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Abstract We sought to compare the molecular signature
of node negative cancers from two cohorts 15 years apart, to
determine if there is molecular evidence of increase in low
and ultralow risk cancers over time. We studied the impact
of age, time period of diagnosis, and mammographic
screening on biology of tumors where The Netherlands
Cancer Institute 70-gene prognosis signature was gener-
ated as part of 2 validation series, one retrospective
(1984-1992), Cohort 1, and one prospective (2004—2006),
Cohort 2. A total of 866 patients were analyzed. Regardless
of time period of diagnosis, the proportion of T1, grade 1,
hormone receptor positive (HR) tumors, and good prognosis
by 70-gene signature significantly increases as age increases
(P <0.01). In women aged 49-60, the time period of
diagnosis significantly affects the proportion of cancers that
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were NKI 70-gene low risk: 40.6% (67/165) compared with
58% (119/205) for Cohorts 1 and 2, respectively. This is in
contrast to the absence of a significant change for women
under age 40, where 25% (17/68) and 30% (17/56) were low
risk in Cohorts 1 and 2, respectively. In women aged 49-60,
using an ultralow risk threshold of the 70-gene signature,
10% of tumors in Cohort 1 were ultralow risk compared
with 30% for women with screen-detected cancers in
Cohort 2. Older age and method of detection (screening) are
associated with a higher likelihood of a biologically low
risk tumor. In women over age 50, biologically low risk
tumors are frequent and tools that classify risk may mini-
mize overtreatment.

Keywords Breast cancer - Mammographic screening -
NKI 70-gene prognosis signature - Node negative cancers

Introduction

There has been a sustained increase in the incidence of breast
cancer largely due to node negative cases in women over 50
[1] which has been ascribed to the introduction of popula-
tion-based mammographic screening programs as well as
other shifts in population risk factors. A concomitant
decrease in regional or node positive disease has not been
observed. This phenomenon has been seen in many countries
that have instituted population-based screening programs.
Whether this reflects an increase in the incidence of low risk
tumors or the detection of clinically indolent disease (over
diagnosis) [2], or a combination of both, is not clear.

Early detection makes a difference in outcome for some
cancers. However, critical questions remain about the
impact of mammography on the increased detection of low
risk tumors. If indeed much of the increase in incidence is
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second to tumors with low malignant potential and if such
cancers can be reliably identified, then patients and pro-
viders could make informed decisions to avoid treatments
that may do more harm than good.

A number of tools for predicting the metastatic potential
of breast cancers are now available. These range from tools
that predict risk based on standard clinicopathologic fea-
tures such as ADJUVANT! [3] (adjuvantonline.com) to
molecular tools that are available for research [4] and
commercial use in breast cancer [5, 6]. These tools provide
the opportunity to study the biologic presentations of breast
cancers before and after the introduction of population-
based mammographic screening. We took advantage of
datasets collected before and after the introduction of
population-based screening where the 70-gene prognosis
signature (now marketed as MammaPrint™) results were
available to further investigate whether the introduction of
screening has influenced the proportion of biologic char-
acteristics of node negative detected breast cancers.

The NKI 70-gene prognosis signature was developed to
predict long-term outcome in the absence of systemic
therapy on a consecutive series of breast cancer patients
from The Netherlands Cancer Institute (NKI). Using a
classification of good versus poor prognosis (low vs. high
risk), it was found to be predictive of overall survival and
development of distant metastases [7]. The NKI 70-gene
prognosis signature was validated in a cohort of patients
from five European centers in the TRANSBIG study,
where over a median follow-up period of 13.6 years, a poor
prognosis signature was associated with a hazard ratio
(HR) for time to distant metastasis of 2.32 (95%
CI = 1.35-4.00), and a HR of 2.79 (95% CI = 1.6-4.87)
for overall survival [8]. The Dutch Health Insurance Board,
in 2003, sponsored a prospective study, known as Micro-
arRAy PrognoSTics in Breast CancER (RASTER), to
determine the feasibility of integrating the 70-gene prog-
nosis signature into routine care at community and aca-
demic settings in the Netherlands [9].

Prior to 1992, in Europe, population-based mammography
was not routinely offered, and screening uptake rates were
25% or less [3]. Thus, the patients diagnosed before 1992
from the NKI and TRANSBIG data reflect the biology of
node negative tumors detected before the use of population-
based screening. The RASTER dataset, however, allows us to
compare the distribution of the 70-gene index in node nega-
tive tumors detected after population-based screening was
introduced with compliance reaching 80% [10].

In the current study, we examine the 70-gene signatures
in node negative cancers in these two cohorts which differ
by an era of diagnosis, as well as screening uptake rates. In
the cohort representing the earlier era, screening was not
routine, while screening was routine in the later cohort.
These data sets allow us to answer two questions. First, has
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Table 1 Patient cohorts

Cohort 1 Cohort 2
Time period 1984-1992 2004-2006
Age at diagnosis  All ages Up to age 60%
Screening No Yes (49-60)
routine
Recruitment NKI and TRANSBIG Netherlands (16 hospitals)

Composition of patients diagnosed with lymph-node negative breast
cancer ([7, 8, 12] vs. [9] respectively) in Cohorts 1 and 2

4 Enrollment RASTER up to age 60

there been a shift toward the detection of molecularly good
prognosis cancers? Second, is there an increase in the
detection of ultralow risk tumors, those that may have an
excellent prognosis in the absence of systemic treatment,
and are these cancers more common in the screen-detected
group? Since age is a well-established influence on the
biology of cancers, these comparisons were stratified by
age. Our rich data sets with molecular tumor profiles pro-
vide a unique opportunity to answer these questions.

Methods
Patients

Patients were selected from a database at the NKI con-
taining patient and clinicopathologic characteristics, as
well as 70-gene signature results, for 1,696 participants in
previously reported studies on the 70-gene signature [11].
Two cohorts were analyzed, as summarized in Table 1.

Cohort 1 is comprised of patients whose cancers were
diagnosed in an era before the widespread implementation
of mammographic screening. A total of 439 node negative
patients were selected from previous studies by the NKI [6,
12] and TRANSBIG consortium [8]. Patients from the
TRANSBIG consortium [8] were treated at centers in
England, France, and Sweden, between 1980 and 1998, and
at NKI between 1984 and 1998. We restricted our analysis
here to patients diagnosed before 1992. During this time
period, population-wide screening was not offered rou-
tinely in these countries. We estimate that the screening
uptake in the cases in this cohort was 25% or lower [13].
Cohort 1 included 68 patients diagnosed under age 40 (25
NKI and 43 TRANSBIG), 141 ages 40—48 (45 NKI and 96
TRANSBIG), 165 ages 49-60 (51 NKI and 114 TRANS-
BIG), and 65 who were over age 60 (65 NKI).

Cohort 2 is comprised of patients whose cancers were
diagnosed in an era of widespread mammographic
screening with modern equipment and techniques and at a
time when women were much more likely to perform
routine self-breast exam. A total of 427 patients with node
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negative cancers were selected from a community-based
feasibility study of the 70-gene prognosis signature for
patients up to age 60 (RASTER). Of these, 56 were under
40, 166 were 40-48, and 205 patients were aged 49-60.
Patients were diagnosed and treated from 2004 to 2006 at
16 centers in the Netherlands during which screening
uptake approached 80% [13].

Information about method of detection (i.e., screen-
detected vs. interval or non-screenings-related carcinoma)
was retrieved from the medical registries at the partici-
pating hospitals and originated from the national screening
facilities. Clinicopathological characteristics were avail-
able from the original publications.

70-Gene prognosis signature

The 70-gene prognosis signature was originally presented
both as a binary result, good versus poor prognosis, and as
an index score, from —1 to 1 [6, 7]. Patients with an index
score greater than 0.4 are classified as having a good
prognosis (low risk), and those with a score less than 0.4
are classified as having a poor prognosis (high risk) [7].
This threshold defines the commercial test. A second
threshold, an index score of 0.6, was identified where no
distant metastases were observed at 5 years in the group of

the original 78 patients [7]. The index results above 0.6 are
referred to as the ‘ultralow’ risk range (Fig. 1).

Statistical analysis

For Cohorts 1 and 2 combined, as well as separate, age
stratified analyses were performed for women aged under
40, 4048, 4960 years, and over 60 years.

Median age of patients was compared using the Mann—
Whitney—Wilcoxon (MWW) test, while the distributions of
tumor stage and grade were compared using the Cochran—
Armitage linear trend in proportions test, tumor stage 1
versus 2-4 combined and grade 1 versus 2-3 combined,
respectively. The Pearson y” test was used to compare the
percentage of estrogen-receptor positive tumors, as well as
the proportion of molecular low and high-risk tumors,
between patients diagnosed in Cohorts 1 and 2. Reported
P values are two-sided.

To adjust for possible differences in median age between
Cohorts 1 and 2 within age strata, a multivariate logistic
regression model adjusting for age was constructed for
comparison of 70-gene signature between Cohorts 1 and 2. As
the 70-gene signature has been previously shown to be inde-
pendently associated with grade and hormone receptor (HR)
status, these variables were not included in the model [8].

A
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2 AA&
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A
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Fig. 1 Identification of an ultralow risk subset. An additional 70-gene
signature index score was designated as ultra-low (threshold at index
score = 0.6). Expression array heat map showing the 70-gene profile
for the original 78 patients. Every row represents a patient and every
column one of the 70 genes. The standard threshold for good prognosis
tumors is represented by the thick red dashed line and the threshold for

the ultralow risk designation is the thin blue dashed line. Adjacent to the
array on the right is the Cosine correlation coefficient to the average
good prognosis profile and represents the index score. The column on
the far right shows the outcome for each patient either black (absence of
distant metastasis) or white (presence of metastasis). Adapted from
van’t Veer, Nature [7]
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For women diagnosed between ages 49-60 years, the
value distributions of the index scores were compared
among Cohort 1, Cohort 2, and patients from Cohort 2 with
screen-detected cancers only (Cohort 2gp). Significance
was tested using a MWW test with index score as a con-
tinuous variable. MWW analysis was also used to test for a

Analyses were performed using PASW Statistics 18.0
(SPSS Inc., Chicago, IL).

Results

Cohort 1 and 2 represent patients diagnosed before routine

difference in age distribution between these groups.  mammographic screening was introduced, and when
www we W
patient cohorts Total N 124 307 370 65 866
T stage
T1 64 52% 189 62% 242 65% 38 59% P =0.01*
T2 59 47% 118 38% 127 35% 26 40%
T3 1 1% 0 0% 1 0% 0%
Grade
I 13 10% 58 19% 91 25% 21 32% P <0.01
o ) I 41 33% 111 36% 161 44% 27 42%
by age group for Cohorts 1 and HR-positive 74 60% 232 76% 297 80% 52 80% P <0.01
2 combined are shown HR-negative 50 40% 75 24% 73 20% 13 20%
Linear trend in proportions, Aka NKI 70-gene
tcrg;gr?;;/*rmitage proportion Good prognosis 34 27% 138 45% 186  50% 41  63% P <00l
Poor prognosis 90 73% 169 55% 180 50% 24 37%
* P value for T1 versus T2-3
Table 3 Characteristics of tumor type by patient cohort and by age
Age: <40 40-48 49-60 >60
Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1
Total (n) 68 56 141 166 165 205 65
Median age at diagnosis (years) 354 36 44 45.3 54 52.2 65.4
T stage n (%) n (%) n (%) n (%) n (%) n (%) n (%)
T1 30 45 34 61 75 53 114 69 89 54 153 75 38 59
T2 38 55 21 38 66 47 52 31 75 45 52 25 26 41
T3 0 0 1 2 0 0 0 0 1 1 0 0 0 0
Comparison P =0.015 P = 0.006 P =0.001
Grade
I 5 7 8 14 24 17 34 20 29 18 62 30 21 32
I 21 32 20 36 48 34 63 38 71 43 90 44 27 42
I 41 59 28 50 68 49 69 42 61 37 53 26 17 26
Comparison P = 0.321 P =0.775 P = 0.009
Hormone receptor
Positive 38 57 36 64 100 71 132 80 123 75 174 85 52 80
Negative 30 43 20 36 41 29 34 20 42 25 31 15 13 20
Comparison P =0.282 P =0.109 P =0.012
70-gene
Good prognosis 17 25 17 30 55 39 83 50 67 41 119 58 41 63
Poor prognosis 51 75 39 70 86 61 83 50 98 59 86 42 24 37
Comparison P = 0.506 P = 0.054 P =0.012

Clinicopathologic characteristics of study patients by age group are shown for each cohort
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compliance had reached 80%, respectively (Table 1,
“Methods” section). The clinicopathologic characteristics
of all patients included in this study are shown by age in
Table 2. As women age, there is a significant shift toward
lower T stage, grade, HR positivity status, and 70-gene
good prognosis. 73% of tumors in women under 40 are
70-gene poor prognosis, compared with 50% for women
aged 49-60 and 37% for women diagnosed over age 60.

Table 3 shows the characteristics of the patients by
cohort. For young women, under the age of 40, tumors
were found at an earlier stage (lower T stage) in the second
time period compared with those diagnosed in the first
cohort (1980-1991), although there was no difference in
the distribution of grade, HR+ fraction, or percentage of
70-gene good prognosis tumors. Age 49 was chosen as the
lower bound for the category of women aged 49-60 as
49 years is the age when women are first invited for
screening in the Netherlands. Remarkably, for patients
aged 49-60, Cohort 2 (2003-2006) patients had signifi-
cantly higher percentages of T1 tumors, more favorable
tumor grade distribution, a higher percentage of HR posi-
tive, and more 70-gene good prognosis tumors. For the
40-48 year age group, there is also a shift to a smaller
proportion of poor prognosis tumors in Cohort 2,
61.3-50.0% (P = 0.054) for Cohorts 1 and 2, respectively.

Figure 2 shows the relative percentages of good and poor
prognosis tumors as defined by the established threshold for
the 70-gene prognosis signature for each of the Cohorts for
the age group <40 and 49-60 years. In the under 40 age
group (Fig. 2a), the percentage of poor prognosis cancers
was significantly higher for both cohorts. However, the
distribution of poor versus good prognosis cancers remained
similar regardless of period of diagnosis (P = 0.506): 75.0
and 70.0% of cancers in the pre-screening and modern
screening eras, respectively, had a poor prognosis.

In Cohort 1, for patients age 49—60, 59.4% were poor
prognosis signature compared with 42.0% in Cohort 2,
P = 0.012 (Fig. 2b). In Cohort 2, the data is presented for the
overall cohort as well as for women who presented with
screen-detected cancers (Cohort 2gp), for whom the per-
centage of poor prognosis cancers decreased further to
33.0% (P < 0.01, compared with Cohort 1). There was a
statistically significant difference in median age between
Cohorts 1 and 2, with the recent cohort younger, even within
the 49-60 year age group, which could have diluted the
effect. The difference in 70-gene signature risk score
remained significant after adjusting for the effect of age in a
multivariate logistic regression model. Note that 49% of non-
screen-detected cancers in Cohort 2 were poor prognosis by
70-gene profile.

To determine whether the higher fraction of good
prognosis tumors was due to enrichment for cancers with
the most favorable prognosis, the distribution of 70-gene

index scores was compared between the breast cancers
from the Cohort 1, Cohort 2, and Cohort 2g5p (Fig. 3). This
analysis was limited to women aged 49-60 years, since 60
was the upper age limit for inclusion in the RASTER trial.
The data show a significant shift towards a higher 70-gene
index score in tumors in women from Cohort 2 and par-
ticularly in Cohort 2gp (Fig. 3a, bottom panel), compared
with Cohort 1 (Fig. 3a, top panel). The median index score
was 0.29, 0.48, and 0.51 in the women from Cohort 1,
Cohort 2 (all), and Cohort 2gp. The distributions in the
groups differed significantly (Mann—Whitney U = 3,271,
P < 0.01). In Cohort 1, ages 49-60, 40.6% of cancers had
index score greater than 0.4 (70-gene low risk threshold),
compared with 58 and 67% in Cohort 2 and Cohort 2gp,
respectively. In Cohort 1, 11.9% of cancers had an index
score greater than 0.6 (ultralow threshold), compared with
31.7 and 31.1% in Cohort 2 and Cohort 2gp, respectively.
Figure 3b shows the proportions of cancers that fall into
the ultralow, low-non-ultralow, and high risk subsets. In
Cohort 2, 67% of women had a low risk biology, almost
half of which are ultralow risk. That compares with 40.6%
with low risk signatures, less than a quarter of which are
ultralow risk tumors, for the same age group in Cohort 1.

Discussion

Molecular profiling is a tool that allows us to interrogate
tumor biology. In this study, we used the 70-gene prognosis
signature, MammaPrint™™, an FDA approved, robust gene
array test, to investigate the biology of tumors 20 years
ago, before the use of routine screening, and 5 years ago,
after the introduction of population-based mammographic
screening for breast cancer. We used tumor samples from
the retrospective validation studies of patients who were
diagnosed before population-based screening and samples
from a prospective national demonstration project after the
advent of screening. European countries have been very
deliberate about the implementation of screening, so we
can be confident that before national adoption and public
financing, screening rates were low (less than 25% of the
population was screened), but once screening was intro-
duced through organized and publically financed programs,
screening rates reached 75-80% of the population. The
combination of access to the European and Dutch valida-
tion studies and the recent demonstration project using the
70-gene signature provided a unique opportunity to con-
struct and compare the biology from a cohort from over 20
years ago, to a contemporary cohort. Screening was not
routine in the first cohort but was in the second.

Several important observations can be made. First, the
proportion of poor prognosis tumors varies significantly by
age, with an increase in the likelihood of having a good
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Fig. 2 Mammographic A
screening results in an increase 100% -
in the proportion of good
prognosis cancers in Cohort 2,
among women invited for
population-wide screening.

a Percentages of good versus
poor prognosis cancers as a
fraction of all cancers from
Cohorts 1 and 2, respectively,
are shown for patients under
40 years. There is no difference
in the proportion of good
prognosis cancers between
Cohorts 1 and 2. Women in this
age range did not undergo
mammographic screening in
either Cohort. b The

80% -

60% 1

40% A

20% A

0% -

Cohort 1
W Good prognosis

Cohort 2
M Poor prognosis

percentages of good versus poor <40 YEARS Colioit —
prognosis cancers as a fraction
of all cancers in Cohort 1 and 70-gene signature result n (%) n (%)
Cohort 2, respectively, are Good prognosis 17 (25.0) 17 (30.0)
shown for patients aged Poor prognosis 51 (75.0) 39 (70.0)
49-60 years. This age group p=0.506
was invited to participate in B
mammographic screening in 5
Cohort 2, but not in Cohort 1. %
The third column shows the
percentages of good versus poor 80% A
cancers in the subset of Cohort 2
whose cancers were screen-
detected. The P value refers the 60% -
proportion of the low risk
cancers as compared with 40% -
Cohort 1
20% 1
0% T T "
Cohort 1 Cohort 2 Cohort 2, screen-
detected cancers
M Good prognosis M Poor prognosis
Cohort 2, non
Cohort 2, screen- screen
49-60 YEARS Cohort 1 Cohort 2 detected detected
70-gene signature result | n (%) n (%) n (%) n (%)
Good prognosis 67 40.6 119 58 63 67 56 51
Poor prognosis 98 59.4 86 42 31 33 55 49
p=0.012 p<0.01

prognosis tumor as a woman ages. This is true for the
combined population as well as for each individual cohort.
Over 70% of tumors in women under the age of 40 are poor
prognosis signature and this proportion has remained
constant over the past 20 years. Interestingly, although
tumors were smaller in younger women in the modern era
(Cohort 2), the biology, as reflected by grade and 70-gene
status did not change. In women 40 and over, there was a
greater chance of having a good prognosis tumor in Cohort
2. The difference is larger in the age group 49-60, and
largest for the women whose tumors were screen-detected.
There is a corresponding shift to more favorable
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clinicopathologic features in tumors as well, underscoring
the association between clinicopathologic features and
molecular profiles, and is consistent with the molecular
data. It is likely that greater awareness about breast cancer
is responsible for the detection of smaller tumors, even in
the non-screened age groups. For women over 40 years of
age, it is likely that there are factors in the population that
may have changed over time. For women aged 49-60, the
data suggest that a greater proportion of good prognosis
tumors will be detected by screening, if they are present.
The histogram of tumors by 70-gene index score (Fig. 3)
shows a significant shift to the right in Cohort 2, compared
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Fig. 3 Patients from Cohort 2 A
have tumors with a much higher
proportion of low and ultralow
risk biology. a Distribution of ’
70-gene prognosis index scores &
in women aged 49-60 years in E
the Cohort 1 (top panel), Cohort ‘;
2 (second panel), and the 2 Cohort 1
subsets of women from Cohort g
2 with non-screen-detected g
(third panel) and screen- =
detected (fourth panel) cancers
by frequency percent. An index
score greater than 0.4 (solid -
line) corresponds to tumors with §
a good prognosis (low risk), and H
an index >0.6 (dashed line) o
corresponds to ultralow risk. § Cohort 2,
b Distribution of 70-gene 2 ALL
signature risk groups as a E
percentage of total cancers in
Cohort 1 versus screen-detected
cancers from Cohort 2 in
patients aged 49-60 years. The -
ultralow risk group is defined as ] Cohort 2
index score >0.6, low risk (non- E 4
ultralow) is index score between : Non
0.4 and 0.6, and high risk is E screen-
index score <0.4. In the screen- 3
detected group, 64% are low E detected
risk, approximately half of cancers
which are ultralow risk
E
8
8 Cohort 2,
E‘ Screen-
3 detected
v
= cancers
NKI70_index
B
100% 1
80%
60%
40% 1
20% A
0% -

Cohort 1 Cohort 2, screen-detected cancers
Ultralow W Low (non-Ultralow) M High
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with Cohort 1, especially for those women undergoing
screening. In particular, the fraction of tumors with an index
greater than 0.6 (designated as ultralow) is increased 200%.
The significant increase in this fraction of the lowest risk
tumors does indeed corroborate the notion that we maybe
detecting, today, some tumors that might not come to
clinical attention in the absence of screening. Interestingly,
the distribution of grade in Cohort 2 is very similar to the
distribution of the grade in the tumors detected in the
Women’s Health Initiative, where 78-82% had yearly
mammography. (CHLEB 2003 JAMA), suggesting that
Cohort 2 is representative of other cohorts. Compared with
Cohort 1, where there is a 10% chance of finding an ultra-
low cancer, there is a 30% chance of finding an ultralow
tumor in Cohort 2 if tumors are screen-detected. Interest-
ingly, Welch and Black [2] recently estimated that 20% of
detected breast cancers could represent “overdiagnosis”.

An alternate explanation for this data is that the biology
of tumors shifts in a given individual over time and that the
ultralow risk tumors, if left intact and not found by
screening, would progressively migrate towards a poorer
prognosis signature. Evidence suggests that tumor biology
does not change over time. Tumors appear to maintain the
integrity of their molecular profile through treatment and
recurrence [4, 10, 14]. Gene expression profiles of primary
tumors are comparable with their distant metastases even if
the metastatic disease appears after a long interval up to
15 years [10]. This was found to hold true for both intrinsic
tumor type [14] as well as the 70-gene prognosis signature.
Patients likely develop specific biologic tumor types, with
different potential for metastasis and our findings suggest
that screening enables the detection of very low risk tumors.

The data in this study clearly shows that, as women age,
the likelihood of detection of good prognosis tumors rises
substantially. The low risk and, in particular, the ultralow
risk tumors are most always very endocrine sensitive.
These findings help explain why older women with HR
positive tumors have extremely good outcomes. CALGB
9343 [15] was a randomized trial for women over 70 who
were randomized to hormone therapy alone or radiation.
The incidence of distant metastases at 12 years median
follow-up was only 3% in either arm.

The findings of increasing proportions of low risk tumors
by age is important for informing screening policy and
should provide critical input for informing screening
intervals. With age, the biology of tumors shifts to lower
risk lesions and slower growth fractions, making 2 year
intervals reasonable. The RASTER trial was a population-
based cohort, and thus the information about the biology of
the tumors is likely to reflect the biology of tumors seen in
other screening programs. The screening interval recom-
mended in the Netherlands is every 2 years, and the
majority of screen-detected cancers are low risk. One way
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to inform the screening debate is to compare the types of
tumors detected with annual and biannual screening to
determine if there would be a projected benefit to more
frequent screening. At least for the cohort in the RASTER
trial, the majority of the tumors are good prognosis in the
women aged 49-60 and more frequent screening would not
necessarily improve outcomes [16, 17]. For women with
screen-detected tumors, the ability to perform molecular
tests and confirm the good prognostic nature of the tumor
should give clinicians the confidence to pursue less
aggressive interventions.

The data do not exclude the possibility that factors other
than screening contribute to the shift to lower risk tumors in
women over 40. The most likely is a shift in the population
related to internal hormonal environment such as onset of
menses, less and later age of child bearing, and increased
use of alcohol that might also promote an increase in low
risk tumors as has been shown in other areas of the world.
Hormone replacement therapy is not likely to be a signifi-
cant factor as the RASTER trial was initiated after the
publication of the Women’s Health Initiative study [18] that
showed the link between combined hormone replacement
therapy and increased risk for breast cancer [18], and
prompted a precipitous fall off in use of HRT [19] world
wide. Such effect was minimal in the Netherlands, however,
as HRT use was already low in 2001 at 5.6% before the
announcement of the WHI results, although use declined to
2.4% after publication by 2004 [20].

The retrospective nature of the datasets could have
introduced bias. Some factors, however, minimize the
chance of bias. The first is that we restricted the analysis to
node negative cases only. Second, the rate of women getting
mammograms may have been slightly higher than the 20%
we estimated in Cohort 1 as the Karolinska Institute was
screening women at increased risk before 1992, although the
number of cases contributed from Sweden was small (data
not shown). Finally, the fraction of low risk and ultralow risk
tumors might even be under represented in the RASTER
screening era cohort, as at least 7% of tumors were not
profiled due to sampling failure [9] and the observation that
T1 tumors have a higher proportion of low risk cancers as
compared with T2 [21]. The 6 mm punch biopsy used at the
time to collect the frozen tumor sample would minimize the
ability to collect frozen material from the smallest tumors,
thus potentially leading to an underrepresentation of low and
ultralow risk tumors. On the other hand, some factors also
increase the chance of finding features of poor prognosis
biology in Cohort 1. Tumors from the NKI and other Euro-
pean centers might have been higher (disproportional) in
severity given the fact that they were collected from referral
centers. However, in Europe, there is less competition from
community hospitals, more regional referral, and cases used
were consecutive node negative tumors.
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The significant shift in distribution towards especially
favorable 70-gene prognosis MammaPrint index scores,
provides the first molecular evidence of the increased
detection of very low risk lesions over time. Screening
appears to preferentially identify the low risk lesions in the
population today. Given the extremely low risk for early
recurrence carried by the ultralow risk signature, we have
an example of how we might quantitatively apply the term,
InDolent Lesions of Epithelial origin (IDLE) tumors, put
forward in “Rethinking screening for Breast Cancer and
Prostate Cancer” [1, 22]. Node negative tumors that have a
70-gene prognosis signature index of higher than 0.6 would
qualify as IDLE tumors. Recurrences in this patient pop-
ulation would be predicted to be very infrequent, recur-
rences would be predicted to be late and likely controllable.
It has long been known that women who recur after
10 years have disease that is much more indolent, a fact
that is reflected by the excellent overall survival in the
70-gene good prognosis tumors [6, 8]. We are currently
planning a validation study in a US based cohort, to
determine the fraction of ultralow risk tumors in a screened
population (www.athenacarenetwork.org/), but the infor-
mation we have presented provide a rationale for inte-
grating molecular profiling at the time of screening to help
identify low risk tumors.

This study provides information that will allow us to
improve screening. The data suggest that there is an
opportunity to improve care by using validated predictors
of risk for women with screen-detected tumors. Under-
standing that mammography preferentially detects slow to
moderate growth tumors should be helpful on many fronts.
Not only can this help us to guide the use of risk stratifying
tools to avoid overtreatment, but it should also enable us to
reset thresholds for biopsy for very low risk mammo-
graphic lesions (BIRADS 4A). The more indolent nature of
the disease detected should give confidence to mammog-
raphers and surgeons to explore and test alternatives to
biopsy of very low risk mammographic findings, which
almost always turn out to be benign [23].

The observation that a substantial fraction of screen-
detected cancers have low and ultralow risk is valuable
information. These types of cancers may account for the
cases that others consider “overdiagnosis™ [24]. However,
when we initiate screening, we do not know which women
are likely to develop ultralow risk or IDLE tumors. We can,
however, recognize that such tumors are commonly iden-
tified today, discuss this with our patients, and perform
tests that elucidate the underlying biology of the tumors
detected. We can use this information to guide treatment
recommendations and as the basis for the development of
clinical trials that test the safety of less aggressive treat-
ments for patients with the lowest risk tumors.
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