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Local kone marrow changes following therapeutic telecokalt irradiation
Report 1: The changes after 3000 r irradiation

By

Tatsuya Kurashina
Department of Radiology, Faculty of Medicine, Tohoku University
(Director: Prof. Yoshihiko Koga)

The first study of irradiated bone marrow changes was described by Heineke in 1905.
In his paper, it was reported that the degeneration of the cells began about 3 hours after
‘irradiation, reached its peak at 10-12 hours and their recovery began after 2-2.5 weeks.

Since Heineke’s paper, many studies have been reported and their results fairly
«coincide with the first report. ;

The author attempts to investigate sternal marrow changes by aspiration method
«during clinical radiation therapy.

Initial marrow aspirations and peripheral blood examinations were performed prior
‘to irradiation and later at different doses and at the completion of therapy.

In this paper, the sternal marrow changes after therapeutic 3000 r irradiation to 11
‘patients with various malignant tumors were described.

The results were as follows :

I) The changes in the locally irradiated sternal marrows.

1. Total nucleated cell count was reduced to 8%; myeloblasts, basc-pﬁilic: proerythro-
‘blasts, erythroblasts, megakaryocytes and mitotic figures disappeared. Normoblasts and
Jjuvenile leucocytes also almost disappeared.

2. Lymphocytes and mature neutrophiles were fairly reduced in number and consi-
derable morphological changes were noted.

3. Reticuloendothelial cells showed no morphological changes and their rate of residue
ranked second to monocytes (34.9%).

They seems to be the most radioresistant among the bone marrow cells.

4. The marrow smears were uniformly hypocelluler but the change of the amount
of fat was little.
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§. It seems to me that the sternal marrow after 3000 r irradiation will end in hy'ﬁo-

plasia and their complete recovery will never be seen.

II) The changes in the peripheral blood.

The leucocyte count was reduced to a half (from 9400 to 4700/mm?), while the ery-

throcyte count hardly showed any change.

Nertrophiles and lymphocytes equally decreased in the absolute counts and both
played a leading part in leucopenia but the rate of residue of lymphocytes was less

than half as neutrophiles.

(Rate of Residue: Lymphocytes 28.7%, Neutrophiles 64.3%>
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Fig. 1 To show the amount of cellular red mar-
row in different bones at different ages (from
the data of Custer & Ahlfeld)
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Table 1 Bone marrow pictures before irradiation

e Case [No. 1 [No. 5 [No. 6 | No. 7 [ No. 10 | No. 16 | No. 17 | No. 35
T~ M€ M t| MG, | MC. | MC. | 0T | 0C | MC.
Myelogramm | 37y. 2 |4dy. @ [35y. 2 |49y. @ 47y. @ | 5ly. @ | 57y. & | 60y. ®
R.B-0.x 10" | 470 | 430 | 360 | 420 | 340 | 300 | 250 | 360
N.C.C.x10° 19.5 [72.5 | 25007 | 1870 | 9.0 |  20.6°| 74 | 8.8
Myelobl, T e b 4 T B N T R B G el e
immat. | 37.8 | 25.0 | 33.8 | i4.8 | 23.7 | 25.0 | 22.6 | 23.6
N [mat. | 3156 | 51.6 | 39.6 | 29.4 | 9.2 | 2.0 | 5.6 | 48.0
W.BC: 2 4% ¥ imats S LR T o s Lo 208 | r e D b0 e
E [mat R R T e R e
(i 0.1.] 0 U-L [e/ 050 72026, 3| L A 50 % o e
Mo. N e R P A TR e
Ly. 18389548 | 20.4 | #6/0 | 23:7 | Ari5 | 143 | 7188
g..g f_"‘;ﬁ;{f&;‘ﬁi 2 e S A T TV B BB W A oA ST
N.B. T e S R S R B T T
R.E.C. R T R R TR T B R T

M.C. Mammary Carcinoma: Med. t. Mediastinaltumor
0.C. Oesophageal Carcinoma: N.C.C. Nucleated Cell Count
R.B.C. Red Blood Cell: W.B.C. White Blood Cell:
N.R.B.C. Nucleated Red Blood Cell: N.B. Normoblast R.E.C. Reticuloendothelial Cell
'N. Neutrophile: E. Eosinophile: E. Basophile: Mo. Monocyte: Ly. Lymphceyte.
The Mean values (No. 1—No. 17) are shown in table 3 with the cata a‘tter irradiation.

Table 2 Bone marrow pictures after irradiation o |
TR C2% | No. 1 [No. 5 [No. 6 | No. 7 | No. 10 | No. 16 | No. 17 | No. 35
H‘\ MC. [Med. . | M.C. | MiC. | M.C. | OC. | 0| MC.
Myelogramm ~ 37y. Q| 44y. Q| 35y. 2! 49y. 2 | 47y. Q@ | 5ly. & 57y. & | 60y. Q |
R-B.C.x 10 510 430 340 290 340 300 1 370
N.C.C. 9,600 9,200 10,000/ 12,500 &,000( 31,000 6,200 4,200
Myelobl. 0 0 0 0 0 0 0 0
immat. 0 0 0.9 0.2 0 0 0 0
N [t 30.5 | 54.8 | 59.3 | 35.7 | 36.2 | 54.3 | 69.4 | 51.2
W.B.C. immat. 0 0 0 0 0 0 0 0
E |t 7.8 | 4.9 2.8 | 5.2 6.4 e B W B i)
B 0.5 0 0.5 2.8 1.6 0.9 0.8 1.0
Mo. 29.4 | 11.4 815 <[\¥r 02 ko5 g v eTs 2 6.4 | 15.8
S iy 31.8 | 28.9 | 28.0 | 38.9 | 30.3 | 27.3 | 18.8 | 22.0
N-R. e 0 0 0 0 0 0 0 0.6
2 N.B. 1 PR 0,25 |00 0.2 | 0 0 0.8 |
R-BELCE 2.5 T3 |75 21.3 6.8 S 1.2 5.4 |
No. 35: The Second sternal puncture was performed 1 week after the completion of radiation
therapy.

The regeneration-tendency of nucleated red blcod Cells is noted in this case.
Pro-E.B. Proerythroblast: E.B. Erythroblast:
The mean values (No. 1—No. 17) are shown in table 3 with the data before irradiatior.
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' Table 3 The Comparison of the Sternal marrow pictures before and after irradiation

1337

Before Irrad. After Irrad.
R.B.C. 370 10¢ - 370 10¢
N.C.C. 156,000 12,300
T —
Myelo‘;;;‘“mx‘ % ;bsﬁﬁtf) % ggﬁﬂ&%) B,&Eiown
Myelobl. 1.2 1250 0 0 0
immat. 26.1 29500 0.2 15 0.0
N. | mat 43.1 48600 48.6 5400 1.1
total 69.2 78100 48.8 5415 6.9
immat, 1.4 1580 0 0 0
W.BC.| g, [Tmat. 1.9 2140 1.9 540 %5.4
tatal 3.3 3720 1.9 540 14.5
B. 0.3 340 1.0 110 32.3
Mo. 3.8 4280 16.3 1810 42.2
Ly. 21.9 24700 20.1 3230 13.1
N-B %ﬁ?ﬁE_'B‘ 12.4 13800 0 0 0
’ N.B. 20.8 23200 0.1 10 0.0
REC 2.6 2930 8.5 1020 34.9

N.C.C. (Total Nucleated Cell Count) is reduced to 8% ( 156,000—12,300)

R.R. Rate of Residue:
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Table 4 The morphological changes of the irradiated bone marrow cells.

Before Irradiation After Irradiation
= T -
N Cyt. | pisapp De, o ‘ isz :
3 ~ g, ~ ; -yt. | Disapp. - Deg.
Cell. c.c| Cyt. | Nuel| o | TG T.D.C.C| 8 C.C.Cyt.| Nuel. | 7 PEPP IT.D.C.CIGE
Kind i Nucl. ‘
Mo. T8 15 4 2 21 26.5 | 250| 12 65 152  |60.8]
N. 750 8 1 : 75 85 11.3°| 260] 25 193 218 |38.9
1748 60| 2 ' 3 5 8.5 | 6§ 19 3 22 |(32.3
Ret. 85| 42 42 48.8 | 155/ 68 68 [43.6
: Seg. ok
Ly. | 300 Swelling) 39 | 13.0|350[ 9| Nucl Swelling| g5 Jo4.5
o
'

Mo. Monocytes: N. Neutrophiles: E. Eosinophiles: Ret. Reticuloendothelial Cells

Ly. Lymphocytes:

C.C. Counted Cell Number: Cyt. Vacuoles in Cytoplasm: Nucl. Vacuoles in Nuclei
Cyt. + Nucl. Vacuoles in both cytoplasm and Nuclei: Disapp. Gr. partial Disappearance

of Granules:

T.D.C.C. Total Degenerated Cell Count: Seg. Nucl. Segmented Nucleus:

2Lwg(y e
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Table 5 The Changes of Peripheral Blood

1339

i s No. 5 No. 7 No. 16 No. 17 -
H% M.C. Med. t. M.C. 0.C. 0.C. SEEES
ogramm 37y. @ 44y, Q 49y. @ 5ly. @ 57y. &
R.B.C.x 10* 430 440 470 440 420 50
Hb % 90 92 ) T4 8 9%
< | W.BC. 5600 6700 10900 14400 9600 9400
£ SEIRGEE0 e 102 gs. | O R RO [ [ Ak
; Basoph. 7 56| 1 671 0 il 144 2 | 192 1.0| o4
S |Eosinoph. 7 | 892 9 [ 603 3 | 327 2 288 1 9 | 4.4 | 414
E Lympho. 20 | 1120 | 36 | 2412 | 34 | 3706 | 10 | 1440 39 | 8744 | 27.8 | 2613
Mono. 11 [ 816 .1 67| 8 | 812| 8 | 1152 4 | 384 | 6.4 602
Neutroph. | 61 | 3416 | 53 | 3551 | 53 | 5777 | 79 | 11376 54 | 5184 | 60.0 | 5640
R.B.Cx 10* 560 400 430 110 390 440
Hb % 105 82 93 74 78 86
5 | WBC 3400 4100 3800 7200 4900 4700
_ g % (8] % C % (0] % C % C % G- RRA
= ["Basoph. 1 34 0 o 0| 0 o o 0:[*70;2 9| 9.7
E Eosinoph. 2 g8l 2 [ ~8 (5 | 190 0 ) 0 1.8 85]20.5
| <% | Lympho. | 16 | 544 | 21 | 861 | 18 | 684 | 8 | 576| 17 | 833 | 16.0 | 752 | 28.7
Mono. 13 | 42| 1 a| 4 | 152| 4 | 78| 2 98 | 4.8 | 226|37.5
Neutroph, | 68 | 2312 | 76 | 3116 | 73 | 2774 | 83 | 6336 | 81 | 3967 | 77.2 | 3628 | 64.3

C. absolute Count: R.B.C. Red Blood Cell Count:
W.B.C. White Blood Cell Count: R.R. Rate of Residue:
W.B.C. was reduced to a half. (9400--4700)

RiMlEFEEIC oW THOERI 2 R 2 &, iRk
v MBS 56403 FRETE43628 T 2012mIR >, HhEER
13261323 752 2O TIBCIMRA R L, WK%
BhEB LIBTIOMWANT A B8, T TR E
47000083, 2224 1, FFFRER G UUREER D H ILER
WADELREZ L TWEERHALLTHB. Hil
D&, FENTITFITARZEZ 2 R, IRDRD
TV ER D 35. 79025 L THkERRIE71. 3% T
TSI OZENIHERRCIES K wEH R S5
o
HFHEIEFRI00% M OWDRER L TeB 28,
D TLEOR, ZOKELLIOTbE iRy 25
R E BN S, FRERE U BEREIT 350/]
BEOWATH SR, WAHRTIIFIHE I13HI80% Tl
Mo FHEEIRC Yro T s o L, #EERE
BEHEREIRR, HEWE- BEREZ RL T3
(37.5%).

TERRENC AR R B R D B, I ERER

VARBO B D 22T AL & A R B BEE TR &
W LEED Shahodz.

V)% &

Z OB ER RN R OB Ko TITIR A
7=, BB ST oECEET 3 HT
RhRYVSHCEIBETHS. B 1EEBEEX
15Fz DWW T AT 272 2348 2 [EERR # FT w7 ol
110> 4T, B2 Z 1 & orp i L [EIZRH % ihE CFF
7B, WREAE THE 1 EE e oW ERRSN
FEOEE B T3 L B8k &R
L, SN 7 Bl TR T B E R T o 7.

JRatRT OB GABRE b &M L, FIN0F
i, MoK L VL0 EELS ) BT
DFERIIEE 15800 { TH R IER OBHbthk 2R T
YD EEZTETA~T . HofivE S B85
T 5ET L L CRBHUM OF4S, QFE,
@HINEARILS, EIfERE BB+ JuT T EE Rl i &,
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Fig. 2 Fields of Irradiation. The diagram shows
the relationship of each field.
Each distance (AC, AP, BD, BP) was measu-
red with 5§ patients shown in table 1 (No. 1
—No. 10) and their mean values were as fol-
lows:

AC=BD=6cm AP=17cm BP=13cm

relative distance (Seen from A) !7/,=2.8

(Seen from B) */,=2.2

" #”

\ B
» X Sternum
S e 7’:«? ; q‘—f;%< """"

@"_E‘E’fb Rib 1 RNE

et

\ )Cﬁl,“’;éﬁ\f 2
}OW%% sﬁ‘ (f 5 C%

Fig. 3 The cross sectional diagram showing the:
irradiation over axillary and supraclavicular
region

A: Irradiation over axillary region

B: ” " Supraclavicular region
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Z 1.0, 2.8TH3. MWIIEEFHE O Zdigd
1850rvz s LT P A D 2 Bl id sk < 1.0/100
X 1850=19r, 2.8/100X1850%=52r * 7z 3. HED
THERUCEE LRz 1850r BAL 7, P
ROZV HBEHILIFRERIT0r ¢ 25, ZoORE
G ERROMEREFIHEE L2bDTHY, T
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D, KIEOHELRE X Z Ofh, Bz OERTHES
THEIN, mEOHAMEEAE (nsEIA
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ML E D TR EO1LOHENRD 3.

Hartweg? X A € ¥ } 2 v, EEBIC
500r fRS L7 Bi &0 AIREEEOZLE 0B
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Bone marrow smears after 3000 r. irradiation
Fig. 4—Fig. 9

Fig. 4 A degenerated monccyte. (May-Giemsa
Stain) many vacuoles in cytoplasm.

‘11‘
D

Lkl

B | .

Fig. 5 A degenerated monccyte. (Mc j‘unkm st-
ain) Peroxidase-positive granules in cytoplasm
and vacuoles in nucleus.

£,

Fig. 6 right: A monceyte showmg many vacuo-
les in both nucleus and cytsplasm.

left: A degenerated lymphocyte. Its cytoplasm
appears like the pseudopods of an amoeba.

1341

Fig. 7
right: A monocyte with many vacuoles,
left: A non-segmented neutrophile showing
partial disappearance of the granules.

L]
X Ik ¢
Fig. 8 Plasma cells showing normal appearance.

- 93 —

Fig. 9 A cluster of reticulsendothelial cells,
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Table 6 Sternal marrow pictures after the irradiation over the axillary

and supraclaviuclar region

No. 31

No. 34 No. 35

No. 30 No. 33
Eise "M.C. | M-C. | M.C. | M.C. | M.c. |?2Verase
3y. @ | 37y. 2 | 56y. ? | 43y. @ | 60y. ¢ |
Axil. [ 3000r 1850~ 1850r | 1850 1850r |
Irrad. Supra. 0 370r 740r | 1110r | 1850r
R-B.C. x10° 350 460 | 250 280 360 340
N.C.C. x10* 16.7 6.9 30.0 21.0 8.6 16.6
o Myelobl, 1.0 0.8 1.2 1.0 1.0 1.0
immat. | 22.4 16.6 24.4 24.2 23.6 22.2
N. mat. 53.4 58.8 51.8 60.0 48.0 55.0
——t . immat. 1.0 0.8 0.8 0.6 2.2 1.1
: mat. 0.8 0.4 1.6 1.4 1.6 1.2
o B. 0 1.2 0.2 0 0.2 0.3
Mo. 4.0 5.2 | 3.4 3.4 1.6 4.1
Ly. 17.4 16.2 | 104 | 7.4 18.8 14.1
- Tro.-B. 9.8 9.0 | 16.8 5.0 | 170 | 15
. N.B. 19.4 | 21.2 | 2.6 6.6 | 20.2 | 20.4 |
R.E.C. 2.6 0.2 1.6 1.4 2.2 ‘ 1.6 |

Axil. Axillar region: Supra. Supraclavicular region: Those

o2 bRnE2 3, FoBREIRE kot
IELLVHERI L Twv %, Barnsl® 43 <
T AFM, AFEOAR P HE LT 800~6000r
DAEHIRSE 21TV, PEEHE NS ¢
IR L T2 M h o RS & T b BB X
Fan EFILR ol R TEY, Svry
i/ L= Hsi!D 463 W 2@k 0 R ¢kt
%, _Eiiodm & FHEATENNE R LD k=T B8k
V2, T O RS, NI O M0 T O A & ko
W DHET 2O LEILNE R, HHIREE
BRI 5 ADEF 2w TURE L UEE LED
fRAE B R 1T o kR e Kow ¢
T, ThER-PEIRWRTH 3.

G & RREIM & F U TR 30, BRI RY
Zlg oz ki3 & L CH oM S 0 X
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