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Cumulative risk of a false-positive screening result:
A retrospective cohort study using empirical data from
10 biennial screening rounds in BreastScreen Norway
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BACKGROUND: False-positive screening results are an inevitable and commonly recognized disadvantage of mammographic screen-
ing. This study estimated the cumulative probability of experiencing a first false-positive screening result in women attending 10 bien-
nial screening rounds in BreastScreen Norway, which targets women aged 50 to 69 years. METHODS: This retrospective cohort study
analyzed screening outcomes from 421,545 women who underwent 1,894,523 screening examinations during 1995-2019. Empirical data
were used to calculate the cumulative risk of experiencing a first false-positive screening result and a first false-positive screening result
that involved an invasive procedure over 10 screening rounds. Logistic regression was used to evaluate the effect of adjusting for irregu-
lar attendance, age at screening, and number of screens attended. RESULTS: The cumulative risk of experiencing a first false-positive
screening result was 18.04% (95% confidence interval [Cl], 18.00%-18.07%). It was 5.01% (95% Cl, 5.01%-5.02%) for experiencing a false-
positive screening result that involved an invasive procedure. Adjusting for irregular attendance or age at screening did not appreciably
affect these estimates. After adjustments for the number of screens attended, the cumulative risk of a first false-positive screening
result was 18.28% (95% Cl, 18.24%-18.32%), and the risk of a false-positive screening result including an invasive procedure was 5.11%
(95% ClI, 5.11%-5.22%). This suggested that there was minimal bias from dependent censoring. CONCLUSIONS: Nearly 1in 5 women will
experience a false-positive screening result if they attend 10 biennial screening rounds in BreastScreen Norway. One in 20 will
experience a false-positive screening result with an invasive procedure. Cancer 2021;0:1-8. © 2021 The Authors. Cancer published by
Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

LAY SUMMARY:

¢ A false-positive screening result occurs when a woman attending mammographic screening is called back for further assessment be-
cause of suspicious findings, but the assessment does not detect breast cancer.

¢ Further assessment includes additional imaging. Usually, it involves ultrasound, and sometimes, it involves a biopsy.

¢ This study has evaluated the chance of experiencing a false-positive screening result among women attending 10 screening examina-
tions over 20 years in BreastScreen Norway.

¢ Nearly 1in 5 women will experience a false-positive screening result over 10 screening rounds. One in 20 women will experience a false-
positive screening result involving a biopsy.

KEYWORDS: breast neoplasms, false-positive reactions, mammography, mass screening.

INTRODUCTION

A false-positive screening result is an inevitable and commonly recognized disadvantage associated with mammographic
screening. This occurs when a woman is recalled for a diagnostic assessment because of suspicious findings on her screen-
ing mammogram, but the outcome is negative for breast cancer. This assessment involves additional imaging, which can
include ultrasound, and it can also involve invasive procedures such as fine-needle aspiration cytology (FNAC), core-
needle biopsy, and open biopsy. Although negative results from additional workup can reassure women that they do not

12 Population-

have breast cancer, false-positive screening results can cause temporary uncertainty, stress, anxiety, and fear.
based mammographic screening targets healthy women. It is important to recall women who have suspicious findings
that require additional follow-up to rule out or confirm malignancy while minimizing further assessment among women
with a very low suspicion for breast cancer.’

Recall rates due to abnormal screening mammograms are higher in the United States than Europe.4’6 In the United
States, data from the Breast Cancer Surveillance Consortium indicate that the risk of a false-positive screening result
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(recall) is 21.4% for prevalently screened women aged 50
to 54 years and 8.7% for subsequently screened women.”
In Norway, the corresponding estimates for women who
initiate biennial screening at the ages of 50 to 51 years
are 4.4% to 6.0% and 1.6% to 2.5%.%” The risk of ex-
periencing an invasive procedure with a benign outcome
is roughly 3.5% for prevalent screens and 1.0% for sub-
sequent screens in the United States; the corresponding
values are 1.3% to 1.7% and 0.3% to 0.6% in Norway.””

Biennial screening is recommended for women aged
50 to 69 years in Europe; this increases the risk of ex-
periencing the benefits and harms of screening during
one’s lifetime."® Describing the cumulative risk of a
false-positive screening result is, therefore, important for
women and screening program administrators. The cu-
mulative risk of a false-positive screening result associated
with initiating biennial screening around the age of 50
years is more than 40% after 10 years for women in the
United States but approximately 20% after roughly 20
years in Europe.””'"™"> The cumulative risk of experi-
encing a false-positive screening result that includes an
invasive procedure among women who initiate biennial
screening at the age of 50 years in the United States is 6%
after 10 years and 14% after 25 years.”'* In Europe, the
risk is roughly 2% to 5% after 20 years.”"?

To the best of our knowledge, no studies have used
exclusively empirical data to describe the cumulative
risks of experiencing a false-positive screening result in
Europe because of the need for very long follow-up and
complete data registration. This study aimed to use com-
plete, population-based data from BreastScreen Norway
to generate empirical evidence about the probability of
experiencing a false-positive screening result. Our objec-
tive was to describe the cumulative risk of experiencing
a first false-positive screening result at any time among
women attending 10 consecutive screening rounds in
BreastScreen Norway. We also aimed to describe the cu-
mulative risk of experiencing a first false-positive screen-
ing result that involved an invasive procedure.

MATERIALS AND METHODS
This study is part of the Quality Assurance and
Improvement in BreastScreen Norway project and was re-

viewed by the privacy ombudsman at the Oslo University
Hospital (PVO 20/12601).

Study Setting

BreastScreen Norway is a population-based screening
program that invites roughly 650,000 women aged 50
to 69 years to 10 rounds of biennial mammographic
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screening. BreastScreen Norway began in 1 region in late
1995 and was nationwide by 2005." In 2019, women in
6 of 16 screening regions had been invited to 10 screen-
ing rounds. Invitations with a suggested appointment for
screening are sent to women on the basis of birth cohorts.
Some women may receive an invitation to start screen-
ing slightly before or after the age of 50 years because of
regional differences in the startup of the program. Screen-
film mammography was used exclusively until the early
2000s, and the transition to full-field digital mammogra-
phy was competed in 2011."

Two radiologists independently read each screening
mammogram and assign each breast a score of 1 (no ab-
normalities), 2 (probably benign), 3 (intermediate sus-
picion), 4 (probably malignant), or 5 (high suspicion of
malignancy). Women’s mammograms are discussed at a
consensus or arbitration meeting if either radiologist as-
signs cither breast a score > 2, and a decision is made
whether to recall the woman for further assessment. This
follow-up assessment involves diagnostic imaging (eg,
mammography and ultrasound), and approximately 40%
of women also experience an invasive procedure (FNAC,
core-needle biopsy, or open biopsy)."

Study Sample

This retrospective cohort study included women who at-
tended BreastScreen Norway between November 1, 1995,
and December 31, 2019. We included only women who
could potentially attend 10 screening rounds on the basis
of their age when they first attended the program and who
did not opt out of their data being used for research pur-
poses (>98% of invited women)."” This meant that, for
example, we did not include women aged 60 years when
they first attended screening because they could not at-
tend 10 screening rounds before aging out of BreastScreen
Norway. We did include women aged 50 years when they
first attended screening because they would have the op-
portunity to attend 10 screening rounds before aging out
of the program. Women were included if they had already
had the opportunity to attend 10 screening rounds (eg,
first screened at the age of 50 years in 1996) or would
have this opportunity in the future (eg, first screened at
the age of 50 years in 2016).

We excluded women who had a history of ductal
carcinoma in situ (DCIS) or invasive breast cancer before
attending the program or who participated in studies in-
vestigating different screening ages or techniques within

BreastScreen Norway.m’21 We also excluded women who
ever self-referred to screening, were recalled because clin-

ical symptoms of breast cancer were reported at their
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screening appointment, had technically unsatsfactory
screening mammograms, or declined follow-up after a
positive screening result.

Data Source

Data were obtained from the Cancer Registry of
Norway, which administers BreastScreen Norway. The
registry’s databases contain information about women’s
screening invitations, attendance, and results as well as
information about DCIS and invasive breast cancer di-
agnoses for all women of all ages. The latter is nearly
complete and morphologically verified in more than
99% of cases.*

Outcome Variables

The primary outcomes in this study were 1) a first false-
positive screening result and 2) a first false-positive
screening result that involved an invasive procedure.
Women were classified as having experienced a false-
positive screening resule if they were recalled for fur-
ther assessment because of abnormal mammographic
findings and were not diagnosed with DCIS or inva-
sive breast cancer within 180 days (approximately 6
months) of the screening examination associated with
the recall.” Women were classified as having experi-
enced a false-positive screening result that involved an
invasive procedure if they had a false-positive screen-
ing result and underwent FNAC, core-needle biopsy, or
open biopsy as part of their diagnostic workup. These
women were a subgroup of the women who experienced
a false-positive screening result.

Statistical Analyses
We described the study sample by using means and ranges
for continuous variables and frequencies and proportions
for categorical variables. These descriptive statistics in-
cluded the observed proportion of women who experienced
a false-positive screening result during the study period.
The cumulative risk was defined as the probabil-
ity that a woman experienced the outcome of interest
over the course of attending 10 screening rounds in
BreastScreen Norway. We calculated this by adding the
products of the probability of experiencing a first false-
positive screening result (or a first false-positive screen-
ing result that involved an invasive procedure) at each
screening round and the probability of not experiencing
the outcome of interest at any previous round. Women'’s
follow-up information was censored if they were diag-
nosed with DCIS or invasive breast cancer, aged out of
the screening program, died, emigrated, or reached the
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558,584  Women attending Breast Screen
Norway during Nov 1996-Dec 2019
who could potentially attend 10

screening rounds

137,039 Excluded

> 189 Diagnosed with breast cancer
before ever attending screening
120,432 Participated in interventional study

6274  Self-referred to screening
10,024 Ever recalled due to self-reported
symptoms or technically
inadequate mammograms
120 Declined additional work-up

A 4

421,545 Women included in final sample

Figure 1. Number of women included and excluded in this
study. Women were excluded sequentially according to the
given criteria.

end of the study period. The 95% confidence intervals
(ClIs) for cumulative risks were calculated with standard
errors derived from the Greenwood approximation.*
To supplement the empirical analyses, we also es-
timated these risks with discrete-time survival models.*®
We fitted logistic regression models where the outcome
was either a first false-positive screening result or a first
false-positive screening result that involved an invasive
procedure (separate models). As described by Singer
and Willett, the screening rounds acted as multiple in-
tercepts.”” We used these models to evaluate the effects
of the screening technique (screen-film or full-field dig-
ital mammography), screening year, age at screening,
screening center, and total number of screening rounds
attended. The last provided information about the poten-

tial impact of dependent censoring.*

RESULTS

During the study period, 558,584 women who could
potentially attend 10 screening rounds in BreastScreen
Norway attended the program. We excluded 137,039
women, and this left 421,545 women (1,894,523
screening examinations) in the final sample (Fig. 1).
The mean age at prevalent (first) attendance was 50.7
years (range, 48-53 years; Table 1). By December 20,
2019, 18,203 women had attended a tenth screening
round with a mean age of 68.5 years (range, 66-71
years). Digital mammography was offered to 57.0% of
women attending their prevalent screening examination
and to 100% of women attending their tenth screening
examination.
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TABLE 1. Characteristics of 421,545 Women Attending BreastScreen Norway From November 1995 to December 2019

Screening Round

10

18,203
68.5 (66-71)

190,802 153,257 118,830 86,561 53,238
61.3 (56-70) 63.3 (59-71) 65.3 (61-71) 67.1 (63-71)

59.3 (54-71)

231,250
57.3 (52-70)

342,318 278,519
55.2 (50-70)

53.0 (49-70)

421,545
50.7 (48-53)

Attendees

Age at screening,

mean (range), y

28,718 (8.4%) 18,416 (6.6%) 12,743 (5.5%) 8427 (4.4%) 5532 (3.6%) 3093 (2.6%) 1405 (1.6%) 412 (0.8%) 0(0.0%)

33,813 (8.0%)

Irregular attendance

pattern®

53,235 (100.0%) 18,203 (100.0%)

86,009 (99.4%)

140,375 (91.6%) 117,613 (99.0%)

240,366 (57.0%) 206,124 (60.2%) 181,754 (65.3%) 168,613 (72.9%) 160,483 (84.1%)

24,998 (5.9%)

Digital screens
False-positive

5367 (1.9%) 3847 (1.7%) 3076 (1.6%) 2338 (1.5%) 1759 (1.5%) 1262 (1.5%) 759 (1.4%) 251 (1.4%)

7981 (2.3%)

screening result

6130 (1.8%) 4045 (1.5%) 2956 (1.3%) 2315 (1.2%) 1778 (1.2%) 1386 (1.2%) 974 (1.1%) 569 (1.1%) 187 (1.0%)

16,654 (4.0%)

Negative additional

imagingb
Invasive procedureb'C

Information not
available

1743 (0.5%) 1264 (0.5%) 860 (0.4%) 731 (0.4%) 536 (0.3%) 362 (0.3%) 281 (0.3%) 189 (0.4%) 62 (0.3%)

8005 (1.9%)

1

7

11

4

2

30

1

3

58

108

339

Cell values represent frequencies unless otherwise indicated.

Did not attend prior invitation to screening.

PProportions calculated as the percentage of the total number of attendees.
°Fine-needle aspiration cytology, core-needle biopsy, or open biopsy.

In our sample, 4% of women attended 10 screen-
ing examinations, and most women (88.7%) never
experienced a false-positive screening result; 10.5% of
women experienced 1 false-positive screening result,
and 0.8% of women experienced 2 or more (Fig. 2A).
Similarly, most women (96.7%) never experienced a
false-positive screening result that involved an invasive
procedure. Roughly 3.1% of women experienced 1 in-
vasive procedure, and 0.1% of women experienced 2 or
more (Fig. 2B).

The proportion of women who experienced a false-
positive screening result was higher for prevalent screens
than subsequent screens (5.9% for prevalent screens vs
2.3% for second screens; Fig. 3A). This risk decreased
until women attended 7 screening rounds, from which
point it was 1.3% per round. The cumulative risk of a
first false-positive screening result after 10 screening
rounds was 18.04% (95% CI, 18.00%-18.07%; Fig. 3A).

The proportion of women experiencing a false-
positive screening result that involved an invasive proce-
dure was also higher for prevalent screens than subsequent
screens (1.9% for prevalent screens vs 0.5% for second
screens; Fig. 3B). This risk was relatively constant after-
wards (0.3%-0.4% per round). The cumulative risk of
experiencing a first false-positive screening result that
involved an invasive procedure was 5.01% (95% CI,
5.01%-5.02%) after 10 screening rounds (Fig. 3B).

Results from the regression analyses indicated
that both cumulative risks were relatively consistent
whether adjustments were made for the screening
technique (screen-film or full-field digital mammogra-
phy), screening year, age at screening, screening center,
or total number of screening examinations attended
(Table 2). Adjusting for the last allowed us to evalu-
ate the potential for dependent censoring (see the sup-
porting information). The effect of this adjustment was
modest: we observed a cumulative risk of 18.28% (95%
CI, 18.24%-18.32%) for experiencing a false-positive
screening result and a cumulative risk of 5.11% (95%
Cl, 5.11%-5.22%) for experiencing a false-positive
screening result that involved an invasive procedure.
We concluded that dependent censoring was unlikely
to have had a substantial effect on our results. The fully
adjusted models, which did not include the screening
year because of its collinearity with age at screening,
indicated that the cumulative risk was 17.94% (95%
ClI, 17.90%-17.97%) for experiencing a false-positive
screening result and 5.05% (95% CI, 5.05%-5.06%)
for experiencing a false-positive screening result that in-
volved an invasive procedure (Table 2).
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Figure 2. Number of (A) false-positive screening results and (B) false-positive screening results involving an invasive procedure
experienced by 421,545 women attending BreastScreen Norway from November 1995 to December 2019.
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Figure 3. Observed risk of experiencing (A) a false-positive screening result and (B) a false-positive screening result involving an
invasive procedure among 421,545 women attending BreastScreen Norway from November 1995 to December 2019.

DISCUSSION

This study used empirical data to describe the probability
of experiencing a first false-positive screening result as-
sociated with attending 10 biennial screening rounds in
BreastScreen Norway. The cumulative risk of experienc-
ing a first false-positive screening result was 18.04%, and
the cumulative risk of experiencing a first false-positive
screening result that involved an invasive procedure was
5.01%.

Similar to the Kaplan-Meier approach to calcu-
lating survival, our empirical approach to calculating
the cumulative risk assumed that the risk of experienc-
ing the outcome of interest did not change for women
with censored follow-up time. This assumption facili-
tated the inclusion of screening data from as recently
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as 2019. As a result, many women’s follow-up was cen-
sored at the end of the study period before they had
attended 10 screening rounds. We observed that 11.3%
of the women in our sample experienced at least 1 false-
positive screening result during the study period, and
3.3% experienced at least 1 false-positive screening re-
sult that involved an invasive procedure. These propor-
tions underestimate the cumulative risks because not all
women had attended 10 screening rounds. The propor-
tion of observed false-positive screening results equals
the cumulative risk in a scenario where all women have
complete follow-up.

In addition to the empirical approach, our study also
used a discrete-time survival models to estimate cumula-
tive risks with logistic regression. This method produces
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TABLE 2. Adjusted Cumulative Risks (%) of Experiencing a False-Positive Screening Result or a False-
Positive Screening Result Involving an Invasive Procedure Among 421,545 Women Attending BreastScreen

Norway From November 1995 to December 2019

Screening Round

Adjusted for 1 2 3 4 5 6 7 8 9 10
False-positive screening result
Screening technique® 5.97 8.11 9.78 11.18 12.51 13.70 14.83 15.93 16.99 18.01
Irregular attendance pattern 5.91 8.03 9.70 11.10 12.44 13.65 14.80 15.92 17.01 18.05
Screening year 6.03 8.18 9.86 11.25 12.57 13.75 14.87 15.94 16.97 17.97
Age at screening 5.60 7.90 9.83 11.44 12.89 14.06 15.05 15.89 16.61 17.25
Screening center 5.76 7.87 9.56 10.98 12.34 13.56 14.73 15.88 17.00 18.09
Number of screens attended 5.59 7.66 9.33 10.76 12.15 13.43 14.67 15.90 17.10 18.28
All variables® 4.73 6.81 8.69 10.38 12.01 13.43 14.71 15.88 16.95 17.94
False-positive screening result
involving an invasive procedure
Screening technique® 1.94 2.44 2.86 3.21 3.56 3.86 413 4.41 4.70 5.01
Irregular attendance pattern 1.89 2.37 2.79 3.14 3.50 3.80 4.09 4.39 4.69 5.02
Screening year 1.96 2.46 2.89 3.23 3.58 3.88 4.15 4.42 4.70 5.00
Age at screening 2.29 2.83 3.27 3.61 3.94 4.20 4.43 4.65 4.87 5.09
Screening center 1.83 2.31 2.73 3.09 3.45 3.77 4.06 4.36 4.66 4.98
Number of screens attended 1.69 2.14 2.56 2.92 3.30 3.65 3.98 4.32 4.70 5.11
All variables® 1.68 2.14 2.56 2.92 3.31 3.65 3.98 4.32 4.68 5.05

2Analogue or full-field digital mammography.

PThe screening year variable was omitted because of its collinearity with the age at screening.

biased results if experiencing the outcome of interest af-
fects women’s screening attendance (dependent censor-
ing).” To evaluate the potential for dependent censoring,
we adjusted our models for the total number of screening
rounds that women attended. The effect of this adjust-
ment was modest, and we concluded that dependent cen-
soring was unlikely to have had a substantial effect on our
results.

As with other European studies, our results also
differed notably from US studies, which largely use data
from the Breast Cancer Surveillance Consortium. The lat-
ter have indicated that, for women who initiate biennial
screening at the age of 50 years, the cumulative risk after
10 years is 42% for experiencing at least 1 false-positive
screening result and 6.4% for experiencing at least 1 false-
positive screening result involving an invasive procedure.”
Other US-based studies evaluating different age groups,
screening intervals, or follow-up have observed cumula-
tive risks of 42.0% to 59.3% for false-positive screening
results and 6.2% to 18.6% for false-positive screening re-
sults that involve invasive procedures.”'2¢28

Organizational factors can play a significant role
in the risk of a false-positive screening result and likely
contribute to the large differences in false-positive rates
between United States and BreastScreen Norway.'> For
example, the European guidelines recommend that breast
radiologists read 3500 to 11,000 mammograms annu-
ally, whereas 960 every 2 years are required by the US
Mammography Quality Standards Act.””* This likely

6

results in a lower risk of a false positive in Europe com-
pared with the United States.>"*> Moreover, cumulative
risks increase with shorter screening intervals (eg, annual
vs biennial screening) and a longer screening duration
(eg, ages of 40-74 vs 50-69 years), both of which are
common in the United States.”*® Additionally, the risk
of a false-positive screening result increases when prior
mammograms are not available for comparison.”*® Prior
screening examinations are readily available in Norway,
where the screening program is administered nationally,
but this is not always the case in the United States.”®

Our results are consistent with previous Norwegian
estimates for experiencing a first false-positive screening
result (20.8% and 20.0%, respectively) and an invasive
procedure with a benign outcome (3.9% and 4.1%,
respectively).g’9 The similarly in results across studies
suggests that the cumulative risk of experiencing a false-
positive screening result in BreastScreen Norway is not
very sensitive to small differences in the age at which
women initiate screening.

A strength of our study is the inclusion of data
from more than 1.8 million screening examinations per-
formed during 1995-2019, including those for 18,203
women who attended 10 biennial screening rounds in
BreastScreen Norway. In previous Norwegian studies,
women had yet to be invited to 10 screening rounds, and
the risk of a false-positive screening result or invasive pro-
cedure with a benign outcome in later screening rounds
was extrapolated.®” The results of our study confirm that
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the methodological approach used in these previous stud-
ies was robust.

Following data privacy protocols, we did not in-
clude women who requested that their data pertaining
to negative screening results not be used for research.
Because this limited the number of women included in
the denominator, we could have overestimated the pro-
portion of women experiencing a false-positive screen-
ing result. However, this is unlikely to have had a major
impact on our results because <2% of women attending
BreastScreen Norway have made this request.'”

Women who experience a false-positive screening
result have a higher risk of breast cancer than those
with negative screening results.*>** This risk is fur-
ther increased among women whose false-positive re-
sult involves an invasive procedure.”> More than 50%
of the women invited to BreastScreen Norway attend
10 consecutive screening rounds, and this suggests that
the cumulative risk of a false-positive screening result is
relevant to women in the program’s target group.”” As
informed choice becomes increasingly important in or-
ganized breast cancer screening, it is essential to provide
women with accurate information about the cumulative
risks associated with attending repeated screening and
the increased breast cancer risk associated with false-
positive screening results.

In conclusion, the risk of experiencing a false-
positive screening result or a false-positive screening result
involving an invasive procedure in any given screening
round was low. However, our study found that less than
1 in 5 women would experience a false-positive screen-
ing result if they attended 10 screening rounds with
BreastScreen Norway. One in 20 women would experi-
ence a false-positive screening result that involved an in-
vasive procedure. These cumulative risks are important to
communicate with women targeted for repeated mam-
mographic screening.
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