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A Study on the Radiation Dose of 3] in the Thyreid
Gland during the Treatment of Hyperthyroidism

Hwan Jo Suh, M.D., Chang-Soon Koh, M.D., Mun-ho Lee, M.D.

Department of Internal Medicine, College of Medicine

Seoul National University

53 patients with hyperthyroidism have been analyzed with special reference to therapeutic
response to radioactive iodine (*¥1I) treatment.

Mean effective half-life, 24 hour uptake rate and radiation dose of I in hyperthyroid
patients included in this study were respectively .,

1. Mean effective half-life of 131] was 4.7+1.5 days in the tracer dé,s'e‘ and 5.0+1.5 days in
the therapeutic dose.

2. Mean 24 hour uptake rate of B was 72.7+11.1% in the tracer dose and 73.4412.3%
in the theapeutic dose.

3. Mean radiation dose of ¥ was 5,319+2,648 RAD as predicted and 5, 69242, 843 RAD
as actual.

A single dose of radioactive iodine treatment was satisfactory in 34 patients (radioiodine
sensitive) and multiple doses of radioactive iodine treatments were required in 19 patients (radio-
iodine resistant).

A radioiodine resistant group of patients with hyperthyroidism was distinctively characteristic
in the following aspects.

1. Mean thyroid weight calculated in the resistant group (63.9:+14.0gm) was significantly
(p<0.01) greater than that of the sensitive group (46.6+13.3 gm),

2. Mean 24 hour uptake rate of the tracer dose in the resistant group (67.3+10.7%) was
significantly (p<{0.01):ilower than that of the sensitive group (75.72410.5%).

3. Mean 24 hour uptake rate of the therapeutic dose in the resistant group (68.5+13.7%)
was significantly (p<{0.05) lower than that of the sensitive group (76.1410.9%).

4, Mean predicted radiation- dose: of 811 in the resistant group (3,684=+1,745 RAD) was
significantly (p<{0.01) lower than that of the sensitive group (6, 232+2, 683 RAD).

5. Mean actual radiation dose of !3I in the resistant group (4, 100%1, 691 RAD) was signifi-
cantly (p<<0.01) lower than that of the semsitive group (6, 58243, 024 RAD).
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6. No significant difference was detected in terms of effective half-life of 1!l among the

groups (p>0.05).

7. The average mean % difference of effective half-life, uptake rate and radiation dose

measured following the tracer and therapeutic dose of 31 were not statistically significant
(p>0.05). Therefore effective half-life, uptake rate and radiation dose of the therapeutic dose
of 131 were readily predictable following the tracer dose of 131

8. It is concluded that the possibility of resistance to radioactive iodine treatment may be

anticipated in patients with thyroid gland large in size and compromised 33! uptake rate.
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Table 1. Compariscn of thyrsid turrnover, uptake rate ard radiation dose follewing tracer ard
therapeutic doses of 3! in the R-group (19 cases)

Patient {Wt. of Radioactive Iodine (131}
’ThY- Effective half-life uptake rate Ther. Radiaticn dose

Case | Sex | Age | roid (day) l (%) Dose ' — (RAD)

No. (gm) | Tracer | Ther. | % Diff. ' Tracer l Ther. | 9% Diff. |(mCi) dici:-d l Actual | % Diff,
1 F 50 82 5.8 7.4 | +27.6 75 72 |~ 4.0 50| 4,000 4,900 +22.5
2 F 30 | 48 4.2 50 | +19.1 76 6l | —19.7| 4.0 4,000 | 3,800 | — 5.0
3 F 41 50 3.5 3.6 |+ 2.9 40 73 | +83.0¢ 40| 1,700 3,200 +88.2
4 F 38 54 6.7 6.5 | — 3.0 59 93 | +57.6 | 4.0 4,400 | 6,700 | +52.3
5 F 42 45 5.0 6.2 | +24.0 74 75 |+ 14| 50| 6,200 7,800 +25.8
6 F 39 72 3.4 6.0 | +76.5 65 46 | —29.2} 50| 2,300 2,900 | +26.1
7 F 56 65 3.9 5.1 | +30.8 74 8 | +14.9! 50 3,300 5,000] +51.5
8 F 33 55 4.5 4.5 0 77 84 |+ 91| 50} 4,700] 5,200 +10.6
9 M 34 52 5.0 4.2 | —16.0 68 70 |+ 29| 7.5 7,400 6,400 —13.5
10 M 39 | 98 5.6 53 [ - 5.4 82 74 | — 9.8! 5.0) 3,500 3,000 —14.3
11| F 30 63 2.8 3.2 | +14.3 71 66 | — 7.0 50| 2,400 2,500| + 4.2
12 F 41 78 5.5 5.8 | + 5.5 73 78 |+ 6.8 5.0f 3,900 4,400 +12.8
13 F 37 63 4.9 7.4 | +51.0 60 50 { —16.7} 4.0} 2,800} 3,500 +25.0
14 F 49 53 6.5 7.8 | +20.0 70 47 | —32.9| 5.0 6,400 | 5,260 | —18.8
15 F 56 83 19 3.1 | +63.2 64 82 | +28.1| 50| 1,100, 2,300 |+109.1
16 F 38 63 2.3 2.2 | — 4.3 57 50 | —12.3} 50| 1,600 | 1,360 —18.8
17 F 50 55 5.0 3.7 | —26.0 63 €8 | + 7.9 60| 5200 4,100 —21.2
18 F 46 72 2.1 2.7 | +28.6 80 71 { ~11.3| 5.0 1,800 2,060 | +1L.'1L
10 F 31 63 5.5 5.5 0 50 56 | +12.0| 5.0 3,300] 3,700 +12.1

Mean 63.9 4.4 50 16.3 67.2 68.5 43| 50| 3,684 4,100 18.9
S.D. 14.¢] 1.4 1.7 26. 4 10.7 13.7) 281 0.8 1,745] 1,691 35.6

7.89)015 2 kAt Atelelle BAA LR {4 Ho)
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Table 2. Comparison of thyroid turnover, uptake rate and radiation dose following tracer and
therapeutic doses I in the S-group (34 cases)

Patieat \Wt. of Radioactive Todine I
T Thy-|™ Effective half-life Uptake rate Ther.| Radiation dose
Case | g.¢ | Age | Toid (day) (% Dose | (RAD)
Nec. (gm) | Tracer | Ther, | #%Diff. Tracer{ Ther, | %Diff, (mCi);\. dl-:cl;:d Actual | % Diff.
1 F | 29| 4 | 44 5.2 | +18.2 57 69 | +21.1| 5.0] 4,600 6,600 +43.5
2 F | 35 | 30 | 48 6.0 | +25.0 85 93 | + 9.4 5.0]10,200 | 14,000 | +37.3
3 F | 30|38 | 7.2 6.8 | — 5.6 62 79 | +27.4| 4.0 7,100 ] 8500 | +19.7
4 F | 3| 45 | 6.0 4.6 | —23.3 67 72 |+ 7.5| 30| 4,000 3300 —17.5
5 F | 35 {45 | 3.3 2.3 | —30.3 70 80 | +14.5| 6.0 4,600 3,600 | —2L.7
6 F | 31| 45 | 44 41 | — 6.8 85 95 | +11.8| 5.0| 6,200 6,500 | + 4.8
7 { M| 331! 6 | 36 3.0 | —16.7 63 65 |+ 32| 50| 2,500 2,200| —12.0
8 F | 31 | 34| 6.5 6.3 | — 3.1 84 81 | — 3.6| 50]12000] 11,300 | — 5.8
9 | M | 44 | 40 | 3.4 4.8 | +4L.2 79 96 | +21.5| 50| 5000| 8600 +72.0
10| F | 55 | 30 | 52 3.3 | —36.5 86 64 | —25.6 | 4.0| 8,900 | 4,200 | —52.8
11 | F | 24 | 24 | 25 2.9 | +16.0 81 75 | — 7.4| 45| 5700] 6,100 + 7.¢
12| F | 23} 3 | 62 7.3 | +17.7 92 73 | —20.41 5.0114,300] 13,300 ~ 7.0
13 F | 4 | 45 | 2.8 3.3 | +17.9 85 58 | —31..8| 5.0| 4,000 | 3,200 —20.0
41 F | 28 1 38 | 70| 7.8 |+1L4 85 83 | + 351 40| 9,400 10,800 | +14.9
5| F | 28 42 | 2.7 3.6 | +33.3 44 69 | +56.8| 6.0 2,600 | 5,300 {+103.9
6| F | 36 | 45 | 5.2 6.0 | +15.4 83 78 | — 6.0} 6.0| 8600 | 9,400 + 9.3
71 F | 39| 4 | 54 6.2 | +14.8 89 71 | —20.2| 5.0| 8600| 7,900 | — 8.1
181 F | 20| 41 | 56 6.8 | +21.4 86 72 | —16.3] 5.0 8.800| 9,000 + 4.7
19 | M | 31| 69 | 46 6.6 | +43.5 69 81 | +17.4| 60| 4100| 7,000 +70.7
20 | M | 43 | 74 | 50 4.1 | —18.0 70 85 | +21.4| 6.0 4,300| 4,200} — 2.3
21 | F | 41 | 45 | 2.4 2.9 | +20.8 77 78 |+ 13| 5.0| 3,100 3,80 | +22.6
2| F 7 21 | 25 4.2 | +68.0 65 62 | — 4.6 | 6.0 7,000 11,200 | +60.0
20 F | 3| 4 | 55 6.5 | +18.2 83 64 | —22.9| 4.0} 6,100| 5,600} — 8.2
24 { F |30 | 71|70 7.4 | + 5.7 75 89 | +18.7| 5.0 5600 7,000 +25.0
25 | F | 45 | 54 | 5.6 3.6 | —35.7 75 61 | —18.71 5.0 5,80 3,100 | —46.6
26 | M | 49 | 47 | 4.4 4.3 |- 2.3 74 73 | — 1.4! 6.0} 6,200 6000 — 3.2
27 | F | 36 | 5¢ | 5.1 56 | + 9.8 77 67 | —=13.0| 5.0} 5,500 | 5,200| — 5.5
28 | F | 48 | 52 | 6.0 6.0 0 89 o5 | +67| 5.0} 7,700 8,200| + 6.5
20 | F | 30 | 59 | 62 50 | —19.4 65 85 | +30.8| 4.0 4100| 4300 + 4.9
30 | F | 3¢ | 541 41 5.9 | +43.9 82 90 |+ 9.81 40 3700 5900 +59.5
31 | F | 21 | 64 | 68 4.0 | —14.2 73 8 | +13.7 5.0/ 5800 3,900| —32.8
32 | F | 44 | 66 | 6.4 4.6 | —28.1 72 67 | — 6.9 50 5300 3,600| —32.1
33 { F | 33 | 4 | 52 5.8 | +11.5 76 64 | —15.81 5.0 7.200 | 6,800 | — 5.6
34 | F | 30 | 4 | 29 3.7 | +27.6 69 67 | — 2.9} 50| 3,300{ 4,100| +24.2
Mean 46.60 4.9 5.0 7.1 75.70 76,1 2.3| 50| 6232 6582 9.1
S.D. 13.3 1.4 1.5 24.8 1050  10.9 18.9! 0.7| 2,683 3,024 | 347
2,10,12,13 2 Fig 3). =} Aroldl = FAIA R F4F Aot gl =H(p>
@ R-2 0.05), okA} Arelg] g atel: F 4.3+28.1%(—32.9
Z2RF AAGL HF 67.3110.7% (40~82%)F 2, ~+83.0%)2 £20%He Folt 14(73.6%001 2
Aze RFLL I 68.5113.7% (46~93%)=% o +30% W9 Aol 16%3(84. 1%)e)H, +31% o]4H]
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Table 3. Distribution of age and sex

Group l R-group S-group Total
(e ' M | F [Tl M | F | Total (%)| M | F | Total (%)
20~29 — — — — 7 7(20.6) — 7 7(13.2)
30~39 2 8 10(52. 6 2 15 17(50. 0D 4 23 27(50. 9)
40~49 — 5 5(26. 3) 3 5 8(23.5) 3 10 13(24. 6>
50~59 — 4 421D — 2 2( 5.9 — 6 6(11. 3
Total 2 17 19(100D 5 29 34(100) 7 46 53(100)
(%) (10.5) | (89.5) C100) | Cl14.7) | (85.3) (100> {(13.2) | (86.8 (100

Table 4. Distribution of initial dose of 13! Tx.

vwroup R-group R-group Total

Dose No. of No. of No. of

{mCi) patients(%) | patients(%) | patients(%)
3.0 - . 1 2.9 1C LY
4.0 4(21. 0 6(17.7) 10(18.9)
4.5 - 1( 2.9) 1LY
5.0 13(68.4) | 19(55.9) 32(60. 4
6.0 1( 5.3) 7(20.6) 8(15.0)
7.0 » —_ — —
7.5 1(5.3 — 119
Total 19(100D 341000 53(100)

Aol 39(15.9%09 12 & unqdrh
(i) S-&
2A% A5 4-8 F 75.7110.5%(44~92%) A L,
Aed A 3T 76.1+£10.9%(58~%6%) = %3
Aolol FAALE A% Aol 15125 (>0.0
5), ok} Ael8) gbel: T 2.3+18.9%(—31.8~
+56.8%02 +20%We] Aol 259 (73.6%)°ln
+30%W &) el 317 (91.3%)0l™ 31% ol 49
o] 378(8.8%2)8 L& ngrh
(iii) R-2o} S-322| v
Z2AY% AHEAA FF Aold] TAALZ F%
o1t 44 z(e<0.0D, AzF AL FT
apele] BAlA o2 §47% o) 9 (p<0.05).

8. B MM ZEAME(RAD)

A A2 A3 § AA 24 FTAE FF
5,319+2, 648 RAD (1,100~14,300 RAD)SH 5,692
2,843 RAD (1, 300 ~14, 000 RAD)Y 7 o=} 2}o]q]
+ FAALR {98 2o)s f o= (p>0.05), %=
Aol %AtelE HAF 12. 6134, 7%(—52. 8~+109.1%)
2 £20%W0 8 Aole 209 (54.7%)e1 +30%W ¢ 2}

Table 5. Number of repeated treatments and total
repeated doses of 131] in the R-group

Case No. N(;}:aft;fgfsted de FBTo
1 2 9.0
2 2 8.0
3 2, 7.0
4 2 8.0
5 2 8.0
6 2 8.0
7 2 8.0
8 2 9.0
9 2 12.5

10 4 14.5
11 2 9.0
12 2 9.0
13 2 7.0
14 3 12.0
15 4 13.0
16 2 9.0
17 3 13.0
18 3 12.0
19 2 8.0
Range 2~4 7.0—14.5

Table ¢. Distribution of number of repeated
treatments gf 1317 in the R-group

No. of repeated treatments, No. of patients (%)

2 14073.7)
3 3(15.8)
4 2(10.5)
Total ] 19¢100. 0)

o) 389 (71.7%)0]H +31% o1AFe] =he]i= 1553 (28.3
%)8] 338 ngrl(Table 1,2,11,12,13 2 Fig 4).
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Table 7. Distribution of total repeated doses

65

Table 8. Distribution of the weight of the thy-

of ¥ in the R-group roid gland
Total repezg;dcgoses of ¥ No. of patients (%> group | R .sroup S-group Total
Weight No. of pts.| No. of pts. | No. of pts.
gg z<§*5§ (am) (% (% (%
9'0 552:5' g) Over 75 4021 — 4( 7.5)
10' 0 o 51~75 13(68) 11032 24(45. 3)
11' 0 B 25~50 201D 21(62) 23(43. 4
120 210.5) Under 25 - 206) 2( 3.8)
12.5 1( 5.3 Total 19C100) 34(100) 53(100)
13.0 2(10.5)
i‘;g - RAD)Q T, AA ZAZE HF 4,100+l 601 RAD
: 105.3 (L 300~7,800 RAD)Z ok} spolel EAH o2 4
Total 19(100. 0) 25t Ael7t 99 (P>0.05), = Aol %A o]
L 53 18.9:+35.6% (—21.2~109. 1%)2 +20%4 ¢
O R-2

ol A ZAE % T 3,684+1,745 RAD(L, 100~7,400

ol

103 (52.6%)0]

(78.9%)01¥, =+31% o|A9

£30%4 ¢

Aol 15%
Aol 492l 12049

Table 9, Distribution of effective half-life following tracer and therapuetic doses of I
in the thyroid gland
\\‘ - Group | R-group S-group Total
\\\\ Tracer Therapeutic Tracer Therapeutic Tracer I Therapeutic
EHL. \\\\ No. of patients|No. of patients|No, of patients|No, of patients|No. of patients!N o. of patients
(Day) ~ (%) (%) (%) (%) (%) (%2
Uuder 2.9 421. D 2(10.5) 6C17.7) 3( 8.8 10(18.9 5( 9.0
3.0~3.9 3(15.8) 42L D 3( 8.8 6(17.7D 6(11.3) 10(18. 9
4.0~4.9 3(15.8) 2(10.5) 6(17.7) 8(23.5) 9(17.0) 10(18.9)
5.0~5.9 7(36.8) 5(26. 3) 9(26.5) 5(14.7) 16(30. D 10(18.9)
6.0~6.9 2(10.5) 3(15.8) 7(20.5) 9(26. 5) 9(17. 0 12(22.6)
7.0~7.9 — 3(15.8) 3( 8.8) 3( 8.8 3(5.7) 6(11. 3
Total | 190100 19(100) 34(100) 34000 | 53000 | 53(100)

Table 10. Distribution of thyroid uptake rate following tracer and therapeuic doses of 1311

\}roup R-group S-group i Total

- Tracer | Therapeutic Tracer ‘ Ther apeutic Tracer l Therapeutic

Uptake rate N No. of patients|No, of patients|No. of patients|No, of patientsNo, of patients|No, of patients

R NS W RS> %) o) (%)

40~49 10 5.3) 2(10.5) 1(2.9 - 2( 3.8 2( 3.8
50~59 3(15.8) 3(15.8) 1 2.9 1 2.9 4 7.6) 4( 7.6
60~69 5(26. 3) 3(15.8) 7(20.6) 11(32. © 12¢22. 6 14(26. 4
70~79 8(42. D 7(36.8) 11032 9 9(26. 5 19(35.8) 16(30. 1D
80~89 2(10. 5) 3(15.8) 13(38. 3) 8(23.5) 15(28. 3) 11(20. 8)
90~99 — 1( 5.3 1C 2.9 5(14.7) 1CLY 6(11.3)
Total 19C100) 19C100) 34100 34100 53(100) 53100
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Table 11. Distribution of predicted and acutal thyroid radiation dese of I
\ Group R-group S-group Total
Predicted l Actual Predicted Actual Predicted t Actual
RagR Adgs)e No. of patients|No. of patients/No, of patients]No. of patients|No. of patients|No. of patients
. ! (%) (%) (%) (%) (%) (%)

1, 000~1, 800 4(21.0) 1( 5.3 — — 47.6) 1LY
2, 000~2, 900 3(15.8) 4021 0D 2( 5.9 1 2.9) 50 9.4) 5 9.4)
3, 000~3, 900 402L.0) 5(26. 3) (8.8 7(20.6) 7(13.2) 12(22.6)
4, 000~4, 900 4021.0D 2(15.8) 7(20.6) 4(11.8) 11€20.8) 7(13.2)
5, 000~5, 900 1( 5.3) 3(15.8) 7(20.6) 4(11.8) 8(15. 1D 7(13.2)
6, 000~6, 900 2(10.5) 2(10.5) 3( 8.8 5(14.7) 5C 9.4 7(13.2)
7, 000~7, 900 1( 5.3 1( 5.3) 4(11. 8 3( 8.8 5( 9.0 40 7.6)
8, 000~8, 300 — - 4(11.8) 3( 8.8 A(7.6) 3(5.7
9, 000~9, 900 — — 1C 2.9 2( 5.9) 1( 1..8) 2( 3.8)
Qver 10, 000 —_ —_ 3( 8.8 5(14.7) 3(57) 5( 9.4

Total 19(100D { 19C100D 34€100) 34(100) 53(1000 53(100)

Table 12. Distribution of percent difference of effective half-life, uptake rate and radiation dose
between tracer and therapeutic dose of, 1) in the thyroid gland

\Group Effective half-life (DAY) Ubptake rate (%) Radiation dose (RAD)

‘\\\ R-group l S-group | Total R-group l S-group l Total R-group | S-group | Tetal
%E —Pl‘f/f) No, of pts.lNo, of pts.[No, of pts.]No, of pts.[No. of pts.|No. of pts.|No, of pts.\No. of pts.|No. of pts.

= % % &) (%) % (%) (%) @ 1 ) |
0~10 7036.7) 7(20.6) | 14(26.5) | 8(42.0) | 14(41. 2) | 22(41.5) | 2(10.5) | 14(41.2) | 16(30.2)
11~20 4021.1) | 13(38.2) | 17(32. 1D | 6(3L.6) | 11(32.4) { 17(32. 1D | 8(%2. 1D | 5(14.7) | 13(24.5)
21~30 421D 7(20.6) | 11¢20.7) | 2(10.5) ) 6(17.7> | 8(15.1) | 5(26.3)| 4(11.8)} 9(17.0)
Over 31 4C21.1) | 7(20.6) { 11C20.7) | 3(15.9) | 3( 8.8 6(11.3) | 4C2L.1) | 11¢32.3) | 16(28.3)
Total 19C100) | 34C100) | 53(100) | 191000 | 34C100) } 53(100) ‘ 19C100) | 34(100) ! 53C100)

"Table 13. Statistical evaluation between R-and S-group and between tracer and therapeutic dose of 31

P-value
’ R-group l S-group R-group vs. S-group
Weight of thyroid gland (gm) ‘ 63. 9114, 0(45~98) ] 46. 6+13. 3(21~74) p<0. 01
Bffective Tracer 4421 4L9~6T) | 49214024~ D) p>0. 05
half-life Therapeutic 5.0+1.7(2.2~7.8) I 5.0%1.5(2. 3~7.8) p>0. 05
(dayd P-value
Tracer vs. Therapeutic p>0.05 l p>0.05 ] -
~ ~ d
Uptake Tracer 67. 32:10. 7(40~82) l 75. 7410, 5(44~92) \ p<0.01
rate Therapeutic 68. 5:+13. 7(46~93) ' 76. 13:10. 9(58~96) p<<0. 05
(%) P-value
Tracer vs. Therapeutic p>0.05 p>0.05 -
: 3,684+1,745 6, 232+2, 683
Radiation Predicted | (1, 100~7, 400D ‘ (2, 500~14,300) l p<0.01
4, 100+1, 691 [ 6, 582+3, 024 p<<0.01
(dRCED Actual | (1,300~7,800) | (2, 200~14, 000 |
P-value ] —
Predicted vs. Actual | p>0.05 l p>0.05 l
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% 9 Aol 238 (67.7%)015, *31% o4 Alo]
£ 11932.3%)9 £ & u4dh
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