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ABSTRACI Between 1936 and 1976, 344 cases of scrotal cancer were registered in the West
Midlands Region. There was a considerable increase in the number of registrations after 1955,
the figures remaining high until the 1970s since when they appear to be falling towards the low
level seen in the early years of registration. By the end of December 1981 250 deaths had
occurred. The cause of death was known in 226 cases and of these, 97 (42.9%) were attributed to
cancer of the scrotum, 40 (17-7%) to other malignancies, and 89 (39-4%) to other causes, scrotal
cancer not being mentioned on the death certificate. The mean age at registration was 59-3 years
and at death 66 years. Mean survival was 6-6 years with a five year survival rate of 51 %. Survival
was shorter in men who presented with palpable lymph nodes and greater in those treated with
surgery alone. Occupations were known for all but 28 of the cases and of these, 61-9% had been
exposed to mineral oil and a further 7 8% to pitch and tar. Among the occupations with exposure
to mineral oil, tool setters and tool fitters accounted for the greatest proportion, 89 men having
followed those trades. In 74 cases second primary tumours were registered after the scrotal
primary, mostly in the skin and bronchus. There was no relation between the development of
second primary tumours and exposure to mineral oil or to pitch and tar.

Scrotal cancer was the first malignant disease to be
shown to have a clear relationship with a particular
occupation when Percivall Pott described its occur-
rence in chimney sweeps in 1775. Since then, the
disease has appeared successively in different occu-
pational groups including workers exposed to pitch
and tar, to shale oil, and to mineral oil. Tumours
induced by mineral oil were especially prevalent in
the 1920s and 1930s in the cotton industry in Lanca-
shire. Of those exposed, mule spinners were the
most likely to contract the disease as their work of
piecing together the broken threads on the mule
caused them to lean over a faller bar which was
covered with oil thrown off from the rapidly rotating
spindles (fig 1). The faller bar was at groin height
and the mule spinner's clothing became soaked with
oil which thus came into contact with his scrotum.
With the use of less carcinogenic oils in the cotton
industry and with the decline of the industry itself,
the incidence of scrotal cancer has fallen greatly in
the north west of England' only to appear else-
where.

In 1950 Cruickshank and Squire in Birmingham
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reported some cases of epithelioma in men working
in the engineering industry who had been in contact
with the cooling oils used on certain automatic
machines.2 Among their group of 34 patients with
scrotal cancer, 12 had positive exposure to mineral
oil, six having worked as machine operators. Given
the long latent period of the disease and the rela-
tively recent increase in the use of automatic
machines, Cruickshank and Squire predicted that
the incidence of the disease would probably
increase. Their prediction appeared to be borne out
by the increase in the number of cases of
epitheliomatous ulceration reported to the factory
inspectorate in the 1960s, especially in the wake of
the test case of Stokes v Guest, Keen and Nettlefolds,
in which the widow of a man who had contracted the
disease successfully prosecuted her husband's
employers for compensation.3

It was against this background that the present
study was undertaken. The aims were to identify all
the cases of scrotal cancer registered in the West
Midlands Region* from 1936 to 1976, to establish
*The West Midlands Region comprises the counties of West Mid-
lands, Warwickshire, Worcestershire and Hereford, Staffordshire,
and Salop.
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Fig 1 Cotton mule
spinning showing the
minder (left) leaning
over the faller bar to piece
together a broken thread.
The assistant on the right
was known as the young
piecer.

the occupations of the men with the disease and
their exposure to any known carcinogens, and,
finally, to describe the course of the disease.

Materials and methods

Cases were drawn from the Regional Cancer Regis-
try for the years 1936 to 1976 inclusive, these being
the years when registration first began and the last
date which would allow for a five year follow up (at
least) on all cases. Information was taken from the
registry records, supplemented where necessary
from hospital case notes and from interviews with
the patients or their relatives. Details of the present-
ing symptoms and of treatment were taken from the
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case notes; the cause of death was obtained from
copies of the death certificates in the records. In
order to measure duration of survival we deter-
mined whether patients were alive or dead on 31
December 1981, thus allowing for a minimum of
five years follow up in each case. To establish trends
with time, some of the data have been analysed for
three successive periods, 1936-55, 1956-65, and
1966-76.

Results

NUMBER OF CASES
Between 1936 and 1976, 344 cases were registered
but, as may be seen from fig 2, the number of regis-

1936 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76
Year of registration

Fig 2 Annual number ofregistrations ofcases with scrotal cancer.
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trations a year has not been constant. The number of
registrations increased considerably after 1955 and
the numbers have remained high, although there are
fluctuations which appear to peak about every five
or six years. There is some indication from fig 2 that
the number of cases which fell in the 1970s may be
returning towards the low levels seen in the early
years of registration.

NUMBER OF DEATHS AND CAUSE OF DEATH
By the end of December 1981, 250 cases had died;
the annual distribution of deaths (fig 3) shows a
trend similar to that shown in fig 2. The cause of
death was known for 226 cases and of these, 97
(42-9%) were attributed to scrotal cancer, 40
(17.7%) to other malignancies, and 89 (39.4%) to
other causes, scrotal cancer not being mentioned on
the death certificates.

AGE AT REGISTRATION AND AGE AT DEATH
The mean age at registration was 59 3 years (range
22 to 88); the mean age at death was 66.0 (range 23
to 95) (fig 4). These ages have shown no tendency to
change over time but, as may be seen from fig 4,
there is a deficit of cases aged between 60 and 64.
This deficit was thought to be almost certainly an
artefact of registration and if so then it should disap-
pear if the age at onset of the tumour was plotted.
Age of onset was known with a reasonable degree of
certainty for 92 cases, and in fig 5 the distribution by
age of onset has been plotted and compared with
age at registration for the same cases. The curve for
age at onset shows no deficit but there is still a dip in
the curve of age at registration in the 60-64 year
group, although smaller than that for the group as a
whole (fig 4).
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Fig 4 Mean age at registration (oped circles) and death
(solid line) ofcases ofscrotal cancer.

OCCUPATIONS
The occupations of all but 28 of the cases were
known and the principal of these are shown in table
1. Men with exposure to mineral oil account for
61 9% of the total and a further 7-8% had exposure
to pitch and tar. Among the occupations with oil
exposure, tool setters and tool fitters account for the
greatest proportion. The earliest record of a man
with scrotal cancer in a job with oil exposure was in
1936; the first tool setter was registered in 1940.

Six men had been cotton spinners, their exposure
having taken place outside the region, and there
were seven sweeps; in 57 cases (16.6%) there was
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Fig 3 Annual number ofdeaths from scrotal cancer.
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Fig 5 Age at onset (dashed line) and at registration (solid
line) of 92 cases ofscrotal cancer.

no history of exposure to any known carcinogens.
Figure 6 shows the proportion of cases (with

known occupations) exposed to either pitch and tar
or to mineral oil; the proportion of cases due to
pitch and tar has declined continuously and the
proportion with oil exposure has increased. It is not-
able that the age of registration of cases with expos-
ure to oil, pitch and tar, or soot is significantly lower
than in those in whom no occupational factors were
discovered (table 2).

LATENT PERIOD
We were able to calculate the latent period between
first exposure to oil and age at registration in 112
men; these data are shown in fig 7. There is neces-
sarily an inverse relationship between age at regis-
tration and latent period, r = -0-71 (p < 0-001), the
mean latent period for the group as a whole being
34-4 years, standard deviation 12-1 years. We were
also able to calculate the latent period in a group of
nine men with exposure to pitch and tar. The mean
for these men was 24-3 years.

Table 1 Principal occupations ofmen registered with
scrotal cancer

No %

Toolsetter, toolfitters 89 25 9
Machine operators 49 14-2
Metal wor cers 19 5-5
Cotton spinners 6 1-7
Labourers in oily jobs 12 3-5
Workers in other oily jobs 38 11-0
Workers with pitch and tar 27 7 9
Sweeps 7 2-0
Jobs with no relevant exposure 57 16-6
Exposure unknown 12 3-5
Occupation unknown 28 8-1
Total 344 100-0

A total of 213 occupations (61-9%) involved exposure to mineral
oil.
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1936-40 41-45 46-50 51-55 56-60 6165 66-70 71-75

Year of registration
Fig 6 Proportion ofcases ofscrotal cancer due to exposure
to mineral oil (closed circles) or to pitch and tar (open
circles).

SURVIVAL
The mean survival after treatment of the 324 cases
for whom it was known was 6-6 years (range 0 to 30
years). Figure 8 shows the percentage survival, cal-
culated from a life table, from which it may be seen
that the five year survival rate is 51%. There has
been no change in survival over time, the proportion
of men surviving longer than five years between
1936-55, 1956-65, and 1966-76 being 44-6%,
44-2%, and 44-6%.

TREATMENT
Table 3 shows the forms of treatment given. Treat-
ment of the disease has changed in recent years with
an increasing proportion of patients being offered
surgery without radiotherapy; the proportion of
patients treated by radiotherapy alone has been
small and constant over the years. The type of
treatment offered does not vary with the age of the
patient but patients with palpable lymph nodes are
more likely to have been given radiotherapy as an
adjunct to surgery than other patients (table 4).

FACTORS AFFECTING SURVIVAL
The factors which appear to affect survival include
age at registration, the presence of palpable lymph
nodes, and the type of treatment, the size of the
presenting lesion per se does not significantly affect

Table 2 Age at registration related to type ofexposure

Exposure Mean age (years) Standard deviation No

Mineral oil 567 10-7 213
Pitch and tar or

soot 60-3 12-6 34
None 64-2 12-5 57
Not known 66-4 10-2 37
Total 59*3 11-7 341

F = 14-1, p < 0-001.
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Fig 7 Latent period ofscrotal cancer in relation to age at
first exposure to mineral oil.

the duration of survival although, as may be seen
from table 4, the likelihood of node involvement
increases significantly as the size of the lesion
increases.
As might be expected, there is a significant nega-

tive correlation (r = -0 39, p < 0001) between age
at registration and duration of survival. The relation
between the presence of lymph nodes and decreased
survival holds good irrespective of the size of the
lesion (table 5); the proportion of patients with
lymph nodes surviving more than five years is only
26.4% compared with 61 3% in those whose lymph
nodes are not affected (p < 0-001).

SECOND PRIMARY TUMOURS
In 74 cases second primary tumours were registered
after the scrotal primary; 51 of these men had been
exposed to mineral oil, five to pitch and tar, while in
the remaining 18 there was no significant exposure.
These differences were not statistically significant.
The sites of the second primary tumours were the
bronchus and the skin. Of the 51 second primary
tumours in men exposed to mineral oil, 22 were in
the bronchus and 12 in the skin; of the four second
primaries in men exposed to pitch or tar, one was in
the bronchus and three in the skin. Of the remaining
18 tumours, eight were in the bronchus and two in
the skin.
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Fig 8 Percentage survival of cases with scrotal cancer.

Discussion

We have reported here on the largest series of cases
of scrotal cancer since the publication of Henry's
classic monograph in 1946.4 The most striking fea-
ture of our series is the great increase in registrations
during the 1950s after the report of Cruickshank
and Squire.2 The carcinogenicity of cutting oils was
confirmed in 1955 by Gilman and Vessolinovitch5
and cases of scrotal cancer due to exposure to cut-
ting oils have been reported in many countries
including America,6 Canada,7 Frances (especially in
the valley of the Arve9), Norway,'0 Sweden," and

Table 3 Type oftreatment offered to patients with scrotal cancer

Surgery only Radiotherapy only Surgery and radiotherapy

No % No % No %

1936- 37 54-4 5 7-4 26 38-2
1956- 78 70-9 9 8-2 23 20-9
1966-76 87 80 6 9 8-3 12 11.1
Total 202 707 23 8-0 61 21-3
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Table 4 Choice oftreatment offered to patients with scrotal cancer related to size oflesion and presence ofpalpable lymph
nodes

Size of lesion (cm)

0- 3- a6
Nodes No nodes Nodes No nodes Nodes No nodes

Surgery only 48-7 91-5 51-9 78-9 524 87.5
Radiotherapy only 2-6 0 25-9 15-8 9 5 12-5
Surgery and

radiotherapy 48-7 8 5 22-2 5-3 38-1 0
Total numbers 39 47 27 19 21 8
% with nodes* 44-8 58.7 72-4

*Difference statistically significant at 5%.

Australia.'2 Even so, the disease was probably
underreported until the Stokes v GKN case; in the
year after the case the number of cases of scrotal
cancer reported to the factory inspectorate from the
West Midlands Region (or Birmingham Region as it
was known then) quadrupled from four in 1968 to
17 in 1969.'3 (The increase in the number of cases
registered in the region was 16 in 1968 and 21 in
1969, suggesting some delay in notification.)
The number of cases registered in the region has

remained high for two decades but now shows some
indication of returning to the previous low level.
This may well be due to the widespread introduction
of solvent refined oils during the late 1960s. If the
decrease in the number of registrations continues
then the rapidity of the response suggests a co-
carcinogenic effect-that is, the mineral oil is acting
as a promotional agent, perhaps as well as an
initiator.
There is no doubt that the increase in the number

of cases in the region was caused by exposure to
mineral oil and, in all, three fifths of our cases had
been employed in jobs which entailed some expos-
ure to oil. Of the occupations within the group with
oil exposure, the pre-eminent place is taken by tool
setters and tool fitters who have supplanted mule
spinners in this respect. There has been a steady

Table 5 Proportion ofpatients surviving more than five
years related to size oflesion and presence ofpalpable
lymph nodes

Size (cm) % Surviving more No p
than five years

0-
Nodes 27-0 37
No nodes 61-7 47 <0-001

3-
Nodes 27-6 29
No nodes 57-1 21 <0-1

_6
Nodes 23-8 21
No nodes 75-0 8 <005

increase in the proportion of cases which can be
considered as due to oil exposure as shown in fig 6.
The decrease in cases arising from pitch and tar is
also striking and is due in great part to the closure of
a big tar distillery in the region.
What is perhaps equally striking from our data is

the relatively high proportion of cases in which there
was no obvious occupational factor. A total of 57
cases fell into this category (16.7%), a much higher
proportion than found by Lee and his colleagues (5
of 89, 5.6%)' but similar to the proportion in Doig's
series (4 of 21, 19.0%).'4
A wide variety of occupations was represented

among the group with no exposure to known car-
cinogens, the only occupations which included more
than one case being labourers (7), woodworkers (3),
pottery workers (3), gardeners (3), salesmen (2),
butchers (2), school teachers (2), and blacksmiths
(2). There were, in addition, two mentally subnor-
mal patients who had never worked in their lives.

In some of these cases poor personal hygiene may
have been a factor in the aetiology of the disease.
The unclean state in which the patients presented
was remarked on in half a dozen case notes; about
one patient (a writer and journalist) the consultant
wrote: "when he came in he was in a foul state, the
skin of the scrotum was covered with sebum and it was
literally a matter of forcing the man into the bath
and holding him down so we could get him clean.
We were very impressed with his total refusal and it
does seem that he never ever bathed."

Table 6 Proportion ofpatients with scrotal cancer
presenting with palpable lymph nodes

With nodes Without nodes

No % No N

1936- 44 77-2 13 22-8
1956- 63 65-6 33 34-4
1966-76 38 37-3 68 62-7

XI = 28-6, p < 0 001.
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The mean age at registration in our series was
much lower than in the cases reported by Lee and
his colleagues.' They comment that "cancer of the
scrotum is a disease of the elderly" and 41% of their
cases were over 70 when they sought medical
advice. By contrast, only 16% of our cases were
over 70 when they registered. The difference in age
between the two series is probably due in part at
least to the fact that mule spinning has declined in
the north west and hence fewer men are being
exposed to oil. The cases now presenting in that
region are thus likely to include a higher proportion
of men who were exposed at a relatively late age or
who have experienced a long latent period.

It is interesting to note that the men for whom
there was an obvious occupational factor were
significantly younger than the men whose tumour
was apparently unconnected with their work; this is
in agreement with the generally accepted observa-
tion that occupationally induced tumours occur at a
younger age than those not related to work.
The mean age at death in our cases was 66 years

which is similar to that found by Henry in his large
survey.4 Henry reported that the mean age of death
in his cases was 61-6 years while for mule spinners
alone he found the mean to be 58-2 years. These
figures again differ from the Manchester study in
which 58% of the men were over 70 when they died.
The reasons for this difference are clearly related to
the fact that the disease has its onset at a later age in
Manchester than in Birmingham for the reasons
already mentioned.

It is generally accepted that solid tumours induced
by chemicals or by ionising radiation require a long
latent period. This term is variously described but is
most often taken to be the time between first expos-
ure to the carcinogen and clinical diagnosis. Our end
point is given by the date of registration, which is
seldom much later than the date of diagnosis. There
are limitations to the use of date of diagnosis (or
registration) as the end point of a latent interval,
some of which have been discussed by Knox.'5 One
of the most obvious is that in some sites tumours will
be more readily observed and diagnosed than in
others. Skin tumours are likely to be diagnosed
before intra-abdominal tumours, for example, so
that the latent period may be longer in "hidden"
tumours than in those on the surface. The latent
period is also likely to be longer in tumours that
produce few symptoms than in those that cause
many.
The mean latent period in the men in our series

exposed to mineral oil was 34-4 years (SD 12-1
years); Henry found a modal value of 35-39 years in
mule spinners.4 Our mean value, however, conceals
the negative correlation observed between latent
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period and age at first exposure (fig 7). This correla-
tion may be obtained for other occupational
tumours. For example, using the data given by
Doll'6 for the induction of carcinoma of the bron-
chus in asbestos workers gives a correlation between
latent period* and age at first exposure of r =
-0-43, p < 0-05. The long latent period of 45-6
years for the induction of nasopharyngeal tumours
in woodworkers (derived from the data of Acheson
et al'7) is also associated with a negative correlation
(r = -0.36) but this is not significant at the 5%
level.
One explanation for the reduced latent period in

the older age groups might be that tumours really
are induced more quickly. It is much more likely,
however, that the relationship is the consequence of
the long induction time which does not allow for a
sufficiently long duration of life in those first
exposed to the carcinogen late in life. Only those in
whom the latent interval is short will actually pres-
ent with the disease and this will lead to an apparent,
but spurious, negative correlation between latent
period and age at first exposure.
About half the patients with scrotal cancer die

within the first five years after diagnosis, a feature
they have in common with patients suffering from a
wide variety of malignant diseases"'8 The factors
which significantly affect survival include age at
registration, treatment, and the presence of palpable
lymph nodes. These factors are obviously interre-
lated since choice of treatment is affected by the
clinical presentation of the patient, although not by
his age. The number of patients treated by surgery
alone has increased in recent years and this undoub-
tedly reflects the fact that the proportion of patients
with palpable lymph nodes has decreased (table 6);
there has been no change in the size of the present-
ing lesion with time. The effect on survival of age at
registration is obvious; one does not expect that old
men with the disease will live as long as younger
men. Similarly, the presence of palpable lymph
nodes indicates that the disease has spread beyond
the confines of the scrotum and, as with other malig-
nant disease, is more difficult to treat effectively.
Having made allowance for age in a multiple regres-
sion equation, the presence of lymph nodes
significantly shortens survival (p < 0.001) and, hav-
ing allowed for both, surgery significantly prolongs
survival (p < 0-001). The fact that survival was not
related to the size of the lesion is perhaps unex-
pected given that node involvement is greater with
increasing size. A postmortem study by Breuer and

*In this instance, latent period is taken as the interval between age
at first exposure and death. It is unlikely, however, that in the case
of bronchial carcinoma age at death is, on average, much greater
than age at diagnosis.
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Ehring, however, has shown that large skin tumours
have fewer distant metastases than those of medium
size, indicating that the size of the presenting lesion
may not always be a guide to the state of dissemina-
tion.'9
The number of second primary tumours regis-

tered did not appear to differ significantly between
the groups with known exposure to occupational
carcinogens and those without, nor did the distribu-
tion of the sites of the second primaries significantly
differ between the groups. This differs from our ear-
lier observations20 that there was a significant excess
of bronchial second primaries among the men with
exposure to mineral oil.

This work was supported by a grant from the Insti-
tute of Petroleum which we acknowledge with
gratitude. Some of the data were included in Ni's
MSc (Occupational Medicine) report presented to
the University of London.
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