern. 59- year-old male with AML(M2).

(A)T1-weighted SE image (400/20).(B)STIR image (1500/150/20).
T1-weighted SE image shows a faint low signal intensity, and STIR image shows a minimal high signal in the proximal femoral
marrow bilaterally.

S. EiT, rqlﬁ- H AT & e L gk R Z PR MO

I = ﬁ. _ HERMSITL, HILEE KOV EARORFESTEE
I AR S 3 B ZE DMRIFT 3 — % 12 FRE R T TAYENSH an, ABOWENTIE, U'F AR EAER]
HHIENEL, MR L 35 LML & OFELD Tz 0528 EY, KiGED EIL[LH?J IZLTIEF
D—EOEBEEIRNT, BB LT RIZ R0, A VHETH -7z, ATHIFREL 2 5D gE
SPERIEIC BT 5 KBRS EHOMRITIZ, :,L‘l\[ e TFIZRGE R (myelodysplastic syndrome, Ll l‘, MDS )"
LIS L7228 O AMECHE L REEFHZHO D 2 [ZB\WTh, RAEB (refractory anemia with excess of blasts)
ENRS BN, RYEREE, FEY, BEGSR, IE *’RAEB-T (RAEB in transformation) 72 L' DJFEI T, 1/3L)
Bt EOfA DN - b HAENE, KBREIZBITS LOFEBNZ U E A THELRFEFTIFRDOONTEH?,
U EARBEOMRIZIE, BHEAMAOMIZ, 1BM4E B Ff5% & MDS #MRI (2 THREICR GBI 5 2 & t‘il'_ifﬁiﬁth
F7oAE) R |f|'TUr’E|'? , EMEY SHES, BRERHEE P 2L 5. I
PEFRIMERKE NIAE 72 & O PR Y 2 L THRDO SN SRIOEFFHRTRGFEHSND Z L, REFROIME
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Fig.4 Case 3. Nodular pattern. 52-year-old male with AML (M1).

(A)T1-weighted SE image (400/20).(B)STIR image (1500/150/20).

A cluster of small abnormal signals, low intensity on T1-weighted SE image and high intensity on STIR image, are noted in the
proximal marrow of the femurs.

|

Fig.5 Case 4. Heterogeneous infiltration pattern. 53-year-old male with AML(M1).

(A)T1-weighted SE image (400/20).(B)STIR image (1500/150/20).

Heterogeneous cellular infiltration, which extends downward beyond the middle of the femur, is depicted in the proximal femoral
marrow symmetrically.

HIETd 5120 b b "‘3"‘ AEETHE T -2 NaZ L%, ZRIIHLT, BRABIZIZIERIL L T
ROETARER AT 2 B, BEEE S RIAT 4 Bl A SN ETH WA KB T, BB L AEHolR NEN TR 57
L. 6Bk 4 FHIEREOMRI b FIRHZATHILTW A, M2 #, tumor volume % M L Z-MRUEDESNL LD EEZ
DS OFRRITIE, BAEHER OB HIX 0 F AV 713K % LA, RIGMOHMFETH Y 2H F) kHLE‘ﬁ'G’)MRI‘C“HE
ﬁ“ﬁ'ﬁ?‘ﬁ?ﬂ"]'}’“ ZE LT BEoFsd < b 8ipso IHRER PR RS 5 4 & ORI R 2 R34, tumor

FMEAHRINTEY, WIS [l & v volumeV/ & {, LRI L TYH ﬁ-% Iz J%ﬁ#hkf“ &
ATl Ldhorz, 2O L, KBEEHOMRIDS, HUHEEATE WV E TR EN S, Gifilc, KRG CHEEiL S
F LI Dtumor volume % HEM 35 ) 2 THH 4824 A I‘i'(}’) P 1‘ ',' = f) 5N L H41E, high tumor volume &\
BAEMEMARELTWAE EEbNRS, T4bb, I I ENFTEL, RIALFERE I 2 BRI OB
7 EOEMANEE L, & EEATAT 2 JREE o H WTE AT L cE cl‘ 4 &, tumor volumeZAK &b DT, HE
5 HED ;;TH]ﬂxﬂ-J.g)lﬁﬂE?{J‘oﬁfii A7z, tumor volume® KNI RE IR CEMEAE L, HEOTEERLSWE TSN
Bl <, FHETII E AMED B BERBEEAMRIC T H & 5.
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(A)

Fig.6 Case 5. Diffuse infiltration pattern. 70-year-old male with AML (M5b).
(A)T1-weighted SE image (400/20).(B)STIR image (1500/150/20).

(B)

Diffuse marrow involvement with total replacement of fatty marrow is noted in the upper two-thirds of the marrow space of the

femurs bilaterally.

AEOEMAMFEICB S KETEHOBRETIZLY,
AML®DFAB 72 BIT AM2E F UM OHEITHS NS
MRS — P EWDH B Z EHFH LM ICh o7 M EL
TEBFERD 6 & HM2TIE, BEEEFE% Lo By
ZIREETH2ODVFEIILZCRBOLNL, HFRIZLL
FOGL, THESAMLP RS BIFAM2TIE, oA
~, tumor volumeZ/h & {, ‘FHEFEPIOMILEE b\
HEWEEZHNE. AML OM2UALOFFRIIZ DWTIE,
FNENOFFHRIZFHAY 2 MRI BRI T E o 7.
F7:, ALLTIE, UFARMEEL EOBELMRINY — >
BT AHEESAML LY (RO LN, LaL, ALLIZ
ARICFRT 2HEETH Y, RARIEZFRIZ L4 EILE
Bl 7% {, AMLEALLDOKBEE B BOMRIZIZE EO
FRBHHNE)PIRHTH L. MRIZTAMLEZALL %
R LoD, FABDHHOIER % [XH¥ 5 RN 2 B3t %
VAS, AMLOM2 TR PIO F IR O 556 | S AT A
GRLEIEHLVHIREVWR S,

JLE B R 2 R T B EIE I, EERICIEET
EIRE AR TH o720, HRTILLONEL, KRE
DOMRIZTHIMFEO F# % Fill T & AW REME A S 1
H. Lo L, IEEARER, BERFSE, HEHils 2 LI AR
&, NHEFERE 230N F AR AR LABEEOMI,
FRICHE L TREMEN 2 EEZIRD O NL Do /2. Wi
BICEELRRBY BN G o7 1| 2OBEEIL, FBEigE
RS THhTh 2 ETHoz/z8, BEEIZBIT AR
btz Bbhas, Lo L, HEHOMRIC
T, SMHNBOEHOFHE TFHT 5121, RE* D5
ZEBMENTH L. AMROEE, LEBEISEY L TE
FREE NI Lo b 0D, BYSE L EOEHE TR T
UL %, 72k ABMAEMRIFTR TH-TL, 4L D
FHRBIFL V) DIFTiERV, T/, (bSREIER L1
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Bz iE o TRES L T & v,
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(2%, EMEEASTRAF T AN E BRI E TREGE TR
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EXRFEICEO SNE, ERBHI~NOIERS AL ED, K
BB OKEFRHEEBIC T TCREETI LA L34k
W, F 7z, MRITHIH S5 BEEF T HILmEAR
DN U7l & VAR 97, SUGHE I HEGE L 7z i i % A
TWATEEIBETE RV, RESLHEELE & oM
MZELZRLTRLIEEEDZEZ GNE. MRITIZHIfED
TEHR LN, FEROHEEG L EOEMBMEIT) 2 L3R
EETH Y, REETIIHICEHPOMIRS 2 HE DK
FEROBKEATHWAITHER W, L L, HEEIEDL
e, FEROMEE & B IIMRIFFROSEENZD SN D
ZEns, BERFEOKESIAMBHEYHFIET S5 H
BERLTWA NS A, AMFHIIOEEE & 56
P MBE% ER T 5 720121%, FH OMEN AT
IAE D BT DB LSS A T2 A & O L\ A
DRI s b,

Smith &% [ZREHEE BEOT 1l & B # oML E O M2 IX
IEOMBEELNL LTS, 7, BiGEs2IIEE
TOTIEHFSEE S & USTIRIE TOE-F IR G R) &
Fam DI A 5, MRUZ TE DM D
EDVRETH AH L TWwah, LaL, SEOKETIE,
KERE-EHOMRIE & MEFEWFT R —F Lz e b
L, FHEHTEBEETHo2b00, KREGD
MRITIHERZA L PES 2 Z ez, B
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