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Abstract

The relevance of detection of ductal carcinoma in situ (DCIS) in a breast cancer screening programme, and the extent of over-
diagnosis of non-progressive lesions, remains controversial. It was the purpose of this paper to estimate the incidence of non-pro-
gressive, ‘overdiagnosed’ DCIS. We defined non-progressive DCIS (DCIS,) as DCIS which could not have progressed to invasive
disease if left untreated. Progressive DCIS (DCIS;) was defined as DCIS which has the propensity to progress to invasive disease.
We fitted a Markov process model of the incidence of progressive and non-progressive DCIS, the transition of the former to pre-
clinical invasive disease and the subsequent progression to clinical symptomatic cancer. We used data from the Swedish Two-
County Trial and from service screening programmes in the UK, Netherlands, Australia and the USA to estimate the incidence of
progressive and non-progressive DCIS, and the detection rates of each at the first and subsequent screening. Average incidence of
non-progressive DCIS was 1.11 per 100000 per year. Average incidence of progressive DCIS was 2.1 per 1000 per year. At pre-
valence screen, 37% of DCIS cases were estimated to be non-progressive. A woman attending prevalence screen has a 19 times
greater chance of having a progressive DCIS or an invasive tumour diagnosed than of having a non-progressive DCIS diagnosed.
At incidence screen, only 4% of DCIS cases were estimated to be non-progressive. A woman attending an incidence screen has a
166 times higher probability of having a progressive DCIS or invasive lesion diagnosed than of having a non-progressive DCIS
diagnosed. There is an element of overdiagnosis of DCIS in breast cancer screening, but the phenomenon is small in both relative
and absolute terms.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Since the inception of mammographic screening pro-
grammes for breast cancer, concerns have been expres-
sed about the possibility of overdiagnosis of breast
cancer, in particular of ductal carcinoma in situ (DCIS)
[1,2]. High percentages of DCIS among screen-detected
tumours have been reported as a basis for this concern,
as has an increased incidence of DCIS since the advent
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of screening [2,3]. Various interpretations of these
results have appeared in the literature ranging from the
opinion that this mainly represents overdiagnosis and is
likely to cause more harm than benefit [4], to the posi-
tion that detection of DCIS is the ideal target of early
detection and that a high rate of DCIS represents a
large number of invasive cancers avoided [5]. As a con-
sequence, percentages of DCIS among screen-detected
cases are often quoted in comparisons of screening pro-
grammes as an indicator of benefit or harm, depending
on opinion.

It is not clear what the prevalence of DCIS should be,
or to what extent variability in the percentages of DCIS
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between screening programmes is due to variation in the
absolute detection rate of DCIS per person screened or
to variation in the absolute detection rate of invasive
carcinoma, which also affects the percentage. For
example, a prevalence screen which results in 2 DCIS
cases per thousand and 4 invasive carcinoma cases per
thousand has 33% DCIS, whereas a prevalence screen
resulting in 2 cases of DCIS per thousand and 7 invasive
cases per thousand will have 22% DCIS. The former is
not diagnosing any more DCIS than the latter; it is
diagnosing fewer invasive cancers.

In our companion paper [6], we found that the detec-
tion of DCIS in the Swedish Two-County Trial
accounted for 5-12% of the deaths prevented, whereas
shifting from invasive stage II or worse to invasive stage
I accounted for more than 60% of the deaths prevented.
In addition, we noted that despite variation between
programmes in the percentages of cases of DCIS, with
some programmes reporting particularly high percen-
tages, absolute detection rates were modest, around 1
per 1000 at prevalence screen and around 0.5 per thou-
sand at incidence screens. While these observations
suggest that the percentage of cases diagnosed with
DCIS should be interpreted with caution, the question
remains, however, as to what rates of detection of DCIS
should ideally be observed?

In principle, one would expect that overdiagnosis
could be assessed from the randomised trials of breast
cancer screening. There are, however, serious problems
of interpretation. First, the trials were powered for dif-
ferences in breast cancer mortality rather than differ-
ences in incidence of DCIS. Secondly, for any excess of
DCIS observed in the study arm of a given trial, it is not
clear how much is due to stage-shifting from early
detection and how much to overdiagnosis, except where
results are presented in sufficient detail to address this
issue, as in our companion paper [6]. Otherwise, over-
diagnosis would have to be estimated on the basis of
total cancers (invasive plus in situ). Thirdly, the issue of
overdiagnosis is complicated by lead time, in that there
is an observed excess in a screened population which is
due to anticipated rather than overdiagnosed tumours.
This is further complicated by design issues such as
whether the trial included a screen of the control group
at closure.

It is generally agreed that a proportion of DCIS
would not have progressed to invasive carcinoma of
breast in the absence of screening. This proportion,
however, is unknown. It is known that certain clin-
icopathological features of DCIS are established as
predictors of recurrence, either as DCIS or as invasive
disease, after treatment [7]. Clearly, cases which recur
after treatment are all progressive cases and cannot be
regarded as overdiagnosed in any sense. However, of
those that do not recur after treatment, a proportion
would have done so, and a proportion would not. This

proportion is not identifiable, since one cannot tell for
any excised DCIS lesion what would have transpired if
it had not been excised. Therefore, the only way to esti-
mate the proportion of progressive DCIS cases is by
statistical modelling based on the numbers of DCIS and
invasive cases detected at screening and on the numbers
of breast cancers arising clinically between screenings.

In this paper, we review the rates of DCIS from the
Swedish Two-County Trial and from service screening
programmes in order to:

1. derive tentative estimates of DCIS detection rates
that should be typically observed;

2. describe the typical range of absolute detection
rates of DCIS in mammographic screening pro-
grammes; and

3. estimate the proportion of DCIS detected at
prevalence and incidence screens that truly
represents “‘overdiagnosis”, i.e. which would not
have progressed to invasive disease if left
untreated.

2. Patients and methods
2.1. Data

For purposes of estimation, we required data includ-
ing absolute numbers screened and absolute numbers of
invasive and DCIS cases detected at both the prevalence
and incidence screens. Data on interval cancers was
desirable, but not essential. We also required that the
data pertained to mass population screening. Pro-
grammes providing such data included our own study,
the Swedish Two-County Trial [6], and population ser-
vice screening programmes from the UK, [8,9], the
Netherlands [10], south Australia [11] and New York
[12]. These programmes all reported incidence and pre-
valence screening data in sufficient detail for analysis.
The Swedish Two-County Trial also provided interval
cancer data, and we were able to impute the number of
interval cancers in the Netherlands programme from
rates of 0.96 per 1000 reported in the English abstract of
a later paper in Dutch [13].

The Swedish Two-County trial was a randomised
controlled trial with 77080 women aged 40-74 years
randomly assigned to screening invitation and resulting
in 1426 breast cancers during the trial, and 55985
women assigned to no invitation and resulting in 1042
breast cancers. In the present analysis, only the data on
DCIS and invasive breast carcinomas detected at pre-
valence and the first subsequent incidence screen, inter-
val cancers detected between prevalence and the first
subsequent incidence screen and carcinoma-free cases for
women aged 40—69 years were used. The corresponding
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figures from the service screening programmes in the
UK, Netherlands, South Australia, and New York were
extracted from published papers (Table 1).

2.2. Statistical methods

We assume that of the DCIS detected at screening,
there are two types: DCISy, or non-progressive DCIS,
which has no propensity to progress to invasive disease
during the lifetime of the host; and DCIS,, or pro-
gressive DCIS, which has the propensity to progress to
invasive breast cancer. For treated DCIS which does
progress despite treatment, we know that such a case
must be of type DCIS;. For a case which does not pro-
gress after treatment, we do not know its type, since we
cannot tell what would have occurred in the absence of
treatment. Thus, we cannot allocate each individual case
to one of the two types. We can, however, estimate rates
and therefore proportions of the two types from data on
detection rates of DCIS and invasive breast cancer at

Table 1

prevalence and incidence screens, and from interval
cancer rates (almost universally invasive).

We consider the six-state continuous-time Markov
model depicted in Fig. 1. In this model, progressive and
non-progressive DCIS are taken into account simulta-
neously. Note that state (5), no tumour apparent after
non-progressive DCIS regression is not treated as a
return to normal, but as a separate absorbing state. This
is done partly to assist in estimation, but also to reflect
the fact that the natural history of non-progressive
DCIS is not yet established. For example, those in

A,
DCIS, —5> Out of non-progressive DCIS (5)

s
> @
)\'4

Normal
(1) \ ) - -
’™* pClg, — > Preclinical ——» Clinical
@) invasive carcinoma invasive carcinoma

4) (6)

Fig. 1. Natural history of breast cancer incorporating progressive and
non-progressive DCIS.

Numbers of DCIS, invasive carcinoma and subjects carcinoma-free at prevalence and the first incidence screen in Swedish Two-County, UK,

Netherlands, South Australia and New York programmes

Programme Detection mode

Prevalence screen

First incidence screen

Swedish Two-County
4049 years

Swedish Two-County
50-59 years

Swedish Two-County
6069 years

UK

Netherlands

South Australia

New York

DCIS

Invasive carcinoma
Carcinoma-free
Interval cancer®

DCIS

Invasive carcinoma
Carcinoma-free
Interval cancer*

DCIS

Invasive carcinoma
Carcinoma-free
Interval cancer®

DCIS
Invasive carcinoma
Carcinoma-free

DCIS

Invasive carcinoma
Carcinoma-free
Interval cancer®

DCIS
Invasive carcinoma
Carcinoma-free

DCIS
Invasive carcinoma
Carcinoma-free

8 7

31 39

18456 16396
20

15 12

87 49

21457 18731
25

17 8

167 81

20395 16372
38

2767 173

12323 925

2520526 227503

908 383

5548 2223

1077844 791790
760

94 12

439 61

75573 21433

42 17

230 67

52378 45839

DCIS, ductal carcinoma in situ.
4 Numbers of interval cancers in the Swedish Two-County trial and the Netherlands programme are adjusted by the first incidence screen
coverage to represent the subgroup attending the first subsequent screen.
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whom a non-progressive DCIS has regressed might be
at increased risk of a new primary tumour thereafter. In
this model, DCIS, whether progressive or not, denotes
ductal carcinoma in situ which has given rise to calcifi-
cations and is therefore screen-detectable. It does not
include mammographically-undetectable DCIS.

The transition rates of the six-state model above can
be expressed as an intensity matrix:

1 2 3 4 5 6
1 -+ 1) 4 A 0 0 O
2 0 —45 0 0 As 0
3 0 0 —A3 A3 0 0 )
4 0 0 0 A 0 A4
5 0 0 0 0 0 0
6 0 0 0 0 0 0

A1 and /A, represent the DCIS incidence rates for non-
progressive and progressive DCIS, respectively. 43 and
A4 are the transition rates from progressive DCIS to
invasive preclinical phase, and from preclinical invasive
to clinical disease, respectively. /45 is the annual transi-
tion rate from non-progressive DCIS to no apparent
tumour.

Given the transition intensity matrix in Eq. (1), tran-
sition probabilities of progressing from state i to state j
in a time interval, x, can be expressed as Pj(x). The
derivation of transition probabilities is based on the
solution of the Kolmogorov equations [14,15]. For
example, the probability of having preclinical invasive
cancer at a prevalence screen at a given age is

age . . age—x .
Py(Age) = J )Qe_“xe_“xj 23 e_“}’e_}"‘(age_x—y)dydx
0 0

A2l3
=3

{e—()vl +12)age _e—)gage
X

e—(ﬂvl-i—/lz)age_ —Aqage (2)
A=Al — A }

Ao — =22

Table 2

The probabilities used for maximum likelihood esti-
mation in this six-state model are shown in Table 2.
Note that in this more formal representation, it is
necessary to take account of the fact that those with a
history of clinical breast cancer prior to the start of
screening are excluded. This is the reason for the denomi-
nators in the first screen probabilities in Table 2. The
probabilities are conditional on being either normal, with
DCIS, or with preclinical invasive disease at first screen.

Suppose N, women attend the prevalence screen, and
ny; and n;, are detected as DCIS and invasive carci-
noma, respectively. At the first subsequent screen, then
the numbers of attending women, of screen-detected
DCIS and invasive carcinoma cases are N, n»;, and n5.
The number of interval cancers between prevalence
screen and the first subsequent screen is nj.. Based on
the probability formulae in Table 2, the total likelihood,
including data on interval cancers is:

_ ( Pia(Age) + Pi3(Age) )””
Pi1(Age) + Pia(Age) + Pi3(Age) + Pra(Age)

8 ( Pry(Age) )”lz
P11(Age) + Pia(Age) + Pri3(Age) + Pra(Age)

X / Pll(Age) ))Nl‘nll‘nlz
\P|(Age)+ Pia(Age)+Pis(Age)+ Pa(Age

X (P1a(x) + Pi3(x))"™ x (Pra(x))" x (Py; (x)) "7 7"

, (3)
x (Ps(x))"

In most of the service screening programmes, there
were no data on interval cancers available. In this case,
we used a complement probability including total like-
lihood from women not attending the first subsequent
screen (including women not yet invited thereto) and all
interval cancers appearing between the prevalence
screen and the first subsequent screen. Coverage is N,/
(N1—ni1—n1,), the proportion of those attending the

Transition probabilities by detection mode at prevalence and the first subsequent screen in the six-state Markov model

Transition probability for models
with interval cancer

Detection mode

Transition probability for models
without interval cancer

Prevalence screen
N P12(Age) + Pi3(Age)

Pia(Age) + Pi3(Age)

DCIS
Pii(Age) + Pra(Age) + Pi3(Age) + Pia(Age) Pi1(Age) + Pra(Age) + Pi3(Age) + Pra(Age)
Invasive carcinoma Pra(Age) Pra(Age)
Pi1(Age) + Pia(Age) + Pis(Age) + Pra(Age) Py1(Age) + Pia(Age) + Pi3(Age) + Pra(Age)
Pii1(Age) Pri(Age)

Carcinoma-free
Pii(Age) + Pia(Age) + Pia(Age) + Pra(Age)

Subsequent screen

DCIS Pia(x) + Pi3(x)

Invasive carcinoma Pra(x)
Carcinoma-free Pii(x)
Interval Cancer Pis5(x)

Non-attender -

Py1(Age) + Pra(Age) + Piz(Age) + Pra(Age)

[P12(x) + P13(x)] x Coverage
Pi4(x) x Coverage
Pji(x) x Coverage

[P11(x) + P1a(x) + P13(x) + Pra(x)] x (1 — Coverage) + [P15(x) + Pi16(x)]
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first screen who also attend the second. Then, the total
likelihood for screening programmes without interval
cancers is:

_ ( Pio(Age) + Pi3(Age) )”H
Pi1(Age) + Pia(Age) + Pia(Age) + Pra(Age)
x ( Piy(Age) )"'2
P1i(Age) + Pia(Age) + Pi3(Age) + Pia(Age)
X ( Pll(Age) 111112
Py (Age)+Pa(Age)+Pis(Age)+Pra(Age)

x [(P12(x) + P13(x)) x Coverage]™

x [P1a(x) x Coverage]™ x[Py(x) x Coverage]2 "1~

x {[P11(x) 4+ P12(x) + P13(x) + P1a(x)]

nj—N2

x (1 — Coverage) + [P5(x) + Pi6(x)]}

The maximum likelihood estimates were obtained by
using Newton—Raphson optimisation. SAS/IML 6.12
software was used. 95% confidence intervals (CIs) were
calculated using variance estimated from the inverse
Hessian matrix.

Note that the coverage at second screen is not to be
confused with compliance. At the time of the reports in
several of the service screening programmes, the first
screen was completed, but the second is still underway.
Thus, those who had not attended the second screen
were a mixture of those choosing not to attend and
those who had not yet been invited to a second screen.

3. Results

Table 3 shows results from estimations based on the
six-state Markov model. Note that the exponential dis-
tribution of time to transition implies that the inverse of
the estimated transition rate from a state is the esti-
mated mean time spent in the state (mean sojourn time).
Thus, for example, from the Swedish Two County trial
experience, for women aged 50-59 years, the estimated
average sojourn time of invasive preclinical cancer from
the time of becoming invasive to clinical symptomatic
disease is 1/0.40=2.50 years, and the mean sojourn time
of non-progressive DCIS before regression is estimated
as 1/0.0617=16.21 years.

The annual incidence rates for non-progressive DCIS
ranged from 7.22 per million per year in the Swedish
Two-County trial in women aged 40-49 to 72.7 per
100000 per year in the UK programme. Most rates,
however, were of the order of 1-3 per 100000. The
annual incidence rates for progressive DCIS ranged
from 1 to 2.7 per thousand. The shortest estimated

average time of progression of DCIS to invasive disease
was 2 months in the Swedish Two-County trial for
women aged 60-69 years, and the longest was 5.22
months in the New York programme. The estimated
average sojourn time of non-progressive DCIS ranged
from 6 years in the UK programme to 37 years in the
Swedish Two-County trial for women aged 60—69 years.
Weighted averages were used to create pooled estimates
of the annual incidence rates for non-progressive DCIS
(1.11 per 100 000) and progressive DCIS (2.1 per 1000),
the sojourn time of non-progressive DCIS (30 years)
and progressive DCIS (3 months), and the sojourn time
of preclinical invasive carcinoma (2.5 years). Variance
estimates on parameters pertaining to non-progressive
DCIS could not be obtained, partly due to the very low
incidence, and therefore to the lack of data on which to
base the estimation. The profile likelihood was therefore
used to calculate 95% CI on parameters pertaining to
non-progressive DCIS. This strategy also failed for the
rate of transition from non-progressive DCIS to no
apparent tumour in the Swedish Two-County Trial for
women aged 40—49 years and aged 5059 years because
of an almost flat likelihood in this dimension.

Table 4 shows the probability of non-progressive
DCIS, progressive DCIS, preclinical invasive carcinoma
and the proportion of non-progressive DCIS at pre-
valence and at the first subsequent screen derived from
the estimates in the six-state Markov model. The larger
the proportion of non-progressive DCIS, the more ser-
ious the problem of overdiagnosis. Overall, approxi-
mately 20-50% of DCIS cases (average 37%) at the
prevalence screen were estimated as non-progressive. At
first incidence screen, the corresponding estimate of the
proportion of DCIS that is non-progressive ranged
from 3 to 7%, with the exception of an estimate of 21%
in the UK programme, with an overall average of 4%.

Goodness-of-fit tests for the Markov models in the
Swedish Two-County trial, for women aged 50-59 years
and 60-69 years at randomisation, show very good
model fitting. The Pearson chi-squared statistics (2
degrees of freedom) were 0.33 (P=0.8) and 0.17
(P=0.9) for models with women 50-59 years and with
women 60—69 years, respectively. However, the model
seems to fit poorly in the Swedish Two-County trial, for
women 40-49 years with a Pearson Chi-square 8.12
(P=0.02), overestimating the numbers of invasive can-
cers at the prevalence screen and underestimating the
corresponding numbers at the incidence screen.

For service screening programmes, the chi-squared
figures were 12.01 (P=0.003), 19.20 (P<0.001), 1.24
(P=0.5) and 1.51 (P=0.5) for the UK, Netherlands,
Australia, and New York programmes, respectively.
The models for the UK and Netherlands programmes
showed a statistically significant lack of fit, again over-
estimating the numbers of invasive cancers at the pre-
valence screen and underestimating the corresponding
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Table 3

Estimated results of the six-state Markov model

Programme Parameter Estimate 95% CI

Swedish Two-County Normal—DCIS, 7.22%x107° 0-3.89x10>

40-49 years Normal—DCIS; 0.0017 0.0013-0.0021
DCIS|—Inv 493 1.24-8.61
Inv—Clinical 0.80 0.57—1.04
DCISy—Out of DCIS 0.0857 N/E?

Swedish Two-County Normal—DCIS, 9.86x10~¢ 0-3.54—10—7

50-59 years Normal—DCIS; 0.0016 0.0013-0.0019
DCIS|—Inv 2.99 1.22-4.76
Inv—Clinical 0.40 0.30-0.49
DCISy— Out of DCIS 0.0617 N/E?

Swedish Two-County Normal—DCIS, 1.18x1073 1.5x107%-2.60x 10>

60-69 years Normal—DCIS; 0.0027 0.0023-0.0032
DCIS,—Inv 6.13 1.92-10.33
Inv—Clinical 0.33 0.27-0.40
DCISy—Out of DCIS 0.0273 0-0.2080

UK Normal—DCIS, 7.27x103 6.57x107°-7.93x10~>
Normal—DCIS; 0.0026 0.0023-0.0028
DCIS,—Inv 3.87 3.20-4.53
Inv—Clinical 0.52 0.46-0.58
DCISy—Out of DCIS 0.1693 0.1546-0.1859

Netherlands Normal—DCIS, 1.07x1073 1.06x1075-1.09x 103
Normal—DCIS; 0.0021 0.00199-0.00212
DCIS,—Inv 4.19 3.83-4.54
Inv—Clinical 0.39 0.38-0.41
DCISy—Out of DCIS 0.0253 0.0235-0.0254

South Australia Normal—DCIS, 2.89x10~ 1.68x107°-4.27x103
Normal—DCIS; 0.0021 0.0015-0.0029
DCIS,—Inv 3.12 2.08-6.22
Inv—Clinical 0.37 0.25-0.52
DCISy—Out of DCIS 0.0511 0.0304-0.0892

New York Normal—DCIS, 1.41&times10~> 5.1x107-2.54x10~>
Normal—DCIS, 0.0010 0.0008-0.0013
DCIS;—Inv 2.30 1.44-3.17
Inv—Clinical 0.24 0.17-0.31
DCISy—Out of DCIS 0.0388 0.0119-0.1092

Overall® Normal—DCIS,* 1.11x1073 1.098x107°-1.129x 107>
Normal—DCIS ¢ 0.0021 0.00202-0.00213
DCIS|—Inv® 4.0030 3.7242-4.3025
Inv— Clinical® 0.3990 0.3857-0.4127
DCISy— Out of DCIS® 0.0332 0.0321-0.0344

95% CI, 95% Confidence Interval; N/E, not evaluable.
4 Likelihood almost flat and a 95% CI so wide as to be meaningless.

b Weighted average from Swedish Two-County, women aged 50-69, and screening programs of UK, Netherlands, South Australia and New

York.
¢ Weighted by the precision of parameters.

numbers at the incidence screen. The model also slightly
overestimated the numbers of interval cancers in the
Netherlands programme.

4. Discussion
Before considering the implications of our results, we

should consider their reliability. There are two major
assumptions in the model: first, the Markov process

assumption which implies an exponential distribution of
time to any transition; second, the only heterogeneity of
average rates of transition modelled is the distinction
between non-progressive and progressive DCIS. The
exponential distribution has been shown to be a good
model for breast cancer progression in the past [14,16],
and for three out of the seven programmes and age
groups here it gave a good fit. It is evident, however,
that a relaxation of the assumption of a common rate
of transition within the progressive DCIS cases is
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desirable. Propensity to progress and rapidity of pro-
gression are likely to be continuous phenomena, depen-
dent on various host, tumour and treatment factors. We
plan to develop such a model for use in the context of
DCIS treatment studies in the future. In the meantime,
because there has been much recent publicity around
the issue of overdiagnosis of DCIS, we believe our esti-
mates of such overdiagnosis are useful, provided the
above limitations are borne in mind.

For the most part, the assumed Markov process
model fits reasonably, but not perfectly. The estimated
rates of progressive and non-progressive DCIS, and of
progression to invasive disease, reflect the raw data
from these programmes—thus, the programmes with
high detection rates of DCIS tend to have high esti-
mated incidence in Table 3. The Swedish 60-69 year age
group, which has the highest detection rate of invasive
tumours at prevalence, also has the highest estimated
rate of progression from DCIS to invasive disease.

One can never know with certainty what would have
happened to a particular case of DCIS if left untreated,
and there is a substantial range of uncertainty around the
estimated rates of progressive and non-progressive DCIS.
However, the estimates are derived from empirical obser-
vations on the detection of DCIS and invasive breast
cancer at screening, and from interval cancer incidence
where available. They do not rely on post hoc extrapola-
tion of outcome in treated DCIS cases for assumptions
about the natural history if treatment had not taken place.

On a technical point, the complementary probability
in the likelihood function is based on the assumption
that the prevalence and incidence screens apply to the
same populations. This is approximately true for all
studies except New York [12], for which the two screens
are from separate screening programmes. The like-
lihood approximation still seems to work for the New
York data, in that estimates compatible with the other
programmes are obtained, but it should be remembered
that it is an approximation nevertheless.

Table 4

The rates of progression in Table 3 can be readily
transformed to average times spent in the relevant states
simply by inversion. Taking the combined estimates at
the bottom of the table, the average time a case of
screen-detectable progressive DCIS remains in that state
before progression to invasive cancer is 1/4.0030=0.25
years, or three months. The time is short since it refers
to the window of opportunity for early detection, not
from DCIS inception to invasion, but from the appear-
ance of the associated calcifications that render it
screen-detectable to the time of invasion. The estimated
duration of the preclinical phase once the disease has
become invasive is 1/0.3990=2.5 years, or 30 months.
This gives a total combined preclinical phase of 33
months, which is similar to estimates of around 3 years
found elsewhere [14]. What is evident from these data is
that the window of opportunity in the sojourn time to
detect DCIS that will become invasive breast cancer is
very short, and therefore detection of progressive DCIS
at rates similar to invasive cancer detection rates is an
unrealistic goal in a screening programme.

Note that the harvest of progressive DCIS is esti-
mated to be very similar at the prevalence and incidence
screens (Table 4). This is consistent with the similar
detection rates of DCIS and DCIS:invasive ratios
observed in the screening programmes (Table 1), and
results from the rapid transition to invasive cancer once
the DCIS becomes calcified and therefore screen-
detectable. If there is only around three months to the
transition to invasive disease, the pool of preclinical
tumours at an incidence screen two or three years after
the last screen will be much the same as at a prevalence
screen.

Detailed interpretation of the results in Tables 3 and 4
gives rise to some interesting implications. Table 4 indi-
cates that on average 37% of DCIS cases diagnosed at a
prevalence screen are non-progressive. The correspond-
ing proportion at an incidence screen is 4%. This is
compatible with previous findings that overdiagnosis

Estimated rate per 100000 of DCIS,, DCIS; and preclinical invasive carcinoma, with the proportion of DCIS, at prevalence and the first

subsequent screen, under the six-state Markov model

Programme Prevalence screen First subsequent screen
DCIS, DCIS, Preclinical INV DCIS,/DCIS DCIS, DCIS, Preclinical INV DCIS,/DCIS

Swedish
Two-County

40-49 years 8 35 216 19% 1 35 164 3%

50-59 years 16 54 411 23% 2 54 251 4%

60-69 years 38 44 821 46% 3 44 473 6%
UK 43 66 490 39% 17 65 369 21%
Netherlands 34 49 520 41% 2 49 259 4%
South Australia 56 67 578 46% S 67 263 7%
New York 33 45 439 42% 3 45 135 6%
Overall 30 52 520 37% 2 52 279 4%

INV, invasive.
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and length bias are largely a phenomena of the pre-
valence screen [14]. The results suggest that some over-
treatment is inevitable, but it does not necessarily follow
that 37% of all treatment of DCIS cases diagnosed at
the prevalence screen confers no benefit. In the first
place, there is uncertainty about the estimate. In the
second, it is not clear that those with non-progressive
DCIS have the same risk status as women free of breast
carcinoma. Clinical experience suggests that women
with a prior diagnosis of breast cancer are at greater risk
of new primary breast cancers. If this applies to women
with non-progressive DCIS, treatment of these may in
some cases still forestall future new primaries.

Accepting that there is some diagnosis of non-pro-
gressive DCIS and therefore some overtreatment, we
can obtain an estimate of the relative burden of this in
comparison with the benefit of early treatment of pro-
gressive lesions. On the basis of the estimates in Table 4,
a woman attending for screening for the first time has a
1 in 3300 chance (30 per 100000) of being diagnosed
with a non-progressive DCIS. This is a 19 times smaller
chance than the 1 in 175 probability of being diagnosed
with a progressive in situ or invasive lesion (520 + 52 per
100 000). At an incidence screen, the chance of having a
non-progressive DCIS lesion diagnosed is 1 in 50000,
whereas the chance of having a progressive lesion, whe-
ther invasive or in situ, diagnosed is 166 times higher at
1 in 302.

Neither our estimates, nor the raw detection rates of
DCIS, are consistent with the findings of autopsy stud-
ies. The latter have typically observed high prevalences
of DCIS at autopsy, even in women who were not
diagnosed with breast cancer during their lifetime.
Welch and Black [17] found a prevalence of 9% and
Nielsen and colleagues [18] a prevalence of 14%. The
screening programmes considered here typically
observed around 0.1% prevalence at first screen and
considerably lower at subsequent screens. It therefore
seems that the dead population is a very different in this
respect from the living, and that mammographically-
detectable DCIS in vivo is either a different clinical
entity or a small and special subgroup of occult DCIS
detectable at autopsy. It is unclear whether the
DCIS described in the autopsy studies actually would have
been detectable by conventional screening techniques.

We have specifically avoided using the clinical and
pathological aspects of treated DCIS in the above exer-
cise. As stated, this was to avoid the necessity of extra-
polation of results in treated DCIS to the estimation of
what would happen if the disease were left untreated. It
is, however, useful to consider our results in the light of
observed behaviour after treatment. After treatment
with local excision alone, it is estimated that 18% of
DCIS cases recur [19]. Lower rates are observed after
mastectomy or after local excision with irradiation [20].
Probability of recurrence is also affected by size and

grade of lesion, presence of necrosis and resection mar-
gin width in the case of local excision [7]. Opinions vary
as to the likely course of disease if left untreated.
McCready [20] suggests that progression of untreated
DCIS to invasive disease would occur in 25-35% of
subjects, whereas Frykberg and Bland suggest that such
progression would happen in the majority of cases [21].
Our results are more consistent with the latter. Given
the expected detection rates of progressive and non-
progressive DCIS in Table 4, one would expect 50-80%
of DCIS lesions to progress if left untreated. This is also
consistent with the results of Evans and colleagues [22],
who found that 61% of screen-detected DCIS cases
were of high grade, which is a strong risk factor for
progression or recurrence in treated DCIS [7]. In addi-
tion, Evans and colleagues also point out that the evi-
dence for a minority of lesions being progressive derives
mainly from retrospective studies of DCIS cases origin-
ally misdiagnosed as benign [23], which are not repre-
sentative of screen-detected DCIS [22].

Our results, indicating a small element of over-
diagnosis, are largely consistent with the evidence from
the randomised trials of screening. The only trials
reporting a substantial excess of in situ or invasive
tumours in the arm invited to screening were the Edin-
burgh trial [24], the Malmo trial [25] and the Canadian
National Breast Screening Study-1 [26]. In the case of
the Edinburgh and Malmé trials, the excesses may be
due to lead time rather than overdiagnosis. In the case
of the Canadian trial, at least a large proportion of the
excess is in invasive, node-positive tumours [27,28], so
this is also unlikely to be a product of overdiagnosis.

If the results above are accepted, the implication is
that the majority of screen-detected DCIS cases would
progress if not treated. This does not mean that early
detection should be particularly focused on the diag-
nosis of DCIS. Our companion paper showed that the
majority of deaths prevented in screening are due to
detection of invasive disease at an early stage [6]. It also
noted that the calcifications which are the usual mam-
mographic sign of DCIS are often easier to observe than
the more subtle asymmetric densities which frequently
accompany a small invasive tumour. Thus, the emphasis
in screening should be on achieving the quality required
to detect small invasive lesions. A programme which has
this quality will have no difficulty in detecting DCIS.

The likelihood that there are a number of non-pro-
gressive screen-detected DCIS cases indicates that it is
important to target therapy in a way that reflects the
risk the lesion poses to the patient. Of course, if a
majority of lesions progress, resection is indicated in all
cases, but it may be reasonable to reserve mastectomy
and use of adjuvant therapies for high-risk lesions. A
consolidation of current knowledge to form the basis
of practice and further therapeutic research are both
indicated.
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The implications of our results are therefore:

1. there is an element of overdiagnosis and over-
treatment of DCIS in mammographic screening
programmes;

2. this element is modest compared with the likely

benefit of early diagnosis and treatment of pro-
gressive lesions; and

3. the increasing diagnosis of DCIS poses a chal-

lenge to therapy as much as to early detection.
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