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Abstract Purpose:The frequency and significance of gene expression profile-derived molecular subtypes
of breast cancers found inmammography screening are unknown.
Experimental Design: We identified breast cancers diagnosed in women of any age living
in defined geographic regions in Finland in 1991 to 1992 and collected clinical and pathologic
data. Surrogates for the molecular subtypes were determined for 247 cancers found in organized
mammography screening and 989 cancers detected outside of screening using immuno-
histochemistry or in situ hybridization. Molecular subtypes were defined as luminal A [estrogen
receptor (ER) positive and/or progesterone receptor (PR) positive,HER2-], luminal B (ER+ and/
or PR+, HER2+), basal-like (ER-, PR-, HER2-, cytokeratin 5+, and/or HER1+), HER2+/ER-
(ER-, PR-, andHER2+), and unclassified.The median follow-up time was 9.4 years.
Results: The luminal type A was common (73.7%) and the HER2+/ER- type is rare (5.7%)
in screen-detected cancer, and only 16% were HER2 positive.Women with cancer diagnosed
in screening at ages 50 to 69 years had similar molecular subtype distribution as women
whose cancer was found outside of screening at age >69 years. In a multivariate model, cancer
detection at screening independently predicted favorable distant disease-free survival when the
molecular subtype was included as a covariate in addition to age, histologic grade, and cancer
size.Women with small (pT1N0M0) HER2-positive cancer had similar outcome regardless of the
method of detection.
Conclusions: Molecular subtype distribution of screen-detected breast cancer differs from
that of cancers found outside of screening and accounts in part for the better outcome of
screen-detected cancer.

Womenwith breast cancer detected inmammography screening
generally have more favorable outcome than those whose cancer
is found outside of screening (1–3). Compared with cancers
found by the patient herself, cancers detected in screening are

usually smaller in size and are usually better differentiated and
contain less tumor necrosis, have lower mitotic counts, express
less frequently TP53 or HER2, have higher estrogen receptor (ER)
and progesterone receptor (PR) contents, and are less frequently
associated with regional lymph node metastases (4–8).

The generally favorable prognosis of breast cancer found in
mammography screening may be related to several biases.
Cancers found in screening are detected earlier during their
natural course than those found outside of screening (the lead-
time bias). Slow-growing cancers are more likely detected by
periodic screening than rapidly growing cancers, leading to
enrichment of more indolent cancers in a cohort of cancers
detected by screening (the length bias). Individuals who
participate in screening may not be representative to the entire
population to be screened (selection bias), and some cancers
detected in mammography screening might not manifest during
the lifespan of the screened individual leading to overdiagnosis
(9, 10). Some of these biases may have been obviated by
prospective screening trials using breast cancer as an endpoint.
Two large studies found that breast cancer detection in
mammography screening preserves independent prognostic
value in a multivariate analysis that includes also cancer size
(7, 8), suggesting that early detection (lead-time bias) does not
fully explain the generally better prognosis associated with
breast cancer detection in mammography screening.
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Breast cancers can be classified into distinct molecular sub-
types that are associated with varying outcomes based on gene
expression profiles (11–15). The major subtypes include the
luminal A, luminal B, basal-like, HER2+/ER-, and normal
breast-like subtypes (16). These subtypes can be characterized
also using immunohistochemistry (17). Two of the subtypes,
luminal A and B, consist of ER-positive cancers that frequently
coexpress also PR and GATA-3 (18). Basal-like cancers are
characteristically negative for ER, PR, and HER2 expression but
may express HER1 (epidermal growth factor receptor), KIT
(CD117), and basal cytokeratin (CK) 5/6 and 17 and frequently
harbor mutated TP53 and BRCA1 (16, 19). HER2 expression
and HER2 amplification are associated with the HER2+/ER-
and luminal B subtypes. The normal breast-like subtype is
characterized with expression of genes related to nonepithelial
cell types and adipose tissue, strong expression of basal
epithelial genes, and low expression of luminal genes (11).

The length bias, detection of biologically more indolent
cancers by screening, has thus far not been studied in depth as a
potential factor that might explain the effect of the method of
cancer detection on prognosis. In our previous study, none of
the cancer biological factors evaluated by us could explain the
favorable outcome associated with screen-detected breast
cancer (7). It is currently not known whether there are
differences in the proportions of the major molecular subtypes
of breast cancers detected in screening and outside of screening
and whether such differences might influence outcome.

Materials and Methods

Subjects. Women diagnosed with breast cancer within five defined
geographic areas in Finland in 1991 or 1992were identified from the files
of the Finnish Cancer Registry (n = 2,930; ref. 20). This cohort, which is
the basis of the study, comprises 53% of all breast cancers diagnosed in
Finland in 1991 and 1992 (n = 5,551). Clinical data, including data on
distant relapse and survival, were extracted from hospital case records and
the files of the Finnish Cancer Registry and Statistics Finland. An effort
was made to obtain detailed clinical information on 50 characteristics,
including the histologic type and grade of breast cancer, the number of
metastatic and nonmetastatic nodes, primary tumor size, tumor ER and
PR content, treatment details, and follow-up data. These data were not
available in 274 (9%) of the 2,930 patients. Patients who fulfilled the
inclusion criteria but who were not identified in original computer search
because the place of residence was outside the specified regions (n = 186)
were included into study. Thus, 2,842 patients were entered into
nationwide FinProg database.11

Subjects diagnosed with ductal or lobular carcinoma in situ were
excluded from the study as well as those who had distant metastases at
the time of the diagnosis, bilateral breast cancer, or other malignancy
than breast cancer in history, except basal cell carcinoma or cervical
carcinoma in situ (Supplementary Fig. S1). A subject was also excluded
when the method for cancer detection was not known or if no breast
surgery was carried out. A single subject may have been excluded for
one or more reasons. Finally, we excluded cases where one or more
biological markers required for tumor subtype classification was
missing (n = 747). The required biomarker and clinical data were both
available in 1,236 (43.5%) of the 2,842 cases who filled the study entry
criteria. Of these cancers, 247 (19.6%) were detected in organized
population-based mammography screening and 989 (80.4%) were
detected outside of screening. The median follow-up time of the
subjects included in study (n = 1,236) was 9.4 years after the diagnosis.

Permission to use formalin-fixed, paraffin-embedded tissues for
research purposes was provided by the Ministry of Social Affairs and
Health, Finland (permission 123/08/97).

Preparation of tissue microarrays. Tissue microarrays were prepared
from formalin-fixed, paraffin-embedded tumor samples as described
elsewhere (7). Sections of 5 Am were cut and processed for immu-
nohistochemistry and chromogenic in situ hybridization (CISH).

Immunohistochemistry and CISH. Tumors were classified into five
subtypes based on immunohistochemistry and CISH results. Tumor
subtypes were classified using five expression markers, HER1 (erbB1),
HER2 (erbB2), CK5/6, ER, and PR as described elsewhere (17). The
molecular breast cancer subtypes were defined as luminal A (ER+ and/
or PR+, HER2-), luminal B (ER+ and/or PR+, HER2+), basal-like (ER-,
PR-, HER2-, CK5/6+, and/or HER1+), HER2+/ER- (ER-, PR-, and
HER2+), and nonexpressor type (negative for all five key classifiers).
HER2 amplification as determined with CISH was preferred to HER2
expression determined by immunohistochemistry when cancers were
assigned to one of the five molecular subtypes.

Immunostainings for ER, PR, HER1, HER2, TP53, Ki-67, and cyclo-
oxygenase-2 were carried out and protein expression was evaluated as
described earlier (21–23). Immunostainings were done using a mouse
monoclonal antibody 6F11 (Novocastra Laboratories; 1:500 dilution) to
evaluate ER expression. To assess expression of PR, HER1, HER2,
TP-53, Ki-67, and cyclooxygenase-2, the following antibodies were used:
312 (Novocastra Laboratories; 1:500 dilution), NCL-EGFR (Novocastra
Laboratories; 1:500 dilution), CB11 (Novocastra Laboratories; 1:200
dilution), DO7 (Novocastra Laboratories; 1:500 dilution), MM-1
(Novocastra Laboratories; 1:1,000 dilution), and 160112 (Cayman
Chemical; 1:200 dilution), respectively. Immunohistochemistry for KIT
was done using a rabbit polyclonal antibody A 4502 (DAKOCytomation;
1:300 dilution) and scored as described elsewhere (24).

For staining of GATA-3, antigen retrieval was carried out in a water
bath [98jC for 40 min in 10 mmol/L sodium citrate buffer (pH 6.0)],
and immunostaining was done using a mouse monoclonal HG3-31
antibody (SC-268; Santa Cruz Biotechnology; 1:300 dilution). CK5/6
expression was evaluated with a mouse monoclonal antibody M7237
(DAKO; 1:25 dilution), CK18 expression was evaluated with a mouse
monoclonal antibody NCL-CK18 (Novocastra Laboratories; 1:20
dilution), and a-smooth muscle actin was evaluated with a mouse
monoclonal antibody M0581 (DAKO; 1:100 dilution). Stainings were
graded as negative (-), low expression (V10% of cells are positive),
moderate expression (11-50% of cells are positive), or high expression
(51-100% of cells are positive).

HER2 gene copy number was assessed with CISH as described
elsewhere (7). HER2 amplification was considered to be present when
six or more signals were detected per nucleus in >50% of cancer cells or
when large gene copy clusters were present.

Statistical analysis. Frequency tables were analyzed using the m2

test. Life tables were calculated according to the Kaplan-Meier method.
Distant disease-free survival was calculated from the date of the
diagnosis to the date of detection of metastases outside of the
locoregional area or to the date of death from breast cancer, whichever
occurred first. Patients who died from an intercurrent disease were
censored on the date of death. Survival curves were compared with the
log-rank test. Multivariate survival analyses were done with the Cox
proportional hazards model, entering the following covariates: molec-
ular subtype, method of tumor detection, tumor size in centimeters,
number of metastatic lymph nodes, histologic grade, and age at
diagnosis. The assumption of proportional hazards was ascertained by
assessment of log minus log survival plots. All P values are two tailed.

Results

Characteristics of breast cancers found in screening and outside
of screening. Because population screening was mainly carried
out in the age group of 50 to 59 years, the age distribution of
women whose breast cancer was detected at mammography11http://www.finprog.org
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screening differed markedly from that of women whose cancer
was found outside of screening (Table 1). As expected, breast
cancers found in screening were smaller than those found
outside of screening (83% versus 54%, respectively, had tumor
diameter V2.0 cm) and had less often axillary nodal metastases
(23% versus 38%, respectively). Screen-detected cancers
were also generally better differentiated than cancers found

outside of screening (35% versus 21%, respectively, were well
differentiated), were more often one of the special histologic
types than cancers found outside of screening (14% versus 9%),
were more often ER positive (78% versus 69%), and had less
often high Ki-67 expression (29% versus 37%). Screen-detected
cancers also tended to be more often PR positive (P = 0.052)
than cancers found outside of mammography screening

Table 1. Patient and tumor characteristics

Characteristic Setting of breast cancer detection P

Screening (n = 247), n (%) Outside of screening (n = 989), n (%)

Age at diagnosis (y)
V39 2 (1) 82 (8) <0.0001
40-49 30 (12) 238 (24)
50-59 158 (64) 150 (15)
60-69 48 (20) 198 (20)
z70 9 (4) 321 (32)

Primary tumor diameter (cm)
V0.5 12 (5) 8 (1) <0.0001
0.6-1.0 71 (30) 123 (13)
1.1-2.0 114 (48) 384 (40)
2.1-5.0 41 (17) 395 (41)
>5.0 1 (0) 47 (5)
NA 8 32

No. positive axillary nodes
0 186 (77) 573 (62) <0.0001
1-3 44 (18) 231 (25)
4-9 9 (4) 89 (10)
z10 2 (1) 27 (3)
NA 6 69

Histologic grade
1 69 (35) 155 (21) <0.0001
2 94 (48) 354 (48)
3 32 (16) 223 (30)
NA 52 257

Histologic type
Ductal 185 (75) 759 (77) 0.030
Lobular 27 (11) 142 (14)
Special 35 (14) 88 (9)
NA 0 0

ER expression
Negative 54 (22) 287 (29) 0.021
Positive 189 (78) 681 (69)
NA 6 21

Ki-67 expression
Low-moderate 151 (71) 567 (63) 0.035
High 63 (29) 335 (37)
NA 33 87

PR expression
Negative 85 (37) 426 (44) 0.052
Positive 145 (63) 542 (56)
NA 17 21

HER2 amplification
Negative 209 (85) 789 (80) 0.085
Positive 38 (15) 200 (20)
NA 0 0

HER2 expression
Negative 195 (84) 766 (80) 0.22
Positive 38 (16) 190 (20)
NA 18 40

TP53 expression
Negative-low 165 (83) 723 (81) 0.60
Positive 34 (17) 166 (19)
NA 48 100

Adjuvant systemic therapy
Not given 184 (75) 553 (57) <0.0001
Given 60 (25) 414 (43)
NA 3 22
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and tended to harbor less often amplified HER2 oncogene
(P = 0.085). Adjuvant systemic therapy, usually consisting of
tamoxifen in ER-positive cases and/or i.v. cyclophosphamide,
methotrexate, and 5-fluorouracil was administered to 43% of
women who had their cancer detected outside of screening
but only to 25% of women whose cancer was found in
mammography screening (P < 0.0001). This difference in
management likely reflects the generally larger size and less
favorable biological features associated with breast cancers
found outside of mammography screening.

Frequency of the molecular subtypes in breast cancer and
protein expression. Presence of HER2 amplification and expres-
sion of ER, PR, HER1, andCK5/6 were used to classify the tumors
into five biological subtypes (Supplementary Table S1). The
majority (n = 844; 68.3%) were of the luminal A subtype and
9.5% of luminal B, 9.7% of HER2+/ER-, 7.9% of basal-like, and
4.5% of the nonexpressor (all five markers negative) subtypes.
When HER2 expression in immunohistochemistry was used
instead ofHER2 amplification for classifying the samples, 68.1%
were classified into the luminal A subtype, 9.7% to luminal B,
8.9% to HER2+/ER-, 8.1% to basal-like, and 5.1% to the
nonexpressor subtype. Of the 747 cases that could not be
classified due to lack of data on one or more of the five classifier
factors, 27% were found in mammography screening and 73%
were found outside of screening.

In addition to the five classifier factors, we examined
expression of eight other proteins (HER2, Ki-67, TP53, GATA-
3, CK18, KIT, a-smooth muscle actin, and cyclooxygenase-2) in
the series (Supplementary Table S1). In line with the HER2

gene copy number analysis, HER2 protein expression was more
common in the HER2+/ER- and the luminal B subtypes than in
the other subtypes. High Ki-67 expression was less frequent
in the luminal A subtype than in the rest of the molecular
subtypes (22% versus 50-75%; P < 0.0001), suggesting that
breast cancers of the luminal A subtype have a slower cell
proliferation rate than the rest of the subtypes. Similarly, cancers
of the luminal type A only rarely expressed TP53 protein (8%),
whereas TP53 expression was relatively frequent in the other
subtypes (24-52%; P < 0.0001). GATA-3 expression was com-
mon in the luminal A and B subtypes (90% and 89%, re-
spectively) but rare in the basal-like type (10%; P < 0.0001) and
cancers of the basal type expressed rarely also CK18 (76%). KIT
expression was more common in the basal subtype (30%)
compared with the rest of the subtypes (5-10% positive; P <
0.0001), whereas a-smooth muscle actin expression was rare
(1-11%) in all of the subtypes. Moderate to high cyclooxygenase-
2 expression was less frequent in the luminal A subtype (33%)
compared with the rest of the subtypes (50-64%; P < 0.0001).

Frequency of the molecular subtypes in breast cancer found in
mammography screening. The distribution of the molecular
subtypes differed in screen-detected breast cancer compared
with cancers found outside of mammography screening
(Supplementary Table S2). In the age group of 50 to 69 years
where most screen-detected cancers were diagnosed, 73.3%
of cancers detected in mammography screening were of the
luminal A subtype compared with 63.8% of cancers found
outside of mammography screening, whereas the HER2+/
ER- subtype, in particular, was more common among cancers

Fig. 1. Breast cancer molecular subtypes by age at
diagnosis and the method of cancer detection. A, age V49
y, found outside of screening. B, age 50 to 69 y, found in
screening. C, age 50-69 y, found outside of screening. D,
agez70 y, found outside of screening.
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detected outside of screening than among screen-detected
cancers (P = 0.049). Of note, the distribution of the molecular
subtypes of cancers found in mammography screening in the
age group of 50 to 69 years and that of breast cancers found
outside of screening in the age group of z70 years did not differ
significantly (P = 0.88; Fig. 1).

Distant disease-free survival in univariate analyses. Women
with tumor detected by mammography had more favorable
distant disease-free survival than those whose tumor was found
outside of screening (P < 0.0001; Fig. 2A). The luminal subtype
A was associated with the best distant disease-free survival and
the HER2+/ER- subtype with the worst (P < 0.0001; Fig. 2B).
Tumors detected in mammography screening had generally
more favorable outcome than those detected outside of

screening irrespective of the molecular subtype (Table 2). In
luminal type A, the 10-year distant disease-free survival was 75%
among women whose cancer was found outside of screen-
ing and 90% when it was detected in mammography screening
(P < 0.0001), and in HER2+/ER- subtype, the corresponding
figures were 46% and 79%, respectively (P = 0.040).

The 10-year distant disease-free survival of women with
HER2-positive cancer (identified by CISH) was 76% when
cancer was detected in mammography screening and 53%
when detected outside of screening (P = 0.011; Fig. 3A). In the
subset of small (pT1N0M0) HER2 amplification-positive cancer,
74% of patients survived for 10 years free of distant metastases
regardless of the mode of tumor detection (P = 1.0; Fig. 3B). In
comparison, women diagnosed with HER2-negative, pT1N0M0

cancer had significantly more favorable 10-year distant disease-
free survival when cancer was detected in mammography
screening than women whose cancer was found outside of
screening (93% versus 86%; P = 0.0098; Fig. 3C).

Multivariate survival analysis. To assess whether cancer
detection in mammography screening has independent influ-
ence on distant disease-free survival when cancer molecular
subtype, size, histologic grade, and age at diagnosis are taken
into account, we did a Cox multivariate survival analysis. In
addition to histologic grade, tumor size, and number of axillary
nodal metastases, both the molecular subtype and the cancer
detection outside of mammography screening had independent
influence on survival in this model (Table 3), whereas age at
detection had no independent prognostic value.

We did another Cox multivariate analysis where we added
adjuvant systemic treatment given (yes versus no) as a covariate
in addition to the covariates listed in Table 3. This did not alter
the results markedly. The same factors, including cancer
molecular subtype (hazard ratio, 1.12; 95% confidence interval,
1.05-1.20; P = 0.001) and cancer detection outside of mam-
mography screening (hazard ratio, 1.83; 95% confidence
interval, 1.18-2.88; P = 0.008), remained as independent
prognostic factors in the model, whereas administration of
adjuvant systemic treatment did not have independent influence
on distant disease-free survival (hazard ratio, 1.15; 95%
confidence interval, 0.83-1.59; P = 0.40), suggesting that
adjuvant systemic treatment administered has little influence
on the prognostic value of the factors listed in Table 3. Similarly,
cancer histologic type (ductal versus lobular versus special type)
had no prognostic value when added as a covariate to themodel.

Discussion

We compared the frequency of molecular subtypes in breast
cancers detected in population-based mammography screening
and outside of screening and evaluated whether variance in the

Fig. 2. Distant disease-free survival by the mode of detection (A) and the
molecular subtype (B).

Table 2. Distant disease-free survival by the molecular subtype

Molecular type n 10-y distant disease-free survival P

Found in screening (%) Found outside of screening (%)

Luminal A 844 90 75 <0.0001
Luminal B 118 75 61 0.21
HER2+/ER- 120 79 46 0.040
Basal 98 88 63 0.087
Nonexpressor 56 90 63 0.10
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molecular subtype distribution might explain the generally
more favorable prognosis associated with cancers detected in
mammography screening. The luminal A subtype, which is
generally associated with a favorable outcome (11, 16), was
more frequent among screen-detected breast cancers than
cancers detected outside of screening, whereas the HER2+/ER-
subtype, which is generally associated with an unfavorable
clinical course (11, 16, 17), was relatively rare in cancers

detected in mammography screening. However, in a multivar-
iate analysis, cancer detection at screening remained an
independent prognostic variable when the molecular subtype
was included as a covariate in the model together with tumor
size and other covariates, suggesting that the molecular subtype
distribution can only partially explain the favorable outcome
associated with cancer detection in mammography screening.

Interestingly, women whose cancer was diagnosed in
screening at the age of 50 to 69 years had strikingly similar
distribution of cancer molecular subtypes as women whose
cancer was found outside of screening at the age of z70 years.
This finding is compatible with a length bias (screening tends
to detect slow-growing, less aggressive cancers) and also with a
lead-time bias (screening tends to detect cancers earlier during
their natural course). Because the mean sojourn time (the mean
preclinical detectable period) of breast cancer has been
estimated to be f4 years in the age group of 50 to 69 years
(25–28), the length bias may be a major factor that accounts
for this finding. Yet, there is little doubt that also aggressive
cancers may be detected in screening; women with small
(pT1N0M0) HER2-positive node-negative cancers had similar
outcome regardless of their method of detection. Of note, these
cancers were associated with only 74% of 10-year distant
disease-free survival despite the small primary tumor size.

To our knowledge, the frequency and outcome of the
molecular subtypes of screen-detected breast cancer have not
been evaluated earlier. In a small study where 95 interval cancers
diagnosed in a Norwegian Breast Cancer Screening Programwere
compared with 95 screen-detected breast cancers, the interval
cancers expressed more often CK5/6 (22% versus 10%,
respectively) and P-cadherin (24% versus 10%) than breast
cancers found in screening, suggesting that the basal type is more
frequent among cancers detected outside of screening (29). The
portion of HER2-positive cancer has also been found to be
higher in interval cancers than screen-detected cancers (5).
Besides age at diagnosis and the method of cancer detection, the
proportions of the molecular subtypes appear to depend on race.
In one study, basal-like breast cancer was found to be con-
siderably more frequent among premenopausal African Ameri-
can women (39%) than premenopausal non-African Americans
(16%), postmenopausal African Americans (14%), or postmen-
opausal non-African American women (16%; ref. 17).

The proportion of basal and HER2+/ER- subtypes tends to be
considerably higher in breast cancer patient series that consists
of women treated with chemotherapy than among population-
based series, suggesting selection of younger breast cancer
patients whose cancer has been detected outside of mammog-
raphy screening to chemotherapy trials (30, 31). Results from a
few retrospective exploratory studies suggest that cancers of the
basal cell or the HER2+/ER- subtype may respond more often
to chemotherapy than cancers of the luminal type (32, 33),
although women with cancer of the HER2+/ER- or the basal-
like type tend to have an unfavorable outcome (29, 30).

The frequency of HER2-positive breast cancer is commonly
cited to be 20% to 25% of all breast cancers (34, 35). These
frequencies are similar to the ones we found among women
whose cancer was detected outside of mammography screening
at the age of <70 years. However, the proportion of HER2-
positive breast cancer was only 16% among women whose
cancer was detected in mammography screening at the age of
50 to 69 years and 15% among those whose cancer was found

Fig. 3. Influence of the method of detection and HER2 status in distant disease-
free survival. A, all subjects with HER2-positive breast cancer. B, subjects with
pT1N0M0HER2-positive cancer. C, subjects with pT1N0M0 HER2-negative cancer.
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outside of screening at the age of z70 years. Hence, the
proportion of HER2-positive breast cancers diagnosed may vary
markedly depending on extent of organized mammography
screening carried out in the population.

In addition to the five classifier markers, we analyzed also
expression of eight other proteins in the series (Supplementary
Table S1). In general, the results of these analyses are in line
with those reported earlier. Expression of CK18, an intermedi-
ate filament, is associated particularly with the luminal cell
types A and B, but we found CK18 expression also in almost all
(98%) HER2+/ER- type tumors. GATA-3, a zinc-finger tran-
scription factor that has a well-defined role in cell-fate
specification in the immune system, in the kidney and other
tissues, is a defining marker of the ‘‘luminal’’ subtypes of breast
cancer (36). In the mammary gland, GATA-3 is expressed only
by the epithelium, where its expression increases during early
pregnancy and is associated with ER expression (18, 36–38). In
line with this, most (90%) luminal cancers but only few (10%)
basal-type breast cancers expressed GATA-3 in the present
series. KIT tyrosine kinase was expressed in 30% of basal-type
breast carcinomas as reported by others (19).

A limitation of the present study is that we could not analyze
one or more of the five classifier markers from tumor tissue
sample of 747 (37.7%) women of the 1,983 potentially eligible
subjects. This was usually due to a lack of representative tissue,
an unsuccessfully cut core from the donor block, or presence of
technically unsuccessful staining. Twenty-six percent (n = 192)
of these 747 cancers were found in screening compared
with 20% (n = 247) of the 1,236 cases that were classified
successfully. This difference is statistically significant (P =
0.015) and is likely explained by the generally small size of the
screen-detected cancer that often results in a lack of tissue

available for analysis. The influence of a lack of adequate
amount of starting material in the smallest tumors, if any, on
the current results is not known.

Besides themolecular subtype, other factors that might explain
the generally more favorable prognosis of cancers detected in
screening compared with cancers of similar size detected outside
of screening remain unknown. Breast tumors that cause pain,
abnormal sensations, or bleeding might be more invasive or
secrete more proinflammatory or cytotoxic metabolites than
asymptomatic cancers detected in screening, or the stromal
composition of self-detected cancers might be different resulting
in a more easily detectable palpable lump. We did not evaluate
cancer invasiveness or migration-associated factors or cell
adhesion molecule expression in the present study.

We conclude that f75% of all breast cancers detected in
population-based mammography screening at the age of 50 to
69 years are luminal type A breast cancers, a subtype that is
generally associated with a favorable outcome. Women with
cancer detected in mammography screening have relatively
rarely HER2+/ER- or basal type of breast cancer, which subtypes
are characterized by a more aggressive natural history than the
luminal type A cancer. The molecular subtype distributions
explain only in part the generally favorable outcome of screen-
detected breast cancer even when cancer size is accounted for.
The distribution of the molecular subtypes of breast cancers
found in mammography screening at the age of 50 to 69 years
resembles that of cancers detected outside of mammography
screening in women ages >69 years.
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Table 3. Cox multivariate analysis of distant disease-free survival

Covariate Hazard ratio (95% confidence interval) P

Molecular subtype
Luminal A 1.00
Basal-like 1.43 (0.82-2.51) 0.21
Nonexpressor 1.32 (0.83-2.11) 0.24
Luminal B 1.55 (1.02-2.35) 0.04
HER2+/ER- 1.88 (1.30-2.74) 0.001

Tumor size* 1.17 (1.07-1.27) <0.0001
No. positive axillary lymph nodesc 1.14 (1.11-1.18) <0.0001
Detection outside of screening 1.79 (1.14-2.81) 0.011
Histologic grade (grade 3 or 2 vs 1) 2.59 (1.56-4.27) <0.0001
Age at diagnosis (y)

35-69 1.00
<35 0.93 (0.47-1.84) 0.84

*Hazard provided per 1 cm of the longest diameter of the tumor.
cHazard provided per one metastatic node.
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