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Purpose:

Materials and
Methods:

Results:

Conclusion:

To compare rates and tumor characteristics of interval breast
cancers (IBCs) detected after a negative versus false-positive
screening among women participating in the Norwegian Breast
Cancer Screening Program.

The Cancer Registry Regulation approved this retrospective
study. Information about 423445 women aged 49-71 years who
underwent 789481 full-field digital mammographic screening
examinations during 2004-2012 was extracted from the Cancer
Registry of Norway. Rates and odds ratios of IBC among women
with a negative (the reference group) versus a false-positive
screening were estimated by using logistic regression models
adjusted for age at diagnosis and county of residence.

A total of 1302 IBCs were diagnosed after 789481 screening ex-
aminations, of which 7.0% (91 of 1302) were detected among
women with a false-positive screening as the most recent breast
imaging examination before detection. By using negative screen-
ing as the reference, adjusted odds ratios of IBCs were 3.3 (95%
confidence interval [Cl|: 2.6, 4.2) and 2.8 (95% CI: 1.8, 4.4) for
women with a false-positive screening without and with needle
biopsy, respectively. Women with a previous negative screening
had a significantly lower proportion of tumors that were 10 mm
or less (14.3% [150 of 1049] vs 50.0% [seven of 14], respectively;
P < .01) and grade I tumors (13.2% [147 of 1114] vs 42.9% [six
of 14]; P < .01), but a higher proportion of cases with lymph
nodes positive for cancer (40.9% [442 of 1080] vs 13.3% [two
of 15], respectively; P = .03) compared with women with a pre-
vious false-positive screening with benign biopsy. A retrospective
review of the screening mammographic examinations identified
42.9% (39 of 91) of the false-positive cases to be the same lesion
as the IBC.

By using a negative screening as the reference, a false-positive
screening examination increased the risk of an IBC threefold.
The tumor characteristics of IBC after a negative screening
were less favorable compared with those detected after a previ-
ous false-positive screening.

©RSNA, 2017

Online supplemental material is available for this article.
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nterval breast cancers (IBCs) are

considered a shortcoming in mam-

mographic screening because of
unfavorable tumor characteristics com-
pared with screening-detected cancers
(1-6). IBCs, thus, represent a challenge
since they both decrease the sensitivity
of screening programs and contribute
substantially to breast cancer mortality
in the screened population. Moreover,
3%-35% of interval cancer cases may
actually represent findings that were
detectable but overlooked at the time of
screening, further decreasing women’s
trust in mammography screening (7-9).

The IBC rate varies substantially
between countries and population-
based screening programs (9-13).
Toérnberg et al (13) compared the
rates in six European countries with
organized, population-based mammo-
graphic screening programs and found
rates of IBC that ranged from 8.4 to

Advances in Knowledge

B Twenty-four percent (1302 of
5425) of the breast cancers
detected in women in a popula-
tion-based screening program
were interval breast cancers
(IBCs).

® More than two-thirds of IBCs
were diagnosed during the 2nd
year of the screening interval at
biennial screening.

B By using negative screening as
the reference, adjusted odds
ratios of IBC were 3.3 (95% con-
fidence interval [CI]: 2.6, 4.2)
and 2.8 (95% CI: 1.8, 4.4) for
women with a false-positive
screening without and with
needle biopsy, respectively.

® The proportion of ductal carci-
noma in situ was higher (17.6%
[16 of 91] vs 5.0% [61 of 1211],
respectively), whereas the pro-
portion of invasive ductal carci-
noma was lower (60.4% [S5 of
91] vs 80.0% [969 of 1211], re-
spectively) for IBCs diagnosed
after a false-positive screening
versus after a negative screening
(P < .001 for both).

21.3 per 10000 screenings. Differ-
ences in completion of cancer report-
ing were suggested as the main reason
for the observed variation; different
definitions, identification methods, and
quantification methods were suggested
as additional possible reasons for vari-
able IBC rates (12-14).

In Europe, IBC is usually defined
as a primary breast cancer diagnosed
in women who had a screening nega-
tive for cancer (a negative screening)
or negative work-up after abnormal
screening, either before the next invi-
tation to screening, or within a time
period equal to the screening interval
(15). In the United States, an IBC is
defined as a breast cancer detected be-
tween screening mammographic exami-
nations, with a usual screening interval
of 1 year (16,17). Despite different def-
initions and screening intervals, to our
knowledge no studies showed substan-
tial differences in tumor characteristics
such as histopathologic type, tumor
size, grade, and lymph node involve-
ment for IBCs diagnosed in Europe ver-
sus in the United States (12,14,18).

The rate of missed breast cancer in
screening is reported to be 20%-30% of
both screening-detected cancer and IBC
after an informed review of the screen-
ing and diagnostic mammographic exam-
inations and all available histopathologic

Implications for Patient Care

B The higher IBC rate after a false-
positive screening suggests that
women with a false-positive
screening may benefit from being
offered another mammographic
examination within 1 year rather
than the usual biennial screening.

B The vast majority of IBCs
appeared after a negative
screening, and only 7.0% (91 of
1302) appeared after a false-pos-
itive screening.

B On the basis of a retrospective
review of 91 IBCs initially
deemed to be false-positive find-
ings, 42.9% (39 IBCs) were con-
sidered to represent the same
lesion originally called back from
screening.

analyses (7-9). Recent studies (19-23)
showed an increased risk of subsequent
screening-detected breast cancer after
a previous false-positive screening. An
increased risk of IBC might also be ex-
pected after a false-positive screening
versus a negative screening. However,
few studies have reported data on IBC
after a false-positive screening exam-
ination, and their subsequent tumor
characteristics (22-24). By expecting
the same pattern for IBC as for screen-
detected cancers, a shorter screening in-
terval may result in detecting cancers at
an earlier stage and potentially improve
patient outcomes.

In the Norwegian Breast Cancer
Screening Program, IBC rates have
varied between 16 and 19 per 10000
screenings after full-field digital mam-
mography was implemented (11).
About 70% of IBCs are diagnosed in
the 2nd year of the screening inter-
val. Our objective for this study was
to compare estimated IBC rates by
different definitions and to describe
histopathologic  characteristics  of
breast tumors detected in the interval
after a previous negative versus a pre-
vious false-positive screening in our
population-based screening program.
We hypothesize that the rate of IBC
is lower and the tumor characteristics
are favorable when detected after a
previous negative versus a false-posi-
tive screening.

hitps://doi.org/10.1148/radiol.2017162159
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Materials and Methods

This retrospective study was performed
on the basis of data from the Norwe-
gian Breast Cancer Screening Program.
The program is administered by the
Cancer Registry of Norway. The Cancer
Registry Regulation gave approval with
waiver of informed consent to perform
surveillance, quality assurance, and
studies on the basis of data collected as
a part of invitation to and participation
in the program (23).

Study Population and Data Source

The Norwegian Breast Cancer Screen-
ing Program is an organized population-
based screening program that started
as a pilot in four counties in 1996 and
expanded nationwide, covering all 19
counties by 2005. The program serves
approximately 600000 women who are
personally invited with a stated time
and place for biennial mammographic
screening. The program targets women
born in birth cohorts corresponding to
ages 50-69 years. However, the 2-year
screening interval results in a real age
range between 49 and 71 years at invi-
tation. The participation rate was 75%.
Additional details about the program
have been described elsewhere (11).

Our study included informa-
tion about 423445 women who were
screened with full-field digital mam-
mography during calendar years 2004-
2012. During this study period, 789481
screening mammographic examinations
(average, 1.9 for each woman) were
performed, of which 15.9% (125453
of 789481) were prevalent and 84.1%
(664028 of 789481) were subsequent
screening examinations. The study pop-
ulation and cancer cases partly overlap
with those used in some other studies
from the program (26).

All data used in this study were ex-
tracted from databases at the Cancer
Registry of Norway, which included in-
formation about the procedures related
to the screening and all breast cancer
cases diagnosed in the country. By law,
cancer cases are reported to the Can-
cer Registry of Norway, with more than
99% of breast cancer data captured
(27). We excluded data from one county

because of use of digital mammography
in a random sample of women between
the years 2000 and 2005 and the use of
digital breast tomosynthesis in a study
setting in 2011 and 2012 (28).

Definition of Measures

The screening program performs inde-
pendent double reading, which means
that all screening mammographic ex-
aminations are read by two radiolo-
gists and given a score from 1 to 5 by
each radiologist. A score of 1 indicates
mammographic examinations negative
for abnormality; 2, probably benign; 3,
intermediate suspicion of malignancy;
4, probably malignant; and 5, a high
suspicion of malignancy. If both radiol-
ogists give a score of 1, the screening
examination is considered negative for
malignacy. If one or both radiologists
give a score of 2 or higher, a consensus
or arbitration (consensus) meeting is
used to determine whether to call the
woman back for further assessment
(recall) or not. About 7% of the exam-
inations are discussed at consensus,
whereas 3%-4% of the cases are re-
called for further assessment, which in-
cludes additional diagnostic mammog-
raphy and potentially ultrasonography,
magnetic resonance imaging (additional
imaging), and/or needle biopsy (29).
Needle biopsy is performed in about
40% of the recalled women, whereas
approximately 50% of the women who
undergo biopsy are diagnosed with
breast cancer (ductal carcinoma in situ
or invasive breast cancer).

A true-negative screening was de-
fined as a negative screening and no
IBC diagnosed within the actual screen-
ing round. A true-positive screening
was defined as a screening resulting
in a recall for further assessment be-
cause of abnormal findings that led to
a histologically proven breast cancer
within a fixed period (6 months) after
screening. A false-positive screening
was defined as a screening leading to a
recall for further assessment because of
abnormal findings, but the assessment,
with or without a needle biopsy, turned
out to be negative for cancer within a
fixed period (6 months). A false-nega-
tive screening or an IBC was defined as

breast cancer diagnosed after a negative
screening or after false-positive screen-
ing, either before the next screening (2
years) or within 2 years after the final
screening among women who reach
the upper age limit (30). This defini-
tion is in accordance with European
guidelines (15). However, what con-
stitute an IBC becomes subjective for
cases diagnosed after a short interval
follow-up ordered against current rec-
ommendations. To ensure appropriate
comparison of IBC rates on the basis of
objective information, we provided so-
called technical definitions on the basis
of date of screening, the result of the
screening and further assessment, and
date of diagnosis of the IBC. The three
options for a more objective definition
of IBC are as follows: (a) breast cancer
diagnosed after a negative screening or
more than 3 months after a false-posi-
tive screening and within 2 years after
screening; (b) breast cancer diagnosed
after a negative screening or more than
6 months after a false-positive screen-
ing and within 2 years after screening;
and (c) breast cancer diagnosed after
a negative screening or more than 12
months after a false-positive screen-
ing and within 2 years after screening.
Numbers and rates for the different
definitions are shown in Table 1. We
used definition b for all further analyses
in the article.

Some women in Norway might
undergo mammography at a private
clinic by choice in between the routine
screenings obtained as a part of the or-
ganized program. However, information
about the reason for undergoing addi-
tional mammography at private clinics
is not available. Some of these women
may undergo screening mammography
at the private clinic, but their breast
cancer is considered IBC according to
the definitions previously described.
Nevertheless, the completeness of
breast cancer in the databases of the
Cancer Registry of Norway (27) ensures
a complete and valid rate of breast can-
cer. The unique personal identification
number provided to all inhabitants in
Norway at birth or when acquiring cit-
izenship in combination with the com-
pleteness of cancer reporting make it
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Table 1

Rates of Screening-detected Breast Cancers and IBCs

Screening-detected Breast

Canger e No. of IBC/No. of IBC + No.
No. of Rate per 10000 No. of Rate per 10000 of Screening-detected
Parameter Cancers  Screenings Cancers  Screenings Breast Cancers (%)
Definiton a 4031 51.1(49.5,52.6) 1394 17.7 (16.8,18.7)  25.7 (24.5,26.9)
Definiton b~ 4123 52.2 (50.6,53.8) 1302 16.6 (15.7,17.5)  24.0(22.9,25.1)
Definiton ¢~ 4155 52.6 (51.0,54.2) 1270 16.2(15.3,17.1)  23.4 (22.3,24.5)
Definitiond 4134 52.4(50.8,54.00 1291 16.4 (15.5,17.3)  23.8(22.7,24.9)

Note.—Data in parentheses are 95% Cls. Results are for 789481 full-field digital mammographic screening examinations
performed in 423445 women in the Norwegian breast cancer screening program, 2004-2012.

possible to identify all breast cancers
among women screened.

The women receive an invitation
with stated time and place for exam-
ination biennially. It means that the
scheduled screening interval is aimed
to be 2 years (365.3 X 2 = 730.6 days)
between the last planned or performed
screening examination and a new ap-
pointment. However, some women
postpone their appointment and ap-
pear later, whereas others miss one
or two screening rounds. Further, use
of mobile units in rural areas urges us
to do some modifications of the inter-
val because the bus is in some areas
only for a limited time. For this study
population, the average and median
time between scheduled appointments,
as administered by the Cancer Registry,
were 735 and 728 days, respectively
(range, 180-2834 days). The average
and median time between two screen-
ing examinations were 747 and 730
days, respectively, including regular and
irregular participation patterns (range,
212-3106 days). The average and me-
dian time from screening examination
to diagnosis of IBC were, respectively,
461 and 484 days (range, 17-731 days)
for those screened negative, and 435
and 448 days (range, 185-723 days) for
false-positive findings.

We followed women with IBC for
2 years after each screening, and the
follow-up period ended December 31,
2014. We included the first diagnosed
ductal carcinoma in situ or IBC in
the analyses. If bilateral breast can-
cer was diagnosed, we chose the most

malignant tumor based on morphologic
subtype, followed by tumor size, grade,
and lymph node involvement. Women
exited the study population after a di-
agnosis of breast cancer.

To classify whether the IBC de-
tected after a false-positive screening
was the same lesion that caused fur-
ther assessment, local radiologists at
the 16 breast centers were asked to
perform a retrospective review of pre-
vious screening and diagnostic mammo-
graphic examinations. On the basis of
the findings, the IBC were classified as
the same lesion as the one that caused
further assessment, a lesion other than
the one that caused further assessment,
or classification not possible because
previous mammographic examinations
were not available for review.

Statistical Analysis

Cancer detection rate was provided as
the proportion of breast cancer (ductal
carcinoma in situ, invasive, and total)
detected among all screened women.
The rate of IBC was estimated ac-
cording to the different definitions
described above. We stratified results
by time (in months) from screening to
diagnosis of IBC.

We estimated rates and odds ra-
tios for IBC by outcome of the screen-
ing before the IBC was discovered. We
used negative screening as the refer-
ence and stratified false-positive find-
ings into those who did and did not
undergo needle biopsy. Women who
underwent needle biopsy were further
stratified into a previous false-positive

biopsy of the ipsilateral or contralat-
eral breast. Ipsilateral and contralateral
IBC refer to presence in the same or
opposite breast as the reason for the
recall or biopsy, respectively. The most
comprehensive screening result was
chosen for each examination on the
basis of the following hierarchy: false-
positive findings after a needle biopsy,
followed by false-positive findings after
additional imaging only, and then a neg-
ative screening. Women with IBC after
a false-positive findings at mammogra-
phy with biopsy in both breasts were
considered ipsilateral and contralateral.
We used a generalized estimating equa-
tion with robust standard errors to fit a
negative binomial regression model for
estimating breast cancer rates and the
95% confidence interval (CI). In this
study, tumor characteristics included
histologic type, tumor size, grade,
lymph node involvement, and hormonal
receptor status.

We used generalized estimating
equations with robust standard errors
to account for within-woman correlation
when estimating the odds ratio of IBC
by adjusting for age, year of screening,
and county of residence. We estimated
the odds ratio with and without consid-
ering the laterality of the false-positive
finding and eventual IBC. P values were
calculated by the test of proportions
for categorical variables and the t test
for the continuous variables. Sensitiv-
ity analyses that used various methods,
including the generalized estimating
equation approach, for all definitions
of IBC were performed (Appendix El
[online]). P values less than .05 indi-
cated statistical significance. All data
analyses were conducted by using Stata
(version 14; Stata Corporation, College
Station, Tex).

By using definition b as a base-case
analysis (breast cancer diagnosed after
a negative screening mammographic
examination or >6 months after a false-
positive screening and within 2 years),
4123 screening-detected cancers (801
ductal carcinoma in situ and 3322 inva-
sive breast cancer) and 1302 (70 ductal
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Table 2

IBCs and Ipsilateral and Contralateral IBC in the Norwegian Breast Cancer Screening Program by Previous Screening Outcome

No. of Breast

Rate of IBC per 10000

Parameter Cancers No. of Screenings Screenings Unadjusted OR Adjusted OR*
All IBCs 1302 785358 16.6 (15.7,17.5)
After negative screening 1211 766830 15.8 (14.9,16.7) Reference Reference
After a false-positive screening 91 18528 49.1 (40.0, 60.3) .. ..
After false-positive screening without needle biopsy 4l 13865 51.2 (40.6, 64.6) 3.3(2.6,4.1) 3.3(2.6,4.2)
False-positive without needle biopsy
Different lesion than the IBC 23 16.6 (11.0, 25.0)
Same lesion as the IBC 27 19.5(13.4,28.4)
Unknown, missing information 21 15.2(9.9,23.2)
After false-positive screening with needle biopsy 20 4663 42.9(27.7,66.4) 2.7(1.8,4.2) 2.8(1.8,4.4)
With biopsy in ipsilateral breast 17 36.5 (22.7,58.6)
Different lesion than the IBC 2 43(1.1,17.1)
Same lesion as the IBC 12 25.7 (14.6,45.3)
Unknown, missing information 3 6.4 (2.1,19.9)
With biopsy in contralateral breast 3 6.4 (2.1,19.9)
Note.—Data in parentheses are 95% Cls. OR = odds ratio.
* Adjusted for age and year at screening and county of residence; numbers above represent rates under biennial screening (2-year screening interval).
carcinoma in situ and 1232 invasive) previous screening did differ (median, review (Table 2). We found smaller

IBCs were identified in our study sam-
ple (Table 1). The rate of screening-
detected cancer was 52.2 (95% CL:
50.6, 53.8) per 10000 screenings and
the rate of IBC was 16.6 (95% CI: 15.7,
17.5) per 10000 screeningss (Table
1). IBC represented 24.0% (95% CI:
22.9%, 25.1%) of all breast cancer
cases diagnosed in the entire popula-
tion-based screening program during
the study period. The additional cases
included as IBC in definition a versus
d (1394 — 1291 = 103) were mainly
women who underwent a biopsy as a
part of their follow-up assessment and
had their final diagnosis 3-6 months af-
ter screening.

Among the 1302 women with IBC,
93.0% (1211 of 1302) were diagnosed
after a negative screening and 7.0%
(91 of 1302) were diagnosed after a
false-positive screening (71 women un-
derwent further assessment with addi-
tional imaging and 20 women under-
went further assessment with additional
imaging and a benign needle biopsy)
(Table 2). Age did not differ between
women diagnosed after a negative ver-
sus a false-positive screening (median
age, 59.8 years vs 60.5 years, respec-
tively; P = .336), whereas time since

448 days vs 484 days, respectively; P =
.007). The rate of IBC among women
with a negative screening was 15.8
(95% CI: 14.9, 16.7) compared with
51.2 (95% CI: 41.8, 63.0) per 10000
screenings for women with a previous
false-positive screening without bi-
opsy, and 42.9 (95% CI: 27.7, 66.5)
per 10000 screenings for those with a
previous false-positive screening with
biopsy. By using negative screening as
the reference, adjusted odds ratios of
IBC were 3.3 (95% CI: 2.6, 4.2) and
2.8 (95% CI: 1.8, 4.4) for women with
a false-positive finding without and with
biopsy, respectively. Analyses, by using
alternative definitions of IBC described
in Table 1, did not show statistical sig-
nificant different odds ratios, except for
definition a (Appendix E1 [online]).

In the retrospective review of the
mammographic examinations of women
with a false-positive screening before
IBC, the radiologists determined that
42.8% (39 of 91) of the cases corre-
sponded with the original abnormal
finding resulting in recall for further
assessment, whereas 30.8% (28 of 91)
did not. For 26.4% (24 of 91), screen-
ing and/or diagnostic mammographic
examinations were not available for

tumor size (mean size, 14.9 mm vs
17.0 mm, respectively; P = .365) and
less lymph node involvement (7.1% vs
27.3%, respectively; P = .035) among
the 39 women, which corresponded to
the IBCs initially identified but let go
after diagnostic evaluation, versus the
42 women who were not identified at
previous evaluations or for whom the
mammographic examinations were not
available for the retrospective review.
The proportion of ductal carcinoma
in situ was 5.0% (61 of 1211) for IBC
after a negative screening, 15.5% (11
of 71) for IBC diagnosed after a false-
positive screening without biopsy (P <
.001), and 25.0% (five of 20) for IBC
after a false-positive screening with
biopsy (P < .001) (Table 3). The pro-
portion of invasive ductal cancers was
higher for IBC found after a negative
screening (80.0% [969 of 1211]) versus
after a false-positive screening without
biopsy (60.6% [43 of 71]; P < .01) and
after a false-positive screening with bi-
opsy (60.0% [12 of 20]; P = .03].
Mean and median tumor size was
22.9 mm and 20.0 mm, respectively,
for invasive IBC diagnosed after a nega-
tive screening, compared with 17.5 mm
and 15.5 mm, respectively, for those
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screened in the Norwegian Breast Cancer Screening Program (2004-2012).

ductal, invasive lobular, and other in-
vasive cancers), grade, lymph node
involvement, and hormonal receptor
status did not significantly differ be-
tween women diagnosed during the 1st
versus 2nd year of the screening inter-
val (Table 4).

We identified a threefold higher rate
of IBC among women with a previous
false-positive screening compared with
those with a previous negative screen-
ing in their last biennial screening
round. Nearly two-thirds of IBCs were
diagnosed during the 2nd year between
biennial screenings. IBC diagnosed af-
ter a previous false-positive screening
contributed to 7.0% (91 of 1302) of the
cases, and 42.9% (39 of 91) of these
corresponded with the abnormality that
originally triggered further assessment.

In terms of tumor characteristics
of the IBC, less favorable distribution
was observed among women with a
negative versus false-positive screening,
with or without biopsy. Age did not dif-
fer for the two groups, whereas time
since previous screening until diagno-
sis of breast cancer was 36 days less
for those screened negative versus for

diagnosed after a false-positive screen-
ing without biopsy (P < .01) (Table 3).
The proportions of grade I tumors af-
ter negative and false-positive screen-
ing without biopsy were 13.2% (147
of 1114) and 20.3% (12 of 59), respec-
tively (P = .12). Overall, 40.9% (442 of
1080) of the IBC diagnosed after a neg-
ative screening were lymph node pos-
itive compared with 21.8% (12 of 35)
after false-positive screening mammo-
graphic examination without biopsy (P
< .01).The distribution of estrogen and
progesterone receptor status did not
significantly differ, except for negative
screening versus false-positive screen-
ing with biopsy (P = .05 for estrogen
receptor status and P = .01 for proges-
terone receptor status).

Less than a third of the women with
IBC were diagnosed during the 1st year
after screening, whereas more than
two-thirds of women were diagnosed
during the 2nd year between screen-
ing mammographic examinations, with
peaks at 7, 14, 19, and 24 months after
screening (Figure). This distribution by
time did not differ significantly between
IBC detected after a negative versus
false-positive screening.

The distribution of histopathologic
types (ductal carcinoma in situ, invasive

those who had a false-positive screen-
ing. The finding is consistent with the
finding of more rapid-growing tumors
among those detected after a negative
versus a false-positive screening exami-
nation. However, the time difference is
assumingly not of substantial influence
for tumor progression. Histopathologic
characteristics of the IBC detected af-
ter a false-positive screening were com-
parable with the screening-detected
cancers.

Although we initially hypothesized
that women with IBC after false-posi-
tive screening would have less favorable
characteristics than those after negative
screening, we did not find this to be the
case. Almost half (39 of 91) of the ab-
normalities leading to recall for further
assessment but deemed negative at di-
agnostic evaluation corresponded to the
IBC found on the retrospective review
of screening and diagnostic imaging.
These tumors that were initially cor-
rectly identified as suspicious for cancer
were assumed to be let go because of
equivocal diagnostic imaging evaluation
and/or insufficient sampling.

The smaller tumor size and less
lymph node involvement among the
cases initial identified but let go after
diagnostic evaluation compared with
those not identified as the same lesions
that later appeared as an IBC make in-
tuitive sense in retrospect: true IBCs
(those identified after negative screen-
ing, and not identified in the retrospec-
tive review) would have less favorable
prognostic  characteristics ~ because
these are more likely to represent fast-
growing tumors.

The rate of IBC after a false-positive
screening including a needle biopsy was
statistically higher for definition a com-
pared with the other definitions. The
additional cases are related to accepted
time between screening and diagnosis
for the different definitions, 6 months
versus 3 months, respectively. The di-
agnostic delay experienced by these
women could be because of women
postponing further assessment or other
delays related to scheduling of diagnos-
tic services.

A woman’s risk of an IBC during
her lifetime is low and the risk of an
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Table 4

Histopathologic Tumor Characteristics of IBC by Time after Screening Examination
among Women Screened in the Norwegian Breast Cancer Screening Program

1-12 mo after 13-24 mo after
Screening Screening
Parameter All (n=1302) (n=1398) (n=904) PValue
Histopathologic characteristics
Ductal carcinoma in situ (%) 5(70) 6 (23) 5 (47) .67
Invasive ductal carcinoma (%) 78 (1019) 78 (311) 78 (708) .94
Invasive lobular carcinoma (%) 12 (153) 11 (44) 12 (109) .61
Other invasive (%) 5 (60) 5 (20) 4 (40) .63
Invasive tumors
No. of invasive tumors 1232 375 857
Tumor size
Mean (mm) 225 22.2 22.6 .62
Median (mm) 20.0 20.0 20.0
=10 mm (%) 15 (169/1117) 19 (61/330) 14 (108/787) .04
10.1-20 mm (%) 39 (433/1117) 37 (121/330) 40 (312/787) .35
>20 mm (%) 46 (515/1117) 45 (148/330) 47 (367/787) .59
No. of tumors with information 115 45 70
not available
Grade
1 (%) 14 (165/1187) 16 (57/354) 13 (108/833) 15
I1' (%) 47 (558/1187) 49 (174/354) 46 (384/833) .34
Il (%) 39 (464/1187) 35 (123/354) 41 (341/833) .05
No. of tumors with information 45 21 24
not available
Lymph node involvement
Positive (%) 40 (456/1150) 40 (137/344) 40 (319/806) .94
No. with information not available 82 31 51
Hormonal receptor status
ER positive (%) 78 (942/1201) 79 (288/363) 78 (654/838) .62
No. of tumors with information 31 12 19
not available
PR positive (%) 60 (710/1182) 59 (208/352) 61 (502/830) .66
No. of tumors with information 50 23 27
not available

Note.—Data in parentheses are raw data. ER = estrogen receptor, PR = progesterone receptor.

IBC following a false-positive screening
is even lower. However, our findings
may suggest that women with a false-
positive screening be offered another
mammographic examination within 6
months or a year, rather than 2 years,
to detect the cancer at an earlier stage.
Implementation of more frequent
screening would likely decrease the IBC
rate, and potentially detect the cancers
at an earlier stage, further improving
the women’s outcomes. In addition,
such a screening policy would likely in-
crease the overall trust in the screening

program by personalizing the screening
regimen on the basis of the increased
risk for interval cancers after false-
positive screening. However, the overall
benefits and harms of earlier follow-up
for women with a false-positive screen-
ing, including consideration of women’s
preferences, should be investigated be-
fore new policies are considered.

Most of the IBCs in our study were
detected in the 2nd year of the screen-
ing interval, further suggesting that a
shorter screening interval may be ben-
eficial to decrease the rate of IBC, both

for those with a negative and a previous
false-positive screening. Documentation
of IBC detected in the 2nd year of the
biennial interval is further complicated
by the fact that a false-positive screen-
ing might increase breast awareness
and encourage women to seek a private
clinic for mammography in the year be-
tween two screening mammographic
examinations in the national program
(31). If cancer is detected at private
clinics in between two screening ses-
sions, these cases are defined as IBC in
the Norwegian screening program. Fur-
thermore, by assuming all IBCs detect-
ed during the 2nd year of the interval to
be detectable at screening after 1 year
(1302 X 0.70 = 911), the proportion of
IBCs would decrease from about 24%
[(1302/(4123 + 1302)] to less than 10%
[(1302 — 911)/(1302 — 911) + (4123 +
911)] per 10000 screenings. Only 30%
of the IBCs were diagnosed during the
1st year of the screening interval. Tu-
mor characteristics did not differ sub-
stantially between those detected in the
1st and 2nd year of the interval. Never-
theless, the relative benefits and harms
of 1-year versus 2-year screening inter-
vals remain heavily debated.

We explored different definitions
of IBC in our analysis and chose the
base-case definition (definition b) to
be breast cancers diagnosed within
2 years after a negative screening or
more than 6 months after a false-pos-
itive screening. The total number of
women diagnosed with breast cancers
do not differ between definitions, but
the distribution of screening-detected
versus IBC did differ between defini-
tions. Rates of IBC were previously
presented according to definition d
(breast cancer diagnosed after a neg-
ative or false-positive screening, either
before the next biennial screening or
within 2 years among women who had
reached the upper age limit for screen-
ing). We considered definition b to be
the most objective because it allowed
women a large amount of time—up to
6 months—to obtain diagnostic evalua-
tion after abnormal screening.

There were several limitations
to our study. Unfortunately, we were
not able to adjust for mammographic
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density or other known risk factors
for breast cancer. Further, there was
incomplete capture of some tumor
characteristics, such as human epider-
mal growth factor receptor type 2 and
Ki-67 protein. Despite the relatively
high number of women with IBC in the
study population, there were a fairly
small number of cases diagnosed after
a previous false-positive screening. Ide-
ally, the mammographic examinations
from all the IBCs should be reviewed
to determine the false-negative rate
because some of our IBCs were likely
missed. The guidelines for the screen-
ing program in Norway recommends
that radiologists review previous imag-
ing for IBC. This is usually performed
at each of the 16 breast centers with-
out any common system of data col-
lection. A nationwide informed review
of IBC and screening-detected breast
cancer is now underway in the country.
Another limitation of our study relates
to the generalizability to other popula-
tions. For example, in the United State,
yearly screening is advocated by some
groups, even though most guidelines
recommend biennial screening. The
Norwegian Breast Cancer Screening
Program aims to invite the women to
participate in 2-year screening inter-
vals (730 days). However, the actual
interval between two screening exam-
inations average more than 730 days.
Some women attend only after a re-
minder, whereas other women may
drop a screening examination or two,
which is why the average and median
interval between two screening exam-
inations exceed 2 years, which is sub-
stantially longer than the screening
interval in the United States. Further,
our program makes use of two radiolo-
gists who independently interpret each
screening examination. This is not the
normal practice in the United States.
Most of the women diagnosed with
IBC do not gain substantially from
participation in routine screening pro-
grams (3,32). IBC is thus a major is-
sue in the weighting of the harms ver-
sus benefits of routine screening. Our
findings indicate that the outcome of
previous screening should be taken into
consideration in risk prediction models

to better stratify women into risk cate-
gories. Our results can thus help move
population-based screening to a more
risk-based approach that can empha-
size minimizing the rate of IBC.

Risk-stratified screening on the basis
of individual woman-level factors is ex-
pected to create more efficient screening
both for women attending screening and
for administrators by tailoring the use
of different screening intervals and dif-
ferent imaging modalities. Recent stud-
ies (33) have shown that use of digital
breast tomosynthesis can increase the
rate of screening-detected breast can-
cer, whereas a lower rate of IBC is ex-
pected under tomosynthesis screening,
and initial reports (34) suggest no signif-
icant decrease in IBC after implementa-
tion of tomosynthesis screening. Future
research efforts regarding IBC rates on
the basis of the outcome of previous
screening examinations should include
screening with tomosynthesis.

In summary, about one in four breast
cancers detected among women who
participated in the Norwegian Breast
Cancer Screening Program were IBC.
A previous recall for further assessment
with a negative diagnostic outcome con-
ferred a threefold higher risk of IBC
compared with a negative screening. The
consequences of short-term follow-up for
this small subset of women with higher
risk of IBC need further investigation to
ensure that benefits outweigh the harms
in a population-based screening setting.
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