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ouabain binding capacity of cells from patients with essential
hypertension can increase during incubation in the absence of the
inhibitor. We do not suggest that the serum inhibitor is solely
responsible for the disorder of leucocyte transport of cations in
essential hypertension. Our study does not exclude a deficiency of
other, ouabain resistant, cation transport pumps in the leucocyte.
Our findings show, however, that the leucocyte is a useful model for
studying in vitro the defects of transmembrane cation transport in
essential hypertension.
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Benign melanocytic naevi as a risk factor for malignant
melanoma

A J SWERDLOW, J ENGLISH, R M MACKIE, C J O'DOHERTY, J A A HUNTER, J CLARK,
D J HOLE

Abstract

Examination of180 patients with cutaneous malignant melanoma
and 197 control patients in a case-control study showed that the
risk of melanoma is strongly related to numbers of benign
melanocytic naevi (moles). Some unusual features of naevi-a
diameter exceeding 7 mm, colour variation, and irregular lateral
outline-also showed a strong association with the risk of
melanoma, but the relation of numbers of naevi to risk was
present even in the group of.patients whose naevi had none of
these unusual features. Biopsy of clinically atypical naevi from
several of the patients at highest risk generally did not show
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dysplastic histology. Thus a group of people at high risk of
melanoma may be identified by using simple clinical assessment
of naevi.

Introduction

The incidence of and mortality from malignant melanoma of the
skin have been rising rapidly in white populations around the world
for many years.'-3 The search for high risk groups and preventive
measures has, therefore, become particularly important. People
with fair skin, blue eyes, and blond or red hair are at increased risk
of melanoma,3 but the risks associated with these characteristics are
moderate and because the characteristics are common among white
populations it is not a useful way to define a high risk group who
might benefit from preventive measures.
A high risk of melanoma is reported in patients with multiple

histologically dysplastic naevi who come from families in which at
least two members have had melanoma.4 Such families are,
however, rare and account for only a small proportion ofpeople with
melanoma. The risks of melanoma in others with dysplastic naevi
and with clinically atypical naevi have not yet been quantified.
Furthermore, clinical criteria that reliably identify histologically
dysplastic naevi have not been clearly determined: clinically
atypical- naevi do not always show' the histological features
described as characteristic of dysplastic naevi.6

Several recent case-control studies, whose cases were not selected
because of familial melanoma, have found a raised risk ofmelanoma
in people with increased numbers of naevi or large naevi.7-'0 The
number of clinically atypical naevi, however, was not determined,
nor were sites other than the arms and legs examined for moles; no
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data are available on the relation between the site of naevi and the
risk and site of melanoma. We, therefore, analysed the risk of
melanoma by number, type, and site of naevi in a case-control study
conducted in Scotland. The study included a skin examination of
the whole body of the subjects by trained dermatologists.

Subjects and methods
A stratum matched, case-control study was conducted in which patients

with primary cutaneous malignant melanoma (in the age range 15-84) who
presented between 1979 and 1984 to the university departments of
dermatology in Glasgow and Edinburgh and the West of Scotland plastic
surgery unit were studied. The controls were inpatients and outpatients in
Glasgow and Edinburgh with a range of non-malignant diagnoses, excluding
chronic diseases considered likely substantially to affect lifestyle. Data on a
wide range of potential risk factors for melanoma were obtained from the
cases and controls during 1983 and 1984 by interview, by physical
examination, and from case notes at hospitals. Subjects were not informed of
the topic of the study, and the questionnaire was constructed to give no
obvious indication of it until the final questions. The only questions that
mentioned melanoma were asked after all other questioning was completed,
and the physical examination was conducted after the interview.
The interview included questions on hair and eye colour, skin type,

exposure to sun and other ultraviolet radiation, and occupation. The
physical examination included a count and examination of all lesions
considered to be benign melanocytic naevi greater than 2 mm diameter on all
body sites except the scalp (for which exact counting was impractical and
only presence or absence was recorded) and the genitalia. A lesion was
regarded as a naevus in the study if it was a brown lesion on the skin that was
not obviously a freckle, lentigo, or basal cell papilloma. The presence of the
following clinically unusual features of naevi was noted: diameter greater
than 7 mm; irregular, dappled pigmentation of the lesion; and an irregular
lateral outline.

Analysis was by stratum matched logistic regression with stratum
matching for age (five year age groups), sex, and city of treatment. Relative
risks were estimated without adjustment, and also with adjustment for
several risk factors other than naevi. Analyses were conducted for melanoma
overall and for subdivisions of melanoma by skin site and histological
subtype.

Results
The study included 180 patients with melanoma and 197 controls. One

hundred and thirteen (630o) of the patients with melanoma and 120 (610%) of
the controls were women. The commonest sites of melanoma in the cases
were the legs in women (71 (630/o)) and the trunk in men (23 (34%)). Of the
patients with melanoma, 94 (52%) had superficial spreading melanoma and
45 (25%) nodular melanoma, with fewer having acral lentiginous melanoma
(18 (10%)) and lentigo maligna melanoma (16 (90o)). The patients with
melanoma were similar in distributions of sex, age, and histological type to
all patients with melanoma in Scotland during 1979-84" (Scottish Melanoma
Group, unpublished findings) except that in our patients the proportions
aged 70 or more and with lentigo maligna melanoma were smaller (I 2% (21)
compared with 27% (444) and 9% (p16) compared with 15% (247))
respectively. The controls had a wide range of conditions at admission, the
most common being hypertension (55 patients), psoriasis (31), and fractures
and dislocations (20). Altogether 214 (82%) of the 262 examinations in
Glasgow were conducted by one dermatologist (JE) and 103 (90%) of the 115
examinations in Edinburgh by another (CJO'D), often with simultaneous
examination of the subjects by the second dermatologist at the centre to
improve validity.
The risk of melanoma was strongly related to total numbers of naevi of

any size and also to total numbers of naevi greater than 7 mm in diameter
(table I). In addition, large significant risks of melanoma were associated
with the presence of naevi with colour variation or an irregular lateral edge.
Adjustment for risk factors for melanoma other than naevi made little
difference to the results (table I). In analyses confined to patients without
any naevi larger than 7 mm in diameter or showing colour variation or
irregular edge (109 cases, 173 controls) there remained a strong association
of numbers of naevi with risk of melanoma (table I), although, especially for
subjects with 50 or more naevi, the association was not as strong as that seen
when all the subjects were studied.

Further analyses were conducted excluding the 77 controls with dermato-
logical conditions in case these controls were atypical of the general
population with respect to benign naevi. In fact, this exclusion made little
difference to the risks found. Analyses were also conducted stratifying for
place of residence as well as for place of treatment in case the use of hospital
controls had led to selection bias for controls; this stratification made little
difference to the results.

Risk was examined separately for naevi on various body sites and also for
subdivisions of melanoma by histology and site. Substantial and significant
raised risks of melanoma overall were found for naevi on the palms, soles,

TABLE I-Relative risks of cutaneous melanoma overall, for various aspects of benign melanocytic naezvi

Unadjusted relative risk among
people without any large naevi
or naevi with colour variation

No (0°6) of cases with No (%) of controls with Unadjusted relative risk Adjusted relative risk or irregular edges
risk factor* risk factor* (95%0 confidence limits) 95% confidence limits) 95% confidence limits)

F features of naevbi over whole body
No of naevi:

0
1 9
10-24
25-49
>50

No of large naevi:
0
1-4
>5

Colour variation
Irregular edge

24 (13)
30 (17)
39 (22)
32 (18)
55 (31)

123 (68)
44 (24)
13 (7)
43 '24)
50 (28)

Scalp (- 1)
Neck (-))
Face (> 1)
Palm (-1)
Sole (-- 1)
Trunk:

0
1 9
>10

Arms:
0
1-9
>10

Legs:
0
1-9
>10

39 (20)
91 (46)
37 (19)
21 (11
9 15)

176 (89
18 9)
3 2
3 (2)
2 l1

13 (7)
52 (29)
60 (33)
15 (8
26 (14)

49 27-
74 (41)
57 (32)

44 24)
65 l36)
71 -39

40 (22)
68 t38)
72 40)

4 r2!
37 19
56-28
5 2
7 (4'

78 40
109 55
10 5,

71 36
98 50O
28 14

89 (45
88 (45,
20 10

1 0
0-9 0-4-2-0)
4 4(2-2 -8-9)
8 7 (3-6-20-9)

63-8 (19 4-209-4)

10-
5-1 (2-5-10-5)
6-0(1-6-21-9)

29 6 (7 0- 125-6)
72 7 (9-7-542 7)

Site specific numbers of naezvi
3-9 (1 2-12 7)
2 01 -2-3- 5)
1 4 0-9-2-22
3 2 1- 8-9
46 19-11 1)

1 0
1-5 09-2-7

21 3 79-578,

10-
17 10-30

10-2 4 8-21 9

10
3 4 1 9-6-3

42 3, 15 6-114 7

1 0
0-8 (03-1-9)
6-7 (2-6-17 4)
10 7 (4-1-28-3)
53-9(18 3-158-9)

1 0
5-2 2-5-105 8)
5-7 (15-21 3)

29 7 7-0-125-3)
704)9-6-517 8)

3-4(1-0-11-4)
2-1 (12-3-6)
1-5 0-9-2 4
3-2 I 1-9-21
4-2 1-7-10-3)

1.0
1-5 (0 8-2-6)

22 5 (8-2-62-1

1-0
1-8 1-0 3-3

14-3 6-5-31-3

1-0
3 5 19-6-5

48 2 17 2-135-0

1-0
0 (0 4-1-8)
3-0 (j13-6-8)
6-8 (27- 17-1)
12-1 (2-7-53-9)

1-3 (0-2-10-2)
1-8(09-36)
1-0 0(6-1-9)
1-2 (0-2-6-2)
6-3 1-7-23 5,

1-0
1-2 0 7-2-2)
9-7 (2-4-38 2

1-0
1-2 0 7-2 2)
4 4 1- 910-5 .

1 0
2-3 1 2-44

10-6 3 6-3 1-1

*Based on all cases and controls for whom information was recorded (the numbers of cases and controls underlying the calculations of relative risk are sometimes fewer because strata containing no
cases or no controls could not be analysed, and in the final column because of exclusions)
tAdjusted for hair colour, eve colour, skin type, overall measure of exposure to sun, and measure of foreign travel to sunny climate.
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scalp, arms, legs, and trunk, with a strong dose response relation for each of
these sites when there were sufficient people with several moles on the site
for analysis (table I). The presence of naevi on the neck and face was a weaker
risk factor. Table II shows the risk of melanoma in relation to histological
type; adjustment for risk factors for melanoma other than naevi did not alter
these results materially. Risks of superficial spreading melanoma and
nodular melanoma were strongly and often significantly related to features of

1557

claimed that their melanoma had arisen in a pre-existing mole. In each sex
melanoma of the trunk was the site most commonly thought to have arisen
from a naevus (10 (56%) of such melanomas in men, 12 (92%) in women); the
histological type most often reported to have arisen from naevi was nodular
melanoma in men (eight (67%)) and superficial spreading melanoma in
women (44 (75%)). The cause of any scars found at examination was sought:
cosmetic excision of a naevus was not a common cause.

TABLE II-Relative nrsks of cutaneous melanoma, and 95"*o confidence limits by histology for various aspects of benign melanocvtic naevi

Superficial spreading melanoma Nodular melanoma Lentigo maligna melanoma
n=94 n=44 n= 16

Acral lentiginous melanoma
,n= 18

Features o01 na vl( er -. hole bod,

1 0
11 0-3-4-4
'-1 1- -15-1

14 6 3- 5-60-6
40 1 9-0-1,9-3

10
3 -9 1-694
6 1 0 9-41 6

15-v 3 2-76 6
3 0 8 9-560-0

Site spetfiki numbers otf naez i

3 2 0-3,3 8
2-1 ,0 8-5-4
11 0 5-2-3
2 5 0-5-13 5

11-0 2-1 5-7

1 0
1-6 0-6-4-2

28 6 6-7-122-2

1-0
2-3 ;09-5-8
8-0 2-3-, 7

1 0
4-7/17-12-7

40-1 8-5-188-9e

1 0
2-5 0 4-14 9

14 3 9- 106 1 *

1-0

3 8 0 8-18 *

t

1 3
6-1

3-9

t
0 1-13 1
1 135 5
t

0 2-63-3

1 0

6-6 1 2-35-3 *

1.0
6-7 1 1-40-2

33 8 1 8-651 6

1 0

4-5 0 8-24-9 *

1 0
11 0 3-4-8
4-2 (0 8-21-1

139 (0-443-1

1 0

3-0 07-138*

t

11-6 0-8-160-2

2-8 ,002-47 2
24 -0-6-9-8
0 8 0-2-3-5

t

t

1 0
1-2 ,0-3-4-4
7-1 i-0-5-94-5

1 0

1-1 (0-3 3.4*

1-0

2-3 0-6-8 8 *

*Categories were combined ad hoc because the iterative estimation of the parameters A ould not cons erge for each category separately.
tRelatise risk could not be calculated because of instability of estimates and lack of convergence of the model or absence of cases or controls in the strata
used.

naevi over the whole body (that is, numbers of naevi, numbers of large naevi,
colour variation, and irregular lateral outline) and to counts of naevi at each
site, except on the neck and face for which the risks were less strong.
Although analyses for lentigo maligna melanoma and acral lentiginous
melanoma were based on small numbers of cases, they indicated, signifi-
cantly in some instances for lentigo maligna melanoma but less clearly for
acral lentiginous melanoma, that these histological types also were associated
with the presence and appearance of naevi, although less strongly than were

superficial spreading melanoma and nodular melanoma.
Large numbers and unusual clinical characteristics of benign naevi were

risk factors for melanoma at each site analysed in the study (head and neck,
trunk, arms, and legs) (table III). The risks were little altered by adjustment
for risk factors for melanoma other than naevi. There were strong dose
response relations in each analysis for which sufficient data were available to
examine this. The site of melanoma showing the strongest association with
most of the features of naevi was the trunk; the leg was usually the least
strongly associated site. As in the analysis for melanoma overall, site specific
risks of melanoma were generally lower for naevi on the face or neck than for
naevi elsewhere. There was no clear evidence that the risk of melanoma at a

particular site was more strongly related to numbers of naevi at that site than
to numbers of naevi elsewhere.
To obtain a pathological diagnosis of pigmented naevi that were clinically

unusual with regard to size, distribution of melanin pigment within the
lesion, and irregular lateral margin we obtained biopsy specimens from 13
such lesions from nine patients. Ten of these lesions were benign compound
melanocytic naevi with none of the features considered diagnostic of
"dysplastic" naevi. Two naevi showed a minor degree of lentiginous and
melanocytic hyperplasia, with occasional cytological atypia of individual
melanocytes, and one naevus showed architectural atypia with hyperplasia
of rete pegs and eosinophilic fibroplasia of the papillary dermis in addition to
minor atypia of individual melanocytes.
No patients in the study had melanoma arising in a congenital naevus over

20 cm in largest diameter (giant or garment naevus). Of the 162 patients for
whom data were available, 98 (60%) (27 (50%) men, 71 (66%) women)

Discussion

This study shows that large numbers of benign melanocytic naevi

are one of the strongest risk factors yet identified for malignant
melanoma. Moles that are clinically unusual with regard to size,
shape, or colour but are not histologically dysplastic are also
strongly associated with risk of the tumour. Several of the relative
risks found were large and unlikely to have occurred by chance.
Many had not been investigated before, but our confidence that they
were not an artefact is enhanced by the similarity of our results for
associations previously investigated to those of other studies. Thus
in studies of naevi on the arms and legs a raised risk has been found
for large numbers of naevi7-9 and a greater risk has been found for
superficial spreading melanoma and nodular melanoma than for
lentigo maligna melanoma.0 The shape of the dose-response relation
in our study was similar to that found by Holman and Armstrong,0
although different from that shown by Green et al.9 Information
obtained in case-control studies asking patients about their naevi
has also been compatible with the present findings, although
interviews are an unsatisfactory source of such data. °
The results reported here are unlikely to be explained by potential

biases or other methodological artefacts, although these merit
consideration. The interviewers and examiners knew whether the
subject was a case or control and the site of melanoma, and thus
observer bias was possible. This lack of blindness is virtually
inevitable for whole body examinations. It seems unlikely, how-
ever, that unconscious bias could explain results of the magnitude of
many of those found, and the findings specific to site and histology
had a clear pattern that was not obviously the result of bias. The
results cannot have been greatly affected by observer variation
between centres, as the analyses were all stratified by centre, or by

No of naesi:
0
1-9
10-24
25-49
>50

No of large nae i.
0
1-4

Colour aviationn
Irregular edge

Scalp -- I
Neck -I1
Face >1
Palm '--I
Sole >1
Trunk.

0
1 9
>10

Arms:
0
1-9
>10

Legs:
0
1-9
>10

1 0
0-5 0 1-1 -

4-0 1-3-11-8
11 8 29-48-6
65 9 19 5-222-5

1 0
54 2 3-12 6
8 9 2 3-35 6

73-8 10 0-546 3

4 8 1 3-18 1
2-1 1-1-3-9
1 4 0-8-2 -4
3 -7 12-11 4
4 fA 6-12 2

1-0
15 07-30

25 1 74-845

1 0
1-6 08-3-5

18-0 6-6-49-1

1 0
4-9 2 1-11-

71 8 20-8-248 1

I
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variation within observers within centres, as at each centre over 80%
of the examinations were by the same observer. Nevertheless, great
efforts were made to avoid such variation. Repeat counts of naevi on
the same patient by different observers at the same centre, and by
the same observer on two occasions, for a sample of patients
including some for whom the second count was inadvertent and not
known by the observer to be a repetition showed only minor
variation within and between observers.
The use of hospital sources of cases for the study and the inclusion

of cases who had presented before data collection began raised the
possibility of selection bias. Comparison with all cases incident in
Scotland over the period 1979-84 suggested, however, that the only
selection bias was a loss of elderly patients with melanoma, mainly
with lentigo maligna melanoma. This may be because some of these

BRITISH MEDICAL JOURNAL VOLUME 292 14 JUNE 1986

that they had "no moles."'4 In clinical identification of naevi that are
histologically melanocytic naevi the commonest cause of confusion
is the lentigo, in which there is a proliferation of rete pegs and an
increase of melanocytes in the basal layer. As these lesions are
generally 2 mm or less in diameter we counted only lesions greater
than 2 mm in diameter in order to exclude most lentigines.
There is strong evidence that people with histologically dysplastic

naevi who come from families in which two or more members have
already developed melanoma are at high risk ofmelanoma.4 There is
currently considerable interest in the possibility of a raised risk of
melanoma in people who have dysplastic naevi but no family history
of malignant melanoma (the so called sporadic dysplastic naevus
syndrome). We would emphasise that moles that are clinically
unusual in terms of large size, colour variation, and an irregular

TABLE iII-Relative risks of cutaneous melanoma and 95" o confidence limits) by sitefor various aspects of benign melanocytic naevi

Legs
n=92

No of naes i:
0
1-9
10-24
25-491
>50 f

No of large naev i:
0
1-41

Colour variation in naevi
Irregular edge to naevi

Scalp (>- 1)
Neck (>1)
Face (> 1)
Palm (- 1)
Sole (> 1)
Trunk:

0
1-9
>10

Arms:
0
1-9
>10

Legs:
0
1-9
10

10
0 8 03-2-22
3-2, 1-3-8-2,

10- 4 0-27 7`*

10-
3-6 1.6-8-08*

24-5 3 2-189 3
33 3 44A-252- 3

1-7 0 4-6-8
1-6 '08-3-0,
1-3 (0 7-2-4)
3 1 2-12- 5
5-3 (19- 15-0'

1-0
0-9 '0 5- 1 8)
8- 3 (2-5-28-2)

1 0
1 0 0-5-2-0)
3-9 (1-5-10 1'

1 0
3-4 (1-5-7-4)

30-6 (8-9-105-5)

Trunk
n=37

F uaiures of naezi over -,,hole bodv

270 31-2289i
239-0 (22-6-2526 0 ,*

1 0
10 0 3-3 30 6

t
61- 5 7-6-496-1

Site specific numbers of naezi
15-2 (18-131-5
2-9,,'1 2-7-4
1-3 (0 6-2-9)
4 2 (0-9-19-6

29 4 3 -5-244 6)

1 0
5-4 1 1-27- 1)

279-9 (22-8-3429 5)

1-0
18 2 (1-8-181 8)

246-2 (19-1-3166-0)

1-0
21-3 (2-7-167- 1)

629-8 (36-3-10919-3

*Categories were combined ad hoc because the iterative estimation of the parameters would not converge for each category separately.
tRelative risk could not be calculated because of instability of estimates and lack ofconvergence of the model or absence of cases or controls in the strata used.

patients were too frail to travel for interview or had died of other
causes before interview was possible. Overall, case selection does
not appear to have been substantial and it seems unlikely that it
biased appreciably the numbers of benign naevi in the cases as the
number of naevi is not a criterion used in selecting mode or place of
treatment, nor is it known to be associated with any factors
influencing type or place of treatment. In confirmation of this there
were similar proportions of patients with high numbers of naevi
among the cases from each of the two hospitals covering roughly the
same west of Scotland catchment area.

The results of the analyses adjusting for known risk factors other
than naevi suggested that, as in previous work,89 there was no major
confounding by these factors. If unknown risk factors were

confounders it would be important to find them: for such factors to
explain the findings they would need to be greater risk factors for
melanoma than are naevi.

Interpretation of the relation between naevi and melanoma is
critically dependent on the definitions and the methods of measure-
ment used for naevi. "Mole" counts carried out by patients
themselves, or patients' comments on whether they have a "normal"
number of "moles," are clearly unsatisfactory. In a recent study of
normal subjects many subjects who were found by trained derma-
tologists to have more than 20 naevi stated, when first approached,

lateral edge do not all have the pathological features of dysplastic
naevi as defined by Elder et alP; many such lesions have the
histological features ofcommon compound naevi.I This was true for
10 lesions from which biopsy specimens were obtained in our study.
Our results suggest that the high risk of melanoma in relation to
naevi may be identified by simple clinical measures without
histological examination and that the degree of risk forms a

continuum rather than a dichotomy.
Several possible mechanisms might account for an association

between large numbers of naevi and a raised risk of melanoma.
People with many benign naevi almost certainly have more

cutaneous "naevomelanocytes" and may have in total more melano-
cytes at risk of malignancy than people with few naevi. They
may have melanocytes that are individually more susceptible to
malignancy than the melanocytes of people with few naevi; or the
clusters of naevomelanocytes within naevi may be at greater risk of
malignancy than melanocytes elsewhere in the skin, and hence
people with more naevi may have more clusters of cells at high risk
of malignancy. In the first two instances (that is, greater numbers or

greater susceptibility of melanocytes in the skin, or both) the
presence of large numbers of moles would be an indicator of high
risk of melanoma rather than itself be a cause of melanoma. Many
moles might indicate a genetic tendency to formation of large
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numbers of moles and to formation of high risk melanoytes or
might indicate that prior exposure to an environmental agent-
for exmple, perhaps the sun-caused independently both large
nulmbers of moles and malignancy. The third potential mech-
anism-that the melanocytes in naevi are particularly prone to
melanoma-is supported at least partially by the finding in
pathological studies that in 20% or more of melanomas malignant
melanocytes can be identified histologically in contiguity with
benign naevus cells.'5 In clinical studies a large proportion of
patients with melanoma give a history of an antecedent pigmented
lesion at the site of their melanoma,5 but these studies give weak
evidence because there is great potential for misunderstanding (as
patients may mistake the early stages of superficial spreading
melanoma or lentigo mligna melanoma for a mole) and for bias.
Tle histology and the site, which in our study and another were

most highly associated with naevi,' were also those for which in
other publications the greatest proportion of melanomas have
been identified histologically in contiguity with benign naevus
cells-namely, superficial spreading melanoma"-" and trunk
melanomas.'67 These were also the histological type and site for
which the greatest proportion ofpatients in the present study gave a
history of an antecedent "mole" at the site of their melanoma,
although, as noted above, these histories give weak evidence. The
findings by histological type are in a direction compatible with
the hypothesis that naevi are precursors of superficial spread-
ing melanoma and nodular melanoma but not lentigo maligna
melanoma"9; this hypothesis is supported by ultrastructural evi-
dence,n but the epidemiological evidence is also compatible with
other hypotheses.

In conclusion, we suggest that people with large numbers of
benign melanocytic naevi, and those with clinically atypical but not
necessarily histologically dysplastic naevi, are at greatly increased
risk ofmelanoma. Such people should be warned about recognising
early melanoma and avoiding risk factors and notably advised
about exposure to ultraviolet radiation. The aetiology of benign
melanocytic naevi needs investigation and may elucidate the
aetiology ofmelanoma.

We thank the Greater Glasgow Health Board Research Support Group
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to apprach their patients, and the Scottish Melaoma Group for perznission
to refer to unpublished material.

Refereaces
I j en OM, Boladr AM. Trends in nmalign t nelanona of the skin. Wor Healk Sta Q

1980;33:2-26.
2 Lee JAH. Melanoma and exmpre to sunlight. Epiomil Rev 1982;4:110-36.
3 Swerdlow AJ. Epimioyfcu tus nlina nelanoa. In: MacKie RM, ed. Medaom.

(Cliics in Oncoeb. Vol 3. No 3.) London: W B Saunder, 1984:407-37.
4 Greene MH, Clark WH Jr, Tucker MA, et at. Acquired precursr of cu eous mainant

nelaoma: the famial dysplastic nevus syndrome. N EngI3Mod 1985;312:91-7.
5 Seywright MM, Doherty VR, MacKie RM. Proposed alerntive teminooy andsb f

tion of so caled "dyspastic naevi." Clix Pake (in prs).
6 Elder DE, Goldma Li, Godman SC, Greene MH, Clark WH Jr. Dyspbstic nevus syndrome: a

phenotypic mociatios of sporadic cutaneous melanoma. Cancer 1980;46d1787-94.
7 BeralV, Evns S, Shaw H, Milton G. Cutaneousfactors relaedto the risk ofmnlignantnm oma.

BrJ Der_aual 1983;1069 165-72.
8 Holnan CDJ, ArmstrngBK. Pimentary traits, ethaiorigin, benign evi, and family historyas

risk factors for cutaneous malignant melano. ownal of sh National Cancer Intetae
1984;72:257-66.

9 Green A, MacLennan R, Siskind V. Common acquired nsevi and the risk ofmalignantwbmm.
Intl Cancer 1985;35:297-300.

10 Reynolds P, Austin D, Thomas J. Familial and occupational risks associsted with malignant
melnoma of the skin. Awl Epide;io 1952;116:570.

11 Smith PG, Pike MC, Hill AP, Breslow NE, Day NE. Mutivariste codition logistic anlysis of
stratum-matched case-control studies. Apped Seausts 1981i30:190-7.

12 MacKie RM, Smyth JF, Soutar DS, et at. Malignant melaoma in Scotland 1979-83. Lane
1985ii:859-62.

13 Breskow NE, Day NE. Stati al meoxds in cancer research. The ana4ysis ofcase-conWl studies.
Vol 1. Lyans: In A ency for Research on Caner, 1980. (IARC Scietific
Publications No 32.)

14 MacKie RM, English J, Aiehison TC, Fitzsisons CP, Wilson P. The numberand distribution of
benign pgmented moles (melanocytic naevi) in a healthy Bntish population. BrI Deatol
1985;113:167-74.

15 Elder DE, Greene MH, Bondi EE, Clark WH Jr. Acquired melanocytic nevi and melnoma: the
dyspsic nevus syndrome. In: Ackerman AB, ed. Pahoogy of nulgnant nela. New
York: Masson, 1981:185-215.

16 Rippey JJ, Whiting DA. Moles and melanomas. Lancet 1977ii: 137.
17 Rhodes AR, Sober AJ, Day CL, at al. The maligant potential of suall congenital nevoceffiuar

nevi. An estimate of association based on a histologic study of 234 primary cutaneous
melanomas. JAmAcadDennat 1982;6:230-41:

18 ClarkWH Jr, Elder DE, Guerry D IV, EpstiMN,Greene MH, Van Horn M. A studyoftumor
progression: the precursor ksions of superficial spreading and nodular melanoma. Hn Patil
1984;15: 1 147-65.

19 Holnan CDJ, Armstrong BK, Heenan PJ. A theory of the etiology and pa g is of human
cutaneous malignant melaoma.Jlownalof the Naonal Caner Instinuw 1983;71:651-6.

20 Mishima Y. Melanocytic and nevocytic mai nntm nomas. Cellular and subcellular dif-
ferentiation. Cancer 1967;263249.

(Acceped I April1986)

SHORT REPORTS
Self poisoning with oral cadmium
chloride
Stress related to examinations is a frequent cause of self poisoning in
teenagers and young adults. The agents used and amounts consumed are not
usually dangerous, however, and thus the overall mortality and morbidity
are low.

Deliberate selfpoisoning with cadmium is extremely rare, but we describe
a case illustrating the severe metabolic sequelae and destruction oftissue that
follow oral ingestion ofcadmium chloride.

Case report

A 17 year old girl was admitted to hospital with facial swelling and vomiting.
She had been fit and well earlier at school but on arrival at the accident and
emergency department was too ill to provide any history. She had increasing
facial, pharyngeal, and neck oedema and was hypotensive. A presumptive
diagnosis of angioneurotic oedema was made, but she did not respond to steroids
given intravenously and a histamine HI receptor antagonist.
One hour after admission a bottle of cadmium chloride crystals, which has

been removed from the school laboratory reagent store, was found in her
handbag. Subsequent gastric washout (roughly three hours after ingestion)
produced white crystalline material, later confirmed to be cadmium chloride.
Her condition deteriorated rapidly. She suffered a respiratory arrest, requiring

endotracheal intubation and mechanical ventilation. Despite treatment with
edeiic acid and colloid and crystalloid infusions, she continued to deteriorate,
becoming hypothermic (temperature 300C on a low reading thermometer),
haemoconcentrated (haemoglobin 222 gll, packed cell volume 0-52), glucose
intolerant (glucose 55-8 mmol/l (1004-4 g/100 ml)), and acidotic (pH 6-9) without

ketones. Results of coagulation studies were severely deranged (prothrombin
time 60 seconds, control 13 seconds; partial thromboplastin time 180 seconds,
control 39 seconds).
Over 24 hours she developed pulmonary and generalised oedema and oliguria.

Full supportive measures, chelation treatment, charcoal haemoperfusion, and
positive end expiratory pressure ventilation were unsuccessful, and she died 30
hours after admission.
Necropsy showed pulmonary oedema, pleural effusions, and ascites. There

was haemorrhagic necrosis of the stomach, duodenum, and jejunum, focal
hepatic necrosis, and slight pancreatic haemorrhage. The kidneys appeared
normal. Tissue, blood, and urinary cadmium concentrations were measured by
atomic absorption spectrophotometry (Varian 475 spectrophotometer) and found
to be considerably raised (blood cadmium 208 imol/l (23 g1l), normal range <89
nmol/l (10 WgIl); urinary cadmium 153 imo[l/ (17 g/1); liver cadmium 3-6
nmol/kg (0-4 pgkg) wet tissue; lung cadmium 1-7 nmol/kg (0-2 pg/kg) wet
tissue).

Comment

In the United Kingdom we are not aware of any reported cases of
cadmium used for self poisoning. Cadmium is strongly bound to a carrier
protein metallothionine, has a long biological half life, and is widely
distributed in the body,' particularly the kidney, which contains one third of
total body cadmium.

Smelters or welders accidentally exposed to high concentrations of
cadmium develop the syndrome of "fume fever," characterised by cough,
dyspnoea, and myalgia. After 24-48 hours pulmonary oedema develops,
which may be fatal. Chronic exposure to low concentrations of cadmium
usually results in renal tubular dysfunction, proteinuria, a fall in creatinine
clearance, and a rise in urinary i microglobulin.2 Other manifestations
include osteomalacia, emphysema, and hypochromic anaemia.3
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