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Abstract
Aim—To define the biological nature and
malignant potential of interval cancers
presenting to a breast unit within the NHS
breast screening programme.
Methods—112 interval cancers were com-
pared with matched, screen detected and
symptomatic cancers in terms of their
radiographic, histopathological, and
immunohistochemical features.
Results—Interval cancers, strictly de-
fined, showed no characteristic radio-
graphic pattern. In terms of size, vascular
invasion, lymph node status, and progno-
sis they were intermediate between screen
detected and symptomatic cancers.
Within the interval cancers there was an
excess of grade 1 and grade 3 tumours,
and lesions with a high Ki67 index but
immunohistochemistry otherwise failed
to discriminate between the three groups.
Inclusion of data from false negative
“interval cancers” did not significantly
alter the results.
Conclusions—Interval cancers are more
aggressive than screen detected cancers
but in general less aggressive than symp-
tomatic cancers. However, within a het-
erogeneous group, occasional interval
cancers are exceptionally malignant.
(J Clin Pathol 2000;53:140–146)
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Studies of mammary cancers surfacing in the
intervals between screening episodes are of
obvious value in measuring the quality of the
screening procedure. If these tumours are a set
of fast growing, aggressive lesions then perhaps
more frequent screening would be worthwhile.
Several studies have yielded conflicting opin-
ions on the nature of these tumours, some
believing that they carry a poor prognosis,1

whereas others maintain that they are no more
aggressive than screen detected tumours and
that their singular feature is merely the
diYculty that they pose in diagnosis.2 These
opposing views are perhaps in part the result of
diVering definitions and screening method-
ology, but despite these reservations the essen-
tial nature of interval cancers may emerge as
more units record their experience. Studies of
interval cancers within the NHS breast screen-
ing programme (NHSBSP) have been more
concerned with screening practices than with
histopathology, and immunohistochemistry
has been neglected. In an eVort to clarify the
nature of our interval cancers we report here a
series presenting to one unit within the

NHSBSP. We have compared their radio-
graphic and histopathological features as well
as their expression of antigens of potential
prognostic significance with those of other
symptomatic cancers and with screen detected
lesions. The antigens selected for investigation
were c-erbB-2 protein, oestrogen and proges-
terone receptors, NM23, Ki67, p53, and the
p53 binding protein MDM2, each of which has
been shown to be of potential prognostic
significance in breast cancer.3–8

Methods
DEFINITION OF INTERVAL CANCERS

The screening interval within the NHSBSP is
three years, and interval cancers are by defini-
tion tumours presenting symptomatically
within three years of the last screen.

The identification and definition of interval
cancers within the Northern Region of the
NHSBSP has already been set out9 but may be
summarised as follows. The names and dates of
birth of every patient diagnosed histopatho-
logically as having breast cancer throughout
the region are collated centrally and a com-
bined list is circulated monthly to each of the
four breast screening centres in the region.
Here the names are checked against those of
women who have been screened, and interval
cancers identified. The population of the
region is relatively stable and of the few
diagnosed outside its boundary and escaping
the initial search, some are found by further
inquiry.

After the screening mammograms, mixed
randomly with negative films, have been
reviewed blind by at least six independent radi-
ologists, the final stage is a general discussion at
the Regional Quality Assurance Centre be-
tween not less than 12 radiologists with all four
centres represented, reviewing all the films.
Here if two or more radiologists correctly iden-
tify a lesion that subsequently proved malig-
nant, the tumour is classified as a false negative.

Every eVort is made to obtain a mammo-
gram at the time of interval cancer presenta-
tion; should this prove positive and the original
screening mammogram on review is negative,
the lesion is classified as a true interval cancer,
whereas a negative second mammogram de-
fines an occult interval cancer. Unfortunately, if
patients elect not to return to a screening cen-
tre a repeat mammogram may not be per-
formed and distinction between a true and an
occult interval cancer is not possible; these
tumours are classified as interval cancer, not
known.
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PATIENT SAMPLES

Three groups were compared; an interval can-
cer group, a screen detected group, and a
symptomatic group.

Details of the first 112 interval cancers
presenting to the unit were retrieved from the
files of the Queen Elizabeth Hospital breast
screening and assessment centre, forming the
interval cancer group. The screen detected
group was made up by matching each interval
cancer with the patient detected by screening
on the date nearest to that on which the inter-
val cancer was diagnosed. The symptomatic
group was formed by random selection from
the histopathology files of 112 patients within
the range of the other two groups. Although the
age range set by the NHSBSP is 50–64 years,
15 of the 336 patients fell outside this bracket,
often because the interval cancers surfaced
after the age of 64. Six patients were older or
younger than this extended limit, presenting
for screening voluntarily, often because of a
family history. However, the median range of
all the groups was close.

RADIOLOGY

The mammograms were reviewed and abnor-
malities recorded using a slight modification of
a classification already published.10 The catego-
ries were a well defined nodule, a poorly
defined nodule or stellate lesion, microcalcifi-
cation, deformity of architecture, and normal.

HISTOPATHOLOGY

All tumours were processed and diagnosed in
accordance with the guidelines of the Royal
College of Pathologists Working Group
(1991).11 All the cases, including those origi-
nally diagnosed outside the unit and the
historical controls, were reviewed and graded
by one of us (WKC).

NOTTINGHAM PROGNOSTIC INDEX

This was calculated using the published
method.12

IMMUNOHISTOPATHOLOGY

The monoclonal antibodies used are shown in
table 1. For paraYn section immunohisto-
chemistry, 5 µm sections were cut from each
paraYn block, mounted onto slides coated
with Vectabond (Vector Laboratories), and
dried overnight at 39°C. Following 60 minutes
drying at 60°C, the sections were dewaxed,
rehydrated, and treated with H2O2/methanol
for 10 minutes. The sections were then washed
in running tap water for five minutes. Before
the addition of the primary antibody, the high
temperature antigen unmasking technique13

was employed for all antibodies except c-erbB-
2. The dewaxed sections were first immersed in

1 mm EDTA at pH 8.0. The sections were then
covered with normal rabbit serum which had
been diluted 1 in 5 with Tris buVered saline
(NRS) and incubated for 10 minutes at room
temperature in a humidified chamber. After
removal of excess serum, appropriately diluted
(table 1) primary antibody was added to the
sections and incubated at 25°C for 30 minutes,
with the exception of MDM2, for which over-
night incubation at 4°C was employed. As a
negative control, dNGS was added to a section
and incubated as described. Sections were
washed in Tris buVered saline for 10 minutes,
changing the wash after five minutes. They
were then incubated for 30 minutes with biotin-
ylated rabbit antimouse immunoglobulins
(NCL-GAMP, Novocastra Laboratories) di-
luted 1 in 500 with NRS. The sections were
incubated for 30 minutes with avidin-
peroxidase at 25°C. Following a further two
five minute washes in Tris buVered saline,
enzyme activity was revealed using a diamino-
benzidine hydrochloride/H2O2 substrate. For
each antigen in every staining procedure a con-
trol section was included of a breast cancer of
known strong expression of the relevant
antigen.

SCORING METHOD

Tumours were scored on a subjective basis
depending on the intensity of staining of
tumour cells on a five point scale as follows:
score 0 = no labelling; score + = weak label-
ling; score ++ = moderate labelling; score
+++ = strong labelling; score ++++ = very
intense labelling. Tumours with a score of + or
greater were designated positive. In addition,
the estimated proportion of cells stained
positive was recorded, and for the purpose of
analysis thresholds were chosen to divide the
cases into “positive” or “negative” groups. For
all antigens assessed, 0% and 10% thresholds
were examined; in addition, for c-erbB-2 a 25%
threshold for positivity was used. The latter
additional threshold was examined because
previous work by Wright et al has shown that
this level is discriminant for better patient
survival.14 Thus for each antigen an intensity
and proportion score was recorded.

For all antigens the sections were screened
by two independent observers (BA and SRAl-
T). Discrepant results were discussed over a
double headed microscope and a final value
agreed upon.

STATISTICAL METHODS

Fisher’s exact test was used to test for associa-
tions between unordered categorical variables
such as presentation of tumour and invasive
type. Relations between ordered categorical
variables (such as grade) and dichotomous
variables (such as presence of vascular inva-
sion) were investigated using a ÷2 test for trend.
Relations between size and dichotomous vari-
ables were investigated using a t test; size does
not follow a normal distribution so for the pur-
poses of analysis the natural log of size was
used. Estimates of median tumour size pre-
sented were determined by exponentiating the
estimates of mean log tumour size. In the

Table 1 Immunohistochemistry: antibodies and dilutions

Antigen Clone Dilution Source

Oestrogen receptor NCL-ER-6F11 1 : 10 Novocastra
Progesterone receptor NCL-PgR-1A6 1 : 10 Novocastra
c-erbB-2 protein NCL-CB11 1 : 20 Novocastra
p53 protein NCL-p53-DO7 1 : 50 Novocastra
Ki67 protein NCL-Ki67-MM1 1 : 200 Novocastra
MDM2 protein MDM2-Ab1 1 : 150 Oncogene Science

Interval breast cancer in the NHS breast screening programme 141

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.53.2.140 on 1 F
ebruary 2000. D

ow
nloaded from

 

http://jcp.bmj.com/


analysis of the immunohistochemistry the esti-
mate of the amount of staining present was
dichotomised according to standard practice,
for example more than 25% staining if consid-
ered to be the standard cut oV for c-erbB-2,
while any staining is considered for p53. Multi-
variate logistic regression was used to investi-
gate the relation between presentation of the
tumour and protein staining adjusting for
histological variables known to be related to
protein staining. A forwards stepwise approach
was used to identify the final model; a
significance level of 0.05 was used to retain
explanatory variables in the model.

Results
The “raw” interval cancer group was made up
thus: true interval, 49 (44%); occult, 8 (7%);
not known, 28 (25%); false negatives, 27
(24%).

In the analysis that follows the data from the
false negatives have been removed.

RADIOLOGY

Only 40% of the symptomatic group had a
mammogram. Microcalcification and deform-
ity of architecture was found more commonly
in the screen group. Although deformity of
architecture was infrequent in the interval
group, the data oVer no credible radiological
pattern characteristic of interval cancers as a
group. However, within the occult interval
cancers, lobular carcinoma—well known to be
diYcult to visualise mammographically—was
significantly over-represented. Three of the
eight occult cancers (38%) were lobular, com-
pared with 10% or less of other interval,
screened, or symptomatic tumours.

PATHOLOGY

The findings are given in table 2. There were
significantly more in situ cancers in the
screened group (24%) than in either the symp-
tomatic (4%) or the interval cancer (4%)
groups. Of the invasive cancers, 11% of the

screened group were tubular, contrasting with
1% of the symptomatic and 2% of the interval
groups (Fisher’s exact test, p = 0.02).

DiVerences in the size of tumours (including
in situ lesions) were found. The median size of
screen detected invasive cancers was 14.8 mm,
that of symptomatic tumours 22.4 mm, and
that of interval cancers 19.5 mm. These figures
are significant; not only were screen detected
invasive tumours significantly smaller than the
other two types, but interval cancers appeared
to be smaller than symptomatic cancers
(p = 0.048).

There were significant diVerences in tumour
grade between the groups: screen detected
invasive lesions were of lower grade than either
symptomatic or interval lesions; however, when
interval cancers were compared with sympto-
matic cancers the interval group contained sig-
nificantly fewer grade II tumours, with more
grade I and grade III lesions.

The groups also diVered significantly in
terms of vascular invasion; invasion was present
in 14% of invasive screen detected tumours,
compared with 43% of symptomatic cancers
and 34% of interval cancers. The diVerence
between the last two groups is not significant.

Lymph node sampling was performed in
83% of the screened group, 77% of the symp-
tomatic group, and 85% of the interval group.
Of those that were sampled, positive lymph
nodes were found in 30% of screen detected
cancers, contrasting with 61% of symptomatic
and 37% of interval cancers. The diVerence
between interval cancers and screen detected
cancers is not statistically significant.

Calculation of the Nottingham prognostic
index implies that interval cancers had a worse
prognosis than screen detected cancers but a
better prognosis than symptomatic cancers.

IMMUNOHISTOCHEMISTRY

Table 3 summarises the results of immuno-
histochemical examination of the invasive
tumours, recording the presence or absence of

Table 2 Histopathology results, excluding false negative interval cancers

Screen detected Symptomatic Interval False neg Significance

Age (years) 59 (48 to 66) 57 (49 to 67) 57 (35 to 72) 59 (52 to 70)

In situ 27 (24%) 5 (4%) 3 (4%) 0
Invasive 85 (76%) 107 (96%) 82 (96%) 27 (100%) p<0.0001

Median size (mm)* 14.8 22.4 19.5 22.0 p<0.0001

Grade* 1 38 (45%) 11 (10%) 19 (23%) 2 (7%)
2 33 (39%) 51 (48%) 20 (25%) 9 (33%)
3 14 (16%) 45 (42%) 42 (51%) 15 (56%)
Ungraded† 0 0 1 (1%) 1 (4%) p<0.0001

Vascular invasion* Absent 73 (86%) 61 (57%) 54 (66%) 14 (52%)
Present 12 (14%) 46(43%) 28 (34%) 13 (48%) p<0.0001

Number of positive
lymph nodes*

0 50 (59%) 32 (30%) 44 (54%) 11 (41%)
1-3 14 (16%) 28 (26%) 18 (22%) 8 (30%)
>3 7 (8%) 22 (21%) 8 (10%) 3 (11%)
Not sampled 14 (16%) 25 (23%) 12 (15%) 5 (18%) p=0.009

NPI*‡ Good 39 (46%) 11 (10%) 20 (24%) 3 (11%)
Moderate 25 (29%) 43 (40%) 36 (44%) 13 (48%)
Poor 7 (8%) 28 (26%) 14 (17%) 6 (22%)
Not calc 14 (17%) 25 (24%) 12 (15%) 5 (19%) p<0.0001

Values are n (%) or median (range).
*Invasive cancers only; †malignant phyllodes tumour; ‡Nottingham prognostic index.
Calc, calculated; neg, negative.
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significant association between tumour size,
grade, vascular invasion, lymph node status,
and the presentation (screen detected, sympto-
matic, interval). Various predictable associa-
tions between the variables were noted—for
example, hormone receptor positivity was
inversely correlated with grade. Although the
incidence of staining for MDM2 within grades
of invasive tumours was significant, it was
greatest within grade 2 lesions and hence this
marker did not relate to grade in a meaningful
way. With two exceptions, there were no
significant associations between presentation
and any of the markers studied. Screen
detected tumours showed significantly more
staining for PgR than the other groups, but
there was no significant diVerence between
interval and symptomatic cancers. However,
taking a 10% cell staining threshold there were
significant diVerences between the Ki67 index

in the symptomatic, screened, and interval
cancer groups.

LENGTH OF INTERVAL

The interval cancers were further assessed in
terms of interval length (table 4). No relation
was found between the length of interval and
tumour size, grade, lymph node status, or
prognostic index. However, patients presenting
after shorter intervals were significantly more
likely to suVer vascular invasion.

FALSE NEGATIVES

If the data from the false negative “interval”
cancers are included, changes in the above
results are slight and not significant.

Discussion
Wide diVerences between groups of workers
over the definition of an interval cancer place
severe restrictions on the comparison of
various reports. Whereas some centres screen
annually,2 15 others screen two yearly,16 17 and in
the NHSBSP the interval has been set at three
years. Some investigators, as in the present
series, accept as interval cancers only tumours
presenting symptomatically, whereas others
include cancers detected mammographically
following early recall and some are not precise
over the mode of presentation.

Within the NHSBSP some groups choose to
exclude in situ disease18 19; another excludes
ductal carcinoma in situ,20 and Guy21 has
suggested exclusion of second primaries. In a
plea for standardisation throughout the NHS-
BSP, Duncan and Wallis22 have demonstrated
significant discrepancies of radiological con-
trol; within the service, diagnosis of interval
cancers follows reassessment by a range of one
to 14 radiologists who may or may not review
the mammograms mixed with normal screen-
ing films. These authors recommend at least
three external reviewers.

Currently mammography of symptomatic
cases is more common than in this series and
awareness of interval cancers has much re-
duced our numbers in the “not known”
category.

Assembling a symptomatic control group is
diYcult. In our unit few patients within the
NHSBSP age range now present symptomati-
cally and of those who do some will be “refus-
ers and lapsed attenders” who, with known
worse prognosis, might introduce bias. Cases
were therefore selected totally at random from
historical files, accepting that these women
might have presented later than the interval
patients. Hence, however selected, sympto-
matic tumours may carry a bias towards poorer
prognosis.

However high the standard of mammo-
graphic screening, restrospective analysis will
detect some lapses. In our region, Jones et al
compared the mammograms of cancers diag-
nosed at second or subsequent rounds of
screening with the first films and concluded
that some lesions may have been present
originally.23 The diagnostic criteria for an
interval cancer within the Northern Region are
unusually strict and it is tempting to suggest

Table 3 Significant associations between immunohistochemical staining and other
variables (invasive tumours)

% Cases
positive Larger size Higher grade

Vascular
invasion LN status Presentation

c-erbB2 16.3 p=0.8 p=0.003 p=0.01 p=0.9 p=0.3
25% staining No Yes (+ve) Yes (+ve) No No

Any staining 69.9 p=0.4 p=0.4 p=0.6 p=0.4 p=0.6
p53 No No No No No

Any staining 74.5 p<0.001 p<0.001 p=0.047 p=0.9 p=0.3
Oestrogen receptor Yes (−ve) Yes (−ve) Yes (−ve) No No

Any staining 64.2 p<0.001 p<0.001 p=0.001 p=0.9 p<0.001
Progesterone receptor Yes (−ve) Yes (−ve) Yes (−ve) No Yes

Any staining 39.4 p=0.7 p=0.007 p=0.4 p=0.5 p=0.5
MDM2 No Yes No No No

10% staining 96.0 p=0.8 p=0.8 p=0.4 p=0.7 p=0.2
NM23 No No No No No

10% staining 46.0 p=0.002 p<0.001 p<0.001 p=0.2 p<0.001
Ki67 Yes (+ve) Yes (+ve) Yes No Yes

LN, lymph node.

Table 4 Influence of interval length (false negative interval cancers excluded)

Length of interval (months)

0–12 13–24 25–36 Significance

In situ 3 (10%) 0 0
Invasive 28 (90%) 31 (100%) 23 (100%)

Median size
(mm)*

18.9 21.6 17.7 p=0.3

Grade* 1 6 (21%) 7 (23%) 6 (26%)
2 5 (18%) 9 (29%) 6 (26%)
3 16 (57%) 15 (48%) 11 (48%)
Ungraded† 1 (4%) 0 0 p=0.8

Vascular
invasion*

Absent 16 (57%) 18 (58%) 20 (87%)

Present 12 (43%) 13 (42%) 3 (13%) p=0.04

Number of
positive
lymph
nodes*

0 18 (64%) 15 (48%) 11 (48%)

1–3 5 (18%) 10 (32%) 3 (13%)

>3 2 (7%) 3 (10%) 3 (13%)
Not
sampled

3 (11%) 3 (10%) 6 (26%) p=0.4

NPI*‡ Good 6 (21%) 9 (29%) 5 (22%)
Moderate 15 (54%) 12 (39%) 9 (39%)
Poor 4 (14%) 7 (23%) 3 (13%)
Not calc 3 (11%) 3 (10%) 6 (26%) p=0.6

*Invasive cancers only; †malignant phyllodes tumour; ‡Nottingham prognostic index.
Calc, calculated.
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that lesions classified as false negatives might
be regarded as true interval cancers elsewhere.
But despite these considerations, our false
negative rate is low, at 27/112 (24%).

Our painstaking process of classifying inter-
val cancers may be related to the finding that
the inclusion or exclusion of the false negative
data does not substantially alter the signifi-
cance of the results. Compared with true inter-
val cancers, von Rosen et al found fewer lymph
node positive tumours in their “unrecognised”
and “observer error” groups of interval can-
cers, although the “unrecognised” tended to be
of higher grade.24 Frisell et al found no
diVerence in survival between true interval
cancers and false negative cases.25 Our findings
are compatible with this but it would be ill
judged to deduce from them that tumours pre-
senting in the interval after a missed mammo-
graphic diagnosis are not diVerent from true
interval cancers. Although any diVerences
between the two categories lack statistical
significance, analysis suggests that our false
negative cancers are closer to our symptomatic
tumours than true interval cancers in terms of
size and grade—divergences that one might
anticipate. But further reduction of the false
negative rate and improvement of the prognosis
of these patients from that of interval cancer to
that of screen detected cancer would necessi-
tate the needless recall and biopsy of very many
women.

We have found that compared with both
symptomatic and interval cancers, screen
detected tumours are more likely to be in situ,
and if invasive, to be smaller, of lower grade, to
have less vascular invasion and fewer positive
lymph nodes, and a greater likelihood of being
tubular. These features of screened versus
symptomatic breast lesions are well
established26–28 and are to be expected. Of the
three in situ tumours in the interval group, two
presented with nipple discharge and one with
Paget’s disease.

Patients with interval cancers, like those in
our symptomatic group, present clinically, yet
their tumours were somewhat smaller. Peeters
et al observed the same size diVerence; the
likely explanation is that those in the interval
group, having already been through an episode
of screening, are more “breast aware” than the
symptomatic group.16

Less easy to explain when comparing
interval and symptomatic tumours is the
relative preponderance of grade I and III
lesions in the interval group. Their smaller size
might contribute to the grade I element but the
finding does not support the belief that interval
cancers are all aggressive neoplasms. DeGroote
et al1 felt that these tumours were indeed
aggressive lesions but their opinion was contra-
dicted and criticised by Holmberg et al.29 Von
Rosen et al concluded that interval cancers
were a heterogeneous group including some
tumours of low malignancy potential, and our
data are in agreement.24

Vascular invasion correlated with lymph
node status in all three study groups and this is
to be expected; Ørbu et al emphasised this
strong connection.30 Comparing the frequency

of both vascular invasion and lymph node posi-
tivity in the three study groups, interval cancers
are more likely to be positive than screened
cancers but less likely than symptomatic
tumours. This is in parallel with the distribu-
tion of tumour size and is in accordance with
the established relation of size to lymph node
status.31

Several groups have studied survival of
patients with interval cancers. The Malmö
experience is exceptional in finding poorer sur-
vival than in symptomatic controls.32 In con-
trast, survival was found to be similar to that of
symptomatic cancers by Shapiro et al,33 Holm-
berg et al,29 Peeters et al,16 Koivunen et al,2

Brekelmans et al,34 and within the NHSBSP by
Collins et al.35 Frisell et al reported longer sur-
vival of patients with interval cancer compared
with symptomatic cases.25 Our finding of a
prognostic index intermediate between
screened and symptomatic tumours mirrors
the survival data of Schroën et al.36 There is, in
short, little evidence that interval cancers as a
group carry an especially poor prognosis and
that presentation between screening episodes
necessarily connotes an aggressive neoplasm.
The contrary view of DeGroote et al,1 still cited
and held, can hardly be sustained.

If survival of patients with interval cancers is
no worse than other symptomatic cancers, this
must be reconciled with the view that a
proportion of interval cancers must be rela-
tively fast growing.17 A partial explanation
could be that any sample of symptomatic can-
cers will contain some that are fast growing.
Alternatively or additionally, rapid growth may
not imply worse prognosis, a possibility
mooted by Holmberg et al.37 If tumour size is a
major factor determining grade26 or lymph
node involvement,31 then little diVerence be-
tween survival of interval and symptomatic
cancers is to be expected.

There have been few immunohistochemical
studies of interval cancers. Koivunen et al,2

employing a variety of markers, concluded that
the results did not suggest biological aggression
of these tumours but there were no direct con-
trol groups. Peeters et al found similar oestro-
gen receptor positivity in true interval cancers
and symptomatic cancers but higher rates in
screened patients,16 whereas Brekelmans et al,34

as in the present series, detected no statistical
diVerences in oestrogen receptor positivity in
any of these three groups. Comparing screen
detected and symptomatic tumours, our
immunohistochemical results replicate earlier
work28 in respect of markers common to both
studies. Our finding that staining by Ki67 dis-
criminates between screened, interval, and
symptomatic tumours is of some interest.
Logistic regression shows that the discrimina-
tion cannot be explained by grade, and
demonstrates for example that a grade 3 inter-
val cancer is five times more likely to show a
high Ki67 index than a grade 3 screen detected
cancer.

Our demonstration that the length of inter-
val is independent of tumour size, grade, and
lymph node status is at variance with the
accepted view that more aggressive, rapidly
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growing tumours will surface earlier. But with
few exceptions interval cancers present when
the patient becomes aware of a mass; it is the
size of the mass irrespective of grade that
determines the point of diagnosis. It may be
that it is this tendency to uniform size (which
relates to grade and lymph node status) that is
responsible for the lack of correlation with
interval length. One might have expected to
find an increase in higher grade cancers in the
early presenters; we have not, and although we
have shown a significant increase in vascular
invasion in this subset, the general uniformity
of data within the interval lengths is supported
by Frisell et al,25 who found no correlation
between interval length and survival.

The distribution of the tumours within the
interval lengths calls for comment. The general
experience is that the incidence of interval can-
cer tends to rise with increasing interval; within
the NHSBSP, Woodman et al38 found 20%,
32%, and 49% in the first, second, and third
years, respectively, and this rising incidence has
been seen elsewhere.39 The diVerent pattern in
our series derives from the nature of the patient
sample which is taken from the start of our
screening programme and which therefore
contains a disproportionate number of women
whose interval cancers presented before they
could have been observed for three years. It is
of interest, however, that the majority of inter-
val cancers in the first year are of the
“unknown” category, suggesting perhaps that
early presentation prompts the patient to seek
advice elsewhere.

The study most closely comparable to the
present series is that of Burrell et al,40 a
comprehensive review of interval cancers pre-
senting within the NHSBSP. Our results are in
some measure a replication, but diVer in plac-
ing interval cancers between screen detected
and symptomatic rather than suggesting that
they are essentially similar to symptomatic
tumours. The Nottingham symptomatic con-
trol group is substantially larger than the
Gateshead group, and further study may
reconcile this diVerence. But the clear message
from both series is that the prognosis of
interval cancers within the NHSBSP is in gen-
eral no worse than that of symptomatic
disease.

Our data indicate that interval cancers diag-
nosed after strict radiological control are inter-
mediate between screen detected and sympto-
matic tumours in respect of size, vessel
invasion, lymph node status, and prognosis,
and that these features remain constant irre-
spective of the interval length. The view that
these tumours are in general highly malignant
is invalidated, but an excess of grade 3 cancers
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Foundations

On pathologists . . ..
This is the reason that such craftsmen hardly ever escape that weakness of
vision called myopia. Moreover, since the eyes are continually kept on the
work, intent and immobile, the humors thicken and lose simultaneously
their fluidity and transparency; thus weakness of vision gradually develops
in these craftsmen; and so, even those who have been endowed by nature
with good sharp eyes become in time myopic and purblind.

Chapter XXXVII: Diseases of those who do fine work. De Morbis Artifi-
cium (Diseases of Workers), by Bernadini Ramazzini (from the Latin text of
1713)
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