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Aims: To examine pathology characteristics of breast cancers detected by mammography screening
over 10 years in Scotland, and compare the nature of cancer yields after different levels of very small
invasive cancer at prevalence detection.
Methods: A pathology database of cancers from mammography screening of women aged 50–64
years invited every three years was used to assess the variation over time in annual yield of different
invasive cancer sizes. Screening centres were compared for incidence screen yields, according to
sizes, histological type, grade, and node status.
Results: There was a significant trend over time for increased detection of < 15 mm cancers among
2353 prevalence cancers, and a significant trend for increase in all size groups, < 10, 10–14, < 15,
and > 15 mm, among 2245 incidence cancers. Based on individual screening centres, there was a
significant negative relation between proportions of very small (< 10 mm) cancers at prevalence
screens and of large (> 15 mm) cancers at incidence screens of the same “cohort” three years later.
There was no significant relation on the same centre basis for worse pathology characteristics (histo-
logical no special type, high grade, and positive node status) in cancers detected in the same “cohort”
three years later.
Conclusions: Sensitive mammography screening has a significant effect on the nature of yields at sub-
sequent screens. Length of screening interval and consistency in pathologist opinions are factors that
account for lack of effect on incidence cancer qualitative pathology characteristics. These issues are
relevant to the use of such characteristics as surrogate measures of service screening performance.

It is accepted that the aggressive nature of breast cancer can
be assessed from qualitative pathology characteristics,
specifically the histological type, grade, and node status for

metastasis. On this basis, cancer characteristics in screening
trial subpopulations of the Swedish two counties trial have
been used to investigate the potential for cancer to progress in
aggressiveness with time (phenotypic drift), or to vary in the
duration of possible screen detection ahead of clinical presen-
tation (mean sojourn time).1 Such information is of key
importance when interpreting screening effects. Indeed, some
UK regions have reported the qualitative pathology character-
istics of cancers in subpopulations of invited women, but have
focused on the nature of interval cancers.2 3 However, in terms
of a national, or UK regional, multicentre service, screening
activity access to such complete population information is not
standard, with detailed information gathered only from
screen detected cancers. Therefore, we have examined the
pathology database of the Scottish breast screening pro-
gramme (SBSP) for a period of 10 years from April 1991, after
the whole population in the 50–64 year age group was
included and the means of central pathology data collection
and storage was robust. The major question posed was
whether or not the sensitivity of mammography screening,
measured by the frequency of invasive cancers detected at size
less than 10 mm, influenced the nature of the cancer yield at
subsequent screens. Based on the concept of phenotypic drift
and variable mean sojourn time, indirect evidence of screening
benefit would derive from showing that fewer large cancers,
and with less aggressive biological characteristics, were
detected after more sensitive screens.

“It is accepted that the aggressive nature of breast can-
cer can be assessed from qualitative pathology charac-

teristics, specifically the histological type, grade, and
node status for metastasis”

METHODS
The SBSP operates through seven screening centres that invite
women from the age group 50–64 for mammography screen-
ing every three years, and collects data centrally for each
woman’s screening episode. Forms to record core data sets,
agreed by UK quality assurance groups, are completed by
health professionals and the details are entered in the SBSP
computer call/recall system. Pathology information for cancers
conforms with the data identified in the UK guidelines,4 5

which include directions to promote consistency in cancer siz-
ing, histological typing, and the Nottingham system of
grading. Responsibility for completion of data forms for each
cancer resides with a designated pathologist at each of the
seven Scottish centres, at which 26 pathologists were accred-
ited for reporting screen detected cancers. The system
incorporates validation at the point of data entry to assist
screening centres in achieving a high standard of data
collection.6

Our analysis is restricted to the period April 1991 to March
2001, and we have only included data separated into prevalent
and incident round for the age group 50–64 years. Prevalent
round data include results from women attending their first
invitation to breast screening or those attending having failed
to attend previous invitations. Incident round data include
results from women who previously attended within the past

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: DPCP, detectable preclinical phase; SBSP, Scottish
breast screening programme; SDR, standardised detection ratio

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Professor T J Anderson,
Department of Pathology,
Medical School, Teviot
Place, Edinburgh
EH8 9AG, UK;
t.j.anderson@ed.ac.uk

Accepted for publication
25 April 2003
. . . . . . . . . . . . . . . . . . . . . . .

654

www.jclinpath.com



Table 1 Yield of cancers entered into the pathology database for 1991/2 to 2000/1

1991/2 1992/3 1993/4 1994/5 1995/6 1996/7 1997/8 1998/9 1999/00 2000/1
Overall %
missing

2000/1 %
missing

Prevalent round
Women screened 87068 92606 64287 39014 30528 30245 32385 31321 32530 33613
Cancers detected 485 546 437 186 248 205 187 217 248 239
Invasive cancers detected 402 443 348 146 187 156 149 158 180 184
Invasive cancers <10 mm 85 100 101 33 49 36 42 39 39 39
Invasive cancers <15 mm 172 210 181 66 99 84 84 82 94 84
Invasive cancers >15 mm 213 205 134 77 83 70 63 71 83 96
Invasive cancers size unknown/missing 17 28 33 3 5 2 2 5 3 4 4.3 2.2
Invasive cancers grades 1 and 2 274 284 213 106 135 123 119 124 153 142
Invasive cancers grade 3 58 61 40 15 30 28 22 25 23 40
Invasive cancers not assessable/unknown/missing 70 98 95 25 22 5 8 9 4 2 14.4 1.1
Node negative invasive cancers 222 267 196 88 136 112 117 104 134 122
Node positive invasive cancers 108 89 64 44 38 41 30 39 41 54
Nodal status unknown/missing 72 87 88 14 13 3 2 15 5 8 13.0 4.3
Incident round
Women screened 64 8051 36133 56617 62524 64170 67127 66951 70681 82016
Cancers detected 0 26 136 309 303 344 334 381 445 525
Invasive cancers detected 0 22 112 253 228 276 278 309 357 410
Invasive cancers <10 mm 0 1 38 57 62 77 65 86 100 109
Invasive cancers <15 mm 0 8 69 132 123 160 144 166 192 234
Invasive cancers >15 mm 0 14 42 116 98 114 131 139 160 168
Invasive cancers size unknown/ missing 0 0 1 5 7 2 3 4 5 8 1.6 2.0
Invasive cancers grades 1 and 2 0 16 72 178 170 198 213 238 266 282
Invasive cancers grade 3 0 5 24 37 35 67 55 63 84 118
Invasive cancers not assessable/unknown/missing 0 1 16 38 23 11 10 8 7 10 5.5 2.4
Node negative invasive cancers 0 12 82 180 163 190 202 228 254 294
Node positive invasive cancers 0 6 20 59 53 72 66 73 87 101
Nodal status unknown/missing 0 4 10 14 12 14 10 8 16 15 4.6 3.7

Prevalent round: women attending their first invitation or those attending an appointment having previously failed to attend (ages 50–64 years). Incident round: women attending subsequent invitations having previously attended a
screening appointment within the past 5 years (ages 50–64 years).
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five years. The women attending the screening centres at dif-
ferent times have been described here as a “cohort”; strictly
they form an approximate cohort because some women will
move to other areas.

Scottish invasive cancer detection rates for each 1000
women screened were analysed over the following size group-
ings; less than 10 mm, 10 to 14 mm, less than 15 mm, and
greater than or equal to 15 mm. Poisson regression was used
to analyse trends in the data over the period 1991/2 to 2000/1.

Invasive cancer size was used to measure the “screening
sensitivity” of different centres. The number of prevalent very
small (< 10 mm) invasive cancers was expressed as a
proportion of all sized invasive cancers for the seven Scottish
screening centres on an annual basis. The proportion of all
sized cancers was used here in preference to the rate for each
woman screened. This avoids the potential of a dilution effect
on detection rates (for a given feature—for example,
> 15 mm) because centres that perform well at the initial
prevalent screen are expected to continue to perform well. For
the example given, higher detection rates of cancers less than
15 mm at incident screens at these centres would dilute any
effect on detection rates of cancers > 15 mm in these “good”
centres. The relations between this screening sensitivity and
the proportion of cancers with particular pathology character-
istics at incidence screens at the same centre were then exam-
ined as specified in the Results section.

Pearson’s correlation coefficient was used to look at the
relation between screening sensitivity and the opposing
measures, with the exception of the interval cancer data,
where Spearman’s rank order correlation coefficient was used.

Statistical software packages STATA and SPSS were used.

RESULTS
Although the database did not acquire general and pathology
information from the first two active centres (SE Scotland/
Edinburgh and one Glasgow centre) for the years 1988 to
1991, the system was robust for all centres from April 1991.
Table 1 shows the yield of cancers entered into the pathology
database file for the fiscal years 1991/2 to 2000/1, separately
for prevalence and incidence screens, as totals for (1) invasive
size groups, (2) combined histology grade, and (3) node
metastasis status. Decreased numbers for prevalence screens
across Scotland from 1994 to 1995 signify the screens were
essentially of women aged 50–53 years, whereas the much
higher numbers for incidence screens from that year signify
they were of women aged 54–64 years. However, because of
the phased introduction of screening in different geographical

regions, the age ranges at prevalence and incidence screens
were not equivalent at each centre. Note also, the very low
numbers of cases with missing data on pathology characteris-
tics for the screens for the last five years of prevalence and
incidence screens.

Cancer yields by size
The rates for cancer detection of very small (< 10 mm), small
(< 15 mm), and large (> 15 mm) sizes over the period of
study are shown for prevalence (fig 1) and incidence (fig 2)
screens in Scotland. At prevalence screens, there is no signifi-
cant change in the rates for size groupings < 10 mm and
> 15 mm, but there is a significant trend for increased detec-
tion of < 15 and 10–14 mm. At incidence screens, all size
groupings of invasive cancers show a significantly increased
detection frequency over time. Figure 3 shows the relation
between yields of very small cancer at one screening period
with those of large size characteristics at the subsequent
screening period three years later. For each of seven screening
centres, the proportion of very small (< 10 mm) cancers in
the annual yield for prevalence screens (1991/2 to 1997/8) is
plotted against the proportion of large (> 15 mm) cancers in
the annual yield at incidence screens three years later (1994/5
to 2000/1). There is a significant negative correlation between
these values (r = −0.285; p = 0.047). The corresponding plot
for prevalent small (< 15 mm) versus incident large
(> 15 mm) cancers has a non-significant correlation
(r = −0.218; p = 0.132).

Relation of detection size to qualitative pathology
features
To test the influence of sensitivity for very small cancer detec-
tion on qualitative pathology features of subsequent cancer
yields, the characteristics of histological type, grade, and node
status were assessed on a centre basis. The relation between
prevalence screening sensitivity and qualitative cancer charac-
teristics of subsequent incidence screen yields was explored in
three ways; namely, for proportionality of: (1) not special type,
(2) grade III, and (3) node positivity, as exemplars of greater
cancer aggression. For each cancer feature, the proportion at
incidence screens for the years 1994/5 to 2000/1 was plotted, as
before, against the proportion of very small cancer detection
for prevalence screen at the same centre each year (three pre-
vious) for 1991/2 to 1997/8. The example for proportion node
positive is shown in fig 4. In this (and each other) instance,
there is no significant positive or negative correlation (other
data not shown). Similarly, there is no positive or negative

Figure 1 Invasive cancer detection
rates, by size, prevalent round,
1991/2 to 2000/1.
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correlation for these features with prevalence small
(< 15 mm) cancer proportions (data not shown).

Relation of cancer size to interval cancer rates
Information on interval cancers is not collected as part of the
remit of the SBSP. However, data for the number of interval
cancers for the period 1991–6 were available from a previous
study.7 Figure 5 shows the relation between the proportion of
prevalent < 10 mm cancers at each centre for the two annual
periods from 1991 to 1993, against the cumulative interval
cancer rate for the following three year periods at that centre.
The correlation is negative but non-significant (r = −0.468;
p = 0.091).

DISCUSSION
This evaluation has demonstrated the varied nature of breast
screening yield over both time and geographical region of
Scotland from April 1991 to March 2001. In addition, with
regard to cancer size, the sensitivity for very small cancer
detection shows a significant negative correlation with the
yield of large cancers at the next incident round at the same
centre. This is in keeping with current views on the nature of
cancer growth and progression, and is indirect evidence of
benefit for maximally sensitive screening of well women not
previously reported. A negative correlation for interval cancer
frequency with increased sensitivity is also evident, but is not
significant, and the lack of further more recent validated data
is regretted. However, no significant relation is evident for
qualitative pathology characteristics of the cancer yield with
screening sensitivity measured by very small invasive cancer
detection. The last finding is contrary to the original concept
that cancer progression is reflected in the status for histologi-
cal special type, grade, and node metastasis, and confounding
factors should be considered. This is examined from three
perspectives, namely, the controversy over progressive cancer
biology, the duration of screening interval, and finally, the
variability of professional opinions.

In the context of interaction between time and innate can-
cer biology, opinion remains divided. For some, the evidence in
screening for phenotypic drift is compelling,1 8 whereas for
others it is absent,9 10 and there is also a lack of supporting evi-
dence from molecular biology.11 12 We have published evidence
in agreement with phenotypic drift from cross sectional
studies,13 and from the unbiased population of the Edinburgh

Figure 2 Invasive cancer detection
rates, by size, incident round,
1991/2 to 2000/1.

Figure 3 Screening centre single year data, comparing percentage
of prevalent < 10 mm invasive cancers against percentage of
incident > 15 mm invasive cancers, three years later. Prevalent,
1991/2 to 1997/8; incident, 1994/5 to 2000/1.

Figure 4 Screening centre single year data, comparing percentage
of prevalent < 10 mm invasive cancers against percentage of
incident node positive cancers, three years later. Prevalent, 1991/2
to 1997/8; incident, 1994/5 to 2000/1.

Figure 5 Screening centre single year data, comparing percentage
of prevalent < 10 mm invasive cancers 1991/2 to 1992/3, against
interval cancer rates for each 10 000 women screened.
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trial.14 Supportive evidence for progression of grade with time
comes from the trend in distribution of grade with increasing
size.15 Yet, cytogenetic studies emphasise that there is more
than one pathway for the progression of breast cancer.16 A
recent appraisal of the progressive characteristics of breast
cancer acknowledges the complexity of the issue, and
concludes that at least a proportion of low grade invasive can-
cers progress to higher grade over time.17 We concur with this
view and, although controversy remains, we look for other
explanations for the failure to detect qualitative pathology
differences.

“The sensitivity for very small cancer detection shows a
significant negative correlation with the yield of large
cancers at the next incident round at the same centre”

From the consideration of cancer screening theory, the
nature of the cancer yield will be influenced by the point when
diagnosis takes place in the detectable preclinical phase
(DPCP).18 It follows that a greater yield from the earlier DPCP
will lower the proportion of cases for detection in later stages
of the DPCP at subsequent screens of that population. In terms
of changing cancer characteristics through the DPCP, size is
accepted to have major time dependence, whereas it is less
clear10 13 19 whether the features of histological type and grade,
in addition to node status, are determined by elapsed time
and/or intrinsic biology. It follows in this model that the time
elapsed between screens will affect the nature of the “crop” of
cancers potentially detectable by screening. The longer the
period between screens the more likely it is for yields to be
similar and reflect the prevalence status. The interval between
screens adopted in the UK was three years, which is the long-
est of 22 countries,20 and this factor probably contributes to
the lack of a relation with qualitative features found here.
There is also the loss to detection of those cancers presenting
as interval cases between screens. UK reports have shown that
a greater proportion of those will be of higher grade,2 3 and it
is to be anticipated that this effect would be accentuated
where sensitivity is lower. Hence, a further confounding influ-
ence in the comparison of cancer qualitative characteristics of
screen detected cases is apparent.

Although there are many different biases and confounding
factors to consider when assessing breast cancer screening
findings,21 variation in professional opinion is not usually con-
sidered among them. In trials, there is specialist commitment
and the contribution of restricted personnel, but the issue
becomes important in comparisons of service screen activity.
For radiology, the significant trend for increasing cancer yields
over time in Scotland recorded here reflects the improvements
in mammography through the 1990s, already reported for the
UK,22 as a consequence of the standardised number of views
(from 1995), the optimised film density, and a broader skill
base. Consistency among UK pathologists, which include all
accredited pathologists in Scotland, evaluating the qualitative
pathological characteristics of cancers is known to be good,
but less than perfect23; indeed, consistency was best for identi-
fying grade III cancers. Not surprisingly, the highest levels of
consistency in other national surveys assessing breast cancer
qualitative pathology characteristics were achieved with “spe-
cialist” panels.24 This feature has particular relevance to any
study with multiple contributing pathologists, and has impli-
cations for the unqualified use of pathology qualitative
characteristics as surrogate measures of screening
performance.15 25 Therefore, without evidence of substantial
consistency among the participating pathologists, this vari-
able must also be considered to be a factor accounting for the
lack of qualitative difference observed here.

The use of targets to measure performance is a feature of
the UK breast screening programme, with specified yields of
cancers less than a given size among them.4 5 Related to this, a

standardised detection ratio (SDR), based on discrimination
at < 15 mm,26 has been accepted in the UK to reflect
comparability with Sweden, the “gold standard” for mam-
mography screening. It is noteworthy from our present study
that the effect on incident large cancer yields was only appar-
ent for discrimination at < 10 mm, and not at < 15 mm. Also
of interest is a study from the Nottingham screening centre,
which reported biological relevance of discrimination at
< 10 mm.27 In a comparison of screen detected cancers and
primary clinical cancers that had recurred, only those cancers
< 10 mm had low enough frequencies of high grade, node
positivity, and vascular invasion to suppose that preclinical
detection would successfully influence the likelihood of recur-
rence. The combination of this observation with our current
study findings, and the fact that SDRs are now being exceeded
comfortably in several UK centres, suggest that the definition
of UK targets for mammography sensitivity should be
revisited if sensitivity is to be maximised.

The evaluation of the SBSP cancer yield over 10 years has
highlighted the restricted practical use of interrogating a
pathology database limited to screen detected cancers.
Because this is the prevailing situation for most UK regions,
questions can be raised over the cost–benefit value of
maintaining such specialised databases for a service activity.
Audit principles might be better served with improved stand-
ards and completeness of general data collection at cancer
registries—for example. Although reasons are provided here
to account for the inability to detect significant differences in
the qualitative pathology of cancers, our results should stimu-
late similar enquiries in other regions of the UK, in addition to
countries with comparable population data. This may lead to a
clearer understanding of the ability of surrogate end points to
interpret screening impact. Such interpretation will be
improved where substantial consistency between pathologists
in the assessment of qualitative characteristics can be demon-
strated.
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