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Background

This evidence review explores the upper and lower range for the abnormal call rate (ACR) target in
Canada and internationally, to inform the development of an action plan that will include an identified
approach to setting an appropriate national ACR target. The purpose of this report is to present the
varying international targets for abnormal recall, identify different rationales for target-setting, and
examine performance to identify key insights to inform appropriate target-setting in Canada.

Methodology

A comprehensive, multi-faceted search strategy was designed to identify key resources in both the
indexed and grey literature. An extensive grey literature search was required for this topic because
organizations that report on performance, quality improvement initiatives, and groups that develop or
promote quality measures are typically not focused on publishing in indexed journals.

Key Findings

The Canadian national target for ACR in women aged 50-69 is <10% of initial screens and <5% of
subsequent screens, and between 2004 and 2014 the abnormal call rates measured for initial and
subsequent screens were higher than these targets.

ACR Rates vary significantly across countries, and even across jurisdictions. In countries with screening
periods similar to Canada, between 2012 and 2013 the abnormal call rate ranged from 13.4% in France
(PPV =5.4%) to a low of 4.8 in Finland (PPV = 10.2%) for initial screening, and from a high of 8.4% in
France (PPV = 7.9%) to a low of 2.0% in the Netherlands (PPV=29.5%) for subsequent screening.

Recent national, provincial, and international quality measures for abnormal call rates, cancer detection
rates, and positive predictive values for both initial and subsequent screens are presented in Tables 1-3
for ease of reference.

The European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis (4th ed) have
set an acceptable recall rate for initial screening at <7%, with a desirable level of <5%, and an acceptable
rate of recall for subsequent screens at <5%, with a desirable level of <3%. This is similar to the
recommendations of the NHS Breast Screening Program which states that <10% is acceptable for
prevalent screening, and <7% is achievable, with <7% being acceptable for incident screens, and <5%
achievable, although it should be noted that the UK invites women for screening every 3 years, and the
European Guidelines recommend screening every 2 years.




A number of studies have recently been published that examine and discuss appropriate ACR ranges,
and address the trade-offs between ACR and other important performance metrics associated with
mammography, including PPV, CDR, sensitivity and specificity.

Overall, there is significant heterogeneity in optimal ACR targets suggested by the current literature.
Qualitatively, in order to balance the trade-offs between ACR and other important performance metrics,
evidence suggests a range of 5%-14%. It has been found that ACR below the 5% has the potential to
compromise sensitivity and CDR, while ACR above 14% has the potential to compromise PPV and
specificity and can affect patient anxiety and system costs.

It is important to note that many organizations provide disparate guidance regarding breast cancer
screening, and well as distinct targets for recommended performance measures, often based on the
same pool of research. Differences in recommendations between groups and across international
organizations are often a result of the relative value placed on various outcomes, as well as differing
priorities of the women being screened. A detailed examination of the significance various groups place
on outcomes, benefits, and costs is beyond the scope of this report, but Canadian priorities must be
taken into consideration when establishing ACR and related targets.




The Centre for Effective Practice was engaged by the Canadian Partnership Against Cancer to develop a
brief report on abnormal call rates (ACR) for breast cancer screening, with a focus on providing the most
recent data available regarding:

e Performance measures in international, national, and provincial mammographic breast cancer
screening programs

® International and national benchmarks and targets set for ACR and related measures such as
cancer detection rate and positive predictive value of screening

e Current research regarding appropriate targets for these measures

Breast cancer screening is designed to identify potential breast cancers, increasing the likelihood of early
detection. Abnormal call rate is an important quality indicator of mammogram imaging and
interpretation, and is most informative when considered in the context of cancer detection rate, breast
cancer incidence rate, post-screen cancer rate, and positive predictive value (PPV) (1).

Though screening has been shown to reduce morbidity, and is recommended by many international
breast radiology bodies (2), there is significant international variation in performance measures, and a
need to set appropriate targets for ACR, PPV and CDR. Overly high ACR could be indicative of increased
incidence of false-positives and unnecessary follow-up tests. The experience of being recalled for further
investigation can cause significant stress and anxiety for women — lasting beyond the screening and
investigation process, and regardless of outcome (3,4). Though it has been found that most women
aged 50-69 appear to identify reduction in breast cancer mortality as outweighing concerns about
potential harms (5), high recall rates merit consideration.

Conversely, while false positives have been reported to cause women “significant psychological
distress”(4), research shows that reducing ACRs can negatively impact detection, leading to missed
cancers (false negatives); and that furthermore, little is known about which mammographic features or
breast cancer appearances are affected by reduced ACR (6). International target-setting for ACR
attempts to strike a balance between high detection sensitivity, low false-positive incidence, system
costs, and clinical workload.

International target recall rates range widely. Although many countries use a standardized method of
reporting mammograms (BI-RADS), a variety of factors impact ACR, including technology, single or
double reading structures, reader experience, mammographic features, screening interval, and patient
age (1).




A comprehensive search was conducted to identify the most current, high-quality information using a
rigorous and methodologically sound approach. Although a full systematic review was beyond the
scope of this project, a multi-faceted search strategy was designed to identify key resources in both the
grey and indexed literature. The search was limited to English language resources published between
2000 and 2019. Considering results across this time frame ensured that older guidelines and
benchmarks that are still being used by screening programs were not unduly excluded, but due to
changes in technology and mammography programs, it was important to use the most up-to-date
version of a publication where possible. Additional details about the search strategy are provided in
Appendix A.

The indexed literature was searched using Ovid MEDLINE in order to capture relevant resources
published in traditional academic and peer reviewed literature. A combination of controlled vocabulary
(MeSH terms), and free text words were used in combination with wildcard symbols to identify
variations in spelling and variant word endings. The search was designed to be sensitive, with titles and
abstracts manually reviewed for applicability and inclusion.

Organizations that report on performance or quality improvement initiatives, and groups that develop
or promote quality measures are typically not focused on publishing in indexed journals, so an extensive
grey literature search was conducted.

To ensure the grey literature search was comprehensive, multiple complementary approaches were
used. These include:

1. Searching key indicator repositories and the websites of developers of quality measures across
broad health care topics (e.g. NICE Standards and Indicators).

2. ldentifying and searching within resources and initiatives that provide quality measures related
to cancer screening or to the cancer care continuum (e.g. Cancer Australia's National Cancer
Control Indicators).

3. Searching the websites and resources of international, national, and provincial health agencies
and quality improvement programs (e.g. Canadian Institute for Health Information).

4. Examining websites for provincial, national, and international breast cancer screening programs
(e.g. CPAC's list of cancer screening programs across Canada).

5. Searching the websites and resources of national and international organizations related to
breast cancer screening (e.g. Canadian Association of Radiologists).




6. Executing a targeted search for high quality clinical practice guidelines or systematic reviews
related to breast cancer screening to identify any relevant evidence or quality measures (e.g. the
Cancer Guidelines Database, Canadian Task Force for Preventive Health Care.)

7. Conducting an extensive supplementary grey literature search using Google to identify
additional resources not captured above.

Throughout this report, abnormal call rate (ACR) is used to refer to the percentage of women who were
referred for diagnostic investigation because of an abnormal screening mammogram result. Cancer
detection rate (CDR) is defined as the number of women with screen detected cancer per 1,000 women
who had a screening mammogram, and is typically presented as overall detection rate (i.e. CIS and
invasive cancer) unless otherwise stated. Positive Predictive Value (PPV) refers to the percentage of
breast cancers detected among women recalled due to abnormal mammographic findings (i.e. PPV-1).
PPV is particularly important when considering ACR; high PPV indicates that many women recalled for
further assessment have breast cancer.

It is important to emphasize the variations in terminology used internationally to describe elements
related to abnormal call rate. These include terms such as call back rate, recalled for assessment, call
rate, abnormal interpretation rate, proportion of persons attending further assessment after a positive
screen test result, etc. Similarly, initial and subsequent screens are also referred to by a variety of terms
in the international literature, such as prevalent and incident screenings in the UK.

Because of the significant variation in nomenclature and indexing in this area, a wide variety of search
terms was used to identify potential resources, which were then examined individually for relevance.

Future research in this area will need to recognize and incorporate this breadth of terms, to ensure that
all relevant information is captured and significant research is not overlooked.




In Canada, population-based breast cancer screening programs exist across all provinces and territories
except Nunavut (1,7). The current national target for ACR in women 50-69 is <10% of initial screens and
<5% of subsequent screens, but on the whole, these targets are not being met (1). In fact, the national
ACR has risen steadily over the last two decades, while the PPV has gone down. Table 1 provides the
rates of ACR, CDR and PPV in Canada from 2004-2014.

The abnormal call rate target published in the third edition of the Guidelines for Monitoring Breast
Cancer Screening Program Performance (8) provides references for the target and evidence supporting

the measure, which consists of research and international targets published between 2002 and 2010.

Updated international targets and relevant research are provided in the following sections of this
report.

Table 1: Abnormal Call Rate, Cancer Detection, and Positive Predictive Value in Canada

Indicator Target | 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

abnormal call rate (%)

. <10 12.4 12.3 12.3 10.3 11.5 12.7 13.7 14.8 15.8 16.7 16.6
initial screen

abnormal call rate (%)

<5 6.4 6.1 6 6 6.1 6.2 6.4 7.1 7.4 7.6 7.6
subsequent screen
invasive cancer detection
rate (per 1,000 screens) >5 4.5 43 4.7 33 4.5 4.4 4.7 4.9 4.8 - -

initial screen

invasive cancer detection
rate (per 1,000 screens) >3 35 3.7 3.6 3.8 35 3.6 3.7 3.7 3.7 - -
subsequent screen

positive predictive value
(%) initial screen

positive predictive value
(%) subsequent screen

Adapted from Breast Cancer Screening in Canada: Monitoring and Evaluation of Quality Indicators (1)




The current target PPV for initial screening mammography in Canada is 25, and the target for
subsequent screens is 26 (9). While PPV is recognized internationally as a valuable indicator for
screening program performance, recent studies have acknowledged the limitations of a relying on a
simple numeric value for PPV to determine program effectiveness, and must be considered in context
with ACR and CDR (10).

Many factors may be contributing to the wide variation in abnormal call rates observed in programs
across Canada (1). Quality indictors vary widely by age, suggesting the need for new age-specific targets
(1). Choice of screening technology has been noted to impact recall rates in Quebec (9), and even in
programs with standards in place for quality imaging, it can be difficult to obtain a high-quality image. A
Quebec study found that 49.7% of a randomly selected sample of screens at an accredited centre did
not meet the Canadian Association of Radiologists (CAR) criteria for image quality (10). Cancer detection
and recall rates are also impacted by radiologist training and years of experience (3) and length of time
between a patient’s screening intervals (1). Table 2 provides a comparison of provincial indicators for
the periods 2005-2006 and 2011-2012.

Table 2: Provincial Breast Cancer Screening Quality Indicators

Abnormal Call Rate Positive Predictive Value

Province _ 2005-2006 _ 2011-2012 _ 2005-2006 _ 2011-2012
Initial Subsequent Initial Subsequent Initial Subsequent Initial Subsequent

BC 15.9 5.7 17.5 6.4 4.5 7.8 5.4 7.7
AB 6.9 3.1 13.9 6.1 5.2 155 5 6.7
SK 13.7 53 11.4 4 3.9 9.7 43 11.5
MB 9.5 4.7 9.1 4.2 6.9 10.8 6.3 12.1
ON 11.9 6.8 135 7.1 4.4 6.3 4.2 6

QC 15 7.3 19.3 9.2 4.3 7.3 33 5.9
NB 15.3 6.9 17.7 8.9 3.6 5.3 3.6 4.3
NS 8.4 4.5 14.2 5.1 7.3 10.4 7 8.8
PE - - 20.8 11.9 - - 3 4.9
NL 111 8.3 14 6.3 4.2 53 6 6.5
NT 8.1 9.6 11.3 4.9 - - - -

Province 2005-2006 2011-2012 2005-2006 2011-2012
Initial Subsequent Initial Subsequent Initial Subsequent Initial Subsequent

BC 1.4 1.1 1.6 1 5.8 3.4 7.9 3.9
AB 13 0.7 5 2.9
SK 1.1 0.9 0.9 0.7 4.2 4.2 4 3.9
MB 1.1 0.9 1.8 0.9 5.5 4.2 3.9 4.2
ON 1 0.7 1.1 0.7 4.3 3.6 4.4 35
Qc 1.5 1.1 1.2 1 4.9 4.2 5.2 4.4
NB 1 0.7 1.2 0.8 4.2 2.8 4.9 2.9
NS 1 0.8 11 0.9 5.2 3.9 8.6 3.5
PE - - - 1.2 - - - 4.6
NL 0.5 0.6 1.2 0.7 4 3.5 7.1 3.4
NT - - = - - - - -

Adapted from Breast Cancer Screening in Canada: Monitoring and Evaluation of Quality Indicators and Organized Breast Cancer
Screening Programs in Canada - Report on Program Performance in 2005 and 2006. (1,11)
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To support the development of Canadian benchmarks the most recently published international metrics
are presented in Table 3. Changes in mammographic technology, program coverage, and specific breast
cancer screening guidelines make it important to capture the most recently available data for ACR, PPV
and/or CDR across countries in order to provide comparable benchmarks.

The primary age group presented in Table 3 (age 50-69/70 years) aligns with the most common
international guidelines for quality assurance in breast cancer screening, and is the age group with
performance measures most frequently reported by programs. Most centres use two-view digital
mammography with double-reading, and follow a recommended screening period of every two years in
this age group, with the exception of the UK which recommends a three year interval, and the American
College of Radiology guidelines which recommend annual screening (12).

A single metric is not sufficient for evaluating performance, and ACR must be considered in the context
of other relevant measures such as CDR or PPV. For example, a consistently low abnormal call rate
combined with a low CDR could be driven by sub-optimal performance, or a high PPV without additional
context could suggest that only high-probability lesions were investigated further, which would allow
more subtle lesions to slip through screening (17). To ensure the usefulness of this data, the most
recent ACR measures for 16 countries are presented in Table 3 in conjunction with published CDR
and/or PPV values. Quality measures which were published only as a combined overall rate, rather than
differentiating between initial and subsequent screens have not been included.




Table 3: International Measures of Abnormal Call Rate for Breast Cancer Screening

Screen Douk.JIe Initial or Period CDR Year /
Country Interval | Reading Subsequ.ent Measured /1000 Reference
(years) (Y/N) Screening screens
Australia 2 Yes 50-74 | Initial 2016 11.3 - 9.4 2018 (13)
Australia 2 Yes 50-74 Subsequent 2016 3.7 - 18.5 2018 (13)
Denmark 2 Yes 50-69 Initial 2013 5.0 7.01 14.9 2017 (14,15)
Denmark 2 Yes 50-69 Subsequent 2013 2.2 6.70 32.6 2017 (14)
Finland 2 Yes 50-69 | Initial 2012 4.8 4.91 10.2 2017 (14)
Finland 2 Yes 50-69 Subsequent 2012 2.3 5.78 25.2 2017 (14
France 2 Yes 50-69 | Initial 2012 134 8.24 5.4 2017 (14)
France 2 Yes 50-69 Subsequent 2012 8.4 6.35 7.9 2017 (14)
Germany 2 Yes 50-69 Initial 2012 9.3 7.72 - 2017 (14)
Germany 2 Yes 50-69 Subsequent 2012 3.1 5.59 - 2017 (14)
Ireland 2 Yes 50-64 | Initial 2013 8.0 8.82 11.2 2017 (14)
Ireland 2 Yes 50-64 | Subsequent 2013 2.8 5.64 20.4 2017 (14)
Italy 2 Yes 50-69 Initial 2013 10.0 4.61 4.8 2017 (14)
Italy 2 Yes 50-69 Subsequent 2013 4.8 4.24 9 2017 (14)
Netherlands 2 Yes 50-69 Initial 2013 6.4 7.77 12.2 2017 (14,15)
Netherlands 2 Yes 50-69 Subsequent 2013 2.0 5.89 29.5 2017 (14,15)
Norway 2 Yes 50-69 Initial 2016 7.6 5.90 2017 (16)
Norway 2 Yes 50-69 Subsequent 2016 2.6 5.50 2017 (16)
Spain 2 Yes 50-69 Initial 2013 10.4 5.25 6 2017 (14,15)
Spain 2 Yes 50-69 Subsequent 2013 3.2 4.26 13.4 2017 (14,15)
Sweden ° 2 Yes 50-69 Initial 2013 2.9 5.81 20 2017 (14,15)
Sweden ? 2 Yes 50-69 Subsequent 2013 2.4 6.13 26.2 2017 (14,15)
UK: England 3 Yes 50-70 | Initial 2016-2017 7.8 8.30 2017 (17)
UK: England 3 Yes 50-70 Subsequent 2016-2017 3.0 7.60 2017 (17)
UK: Northern Ireland 3 Yes 50-70 Initial 2013 7.0 6.16 8.8 2017 (14
UK: Northern Ireland 3 Yes 50-70 Subsequent 2013 2.6 6.38 24.6 2017 (14
UK: Scotland 3 Yes 50-70 | Initial 2013-2014 10.1 7.17 7.2 2017 (14)
UK: Scotland 3 Yes 50-70 Subsequent 2013-2014 3.7 7.77 21.2 2017 (14)
UK: Wales 3 Yes 50-70 | Initial 2013 9.2 10.38 11.5 2017 (14)
UK: Wales 3 Yes 50-70 Subsequent 2013 3.9 10.10 26.1 2017 (14)
United States 1° No© 50-69 | Initial 1996-2009 17.6 9.70 2015 (18)
United States 1° No°© 50-69 Subsequent 1996-2009 8.8 4.30 2015 (18)

® Stockholm-Gotland

® Some facilities perform screening every 2 years © Some facilities use double reading




The United States does not have a single national standards-setting body providing guidance for
mammography screening. Groups such as the American College of Radiology (ACR), the American
Cancer Society (ACS), the U.S. Preventive Services Task Force (USPSTF), and the American College of
Obstetricians and Gynecologists (ACOG) all provide different recommendations for breast cancer
screening. This variation in guidance results in screening in the US being performed annually or
biennially, beginning at different ages, typically between the ages of 40 or 50 (19). This presents
significant challenges for benchmarking and measuring quality cross-country. Differences in
recommendations between these groups and across international organizations are frequently due to
the relative value placed on various outcomes.

The more opportunistic screening in the US results in lower positive predictive value, and screening
settings more common in the US translate into higher sensitivity and lower specificity. The more
frequent screening (i.e., annual for many US cases) makes it difficult to use US data for international
benchmarking, as the screening frequency is expected to lead to inherent differences in outcomes (20).
The threat of malpractice litigation and a lack of a single payor also biases US performance toward
accepting more false-positive results (20).

Considering US data in the international context is further challenged by differences in benchmarking
methods. The fragmented US system leads to mammography facilities reporting outcomes separate
from treatment facilities, so outcomes for positive screening examinations are not universally tracked.

The Breast Cancer Surveillance Consortium (BCSC) and the National Mammography Database (NMD) are
two large national databases of breast cancer screening performance in the United States. BCSC and
NMD both report on data at low levels (physician and facility, respectively) rather than by population
(21). Neither BCSC or NMD provide current data regarding separate benchmarks for initial and
subsequent screens, and instead combine the data into one measure of ACR (22). The most recent
measures identified for separate initial and subsequent screening was for the period 1996-2009, and is
presented in Table 3.

Under the NHS Breast Screening Programme, women aged 50-70 are invited for screening every three
years. Consolidated standards for the NHS Breast Screening Programme (NHSBSP) were revised in 2017,
and due to the recency of the updated standards, many programs still reference the previous 2005
version in their reporting. Both the 2005 and 2017 consolidated standards recommend the
performance threshold for referral to assessment rates as follows:
Acceptable (“minimum standard” in 2005): < 10% (prevalent screen), < 7% (incident screen)
Achievable (“target” in 2005): <7% (prevalent screen), <5% (incident screen) (23,24)
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In 2017, cancer detection rates were withdrawn as a performance measure, and replaced with age
standardised detection ratios for invasive cancers, with an acceptable target of 1.00, and an achievable
target of 1.40 (23).

In England, in 2016-2017, 7.8% of women aged 50-70 attending screening for the first time (i.e.
prevalent screening) were referred for assessment. Of women who had previously been screened in the
past five years (i.e. incident screening), 3.0% were referred for assessment. The cancer detection rate
(per 1,000 women screened) for this same time period was 8.3 for prevalent screens, and 7.6 for
incident screens when the last screen was conducted within 5 years (12).

The Norwegian Breast Cancer Screening Program targets women aged 50 to 69 for mammographic
screening biennially. The program started as a pilot in 1995 and became nationwide in 2005, with the
transition from screen-film to digital mammography occurring between 2000 and 2011 (16).

Between 1996 and 2016, abnormal recall rates averaged 5.5% for prevalent screening examinations and
2.6% for subsequent examinations. Recall rates varied across screening areas during this time, between
3.5%-11.4% for prevalent screens, and from 1.6% to 5.3% for subsequent screens. The overall recall rate
decreased from a high of 6.1% in 1996 to 3.6% in 2016 (16).

Between 1996 and 2016, 18% of women recalled due to abnormal mammographic findings were
diagnosed with breast cancer. During this time period, PPV was lower for prevalent screening
examinations (11%) than for subsequent screens (22%), and detection rates for prevalent screening
examinations were 6.4/1000, and for subsequent screening examinations were 5.3/1000. For
subsequent screening examinations, PPV increased with age from 13% for women under 55, to 29% for
women older than 64 (16).

Between 1996 and 2016, 5.6 screen-detected breast cancers were detected per 1000 screening
examinations, with a relatively stable rate of 5.3-5.9/1000 screening examinations since the beginning of
the program. The rates were relatively stable within each age group, and as expected, increased with
increasing age among subsequently screened women (16).

From 1989 to 1996, women in the Netherlands aged 50-69 were invited to attend biennial
mammography screening. In 1997, the invitation was extended to women aged 70-75. After 2006,
digital mammography replaced film based mammography (12). The National Evaluation Team for Breast
Cancer Screening in the Netherlands (NETB) monitors and evaluates the effectiveness of the National
Breast Cancer Screening Programme, and in 2013 reported an initial ACR of 6.4%, and a subsequent ACR
of 2.0%, with PPV of 7.77% and 5.89%, respectively (14).
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BreastScreen Australia previously focused on biennial screening of women aged 50-69 years, and
beginning July 2013 expanded to include women aged 70-74 years. In 2016, 11.3% of women aged 50—
74 years were recalled for further assessment after their first breast screen (age-standardised data), and
3.7% of women attending a subsequent screen were recalled for assessment (13). The increase in ACR
for women attending screening for the first time over the past few years corresponds with an increase in
the detection of invasive breast cancers. The balance of these two measures suggests that the increase
in the recall to assessment rate from 11% to 12% for the first screening round may be considered
acceptable (13).

The European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis (4th ed) have
set an acceptable recall rate for initial screening at < 7%, and a desirable level of < 5%, with an
acceptable rate of recall for subsequent screens of <5%, and a desirable level of <3% (25). As of 2016,
population-based breast cancer screening programmes had been implemented or were being
established in 25 of the 28 EU Member States (14).

Hofvind et al analysed performance measures in European biennial mammographic population-based
screening programs for women aged 50-51 to ages 68-69, captured in the European Network for
Information on Cancer project (EUNICE) (3). Data was included from 20 programs in 17 European
countries, based on 7,658,586 screening examinations performed between 2005 and 2007 (26). The
rate of further assessment ranged from 2.2%-15.6% for initial screening tests, and between 1.2%-10.5%
for subsequent tests in women aged 50-69. The PPV also differed substantially, between 4.9%—-24.2% in
initial screening tests, and 6.8%—49.5% in subsequent screening tests (3).

Recent reviews of breast cancer screening programs conducted in Switzerland and France
recommended against continuing the screening programs as they were being offered (27,28). In 2016,
the French Minister of Health released an independent report regarding mammography screening that
proposed two options: end the current national breast screening program, or end the program and
replace it with a radically reformed program (27). In 2014, the Swiss Medical Board released a report
that stated that new systematic mammography screening programs should not be introduced, that time
limits should be placed on existing programs, and that screening quality be evaluated (28).

Examining these issues is beyond the scope of this report, but it is important to highlight the larger
debate regarding the very nature and benefits of breast cancer screening when considering how
international trends and targets may contribute to setting Canadian performance measures.
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Breast cancer screening quality monitoring programs incorporate multiple metrics for performance not
only because of these trade-offs and differing priorities, but because single metrics can be misleading.
For example, a low ACR may be driven by good performance (high specificity) or poor performance (low
sensitivity); high PPV may be driven by poor performance if lesions with lower probabilities of being
malignant are not being acted on. Different jurisdictions have approached the components and trade-
offs of screening programs in different ways, and this is reflected in their selection of indicators and
benchmarks.

Despite the existence of specific Canadian and international targets for optimal ACR ranges, actual rates
continue to vary (6). Lehman and colleagues reviewed the digital mammography interpretations of 359
radiologists across 95 U.S. centres between 2007 and 2013, and determined that only 59% of
radiologists achieved recall rates within the acceptable range of 5%—12%, and only 63% achieved the
recommended rates for specificity (29). Conversely, 92.1% of the same group of radiologists achieved
recommended cancer detection rates (CDR), and 97.1% achieved sensitivity rates within the
recommended range (29). These results suggest a potential disconnect between appropriate targets for
ACR and their relationship with other performance metrics.

Setting target ACR thresholds is arbitrary without balancing the trade-offs between ACR and other
important performance metrics associated with mammography, such as positive predictive value,
sensitivity, specificity, and cancer detection rates. Optimizing the balance between these metrics results
in the setting of both minimum and maximum ACR targets, thus resulting in a target ACR range that can
be converted to a point estimate that represents the ideal ACR.

As ACR increases and more patients are recalled, there is a risk of increasing the number of false
positives (FP), which are also more common in younger women, and women with dense breasts (30,31).
The rationale for minimizing false positives is both patient-centred and economical. A systematic review
conducted by the US Preventative Services Task Force examining the harms of over-diagnosis concluded
that women who receive false-positive results were more likely to report higher levels of anxiety,
distress, and breast cancer specific worry (30). While eventual negative results alleviated anxiety in
some women, others reported persistent anxiety despite receiving negative results from subsequent
tests (30). Harm from radiation exposure also must be considered, and the same review concluded that
radiation-induced cancers as a result of radiation exposure during screening leads to an estimated 2-11
deaths per 100,000 women who receive digital mammography (30). There is also a significant economic
cost associated with high false-positive rates, as the average weighted cost per recall in the United
States is estimated to be over $1000 (32), thus presenting a significant source of potential economic
waste.

13



Blanks and colleagues analysed the screening program data from the English National Health Service
Breast Cancer Screening Program during the years of 2009-2016, in tandem with data from a similar
Dutch screening program order to model the relationship between ACR and CDR (33). A total of 11.3
million screening tests were included. Their models suggested that diminishing increases in CDR occur
when ACR is set above 7%, and that increases beyond this upper ACR limit are associated with higher FP
recalls without significant increases in CDR (33). The authors concluded that, while the optimal ACR may
differ slightly in different populations, these results justify the setting of a maximum ACR in cancer
screening programs in order to minimize FP rates (33).

Another frequent way to measure screening performance is by the number of additional work-ups per
additional cancer detected (AW/ACD) (34). Schell and colleagues analyzed first (n=171,104) and
subsequent (n=1,872,687) mammogram results from Breast Cancer Surveillance Consortium in the
United States from 1996-2001 in order to model sensitivity as a function of ACR. When ACR was above
10% for first mammograms and 6.7% for subsequent mammograms, AW/ACD increased drastically,
which suggests that these represent appropriate maximum ACR thresholds (34).

Positive predictive value is also important to consider when evaluating the success of a screening
program. An earlier study, in which mammography data (n=215,665) was obtained from the Carolina
Mammography Registry between 1994-1998, demonstrated that as ACR increased beyond 4.8%,
sensitivity increased very little, while PPV began decreasing significantly when ACR was 5.9% or higher
(35). These results suggest that ACR between 4.9%-5.5% achieve the best trade-off of sensitivity and
PPV (35). It is important to note that this study employed the use of film-screening mammography,
therefore the suggested range for optimal ACR may differ from that of programs utilizing digital
mammography (DM). However, more recent evidence suggests that the general negative correlation
between ACR and PPV is maintained when programs transition to using DM (36).

It has been argued that, while metrics such as PPV and specificity remain important in the context of
mammography, the primary goal of most screening programs is to detect as many breast cancers as
possible, as early as possible, in order to maximize the opportunity for successful treatment (37). Setting
ACR to optimize PPV may lead to cancers being missed, therefore, the meaningful goal of setting a lower
threshold for ACR is to optimize the trade-offs between ACR and sensitivity (37). Multiple studies have
examined the association between ACR and sensitivity, with some early results suggesting that ACR
above 4.9% optimizes sensitivity (35).

Further support for setting a minimum threshold for ACR comes from a study by Burnside and
colleagues, in which data collected from the UK National Health Service Breast Screening Programme
from 2005-2008 (n=5,126,689) was retrospectively analyzed to determine whether or not lower ACR
lead to an increase in interval cancers (38). A significant negative correlation between ACR and interval
cancer rate was observed, which demonstrates the need to set a minimum threshold for ACR (38).
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Cancer detection rate is also an important performance metric linked to ACR. In a recent study, the
results of mammograms (n=188,959) performed between 2007-2012 at an American center were
analyzed in order to identify the optimal ACR based on CDR (39). Physicians’ recall rates were stratified
into categories (less than 10%, 10% to less than 12%, 12% to less than 14%, and 14% or higher). A
significantly higher CDR was seen for ACR that were 12% or higher, and it was determined that target
ACR thresholds of 10% or lower may be too low due their reduced CDR (39). Moreover, the results from
this study also suggest a maximum ACR threshold due to minimal increases in CDR when ACR is
increased above 14%, and therefore concludes that the optimal ACR range is 12%-14% (39).

In addition to quantitative metrics such as CDR, PPV, sensitivity, and specificity, the qualitative
performance of mammography should also be considered when determining appropriate ACR targets.
Specifically, an understanding of the types of cancer that are missed by lowering ACR may be important.
A recent study sought to test whether or not certain mammographic appearances of breast cancer are
missed when radiologists read at lower target ACR (6). In an experimental (as opposed to clinical)
setting, an enriched set of mammogram results (n=200, comprising 180 normal cases and 20 abnormal
cases) from the BreastScreen New South Wales digital imaging library was created. Radiologists
reviewed the cases in three separate reading sessions using different target ACR: “free recall” (i.e.
radiologists could recall as many cases as they thought necessary), 15%, and 10%. Regardless of target
ACR, cancers with stellate mass features were most likely to be recalled by all participants. In the 15%
recall condition, cancers with mixed features of calcification plus architectural distortion were most
likely to be missed, and when ACR was further reduced to 10%, non-specific density was the most
common feature that was missed (6). These results suggest that there can be specific mammographic
features of breast cancer that are missed when ACR is lowered.

Overall, there is significant heterogeneity in optimal ACR targets suggested by the current literature.
Qualitatively, in order to balance the trade-offs between ACR and other important performance metrics,
evidence suggests a range of 5%-14%. ACR below the 5% has the potential to compromise sensitivity
and CDR, while ACR above 14% has the potential to compromise PPV and specificity.

There are a multitude of factors that affect ACR and other mammography screening performance
metrics. An in-depth analysis of these factors (e.g. different types of screening, screening intervals,
radiologist training etc.) was conducted by Risk Science International (RSI) in a report prepared for the
Partnership in 2018 titled Evidence Synthesis on Factors Associated with Abnormal Call Rate in Breast
Cancer Screening. A brief summary of the factors influencing ACR is provided here, with a focus on
research published since the date of the search conducted for the RSl report.

One factor that has had the potential to affect ACR on an international scale is the shift from film-screen
mammography to digital mammography (DM) techniques, which can facilitate easier acquisition,
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storage, and transfer of images (39,40). Blanks and colleagues retrospectively analyzed annual
screening data from the English National Health Service Breast Cancer Screening Program from 2009-
2016 (a total of 11.3 million screening episodes) in order to determine CDR and ACR. This data, in
combination with estimates of DM usage derived from official records that were kept as individual
screening units within the program converted from using film-screen mammography to DM suggested
that the overall CDR was 14% greater with the introduction of DM, while ACR remained relatively
unchanged (40). In a similar study, data from the Reggio Emilia Breast Cancer Screening Program were
analyzed from 2011 (n=42,240), when all mammography in the program was done by film-screen, and
2012 (n=45,196), the year that the program converted completely to DM (36). While no significant
effects on CDR were observed as a result of the switch to DM, there was an increase in ACR from 3.3%-
4.4% (36). Interestingly, although the average ACR increased year to year, by December 2012 (i.e. 12
months after the switch to DM) ACR had decreased back to a rate similar to that seen in 2011 when film-
screening mammography was used. This pattern suggests a potential learning curve and may indicate
that the introduction of DM has no significant impact on ACR once the initial learning curve is complete
(36).

Different digital techniques may also have different effects on ACR. A recent systematic review and
random effects meta-analysis of 17 studies that compared 2-dimensional DM to digital breast
tomosynthesis (DBT) concluded that the use of DBT reduced ACR while improving CDR (41). One study
included in the review used mammogram results (n=12,781) from an American medical centre, and
retrospectively compared full-field digital mammography (FFDM) with DBT (42). The use of DBT
significantly reduced ACR from 16%—14% while increasing CDR by 33% (which did not reach statistical
significance) (42). In 2019, another comparison of FFDM and DBT in which 22,055 mammogram results
from three American outpatient sites were retrospectively analysed showed similar results (43). Both
false positives (FP) and ACR were significantly less likely with DBT (FP=91%, ACR=8%) as compared to
FFDM (FP=93%, ACR=10.6%), thus providing further, recent evidence for DBT’s lowering effect on ACR,
which supports its continued use in screening programs (43).

Procedural changes have been shown to impact ACR. Mullen and colleagues explored two methods for
achieving lower ACR. The first intervention involved raising awareness, by having radiologists personally
review their recalls as well as increasing group awareness of team ACR. The second intervention used
double readings of potential recalls. Overall, both methods led to decreases in ACR, with the first
intervention (personal review of recalls and group awareness of team ACR) showing a larger effect (4).
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Although a full systematic review was beyond the scope of this project, a comprehensive, multi-faceted
search strategy was designed to identify key resources in both the grey and indexed literature. The
search was conducted between February and March 2019, and was limited to English language
resources published between 2000-2019.

There is significant variation in nomenclature and indexing in this area, such as:

® Abnormal call rate

® Abnormal recall rate

® Recall rate

¢ Call back rate

® Recall to assessment rate

e Abnormal interpretation rate

® Proportion of women recalled for assessment

To capture each of the above concepts, the general terms "call rate" "recall" "call back" and "abnormal"
were used to identify results, and then the full text of these resources were individually reviewed to

determine relevancy.

The indexed literature was searched using Ovid MEDLINE in order to capture relevant resources
published in traditional academic literature.

A combination of controlled vocabulary (MeSH terms), and free text words were used in combination
with wildcard symbols to identify variations in spelling and variant word endings. The search was
designed to be sensitive, with titles and abstracts manually reviewed for applicability and inclusion.

Database(s): Ovid MEDLINE: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE® Daily and Ovid MEDLINE® 1946-Present

# Searches Results
1 | exp *Mammography/ 16905
2 exp Breast Neoplasms/ 274099
3 exp "Early Detection of Cancer"/ 20669
4 | exp Mass Screening/ 120056
5 | screen$.mp. 746613
6 3ordor5 761327
7 land2and6 7532

8 *Quality Assurance, Health Care/ 31481
9 | *Total Quality Management/ 7306
10 | *Health Status Indicators/ 10654
11 | *Quality Indicators, Health Care/ 8116
12 | *"Outcome and Process Assessment (Health Care)"/ 9430

22 o=




13 | 8or9o0r10or1lor12 64310
14 | (indicator$ or (quality adj assessS$) or (quality adj care) or (quality adj metricS) or (quality adj 61967
measur$) or (quality adj improvems$) or (performance adj measure$) or (system$ adj performance)
or program performance or benchmark$ or program results).m_titl.
15 | 7 and (13 or 14) 167
16 | (abnormal call rateS or abnormal recall rate$ or recall rate$ or call back rate$ or abnormal call or 15201
recall to assessment or recalled for assessment or abnormal interpretation or abnormal result or
recalled for additional or recall to assessment or further testS).mp
17 | 7and 16 368
18 | 150r 17 505
19 | limit 18 to (english language and yr="2000 - 2019") 384
Terms below were suggested by the ACR Advisory Team
20 | "1-specificity".mp. 447
21 | 7and 20 2
22 | exp *False Positive Reactions/ 636
23 | exp *"Predictive Value of Tests"/ 1618
24 | 7 and (22 or 23) 30
25 | 24 not 18 27
26 | 21 not 18 1
27 | 250r 26 28
28 | limit 27 to (english language and humans and yr="2000 - 2019") 25
29 | false positive*.mp. 69999
30 | exp "Predictive Value of Tests"/ 189302
31 | exp False Positive Reactions/ 26945
32 | (7and (29 or 30 or 31)) not 18 886
33 | limit 32 to (english language and humans and yr="2000 - 2019") 668
34 | 33 not 28 644

Notes regarding search terminology:

Capitalized terms followed by a / indicate controlled vocabulary MeSH terms
.m_titl indicates that the terms are being searched in the title field

* .mp indicates that the terms are being searched in multiple fields, including the title, abstract or

keyword fields

etc.)

S is a wildcard that allows for truncation (e.g. assessS will return results for assessment, assessing,

¢ adj indicates that two terms need to be adjacent to each another, in either direction. (e.g. quality

adj assessS will return results for ‘quality assessment’ and ‘assessing quality’, etc.)
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Organizations that report on performance, quality improvement initiatives, and groups that develop or
promote quality measures are typically not focused on publishing in indexed journals, so an extensive
grey literature search was conducted for this topic.

The CEP has an established resource list of almost one hundred indicator repositories, indicator
developers, and Canadian and international health agencies and quality improvement programs which
were reviewed as part of the search strategy. This list was complemented by a list of topic-specific
organizations suggested by the ACR Advisory Team, including The American College of Radiology, NHS
Breast Screening Programme (NHSBSP), the European Guidelines for Quality Assurance in Breast Cancer
Screening and Diagnosis, and Cancer Australia's National Cancer Control Indicators.

To ensure a comprehensive the grey literature search, multiple complementary approaches were used
to identify relevant material. These include:

1. Searching key indicator repositories and the websites of developers of quality measures across
broad health care topics (e.g. NICE Standards and Indicators).

2. ldentifying and searching within resources and initiatives that provide quality measures related to
cancer screening or to the cancer care continuum (e.g. Cancer Australia's National Cancer Control
Indicators).

3. Searching the websites and resources of international, national, and provincial health agencies
and quality improvement programs. (e.g. Canadian Institute for Health Information).

4. Examining websites for provincial, national, and international breast cancer screening programs.
(e.g. CPAC’s list of cancer screening programs across Canada).

5. Searching the websites and resources of national and international organizations related to breast
cancer screening (e.g. Canadian Association of Radiologists).

6. Executing a targeted search for high quality clinical practice guidelines or systematic reviews
related to breast cancer screening to identify any relevant evidence or quality measures (e.g. the
Cancer Guidelines Database, Canadian Task Force for Preventive Health Care.)

7. Conducting an extensive supplementary grey literature search using Google to identify additional
resources not captured above. Multiple terms were used to capture literature related to each
concept.
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