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Radiological Diagnosis of Neoplastic Disorders of the
Hematopoietic System

Tadashi Ohsawa, Makoto Furuse, Kazuhiko Saito, Osamu Tanzka,
Toshinori Aihara, Kazumitsu Koito, Mariko Kato, Hisao Toh-ei,
Noriko Nakashima, Hideharu Sugimoto, Fumitaka Tomiie
and Tadashi Sugawara
Department of Radiology, Jichi Medical School

Research Code No. : 505, 506, 509.1, 510, 599

Key Words : Radiodiagnoses, Hemalopoietic system, Multiple
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Retrospective review and analysis of the conventional radiologic studies have been carried out on
seventy-two patients with multiple myeloma, forty pediatric patients with leukemia and ninety-one
patients with malignant lymphoma. The results are presented along with some clinical correlation. With
recent great advance in clinical hematology and advent of modern treatment regimens, the incidence and
the pattern of radiologic presentation in these disorders appear to be modified, as a changing role of
diagnostic imaging in management of the patients.

An attempt has also been made to evaluate the deseased bone marrow using quantitative computed
tomography, and its clinical usefulness is suggested.
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Fig. 1 Age, sex, and other clinical data in 72 cases
of multiple myeloma.
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Fig. 2 Summary of the initial radiographic abnormalities in 72 cases of multiple

myeloma.
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Fig. 3a CT of the lumbar vertebral body in 65 year cld male with osteoporosis
shows a few focal low density “Iytic or punched-out” lesions. CT numbers of
theses areas indicate the presence of fatty component.

b, c A 63 year old female with myeloma. CT shows a focal lytic lesion in
lumbar vertebral body with CT number of + 73 which is hardly appreciated on
the plain film. A pedicle appears also grossly intact.
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Table 1 Correlation of the initial radiographic findings and some clinical data

in multiple myeloma

Nx (n=21) OPx only (n=14) Lx (n=35)
Survival rate at 12 mo. 100% 79% 66%
Mean survival time (mo.) 20 18 16
Stage [ 9 3 1
I 8 8 7
11 4 3 27
IgG 11 (52%) 10 (71%) 16 (46%)
IgA 7 (33%) 2 12 (34%)
IgD 2 1 1
BJP 1 1 4
non-secretory — — 1

Nx=cases with negative radiograph

OPx only=cases with osteopenia as a sole finding

Lx=cases with lytic bone change

Table 2A  Site and number of the lytic osseous involve-
ment

Table 2B Appearance of lytic bone change in 46 cases
of multiple myeloma

Initial visit (n=35) Follow-up (n=46)

skull 23 (66%) ribs 34 (74%)
ribs 19 (54%) skull 32 (70%)
humerus 14 (40%) femur 26 (57%)
femur 12 (34%) humerus 25 (54%)
pelvis 11 (31%) clavicle 22 (48%)
. . pelvis 21 (46%)
L-spine 5 (14%) L-spine 12 (26%)
lower leg 2( 6%) lower leg 7 (15%)
mean no. of 31 48

lesional site/patient

n=number of patients

THRF L TaH7 (Table 2A, 2B)., B&iiED 1
DFEE L TERERTHIEZ EBBTFORE AR,
MERBE R A R LS00 1 fihi b OF
BRSO3, 10 7T, @b icBlbhic b ok in
2% LT AN X BRI BE IR Lo
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EDEIEGHE DX, FEOME il < tans
TORBEEBROREIXELTWBLE: bh
5. L LHEFROBELD - Th, HEBOWNSE
L7cBilid7s <, “vertebral pedicle sign™ i3z
BLoBICHERLHREBbhs, 7S E

1. “Punched-out’ lesion a4 cases (73.6%)
skull 32, humerus 15, femur 15, clavicle 16. . .

2. Cortical expansion 18 cases (39.1%)
rib 14, femur 6, humerus 5. ..
“‘soap bubble’ appearance 6

3. “Diffuse bone atrophy”’

4. Assoc. soft tissue mass

5. Assoc. pathological fracture
spine 31, rib 23, femur 5. . .

14 cases (30,4%)
18 cases (39.1%)
42 cases (91.3%)
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HHBEOWA WA Fig. 4, 505 L7z,
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BEMBE L LB ESE I3 <, osteopor-
osis & EHIEEEEE S 23, osteoporosis L b LR 7r,
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Fig. 4 Various radiographic facets of the bone
destruction in multiple myeloma. Punched-out
lesions in the skull (a), multiloculated “soap
bubble” appearance in the rib (b), expansive
change of the scapula (c), and marked
osteopenia with appearance of diffuse “bone
atrophy” (d).

\

Fig. 5 Soft tissue mass formation, paravertebral (a), and extrapleural (b, ¢).
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Fig. 6 A 67 year old female with POEMS
syndrome (myeloma, IgAa type).

Presenting symptoms and signs were polyneur-
itis of lower extremities, hepatosplenomegaly,
elevated estrogen, glucose intolerance, skin
hyperpigmentation, and local areas of sclerosis
involving the spine and pelvic bones (a, b).
Biopsy from the sclerotic lesion of sacrum
showed proliferation of immature plasma cells
with atypism and surrounding reactive bone for-
mation (c).
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iz,
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ALL 32

AML 4
12 F —— APL 1l
Acute Stem Cell Leukemia 1
mr cML 2
10 F (n=40)
fE
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Fig. 7 Age distribution and classification of 40
cases of the pediatric leukemia. ALL=acute
lymphocytic leukemia, AML=acute myelocytic
leukemia, APL==acute promyelocytic leukemiz,
CML =chronic myelocytic leukemia.

Table 3 Summary of the initial radiographic abnormal-
ity of the skeletal system in 40 cases of the
pediatric leukemia

“Leukemic line” 17 (42.5%) *8
Bone destruction 10 (25%) *1

Periosteal reaction 11 (27.5%) *2
Diffuse osteopenia 11 (27.5%)
Collapse of vertebral body 2( 5%)
Erosion of medial cortex of prox. humerus 7 (17.5%)
Total 24 (60%)

*sole finding
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Fig. 8 A | year 6 months old male infant was seen with "fever of unknown
origin”. The chest film (a) showed a heart and lungs to be normal. On close
inspection of the proximal humerus, however, there were a metaphyseal
radiolucent band and a suggestion of permeative bone resorption (b : close-up
of a). This is the only case in which the radiographic finding made a direct
contribution to establishment of the proper diagnosis. (¢) : Disappearance of a
leukemic line and permeative bone destrution during the hematological remis-
sion, 6 months after (a) and (b). (d) : Reappearance of a leukemic line follow-

ing the relapse, 1 year after (a) and (b).
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Fig. 9 A 2 years and 8 months old male infant with ALL.
A frontal film of the right hip (a) revealed the osteolytic lesion of moth-eaten
appearance in intertrochanteric portion of the right femur while anterior and
posterior views of bone scintigraphy (b, ¢) showed ambiguous findings due to

slight obliquity.
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Fig. 10 A 3 years old male infant with ALL.

The initial radiograph of the distal femur (a) showed a diffuse osteopenia
and leukemic line.Following a hematological remission 7 months later, a leu-
kemic line had changed to a dense metaphyseal band shadow and there were a
few “"growth arrest lines” (b). 4 years and 6 months later, there was reappearan-
ce of a leukemic line after clinical relapse (c).

N

SRRy CR ey

Fig. 11a,b A 3 years and 8 months old male infant
with ALL.

Erosion of the medial cortex of the proximal
humerus (arrow) was seen on the initial study
(a). There was a restoration of the cortical
outline following a remission 4 months later (b).

FREIGE, RPN f8%RT X511 @r
LRBIED LD, B ERE Lk
wish Raidbhitnb ol &bk 5 (Fig. 12).

c. BXMERLF#H

FEE FHROBGRICOWTIL, HET5HE
DEEDD 5292, BIEANBHCREELE
s, BMmBRE, GmIROMEE, WiREEA &L

OEEEETE IR AR

Fig. 12a, b A 2 years old male infant with ALL.

Laminated periosteal reaction along the femor-

al shaft on the initial study (a) had merged with

the bony cortex following a remission 9 months
later (b).

DFEHET poor risk & good risk T B,
Table 432 M ) v < ¥ FIIHS2HID 2 DD 7
V=TT, BXHRELILE, BRI
DTHB., ThZThO s/ r— 7B 5RHT-BE
DFHEFABBKEREZEZRLTVW B, BX
MEBRCHEBROZR L, FTHRENCZEMFRT
H5,
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Table 4 Prognostic factors and the radiographic bone
abnormality in 32 pediatric cases of acute lympho-
cytic leukemia

Poor risk Good risk
(n=15) (n=17)
Mean survival (mos.) 8.6 45
Radiographic bone abnormality 9 (60%) 12 (70%)
Leukemic line 4 11
Bone destruction 3 7
Periosteal reaction 4 7
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BROLEERL T,
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FRETELALLL, FILADOAMVAILL D
BROFEMBL TS EEEIE 2 BbRA, ol
HaABER LV, Sl EPEM L 508
Kz bz b,

Zoffl, BWTEEGRCE TS5 LA
HoBEE T, leukemic line 41%, BFMEOBHE

HAESMSHEE SIERE 448 H125

— m\
60 ‘.cxr"s:'.“-"'..
o

" S
~0m_ —e——8
- §3
40 b C/T ratio

»—p control  (n =102
O~ -0 leukemic (n =40)

30 \»\
e T NP
20 | M/T ratio —%

A—a control  (thymic shadow 23/61 under 4 y.0.)
A= =p leukemic [thymic shadow 0/18 under 4 y. 0.}

1 L 1 1 1 1 1 1
01 1.2 2.3 34 4.6 6-8 8-10 10-
age (yr.)

Fig. 13 Comparison of the central shadow of the
initial frontal chest radiograph in the leukemic
and the normal children.

Difference of M/T ratio under 2 years of age
was statistically significant between two groups
and there was no identifiable thymic shadow in 18
leukemic children under the age of 4.
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503, A EOHMENZILRIE—BLL T\ B30,
non-Hodgkin ¥ v ~EIX505fS1cy — 20 % b,
Bickizl.5: 1 B S BRESEYEAWT
BEHEhTW530033401b 0, FhoDREL
T Eieho7eh, et s OB Y v REick
AT 5BE, FROVGGITIZEZFKOMETE Ricd
HT08.5% T, VB ) v <EN91.5%% 5B T
Wb, ZThbofEFEREIC, Kaplan®¥ 23 B Y
v ABEOBRHERECLE L — F v B
EHEELLTHAF T2 HXEEMER L, EHC
1% CT A e Lz,

2, BREEE

a, Haif

fil & b @ g R X §7 &% v Hodgkin %, non-
Hodgkin ¥ v <& & $ I #I60% @ FEFIZ 2= B 1
fedd, BRIBMEJCREMEZEL, BAHgbhd, » ) =i
%, REEMOXREBEE LB L, By v
SErOLORI B LEBHhBRY % Table 5ic.
Bz,

) v REEETRBRCRAE XA bR
DXBFIF21H, 23%THDH. MBREO KR

45 (F4, D41)

|

0-9 1019 20-29 30-39 4049 50-59 60-69 70-79 B0 (M)

Hodgkin's disease MEKAH (n=20)

0-9 1019 20-29 30-39 40-49 50-59 60-69 70-79 80 (M)

non-Hodgkin's lymphoma OEE3H (n=71 . F6, DES)

Fig. 14 Age distribution and classification of 91 cases of the malignant
lymphoma. F=follicular lymphoma, D==diffuse lymphoma.
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Table 5 Summary of the chest radiographic abnormality in 20 cases of Hodgkin’s disease and 71 cases of non-

Hodgkin lymphoma
Initial visit Follow-up Initial visit Follow-up

HD (n=20) 6 1 7 (35%) LNE mediastinal 4 —
hilar 1 =
Pleural effusion - 1
Lung abnormality 1 —_

NHL (n=71)
nodal (n=45) 13 7 20 (44%) LNE mediastinal 9 10
extranodal (n=26) 2 3 5 (19%) hilar 4 3
15 10 25 (35%) Pleural effusion 7 5
Lung abnormality 2 2

HD=Hodgkin’s disease, NHL=non-Hodgkinlymphoma, LNE=Lymphnode enlargement

EARED 9 % (12861)%), KEFH17% (16761)*
%L, Winterbauer 51329.7% (21261)*" & $R45
LT %4, Hodgkin & 044 0 @&\ ek il
BERREOHELE b LBbhbhb, £& 6%
1L TH% &, Hodgkin 7, non-Hodgkin ¥ v ~<
fE & 35%DEEFINEE R LT 5%, Hod-
gkin R TIL 7 Pl 6 FIDFZBENSL bR B D
% L, non-Hodgkin V v < [ECI3E8PIc 2E
RHTLOXEMINCE L, Fho ) voEisE X
DY v AERICIEERE L bR,

P RoAFL, #Ekw, Wi v v < EEKRE
€, Hodgkin & ClIW2R25% DREFIIC & b hic
75, BB Eb il b olkizys, non-Hodgkin
) Y AETRPBRIUBTH 12, £FBT
(%299 D FEGI 235ERR, ffFID v v ~HilEKZRL,
BERAPORBEAETEL LT A,

I OREILEY Y v A ELE TR 3 H
(3.2%), £#B/T5H6(5.5%) KHBATW5,
Richmond 5336906 D&tk ot ©, Bt Y
v AR X AR ZE % Hodgkin 7%46%, #IiEEA
[E45%, Vv <Pyl (BEEEE+) 35%, Vw3
HiE (BHMEE-) 24% LMELTW5, Larl,
B v AERE O XRE LR b D
Big EHEETH Y, FBEMEIRERY
REH IR VWbFT VZ2ROXBRYE
3.4%°", @B TRT %I EDHEN DB, b
Nbho 5605 L 2 FIEREZ LB TIH X
h, 3BIRHEREAEE EDERL, Bt v
SIEC X AMRELHE LIS DTH S, XA

Table 6 Clinical stage at the time of presentation
of the chest radiographic abnormality

I II III IV
HD (n=7) 1 3 1 2
NHL (n=:25) 1 2 8 14

HD=Hodgkin’s disease, NHL=non-Hodgkin lymphoma

RIS ST 161, SRESHE 161, ek
RAOREEIOITH T,

M XBEREL DRI E XOBERNA
Table 6<% L7z, Hodgkin #OBRHAE I, 11 iz
BB HEEREOFEIFERT & LT
RCHBH, BREDOH -1 THIp 4525 LI T
BY, WTFRLEER, oY v EEAERL
Tote, IIL IV D 3Mik3 CresmeE Y v -<fif
D B TRHIARE 238 & AT\, non-Hodgkin
) v AETIE Hodgkin iR & Bl h BE LR LI
25fh2240, 88% A4S IIL, IV #2438, Fh ik ) vt
Hifhdn, B CTCIOBEREIRTED,
X BRE CRPET I ook, ITE»E
[MEI~D 1T TH T, WEBXGFEEIRD
V= F v DIRETH B staging ~DEE LA
WESTHB, FaoL LT, 1L IV #
EFICONMEE OBRE VS BBV b DL
Ehhb,

Ha B X R BB & CT % 2ERRBIIZT - 7o
DEI0FC T EFicwdd, CT RBMEE LT
Eeh ook ir gy 34, OEREEY 41T
L T\5 (Fig. 15), #RHFREZK ST S
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Fig. 15 A 29 year old female with Hodgkin's disease (clinical stage IIIA,

nodular sclerosis).

CT disclosed unsuspected left pleural and pericardial effusion in addition to

the mediastinal mass.
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Rbhd g2 CT 270X 1BFATH S, &
OPNFOFEETCIECT IR ORHEF I o
FEGUL T o 7o 23, FRRED R EHIIBE LR HFIE
DEWREMNYEBL LN TER,

CT REBIERE~ORG, FERECIER
IR E I TA, KRR -ICCTHREAY
Ca—AEELOTEEE R Z L34\, Thomas
B, FIBEFEOKEFENABEBERY BrcEA
BEO CT RYEHRE CTRARE D -T2 7 1
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A—#hiAhbhi-(Table 7)., non-Hodgkin v v TRET B>, FBE i FHRE . limited

@0 14 (Fig. 16) TRIARZEIZEGS L3, study DHEHICEE AT\ igh o ek DdDTH 5,
8cm Bl H i icHh o BERKBIR Y v < HilE L limited study & complete study ®—F %909
A% limited study D2 5 1 2506840 Tk b, i THRETED DTV, Kichhbhi, #

@ Hodgkin #& 1 I TIL YV v 0 R ARSI B BEAREBREL MDD IZ2A T £ =

Table 7 Retrospective abdominal CT analysis in 21 cases of malignant lymphoma

Complete study* Limited study** Modif. limited study***

Progression 9 8 9
No interval change 4 5 4
Regression 7 8 7
Mixed responses®**** 1 0 1

21 21 21

*Complete study: Consecutive scans at 2cm intervals, from the level of diaphragm to
symphysis pubis
“*Limited study (Thomas, JL et al*h): Three consecutive scans at 2 cm intervals through the
area of greatest disease
***Modified limited study: Consecutive scans at 4 cm intervals from the level of diaphragm
to symphysis pubis
****Mixed responses=Progression in one area and regression in another

Fig. 16 A 41 year old male with non-Hodgkin lymphoma (clinical stage IV).

a, b: Two CT slices from the initial complete study. The slice throuth the
area of the greatest disease (a) showed a mass lesion in the left renal hilar area
while no abnormality was seen on the 8cm caudal slice (b).

c,d: A follow-up CT of the area of the greatest disease (¢) showed regression
of the disease while there was development of new paraacrtic mass seen on 8cm
caudal slice (d). This mixed response was missed on the limited study but
detected on the modified limited study.
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fElfg% 2 f#ic & » (modified limited study), #
xR4T & T A complete study & —F L
TofE R %287 (Table 7). 4 ##ID retrospective
BREHECTH D, RN TT I L3 v 2w,
modified limited CT #E#: ) v~ [EfLBEZEIC
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DL E NI BREZE CT CoOBMAT R LIEH:
FROBHIRLY, BROCHEELREDLR LY
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3. INE

a, BV v EH (Hodgkin #B20%, non-
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L,

b. BtEY v EIC X 5 X R EE1335%1C
AZbhte, 05 BRI, IVEEFTH-
7o,

c. MEMERERCTREOFENI-EH L
BHECT 27500 E Ly, Hiclak, 2%
BHEICT CTRULDTHERIABHEILIEL
E£H 5,

d B v Bo2ktRiitEck L ET
IEME G E O LE BB, LA LD
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W5, BERZHOERLo-H545HTHEEML
RIE, BENMENEETHS C Lierbbiliz
W, U LERZENLRREO IEHE s R RVITELE,
BENRROBMO LR, BR~ORE, &8
BRLETHS,

e. B follow-up CT %, D\ A 51 2%
@ modified limited study 2%z 5 % AJREM: &=
w7,

IV. X#CT = & 5 BREREFMOE»
MEHEB T, BlEwoOsmIfEhlich,
Wik LIE RS Mo o Bl & © 4
i, iR EEEEMRCER I h S
ERBBH, FLEHIZ, foBRFRERLY, —
2D mass & LTORERXERET2E50F, £
ELTHHEPRERFRBEL WS, ##-Tx
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Type II
Type 1 | Upper- | Upper- Upper |Type 11
middle- | middle form
lower form
form
% o T /
 SE' S¢S
K S|

0 0 73 21 6 % (n=67)

Fig. 17 Distribution of active marrow in femur.
(From Hashimoto, M. : Pathology of Bone Mar-
row. Acta Haemat 27: 193-216, 1962)
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1. HiEexs, (Table 8)

FIv7c CT 2513 TCT 60A, A% v VIiXB R
DH\ B, BBRmEERE, NETFHLEEE LR
VAL ETORBERRICN L TT -k, BfikE
Dz ROI (region of interest) % 3¥%E, F#
CT %KD, TDOERKBER#Y ZE s LT
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777k ey b Lz, ¥ CT {E0HEHHEIZ X
h 4oy, BHiEONRFRYR A, WX
E#E2161C 7 ~748%), MEHEEIF), HoOBER
1BIDEFH26TH 5,

2. BRLER

a, IE% (Fig. 18)
WE2BIOPERIZ, BREERN 6%, ®HAR

Table 8 Methods of quantitative CT of the femoral mar-
row, and summary of control subjects and patients
studied

Methods
Toshiba TCT 60A—27 or TCT 60A—50 body scanners
sections at 20 mm intervals
section thickness 10mm
scanning time 9 seconds
1. Determination of mean HU of ROI (>16 pixels) in
medullary cavity
2. Plotting on a lengitudinal (Z) axis
3. Schematic display
Subjects
Normal 21 cases
Hematological disorders 30 cases (35 studies)
8 multiple myeloma, 3 plasma cell dycrasia,
11 leukemia, 4 malignant lymphoma. ..
Bone metastasis (Ca, renal pelvis) 1 case

HARFEHARTSMEE B8 H18

AVBERB15BI (ZETEAFHERE, BB 58 M4 5E
nE) ThA,
CTE»LEEEER T 588K 0% 98T 5
CERTERCD, A0 CT HIRIER S, o CT
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HIZ X 5RRTAHT o7, BERBHOSE CT Eik
BFROMEIEZLN DY, BREBCRCTE
20~500#B531% active marrow, —20LL Fixfghs
B, —20~20 2 Z ORI IR S HEEL & % % 7o T
W2 Pl%k Fig. 18R L2, F¥CBio
AR/ CTED € — 7 3h b, HEE Ciaahr
23 EDBI L HB, LHLCT fED50% 48 %.
HTEIMTHS, mide & b fER5EE D A6
EUFBRI D EFAIKT S, B 160 (288
BREEED) CHEE, BEBOBE CT MEEHEE Lo
BEREER-T0~—-80TH - 72,

b. BiME (Fig. 19)
HIBEORKM e KBERMCT <2~ %
Fig. 191C/R Uie, BREA 3B LLBERYE CT i %
T BERGE Y © S THEMIS B 5, 11B1LM5E
CT o k%R L, CT fEX1061T100HU %

Normal

28 v.o. m.

CT #<—20H.U.
O -20<cT #£<20
8 s0<cT £<50

53 y.o. m,

EHcr #>50

Fig. 18 Quantitative marrow CT on two normal control subjects. Average CT
numbers for each limb were plotted on a longitudinal axis. Range of CT
numbers for schematic display is shown.
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Leukemia
2001 «R }
150} 150} A : ﬂi\{’
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=320 Z axis —20p Z axis
—50

41 y.o. m,
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Fig. 19 Quantitative marrow CT of the femur on two leukemic patients. Range
of CT numbers for schematic display is the same as shown on Fig. 18. ALL=
acute lymphocytic leukemia, CML=chronic myelocytic leukemia.
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Multiple myeloma

° R
oL

‘

,}:%“i*‘*ﬁ

Bone X-P : normal

";L%ﬂ '
_-._. ! Tf‘}‘ﬁ? Z axis

68 y.o. m.

Bone X-P ! osteopenia

Fig. 20 Quantitative CT of the femoral marrow in two cases of multiple
myeloma. A 60 year old male with no radiographic bone abnormality, IgGA,
stage IIB, and a 68 year old male with radiographic osteopenia, IgGux, stage [IA.

Malignant lymphoma(NHL)
17 y.o. m.

2—28—'83 4—25—783 12—9—'83
pre-treatment post-treatment SN

Fig. 21 A serial femoral marrow CT on a 17 year old male with non-Hodgkin
Iymphoma showed changes in distribution of CT numbers after the treatment

and following a leukemic transformation.
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Fig. 22 Magnetic resonance saturation recovery images of the spine. a: A 50
year old female with solitary plasmacytoma involving L-I (Courtesy of Dr.
Tsutomu Araki). b: A 41 year old male with Hodgkin's disease involving
multiple vertebral bodies and cord (Courtesy of Drs. Shimpei Tada, and Yuichi

Hata).
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