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INTRODUCTION
The three basic principles of radiation protection are:- 

1. Justification
2. Optimisation
3. Dose limitation

Justification was defined by the International Commission on Radiological Protection in
publication 26 as 'no practice shall be adopted unless its introduction produces a positive net
benefit' (1).  ICRP have subsequently refined this definition.  In ICRP 60 (2) justification is
defined as 'no practice involving exposures to radiation should be adopted unless it produces
sufficient benefit to the exposed individual or to society to offset the detriment it causes'.
('The justification of a practice').  The European Commission have included justification in
the recent medical exposures directive (3).  This Directive distinguishes between individual
medical exposures and medical practices.  Justification is defined in the Medical Exposures
Directive as 'showing a sufficient net benefit weighing the total potential diagnostic or
therapeutic benefits it produces, including the direct health benefits to an individual and the
benefits to society, against the individual detriment that the exposure might cause'.  Detriment
is defined in the Medical Exposures Directive (3) as 'clinically observable deleterious effects
that are expressed in individuals or their descendants, the appearance of which is either
immediate or delayed and, in the latter case, implies a probability, rather than a certainty, of
appearance'.  

Justification, in radiation protection terms, therefore applies at an individual level or on a
population basis.  The latter is particularly relevant to breast screening in which a large group
of the population are examined to detect cancers in a relatively small proportion.  Radiation
dose, and these radiation risks, vary between individuals, with women with large dense
breasts, or having breast augmentation, being at higher risk.  Justification is therefore
important for all groups of women screened. 

The induction of breast cancer by the use of ionising radiation at high doses is well
established (4, 5).  The evidence for the adverse effects of x-rays is derived from a number of
studies, mainly groups of women who had large numbers of medical exposures for chest
problems or radiotherapy for post-partum mastitis. The risk of breast cancer is considered to
be proportional to dose at low doses.  Since mammographic doses, even for women who



require several films per view, are below 100 mGy, the usual dose and dose rate effectiveness
factor for low doses will apply (5).  There is a latent period of at least 10 years post exposure
before breast cancer develops.

In the National Health Service Breast Screening Programme, women are invited for screening
mammography every 3 years.  Woman aged 50-64 years are invited.  Older women may have
mammography screening, but they are not invited by the computerised call and recall system.
Present practice is that, on their first attendance for screening, women are offered two view
mammography, whilst on subsequent visits they have only single view mammography.
However, screening policy within the breast screening programme is being changed.  It is
proposed to extend the screening programme by inviting women aged up to 70 to attend for
mammography.  At each visit, women will be offered two views for all examinations.
Women aged over 70 will be able to self-refer every three years.

The purpose of this paper is to:-

1. Estimate the benefit/risk ratio.
2. To determine whether the introduction of two view mammography and the age extension

are justified.

CANCER DETECTION RATES
Each year the National Health Service Breast Screening Programme publishes statistical
returns on the numbers of cancers detected (6).  Cancer detection rates in the UK breast
screening programme are summarised in Table 1.  It may be seen from Table 1 that there has
been a gradual improvement in cancer detection rates, probably associated with the use of
more modern equipment and an increase in film density.

RADIATION DOSES
Mean glandular dose is routinely assessed as part of the Quality Assurance Programme in the
Breast Screening Programme.  Mean glandular dose may be assessed from an exposure of a
Perspex phantom, or by recording exposure factors for a group of women, typically 50, who
attend the breast screening programme.  The method of estimating mean glandular dose is
described elsewhere(7).  Typical radiation doses for single and two-view mammography
using the lateral -oblique and cranio-caudal projections are given in table 2.  This data has
been obtained from a large scale national survey (8).  An allowance has been made for repeat
films in the mean glandular dose data in table 2, which are mean doses per woman rather than
per film.
RADIATION RISK FACTORS
The National Radiological Protection Board regularly reviews radiation risk data applicable to
the UK population.  A computer programme is available for calculating radiation detriment
(4).  Radiation risk factors applicable to women attending the breast screening programme are
summarised in table 3.  It may be seen that radiation risk factors decrease with age.  This is in
part due to the combined effects of the 10 year latent period for breast cancer induction and
the decrease in life expectancy as individuals get older. 



RESULTS
Justification may be undertaken by estimating the benefit/risk ratio for women attending the
screening programme.  A simplistic view is to regard benefit as the number of cancers
detected by screening and risk as the number of cancers induced as a result of ionising
radiation (9). This is given by the mean glandular dose multiplied by the risk factor.  The
benefit/risk ratio would then be given by:

D/I =    number of cancers detected___ (1)
number of cancers induced

but this is better referred to as the detection/induction ratio.

An alternative approach to defining benefit and risk is to say that benefit is the number of
lives saved by the introduction of screening and risk is the number of fatal cancers induced by
radiation.  The benefit/risk ratio (B/R) is then given by:

B/R  =   number of lives saved due to screening (2)
  number of fatal cancers induced      

Table 4 gives the detection/induction ratio using equation (1) for the current screening
programme where two views are only acquired on the first attendance.  Two view screening
has been shown to increase the cancer detection rate by 24% (10).  Table 5 gives the
corresponding D/I ratios for two view mammography for all age bands.  Table 6 shows the
ratios of increases in detections to increases in inductions resulting from two view screening.
All these ratios are large.
Benefit/risk ratios have been estimated using equation (2).  The number of additional lives
saved by cancer screening may be deduced using analysis of the improvement in prognosis
brought about by early diagnosis.  One way in which this can be achieved is by looking at the
change in the Nottingham Prognostic Indicator (NPI) after the introduction of screening, as
shown in Table 7 (11, 12).  The NPI is an index based on size, stage and grade of a breast
tumour at the time of its first detection.  A method for deriving a conversion factor from D/I
to B/R ratios (equation 1 to equation 2) has been suggested by Law and Faulkner (12),  and
their value for this factor based on the NPI data in Table 7 gives 

B/R = 0.62 D/I                (3)

Corresponding B/R ratios using this factor are then given in Table 8.  For calculation of ratios
for the age extension (age band 65 – 70 years) the detection rate from the UK Age Trial has
been used as explained by Law and Faulkner (13).

CONCLUSIONS
It may be deduced from the results of the calculations presented here, that the Breast
Screening Programme is justified in radiation protection terms.  In addition, both the age
extension and the introduction of two view mammography are justified.



In breast screening, it is particularly important to optimise mammography in order to maintain
the highest possible cancer detection rate.  This implies that it is the benefit (i.e. number of
lives saved) that should be maximised rather than benefit/risk ratio, provided always that this
ratio is sufficiently large.
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Table 1
Cancer Detection Rates in the Breast Screening Programme (/1000 women screened)

Age Bands 
(years)

1994/5 1995/6 1996/7 1997/8 1998/9 1999/00 Mean

50-54* 4.3 4.6 5.0 5.4 5.5 5.4 5.0**
55-59 4.7 4.7 5.0 5.3 5.5 5.7 5.2
60-64 6.3 5.9 6.1 6.1 6.1 7.1 6.4

*   With two view screening in the first round, at ages 50 – 52.
**  4.3 if corrected to single view for ages 50 – 52.

Table 2
Average Values of Mean Glandular Dose for Women Attending the UK Breast
Screening Programme

Examination Mean Glandular Dose (mGy)
Single View (Lateral Oblique) 2.5
Single View (Craniocaudal) 2.0
Two Views 4.5

Table 3
Radiation Risk Factors for Breast Cancer Induction at Low Doses: UK Female
Population

Age Band Risk Factor/million/mGy
 50 – 54 13.2
55 - 59 11.5
60 - 64 9.4
65 - 70 7.4

Table 4
Ratios of cancers detected and cancers induced (D/I).  Single view screening

Age Band Cancers Detected/Induced
  50 – 54* 130

55 - 59 180
60 - 64 270
65 - 70 440

*Detection rate decreased by 14% to correct for effect of two view screening at ages 
  50 – 52.



Table 5
Ratios of cancers detected and cancers induced (D/I) for two view screening at all
rounds

Age Band Cancers Detected/Induced
50 - 54 89
55 - 59 120
60 - 64 190
65 - 70 300

Table 6
Ratios of increase in cancers detected to increase in cancers induced associated with the
introduction of two view mammography

Age Band Increase in Detections/Increase in Inductions
50 - 54 38
55 - 59 52
60 - 64 80
65 - 70 130

Table 7
Change in Nottingham Prognostic Indicator produced by screening (11, 12)

NPI 15 Year Survival % Proportion of Women
Actual Age Corrected Before Screening After Screening

< 3.4 80 96 29 76
3.4 - 5.4 42 51 54 20

> 5.4 13 16 17 4

Table 8
Benefit/risk ratio in terms of lives saved by the introduction of screening and the
number of fatal cancers induced.  Two view mammography at all rounds.
Detection/Induction ratio multiplied by 0.62.

Age Band Benefit/Risk Ratio
50 - 54 55
55 - 59 77
60 - 64 120
65 - 70 170



REFERENCES
1. International Commission on Radiological Protection, Recommendations of the ICRP

Publication 26, (Pergammon Press, Ostend), 1977.

2. International Commission on Radiological Protection, 1990, Recommendations from
the ICRP Publication 60 (Pergammon Press. Ostend), 1991. 

3. Commission of the European Committees, Health Protection of Individuals against the
Dangers of Ionising Radiation in Relation to Medical Examinations or Treatments,
Council Directive 97/43/Eurotom, Brussels (EC, 1997). 

4. Stokell PJ, Robb JD, SPIDER-1 Software for Evaluating the detriment associated with
radiation exposure NRPB-SR261 (NRPB, Chilton), 1994.

5. National Radiological Protection Boards, Estimates of late radiation risks to the UK
population, Document of the NRPB 1993 4(4), (NRPB, Chilton).

6. National Health Service Breast Screening Programme Reviews, 1994-5, to 1998/9
inclusive, Statistics Bulletin (Department of Health, London).

7. Institute of Physical Science in Medicine, The Commissioning and routine testing of
mammographic x-ray equipment Report 59/second edition (IPSM, York) ISBN O
904181 723 1994.

8. Young KC, Radiation doses in the United Kingdom trial of breast screening in women
aged 40 to 48.  British Journal of Radiology 2002 75 362-370.

9.    Law J, Faulkner K, Cancers detected and induced, and associated risk and benefit, in a
breast screening programme, British Journal of Radiology 2001 74 1137-1141.

10. Wald, NJ, Murphy, P, Major, P, Parkes, C, Townsend, J, Frost, C.  UKCCCR
multicentre randomised controlled trial of one and two view mammography in breast
cancer screening.  BMJ 1995 311 1189-93.

11.   Law J, Faulkner K, Neilson F, Benefit and risk in breast screening in Radiological
Protection of Patients in Diagnostic and Interventional Radiology, Nuclear Medicine
and Radiotherapy' (IAEA, Vienna) 2001 p176-180. 

12.   Law, J, Faulkner K.  Concerning the relationship between benefit and radiation risk,
and cancers detected and induced, in a breast screening programme.  British Journal of
Radiology 2002 75 678-684.

13. Law J, Faulkner K.  Two view screening and extending the age range:  the balance 
of benefit and risk.  British Journal of Radiology, in press.


