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Impact of breast density on cancer detection:
observations from digital mammography test sets

Abstract

Introduction: The aim of this study is to investigate the impact of breast density on the
diagnostic efficacy of 273 breast screening radiologists reading 1 of 5 test sets of digital
mammograms within the BREAST program.

Methods: Retrospective data was collected from two hundred and seventy-three breast
screening radiologists who participated in BREAST test sets between 2012 and 2017.
Radiologists reviewed one of five test sets (labeled T1-T5) each containing 60 digital
mammographic cases with 20 cancers and 40 normal cases. The cases also had varying
mammographic densities based on BI-RADS density ratings. Cases were grouped into low-
density (LD) and high-density (HD), and sensitivity, lesion sensitivity, specificity, receiver
operating characteristic (ROC) and jackknifing free response operating characteristic
(JAFROC) figures of merit were compared using Mann-Whitney U or unpaired t-tests.

Results: Readers in three out of five test sets showed better case sensitivity and lesion
sensitivity in LD compared with HD cases (T2, T4, and T5: P<0.001). One out of five test
sets showed the same trend with specificity (T4: P<0.0001) and another set followed this
pattern for ROC (T5: P<0.0001) and JAFROC (T5: P<0.0001) values. One test set (T3)
demonstrated better performance in HD versus LD cases (ROC P<0.0001 and JAFROC
P<0.0001). Reader experience, training, and set features may account for the variation in
the results between the test sets.

Conclusion: Overall, radiologists taking the BREAST test sets perform better on cases with
low mammographic density thus highlighting diagnostic advantage for women with lower
breast density and reiterating the challenges presented by mammograms of dense breasts.
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Introduction

Mammographic density presents a challenge for breast screening
radiologists with strong evidence of increased breast cancer risk and
false negative outcomes in women with higher breast density levels.
The risks are associated with breast tissue composition and histology
linked to breast cancer susceptibility,* and reduced mammographic
accuracy with lower positive predictive values, higher risk of interval
cancers, and higher recall rates among dense cases.*™ The effect known
as “masking”, where malignancies are obscured in dense areas of the
breast rendering them difficult to detect, is reported to be a key factor
in errors made by radiologists when examining mammograms.*®

The majority of evidence pertaining to diagnostic errors and
radiologic performance in dense breasts have in the past involved
studies using film-screen systems.””!' More recently, researchers have
focused on the now widely used digital mammography detectors,'>'* the
findings of which support the results achieved in film mammography
in that cases with low density versus high density yielded better
mammographic accuracy. However, the result of one study,'* diverged
from those findings in that the performance of six radiologists reading
digital mammograms in a test set was better on high density breasts
compared with low density breasts. Further work is therefore needed
to investigate the impact of breast density on cancer detection in the
digital era using rigorous test set approaches involving high quality
images and many expert observers. BreastScreen Reader Assessment
Strategy (BREAST) is a radiology reader assessment program
used in Australia and New Zealand by BreastScreen radiologists. It
assesses the performance of clinicians on enriched sets of 60 digital

mammography cases via a web-based application.'>!® Due to the large
number of participants and data generated by BREAST, it provides
an opportunity to validate the effect of breast density on cancer
detection. The aim of this work is to utilize BREAST-generated data
to investigate the effect of breast density on the diagnostic efficacy of
screening radiologists reading digital mammograms.

Materials and methods
Data collection

Ethical approval was obtained for this retrospective study (HREC
2017/028) and electronic informed consent was collected from
radiologists prior to participating in the test sets. A computer program
collected test set performances from n=273 radiologists from 2012
to 2017. During this time radiologists may have done more than 1
test set however we only included the first test set completed. Study
participants were employees of BreastScreen Australia or Aotearoa
(New Zealand) at the time of completing a test. Performance metrics
on five test sets were collected and for this study were named, test 1
(T1), test 2 (T2), test 3 (T3), test 4 (T4), and test 5 (T5). Each test set
has 60 anonymized digital mammography cases compiled from the
national screening programs’ image libraries. The BREAST program
provided the software, which is routinely used in Australia and New
Zealand by BreastScreen radiologists. Participation in BREAST is
an activity that meets the National Accreditation Standards (NAS)!"
and it is one of the largest continuing observer studies in digital
mammography reading in the world.
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Test sets

Five test sets or a total of 300 mammography cases from a
screening population were used. Each test set includes 20 cases
with biopsy proven malignancies and 40 normal cases. Cases were
confirmed by two experienced radiologists and follow-up negative
screening mammograms obtained in the succeeding screening round.
The 20 positive cases in each test set contain a variety of lesion
sizes and malignancy appearance. The cases also have a range of
breast densities described using the categories 1 to 4 of the Breast
Imaging Reporting and Data System (BI-RADS) version 4 (2003) and
evaluated by at least two expert radiologists. This version of BI-RADS
was in widespread use in Australia at the time of test set development
by the BREAST program and generally describes volume of density.
The categories are: 1=almost entirely fatty, approximately 0-25%
density; 2= scattered areas of fibroglandular density, approximately
25-50% density; 3= heterogeneously dense, approximately 50-75%
density; and 4= extremely dense, approximately 75-100% density.'®
For this study we grouped BI-RADS 1&2 as “LD” (LD) and BI-
RADS 3&4 as “HD” (HD). Where available, cases were presented
with mammograms from the previous screening round.

Performance data

The clinicians (“readers’) who participated in the study viewed the
test sets via the BREAST platform either at a conference workshop
in a simulated reading room, or online in their usual clinical setting.
Readers spent between 1.5 to 2 hours completing a test set. Comparable
viewing conditions were available to readers in both settings. Images
were displayed on pairs of 5 megapixel medical-grade monochrome
liquid crystal display monitors with a resolution of 2.049 by 2.560
pixels. Ambient light levels were maintained at 25-40 Lux"
throughout the study. Readers were firstly asked to complete a survey
with demographic and work experience questions prior to starting a
test. Test instructions were then provided to readers in which they
were asked to examine each case as per their usual clinical reporting
and mark as many lesions as they could identify on both cranio-caudal
and medio-lateral oblique views. Readers could mark a lesion with a
double mouse click and allocate a confidence score ranging from 2 to
5 where: 2=benign; 3=equivocal; 4=suspicious; 5=malignant. Scores
of 3, 4 and 5 were used to demonstrate increasing confidence in the
malignancy of the marked lesion. Where no significant abnormality
was detected on a case, readers were asked to click on the “next case”
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icon which is saved by the computer program as 1= normal. When
readers complete the final case in the set, they submit their answers
and immediately receive feedback on their performance with scores on
sensitivity and specificity (sensitivity and specificity were calculated
by combining reader confidence score of 1 and 2 as a normal result
and 3, 4 and 5 as abnormal), lesion sensitivity, receiver operating
characteristic (ROC) and jackknife free-response receiver operating
characteristic (JAFROC) figures of merit (FOM). JAFROC FOM is
acquired by combining lesion sensitivity, specificity and confidence
score*™ with a minimum value of 0.00 and maximum value of 1.00).

Data analysis

Firstly, the characteristics of readers in each test set were explored
based on the information survey-collected including age, gender,
training and work-experience. We then separated the cases in each
of the test sets, T1, T2, T3, T4, and TS5 into two density groupings,
LD and HD, and further divided the cancer cases from the cancer-
free cases. We therefore had each test set stratified by densities (low
and high) and types (abnormal and normal). Next, we measured
performance metrics of individual readers in each test set within
the LD and HD categories. We then calculated for each reader,
sensitivity, lesion sensitivity and specificity scores out of 100%. ROC
and JAFROC FOM were calculated using the BREAST software
algorithm, which provided resultant figures out of 1.0. We compared
the means (for parametric data) or medians (for non-parametric data)
of the scores between LD and HD cases in each test set. Unpaired
t-test and Mann-Whitney test was used to determine p-values, and
p=<0.05 was considered significant.

Results

Reader profiles

There were 273 individual radiologists in this sample. The numbers
of readers per test set are described in Table 1. Readers had an average
age of 50 years and were 46% males and 54% females. Readers on
average had 13 years’ experience with reading mammograms and
a median of 2,640 cases were being read per year. Only 25% of
readers said that they had completed a fellowship in mammography
reading, and there were a larger proportion of radiologists (80%)
currently reading mostly digital mammograms as opposed to film.
The responses to questions about training and work experiences are
shown in Table 1.

Table | Radiologists’ characteristics and work experience at the time of completing a test set

Reader characteristics All tests (n=273)

TI (n=40)

T2 (n=108) T3 (n=31) T4 (n=64) TS5 (n=30)

Mean age (y) 50 (1)

Gender (male, female) 46%, 54%

Mean no. of years reading

47 (£13)

45%, 55%

51 (11) 48 (£12) 51 (£12) 50 (£8)

35%, 65% 52%, 48% 67%,33% 40%, 60%

mammograms 13 (£10) 8 (£9) I5 (x11) 12 (£9) 15 (x10) 13 (29)
:’IQe::I’ién3;10. of annual cases read 2640 (480, 8640) 960 (480, 3240) ;2:8)0 140, é;:g)(480, ;2385480, ;g;g)(IZOO,
felowatip lsing 3 o e months 5% 3%, 29% 7% 8% 37%

% readers who read mostly digital 80% 70% 86% 81% 0% 935

mammograms

Mean are presented with standard deviations (+) and Medians are presented with 25% percentile (Q1) and 75% percentile (Q3)
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Test set characteristics

While the tests each contained 20 cancer cases, T1, T2, and T3
contained one case with 2 lesions. Therefore, the total number
of lesions were n=103 with 47 lesions in the LD category and 56
lesions in the HD category. T3 contained the lowest number of HD
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cases (n=16 or 27% dense), and T4 had the most (n=38 or 63%). The
average lesion sizes for LD and HD cases respectively were 12.2mm
and 11.7mm. The smallest average lesion within LD cases was in T5
(9.1mm) and the largest was within T4 (16.5mm). For HD cases, the
smallest average lesion was within T1 (10mm) and the largest was
within T4 (14.8mm). These are shown in Table 2.

Table 2 Numbers of lesions and normal cases in LD and HD mammograms, and average lesion sizes in each of the five test sets

Low density High density

Test No. of Lesion size No. of normal No. of Lesion size No. of normal
set lesions (mm) cases lesions (mm) cases

TI* 9 9.9 19 12 10 21

T2* 7 10.6 17 14 1.9 23

T3* 14 14.8 31 7 10.3 9

T4 6 16.5 16 14 14.8 24

T5 I 9.1 20 9 1.6 20

Total 47 12.2 103 56 1.7 97

*Test sets with one cancer case containing two lesions (all other test sets have only one lesion per cancer case)

Readers’ performances

The sensitivity, lesion sensitivity, and specificity scores of all test
sets had non-normal distributions, while ROC and JAFROC FOM
were normally distributed, except for T2 and T3 scores. Therefore,
medians and interquartile ranges were assessed for sensitivity, lesion
sensitivity, and specificity scores on each test set, and means were
tested for ROC and JAFROC FOM, except for T2 and T3 in which
means and standard deviations were used. All test sets except T3
showed that performance was better in LD cases than HD cases. This
was apparent in sensitivity, lesion sensitivity, specificity, ROC and

JAFROC FOM, However, these were only significant for sensitivity
and lesion sensitivity in T2, T4 and TS5 (p<0.05), specificity in T4
(p<0.0001), ROC and JAFROC FOM in T5 (p<0.0001). Although
there were marginal improvements in lesion sensitivity for T1 in LD
versus HD cases (approx. 0.04% difference), and in specificity for
T2 LD versus HD cases (approx. 1.8% difference), these were not
statistically significant. For T3, performance was significantly better
in HD cases compared with LD cases in sensitivity (p<0.001), lesion
sensitivity (p<0.001), ROC (p<0.05), JAFROC FOM, (p<0.05), but
non-significant for specificity scores. These are shown in Table 3.

Table 3 Differences between scores of readers in low and HD cases in each test set

Test set Low density cases High density cases p-value
Sensitivity (%)
Tl 75 (53.1,87.5) 72.7 (54.5,81.8) 0.478
T2 71.4(57.1,85.7) 69.2 (61.5,84.6) 0.009%*
T3 53.8 (46.2,69.2) 71.4(57.1,85.7) 0.001*
T4 66.7 (50,83.3) 57.1 (357,71.4) 0.001*
T5 90.9 (81.8,90.9) 77.8 (66.7,88.9) 0.001*
Lesion Sensitivity (%)
Tl 72.3 (55.6,88.9) 727 (54.5,81.8) 0.688
T2 71.4(57.1,85.7) 71.4(51.7,78.6) 0.001*
T3 50 (42.9,71.4) 71.4 (57.1,57.1) 0.001*
T4 66.7 (50,83.3) 57.1 (357,71.4) 0.006*
T5 90.9 (81.8,90.9) 77.8 (66.7,88.9) 0.001*
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Table Continued...
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Test set Low density cases High density cases p-value
Specificity (%)

Tl 84.2 (68.4,89.5) 73.4 (66.8,85.5) 0.063

T2 76.5 (66.2,82.4) 78.3(69.3,91.3) 0.099

T3 80.6 (71,90.3) 77.8 (66.7,88.9) 0.611

T4 87.5(81.3,93.8) 79.2 (70.8,87.5) <0.0001*

T5 80 (70, 85) 77.5 (65, 80) 0.064
ROC (max.is 1.0)

TI* 0.83 +£0.10 0.83 +£0.08 0912+

T2 0.84 (0.77,0.90) 0.86 (0.80,0.90) 0.273

T3 0.78 (0.72,0.84) 0.85 (0.79,0.93) 0.004%*

T4* 0.74 £0.11 0.73 £0.10 0.595+

T5* 0.90 +0.05 0.80 +0.08 <0.000 | *+
JAFROC FOM (max.is 1.0)

TI* 0.68 +0.15 0.66 +0.11 0.523+

T2 0.72 (0.62,0.81) 0.72 (0.63,0.78) 0.225

T3 0.60 (0.50,0.71) 0.69 (0.57,0.84) 0.021*

T4* 0.63 +0.15 0.62 +0.14 0.569+

T5* 0.82 +0.07 0.80 +0.08 <0.000 | *+

39

Note: P values with an asterisk (¥) denotes significance. Where there is a plus symbol (*) mean values and standard deviations were used, and P values were
derived from unpaired t tests.All other data represent median values with first and third quartiles, and P values were derived from Mann-Whitney U tests

Discussion

It is well-reported that radiologic performance with mammograms
decreases with increasing breast density.”®2*2> We show a similar
trend in four out of five tests with readers having improved cancer
detection as well as lesion localization in LD compared with HD
cases. In both ROC and JAFROC FOM analyses, one out of five
tests reflected the beneficial effect of LD on reader performance, a
finding consistent with the literature on diagnostic efficacy when
accounting for density in digital mammograms.'>'* The anomalous
test was T3 in that sensitivity, lesion sensitivity and JAFROC FOM
were significantly better in HD rather than LD cases. While this
result is irregular, it is not unheard of, with a small number of studies
reporting similar findings particularly in digital mammography.?>*
The possible reasons for the results seen in T3 will be explored below.
For specificity, our results show a similar trend in the majority of
tests including T3 with decreased specificity in HD versus LD cases.
Our findings reiterate the challenge that breast density presents for
screening radiologists within a population-based program, for whom
cancer-free cases consist the bulk of their caseload and recall rates
are closely monitored. Our overall specificity results corroborate
previously reported evidence that women with dense breasts are more
likely to be recalled and attract false positive findings.***

Similar to the nonconformity of T3’s results a recent study using
digital mammograms of Australian women (14) demonstrated that
six expert radiologists, that is, observers who had annual case-loads
of over 2000 mammograms, produced significantly higher JAFROC
FOM when reading high (BI-RADS 3&4) versus low (BI-RADS 1&2)
density cases. However, observers in that previous work average more
than 6000 annual reads while the readers of T3 in this current work had
a median annual case-load of 1140, much like the readers in T4 where
sensitivity and specificity were lower in HD cases. Indeed, T3 shared
many similarities with other tests in the current work such as readers’
reading experience and usage of digital mammography as opposed to
film, giving little clues as to possible associations with performance.
The only notable variation is that T3 readers had the lowest rate of
breast fellowship completions among all tests. This suggests that more
readers in T3 were likely to have experienced generalized training or
alternative forms of breast instruction such as on-the-job training or
a rotation through BreastScreen. The influence of fellowship training
upon readers’ performance on mammographically dense breasts
should be the focus of future work.

A test set feature which may explain T3’s results is that T3
contained the lowest proportion of dense abnormal and cancer-free
cases compared to the other tests. This suggests that encountering
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fewer difficult cases within one reading experiment session potentially
enhances diagnostic ability when presented with challenging cases
and may heighten radiologists’ visual attention to abnormalities.!
While this effect, if true, should influence all other tests and not
just one, it could be that the smaller number of challenging cases
within T3 and the restricted time-frame for readers to complete the
test set (i.e., 1.5 to 2 hours) might have provided some advantage to
readers. The validity of this claim should be verified using test sets
of similar density characteristic within the BREAST program. While
the current work confirms the need for optimizing the diagnostic
efficacy of radiologists reading mammograms of dense breasts, it
also sheds light on the increased benefits of breast screening women
with lower mammographic densities as their cancers are more easily
detectable. It is estimated that 57% of women in the United States’
undergoing breast screening have scattered density or almost entirely
fatty breasts,” and a study in the Northern Territory of Australia
found that 53% of screened women were allocated BI-RADS 1 or
2 density ratings by pairs of radiologists.? While all women benefit
from early detection, especially women with high density measures
and increased breast cancer risk, screening sections of the population
with known lower density, for example, older women and women of
diverse ethnicities poses an advantage.

The increased diagnostic efficacy of radiologists reviewing cases
that represent the majority of women in the screening program and
sections of the population where attendance rates are the lowest,
should work to encourage greater participation. In Australia, the
participation rate of Indigenous women to breast screening is 15%
lower than the general populace and the mortality from breast cancer
is two-fold higher.?*® With breast density in Indigenous Australians
described as predominantly adipose® and reported to be significantly
lower compared with non-Indigenous women?**° the current work
suggests that Indigenous women would particularly benefit from
carly breast cancer detection and low false positives provided
through engagement with the screening program in the recommended
schedule.

We acknowledge the limitations of the current work including the
potential selection bias in the test sets. While test cases were selected
with the intent to maintain a consistent level of difficulty across all
tests,'® the possibility that difficulty levels still varied between cases
in LD and HD categories cannot be eliminated. Another critical
limitation was the use of a single method for assessing mammographic
density. While BI-RADS density measurement is a widely used
method, it is visually and qualitatively assessed. Automated
measurement tools currently available in the market would increase
the accuracy and reproducibility of density measurements within the
test sets.>’*2 The current work reaffirms the beneficial effect of low
mammographic density on reader performance, however the trend is
not completely consistent suggesting that there may be other factors
that affect performance such as radiologists’ training and test set
characteristics. Further work to identify these agents is required so a
more precise understanding of the impact of mammographic density
on performance is available.
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