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Abstract

Background: Female breast cancer has become the global leading cause of cancer-related mortality. Although digital
mammography has been proposed as an effective and cost-efficient screening method, its real performance and cost-
benefit value has been debated by several studies especially concerning the available reading methods. Double reading
of digital mammography has been said to increase reading sensitivity but often found some challenges in terms of cost
and false positive rate. This systematic review and meta-analysis aim to evaluate the effectiveness and cost-effectiveness
of double reading for digital mammography screening.

Methods: This review included comparative studies and cost-effectiveness studies from databases such as Pubmed and
Cochrane up to April 2023. We excluded non-English studies, cost-effectiveness studies with lacking adequate statistics,
single-armed trials, study protocols, earlier meta-analyses, review articles, and studies that merely evaluated double
reading of two different methodologies. Study quality was assessed using the QUADAS-2 tool and CHEERS 2022
checklist. Meta-analysis was conducted to evaluate cancer detection and false positive rate of double reading.

Ten studies were included in this review, three of which were obtained from a reference article. Mammograms in this
review were obtained from a total of 260,501 women. Double reading had a slightly but significant chance of finding a
breast cancer (OR = 1.137; p-value = 0.004). False-positive rate in double reading was also prominent (ER = 0.041; p
value = 0.000). Single reading with CAD was still proven to be a more cost-effective method.

Discussion: Studies in this review was generally had low risk of bias and applicability concern. High cost of double
reading may be attributed to the high number of false positive result. Integration of CAD with Al or deep learning may

enhance the performance of digital mammography single reading.

Conclusion: with consensus and arbitration, double reading strategy present itself as a screening method for breast
cancer, however single reading with CAD has proven more superior as a more-cost effective method.
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INTRODUCTION

Approximately 2,261,419 new cases of breast cancer were found in 2020 according to the latest data from Global Cancer
Observatory (GLOBOCAN) with a mortality rate of 15.4% in female. Female breast cancer has also replaced lung cancer
as the global leading cause of cancer with the highest number of incidence in Australia/New Zealand, Western Europe,
Northern America, and Northern Europe. The incidence of breast cancer has been increasing in developed Asian countries
such as Japan and South Korea.(1) A cross-sectional study in Indonesia found that breast cancer was the second most
common cancer in females after cervical cancer. Breast cancer incidence was most found in females above 20 years old,
and especially around 50-54 years old. In most cases, patients were present with stage IIIC which has been commonly
associated with lower overall survival, poorer prognosis, and higher hazard ratio even with chemotherapy.(2-4) A study
from India in a low-socioeconomic area revealed that most women were not aware of breast cancer symptoms and risk
factors albeit they have possessed the awareness about the cancer.(5) Breast cancer screening is essential as an early
detection to improve breast cancer patients survival.(6) The most common obstacles in performing breast cancer screening
are low literacy rate and high cost.(7,8) Digital mammography has been studied as a cost-efficient method of breast cancer
screening especially for population < 50 years old and for asymptomatic women with average risk for breast cancer.(9,10)
Digital mammography was found to have a 97% sensitivity and 64.5% specificity when compared to histopathology as a
gold standard.(11) The latest study in Netherlands stated that the use of biennial digital mammography is still more cost-
effective than the use of digital breast tomosynthesis for a certain maximum threshold per life-year gained.(12)

The use of two radiologists to read a same mammogram may lower the chance of a missed cancer. Independent double
reading allows two professionals with expertise in perceptual, cognitive, and decision-making to evaluate images and
arbitrate disagreements to improve diagnostic performance.(13) Conventional single reading method of a mammography
may produce a high false positive result but is more applicable for a resource-poor condition.(14) One study in Japan
found that single reading with computer-assisted diagnosis (CAD) costed more than double reading but proved to slightly
extend life expectancy.(15) Several other studies have also debated the most efficient and cost-effective method of digital
mammography reading (15-19). This systematic review and meta-analysis aim to explore the effectiveness and cost-
efficiency of double reading in digital mammography screening.

Methods

Study Design

This systematic review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guideline.(20)

Search Strategy

We systematically searched for relevant studies from Pubmed and Scopus on April 21%, 2023. Search results were updated
once more on April 22", 2023. The search strategies were adjusted for each database which included the search term as
followed: (“effectiveness” OR “effective”) OR (“cost effectiveness” OR “cost-effectiveness”) AND (“digital
mammography” OR “full-field digital mammography” OR “full field digital mammogram” OR “full-field digital
mammogram” OR “digital mammogram” OR “2D mammography” OR “2D mammogram” OR “2D-mammography” OR
“2D-mammogram” OR “digital breast tomosynthesis”) AND (“double reading” OR “double reader” OR “double-reading”
OR “double-reader”). Search results were not limited by language or year. We also expanded our search by looking at the
references used by previous systematic reviews and meta-analyses.

Study Selection and Inclusion Criteria

Duplicate articles were removed using an automated tool from Mendeley reference manager. We manually screened 15
reports for eligibility based on the studies’ title, abstract, and then the full text. We included studies with the following
PICOS eligibility criteria: 1) Population: female patients who underwent mammography for breast cancer screening or
screening centre; 2) Intervention: digital mammography examination; 3) Comparison: double reading strategy versus
single reading strategy with or without CAD; 4) Outcome: cancer detection rate, incremental cost, incremental effect,
incremental cost-effectiveness ratio (ICER), and threshold for cost-effective intervention; 5) Study design: comparative
prospective or retrospective studies, cost-effectiveness studies, and cost-consequence studies. Studies that were not in
English, cost-effectiveness studies with lacking cost-effectiveness statistics, single-armed trials, study protocols, earlier
meta-analyses, review articles, and studies that merely evaluated double reading of two different methodologies were also
disregarded.

Data Extraction and Study Evaluation

One reviewer assessed key study characteristics and outcomes. Applicable studies for effectiveness meta-analysis were
evaluated with Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool.(21) Studies appropriate for cost-
effectiveness study were assessed using the new Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) 2022 checklist.(22) For effectiveness analysis, we logged the country of origin, study design, population,
reading strategy, index tests, comparator tests, and reference standards for each study. Reported costs were converted and
displayed in today’s (April 2023) United States Dollar (US$) purchasing power parities (PPP). A meta-analysis was
conducted to determine the influence of single versus double reading in digital mammography settings with a 95%
confidence interval. We used Comprehensive Meta-Analysis software version 3.3.070 for data analysis.
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Results

Flowchart of study selection was shown in Figure 1. We managed to obtain 7 studies from Pubmed and 15 studies from
Cochrane database. Six records were omitted due to duplicates. We also identified one reference article as a previous
systematic review and meta-analysis.(16) After screening all reports, we managed to obtain a total of 10 studies to be
included in the review, 3 of which were previously analysed in a past study. All studies were published during or after
2009. Eight studies were identified from the European countries (17,18,23-28) , one study originated from the United
Kingdom (19), and another study was from Japan (15). The age range of the participants in each study varied with a study
from the Netherlands was followed by women ranged around 20-90 years old (27) and two studies with hypothetical
population (15,19). One study had the most participants of 99,031 women (28) from a Dutch breast cancer screening
programme. The mammograms in this study were obtained from a total of 260,501 women participated in included studies.
Detailed description of each study is provided in Table 1.
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Figure 1. PRISMA 2020 flow diagram

All studies used single reading as the index test with double reading as comparator test. Single reading of digital
mammogram was mostly done independently without any additional diagnostic tool. One study (25) compared single
reading 3D mammography to double reading of 2D-mammography. Another study (27) compared conventional single
reading to a double reading by a radiologist and a technologist with a CAD. Disagreements in double reading would be
decided through a consensus (24), arbitration involving a third radiologist (19), or both (17,18). A suspected result of
malignancy required a recall for additional examinations such as additional imaging in all studies. Two studies stated that
each reader(s) was blinded for the evaluations of other reader(s) (26,27) while one study stated that the second reader was
blinded to the previous radiologist’s opinion but not to the mammographer’s opinion (28).

Table 1. Characteristics of Included Studies

Studies Country Design Population Readers Index tests Comparator test  Reference standard
Houssami, Italy Population 9,672 women Radiologists Single reading  Double reading of Suspected outcome:
2017 (25) screening study  (age 53-63 experienced in of 3D- 2D- Additional imaging
based on years) mammography mammography ~mammography and excision histology
STORM-2 screening and
3D-
mammography
Posso, Spain Comparative 57,157 Radiologists who Single reader =~ Double reading ~ Negative outcome:
2016a (17) study of digital women (age read at least 5,000 from two with consensus further mammography
mammography in  50-69 years) mammograms per blinded and arbitration screening in two years
a single health year radiologists Suspected outcome:
centre additional imaging
and invasive
procedure
Martin, Spain Comparative 16,067 Radiologists with ~ Single reading  Double reading of Suspected outcome:
2018 (26) study of firstand women (age 3-15 years of 2D- 2D- percutaneous biopsy
second digital 50-70 years  dedication and mammography mammography
mammography old) experience in
reading in breast imaging
screening
programme
van der Netherlands  Prospective study 1,048 women Radiologists with Conventional = Double reading Suspected outcome:
Biggelaar, comparing (age 20-90 5 and 20 years of single reading  strategy by a core needle biopsies
2009 (27) conservative years old) experience; strategy by a radiologist and a  and surgical excisions
reading strategy technologists radiologist technologist within 12 months
with computer- with one year using CAD follow-up
aided detection experience in
for double mammogram
reading. interpretation
Weigel, Germany Retrospective 25,576 Radiologists who Independent Double reading ~ Negative outcome:
2016 (24) study in a single ~ women (age read at least 5,000 single reading  with a consensus  follow-up screening

mammograms

within 2 years
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digital screening
unit

50-69 years
old)

screening per
year and had
more than 5 years
of experience in
breast radiology

Suspicious outcome:
histopathological
examination

Houssami, Italy A STORM-based 7,292 women Radiologists with ~Single reading Double reading ~ Negative outcome: 13
2014 (23) prospective (median age  a median of 1,791 with standard ~ with 2D- months follow-up
screening study 58 years old) annual screen 2D- mammography Suspicious outcome:
reading mammography excision histology,
experience (range work-up imaging, or
1,315-2,370) needle biopsy
Coolen, Netherlands ~ Prospective 99,013 Radiologists with Independent Blinded double Negative outcome: 2
2018 (28) screening study ~ women (age 10,000 annual single reading  reading years of follow up.
from multiple 50-75 years ~ mammograms Suspicious outcome:
screening units old) read histopathological
biopsy
Posso, Spain Cost-effective 28,636 Radiologists who Independent Independent Negative outcome:
2016b (18) analysis using women (age read at least 5,000 single reading  double reading further mammography
decision tree 50-69 years ~ mammograms per with consensus or screening in 12
model old) year arbitration months
Suspicious outcome:
pathological
examination
Sato, 2014  Japan Cost-effective 16,000 Physicians Single reading  Double reading ~ Negative outcome:
(15) analysis a examinees certified in by a physician by two physicians biennial screening
decision tree and  annually mammogram using CAD Suspicious outcome:
Markov model (hypothetical reading and fine needle aspiration
population of physicians using cytology and core
50 years old) CAD needle biopsy
Taylor, United Cost-effective Three Consultant Single reading  Double reading Suspicious outcome:
2010 (19) Kingdom analysis study hypothetical radiologists and ~ with CAD with arbitration additional assessment
based on cost of  screening film-reading
radiologist time centres radiographers

Studies assessment using the QUADAS-2 tool showed that most studies had relatively low risk of bias. We had relatively
low concerns of bias for patient selection, the use of index test, reference standard, and flowing and time. All results from
the single reading method were interpreted without knowledge of the second reading. Most studies required screened
subjects to join further screening at a certain time interval (15, 17, 18, 23, 24). Applicability concerns on patient selection,
index test, and reference standard were mostly low. Most radiologists in this study were stated to have more than at least
1,315 annual screen reading experience except for one study which did not state the radiologists’ experience explicitly.
Most cost-effectiveness studies had low risk of bias based on the CHEERS 2022 tool. One study (19) had a high risk of
bias due to no study perspective stated with cost data from a previous randomized controlled trial and no uncertainty
analysis provided.

Table 2. Risk of Bias and Applicability Concerns Based on QUADAS-2 Tool
QUADAS-2 Risk of Bias QUADAS-2 Applicability Concerns

Studies IS)ZIIeecrtliton ;{; (ﬁx ;ngézrrlge Flowing and Time Patient Selection Index Test lS{;frcle(rizrrlge
Houssami, 2017 (25) Low Low Low Low Low High Low
Posso, 2016a (17) Low Low Low Low Low Low Low
Martin, 2018 (26) Low Low Low Low Low Low Low

van der Biggelaar, 2009 (27) Low Low Unclear Low Low Low Unclear
Weigel, 2016 (24) Low Low Unclear High Low Low Low
Houssami, 2014 (23) Low Low Low Low Low High Low
Posso, 2016b (18) Low Low Low Low Low Low Low
Coolen, 2018 (28) Low Low Low Low Low High Low

Table 3. Risk of Bias Based on CHEERS 2022 Tool

Studies CHEERS 2022

Posso, Low risk of bias

2016a (17) Design: Cost-consequence analysis from public health perspective. Costs were obtained from a single institution.
Cost and health outcomes along with estimated incremental effect were compared between the two reading strategies.

Posso, Low risk of bias

2016b (18) Design: Cost-effectiveness analysis from public health perspective. Costs were obtained from a single institution.
Deterministic sensitivity analysis was done to assess the results' degrees of uncertainty. The variations between the
incident and subsequent screen tests were explored.

Sato, 2014 Moderate risk of bias

(15) Design: The analysis was conducted from a societal standpoint from only direct medical expenses. Effectiveness data
was provided from a single Japanese city. A deterministic sensitivity analysis was performed to evaluate the data’
level of uncertainty.

Taylor, High risk of bias

2010 (19) Design: Calculation of cost-effectiveness was conducted using a time horizon of 7 years, but study perspective was

not reported. Cost data was obtained from a previous multi-centred randomized controlled trial. No test was done to
evaluate uncertainty.
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Effectiveness of Double Reading

Cancer Detection Rate

We managed to find seven studies which reported the effectiveness of double reading compared to single reading
(17,18,23-27). All studies are in concordance regarding the higher odds of finding malignancies in double-reading strategy
rather than single reading. In summary, double reading of digital mammography was found to significantly increases the
chances of finding a breast cancer (OR = 1.137; p-value = 0.004).

Cancer Detection Rate of Double Reading

Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Houssami, 2017 1,329 1,124 1,570 3,329 0,001 —+
Posso, 2016a 1,101 0,924 1,312 1,073 0,283 o+
Martin, 2018 1,048 0,741 1,481 0,265 0,791 ——
van der Biggelaar, 2009 1,150 0,753 1,756 0,646 0,518 e
Weigel, 2016 1,013 0,828 1,240 0,130 0,897 —+
Houssami, 2014 1,115 0,706 1,762 0,466 0,641 ——
Posso, 2016b 1,081 0,856 1,364 0,653 0,514 -+
Coolen, 2018 1,134 1,017 1,264 2,268 0,023 +
1,136 1,061 1,216 3,663 0,000 ¢

0,1 0,2 05 1 2 5 10

Figure 2. Meta-analysis of Cancer Detection Rate from Double Reading Strategy
False Positive Rate

We found 8 studies with data for false positive rate. We found that double reading had 0.041 more false positive rate than
single reading (ER = 0.041; p value = 0.000)

False Positive Rate of Double Reading

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-Value p-Value

Houssami, 2017 0,034 0,030 0,038 -59,624 0,000 t

Posso, 2016a 0,047 0,045 0,049 -152,233 0,000 I

Martin, 2018 0,031 0,028 0,034 -75,649 0,000 i

van der Bigeelaar, 2009 0,181 0,159 0,206 -18,803 0,000 -+
Weigel, 2016 0,054 0,052 0,057 -103,563 0,000 I
Houussami, 2014 0,054 0,049 0,059 -55265 0,000 +

Posso, 2016b 0,043 0,040 0,045 -106,341 0,000 I

Coolen, 2018 0,029 0,028 0,030 -185,025 0,000 |

0,041 0,040 0,042 -301,796 0,000 |
-0,25 -0,13 0,00 0,13 0,25

Figure 2. Meta-analysis of False Positive Rate from Double Reading Strategy

Cost-effectiveness of Double Reading

A study by Sato (15) and Posso (18) discovered that single reading with CAD was more cost-effective than double reading
of digital mammography. Posso and colleagues (18) found that single reading with CAD had ICER of $22,016,6 per cancer
detected. The study by Sato (15) found that despite single reading with CAD cost more ($3,951.77) than double reading
($3,930.98), the ICER was below the threshold of $51,470.94 which was $2,659.65 for each life year. A study by Posso
in the same year (17) found that double reading resulted in slightly more cancer detection rate and positive predictive
value but followed with a slightly more false positive result. Taylor and colleagues (19) reported that single reading with
CAD may be as effective as double reading if the average annual cost is less than the amount of radiologist time spared.

Table 4. Cost-effectiveness of Double Reading Compared to Single Reading Strategy

Reference Incremental Incremental effect ICER Threshold for cost- Reading strategy reported
cost effective intervention as cost-effective
Posso, $319,442.3* 0.4 %o more cancer detection rate Not reported Not reported Single reading with first
2016a (17) 0.3% more false positive rate reader only
0.2% more positive predictive value
Posso, $242,202.5* 11 detected cancers $22,016,6* per  Not reported Single reading with CAD
2016b (18) cancer detected
Sato, 2014 $23.12%* 0.0087 years of extended life $2,659.65** per  $51,470.94** Single reading with CAD
(15) expectancy life year gained
Taylor, Not reported 60 minutes for time taken per patient Not reported $41,962.37” for 20 Single reading with CAD
2010 (19) assessment and 37% relative increase in minutes per patient and  may be more cost-effective
recall rate in small, medium, and large 3% increase in recall at ~ than double reading
unit. small unit.

$63,067.23” for 20
minutes per patient and
3% increase in recall at
medium unit.
$91,829.23* for 20
minutes per patient and
3% increase in recall at
large unit.
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*Calculation was adjusted based on the inflation rate from 2010 according to the United States’ Bureau of Labour Statistics
inflation calculator as of March 2023 which has been approximately 22.7%

** Calculation was adjusted based on the inflation rate from 2011 according to the United States’ Bureau of Labour
Statistics inflation calculator as of March 2023 which has been approximately 12.2%

“Calculation was adjusted based on the inflation rate from 2011 according to the United States’ Bureau of Labour Statistics
inflation calculator as of March 2023 which has been approximately 23.4%

Discussion

Our systematic review found eight studies (17,18,23-28) which agreed that double reading increases the chance of finding
breast cancer compared to that of single reading. Four cost-effectiveness studies, however, stated single reading method
with CAD as a more superior cost-effective method than double reading (15,17-19). The risk of bias and applicability of
each study based on QUADAS-2 tool assessment was generally low. One cost-effectiveness study (19) did not provide
the perspective of the study and incremental cost for double reading and thus had a high risk of bias in this review.

Adding CAD to a single reading strategy may increase sensitivity and cancer detection rate, providing a more or at least,
similar performance to that of double reading.(19,29) The use of CAD is intended to help radiologists identify subtle
cancers that may not appear to the naked eyes. CAD works by marking suspicious microcalcifications and masses on the
mammogram.(29,30) While some studies were sceptical towards the results from CAD (30-32), several others believe
that integrating artificial intelligence (33) or deep-learning (34) sequence may help digital mammography to be at least
similar as breast tomography. Sato and colleagues (15) explained single reading method with CAD as a cost-effective
breast cancer screening method. The results from digital mammography single reading with CAD provided a more
extended life expectancy than double reading. Taylor and colleagues (19), however, marked that CAD installation would
only be proven as effective as double reading if the average patient appointment time would have been less than 40 minutes
or less than 15% recall rate. Our systematic review is in alignment with the previous study which found single reading
with CAD as an cost-effective method from an incremental effect.

Double reading technique of digital mammography is often associated with high recall rate and cost due to false positive
results.(17,35) Posso et al discovered a mean difference of 511 Euros (equivalent to 676.13 United States dollars in today’s
value) attributed to false positive recalls. This finding was deemed inconclusive and needed further cost-effective
evaluation analysis.(17) In the same year, Posso et al also found that cancer detection rate at double reading should increase
by 16% in order to achieve same cost-effectiveness as single reading.(18) Coolen and colleagues (28) found that blinded
double reading was associated with higher recall rate and contributes more false positive and true positive outcome.(28)
The high recall rate may be due to the second reader recalling the patient after the first reader did the same action.
Consensus and arbitration may influence cancer detection and false positive rate and therefore, may be a key in making
double reading digital mammography as a cost-effective method for breast cancer screening.(16,35) Our current review
has shown that double reading was indeed yielded a higher false positive result which may expose screened women to
unnecessary additional tests.

This systematic review has several limitations. Most studies in this review are from the European region (17,18,23,25—
27) and only one cost-effective study originated from the Asian region (15). The results from this review may not be well
implemented to other countries with very limited radiographers or resources. We were only able to identify a small number
of studies through our comprehensive literature search and so, not all studies regarding comparison of double reading and
first reading were identified. Some studies in this review had a low quality due to high risk of bias and may affect the
overall quality of the systematic review. We also did not include any non-English studies in this review which may provide
additional data on double reading effectiveness and cost-effectiveness.

Conclusion
Double reading strategy is a possible effective method for breast cancer screening upon being used with consensus and/or
arbitration. Single reading with CAD remains as a more cost-effective method due to lower recall and false positive rate.
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