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Answer FO[IR questions only.

1. (a) Describe what is meant by the following and sketch ttie relevant survival
curves

(i) single-hit model
(ii) multi-hit model ' ''

(iiD multi-targetmodel
(30/100)

(b) (i) Define Linear Energy Transfer (LET) and discuss its influencing
factors.

(iD Define Relative Biological Effectiveness (RBE) and discuss its
influencing factors.

(iii) Describe the relationship between Linear Enerry Transfer (LET) and
Relative Biological Effectiveness (RBE).

(70l100)

2.(a)(DDescribethemethodtoproducecellsynchrony].
(iD Discuss the effect of X-rays on synchrirriously dividing cell cultures.

(b) Two methods normally used to assess cell survival in vivo t" ,ri:::::
dose-5O method and (ii) spleen nodule method. Describe both methods.

: t: ,," (50/loo)

3'. (a) Define ':

(i) plating efficiency
(ii) surviving fraclion 

i
(10i 100)

1l-
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(b) In an unirradiated control, 200 cells were seeded. After seven days the cells

were stained and it was found there are 140 colonies. 4000 similar cells were

seeded in another dish and irradiated to 800 rads of X-rays and 64 colonies

survived. Calculate

(i) plating efficiency
(ii) surviving fraction

(15/100)

(c) State the reasons as to why spheroid system is a better experimental tool.
(2sil00)

of damage in human

(so/l0o)

(d) Describe the biological factors modifying the amount

body due to ionising radiation.

4. (a) Draw a graph of the life history of an irradiated tumour and describe in detail

by taking different zones of the graph.
(s0l100)

(b) Discuss

(i) bone marrow syndrome
(iD central nervous system syndrome

(so/lo0)

s. (a) (i) Define

(1) Mitotic index
(2) Labelling index
(3) Growth fraction

Describe in detail o)rygen effect and reorygenation.

(1sl100)

(3sl100)

A radiotheraphy centre practices a protocol of 30 dose at 200 rad,

given as 5 treatment per week, is considered to represent normal tissue

tolerance.

(1) What is the TDF value for this case?

(2) Due to a long waiting list, the above protocol has to be changed

to 1 treatment per week at 320 rad. How many fractions are

needed to achieve equivalent effect?

(b)

(c) (i)

a36
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(iii)

[zcE fien]
-3-

To achieve complete treatment, the planned protocol is 26 dose at 220
rad, given as 4 treatment per week. However the staffconcerned made
a mistake by irradiating the patient at 250 rad and not 220 rad and this
is realised after 7 fractions have been delivered.

(l) How many more doses must be given at 4 treatment per week?
(2) How many more doses must be given if the treatment is changed

to 2 treatment per week?

After considering the double festive holidays, a radiotherapist planned
the following treatment: i8 dose at 220 rad, given as 4 treatment per
week followed by 6 dose at 320 rad, given as 3 treatment per week.
However the machine broke down. It was repaired and after
considering the treatment of other patients, the overall treatment was
decided as 5 treatment per week. Calculate 3 regimes that he can
choose to achieve equivalent effect.

(50/100)

- oooOooo -
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Dose/
fr:ction

(rad)

-l-

TABLE 14-1. TDFs for One Treaimenr DavlWeek

Number of fraclions

9 10 11 12 13 14 15 16 17 18 19 20

00011111.1 11111111
11122222333334444
2 2 2 3 3 4 4 4. 5 5 6 6 6 7 7 B I3 3 4 4 5 6 6 7 B B 9 9 10 11 11 12 134 4 5 6 7 I 9 10 11 12 12 13 14 .t5 16 17 184 5 6 7 I 9 10 11 12 13 14 15 16 18 19 20 2,15 6 7 I 9 l.t 12 13 14 15 16 18 19 20 21 22 245 7 I 9 11 12 13 15 15 17 19 20 21 23 24 25 276 7 9 10 12 13 15 16 18 19 21 2224 25 27 28 307 I 10 12 13 15 17 18 20 22 23 25 27 28 30 32 337 9 11 13 15 17 18 20 22 24 26 28 29 31 33 35 37I 't0 12 14 15 .18 20 22 24 26 28 30 32 34 36 38 409 11 13 15 18 20 22 24 26 29 31 33 35 37 40 42 4410 12 't4 17 19 22 24 26 29 31 33 36 38 41 43 45 48

]g 13 16 1E 21 23 26 28 31 34 36 39 41 44 47 49 5211 14 17 20 22 25 28 31 33 36 39 42 45 47 50 53 5612 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 6013 16 19 22 26 29 32 35 38 42 45 4E 51 54 58 61 6414 17 21 24 27 31 34 38 41 44 48 51 55 58 62 65 6S15 18 22 26 29 33 35 40 44 47 51 55 58 62 56 69 7315 19 23 27 31 35 39 43 46 50 54 58 62 56 70 ;; ;16 21 25 29 33 37 41 45 49 53 57 62 66 70 74 78 8217 22 26 30 35 39 43 48 52 55 61 65 59 74 78 82 8718 23 27 32 37 41 46 50 55 60 64 69 73 78 82 87 9219 24 29 34 39 43 48 53 58 63 58 72 n 82 87 92 9621 27 32 37 43 48 53 59 64 69 75 80 85 91 96 101 107
r- 29 35 11 47 53 58 64 70 76 82 8E 94 99 105 1r1 11726 32 38 4s s1 57 64 70 77 83 89 96 102 109 115 121 1n28 35 42 49 56 62 69 76 83 90 97 104 111 118 125 132 13930 38 45 53 60 58 75 83 90 98 10s 113 120 128 135 143 15032 40 49 57 5s 73 81 89 97 105 113 121 129 138 145 15435 43 52 61 70 78 87 96 104 113 122 .l3o 139 148 15637 47 56 65 74 84 93 102 112 121 130 140 149 15840 50 60 70 80 89 99 109 119 129 139 149 15942 53 63 74 85 95 106 116 127 138 14s 15945 56 67 79 90 101 112 124 135 146 15748 60 71 83 95 107 119 131 143 .t55

50 53 76 88 1ol 113 126 139 15153 66 80 93 106 120 133 146 160
56 70 84 98 112 126 110 15471 89 107 124 142 150 178
87 109 131 153 174

105 131 157
123 154

20
40
60
80

100

110

120

130

140
150

160

ttv
180

190

200
210

220
230
240
250
250
270
280

290
300
320
340
350
380

400
420
440
460
480

500
520

540

550
580

500
700

8(X)

900
1000
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Numbcr oJ lrrctionrDose/
irr(lion

{rad)

111111111112222222
222333344145555655
1 . 1 5 5 6 6 7 7 I I 9 9 9'10 10 11 11

6 6 7 I I 9 1O 10 11 12 13 11 14 15'15 16 17 17

8 9 l0 11 12 13 14 15 16 17 18 19 20 21 22 2f 24 25

9 10 1'l 11 14 15 16 17 18 19 21 22 23 24 25 26 27 E
10 12 13 14 16 17 18 20 21 ZZ 23 ZS 26 r 29 l0 11 3l

12 13 15 15 18 19 21 22 21 25 D 28 30 J1 32 34 J5 37

13 15 17 18 20 21 23 25 26 2E 30 31 13 35 36 38 40 41

15 17 18 20 22 24 26 28 29 31 33. 35 37 39 40 12 4'.1 46

16 18 20 22 24 26 2S 30 32 35 37 39 4'l 4l 45 17 19 51

1S 20 22 25 27 29 31 33 36 38 .{0 12 15 17 19 51 5l 56

19 22 21 27 Zg 32 31 37 39 41 44 16 49 51 54 55 58 61

21 21 26 29 32 31 37 40 42 45 48 50 53 56 5E 61 63 66

23 26 29 31 34 37 40 43 16 19 52 51 57 60 63 56 59 72

25 28 31 34 37 40 43 46 49 52 55 59 52 65 68 71 74 n
27 30 33 36 40 .{3 16 50 53 55 50 63 66 70 73 76 80 83

2S 32 35 39 13 46 50 53 57 & u 67 71 75 78 E2 85 89

30 14 38,12 .5 49 53 57 61 U ffi 72 76 80 83 E7 91 95

32 16 10 4.t 48 52 56 61 55 69 73 77 E1 E5 69 93 97 101

3{ 39 ,r3 47 51 56 60 6. 69 7t n 81 86 90 !X 9'lt 103 107

36 41 45 50 54 59 u 68 73 n 82 86 91 95 lm 104 1o'lt 114

38 .r3 .t8 53 50 62 67 72 77 82 66 91 95 10r 106 110 115 120

/tl 46 51 s5 6'1 65 71 76 61 E6 91 96 101 106 111 117 122 1ZI

43 1E 53 s9 64 69 75 EO 85 91 96 10r 107 112 117 123 12E 133

17 53 59 65 71 n 8t 8S 9'l 100 105 112 118 124 130 136 112 1{7

52 58 65 71 78 8/t 91 97 10/t 110 117 1A r29 136 112 1'19 155 162

s7 61 71 78 E5 92 99 106 113 120 127 134 141 1'.18 155 153

61 69 n U 92 loo 108 115 123 131 138 116 15't 161

66 75 S3 91 100 10S 115 125 133 1't1 150 15E

72 81 90 99 107 115 125 134 143 152

7, E7 96 106 :15 125 135 1't'{ 15{

S2 93 103 113 124 13't 1'91 155

8E 9l' 110 121 132 143 15'r

9.1 105 117 12!f 1.1 152

100 112 124 117 149 162

105 119 132 1,.5 158

112 125 139 153

118 132 't47 162

121 110 155

157 1n

E

9
l0
1t
11

1.1

16

17

19
tn

22
t1

25
27

2E

l0
It
3.t
35

37

4'l

15

19

5.1

58

63
gl
72
n
E2

67

92

98
103

1Ct

13E

169

00
11
t1

14
)o

78
79
Ir0
9 '11

10 12
11 13

12 15

13 15.
11 17

15 19

17 20

18 21

19 23

m71
21 26
2t?'
21 79

25 30
,732
2935
32 39

35 12

36 46

12 50

15 5.
1E 5E

52 62

55 66

59 70

62 73

66n
70 81

71 88

7E 93

9C 118
'r21 1{5
1'15 17tt

170

6

I
(l

10

1t

12

13

1,1

15

16

't8

19

20
tt

21

26

28

31

l3
36

38
41

11
17

50

53

56
59

62

79

97
115

136

.t0

:10

1:0

\itl
160

-170

l5G

i9c
:00
-r 1n

?:0
:10
:10
15C

:r'a{

77a

?30

ld0
3$3

l3{l
1m
110

440

{60
130

5C0

5:0
id0
)ou
<n4

€$
70,t

8ln
Eio
'ioii

4 5 6 7 8 9 10 11 12 13 14 t5 15 17 18 19 20 21 22 23 24 2g'

l.Afier Onon CG. €llis t: 8r I R.diol 46:529-537, 19731
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TABLE f 4-3. TDFs for Three Trearmenr Dayslweek

Numbcr ol frections

4 5 6 I 10 12 t4 t5 15 18 20 22 24 25 26 28 l0 32 34 35 36 ao

I ? ):l I ::,. : : 1 2 2 2 23 I I 3 r,r; ; : i; : : :: :.:.:.: 1 | ; ; ; ; ; ;,;; i i i : :,:,1 ,: .: 13 tg lt :,1? 13 ri rl ri .';.';;;J 4 4 6 7 910',t1211151518191;;;;;;;;;;L;;;;

: Z i,i l: l: l: l: 11 l? ll I zi zi zt zg zt 33 36 17 38 d2

Dosc/
laction

(r:d!

20

10

50

80
.100

110

120

130

140
150

160
.t70

180

190

200
210

220

230

240

250

250

u0
280

EO
300
320

J.l0
360
l80
400

izo
.l.a{l I

460
.tE0

500

520

5.f0

560

580

600
700

800

900
r@0

s 6 7 10 12 ls rz ls 1e 22 21 i, i;, ti ;, ;:, l; ;; ii l;12 l:6 7 8 11 14 17 19 2.t 22 25 Zg:o 13 35 t6 19 42 11 47 4S 50 556 B 9 13 16 19 22 24 2s 28 31 ii ja:g o,t 4t 47 so 53 s5 56 63. 7 9 11 t4 1s 21 2s 26 28 i2 35 i9 .ii oo oa 49 53 56 60 Gr 53 708 10 12 16 20 23 27 2s 31 :s :g ii oi og st s5 s9 62 66 6a 70 7Ee 11 13 17 22 26 30- 32 :s :g oi oi si y sE Go 6s 6s 7J 7s 7s s69 1214 19 24 28 ll JG 16 ot or szli sg ez aa n zG so s3 8s 9510 13 16 21 26 3r 36 19 41 17 52 57 iz ds sz 72 't._-"3 88 90 93 103rr 14 17 22 28 34 39 42 4s s1 ss Za i) zo 73 7s a4 gu gG 96 r0r 1r212 15 18 24 lo rG 13 46 49 ss e, ii jz 76 79 85 91 9z r03 1oo ro9 12213 16 20 25 33 19 46. 1e s2 sg es i'z |g sz as 92 98 .t05 111 115 rrs 131''f 18 21 28 35 12 49 s3 s6 tz io i ii oo gz 99 106 1.r3 120 123 rz 1{.115 19 23 30 3s 45 53 57 60 68 7s 83 io gl go 106 113 121 126 132 136 15116 20 24 32 40 48 s6 60 64 lz ao ii si .,0., ros 113 121 129 137 1.t1 r4s .16117 21 26 31 13 51 60 5,t 6s n 86 g. ror ioz 1.t1 120 129 r37 146 150 r541s ?3 2z J6 .16 55 64 68 73 s2 91 1oo iog irr rra n7 87 1q6 1ss19 21 29 3e .r8 50 68 72 n az ge roe .,ii ia r:s 13s 14s 1i.r20 2s 31 11 sr 51 7.t 7G s2 g: roz rii .tii izz l:: ror rs:l? z] 32 43 5.r 65 7s Er 65 97 1(B 118 129 1ls 140 ls1
11 ? io 4s 57 68 ze 85 er roz .'r: .,zi .,ji iiz roz rss2s Jl 38 50 63 zs EB e4 100 rrr rzs r:i .rio is, .,er
27 31 11 55 69 82 95 lol t1o 12,r 137 15r30 lo .5 60 75, 90 ros r13 r2o r:s rso risJ3 ,.r .t9 65 82 9S 114 rz2 13t t47 163l5 4a 53 71 68 106 12.t 112 1.1 15938 $ 57 75 95 11,f 133 r4l 152.lr 51 61 02 102 123 i.r3 t5J..4 55 66 E8 10|t 131 15i
17 58 70 93 117 140 16.r
50 62 75 1OO l2,t 1{9 174
53 65 79 106 132 159
56 70 E4 1r2 11o 168
59 7{ 89 n6 1,t8 178
63 78 9.r .t2S 

155
56 82 9lt 132 165
83 lo,t 12S 167

101 128 15.1

123 15!t

145 l8.l

(Afrar Onon CG, Elti: F: 8r J Rrdiol a6:529_537, 1973 |
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TAnLE 14-4. TDFs for Four Treatment Davs/Week

Number ol freclionr

5 6 8 r0 12 14 15 16 r8 m t2 24 25 26 28 l0 32 34 35 16..40

2222223333314
5 5 6 5 7 7 I I 9 9 91011

3 I 4 5 6 7 I I 91011 1213131.t151517181820
4 5 6 I 9'11 12't3 14 15 17 19 20 20 22 23 25 27 t 28 11

6 7 9 11 11 15 17 18 20 22 24 26 28 n 31 33 35 37 39 40 4.1

6 0 10 13 15 18 19 20 23 26 28 31 32 33 36 3E 41 13 15 46 51

6 7 9 12 15 18 20 22 B 26 n 32 35 36 38 41 .11 47 50 5'l 53 5E

7 01013 16 20 232526 3033 35 lo41 43 46,19535658 5966
7 9 11 15 18 22 26 28 30 33 37 ,r't 44 16 18 52 55 59 63 65 67 74

8 10 12 15 21 25 29 J1 33 37 41 45,19 51 53 58 62 6 70 72 71 E2

9 11 .14 18 23 27 32. 31 36 ,r't 15 50 54 57 59 61 68 73 n 79 82 91

10 12 15 20 25 30 35 37 40 45 50 55 60 62 65 70 75 E0 E5 E7 90 100
1l 14 16 22 27 33 38 11 ,t.{ .r9 5.t 60 65 68 71 76 82 07 93 95 98 109
12 15 1E 24 30 35 4',t 14 17 53 59 65 71 71 77 83 89 95 101 103 105 118
13 16 19 26 32 38 45 4s 51 58 64 70 V 60 83 90 96 102 109 112 1'r5 12E
14 17 2'l 28 34 {l 18 52 55 62 69 76 83 86 90 97 103 110 117 121 124 138
15 19 22 30 i7 41 52 56 59 67 71. 82 89 93 96 1(x 111 't19 126 130 133 118
16 20 24 32 40 48 56 60 .63 71 79 87 95 9!' 103 111 1r9 127 135 139 143 159

17 21 E 3.t .r2 51 59-E-6S 76 S5 93 102 106 110 119 127 136 1/r4 1.r8 152
$ 23 A 35 .15 5{ 63 68 72 81 90 E 1OO 113 117 125 135 11.t 153 158
19 2f 2!l 36 /t8 57 67 7L n 86 96 105 115 120'125 't34 144 153
20 25 30 {1 51 61 71 75 61 91 102 112 't22 127 132'142 152
n , t2 .13 5.1 6,t 75 81 86 97 107 118 129 134 140 .150 151
23 2E 31 45 57 68 79 85 91 102 113 125 136 1{2 147 159
21 30 36 48 60 72 84 90 96 107 119 131 143 149 1s5
26 33 ,r0 53' 66 79 92 9,!' 105 119 132 115 158 165
29 35 .l 56 72 87 r01 10!t 116 130 145 159
t2 10 17 63 79 95 111 119 126 112 158
lrl 43 52 69 86 10t 120 129 137 155
37 16 56 7.1 93 112 130 :139 1a9 167
10 30 60 80 100 120 1,n 150 160
{3 5,r 65 E6 108 129 151

46 5E 69 92 115 13E 161

19 61 71 98 123 l.tE 171
52 65 79 105 131 157

55 70 83 111 139 167
59 74 E6 116 10 1n
52 78 9,1 125 155
65 82 9'1, 132 165
69 87 l(X 139 173

88 'r10 132 176

10E 115 162
129 162
152

(After Onon CC, Ellir F: & | Rrdiol af:52!-537, 1973 )

lzcE s38l

l-to<c/
lrrclion

{rr<l}

:0
40

60

00
100

110

120

130

110

150

1 rto

r70
180

190

:00
210

220

240

250

260

270
280

290

i1n

l{0
160

180

100
120

{{0
.fo
180

500

520

540

560

tB0

500

700

t@
!00

r000

0'r1'll1
122331 44

242
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TABLE 14-5. TDFs for Fivs f3s21rnq^1 DayslWcek

Number ol f nction:

5 6 8 t0 12 14 15 16 18 20 22 24 25 26 28 30 32 34 :S. :e lo

(Afler Orron CG, Eilir t: Br I Radiol t6:529_5j7,1973 l

Dose/
frrction

(r:d)

'I t 1 1 1 2 2 2'2 2 2 2 3 I I 3 I 3 J 42 2 3 I 1 1 I 5 6 6 7 7 7 I I 9 9.t010113.5 6 7 6 E 91011.12131315161218181921
5 6 6 10 11 12 13 15 16 .18 19 20 21 23 24 26 T 28 29 327 9 11 14 16 17 18 20 21 25 27 2a 30 32 34 36 39 40 /r1 458 11 13 16 18 20 21 24 26 29 '32 33 34 )7 39 42 15 46 17 539 12 t5 18 21 23 24 27 30 33 36 3S 39 42 45 48 51 53 54 5010 14 17 20 24 26 27 31 34 37 41 43 {4 48 51 5{ 58 60 61 5811 t5 't9 23 27 29 3.t 34 3E 42 46 4S 50 53 57 61 65 67 69 7613 17 21 25 t0 32 34 38 42 17 51.53 55 59 64 68 72 74 76 8S1{ 19 23 28 33 35 37 12 47 51 56 58 6.1 65 70 75 80 82 8{ 9(15 21 26 31 t6 39 41 45 51 57 62 64 67 72 n 82 87 90 92 r0317 22 28 34 39 12 45 50 56 62 67 70 73 79 81 90 95 98 101 11218 24 31 37 .J 16 19 55 61 67 73 76 79 E5 9.r 97 lfi 107 110 1Zl

1 J6 33 ,t0 {5 19 ;53 59 66 73 79 sZ s6 92 99 tOs 112 115 119 13221 28 16 13 50 53 '57 U 71 78 65 89 92 99 107 11{ 121 121 128 1{22t tl 38 16 53 5Z 61 69 76 8. 92 95 9t 107 115 122 130 134 137 15325 33 41 49 57 61 6s 71 E2 90 9E 102 1oG 114 123 r31 139 1,t3 r1z 16326 15 44 52 51 65 70 79 67 95 105 1c, 113 .t22 t3t 140 t,rg tS3 15728 37 16 56 65 70 74 84 93 102 112 115 121 130 139 149 158J0 ,f0 49 59 69 71 Z9 S9 99 1c, 110 123 1ZB 138 140 1S831 12 52 63 73 7E 81 94 105 115 125 131 1J6 146 157
13. 1{ 55 66 77 63 89 1oO 111 122 133 138 144 155
35 17 5E '70 82 88 93 105 117 128 140 146 152
37 19 6i 71 86 92 9S 111 123 135 110 154
11 5.t 68 82 95 102 109 122 136 119 153
15 60 75 09 101 1.t2 119 134 149 154
.9 65 El 98 11.t 122 .t3o 147 163
53 71 80 106. 124 133 142 159
57 n 95 115 13.t 1,14 153
52 63 103 124 14. 155
67 89 111 133 155
71 95 1t9 112 166
76 101 1U 152
Et 108 135 162

85 115 113 172

91 121 152

96 128 16r
102 136 169
107 113 179
136 161

't67

6
t

T

9

10

11

tz
tl
14

t5

18

19

20

22

23

25

26

28

29

31

l{
37
11

11

16

s2
55

59

63

67
72

76

80

E5

89

113

139

167

)
6
a

6

9

9

10

l'l
12

l3
1,1

15

16

17

19

20

21

22

23

z5

a
30
33

35
3E

11

11
a6

51

5,1

s7
5l
u
58

71

91

111

133

157

.t0

60

EO

100

110

120

130

140

150

160

160

190

200

220

230
2,10

250

zffi
270

280

290

300

320
340

360

l80
400' .120

110
460

180

500

520

5,r0

560
580

600
700

800

900
1000

.,rt
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