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A, R ILIEEE (Magnetic Resonance Imaging, MRD) # W /- BHHREOHEIHA SN S
£ o728, BRG] (Fat Sat) ROEER Z60H LB EL, FLBHDAOERHICO

WTRRET L7z i3 A e,

AmEH L, Fat Sat ke EEF LA L TRESNZZFHO MRI IZOWTFMi 21T > 720 1.5
TATBLEREETRHCTIFIORABREOEHE, BE, KBREOMRELXITV, MR HEHE % EMEH

WM L7z, #RELDTOEY TH 5,

1. RAOEBHREI T1 SAFREIR (TIWD), T2 #EFHFEE (T2WD) & b IiZZFh£h23/27, 20270

MRS 2R L7

2. 3OS EHEEIME (acute myelocytic leukemia, AML) BE DS &, WD A TR BE

BIXNTWS IBIOATES MRIEZR L7,

3. &%) MR (acute lymphocytic leukemia, ALL) BEIZFRED T1IWI, T2WI & b (2K
FEERLH, EEFMBREIFEON L o7,
4. BMEEMEMR (chronic myelocytic leukemia, CML) E& X B D TIWL T2WI & & IEE

FRINLIZH, BEMRIIBOLNI,

5. BRSHIE (myelofibrosis, MF) & D EHEIZ TIWI 2BV TUEHOEEFT /R L, FatSat
EEZMRICTEEOEZRELRLZ, 26H 1613 T2WLIZTEBEF &R L,

6. BHMERKAEMBEE (myelodysplastic syndrome, MDS) BHIZBWTIIHFHELBEOEHIZ
TIWL, T2WI & b ICEEF AR L, EEHEIRO LN, KBREEHIE TIWL, T2WI & b
WIEEESEZRL, BHMEELHRIEIEO LN L o7z,

AREORRIL, BHMIZBITS MRI OEFELD, MBREIIH T LEEOFNELFMET 5

FEERDIBILEETRRTHIDTH S,

Key words . MRI, fat SAT, Bone marrow

MEEBICBIT 2 BHIREDOZRRIREDOILED,
FICBEHERRARIC L 2MBFIOREICL > TTD
h, INFEFTEESHORLTEREILhb o7, &
4, MRI BB L IR ICEGIL LB CT&
HFERELTLCHSING, 20FHAMSHE ST
5H147-912), L ZAPINLOBREIIFEMESRIZT
LENEL, 72, BHOBRTIIIRIHRILL -5
WEt & 72 A 72 F T short T1 inversion recovery
(STIR) #EAHWL N T & 72, STIR (X T1 B
BOEVIZEVEZRETA230THY, FRIEE

HIZZL L, FAEEFICL S T1 EOEHIZ STIR
BEOEFRT2ETLIOT, EEFEHEHTLIZ WG
WE#ETHL, 72, ARV FHEDOATIZERDI
MAEFMS AMEHEE LTHS5TER v,

2T, SEBEHICHERGR/OVA LB Fat
Sat IR O ELFIOGEHIZ & 555 MRI OFFli % 3 A4
oo MEEMIIERE, BE, KBBELL, BHES
IZBJ 5 MRI DBRNESHREELOEER DR
REERIZOVWTHET 2,
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1. xf5IX19984 5 A 4 520004 3 A £ TOMIC,
ILEKFZFHERBET MRI % 1T L - MEKREEE9
BITHbH, FOPMNERIE FAB (French-American-
British) 7'V — 712 & 578> Tt AML 3%, ALL 1
fl, CML 2%l, MF 2fl, MDS 16iT& b, Fiid
24 H84% (FH64Rk), BHTH, KE2HTH
b, $7:, REHFIDO MRI RERBOEBOHFMAL LT
GHEEYFLO/-DN Tablel TH 5,

2. BEBBLUBEBEN

#EIIEEK MRI & CT#& 5 GE ## Horizon
Hispeed (Milwaukee, Wisconsin), BRI ME 1.5 T %
FRL7.

BEFGILUTOHE)TH S
T1WI . TR/TE =600/8 msec
T2WI . TR/TE="7500/114 msec

FRBAHIEIE R Bif% (Fat Sat TIWD) !

Table 1. Patients list

, 48 (5), F12- 108

TR/TE =588/12 msec % B#REHEF (FOV) i 40 cm,
AT 4 AEi 8 mm, matrix (3256 X256 & L 7=,

3. /5 &

BHOBMGEL LTIRAY y2a— (SE) & TIWI
B U° T2WI @ E 2B & U IRIr%, Fat Sat TIWI
DORERTE R O5EIRBTE & L7z Fat Sat TIWI i, K&
BERF OB E W DZ (k¥ 7 b, chemical shift)
VT, BHOREOALHGIT A2 HETH S, &
BRI H FRYyF MY XV 3~ (Gd-DTPA) %4k
H1kgH72h 0.1 mmol BHEL L. ZHEDEBEDS
JEdE, BB, KRBOBMOETHRERVERLDRE
HBHRE L7z,

BBED MRI FTRIZDWTIZ, TIWI, T2WI (2 TIEH
BRI LEL2ESHEELZEL, FatSat TIWI 2T
BRebEre Ry HB s REGFHL Lz, $/220D
BEME, HEBLOLMNICLoT, UT03HIC

SHEL7,

Case No  Sex Age Diagnosis Stage

Treatment before MRI examination

1 M 44 AML (M1) CR

2 F 52 AML (M2) refractory
3 F 79 AML (M5) relaps

4 M 24 ALL refractory

5 M 61 CML AP

6 M 23 CML AP-BP

7 M 41 secondary MF

8 M 84 primary MF

9 M 64 MDS (CMMoL) stable

CAG (Ara-C+ Aclarubicin + G-CSF), high dose MTX
CAG, Prednisolone +Melphalan+SPAC

MIT + Ara-C, THP-COPE, splenectomy

PBSCT, Etoposide

CHOP

Hydroxyurea, Interferon

Steroid pulse, supportive therapy inclucling transfusion
Supportive therapy inclucling blood transfusion
Supportive therapy

AP: accelerated phase, BP: blastic phase, MTX: methotrexate, SPAC: cytarabine ocfosfate, MIT: mitoxantron,
THP-COPE: THP-Adriamycin + Cyclophosphamide + Vincristin + Prednisolon + Etoposide

Table 2. Signal intensities on fat-suppressed and contrast enhanced MRI in nine patients

Vertebra

Pelvis Femur

CaseNo  Diagnosis TIWI T2WI TIWI ToWI TIWI ToWI CE
1 AML (M1) L LD LD LD LD LD -
2 AML (M2) Nor Nor Nor Nor Nor Nor -
3 AML (M5) L (1) L (1) L (1) L (D L (1) L (D) -
4 ALL L (D) L (D) L@ L(2) L(3) L(3) -
5 CML L L) L2 L @) L2 L@ +
6 CML L2 L@ L@ L2 L (@) L(2) +
7 MF L (D) H L (D) H L (D) H +
8 MF LD L (D L (1) L (D) L (D) L (1) +
9 MDS L (1) L) L (D) LD Nor Nor +

Nor: normal, H: high signal intensity, L (1): low intensity, diffuse spotty shadow,

L (2): low intensity, diffuse signal intensity change,

L (3): low intensity, irregular low intensity, CE: contrast enhancement

e

R

f
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(1) UEBHBIRE | BHEE, WE s LOURBEEHR, (3) RERREE | EHEE, BEB I UKREEHE
ERFEBH T PO —2BESERLZL O, DEEFEOTICERE LW LERROARBROEEES
(2) WBHESERIL  EHE, BEBLURREE BROLNIZH D,

L# 2 RS OHELREETEARO LN 4 &

28

MEEBIIBT LR, BE, KBREEHEO MRI
FROERZ T LD DN Table2 TH 5,

BEBEIZDOWTHRER 2 2R E, WREHF IFIF S
IR BESHRER LA, SHIOREES T 6 Hlix
TIWI, T2WI & b (REF & % AR D L7278,
MDS @ 1 T3 il KBRE 5 HEH-F#MiE TIWI, T2WI
TEHEEBRZEL (Fig. 1), MF @ 1 flid T2WI T&
EEEEL:.

BEREIIOWTIIERE, BhE, KBEEFHT, O
BHERRE (L (1), TERESEI (L @), A%E
EEAEFA (L (3) O3BFTRTO/NY — 25585
nrz. B, BE, KREEHTREETHERL:
LOHIIEF P 8 FI (88.9%) THROLEN 7205, &
HEENEF L ALNLZVE DA AML (216, O°
BUHESEMABIUARERRELR LA DA 1
A b,

Fig. 1. 64-years old male with MDS (CMMoL).

a) T1WI, b) T2WI and c¢) T1WI of bone marrow. The vertebral bodies and pelvic bone marrow demonstrated dif-
fuse hypointensity on both of TIWI and T2WI. But femurs were normal intensity on the TI1WI and T2WI. d) fat-
suppressed enhancement. The pelvic and vertebral bodies were enhanced on the TIWI.
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c)

Fig. 2. 44-years old male with AML (M1).

d)

a) TIWI, b) T2WI and ¢) T1WI of bone marrow. The vertebral bodies, pelvic and femoral bone marrow demon-
strated diffuse hypointensity on both of TIWI and T2WI. d) fat-suppressed enhancement. They had no contrast

enhancement on the TIWIL.

FEERIZOWTABL L, AML Tk 36Ih o 2 Hliz
T TIWI, T2WI & & (ZFEHE, I, KEREBROVh
BT H EEHRERE 5B 5 1z (Fig. 2)0
LA L, FABSHEIZT M2 2T &N, BIlLOATE
BBEEDOBEDFMETILIEE TH -7 (Fig. 3)o
WO AML EFIIZ BT EEMRIIROLNL
Mol

ALL (3JEHE R OB TR U@ MR (Fig. 4a), KRR
BTEIABHRER (Fig. 4c) DREFHALNTHS,
TEERNRIIZRO HN o7,

CML (Fig. 5) Tix TIWI, T2WI & b2V h OB

bOEHESEILERL, GA-DTPA 2L - TEHREIC
ik EESEIRO LN,

MF ® 160 T2WI TEHE LV BEESHELTRL
(Fig. 6), o> 1 60id TIWI, T2WI & bEEFEZRL:
A5, &2 MRI T2 261 & S ISEEMNRIED LN,
MDS TIIEHE & WA EE TIWI, T2WI TERES
Fig. D EEL, FLERZHRIVADOLNL,

|
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)

Fig. 3. b2-years old female with AML (M2).

d)

a) TIW], b) T2WI and c¢) T1WI of bone marrow. vertebral bodies, pelvic and femoral bone marrow showed normal

MRI appearance. d) fat-suppressed enhancement. They had no contrast enhancement on the T1WI.

£ =

%E% L ARt gE, BRITARE, a/ff"?ﬁ"[ﬂﬂ‘ﬂ%ﬂﬁﬁ

BE»HRY, Ky LIERDPEETH
f:”l?;‘ ARLBCIEERN, R TRl £ MEEOF
BRI EAYRBHTHLY, FHRILLGEING
b oY ik Ok R ek T RN R R LS P TR SN OV Ik | 7N
BB RMRIC UL S 55810,

BHOE M IZERT 2 K&, SEimila, BEl
MR, M & MRS, BTk, §R% £
B A MRI &, KEBRBIOBMEFH OEWIZL - T,
FREN O 2 MR T 2L 2 B & L CHiIZi
ABHIENTE, EMHEIEHHMOEN LB HRED

>

BEICEDOTEN TS, T/, EE%H MRI (&
EFHOWTWTY, EHSMECRVEGEZHL ) L
T FOV (filed of view) #/h& ¥ A&, 1E7ELD
REEATIN S A ) %A %5 T 5. MRI AT 1% K

OREREE % O EORE A B D I HRIETE L0
T, REFOFHREOMEREI % L5 RS 2 2
EWUEETH S

BEEO MRI TlE TIWI OB E L, IR
FHBEIE TIWI TEf3512, T2WI THIR L ) & & <K
EDLENETEET A, BoMEED MRI £ T
FRLERETORIKEIRBEL LTt s, &K
BRI TIWI TIRIES & 2 5%, IEWBATIE, JEHE,
e, KBEGEHLs ”Eaﬁﬁ/“‘ﬁ\# T1WI SE § T¥%
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c)

Fig. 4. 24-years old male with ALL.

48 (5), ¥12- 104

d

a) TIWI, b) T2WI of bone marrow. They showed diffuse hypointensity. ¢) TIWI of femoral bone marrow showed
irregular low intensity. d) fat-suppressed enhancement. They had no contrast enhancement on the TI1WI.

ZEfE, Fatsat TIWI (B CIREH 2 RT 2 &% ¢,
BICEBZ I FOERAAS N, 20~40ADH
JHEEHTIX, TIWI SE B TR WS 7, Fat sat TIWI
G TAYELBESERTEMNERSICEONL T L
B bh, KMBEEEDIREHBZ LI LiZ ol
7, FEBIERDL - HOEEYBRVT, T1 %%
W VSO IEED 72012, BREPIES — %5
S b LTHHENE, —HEREIE—AZIZ TL A°
HEELTWAZ NS, TIWI TREEFHE LT
THHN, BALCOWTREESERTEFEMRHEE
L2 FFAMERT, T2WI 2DV T, IEH
BHMERELDMICHBEOEN W LS, Fhl
FEEIZBI 2 T2WI OF R,

MEERE L UEHBREORHIINT A MRI OF
HPEIZ DWW TIE T Tlz#iBEid s 0169, HEIZER MRI
T, EMEOHAL BB TAIENTE DD,
LA L, Fatsat fEHHOER MRI 1% 552 RET L 72
&I %L, 72, INEFTIREHD MRI BER
BHEAWNRICTEIENSE D o7, LAL, BRI
AN > TOHEMBEARERSFL T B0, EETDH
TIWI TIKfES, Fatsat i THEAEFTEZRTHEEBVFRS
NBZENEL, BEBHEOENVRELSELD
e L LRSS RADKEE & E TEIE
BILLTWA 2 EAE L, MRERI BT 5 IR
Lk E 2 IEBREEHA~OBRICIOVWTIE, FHEX
DOKELFTROEIERES NS, BB HOHIMFR

-y T

T —— e ————

-
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Fig. 5. 23-years old male with MF.
a) TIWI, b) T2WI, ¢) T1WI of vertebral bodies, pelvic bones and femoral bone marrow with diffuse hypointensity.

d) fat-suppressed enhancement. The part of pelvic were slightly enhanced on T1WI. The femoral head showed a

slight enhancement on T1WI.

& MDS 3 RIZ L 72Maf B Th, KEE D MRI O
FHEHEL D S, BREOMEL IS5 ) 2 THAHZ
BEWEVEHRE LTV,
MEEEIE D BHREOREEGELH S5, &
PUFTT T4 -, BIREICN L THEET, 250
A7) == IRALE L TERENTHRAEETH D,
BB EOLRMIREOMZNIIEE DO THH
LB, LML, ZHETHESIRCOPRETHY,
LH b RI ODEBPIEFERNTH L7720, SHEDH
WRBWIZ S T DR, BHEEOBEICBT A
MRI & DT, B2 v F 75 7 1 — I, sensitivity,
specificity & 12455 T\ b, ARIOMA L MRI 721F
Fuwis,

ML B 9 T BEIRZ D MRI BRI DWW TiE—
B2 R TH L 2 L HE L, BB R AT R
hnkshTwnid, Mo ERcHELERE
SO KBEO IR, EEY L o5 EiEE
DRI, MF 2P A SRS NI 7 & D BRI 5l 14 52
BLETHROLNL LHELTVDI0, TOMIZY
EE OF B & o 7o Bk R Z A e A it i
T, HIWHE RO CEEORFERES 2T 554
A& 0, MRI BT E A & B & Bt o iin 8 % 3% 5
THIELLTLLAES TIE R W,

L OMESTIE, AML @ 16]& MDS %%, 94l
7 EICHBOESA TIWL IZTRES 2R L,
AML TII ARG EEO MRI 2BV TEREE 2L
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Fig. 6. 41-years old male with CML.

a) TIWI, b)T1IWI, c) T2WI, d) T2WIL. The vertebral
bodies, pelvic bones and femoral bone marrow were
diffuse hypointensity on the TIWI and high intensi-
ty on the T2WL. e) fat-suppressed enhancement. All
bone marrow showed a slightly clear enhancement
on the T1WI.

DLOHPROLSVEHRE SN TVEHY, SRIOK
T 3B AML @9 B 2 FIT TIWI, T2WI (2 THE
e, BB, KEREIZNEBEMORIRMEESEBHE® H 1,
ALL BE(IREMEIC @ MERRE, B ESRE
5, KEEICAERIGE 585380 517z, Fat Sat
PEH D& TIWI TEERZIRPBOOLNLh o7z,

e)

HE{§ EZAEA A O e WEER] 2 TIZBREAT RIZERRIK
BT, BMOAIZL > THREBEZINTBY, HESE
LA, HFEOBELE & 412 MRI FFRATSET
HEHBEINL, ZOFELD MRI 2 X 5 E TR
BRI TARCAHETIERICEDILODLR
b7z, MRI 12T AML & ALL #8531 7-9, FAB

ST -

T

|
%
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FEOBRME XS 2FIATEETH 555, AML O
HERN R & MRIFTAICHBE O 5B RE S L5,

CML OE % MRI Tid, 3% cuovedo REE558
RO LN, AML L HET 5L, ZOEBEHEHNL
DILERTH A LHEVE SR TWAEY, 4EIOK
T CO 260 CML & TIWI, T2WI (2 CHEME, B,
KEFICUCERRESHAZESD S5, AML L) IL#E
B Tdho7, 72, GAd-DTPA IZX o TR —%iEE
BIRDFRO S NS, BREO &R T OGS T AL
oL REeso bE AR R CEEMO 5, &
BoMFEoEmsaE5 3 5L 8, MRI Tl sh
BEFRBEOTTHAH MBI AR L7288 L (&
RS, $7:, RICHEREM U /SEs 5 W IFES
BHAL: EOMBFIEN AR L TV DI REH D E 2
L b, FER 4 12DV TIEHRE, BE e KGO RES
KT ICTRMEASTED SN A DS, FOMANIEMEED S I
HBE~DOELILENOENE LS Z 8 L, HILF R
EDEMERER L EMBEDTEE T 5 PEHE OFHEH, S
TERMIAOMEIEDIE T 720, DIz E ) EL
7oA REESE 2 A, ERRRIISE N, R
Wb L UEREM, FROBMICORERE R 2B L
THBY, FORHEIZOWTEARHETH B, 727 HINH
DALF LR ICEEERICA S ZEGI T, REGY
WO~ b1, BEFEEOIEFEIFRZOONE L
DOHELDH O, AMBEOFEEFIZASLNS MRI T
DIFF R E RO, R GE Y & RBLL,
& MRI #2713 CML O#BEERHEOIEEBIZL A
HAThbLEz LN,

A BIDEFIF 2 FI00 MF A3 - 7275, MF 3& 50
FBEAARR RN e AL A R T, BEYLEMmIC &
5B RRRE & RO B L2 R L
bo BEMMIT T T CBEIIZLWOIZ, HiE
HRICEN S N BREEE, B8 MRI TlE TIWI, T2WI
EHIRETERET S, LA L, RAOBRBRLZZ2H]
1L T2WI TEEFEZZE L7, 21T MF IZER
T % BB (IR O BN % fF o 7o 5 UL o0 B4 A%
ZLVEZ S Y, T2WI TEESH L LTHiish
LHEHEINTEH, KEFIZOWVWTHLF) THo
7oA REEATE

MDS &, FEPICEHENFELY SHEEICRET S
MEFRRETH A, 4 DOFEEEL 72 MDS (L35
DEEHE < CMMOL % (Chronic myelomonocytic
leukemia) & - 72, MRI E{§ CIX A5 & EHE L
TIWI TIEREFEZEL, SR THBINTLODOM
I ABRE X EH TH »72, CMMOL BITIXEREhOHF
K%\ DT TIWI TIRAES, Fat Sat E{% TEIE5

2R HEIBASEM SR OIS RIS R S h
FIRDBNNA: o TREG SR AANERT S8
MARD SN/ OWEDL H 519, MDS THEOR
FREHROTXTHERER L - 7 FRoBmML 72
MARKR & (XRS5 97, [FIEHRMESERL R 2 RT3
AREEDBEETE 2\ LAL, EEIFRR LI
&, FRoOEA L & H ISR 22 MRI FTR O
WENBOLNLZ LN, REEFHOKETIE
FEROMWE Ao EMHEE R LTV EEEZI LN
5o AEIDFEGIT b RERE T IIERE K HEIZOM
ROLNTED, FEROGAIIHIE L7 L HER S
NbH, ZOFLY MRI LS MDS OFERFBRDH E
CHIBHTE S 2 LA SN D,
MEEEE ) BB EOZRIZ BT, BHEH
LERTOFHHARETBRORD FI DI LIEE
IFETLHR, L L, ERIRAERTHES NAFTRIL,
BB R g 7 E ORI O I — OB MO %
LERTVWBIZBEY, EHOEFMELRMEL TWw2
b TR, MEEBDEGHOREZ T 5 )
2T, PEROMEFmRAE I, B, BE, KR
FHEEEO MRI #1T) 2 &124& ), BMATEZ T
W DR EEIZE LT, &512% L DIEHRAM
EhEbnEEZLNS,

x & &

1. B E D AML, CML, ALL, MF 8 £ U8 MDS
AR \TEBO MRI BT R 2 FRET L 72,

2. AML 3 flth 2 BITIx, EHEMNIZ TIWL T2WI & %
IRES & 2 2B L 72, 1 GldEm O AT
REBSETOBRETH LY, FHESIERTH-
726

3. ALL & CML {388 TIWI, T2WI CTEAZ 5 A
AL, ALL BROEEHMRIIZONLh o
7-7%%, CML BEZF D ELNRITED iz,

4. MDS Tix, MEH, BEiE TIWI TRESHEE
ML, EEPENEDOND, HAMREEIEIZ
TIWI, T2WI TEFES 2 2L, BIMEZRRE
ROLNLo T,

5. MF TIZE#IZ TIWI CUOESHERES 42N, Fat
Sat D ERL TRRBVERLIELRL TV,
2600 1 BICIE TeWIL ICTEEBREL B L7,

6. MRI (23T %555 5 S ERRR A K OEH# I
T 5 I OFEIE & 4 BT REVEATRIE S 7,

MRI OEIfEDOESEL L BRRARRII -8 L %

WL HAHAH, MRI X% — v L OBEIZDOWTIES

BEHIEMEEE > THETL TWw&an,
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B0 ¥ LR B RFES B E F 5 PR R 2%
RICREZDEHOBERLET, T2, HECH
D ERMEENBIR LB D T L FRGHRES SR SR
HBBE LI EH OB L AN THE TS,

CARBFZEICB W T4 DR, HEBETBY
F LR BRFRET AR IR R
ROEREF G EHEL TS,
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MR Imaging of Bone Marrow Diseases: the usefulness of fat-suppressed

combined with gadolinium-enhanced MR imaging

Jin Chao GENG

Department of Radiology, Hiroshima University School of Medicine
(Director: Prof. Katsuhide ITO)

Recently, some studies of bone marrow diseases using the MRI had been reported. However there was
no report with the combination method of the fat-suppression and the contrast medium, and there were few
reports about bone marrow other than the vertebral bodies.

In this study, I evaluated the MR imaging of the bone marrow with the combination method of the fat-
suppression and the contrast enhancement. A 1.5 Tesla superconducting MRI system was used in this
investigation. In 9 adult patients their vertebral bodies, pelvic bones, and femurs were examined. The MRI
images were analyzed qualitatively.

The results were as follows:

1) The foci of the adult bone marrow diseases demonstrated low signal intensity on both of TIWI and

T2WI with a rate of 23/27 and 20/27, respectively.

2) Among three patients with AML (acute myelocytic leukemia), only one case showed normal MRI
appearances during the follow up period with only blood transfusion.

3) The patients with ALL (acute lymphocytic leukemia) demonstrated hypointensity on both of T1WI
and T2WI of the bone marrow, but had no contrast enhancement.

4) The patients with CML (chronic myelocytic leukemia) demonstrated hypointensity on both of TIWI
and T2WI of the bone marrow, but had contrast enhancement.

5) The T1WI of bone marrow with myelofibrosis displayed diffuse hypointensity while they showed a
slight enhancement on the fat-suppressed enhancement MRI. One of the two cases demonstraed high
intensity on the T2WI. ;

6) In patients of MDS (myelodysplastic syndrome), the MRI of the vertebral and pelvic bone marrow
demonstrated low intensity on both of the TIWI and T2WI and had a contrast enhancement. However,
in the femors heads, the T1WI and T2WI normal intensity but fat-marrow showed no contrast enhance-
ment.

The results of this study indicated that changes of MRI signal intensity in bone marrow might be a clini-

cal index to evaluate the effectiveness of therapy for the patient of bone marrow diseases.
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