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o ' . - concerned in the causation of the two clinical types may
: ADULT LEUKAEMIA :

: be different* There is, for example, ro evideuce to

f TRENDS IN MORTALITY I\ RELATION TO " impliczie ionizing radiations as 2 cause of chronie
AETIOLOGY iympbatic 'leukaemia, although ther may cause acute
b B‘; ' . Jevkaemia and, perheps 1o 2 less exien1, chronic mveloid
b3 B

' . feukacmia. The distinction between. chronjc Iymphatic,
SOW. M COURT BROWN, M.B., B.Sc, F.F.R. chronic myeloid, and acute Jeukeemiz ‘czn, mereover,
-Director. of rthe Medical Research Council’s Group jor be made by cylological examinztion with some
%. - . Research on the General Effects of Radiation, confidence, wheresas the ‘distinction beétween the various

. - Western General Hospital, Edinpurgh types of acute leukaemiz Is Joss certain and Giercages —————

) D ‘ of opinion 2bout the correct cytological classification of
s individual cases are common. Hospital data suggest
CE ‘ R‘.. DOLL, MD, ]?'5"" F‘R'C‘P - ... . that the proportion of ucute cases diminishes steadily L
4 Dep-u{y Director of the Medica] Re;secrch Council's with zge, that the mortality from both types of chronic S
Statistical R“e‘”cg II{"‘“‘, ﬁ}o’i‘f"s {f‘”’d, of Hygien " leukzemia rises progressively from childhood, and that L
, and lropical Medicize the bimodal form of the age distribution is confined to Ll
. _ . . . . the acuie cases MacMzhon -apd Clark, 1556). :
Variations in the mortality attributed to lenkzemia > oot (MacMz 6 ¥

. throughout the world have been reviewed by the World n*‘k‘n‘t’visetb%?giité dthiir:ﬁgri’a:ﬁ)a;f?fdzgau?l?dof, mt:;:::.
. Health Organization (1955) apd by Clemmesen and todgsbow t?en&gsi ortality foré ¢ )-chrzo i Iv;rhatic .
Serensen (1958). For all countries for which figures . 0 mC - LoF \@j.chrome lymp
p L p P leukaemiza, {4} chronic myeloid leukzemia, and {c} all
re available, the data agree in showing that: (i} the forms of acute leukaemia ouped together.  An
rcrude death rate has increased steaditv over the past 3 . P groupes tog i’
2 X PIP- opportunity to do this was provided by the Registrar-
210 40 years ; (2) the male death rate has invariably been N =
£ ‘ o General of England and Wales wher he exiracted
: greater than the female rate, though never as much as b . Py
B o . information from the records of all persons certified as
“twice as great; and (3) the. death rate after being B* . N s
: T A dying from leukaemia between 1945 and 1957 and made
arelatively ‘high in the first five vears of life falls to a it available to the Medical Resezrch Council for the
sminimum beiween tbe age§ of 20 and 34 Years and . caleal Resear. Soen for i
v . A e purposes of another invesiigation. It has been possible
#then rises zgain at 2ge 35 years and above; in all to use this information to reclassifv the cases and o
=countries ‘but Japan the peak mortality in old age has 'caicu~late separate rtalitv rat ‘% . ;h" iefnte and’
sbeen substantially higher than the peak in childhood. - Separale mortality fates for ihe ac 3
¥ Th b ] i Te dist ] chronic forms of the disease. The. present paper relates
§ Ihere are, ovse_u;:r, considerable diferences berween [ Tope data that have been obiained for zdults aged
‘countries in the level of the death rate. Thus the crude 4 vears and above. The trends in mortality in ,
"Tates bave been highest ig Denmark 2nd the US.A. childhood bave been discussed in detail elsewhere .
2nd lowest in Fire znd Japan : in 195G-2, for example, an s, 5 ~ .
. ; i {Hewitt, 1955 ; Burnet, 1958),
.the Danish rate for males was 73 per million, the rate S i
<in the US.A. was 71 per million; 2nd those in Eire and ' Results
Japan 35 and 20 per million respectively. The rete in Full information about the clinical and cytological
-England and Wales was intermediate 2t 49 per million.  typas of the disease is not provided with all death
“The differences are not due to variations in the zge entries ; the cases were therefore initially classified into
‘distributic‘ms of the populagion_s, since the diferences the fol%owing nine groups: (1) =scute ly'mphatic
"between death rates standardized Ieukaemxa;_ (2} chronic lymphatic “leukaemia; (3)
(Registrar-General, 1958). - Iymphatic leukaemia of unspecified clinical type;
Since 1950 some countries have clzssified leukzemia © (4] acute myeloid !eukaemia;. (5} chronic myeloid
deaths into several categories, ascording to  the Ie;‘zka‘emxg;(ﬁ) myeloid qukaemxa of unspecified chgxca!
‘Tecommendzations made in the Zwrerngrional Liss of upe: (7) acute leukaemiz of other and unspecified
Causes of Dearh (Sixth Revision). The Registrar. cym}ilog;calk types, iévgluding'mfnzcyﬂc feukaemia féﬂg
General (1958) has reviewed the data for Epgland and  ervthroleukaemia ; (8) chromic eukaemia of unspecifie
Wales and published separate data for the morizlity cytological type; and (S) leukzemia act otherwisg
by sex and age and for the trend in mortality with  described, . .
time for (a) Ivmphatic lenkaemia, (4) myeioid leukasmiz, Deaths attributed to plasma-cell leukeemia have been
.(cg monoc}{l_tic leukaemija, apd {d) acute leukzemiz excluded, as it was thought that they ought to be
OL unspecified type. These data show substanial classified with multiple mveloma. .
diti:eg'enc?s between the .diﬁ_“cregt Wpes. The most Male death rates from ezch of these categories of
striking is that the age distripution in both lympbatis  feukaemia are shown in Tables 1, 1L, and I for the
and acute unspecified Ieukaemla.xs t:u_nodal, with Shar?  three periods 1945-9, 1950, ang 1955-7. 1In each
rn::sm;_zrmmeiggi ;hgg}c;mdoini ltll? O;G ;435, wherees the  periog tfhe ratle; ?;e shown seg%araxe}y fox:i ﬁVe-years age
4 monocytic jeukaemiz increzse groups irom 15-19 vears to years and over. Since
slowly with age and at no period fall much below the 1950 the Registrar-Gegeral bas inguired aboui the
devel recorded for the first five vears of [ife. In contrast cviological type whenever this has been omitied from
the trend in mortality since 1950 js simiiar for all types.  the initial certificate, and it will be seen that the
At the age of 15 years and zbove, the montality of ezch  proportion of dezths attributed to “ leviaernia,” withoat
t_vpe'bas Increased, whereas below this age it has further spceification, has fallen substantially.  The-
remained stationary, proportion of deaths zttributed to lymyphatic leukaemin
List  or 10 myeloid Jeukzemia, in which the descripticn of

for zge are even grezie

The clessification used in the Irrernctiong!
failed, however, to distinguish between the acute and *The classi
the chronic farmy of the disease : this is unsatisfzcrom:
as there is reason ‘o suppose thut some

h fication bas been modifies in the sevenih revisior of
¢ List and bhas heen vsed by the Registrar-General of England
& Wales for aii Jeukacmic deatbs occurfing since the end of
1957
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TaBLE YV —Estimcted Ma
Aecute Leukasmia, per

1o Death Rates
Million Living,

jrom Chronic Lv.
England and Wales, 1945-9,

mphatic Leukaemia,
19504, an

Chronic Myeloid 'Leukaemirap
d 1955-7; Subdivided by Age =i
A______;—L——vm

¢ } Chronis Lympratic Teukaemia Chronia Myeloid Leukaemia Araote Leukaemia .
Years) | T
TS P ariad 19557 19458 19504 1 19557 19504 19557
: [ ! G0 05 06 o4 | o7 26-6 282
i [i% i 0.4, 0-0 1-8 1-4 | 18 19-3 231
{ 02 T 3 08 20 24 33 182 175
i 0y 7 03 33 34 3-0 151 200
15 12 13 40 51 69 214 208
\ 2.4 17 39 43 58 S-S 243 276
S 5% 63 68 73 77 99 320.5
i G- its S &d 84 91 11-5 : 3 34!
i a2s 245 21-8 73 137 122 40-6 495
| 12 372 338 140 270 543 63 ¢
i 380 59-0 62:4. 260 28- 277 66
432 &a-n : £41 221 - ! 323 564
£33 §0- 1121 287 387 4 59-3 569
285 713 1376 62 27T f 598 514
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 Tapte 1.—>Male Death Rate from Lewkaemia per Million Living, England and Wales, 1945-9 ; Subdivided by Age - 5 lhe cl
- arud by Type of Leukaemia necess
the tr -
Acute Chronic | Unspecified | Acute Chronic l Unspecified ; ‘?n‘f;;c"".: 4 pecifed | rspecified {  Total ‘assess
Lymphatic | Lymphatic Lymphatic | Myeloid Myeloid Myeloid | Acste Lenke . Leukaemia { Leukaemia, thera '~
. ukeemia e 2
597 027 2:44 570 0-41 1-36 - 515 2401 age, & .
2:68 0-25 1-39 265 083 2-39 503 1-26 1675 ages
153 012 133 326 133 1-69 3.64 057 1427 lympt
153 037 224 597 199 368 357 161 2. Y
18 122 54k pE 35 3% % %l % where
5% 2 2 8 = - % - 648 .
325 143 % 593 387 &07 752 353 3768 proba
398 415 747 465 3.65 8-30 8-31 548 1616 that t
315 778 14-83 686 3-13 9-63 §15 797 6208 .
534 12-59 21-56 662 534 1430 8-32 1238 2752 thase .
462 1669 2106 770 13-10 1515 §22 11-81 - 98 . o
656 15:88 2571 449 89 14-85 308 1278 10361 age, t
7-59 1752 2862 350 876 18-11 643 593 102 “ the ty
473 13-2% 11-35 2:84 1-89 g-51 473 {8l 5580
sz 5o | 7 | 48 18- 643 606 e 1966 For
1S yrs. + | ! i of th
] . } . . lympt
Tasie 1l—Male Death Rae from Leukaemid per Million Living, England and Wales, 19504 ; Subdivided by Age atirib
. ‘ . and by Type of Leukaemia : PCFSJ(‘
. N : . - : Otker 20d 0.27-
Acute Chronic | Unspecified Acute Chronic | Unspecified R z2 -
Lymphatic | Lymphatic Lymphatic | Myeloid Myeloid Myeloid | 4, ;’Kgm deser!
702 0-00 239 9-26 0-30 239 - millia. -
472 029 ©o23 586 1-00. 243 429 .
3.17 013 140 660 178 2:92 44 acute
362 030 11 5-45 2.49 274 3 . 5974 .-
~ 308 077 153 770 233 462 & g
.5-00 15 2L 875 383 588 € 0.38,3
378 327 505 571 5-05 732 208 rat
239 629 £05 9-66 5-56 878 628 ates
533 1272 1487 11-11 - 752 13-26 9 :
773 20-33 2137 1404 1111 15:86 1%
8-43 5168 1 3188 17-58 15-84 2478 17-63 280"
773 s ¢ 3 15:56 19-96 2774 1218
W33 -0 3862 1270 20-11 2646 13-
330 3630 1 3463 1813 9 2302 1073 .
— 2¢5 .
Al ages | 474 754 | $-75 9-48 5:51 §70 747 e
fyes. !
: ‘ ) . 260
TasLe HL—Male Death Rate from Leukaemia per Million Living, England and Wal ; Subdivide ‘
. and by Type of Leukaemia i 220
Acute Curonic “ Unsmiﬁed: - Acute Chronic | Unspeciiied Other and ! aspecited
Lymphatic | Lymphatic Lymphatic | Myeloid Myeloid Myeloid A;m Leukaewia 200
7-56 0-51 L oLz 878 024 220 85s 049
» 6-10 ©0-00 099 7-80 1-46 1-95 537 073
. 292 067 0-67 652 2- 292 518 o2 2 ‘8o
332 o2 - 12 736 -2 269 550 042 a
3 o83 176 9-45 5. 285 5:51 o4 s
3.33 312 167 10-81 3 6386 728 021
594 451 3-69 1209 5 615 677 - 123 Z 5o
421 621 488 1375 8- 776 865 . 111 °
371 1469 953 19-31 8- 1198 . 12:20 1-03 r
§.57 2564 1651 15-14 17:08 1939 1847 234 2
10-54 3544 3165 2447 17:2 2237 16 5.1 % 20
1174 4R €3 4027 369t 2624 3300 | 2373 7
1381 69-07 7-29 3539 39 3388 | 2852 6 <
1095 8304 5495 21-94 2504 2% 853, Y
All ages 572 10-69 828 1344 789 872 | 153 w
{5 yrs. = i t s
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the olinical type is omitted, hus also fallen, and it is
nevensary to take both these changes into account before
ihe ttend 0 mortality for the various types can be
asseseed. From the Tables it is seen that in each period
the ratio of chronic to acute cases increases sharply with
ige, and it is reasonable to assume that at the younger
ages the great majority of cases described as, say,
lymphatic leukaemin were teally of the acute type,
whereas at ages 55 vears and over the majority were
probably chronic. The most reasonable assumption is
that the preportions of acute and chronic cases among
those in which the type was not described were, at each
age, the same as the proportions among those in which
the type was described. .

For example, in 1945-9 at ages 15-19 years, the ratio
of the death rates attributed to acute and chronic
lymphatic leukaemia was 5.97 to 0.27. The death rate
atributed to unspecified lympatic leukaemia was 244
per_million, so that it is assumed that a further

537

i XD, v ;
o357 244 per should have been

desertned as acute leukaemia and ———ﬁ‘: X2.44 per
027+397
The estimated rates for

million

miflion as chronic leukaemia,

* zeute and chronic lymphatic leukaemia then become

3974233 (ie, 8.30 per miilion) and 0.27+0.11 (ie.,
038 per million) respectively. Similarly, the estimated
rates for acute and chronic myeloid leukaemia become

2804
ALL ~— 1955~7
. LEUKAEMI A '
2654
z-:oJ
z:eJ
2004 -
3130-
I \ ‘
2 AY
5 160~ '\\
3 \
e \ .
X 1ap - Yoreso—g
. .
-
¥,
N
5.
<
o -
2 1 -
i
1
|1
1
19459
“a 20 40 5o @ 70 26 so

AGE N YIARS

.
81g, L~MFarality from al! forms

of leukiemia among men at

= differeny 42ss (from 15 yers upwards) in England and Wales in

1945-9, 1950, and 1955-7,

6.97 and 0.50 per million. Very few deaths wers '

attributed to chronic leukaemia of unspecified cytological
type (0.13 per miilion men in this age group during this
period). If it is assumed that they were distributed
between chronic lymphatic and ~ chronie myeloid
leukaemia in proportion to the estimated death rates for
these two conditions, the -Fate_for chronic Iymphatic

feukaemia becofnes 0.38+—— 0.38, X0.13 (e, 0.44)

- _ 0.38+0.50
per million and the rate for chronic myeloid leukaemia
) (URTT)

becomes 0.50+ 0.38-0.50 %0.13 (ie., 9.57) per mllhoq.

Finally, it is necessary to make some assumption
about the true classification of those deaths certified as
140 19557
20 CHRONIC LYMPHATIC
z . .
g LEUKAEMIA -
- iCO
[e]
3
= 804
« v 19504
3] .
% 604
u
-
B
[:4
.. 404
T
™
& . N
e 1945-9
2 2o / :
7/
154
O T = T v 7 - .
20 30 49 50 g0 70 20 so

AGE IN YEARS

Fi16. 2.—Estimated mortality from chronic lymphatic_leukaersia
among men at different agss (from 15 years upwards) in England
and Wales in 1945-9, 19504, and 1955-7.

due to leukaemia without qualification. The rate
attributed to this category of leukasmia was 2.58 per
million. It has beén estimated that, apart from these
dealbs, the rates attributable to chronic lymphatic, chronic
myeloid, and acute leukaemia were 0.44 per million,
0.57 per million, and 20.42 per million (8.30 acute
lymphatic, 6.97 acute myeloid, and 5.15 other and
unspscified acute leukaemias). If the unspecificd deaths
were disttibuted in the same proportions the best
estimates of the mortality attributed to the three selectad
types of leukeemia at ages 15-19 years become (.50,
0.64, and 22.87 per million respectively. These may be.
compared with the uncorrected rates, derived from the
caths specifically attributed to these types of leukaemia
on the death entries, of 0.27, 0.41, and 16.82 per million,
The best estimates of the ‘age-specific male rates for the
three sslected types of leukaemia in the three periods
1945-9, 19304, and 1955-7 are shown in Table IV and”
the trends in mortalitv are illustrated in Figs. 1 and 4.

From Fig. 1 it is seen thot between 1945-9 and 1955-7
male mortality from leukaemia has increased at all ages.
Beiow the age of 60 vears the increase has been af the
order of 25, but at age 70 vears and above the rate
has more than doubled,

All three types of leukaemia have participated in the
increase at the older ages (Table IV and Figs. 2, 3, and
4). At ages under 60 vears the increase hag been largely
confined to acute leukaemia, although there has also

een some slight increase in chronic myeloid leukacmia,

~
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The estimated mortality from chronic Ilymphatic
leukzemia at these ages has remzined practically
- consiant, - . ]
The change in mortality with age differs sharply
between the various types of the dicease. With chronic
Iymphatic leukaemia the estimzted nember of deaths
beiow the age of 30 years is so smail that it'is not
possible to recognize any pariicular rejztionship, but
above this age the mortality increases rapidly, and in

z 807

w

= -

4

O 604 : 19557
] - CHRONIC MYELOID

5 LEUKAEMIA

o 40 4 :

u \

L \

A

w RN

%20 Y\ N 1950-4
c \

x 104 .\

Py | 1945-9
3 -
w0 7 = g T g : ———
© 45 20 30 40 SO 60 70 &0 90

AGE IN YEARS

F1G. 3.~Estimated mortality from chromic mj‘eioid_leukaemia
among men at different ages (from 1% years upwards) in England
and Wales in 1945-9, 19504, and 1955-7. i

{20

. ACUTE
120

z LEUKAEMIA

z N

Pk 1955-7

>

=

= to-

o ~ 1950-4

W X
R -8

£ TN

< ~.

@ ~ 1945-9

NN

T 204 N i

N Ny

g

o 3 T T —
15 20 30 . 40 . 50 60 0 . 8O 90

AGE IN YEARS

Fi6, 4~FEstimzted moriality from zcute Igu};a:n‘ﬁa amang men
at different ages (from 15 years upwards) in England and Wales
in 1945-9, 195G-¢, and 1675-7.

the latest period the increase continues into the oldest
age group. In this period, it may be noted that between
the ages of 30 and 80 vears the estimated mortality
increases approximately in proportion to the sixth power

TARLE V.—Estimated Female Death Rates from Chronic Lymphetic Leukaemic, Chronic Mye,

of the age. With chronic myejeid levkazenia g
estimated mortality increzses with zge from 15 vee.
upwards. «nd the mortality increases approximately
proportion to the third power of the age.

With acute Jeul.semia the general shape of tihe cury |
relating mortality ¢ age is diterest. . The mortai;
falls from zge 15-19 vears to a minimum: at about 25~
years and then increases slowly 10° 2 maximum =t &La
70~74 years. Between the ages of 45 and 74 Veurs, W
the rate of increzse is greatest, the estimated morizhy
increases approximately in proportion with ihe zps 1
the power of 5/2. This rate of increase is shigh sy
slower than that recorded for chronic myeloid {euhiscr
and is clearly distinguished from the rate of increas
observed for chronic lymphatic leukzemia,

Death rates among women have been calculaied i
the same way as the rates shown for men ip Tabler § ¢
I, and III. The total female mortality from: feukac
and estmates of the rates atributable io chroui:
lymphatic, chronic myeloid, znd acute leukaemia e
shown in Table V for the three periods 1945-9, 1950,
and 1955-7. The increase in mortality among women
has been slightly less than among men doring the Jast
few years, so that the sex ratio for all types &t all ages
has. increased from 1.2 to 1 to 1.5 to 1. The
trends in mortality with time znd the reiutionships
between mortality and age are, however, similzr in both
sexes. The only exception is that emong women there
is no evidence of an increase in the mortalily atiributed
to chromnic -myeloid leukaemia below the age of €0
vears, . : ' :

t is striking that 2t most ages the sex rztio has z
distinctive value for ezch of the three types of jcukaemia
studied. In tbe lutest period the crude ratic {07 chronic
lymphatic Jeukaersja wae 2.0 to 1, for chroniz myeloid
leukaemia it was 1.2 to 1, and for acuic ijeukaemia it
was 14 to 1. All the rztios have increased since 1643-9,
but they have maintzined the same hierarchical order.

Sources of Error

It has been possible to calcnlate separate moriaity
rates for chronic lymphatic, chronic myeloid, and acuie
leukaemia only by making the assumption that, at each
age and at each of the periods studied, the cases of
leukaemia which were incompletely specified were, in
fact, distributed among the three types in the same
proportions zs the cases in which the type was given.
If this is not so, the data in Tables IV and V will
be inaccurate and the conclusions based on them
correspondingly weakened. The proportion of cases

loid Leukacmia, and

Acute Leukoemia per Million Living, England and Wales,1945-9, 1956~4, and 1955-7 ; Subdivided by 4 e

Age Chronic Lymphatic Leukaemiz ' Chroaic Myeloid Leukaemia Acuie Leukaemia Toial Leukaemia
'ears n

o ‘ ) 19459 | 19504 | 19557 | 19455 | 19504 | 19557 | 1osse 19504 ! 19557 | 19459 ] 19504 1955-7
15~ 00 00 | o0~ o4 | o¢ 13 16 3 1- 158 167 | 171 14
20- 09 02 i 00 | 10 2 00 108 39 127 | . (20
25 04 04. 1 03 I 24 i 2.9 01 17-3 126 i Y
30~ 05 ¢s 100 | 37 25 1-5 130 170 171 ! 153
35 08 | 13 03 | 35 -] 39 32 167 5 176 209 2
40- - 23 [ 17 -4 | &0 I 2.6 66 16:0 226 21-5 223 | 2.8
45 8 i 22 2:6 51 Fd 106 20-6 226 248 506 375
50— 35 | &4 ‘ 46 | 94 f 123 88 22.6 24.8 295 355 | 223
S5 8¢ | 105 92 . 139 | 170 12:2 221 340 351 423 | 504
60~ . 128 i 184 166 | 154 | 319 210 327 366 2462 610 i 228
65~ 18-1 253 194 1 243 Zog 263 32§ 5:-0 573 712 102 ¢
76— 243 39.4 429 | 192 | 309 248 284 253 825 718 | 13
75— 213 409 576 1 1S | 393 327 - 332 416 G687 600 13
80+ 320 | 269 03 B o943 233 336 | 62 277 422 427 |

Al ages [ 53 ! §3 l 83 | YT i 103 57 l 19-1 256 270 321 |
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"avmch were described x;mplv as leukaemia was. however, The dzta for ChTO"IC myeloid lepkaemis v -\i'f?':;
'-x-mn—-oi the order of lO,‘, in each age group in 1945-9, assess.  The estimated.rates show an inCledst at most

V-'**, in 19504, and 27 in 1955-7—and any ervor due w ages for men which is comparable with the increass for . o
2 whe wrong alocation of cases in this group cannot have - acute leukaemia. There is, however, no sim -

Ukaepud l;_-
om 15 vear,
OXimateiy ;.

of the Clrve oreen Jarge: The main possibility of error ligs in ﬂn. in the female rates, and, in view of the smait rumber

€ mortal, S “Hassification of the fairly large proportion of cases  of cases on which the rates al tle vounger aues u:v based )
abour 2505 @gvh)ch were described as lymphatic or myeloid in, the last period, it _seerns preferable 1o suspend . -
um at ggq, Weukuemia, without reference to the clinical type. The iudgment on the trend for this type of leukaemia until -
YERrS, Whey ')f;oe distribution of these cises was, however, intermediate  more data are available,

>d mortaljy, - fZberween the age distributions of the acute and chropic The sharp differences revealed in the sex ratio of the

: tbe age 1o zises, and they cannot have consisted wholly of -cases mortality rates and in the rate of change in mortality i
> s slighyy -one type. Apart from the oldest age groups, the  with age provide evidence that the causes of the three :

d leuksem,- 3 :tes attributed to these types of leukaemia were fairly types of leukaemia are distinct. The relztionship - .

of increag xonsiant in the three periods studied and the allocation  petween age and the death rate from chronic Iymphatic

of the unspecified cases 10 acute «nd chronic jeukaemia  jeykaemia is jdentical with that recorded for most

slculated 1. in other proportions would bave litile effect 'on the epithelial tumours: for the purposes of comparison the

2 Tebles 1 parent trends in the mortality. so long as the relationship between age and demth rate for cancer of . .
- few the stomach and for chronic Iymphatic leukaemiz is : - ;
haems: : . - X 2 P A '
o chronic shown in Fig. 5. This type of relationship is consistent )
‘aemia arc . . L '
-9, 19504 1 ilar to those reported for morb)dm bv M chahon ©03 CANCER OF ‘STOMACH (M)
28 Wome ' d Clark (1956), and it is reasonable to beheve that P . .
28 the i&:l thcv mll not requnre serious modification. —t cHR LYMPIATIC LEKAERIA (1) -
it gll agcs - OO CHR, LYWPHATIC LEULAEMIA (F) .
:l- The : - - T U ol ’
ationships General Aetiological Considerations z . .o
I‘ In hoth It is uncertain whether 1he incx"d in the mortality 3 ) .
aen there H - .
attributed <
ge of 0 &
" > . - - "‘:2-0
. vit may have resulted from the introduction of a new g
tio has = leukaemogenic agent at some time in the past, such that
: 3 . £ [
uukacmzd itis only recently that men and women can have reached 3
"ch-’ﬂﬂ}t . he old age groups and yet have bzen exposed 1o the @
mﬁ'?lm_d new agent at 2 suscepiible period of their lives. There § .
aemia i fg-‘has however, been no eguivalent increzse at vounger -
1945-9, ages previously, and 1t seems more likely that much of B
order. ._4&4‘“ the increase. at age 65 years and over is due to N
i 'mpm\'ements in dla°n0515 and in death certification. A .
] ’*lar"e increase in mortality at thess ages has been-
Aortality’ S recorded for several other causes of death (for example, © .
) : 32
id acute v cencer of the lung and gastric ulcer) and a large decrease .
at ezch = has boen observed in the deaths attributed to seniiit}x o5 -
‘ases of oo Between 1947 and 1956 (the mid-vears of the firet and 4 - Lacb{ma n YE;:‘«S 2x) *8
vere, in ke the Jast of the periods studied) the death rate attributed Fic. 5—Relationship bewieen age and estimuted moralisy from
;. FTiens $199 e . —_— 1HMat aliy
e same “1o senjlity fell from 97 to § per million atﬂe.g:S 65-69  chronie lymphatic Jevkaemia in men and in women in 1955-7
3 given. 2 vears, from 872 to 252 per million at ages 70-74 vears, compa;ifd with lhcigglﬁauogght,; obce}rved ffo;l' cgznc%r of tha
7w HEH 10 147 Bk 5 75-79 vea stomach in men in 1956. ¢ logarithm of the death rate per
V will b3 from.S,SSS © 1,420 per mdhgn. at ages 73-79 years, and million persons is piotted ageinst “the logarithm of the age jess.
1 them ~from 18,689 to 8,586 per million at age 8¢ years and 24 years, for ages 30 yeass to 74 yesrs.. The straight line lhmugh

£ ' [ { : ie rtunity ¢ rily ve the best fit, subjeci
f cases 28 over. There has therefore been ampie opportunity for the points bas been drawn arbiirarily to giv % j
YEran increase to be recorded in the mortzlity from more . - to the gradient bexvzg 610 1 (Armitage and Dell, 1934, 195).
r--specific causes of death at these agss, solely- as a result ‘

oand . ! I . . ‘ e g .
of more detailed and more accurate death certification.  with a mechanism of cancer induction which tekes place
I the changes in mortality at the older ages are in two or more stages and which results in a2 long latent = )
Jignored. it must be concluded that the data obtained in  Period  (Armitage and Doll, 1954, 1957). 1:_"3 : e

955-7 this study show no evidence of anv redl chzpre in the Telationships for chronic myeloid levkaemia and for
P - . . .7 . = . o ia o } £ 41 (RN

170 incidenice of chronic lymphatic leukaemia over the past = acute leukaemia are in sharp contrast. In none of the

!g'g 13 years. In contrast, the data for acute leukaemia epithelial cancers which have so far been examined is

55 -suggest that there has been an increase in the mortality the rate of increase in mortality in middle’age so slow.

& of approximately one-third at all ages under 65 vearsand 1 his difference may perhzps be related to the finding

13 - in both sexes, and it is reasonable to regard this increase  that ‘the average latent period for radiation-induced

34 % us being largely due to a real jncrease in the incidence of leukaemia (characteristically acute levksemia, and, w =

41 - the diseasc. It may, nouevcr, be considered that the less extent, chronic myeloid leukaemias is ""0”‘-7 than

52 - diaonosis ; {or other types of cancer, being of the order of four to

31 - 1fat eight vears.

1 Ny The rate of increase with age which is estimated for

_ o bccn Tade 8% OTlen as should untxl thc 1a<t few ve ears.  acutc leukaemia is only slighily less than that for chronic - S

= s e - - . - N - Lt L L
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Prorisy-

-myeloid leukuemi., but the real difference may be

aporeciably ereater.  Some cuses of chropic myeloid
and Jhronie ,)mphuti. leukaemiu terminate in an route
phase, and it is pa>>wlc that cases . which are first
diagnused .n this phass ma y be recorded as acutz when
they are reaiiv chronic. Smce the mortality from chronic
Ivimphatic 2t ukasmia increases rapidly with age, any
ervor of this sort would tend io inflate the mortality
attributed to acute leukaemia disproportionately at the
older ages, and it is possible that the true incidence of
acuts JeuKaemia increases with age aofter the age of
30 years even more slowly than has been estimated.

In none of the three types of leukaemia is the
relationship between age and mortality similar to that
recorded for the hormone- aepandent tumours (Armxta"e
and Doll, 1954), and this is evidence that the differenee
in the sex ratios is not dependent upon hormonal factors.
The d:fferences may therefore be regurded as depending
on diferences in the degree to which men and women
are exposad to external leukaemogenic agents. It follows

that the principal causes of chronic lymphatic leukaemia

are likely to be such that in England and Wales men are
exposed to them two to three times more he avily than
women. In contrast. men and women must be equaJJ\’
or nearly equally exposed to the principal causes of
chronic myeloid and acute leukazmia.

The one major difference between chronic myeloid

and acute leukaemia is that the mortality from acute
leukaem'a is relatively high in adolescence, and is even
higher in childhood—for nearly all leukaemia deaths in
chiichood are due to acule Ieukdemna—and that the

morstality falls until the age of about 30 years, before it
begins to rise. - In contrast the moitality from chronic
mysioid leukaemia is low in childhood and ' Tises
continuously with age from adolescence. This differsnce
ntight be explained if the two diseases had a common
cause which ‘acted through twg, different mechanisms, or
if the principal causes of the iwo diseases were distinct.

Yonizing Radiations : A Specific Aetiological Factor

Tonizing radiations are the only leukaegmogenic agents
for which there is convincing epidemiological evidence
that they affect man. It is also certain that there has
been an appreciable increase in the exposure fo the
general population, particularly from x rays in medical
dingnosis, and that men and women have probably
been equally affected. The extent to ‘which this
exposure may be rasponsible for at least some of the
recorded incraase in leukaemia mortality has been the
subject of coniroversy.

Ci the one h.md on the basis of u hypothesis that
even the smalle doses of radiation can be
1"41\21"!1'10";"“(. it ha> been supp')sed that some cases
result from the use of x rays in diagnosis (Stewart,
Webb, Gilss, and Hewitt, 19\6 Court Brown and
Doll, 1957). The h\prﬂe\F was put forward from
studies of (1) histories ziven by the mothers of children
who died of maliynant disease, and (2) the r::l.mcm;hxp
botween the des. und leukaemia incidence in patients
treatzd with & tays for ankylosing spondylids. In the
lutier stady ore interpretation of the data was that over
the lower ranpss of dose the relationship might be
linzar. and thit there night bz no level of dose below
which cus2s did not occer.  1f this was so, it would
seem likely that somne cases of leukaemia develop on the
basis of & mutation. On  the other hand,

gene

“this is the only type of leukaemia which hlSIO:l:&H) hag.%a

_studied and for each of the three different classes off

‘50 cases which have occurred to date in the spondyliris$é
series, inclusive of the 41 cases originally repone& :

an a‘ernati\c view has been summarized by Louty

(19 8), who says of the above hypothesxs that it is baseg::§

on *a theory of carcinogenesis that has been discussed:
for many vears and found wanting, certainly as a sole¥r
cause.” Loutit adds that * the theory would also require.
that leukaemia be increased in incidence with increasingsd
age and accumulation of radiation dose from naturale”
radiation. In fact, certain statistics show that onlpd
chronic lymphatic leukaemia increases in this way, ands

not been linked with radiation.”

It has not previously been possible to study thc&‘
age-specific death rates for the different types ofs

leukaemia sumultaneously with the trends in these deathés( '

rates with time. The results of this present study arcg‘*

MEDICAL Jonsrsag L

of interest in that they have a bearing on the abovm-
controversy and they may go some - way towardse
resolving it. 1

It has been shovm, for each of the three periodsy

4

leukaemia, that there is an appreciable increase indg

mortality with age during a large part of adult lifes%§

There is, however, an important difference in the trends®
of the mortality rates with time. Thus in each age:’
group the mortality of acute leukuemia has increased .
between 19435 and 1957, whereas the mortality from thes
chronic lsukaemias, with theexception ofchromcmwloxd;‘é
leukaemia in mien, has increased during the period. oii
observation only in the older age-groups. At these ages:3|
the mortality has increased for all types of leukaemi e
in both sexes, but the increase in chropic lymphaties
leukaemia in men has been outstanding. -It is suggestads
that the observed increase in the age-specific death rates:
of acute lenkaemia at ages under 60 years is largely re:
and dug to increasing exposure of the population to§
leukaemogenic factors in the environment, but that?
most of the increase in the death rate from the chromcgft
leukaemias is due to their better recognition consequent

upon improved medical care for the elderly.

In this context it is important to note the evxdewce@
that radiation exposure has been associated with an
increase in acute leukaemias more often than wit 1
chronic myeloid leukaemia, and not at all with "amg
increase in chronic lymphatic leukaemia. Thuas of the

{Court Brown and Doll, 1957), no fewer than 38 haves
been examples of the acute disease and only 8 chronic
forms have been found, the data in the remainder bemz&
insufficient to determine the clinical type. Only ane of -
the eizht chronic leukaemias was lym:

of the atomic explosion at Nagasaki, but cases ob
chronic myeloid leukaemm have besn reported with
about the same frequency as cases of the acute dlseascﬁl
among the survivors at Hiroshima (Wald, 1957).

The extent to which the increases in the national
mortality rate from acute leukaemia may be related 103&
increases in our artificial radiation background can b""ét

I
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adintion dose is given rather than the total dose. In
tiis case it could be important that radiation for
medica! purpuses is given at high dose rates in the
approximate range of 40 to i00 r a minute, while the
average dose rate from natural backgroond radiation
52X 107% r a4 minute, E

Semmary and Conclusions .

The deaths from leukaemia in England and Wales for
the period 1945 10 1957 have been classified uncer three
headings—acute  leukaemias of all types.
myeloid leukaemia, and chronic lymphatic leukaemia.

The age-specific mortality rates have been calculated for.

cach type of leukaemia, for each sex, and for three
pei’:’ods of tin’;e—-—1945 to 1949, 1950 to 1954, and 1953
w 1957, o

A study of these data suggests that the principal
feature in the real increase in leukaemiz is a change in
the incidence of acute leukaemia. This is compatible
with the concept that an increased exposure to ionizing
rudiations plays some part in the changed incidence of
e disesse, ’ o

We are indebted to the Registrar-Genera] of England and
Wales for the extraction of the data and for permission to
publish the results, and to Miss F. Caliaby, Mrs. A.
Frackiewicz, Mms, E. A, O. Gray, and Mrs. V. Peetz for
“heir «ssistance in the analysis. ) - -
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. Ont April 27 Engluand and Wales will have new standards
Wdce-crenm. The -hain chunges made by the new

- ¥R Tt and must not contain any other fut; that saccharin

=W other artificial sweeteners are not 1o be used in any
-cream or in miik ice. 2nd no mimimum sugar centenr is
2d down ; that ice-cream made with non-milk fat is not to
= labelled or advertised in a way which is suggestive of
" tter, cream, or milk ; but such ice-cream may continue to
% sold as * ice-cream ™ and it may bear 2 statement that it
Amains shimmed milk salids ; that, after November 30 of
M5 vear, all pre-pucked ice-cream which is made with

n-milk fai must be labelled as containing vegetable of -

nmilk fur if it is sald as ¢ ice-cream.” " The present
{ Suitements that ice-cream must contain net less than 54,
R ess than 7:% mifk-solids-not-fat are included
3 ihe new regulations and so continue in force. The now
JBubdions . will revoke and replace the existing Foud
'\Jf‘-d';\rd; (lcc-(_‘r;,‘u'n) Order. 1933, The Secretary of State
Y Seotland proposes to make corresponding rewulutions

Snis

B Wil appiv in Scotland,

.

chronic -

slstions are that stand wds are 1o be fived for duiry
cam and for milk ice which are required to contain

P.T.C. TASTE RESPONSE AND
THYRGID DISFASE
" B ' ,
F. D. KITCHIN, M.B, M.R.CP.
W. HOWEL-EVANS, M.D, M.R.CP.

Erom the Thyroid Clinic, David Lewis Northern Hospital,
Liverpool

C. A. CLARKE, M.D,, F.R.»C.P. )
R. B. McCONN ELL., M.D., M.R.CP.
AND ’ ’

P. M. SHEPPARD, M.A, D.Phil.

From thre Deparimeats of Medicine end Zoology. .
University of Liverpoonl -

For over a hundred years a familial disposition in
thyroid disease has been known. Since Romberg (1851)

recorded Gravess disease in twins therc have been

many genetic swudies using the classical method of
pedigree andlysis. bur the re’sgxizs have been conflicting,
Bartels (1933}, on the basis of his own work (Bartals,
1941) and a review of the literature, concluded ~ that

sporadic thyroid =affections such as simple goitre,

hypothyroid. and hyperthvroid states
genetically dsterminad.”™ ..
Fox (1932) discovered that some people taste
phenylthiocarbamide (P.T.C.) and others do not,

are probably

Further investigation established that this bimodal

taste response was an example “of human genetic

- polymorphism ; about 30% of Europeans and white
: were tas;erS‘

Americans were non-tasters and 709,
(Barnicot, 1930 ; Harris and Kalmus, 1950a),

In 1942 Richter and Clisby noticed marked thyroid
hyperplasia in rats which had been fed with P.T.C, and
subsequent work has established that the thiocarbamides,
in general are active goitrogenic substances. Among
them are to be found the thiouracils as well as some
naturally occurring goitrogens which have been isolated
from turnips. brussels sprouts, rape, and kale. and
found to belong to the same chemical family—al}
having the ~N—-C— grouping. )

]

This relationship betwesn P.T.C. and thyroid gland
activity led Harris. Kalmus. and Trotier (1949) to test
the tastz response to P.T.C. of groups of patients
with thyroid disease. Their data suggested that norn-
tasters of P.T.C. were slightly more susceptible to. the
development of-zadenomatous goitre than controls, but

.they found a normal taste Cistribution-in patients with

toxic diifuse goitre (" primary thyrotoxicosis . Asno .

subsequent studv of this kind has been reported we
have carried out a survey at the Thyroid _Clinic, David
Lewis Northern Hospital. Liverpool. and describe here
the results of testing the P.T.C. taste response of 447
patients with thyroid disease and compare the results
with these in 265 control individuals.

Material
The +447 patients who had undergone thyroidzctomy |
were waxen at randem from atendances af the thyroid
clinic between Mav. 1956, and May, 1938, and were
taste-tested with P.T.C. by the methed describau below,
In addition. we sslectad cight patients with roxic
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