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Specificity of screening in United Kingdom trial of early detection
of breast cancer

United Kingdom Trial of Early Detection of Breast Cancer Group

Abstract specialised assessment of women with suspicious
Objectives-To study the specificity of screening lesions at screening may have contributed to the

for breast cancer by clinical examination with or relatively low specificities, while at the same time
without mammography and to estimate the extra probably mitigating the adverse effects of low
breast biopsies resulting from a population screening specificity.
programme.
Design-Non-randomised, population based study.
Setting-Two screening districts (Edinburgh and Introduction

Guildford) and four comparison districts (Dundee, One of the main disadvantages of any screening
Oxford, Southmead, and Stoke). programme is lack of specificity of the screening test
Subjects-49 956 women aged 45-64 in the screen- because a test that is not specific to the disease in

ing districts and 127109 women in the comparison question will give false positive results. A false positive
districts. result can cause the patient needless anxiety, in-
Interventions-The screening districts offered convenience in having to undergo further diagnostic

women annual screening by clinical examination, tests, and possible morbidity if these tests are invasive;
with mammography in alternate years for seven it also results in considerable expenditure of personal
years. and health service resources.
Main outcome measures-Numbers oftrue positive, In publications about breast cancer screening much

false positive, true negative, and false negative emphasis has been given to positivity rates (true and
results; specificity and predictive value of screening; false positive results combined), to the predictive value
numbers of benign and malignant biopsy specimens. of a positive test result, and to the ratio of benign to
Results-At their first mammographic and clinical malignant biopsy specimens.'4 But although these

screen 94% (30 035/31 997) of women without breast enable specificity to be estimated (especially if
United Kingdom Trial of cancer were correctly classified as negative; 6% knowledge is available about interval cancers, which
Early Detection of Breast (1962) were referred for further investigation, but are a proxy measure for false negative results), there
Cancer Group only 321 (1%) required a biopsy to establish that has been little information reported on the probability
Members of the study group the suspicious lesion was not malignant. At subse- of a non-diseased woman being correctly classified as
are listed at the end of the quent screens specificity improved to 96%, and only negative or, conversely, being needlessly referred for
paper. 0-4% of women without cancer received biopsy. further investigation andsometimes biopsy.

After the first screen the ratio of benign to malignant In the United Kingdom trial of early detection of
Correspondence to: biopsy specimens was the same as that among breast cancer two screening centres, Edinburgh and
Professor JChamberlain, women in the coprsncentres, but because Guildford,invited all women aged 45to 64who were
Cancer Screening Evaluation cm aio
Unit, Institute of Cancer mammographic screening increased the number of registered with a specified number of general practi-
Research, Section of women with both malignant and benign disease tioners to bescreened each year. Inyears1, 3, 5,and 7
Epidemiology, Sutton referred the numberofbiopsies was increasedupto screening was by mammography with clinical ex-
SMi25NG. twofold in the years women were offered screening amination; in years 2, 4, and 6 it was by clinical

by mammography. examination alone. Four other districts, in which no
BMJ 1992;304:346-9 Conclusion-Our provision of a prompt, highly intervention took place, acted as comparison centres.
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The method has been described in detail elsewhere.56
This paper describes the specificity of screening over
the seven years of the trial and is limited to apparently
well women who attended the screening clinics in
response to invitation. A few symptomatic women
referred to the screening clinics have been excluded.
The effect of screening on resources for breast biopsies
is also described.

Methods
Specificity is defined as the ability of screening to

classify correctly women without cancer as negative.
At each screen and including the interval before the
next screen women may be classified as cancer detected
(true positive result); interval cancer presenting with
symptoms after a negative result on screening (false
negative result); positive on screening but cancer not
diagnosed (false positive result); or negative on screen-
ing and cancer not diagnosed (true negative result).
Specificity is expressed as the proportion of women
with true negative results out of all those in whom
cancer is not diagnosed.
The procedure adopted in both Edinburgh and

Guildford for investigating women with positive
findings (that is, whose screening report was suspicious
of cancer or of localised benign disease) was to recall
the women for further mammography and clinical
assessment, including cyst aspiration, ultrasonography,
and fine needle aspiration as appropriate. After this
assessment (which could continue for several visits to
the clinic) the women were either referred for biopsy or
returned to routine screening (a few being kept under
continuing surveillance or refusing investigation).

Data on all breast biopsies were collected from
histopathology laboratories in the four comparison
districts, where no screening was provided, as well as
from the screening districts. Details of cytopathology
were not collected because aspiration was seldom used
in 1979-80 when this study was started. The breast
biopsy rate, subdivided into rates for biopsies with
benign and malignant results, was calculated for the
screening and comparison districts. To ensure com-
parability data from the screening districts include
biopsies performed in women who did not attend for
screening and in women with previous negative screen-
ing results as well as those in women referred from
screening.

Results
The figure shows how the women attending the first

(prevalence) screening by mammography and clinical
examination were categorised as having true and false
negative results and true and false positive results. The
15 women with interval cancers had cancer diagnosed
in the 12 months after screening. Table I tabulates
these results including the 121 women under surveil-
lance and the 15 who refused investigation in the false
positive category because no cancers have been
registered among them. The sensitivity of the screening
(number of cancers detected at screening/total number
of cancers) was 92%. However, the estimation of
sensitivity in this study is complicated by the use of
different modalities at the different screening rounds

TABLE t-Specificity and predictive value offlrst screening

Test result Cancer present Cancer absent Total

Positive 178 1 962 2 140
Negative 15 30 035 30 050

Total 193 31 997 32 190

Specificity=30 035/31 997=0 94.
Predictive value of referral for investigation= 178/2140=0-08.

*The 'not known' group consisted of 121 women being kept
under special surveillance, and 15 who refused Investigation
Outcome offirst mammographic and clinical screening in Edinburgh
and Guildford

TABLE II-Specificity and predictive value of routine screening by
physical examination alone in rounds 2, 4, and 6

Test result Cancer present Cancer absent Total

Positive 74 3 166 3 240
Negative 41 66 541 66 582

Total 115 69 707 69 822

Specificity=66 541/66 707=0 95.
Predictive value of referral for investigation=74/3420=0 02.

TABLE III-Specificity and predictive value of screening by physical
examination and mammography in rounds 3, 5, and 7

Test result Cancer present Cancer absent Total

Positive 254 2 867 3 121
Negative 25 69 560 69 585

Total 279 72 427 72 706

Specificity=69 560/72 427=0-96.
Predictive value of referral for investigation=254/3121=0-08.

TABLE IV-Specificity (%) and positive predictive value (%) of
screening in Edinburgh and Guildford

Specificity Positive predictive value
(No of false positive results) (No of cancers detected)

Screening
round Edinburgh Guildford Edinburgh Guildford

Round 1 % (528) 92 (1434) 14 (89) 6 (89)
Rounds 2, 3, 6 97 (866) 94(2300) 4 (36) 2 (38)
Rounds3,5,7 97 (969) 95(1898) 10(108) 7(146)

(S Moss et al, in preparation). Tables II and III analyse
the results of subsequent clinical examination only
screens (rounds 2, 4, and 6), and subsequent mam-
mographic plus clinical screens (rounds 3, 5, and 7) in
the same way.

Specificity at the prevalence screen (table I) was
94%-that is, 6% of women without cancer were
recalled for further investigation. In subsequent
rounds it improved slightly increasing to 95% at
clinical only rounds (table II), and 96% at subsequent
mammographic plus clinical rounds (table III). In each
round, Edinburgh had higher specificity than Guildford
(table IV). The predictive value of a positive screening
result-that is, the probability that a woman referred
for further investigation will have cancer-was 8% for
mammographic plus clinical screening rounds but only
2% for clinical only rounds, with Edinburgh again
having higher values than Guildford (table IV).
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TABLE v-Number and rate of biopsies resulting in benign and malignant specimens in two screening districts and compartson districts for successiveyears of trial

Year since entry

2 3 4 5 6 7

No of Rate/1000 No of Rate/1000 No of Rate/1000 No of Rate/1000 No of Rate/1000 No of Rate/1000 No of Rate/1000
biopsies women biopsies women biopsies women biopsies women biopsies women biopsies women biopsies women

Comparison districts:
Total 328 2-60 329 2-63 334 2-69 348 2-83 329 2 71 320 2-66 270 2-27
Benign 130 1-03 141 1-13 123 0 99 116 0 94 103 0-85 95 0-79 93 0-78
Malignant 198 1 57 188 1 50 211 1 70 232 1-89 226 1 86 225 1-87 177 1-49

Edinburgh*:
Total 282 12 36 123 5-44 132 5-89 64 2-88 89 4 05 55 2-53 56 2-61
Benign 181 7-93 63 2-79 74 3 30 26 1 17 35 1-59 25 1-15 20 0-93
Malignant 101 4-43 60 2-65 58 2-59 38 1 71 54 2-46 30 1-38 36 1-67

Guildford:
Total 250 11-14 81 3-64 120 5-43 55 2 51 77 3-54 53 2-46 91 4-26
Benign 156 6-95 47 2 11 46 2-08 16 0-73 27 1 24 12 0-56 26 1-22
Malignant 94 4 19 34 1 53 74 3-35 39 1-78 50 2-30 41 190 65 3 05

*The biopsy rates in screening districts refer to all biopsies in the whole population of women in the trial not just those resulting from screening.

Some people regard the initial investigations in From the woman's point of view, the anxiety of
women with positive screening results as part of the referral for assessment may be worse than any
screening process itself ("second stage screening") in inconvenience or physical discomfort. However, one
which case only women referred for biopsy would be study in Guildford found that the level of anxiety and
regarded as having positive results. If this definition is depression in women referred from screening but
used the specificity of the first screen increases to found not to have cancer was not sustained7 and it was
99 0%, of further mammographic and clinical rounds lower than that in symptomatic women with benign
to 99 7%, and of clinical only rounds to 99-9%. The disease.
predictive value of a referral for biopsy is 36% in the The effect which this screening programme had on
first round, 53% in subsequent mammographic and the number of biopsies in the population was consider-
clinical rounds, and 43% in clinical only rounds. There able during the year when women were being enrolled
was less difference between Edinburgh and Guildford for their first screen and was sustained at a higher level
in biopsy referral rates than in rates of all referrals for than in the comparison centres during subsequent
investigation, with Guildford having higher predictive mammographic screens. Even though, after the first
values than Edinburgh except at the first screen. year, the ratio ofbenign to malignant biopsy specimens

Table V shows the biopsy rates per 1000 women in in screening centres was similar to that in comparison
the population in successive years of the trial. The rate centres, the extra yield of cancers detected at each
of biopsy in the screening districts was four to five screen was accompanied by an extra yield of benign
times higher than in the comparison districts in the first disease. In the current national breast screening pro-
year after entry, when two thirds of the population gramme the fact that only one third of women are
accepted the invitation to have a first mammographic offered screening each year should mitigate to some
and clinical screen. In subsequent years when women extent the extra workload for surgical, pathology, and
were offered mammographic and clinical screens the inpatient services, although anecdotal reports suggest
biopsy rate was still raised, at about twice the rate in the that this is a major cause for concern. Up to half of
comparison districts (except for the final year in lesions detected by screening require localisation
Edinburgh). In the second year, when clinical screening biopsies, which puts an additional burden on patho-
alone was offered, the biopsy rate was above that in the logists and surgeons in terms of both skill and time.
comparison districts but in subsequent years with only Increasing use of fine needle aspiration to distinguish
clinical screening it was marginally lower than in the between benign and malignant lesions should reduce
comparison districts. the need for biopsy, and although women with

malignant lesions will still require surgery (and hence
confirmatory histological examination), this should be

Discussion possible in many cases as a one stage operation rather
One of the unwanted side effects of screening than as two procedures. The number of benign biopsy

asymptomatic people is that some, who.are unaffected specimens will not fall until we can rely on a negative
by the disease, will be needlessly put through the cytological result assessed in conjunction with mam-
anxiety, inconvenience, and sometimes physical mographic and clinical findings for detecting benign
morbidity of further investigations only to find that lesions.
their positive screening test result was false. In this trial
the probability of an unaffected woman falling into the Members of the United Kingdom Early Detection of Breast
false positive group was 3-8%. Lower proportions have Cancer Group are J Chamberlain, S Moss, R Ellman, L Johns
been reported elsewhere.78The factors leading doctors Cancer Screening Evaluation Unit; A P M Forrest, A E
and other professionals who interpret mammograms Kirkpatrick, T J Anderson (Edinburgh); B Thomas, J Price,

N Gibbs, P S Boulter (Guildford); and C Wells, J S Beck, Pand clinical examinations to "overcall" must include Burton (comparison centres). ''
their knowledge of the implications of a positive test This work was supported by grants from the Department of
result. When they know that the woman will be given a Health and the Scottish Home and Health Department.
rapid appointment for specialised multidisciplinary

assessmnt(asas the ase in his tril) theymay be
I Shapiro S. Evidence on screening for breast cancer from a randomised trial.

less concerned about referral than if the option for Cancer 1981;39:618-27.
further investigation meant being put on a lengthy 2 Tabar L, Gad A, Holmberg LH, Ljunquist U, Fagerberg CJG, Baldetorp L,

..~~ ~ ~ ~ ~~~~~~~~~~~~~~~ ata. Reduction in mortality from breast cancer after mass screening withwaiting list for an outpatient appointment at a busy mammography. Lancetl1985;i:829-32.
surgical clinic. The system of multidisciplinary 3 Tabar L, Fagerberg G, Day NE, Holmberg L. What is the optimum interval
assessment almost certainly contributed to the low between mammographic screening examinations? Br J Cancer 1987;55:
rates of biopsy resulting in benign specimens, only 1% 4 Verbeek ALM, Hendricks JHCL, Holland R, Mravunac M, Sturmans F,
of unaffected women being referred for biopsy at the Day NE. Reduction in breast cancer mortality through mass screening withmodern mammography. (First results of the Nijmegan project 1975-81.)
first screen and 0 5% at subsequent screens. Lancet 1984;i:1222-4.
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5 United Kingdom Trial of Early Detection of Breast CancerGroup. Trial of early 8 Peeters PH, Verbeek AL, Hendriks JH, van Bon MJ. Screening for breast
detection of breast cancer: description of method. Br J Cancer 1981;44: cancer in Nigmegen. Report of 6 screening rounds, 1976-1986. IntJ Cancer
618-27. 1989;43:226-30.

6 Roberts MM, Alexander FE, Anderson TJ, Chetty U, Donnan PT, Forrest P, 9 ElUman R, Angeli N, Christians A, Moss S, Chamberlain J, Maguire P.
et al. Edinburgh trial of screening for breast cancer: mortality at seven years. Psychiatric morbidity associated with screening for breast cancer.
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Organ donation from intensive care units in England and Wales:
two year confidential audit of deaths in intensive care

Sheila M Gore, Deborah J Cable, Annabel J Holland

Abstract outside designated intensive care units to be audited
Objectives-Quantify possible increases in cada- also.4Collins reported thebackground to, andFeestetal

veric organ donation from intensive care units; the preliminary assessment of, an interventional
identify major sources of regional variation. ventilation protocol for identifying and managing
Design-Confidential audit of all deaths in in- patients with terminal cerebrovascular accidents who

tensive care units in England in 1989 and 1990 and in are potential organ donors but are lost to the transplant
Wales in 1990. programme by being admitted to general medical wards
Setting- 15 regional and special health authorities rather than to the intensive care unit.56 Gentleman et al

in England; Wales. audited all deaths, whether on the ward (272 deaths) or
Patients-24 023 audited deaths in England; 682 in in the intensive care unit (281 deaths), over four years

Wales. (1986-9) in the Institute of Neurological Sciences,
Main outcome measures-Solid organ and corneal Glasgow.7They noted reservations about interventional

donor rates per 100 deaths; solid organ donor rate ventilation: a reluctance to embark on major intervention
per 100 confirmed brain stem deaths; regional with no prospect of helping the patient and unwilling-
variation in (a) whether brain stem death was ness to commit professional time and intensive care
possible diagnosis, (b) general medical contra- resources in these circumstances. A comprehensive one
indications to donation, (c) relatives' refusal. year regional studyofall deaths, including both thosein
Results-Confirmed brain stem death accounted ventilated patients and other deaths outside intensive

for 2389 (10%) audited deaths in England. In 438 care units, was undertaken by Salih et al in 21 acute
(18%) there was a general medical contraindication hospitals in south and west Wales serving a population
to organ donation, and of 1829 (94%) families asked of2-2 million.8 But the cost was high (£70 000), because
about donation, 557 (30%) refused. Data for England the case notes ofall deceased patients were examined by
suggested that among potential donors the heart is fieldworkers soon after the death, and would have been
suitable for transplantation in 65% of cases, the prohibitively so for England's geographically dispersed
kidneys in 95%, the liver in 71%, the lungs in 31%, and more than 20 times greater population.
and the corneas in 92%. Reasons for any shortfall in
achievement of transplantation varied with organ
type. Solid organ and corneal donor rates per 100 Methods
deaths were 5-0 and 3-9 respectively in England and The audit began on 1 January 1989 in regional and
4-3 and 2-1 respectively in Wales. The solid organ special health authorities in England and on 1 January
donor rate per 100 confirmed brain stem deaths was 1990 in Wales; it ended on 31 December 1990.
50 in England and 41 in Wales. Books ofserially numbered audit forms2 were issued by
Conclusions-A 20% increase in number of cada- the Department of Health to health authorities for

veric kidney donors from intensive care could be completion in each intensive care unit. Liaison between
achieved by prompt testing for brain stem death and health authorities, the Department of Health, and the
a quarter reduction in relatives' refusals. Medical Research Council's biostatistics unit was

through designated regional personnel. They were also
intermediary between the statistical centre and in-

Introduction tensive care units in the return and validation of audit
In 1987 the Working Party on the Supply of Donor forms, thereby ensuring anonymity of intensive care

Organs for Transplantation recommended: "Each units. Three audit periods were scheduled in 1989-
Authority should establish an audit in its constituent January to March, April to June, July to December-
hospitals in order to record all instances ofthe diagnosis and two in 1990. In the first and second audit phases
of brain-stem death, the number of requests made, the 30% and 15% of audit forms respectively failed logical
number and nature of organ donations and the reasons checks and had to be returned to intensive care units
for any shortfall."' As a result the Department of for correction.9 In later periods fewer than 10% of audit

MRC Biostatistics Unit, Health initiated a cost efficient, though not compre- forms failed initial validation.
Cambridge CB2 2BW hensive, centralised, confidential audit of all deaths in
Sheila M Gore, PHD, senior intensive care units in England (except those for
statistician coronary care only and neonatal intensive care) in 1989 Results
Deborah J Cable, data and 1990.2 3 The audit aimed at achieving efficiency, Altogether 12 133 and 11 890 deaths in intensive care

mannabelr oln,dt precision of estimation, and reproducibility between units were audited in England in 1989 and 1990
manager ~~~years and at gainng insight to regional variation. The respectively out of total numbers of 12600 and 13 000manager ~~~~~~audit cost less than £20 000, enjoyed good collaboration (estimated after correcting for period specific non-

Correspondence to: in the return and validation of audit forms, and yielded compliance or partial compliance). Compliance by
Dr Gore. consistent findings in 1989 and 1990. Wales joined the intensive care units in England was thus 96s3% in the

confidential audit in 1990. first year and 91*5% in the second year.'0 In Wales,
BMJ 1992;304:349-55 Cohen has called for the deaths of patients ventilated where the audit was introduced in 1990 without a three
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