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Chest x ray screening for lung cancer at three British
chromates plants from 1955 to 1989

C J Schilling, J M Schilling

Abstract
Chest x ray screening for lung cancer had been
undertaken over a period of 34 years, initially
at yearly intervals, then at eight-monthly
intervals, on chromates workers at three
plants in the United Kingdom. A review of the
records of 229 employees who were diagnosed
as having carcinoma of the lung during the
screening programme was conducted.
Survival data were available on 124 cases (123
now deceased) who constitute the study
population. The cases were analysed by age and
regularity of attendance for screening. The
numbers detected by works x ray screening
and by. other means were determined with five
and 10 year survival rates. A modest but
predictable improvement in the five year

survival of those who attended regularly for
radiography was shown. Taking the total
population of cases for whom screening was

available, no significant improvement in five
year survival was found.

In the United Kingdom in the 1950s chromates were

produced in three plants (A, B, and C). Because of
reports of an increased risk of carcinoma of the lung
among chromates workers'2 and studies at the
chromates plants34 chest x ray screening was in-
troduced in 1955. This was undertaken annually at
all three plants until February 1964. After this date
screening was conducted at eight monthly intervals
until 1989 at C; until closure at A in 1966; and until
closure at B in 1967. At all three locations screening
chest radiography was available to all employees, ex-

employees, and pensioners.
It was considered appropriate to assess the effec-

tiveness of this screening programme and to this end
a review was undertaken of the medical records of
employees at the three plants who were diagnosed as

having lung cancer during the period covered by the
x ray screening programme (1955 to 1989).
A study based on the mass radiography service in
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the United Kingdom, published in 1969,5 showed a
modest improvement in the fiye year survival (15%)
of those screened six-monthly compared with a
control population (five year survival 6%).
A major study, reported in 1986,6 of chest x ray

screening at four-monthly intervals in heavy smokers
failed to show a significant improvement in mortality
compared with a non-screened population; however,
the five year survival was significantly improved in the
screened population compared with the control
group, due most probably, to earlier diagnosis.

Geddes7 investigated the exponential model of
tumour growth, which describes growth rate in terms
of volume doubling time. This model predicts that a
single cell of 10 gim diameter will become a tumour of
1 mm diameter after its volume has doubled 20 times.
A further 10 doublings will produce a tumour of 1 cm
diameter. Geddes described how doubling times had
been calculated for many lung cancers from serial
chest radiographs. Most observations show the
doubling time of individual tumours to be constant.
Whenever doubling times have been shown to
change they tend to have become longer towards the
end of the tumour's life: in other words the tumour
growth rate slows as the tumour gets larger. His
review of published series showed that 80-90% of
tumours grow exponentially. Geddes reviewed pub-
lished reports of the doubling time of 228 primary
lung cancers of which 48% were squamous cell
carcinomas, 26% adenocarcinomas, 19% undifferen-
tiated, and 7% miscellaneous. The mean number of
years from malignant change to earliest diagnosis
(1 cm tumour) was about 8 4 years with the usual
mean diagnosis time of 9-8 years. Squamous cell
carcinoma takes about 7-2 years to reach 1 cm size
with death ifuntreated at 9-6 years. Adenocarcinoma
takes about 13-2 years to reach 1 cm size with death at
17 6 years if untreated. Adenocarcinomas on this
basis, he predicted, would have an approximate five
year survival of 15%, squamous cell carcinomas a five
year survival of about 6-5%, and all lung cancers
about 8%.

In a series of 35 patients89 for whom data were
available on tumour size and doubling rate and who
were all considered to be operable, the predicted
survival rates correlated closely with actual survival
rates.
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'able I Regular attenders of annual works x ray screening sessionsfrom 1955 to February 1964

Detected
Detected by means
at works other than Total Total

ge at x ray Five year 10year works x ray Fiveyear 10year Total No fiveyear 10year
*agnosis screening survival survival screening survival survival of cases survival survival

5-44 1 0 0 0 0 0 1 0 0
5-54 8 1 1 4 0 0 12 1 1
5-64 6 2 1 5 0 0 11 2 1
5-74 2 0 0 0 0 0 2 0 0
otal 17 3 2 9 0 0 26 3 2

Second or third primary lung cancers have been
described, occurring several years after a successful
operation. Geddes concluded from predicted growth
rates that these are recurrences of first primary and
not second or third primary growths. By the time a

tumour is detected, it will have passed about 85% of
its life and the overwhelming majority, if not all
tumours, will have spread at this stage and the
prognosis will depend to a very large degree on the
growth rate of the tumour left behind. The small
improvement in survival found in practice may be
due to treatment, or to slowing of tumour growth
towards the end of its life, or a combination of both.

Study population
Records were available for 227 male employees and
two female employees who were diagnosed as having
carcinoma of the lung between 1955 and 1989. Of
these 229 cases, survival data were available for 124
cases, all now dead, except for one who has survived
for more than 10 years. They constitute the popula-
tion whose records were analysed. Of the 105 cases

excluded from this analysis, 101 are known to be dead
but date of diagnosis is not known; thus survival
times are not available. Four cases, all diagnosed in
the period after 1985, are still alive; these are not
included in the tables but do consititute potential five
and 10 year survivors. None of these four cases was
detected at works radiography.
A "regular attender" at the works x ray pro-

gramme was defined as an employee who had atten-

ded three or more consecutive "works" x ray screen-
ings immediately before the diagnosis oflung cancer.
It was considered that this constituted an acceptable
level of participation in the screening programme.

Results
Table 1 shows the number of "regular attenders" by
age at diagnosis who were detected at annual x ray
screening (1955-1964) and those who survived for
five and 10 years or more. It also shows those who
attended but were detected by means other than the
works x ray screening and their five and 10 year
survival rate.
There were 26 cases of lung cancer, of whom 17

(65%) were detected at works x ray screening and
nine (35%) were detected by other means. Three
survived for five years or more and two for 10 years or
more. Ofthe nine detected by other means there were
no five or 10 year survivors. There was a total ofthree
five year survivors (11 5%) compared with an expec-
ted value of 9% based on the Office of Population
Censuses and Surveys cancer survival data'° adjusted
for age. There were two 10 year survivors (7 7%) out
of this total group of 26 compared with the expected
value of 5-2% (based on the percentage of five year
survivors who continued to 10 year survival)."
Table 2 shows the number of "regular attenders"

by age at diagnosis who were detected at eight-
monthly x ray (February 1964 to July 1989), and the
number of five and 10 year survivors. It also shows
those who had attended but were detected by other

Table 2 Regular attenders at eight-monthly works x ray screening sessions from February 1964 to July 1989

Detected
Detected by means
at works other than Total Total

4ge at x ray Five year 10 year works x ray Five year I0 year Total No five year 10 year
liagnosis screening survival survival screening survival survival of cases survival survival

S5-44 2 0 0 1 0 0 3 0 0
15-54 5 1 0 2 1 1 7 2 1
5-64 13 2 0 9 1 1 22 3 1
5-74 2 0 0 2 0 0 4 0 0
'5-84 0 0 0 1 0 0 1 0 0
rotal 22 3 0 15 2 2 37 5 2
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Table 3 All regular attenders of works x ray screening sessions and others* diagnosed between 1955 and 1989

Detected
by means

Detected at other than
works x ray Five year 10 year works x ray Five year 10 year
screening survival survival screening survival survival

Regular attenders 39 6 2 24 2 2
Others 5 2 1 56 1 1
Total 44 8 3 80 3 3

*Others are those who did not meet the criteria for inclusion as regular attenders.

means and the number of five and 10 year survivors.
There were 37 cases of whom 22 were detected at

works x ray screening. Three survived for five years
or more; there were no 10 year survivors. Of the 15
(41 %) detected by other means, there were two five
year survivors and two 10 year survivors. Ofthe total
37 cases, five survived for five years or more (13-5%;
expected value 8 3%) and two (5 4%) survived for 10
years or more (expected value 4-8%).
The detection rate of lung cancer by works x ray

screening in regular attenders had decreased from
65% (1955-1964) to 59% (1964-1989) even though
the frequency of screening had increased from 12-
monthly to eight-monthly. At the same time, the five
year survival ofthe later group had improved slightly
from 11-5% (expected 9%) to 13-5% (expected
8 3%).
Table 3 shows all lung cancer cases diagnosed

between 1955 and July 1989 with known survival
data, both regular works x ray screening attenders
and others. Of the regular attenders, 39 cases were
detected at works x ray screening and of these six
survived for five years or more and two survived for
10 years or more. Twenty four were detected by other
means with two five year survivors and two 10 year
survivors. The total number of cases was 63, with
eight (12-7%) five year survivors (expected 8 6%) and
four (6A4%) 10 year survivors (expected 5%).
Ofthe others, five were detected at works screening

and of these two survived for five years or more and
one for 10 years or more. Fifty six were detected by
other means with one five year survivor and one 10
year survivor. The total number of cases was 61 with
three (4-9%) five year survivors (expected 6-4%) and
two (3 3%) 10 year survivors (expected 3 7%).
Table 3 also shows that those who did not meet the

criteria for inclusion as regular attenders (others)
have a five year survival rate which is not only less
than the regular attenders but less than the expected
value for the general population.
Of the total of 124 cases, there were 11 five year

survivors and six 10 year survivors. The five year
survival rate for the total population ofemployees for
whom survival data is known was 8-9% (expected
7-5%). Ten year survival was 4-8% with 4-3%
expected.

Discussion and conclusions
The lung cancer detection rate in the 1964-1969
regular attenders decreased compared with the 1955-
1964 group in spite ofan increase in the frequency of
x ray screening. The five year survival had, however,
improved slightly in the 1964-1989 group. The
explanation for this may have been a heightened
awareness among employees and their doctors of the
risk of lung cancer both from exposure to chromates
and cigarette smoking, with a greater readiness to
seek advice between screening and an increased
awareness of the shortcomings ofx ray screening as a
means of detecting lung cancer at an early stage.
The others had, as expected, a lower five year

survival rate than the regular attenders and also a five
year survival rate less than expected for the general
population. It is likely that this group contained a
higher proportion of people who were disinclined to
seek advice early on health problems and were not
prepared to go through the trauma of seeking out a
life-threatening condition every year or every eight
months.
No survival data existed for 101 lung cancer cases

but their exclusion is not likely to have led to a bias
towards a lower survival rate in the study population.
Subject to certain conditions, chromates workers and
ex-chromates workers were eligible for a special sick
pay scheme, which is more likely than not to have
increased the number of five and 10 year survivors
about whom information was available.
The findings of this review are in line with what

would be expected from previous studies and predic-
ted from our.knowledge of tumour growth rates-
namely, no significant improvement in the five year
survival of the total population under review (ob-
served 8-9%, expected 7 5%) but a greater increase
in the five year survival of regular attenders at works
x ray screening (observed 12-7%, expected 8-6%).
This is likely to be due to earlier detection in the
natural history of the disease. It does not mean that
people thus detected are cured or live longer than
they would have without screening or even have a
better quality of life. This increase in survival is less
than that found in large scale screening studies,
which showed no improvement in mortality from
lung cancer.
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Totalfive year survival Total 10 year survival

Total No of cases No Obs rate Exp rate No Obs rate Exp rate

63 8 12-7% 8-6% 4 6-4% 5 0%
61 3 49% 6-4% 2 3-3% 3 7%
124 1 1 8-9% 7-5% 6 4-8% 4-3%

This review shows that x ray screening has not had
a significant impacton the five or 10 year survival rates
of employees with carcinoma of the lung for whom
data were available. It confirms the findings of other
workers that lung cancer is not at present a disease
which meets the criteria that justify screening to
detect it early.
Carcinoma of the lung is known to be a largely

preventable disease with 90% of cases attributable to
cigarette smoking.'2 Once contracted, it is a form
of cancer that is highly malignant and virtually
incurable.

It was recommended that the programme of eight-
monthly x ray screening should be discontinued and
that the continuing programme to reduce exposure to
hexavalent chromium should be coupled with re-

strictions on smoking in the workplace and a
campaign aimed at encouraging employees to give up
smoking.
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