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The Local Bone Marrow Changes Following Therapeutic
Telecobalt Irradiation
Report II: Mainly on the Changes of 1,000 r Irradiated cases

By

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

‘The local bone marrow changes of 15 patients with malignant diseases were studied,
whose sternums were irradiated with the gamma rays of telecobalt unit (S.S.D. 30cm).

Before irradiation and at different doses, sternal marrow aspirations were done and the
smears were stained by May-Giemsa, Mec-Junkin and Tohoku Pediatric method. Qut of
15 patients, 11 were investigated at an exposure of 1,000r, 3 were studied at 2,000r and
in only one patient at §00r.

There were present the characteristic findings in all irradiated cases including the 3,000r
group mentioned in the previous peport, and the findings are briefly summarized as follows.

(1) A definite reduction of the numkber of the total nucleated cell elements in the
irradiated bone marrows.

(2) A remarkable decrease of the younger cells, e.g. myeloblast, erythroblast, nor-
morblast etc.

(3) A decrease of monocytes and reticuloendothelial cells was more slight than that of
neutrophils and lymphocytes.

--The results obtained in the present study were as follows—

(1) The changes at an exposure of 1,000r. (The results are presented in tables 1 to 7D

a) Total nucleated cell count was reduced to 179, but still many immature elements
(e.g. promyelocytes, myelocytes, normoblasts etc.) were seen and even myeloblasts in
one case.

b) The decrease of absolute value for monocytes and reticuloendothelial cells was
more slight than that of neutrophils and lymphochtes.

¢) There was a marked decrease in number of nucleated red cells but normoblasts
were still seen in all cases and even macroblasts in one case.
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d) Megakaryocytes and mitotic figures were still present but degenerated moderately.
e) In the peripheral blood, there was a moderate reduction of leucocytes and no cha-
nges of erythrocytes. The leucopenia consisted of the greatets decrease of lymphocytes.

(2) The sternal marrow changes of 2,000 r irradiated cases.

(‘The results are shown

in tables 8 & 9.) Nucleated cell count was reduced to 8.8%. Myeloblasts, Megakaryocytes,
juvenile elements of eosinophils and mitotic figures disappeared, and juvenile forms of

neutrophils and nucleated red cells almost disappeared.

(38) The sternal marrow changes after 800 r irradiation.

(The results are shown in

table 10.) Nucleated cell count was reduced to 55%.
Myeloblasts and erythroblasts disappeared, but the other immature forms were present

1 to 5%:.

30 days after irradiation, nucleated cell count was a little further reduced but the

myelogram was normal.

(4) The sternal marrow changes of 2,000 r irradiated cases were similar to those of
3,000 r group, while the changes at 800 r exposure were almost the same as those of 1,000 r

group.

It seems to me that the sternal marrow after 2,000 r irradiation will end in moderate
hypoplasia as that of 3,000 r group; while in 1,000 r irradiated cases, damages will come
out more slightly and moderate recoveries of the bone marrow are to be expected.
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Table 1 The Bone marrowrpictures before irradiation. (8cases)
e Case | No. 20 No. 21 No. 23 No. 24 No. 25 No. 26 No. 27 No. 28
M.C. M.C. M.C. M.C. M.C. M.C. M.C. 0.C
Myelogramm ~——_| 64y. @ | 39y. @ | 34y. Q@ | 55y.1Q | 45y. @ | 36y. @ | 47y. @ | 58y. ol
R. B. Cx10° | 320 320 400 | 410 480 330 210 [ 500
N. C. Ox10 20.1 15.8 11.4 19.0 17.0 23.5 325 | 6.3
Myelobl. 1.0 1.9 0.4 1.4 1.2 0.6 0.2 0.7
immat. 34.6 15.1 12.2 23.2 14.8 23.2 26.0 9.3
W NIt 3.2 5.2 31.0 16.6 16.0 7.8 19.2 9.2
immat. 1.6 1.6 2.2 2.2 0.2 1.2 3.2 0.6
B|E It 0.4 3.8 3.0 1.6 1.8 1.4 8.4 1.5
Basoph. 0.2 0.1 0.6 0 0 0 0.4 0.4
C " Mono 4.2 1.6 4.6 1.6 2.8 18 1.0 3.1
Lymph. 14.8 28.3 43.0 20.4 33.2 21.0 8.6 45.2
NRProE.B. &E.B| 16.2 6.9 6.4 9.0 6.2 13.4 19.4 | 5.0
BCl N. B 18.2 18.7 17.0 19.6 13.8 13.2 41.2 8.1
R. E. C 3.4 1.5 0.6 2.4 1.4 1.8 2.8 2.0

M.C. = Mammary Carcinoma, O.C. = oesophageal cancer

R.B.C. = Red Blood Call, N.C.C. = NucleatedCell Count, W.B.C. = white Blood Cell,
N. = Neutrcphiles, E. = Eosinophiles, N.R.B.C. == Nucleated Red Blood Cell

E.B. = Erythroblast. N.B. = Normoblast. R.E.C. = Raticuloendothelial Cell.
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Table 2. The Bone marrow pictures after irradiation. (8 Cases)

= Casx [ No.20 | No.2l | No.23 | No.24 | No.25 | No 26 | No 27 | No 28 7

M.C. M.C. M.C. M.C. M.C. M.C. M.C. | M.C.

Myelogramm — ! B4y. Q2 | 39y. @ | 34y. @ | 55y. @ | 45y. @ | 36y. @ | 4Ty. @ ] 58y. &
R. B, Cx10° 220 340 440 390 360 290 390 170
N. C. Cx10* 3.5 4.0 1.6 1.0 2.4 2.8 7.5 2.2
Myelobl. + 0 0 0o | 0 0 0 0
immat. 3.3 1.2 0.4 0.3 0.4 1.1 4.6 0.6

W N Tt 59.5 4.0 51.1 5.5 | 46.4 39.2 58.5 29.5
immat. 0.2 0.5 0 0.1 0 0 09 0

B|E 0t 1.8 8.5 8.7 3.5 8.4 2.5 8.8 5.2
Basoph. 1.0 0.5 2.0 0.6 0.6 0.2 0.3 0.4

C | "Mono. 5.5 4.1 14.3 11.8 13.4 6.6 6.4 5.5
Lymph. 28.7 4.7 23.5 28.1 30.8 50.4 205 58.8
NRPro-E.B. u E.B 0 0 0 0 0 0 0.1 0
BCl N. B 5.9 6.6 0.4 2.6 0.4 1.7 13 0
R. E. C 5.3 4.4 2.4 7.9 5.8 1.8 2.6 1.1

Myeloblasts and proerythroblasts are almost disappeared, but immature elements and normobhlasts

still remained considerably.

Table 3. The comparison of the sternal marrow pictures before and after irradiation.

Dotare ﬁgg R R | R D
R. B. C. x10° 370 360
N. C. C. x10° 18.2 3.1 17.0 83.0
Myelob. 0.9 (1200) 0 0 100 |
" immat. 19.8 ( 27000) 1.5 ( 430) 1.6 9%8.4 |
W | N Tt 43.9 ( 59700) | 47.6 ( 13700) 22.9 1
| immat. 1.6 (2200) 0.2 (60) PK 97.3
B | B |t 2.7 (3700) 5.9 (1700) 5.9 541
Besoph. 0.2 ( 300) 0.7 ( 200) 66.7 33.3
C | "Mono. 3.7 (5000) 8.5 (2500) 50.0 50.0
Lymph. 26.8 ( 36500) | 35.7 ( 10300) 2.2 71.8
NR |ProE.B. w E.B. | 10.3 ( 14000) 0.1 0 100
BC| N. B 19.4 ( 26400) 2.4 ( 700) 2.6 97.4
R. B. C | 2.0 (2700) 3.9 (1100) | 40.7 59.3

R.R. = Rate of Residue
R.D. = Rate of Decrease

Relative Increase is seen in monocytes, lymphozytes, reticuloendothelial cells and
matured elements of granulocytes; but their absolute values decreased.
Among them, a decrease of monocytes and R.E.C. are more slight than the others.
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Table 4. The peripheral blood pictures before and after irradiation.
(The mean velnes are show in the next table. )

No. 20 | No. 21 | No.23 | No. 24 | No. 25 | No. 26 | No. 27 | No. 28
M.C. M.C. M.C. M.C. M.C. M.C. M.C. M.C.

64y. 2 | 39y. 2 My @ | 55y.9 | 45y.Q |36y.2 | 47y. 2 1 58y. 8
R.B.Cx10 360 360 360 490 510 420 480 480
Hb % 64 86 78 88 90 70 80 105
< | W.BC. 6000 7300 6500 7500 8200 6300 6800 9000
£ | Baso. 0 0 3 0 0 0 0 1
'; Eosin. 2 10 10 0 8 2 4 2
£ | Lymph. 28 41 47 52 41 35 50 29
A | "Mono, 5 5 6 3 1 2 5
Neut. 65 44 34 44 48 62 44 63
R.B.C.x10° | 400 410 430 480 450) 3 390 530
Hb. % 86 80 80 90 72 78 108
< | W.BC. 6400 3100 6000 3800 | 5300 3400 5000 7100
£ " Baso. 0 0 1 0 4 0 1 0
Ta Eosin. 1 17 6 2 6 2 10 4
ﬁ Lymph. 24 25 8 33 27 25 24 33
Mono. 12 9 5 3 3 4 7 1
Neut, 63 49 80 62 60 69 58 62

R.B.C. = Red Blood cell. Hb = Hemoglobin (Sahli)

W.B.C. = White Blood Cell.

Tahble 5. The changes of the peripheral
blood pictures.

[ ?&Etimﬁf‘%ation R.R..| R.D.
R.B.C. x107 420 430
Hb % 33 85
W.B.C. 7200 5000 69.4 | 30.6
I Basoph. 0.5 0.8
Eosinoph. | 4.7( 340)| 6.0¢ 300)| 88.2 | 11.8
Lymph. 40.4(2900)(25.0(1200)| 41.4 | 58.6
Mono. 3.9 280) 5.5( 270)( 96.4 | 3.6 |
Neutroph. 150.5(3600)62.9(3100)| 86.1 | 13.9

There are no changes in Red blood cell counts
and hemoglobin valnes, while lenco penia is
moderate; and among leucocytes, anly hymph-
ocytes decreased extremely.

Thor.
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Table 6 Speciol cases. (1000r. group)
No. 18 50y. @ M.C. No. 19 56y. @ M.C. No. 29 50y. ¢ M.C.
Before After Before After Befor ‘ After
Irrad. Irrad. Irrad. Irrad. Irrad. Irrad.
R. B. C. x10° 380 390 410 400 360 | 390
N.C.C. 21000 5000 40400 44000 47500 | 41000
Myelobl. 0.2 0 0 0 0 | 0
AR immat. 15.3 0.5 17.7 5.0 11.8 2.4
"l mat 42.2 67.8 53.3 71.6 42.8 . 50.6
B.| p | immat 0.2 0.5 1.2 0 1.0 | 0
"] mat. 0.8 2.1 2.2 0.5 3.6 4.6
c. | Baso. 0.5 0 0.2 0.2 0 1.0
Mono. 5.0 6.4 4.0 5.9 6.8 | 7.6
Lymph. 36.0 22.7 21.4 16.8 34.0 ! 33.8
NRProE-B. & EB[ 8.2 0 2.5 0 1.2 | 0.2
BC| N. B. 15.7 4.8 6.9 0.4 35.2 i 5.0
R. B. C. 1.0 2.7 1.5 4.4 1.0 2.2
The Nucleated Cell Count of Case 18 was few, but the myelogramm was normal.
Cases 19 and 29 were injected Nitrogen Mustard postoperatively.
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Table 7 Doses to the fields besides the sternal area before the second examinations
of bone marrow and peripheral blood.

1000r. gronp 3000, gronp
Field ‘ Irrad. No. 20/No. 21\70 23No. 24[No. 25No. 26/No. 27 No. 28No. 1 No. 5No. T7No. 16|N0 17
- factors My@%y?%y?5y%ﬁy@%y9ﬂymmv mymuy@wyﬂuyﬂmv
kVp 150 180 | 180 | 180 | 180 | 180 | 130 180
. size of ‘
Axillar field (cm?) 100 | 100 64 64 80 | 100 64 100 100
Dosis 1850 (1850 | 925 (1930 (1850 (1850 1930 1850 i 1850
kVp. 180 | 180 | 180 | 180 | 180 | 180 180 180
Supracl- | size of ‘
avicular | field (cm®) 100 80 64 80 80 64 100 ! 100
Dosis 1850 (2000 |1930 (1850 |[1850 1930 1850 | 1850
kVp. 100 | 100 | 100 100
fnl:llSt ;i:l?i cg:mﬂ) 220 | 230 | 200 190
Dosis 1800 | 960 1800 600

BT AR DB L R LTUEY, 281k
ETHEB LS S TREABEZEOH BB EB~
bh. 3,000 r TR EMEREI50% DO
LERL, FREROBD S 2% DRV, Thid
JRET Rl DBV DRE D FAE & FEik ¢ 5 FPEEE O Il
BREMEPRLTW2d0ORDBIEB LD EHE
~bh, 1,000 r FEORMMEEHZL L3, 000
r BEornE B LUTRAR, BERCEELT
W3 ER LN Z0ORMERRICIELRRL SN
L\, QBHEMEEOBD, FCOWMERKO®
VIR T FIT OV TRV E2E Y Lz
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Table 8. 3 cases received an exposure of 2000r. on the sternum.

Before Irrad. After Iarad.

— Casel No. 9 | No. 12 | No. 15 No. 9 | No. 12 | No. 15
\ M.C. |0.C. |M.C. |average | M.C. |0.C. |MC. | average | RR. | RD.

Myelogramm ™| 29y. Q | 61y. & | 53y. @ 29y. @ |6ly. & 153y. @ N

N. C. C. 167000 | 255000 | 147000 | 190,000 | 21800 | 13200 | 15400 16800 8.8 ' 91.2
Myelobl. 1.0 0.5 0.7 | 0.7(1100) 0 0 0 0 0 100
W. [y [imm.| 214 | 30.6 | 21.8 24.6 (B 0.1 | 0.2 0 [0.1 0 | 100
mat. 40.7 49.7 44.1 44,8 (69900), 29.9 44 .4 42.4 (38.9(6070) 8.7 91.3
B. | limm. 0.5 0.5 1.4 | 0.8(1200) 0 0 0 0 0 100
’ |mat. 2.3 0.8 2.5 | 2.0(3100)| 8.7 0.7 6.7 | 5.4( 840)| 29.0 71.0
C. Baso. 0.1 0.1 0.3 [0.2C 300) 0.8 0.5 2.4 |1.2C 190) 66.7 33.3
Mono. 3.8 3.0 4.3 | 3.7(5800)| 15.6 14.7 14.9 [15.1(2360)| 41.4 58.6
Lymph. 30.2 14.8 24.9 |23.3 (36400) 44.9 39.5 33.6 139.3(5140) 16.8 83.2
NR &5 | 47 | 44 | 137 [7eam| o | o1 |0 |00 0 | 100
BC N B 9.0 [ 7.8 | 14.5 [10.40800) 0 | 0.1 0 (0.0 0 | 100
|' R. E. C 1.6 3.1 3.1 | 2.604000)| 5.7 9.5 4.3 | 6.5(1020)] 25.0 75.0

The changes are closely similar to those of 3000r. group.

Table 9. The comparisons of the bone-marrow changes at different doses. (1000~3000r. )

T~ Dol petore 3000r. 2000r. 1000r.
Myel agrar;r-ﬁh Irrad. (18cases. ) ( 7 cases) ( 3cases) ( 8cases)
N. C C. 172,000 12,300 | 16,800 31,000

| Mryelobl. 1.0 (1310) 0 0 +
W. |y immat, 23.0 ( 30100) 0.2 0.1 1.5 ( 430)
: mot. 43.5 ( 56900) 48.6  (5400) 38.9  (6070) 47.6 ( 13700)
B.|p | immat | 1.3 (160 0 0 0.2__ (60)
| ' mat. 2.3 (3010) 4.9 ( 540) 5.4  ( &40) 5.9 (1700)
c. | Baso. 0.3 ( 390) 1.0 ( 110) 1.2~ ( 190) 0.7 ( 200)
Mono. 3.7 (4840) 16.3  (1810) 15.1  (2360) 8.5 (2500)
Lyaph. 24.5 ( 32100) | 29.1 (3230) | 39.3 (6140) | 35.7 ( 10300)

NR[ProE-B. & E.B| 10.8 ( 14220) 0 0.0 0.0
BC| N. B. | 18.4 ( 23800) 0.1 0.0 2.4 (700)
R. E. C. | 2.3 (3010) 8.5 (1020) 6.5 (1020) 3.9 (1100)

The changes of 1,000r are more slight than the others.
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TREWXHERET Lzfiaod, fixinnbd
BESD L LTCBFH AN HiE T 3 3
B, BOTHERE R LT 4 %, FERR
U%B TN BIE STERITTENMEZ R LCEY, 4
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Fig. 1. Mitotic figures of myelocyte. Fig. 2. A degenerated megakaryccyte.

?
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Fig. 3. Swelling of nonsegmented neutrophij] Fig. 4. A degenerated Lynphocyte.
(left) and partial disappearance of the gran-
ules of 2-segmented neutrophil. (right)

Fig. 5. 4 normohlasts. Arrows point
their small nuclei.
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Fig. 7. A de generated moaozyte with many . Flg. 8. A Z-mgmented neutrophil showing
vozuoles in both nucleus and cytoplasm. partial disappearance of the graunles.

Fig. 9. Hypersegmenmtlon and swellmg Fig. 10. A larg'e neutrcq)hll and two monocytes
of neutrophil. with many Vacuoles.

Fig. 11. Vacuoles in cytsplasm of neutrophils. Flg 12 A large platelet with many Vacnoles.
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Table 10. The Bone marrow pictures of Case
22 ( 800r. irradiated case)

| B | S| S0
Irrad. Irrad, Irrad.

R.B.C. x10¢ 410 480 410
N. C C. 130,000 | 72,000 48,000
Myelobl. 1.6 0 0.8

lw. N immat, 24.0 5.1 24.0
! " mat. | 45.4 54.4 51.2
B. |p immat 2.2 0.7 4.0
" Imat. 4.2 8.1 4.8

| c. Baso. 0 0.6 0.6
| ' Mono. 3.6 3.4 2.8
Lymph. 19.0 7.7 11.8
NR| g% | 9.8 0 5.8
BC|'N. B 13.8 1.9 15.4
R. E. C 2.0 1.1 1.6

The myelogramm soon after irradiation is
closely similar to that of 1000r. group. Thirty
days after irradiation, the nucleated cell count
was reduced to 409 but the myelsgramm is
no-mal.
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