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Abstract The natural course of early breast cancer has
changed as a result of the introduction of mammographic
screening. The present aim was a prospective analysis of
screen-detected and symptomatic operable breast cancers in
the era of mammographic service screening. The mode of
detection (screen-detected, symptomatic or interval cancer),
the type of mammographic image and other characteristics
(the invasive tumor size, histological tumor type, grade,
nodal, hormone receptor and HER2 status and the presence
of lymphovascular invasion) of 569 invasive breast cancers
were studied. Screen-detected cancers were significantly
more frequently of grade I, <10 mm of size and node-
negative (p<0.001, respectively). Symptomatic/interval

cancers were significantly more frequently of grade 3,
>20 mm of size (p<0.001), and exhibited lymphovascular
invasion (p=0.001). Screening-detection of the tumor
favored breast-conserving surgery, sentinel lymph node
biopsy and the avoidance of chemotherapy (p<0.001).
Cancers associated with casting-type calcifications on the
mammogram were typically of ductal type (p=0.043), of
grade 2–3, estrogen receptor and progesterone receptor-
negative and HER2-positive (p<0.001). Interval cancers
occurred significantly more often at a younger age and
remained mammographically occult as compared with other
cancers. Mammographic screen-detected cancers demon-
strate more favorable prognostic features, and need less
extensive treatment than symptomatic or interval cancers.
The mammographic appearance of the tumor reflects its
biological behavior, and this should be considered in the
management optimization.
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Introduction

The role of mammographic service screening in the
reduction of breast cancer mortality has been consistently
revealed in numerous randomized controlled clinical stud-
ies and meta-analyses. [1–5] Thus, breast cancer-related
mortality is significantly reduced in women invited to
mammographic service screening as compared with those
not invited to participate. [1–5] A recent analysis by the
Swedish Organised Service Screening Evaluation Group
demonstrated that, provided the screening program shows
good quality indicators and participation is high enough, a
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reduction in breast cancer mortality of between 40% and
45% may be achieved. [3] In fact, the constantly develop-
ing adjuvant therapies are also contributing to the decline in
breast cancer mortality. The aim of the Cancer Intervention
and Surveillance Modeling Network breast cancer program
was to model the impact of various cancer interventions on
the trends of breast cancer incidence and mortality. An 8–
23% reduction in mortality has been attributed to the
mammographic screening itself. [6]

This is explained primarily by fact that the breast cancers
detected by such screening are in an early stage. An
appreciable number of studies have clearly indicated that
the introduction of mammographic screening has been
followed by a shift to tumors with better prognostic factors.
[7–14] Thus, screen-detected breast cancers are smaller,
more frequently lymph node-negative, [7–14] of lower
grade, [9, 11, 13] and consequently need less oncological
treatment than their symptomatic counterparts. [11, 13] In
addition to this stage shift stemming from the earlier
detection, the better outcome is explained by the different
biological behavior of these early cancers, since the
detection by mammographic screening has been shown to
be an independent favorable prognostic factor as regards
distant metastasis-free survival and overall survival relative
to that in symptomatic tumors. [11–13]

The type of mammographic image has recently been
suggested as an independent prognostic factor. The presence
of casting-type calcifications has been demonstrated to be a
prognostic factor which carries a significantly higher risk of
death as compared with cancers not associated with this mam-
mographic abnormality. [15–20] In contrast, stellate lesions
on the mammogram reflect a more favorable prognosis than
any other mammographic appearances. [16–18]

In the present prospective study, we set out to investigate
the patient- and tumor-related features in early breast cancer
shortly after the introduction of mammographic service-
screening in Hungary. Conventional prognostic factors, the
need for oncological treatment and the mammographic
appearance were analyzed in tumors that were detected by
screening or were symptomatic. The clinicopathological
features of interval cancers were also addressed.

Patients and Methods

The patient- and tumor-related data on women with breast
cancer attending the Breast Unit of the University of
Szeged, Hungary between May 1, 2004 and January 1,
2007 were prospectively collected. The following data were
registered: the age of the patient at the time of breast
surgery, the type of breast surgery (breast-conserving
surgery vs mastectomy), the type of lymph node surgery
(sentinel lymph node biopsy vs axillary lymph node

dissection), the pathological size, the histological type, the
histological grade, the hormone receptor (estrogen receptor
(ER) and progesterone receptor (PR)) and HER2 status of
the tumor and the presence of lymphovascular invasion
(LVI). The pathological nodal status was recorded when
possible, but in five screen-detected and ten symptomatic,
clinically N0 cases this information was missing since
axillary surgery was not performed because of the advanced
age of the patient. The mode of detection of the breast
cancer was registered in the following categories: screen-
detected (detected by breast imaging within the national
mammography screening program or by opportunistic
screening), symptomatic (detected via any symptom related
to the tumor in a patient who did not attend any screening
program) or interval cancer (the tumor was diagnosed
during the interval between two successive screening
rounds and within 2 years after a negative screening
finding). Population-based mammographic service screen-
ing started in Hungary in 2001. Within the program,
women aged 45–65 years are invited biennially by letter
to screening. Double-view mammography is performed and
the mammograms are read by two radiologists with skills in
interpreting mammography images. Other details of the
program are in accordance with the European Society of
Mastology guidelines [21].

The mammographic appearance of the tumor, based on
the mammography report, was registered. In the event of
any ambiguity or doubt, the original mammogram was
collected and evaluated. Mammographic images were
classified according to Tabár et al. [15] as follows. (1) a
stellate lesion, (2) a circular or oval mass, (3) a parenchy-
mal distortion/nonspecific asymmetric density, or (4) no
mammographic abnormality. Possibly associated malignant
calcifications were categorized into two groups: casting-
type calcifications and non casting-type calcifications (a
common group of powdery, crushed stone-like, pleiomor-
phic, etc. calcifications). For the analysis of the association
between the mammographic image and other characteristics
of the tumor, the previous categories were grouped in the
following way: (1) stellate lesions without calcifications,
(2) casting-type calcifications with or without an associated
tumor mass, and (3) others. Ten-year risks of relapse and
mortality were computed on the basis of the conventional
prognostic factors (ER and HER2 status, grade, invasive
tumor size and nodal status) using the software Adjuvant!
[22]. This system provides predicted outcomes based on the
patient and tumor characteristics. The adjuvant hormonal
therapy and/or chemotherapy chosen according to the local
protocol, though obviously influenced by the preferences
and the comorbidities of the patient, were recorded.

For the categorical parameters, chi-square or Fisher tests
were applied; for the analysis of continuous data, variance
analysis was used.
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Results

The data on 565 patients with 569 invasive breast cancers
were collected. (Four patients had synchronous bilateral
invasive breast cancer.) The patient- and tumor-related
characteristics were first analyzed according to the mode of
detection. Overall, 258 tumors (46%) were screen-detected,
while 263 (46%) were symptomatic and 48 (8%) were
interval cancers. The mean ( ± SD) age of the overall
patient population at the time of breast surgery was 58.1±
10.9 years (range 27.8–85.1), while that of the cases with
screen-detected or symptomatic tumors was 58.4±7.6 and
58.5±13.9 years, respectively, and that of the patients with
interval cancers was 54.3±5.4 years (p=0.04). While
35.4% of the patients with interval cancer, and 31% of the
patients with symptomatic cancer were premenopausal,
only 20.2% of the patients with screen-detected cancer
were premenopausal (p=0.007). The pathological tumor
characteristics and computed 10-year risks of relapse and
mortality are presented in Table 1. No data were available
on the grade in 4, on the ER/PR status in 2 and on the
HER2 status in four cases. No difference was found in the

histological type, the ER/PR status or the HER2 status
according to the mode of detection. Significantly more of
the screen-detected cancers were of grade I, <10 mm and
node-negative (p<0.001), while significantly more cancers
in the groups of symptomatic and interval cancers were of
grade 3, >20 mm of size (p<0.001), and exhibited LVI (p=
0.001). The predicted average 10-year risks of relapse and
death were significantly (p<0.001) superior in the screen-
detected cases compared to that in the symptomatic or the
interval cancer cases, respectively (Table 1).

Next, we studied the use of surgical and medical
treatment options, according to the mode of detection
(Table 2). The rate of breast-conserving surgery among
the patients with screen-detected cancers was significantly
(p<0.001) higher than that in symptomatic or interval
cancer cases. Similarly, the rate of sentinel lymph node
biopsy was the highest in the group with screen-detected
tumors (p<0.001). In 15, clinically node-negative cases, no
axillary surgery was performed because of the advanced age
of the patient. Adjuvant chemotherapy was significantly less
frequently applied in the patients with screen-detected
cancers (36.8%) than in the symptomatic (53.6%) or interval

Table 1 Pathological tumor characteristics for the various modes of detection

Screen-detected (%) Symptomatic (%) Interval cancer (%) p

Histological type
Invasive ductal cancer 201/258 (78.2) 203/263 (77.2) 31/48 (64.6) 0.168 (chi- square test)
Invasive lobular cancer 35/258 (13.6) 38/263 (14.4) 7/48 (14.6) 0.21 (Fisher’s exact test)
Others (medullary, mucinous,
tubular, papillary)

22/258 (8.2) 22/263 (8.4) 10/48 (20.8)

Grade
1 75/257 (29.2) 26/260 (10.0) 8/48 (16.7) <0.001 (chi-square test)
2 115/257 (44.7) 124/260 (47.7) 22/48 (45.8)
3 67/257 (26.1) 110/260 (42.3) 18/48 (37.5)
Tumor size
1–10 mm 88/258 (34.1) 19/263 (7.2) 3/48 (6.2) <0.001 (chi-square test)
11–20 mm 120/258 (46.5) 93/263 (35.4) 24/48 (50)
>20 mm 50/258 (19.4) 151/263 (57.4) 21/48 (43.8)
Node
Negative 179/258 (69.4) 127/263 (48.3) 24/48 (50) <0.001 (chi-square test)
Positive 79/258 (30.6) 136/263 (51.7) 24/48 (50)
LVI
Negative 217/258 (84.1) 186/263 (70.7) 37/48 (77.1) 0.001 (chi-square test)
Positive 41/258 (15.9) 77/263 (29.3) 11/48 (22.9)
ER and PR
Positive 218/257 (84.8) 208/262 (79.4) 37/48 (77.1) 0.193 (chi square test)
Negative 39/257 (15.2) 54/262 (20.6) 11/48 (22.9)
HER2
Negative (0/1+) 222/255 (87.1) 220/262 (84.0) 38/48 (79.2) 0.310 (chi-square test)
Positive 2+/3+ 33/255 (12.9) 42/262 (16.0) 10/48 (20.8)
10-year risk
Relapse (mean ± SD) 30.6±17.1% 47.7±21.7% 45.7±21.3 <0.001 (variance analysis)
Death (mean ± SD) 14.8±16.3% 30.7±22.2% 28.9±22.3 <0.001 (variance analysis)

The 10-year risks of relapse and mortality were computed with the software Adjuvant! (n=569)
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cancer (66.7%) cases (p<0.001). The frequency of use of
hormone therapy was similar in the three groups (Table 2).

The patient- and tumor-related characteristics were also
analyzed according to the mammographic image (Table 3).
In two cases, no mammography had been performed prior
to surgery, and in another three cases, the result of the
mammography was not available. The cancers associated
with casting-type calcifications on the mammogram were
significantly more often of ductal type (p=0.043, Fisher’s
exact test), of grade 3 (p<0.001), ER and PR-negative (p<
0.001) and HER2–2+/3+ (p<0.001) than the cancers
without casting calcifications. The mammographic images
revealed no differences in tumor size, lymph node status or
LVI. When the predicted outcome based on the conven-
tional prognostic factors was compared with the mammo-
graphic image, the 10-year risks of relapse and death were
significantly lower in tumors displaying a stellate lesion
without calcifications, compared to tumors associated with
casting calcifications or if any other mammographic image
was present (p<0.001; Table 3). Similar significant differ-
ences were found when the 10-year risks of relapse or
mortality were analyzed separately in the screen-detected
and non-screen-detected cancers on the basis of the
mammographic appearance (data not shown).

Finally, we analyzed whether interval cancers have
special mammographic features. The associations between
the mammographic findings and the mode of detection are
indicated in Table 4. For this analysis, a special group with
“absence of any abnormality on the mammogram” was
distinguished. The distribution of the mammographic
abnormalities was significantly heterogeneous as regards
the mode of detection (Table 4). In contrast with 8 of the 48
(16.7%) interval cancers, only 1.6% and 5.7% of the
screen-detected and symptomatic cancers, respectively,
were mammographically occult.

Discussion

We performed an early analysis of a prospectively collected
breast cancer data base. The screen-detected breast tumors
were smaller, more frequently lymph node-negative and
well differentiated, LVI-negative, and needed less radical
surgical and systemic treatments than the symptomatic or
interval cancers. The histologic features of the cancers
associated with casting calcifications on the mammogram
reflected their aggressive nature. The interval cancers
occurred at a younger age and were more often mammo-
graphically occult than the screen-detected tumors and the
cancers diagnosed outside the screening program.

Our findings are in accordance with those studies which
demonstrated that the prognostic factors are more favorable
in screen-detected than in interval or symptomatic cancers.
In numerous studies tumors were obviously smaller, more
probably lymph node-negative, [7–11, 13, 14] and better
differentiated [9, 11, 13] if screen-detected. Some groups
have reported that cancers of a special histological type,
such as lobular or tubular cancers, are relatively more
prevalent among screen-detected tumors. [9, 11] In contrast,
consistent with our data, no difference in histological type
was observed among the different groups in the study by
Gill et al. [13] LVI was less frequently present in screen-
detected than in symptomatic cancers in that study. [13] We
also found that LVI was more prevalent in interval or
symptomatic cancers than in screen-detected cancers. It has
been suggested previously that one indicator of the less
aggressive biological behavior of screen-detected cancers is
their higher hormone receptor content and the less frequent
expression of HER2. Whereas Gill et al. [13] and Klemi et
al. [8] reported that more screen-detected than symptomatic
cancers were ER-positive, Joensuu et al. [11] did not
discern any difference in the expression of ER or HER2

Table 2 Surgical and medical therapy following the various modes of detection of breast cancer

Screen-detected n=258 (%) Symptomatic n=263 (%) Interval cancer n=48 (%) p (chi-square test)

Breast surgery
Breast-conserving surgery 223 (86.4) 131 (49.8) 26 (54.2) <0.001
Mastectomy 35 (13.6) 132 (50.2) 22 (45.8)
Lymph node surgery
Sentinel node biopsy 116 (45.0) 43 (16.3) 10 (20.8) <0.001
Axillary block dissection±sentinel
biopsy

137 (53.1) 210 (79.8) 38 (79.2)

No axillary surgery 5 (1.9) 10 (3.9) 0 (0)
Adjuvant chemotherapy
No 163 (63.2) 122 (46.4) 16 (33.3) <0.001
Yes 95 (36.8) 141 (53.6) 32 (66.7)
Adjuvant hormone therapy
No 93 (36.1) 80 (30.4)) 16 (33.3) 0.395
Yes 165 (63.9) 183 (69.6) 32 (66.7)
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between screen-detected and symptomatic cancers. Similar-
ly, we did not observe any difference in the ER, PR or
HER2 status of the tumors as a function of the mode of
detection.

On the basis of the conventional prognostic factors, a
striking difference in the predicted 10-year risks of relapse
and mortality, was revealed between the screen-detected vs
the symptomatic or interval tumors. The predicted outcome
was computed by using the software Adjuvant! [22].
Adjuvant! version 6.0 was earlier validated in a large
cohort of patients with breast cancer in British Columbia,
and excellent matches were found between the predicted

and experienced overall survival, breast cancer-specific
survival and event-free survival [23]. The cohort in that
validation study included a mixed patient population
comprising both screen-detected and symptomatic cancer
cases. Although our early analysis does not provide patient
follow-up data, the computed 10-year risks of relapse and
death probably afford a realistic insight concerning the
outcome depending on the mode of detection in our
patients. These data accord well with the important findings
of a good number of studies [7–14], and notably the
superior outcome of screen-detected breast cancers as
compared with their symptomatic counterparts. Moreover,

Table 3 Comparison of the pathological tumor characteristics with the mammographic image

Stellate lesions without
calcifications (%)

Casting-type calcifications ±
associated tumor mass (%)

Others (%) P

Histological type
Invasive ductal cancer 165/213 (77.5) 38/40 (95) 229/311 (73.5) 0.056 (chi-square test)
Invasive lobular cancer 29/213 (13.6) 1/40 (2.5) 48/311 (15.4) 0.046 (Fisher’s exact test)
Others (medullary, mucinous,
tubular, papillary)

19/213 (8.9) 1/40 (2.5) 34/311 (10.1)

Grade
1 55/212 (25.9) 2/40 (5.0) 52/308 (16.9) <0.001 (chi-square test)
2 110/212 (51.9) 11/40 (27.5) 136/308 (44.2)
3 47/212 (22.2) 27/40 (67.5) 120/308 (38.9)
Tumor size
1–10 mm 42/213 (19.7) 8/40 (20.0) 59/311 (19.0) 0.098 (chi-square test)
11–20 mm 100/213 (47.0) 11/40 (27.5) 123/311 (39.5)
>20 mm 71/213 (33.3) 21/40 (52.5) 129/311 (41.5)
Node
Negative 123/213 (57.7) 19/40 (47.5) 185/311 (59.5) 0.350 (chi-square test)
Positive 90/213 (42.3) 21/40 (52.5) 126/311 (40.5)
LVI
Negative 168/213 (78.9) 27/40 (67.5) 241/311 (77.5) 0.287 (chi-square test)
Positive 45/213 (21.1) 13/40 (32.5) 70/311 (22.5)
ER and PR
Positive 189/212 (89.1) 23/40 (42.5) 247/310 (79.7) <0.001 (chi-square test)
Negative 23/212 (10.9) 17/40 (57.5) 63/310 (20.3)
HER2
Negative (0/1+) 198/212 (93.4) 18/40 (45.0) 259/308 (84.1) <0.001 (chi-square test)
2+/3+ 14/212 (6.6) 22/40 (55.0) 49/308 (15.9)
10-year risk
Relapse (n=567, mean ± SD) 35.8±18.8% 55.3±24.0% 40.6±21.7 <0.001 (variance analysis)
Death (n=567, mean ± SD) 19.2±17.6 39.7±26.8 24.1±21.5 <0.001 (variance analysis

The 10-year risks of relapse and mortality were computed with the software Adjuvant!

Table 4 Mammographic image and mode of detection of breast cancers

Screen-detected cancer
n=258 (%)

Symptomatic
n=259 (%)

Interval cancer
n=47 (%)

p (chi-square test,
Fisher’s exact test)

Stellate lesions without calcifications n=213 103 (39.9) 100 (38.6) 10 (21.3) <0.001
Casting-type calcifications ± associated tumor mass n=40 21 (8.1) 18 (6.9) 1 (2.1)
Absence of any abnormality on the mammogram n=27 4 (1.6) 15 (5.8) 8 (17.0)
Others n=284 130 (50.4) 126 (48.7) 28 (59.6)
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the analyses by Joensuu et al. [11] and Gill et al. [13]
suggest that screening-detection itself is an independent
favorable prognostic factor that should be taken into
consideration when the adjuvant therapy is to be specified.

Among screen-detected cancers less radical surgical
interventions were needed, and less frequent chemotherapy
was utilized, as a consequence of the earlier stage of these
cancers. However, the hormone therapy requirements did not
differ between the groups as concerns the mode of detection.
This is a consequence of the similar distributions of the
hormone receptor-positive tumors in the different groups,
and the frequent use of endocrine therapy even in the early
tumors, with the aim of the prevention of distant metastases,
local relapses or metachronous second breast cancers.

Interval cancers are detected from the symptoms in the
interval between scheduled screening episodes. A failure to
detect breast cancer during screening depends on the testing
procedure, the interpretation by the radiologist, and the
patient and tumor characteristics. A biennial screening
interval, a younger age [24-26] and increased breast density
[27] favor detection failure. More importantly, the nature of
interval cancers may influence their detection. Interval
cancers have been demonstrated to occur more often in
younger women, and to exhibit a higher proliferation rate, a
lower ER expression and higher HER2 expression [24–26].
In our series, the interval cancers were significantly
different from the screen-detected cancers, and similar to
the symptomatic cancers, as regards the tumor size, the
lymph node status, the presence of LVI and the grade, but
the differences in histological type, and ER/PR or HER2
status did not reach the level of statistical significance. This
latter inconsistency with the literature data may be
explained by the relatively low number of cases in our
study. We found that a significant proportion of the interval
cancers were mammographically occult even at the time of
diagnosis. These tumors belong among a special subtype of
interval cancers known as occult cancers [28].

In Hungary, the national mammographic breast-screen-
ing program was introduced in 2001. Women are invited
biennially into one or other of the 43 screening centers for
double-view bilateral mammography. The quality indicators
of the screening closely match the European guidelines,
with the exception of the participation rate, which is around
40%. However, the proportion of women regularly screened
for breast cancer is more than 60% as a result of the
contribution of opportunistic screening. The mixed popula-
tion in our study, the close to equal number of screened and
non-screened patients is a good indication of the low
participation rate.

For elaboration of the appropriate adjuvant therapy, it is
mandatory to use the maximum extent of information
available on the disease. The prognostic indicators reflect
the stage of the cancer and the degree of its aggressiveness.

Besides the classical prognostic factors (tumor size, lymph
node status, grade, the presence or absence of LVI, and the
expressions of the hormone receptors and HER2), however,
other specific indicators for a better identification of the
high-risk cases are needed. The mammographic appearance
of the cancer has recently been suggested as a prognostic
factor [15–20, 29]. Among cancers measuring <15 mm and
detected by mammographic screening, the presence of
casting-type calcifications has been demonstrated to in-
volve a significantly (nine-fold) higher risk of death as
compared with cancers not associated with this mammo-
graphic abnormality. [16] The risk of relapse or mortality in
high-risk breast cancer patients was earlier found to be
about threefold if the tumor was associated with casting
calcifications on the mammogram. [20] In contrast, a highly
favorable prognosis was experienced in small breast
cancers appearing as stellate lesions on the mammogram.
[16, 18] Although our analysis—due to the lack of patient
follow-up data—did not comprise the study of mammo-
graphic appearance as a new prognostic factor, we analyzed
whether the conventional prognostic factors differed be-
tween tumors with different mammographic features. While
the tumor size, the nodal status and the presence of LVI did
not differ significantly in the groups with different
mammographic appearances, the grade 3 phenotype, the
ER/PR negativity and the HER2 positivity were typical for
the tumors associated with casting-type calcifications. This
finding is in accordance with the data of other authors [29]
and our own previous results. [20] With the aim of
analyzing whether the risks of relapse and mortality as
predicted with the software Adjuvant! indicated a signifi-
cant difference between the prognosis of tumors with or
without casting-type calcifications, we compared these via
the mammographic images of the tumors. Despite the fact
that the tumor size and the lymph node status did not differ
significantly in the groups with different mammographic
appearances, a significantly poorer outcome was computed
for the cancers associated with the casting calcifications.
Thus, this mammographic feature is indicative of aggres-
sive tumor behavior and should serve as a warning sign. In
contrast, the outcome seems to be the most favorable for
tumors which give the image of a spiculated tumor mass on
the mammogram.

In conclusion, our findings reveal that screen-detected
cancers have a more favorable prognosis and need less
oncological treatment than do tumors detected outside mam-
mographic service screening. The mammographic appearance
of a tumor reflects its biological behavior, and should be
considered when the management is to be optimized.
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