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Abstract

Background: Breast cancer is a prevalent malignancy worldwide, with a growing number of survivors requiring
post-treatment surveillance to improve outcomes. Radiologic surveillance, particularly mammography, is essential for
early detection, however, there are disparities in the accuracy and effectiveness of various imaging modalities. Objectives:
The aim of this systematic review and meta-analysis is to evaluate the effectiveness of radiology surveillance techniques
for breast cancer survivors, focusing on diagnostic accuracy and mortality reduction. Methods: Studies assessing
radiologic surveillance (e.g. mammography, ultrasonography, magnetic resonance imaging [MRI], and digital breast
tomosynthesis) were included in this review. A comprehensive literature search was conducted in Medline, Cochrane
Central Register of Controlled Trials, and Scopus databases. To obtain pooled estimates for sensitivity, specificity,
accuracy, and mortality, we extracted and synthesized data using a random-effects model. The Newcastle-Ottawa
Scale and QUADAS-2 instruments were used to assess the risk of bias. Results: A total of eighteen studies met the
eligibility criteria for the review, of which eight were included in the meta-analysis (three for diagnostic accuracy and
five for mortality. The pooled sensitivity, specificity, and accuracy of mammographic surveillance were 81% (95%
CI1 0.63-0.91), 71% (95% CI 0.31-0.93), and 76% (95% CI 0.59-0.88). A 50% reduction in mortality risk was linked
to mammographic surveillance (OR 0.50; 95% CI 0.27-0.92). Heterogeneity was substantial for mortality analysis
(12=93%), while there was a low heterogeneity for the sensitivity analysis (I>=16%). MRI showed better sensitivity (91%)
and specificity (82%) than ultrasonography and mammography. Conclusion: Although mammographic surveillance
has a lower diagnostic accuracy than that observed in the screening population, it considerably lowers mortality among
breast cancer survivors. The use of adjunct imaging modalities, such as MRI, may enhance early detection. Standardized
surveillance protocols and further research on imaging strategies in diverse populations are required to improve post-
treatment monitoring and patient outcomes.
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Introduction

Despite notable progress in treatment and survival
rates in recent decades, breast cancer remains one of the
most prevalent malignancies worldwide. By 2020, breast
cancer is accounted for 25% of all female cancer cases [1].
It is the most common cancer diagnosed in women, and
its prevalence is rising globally, especially in transitioning
countries [2]. According to GLOBOCAN 2020, with
an estimated 2.3 million new cases, female breast
cancer has replaced lung cancer as the most frequently
diagnosed cancer worldwide [3]. Given the expanding
population of breast cancer survivors, the necessity for
effective surveillance after treatment has grown more and

more crucial. Comprehensive follow-up care for breast
cancer survivors is essential for timely identification of
recurrence, control of treatment-induced adverse effects,
and surveillance of general well-being [4].

Radiology surveillance is a critical component of
post-treatment care for breast cancer survivors. Typically,
this method includes imaging examinations such as
mammography, ultrasonography, magnetic resonance
imaging (MRI), and recent advances like contrast-
enhanced mammography and molecular imaging [5]. The
main objective of radiologic surveillance is to identify any
possible recurrence in its earliest stages when it is more
probable to be successful in treatment, improving overall
survival rates and quality of life [6]. Several variables,
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including the patient’s initial tumor features, treatment
history, and individual risk of recurrence, influence the
selection of imaging technology [7].

While radiological monitoring is essential, there is
a continuous discussion on the most effective imaging
strategies for follow-up. Numerous guidelines and
suggestions are available, although there is variation
in implementing (i.e. modality and frequency) these
guidelines among various healthcare systems and
populations [8]. The absence of consensus emphasizes
the challenge of establishing a balance between efficient
monitoring and the potential for overdiagnosis, unneeded
biopsies, and radiation exposure [9].

This systematic review aims to evaluate the current
evidence of the efficacy and accuracy of radiological
techniques employed in the post-treatment care of
individuals who have survived breast cancer through data
synthesis from current studies. This review offers valuable
insights into the most suitable imaging techniques that
maximise results while inducing minimal damage. This
will ultimately inform clinical practice and future research.

Materials and Methods

The design of this study was outlined in the published
protocol on the International Prospective Register of
Systematic Reviews (PROSPERO) under registration
number CRD42024545396, prior to initiation of the
review [10]. The reporting adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [11].

Search Strategies

Comprehensive systematic search was conducted by
two reviewers (A.V.I and A.M.G) in the Cochrane Central
Register of Controlled Trials, Medline, and Scopus to
identify all studies eligible for inclusion in this review.
The search strategies were adapted for each database.
This systematic review included randomized controlled
trials and observational studies evaluating accuracy of
radiology surveillance and mortality in breast cancer
survivors. We followed Cochrane methodology standards
[12] and performed all steps regarding searching methods
to identify all studies fulfilling the eligibility criteria,
using keywords related to: 1) breast cancer survivor, 2)
radiology surveillance. The search was also expanded by
identifying studies from the reference lists of identified
relevant studies.

Study Selection

Articles found from our search were merged in a
reference manager to check and remove duplicates.
Two reviewers (A.V.I and A.M.G) then screened the
title and abstract of each article. We used Rayyan online
tool [13] to upload and organize the title and abstracts
of search results for a systematic review. Undecided
results were still included for the next step. Then, the full
texts of remaining articles were assessed for eligibility
by two reviewers. If disputes about exclusion/inclusion
occurred, a third reviewer was consulted to reach
consensus. Unique titles and abstracts were reviewed for
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eligibility using prespecified Population, Intervention,
Comparator, Outcome, and Study design (PICOS) criteria
which are: 1) breast cancer survivors, 2) any modality
of radiology surveillance, 3) any other modality for
surveillance or no surveillance, 4) accuracy or mortality,
and 5) interventional or observational studies. We
excluded studies with no available full text. We imposed
no language restrictions on the included studies. We did
not reach out to authors for unpublished studies or those
available only in abstract form. We documented the study
selection process in a flow chart, as recommended in the
PRISMA statement [11].

Data extraction

Two review authors independently extracted all data
using standardized data extraction forms and assessed
eligible studies for methodological quality and risk of
bias. We extracted the following characteristics from
included studies: country or region, objective, study
population, intervention, comparison, outcome, study
design, sample size, and quality assessment. This
review gathered outcomes related to accuracy (including
sensitivity, specificity, positive predictive value, and
negative predictive value) as well as the mortality rate
associated with radiological surveillance.

Study Quality Assessment

We evaluated the quality of the study by conducting
a risk of bias assessment for studies included in the
meta-analysis. Two independent reviewers systematically
assessed the risk of bias associated with each study. For
studies focused on diagnostic accuracy, the QUADAS-2
(Quality Assessment of Diagnostic Accuracy Studies 2)
checklist was employed to evaluate the study quality [14].
In studies with mortality outcomes, such as case-control
and cohort designs, the Newcastle-Ottawa Scale (NOS)
Quality Assessment Form was utilized to assess the risk
of bias [15].

Data syntheses and analyses

Data synthesis was conducted qualitatively, and
for eligible studies, we also performed a quantitative
analysis using meta-analysis. We performed statistical
analysis using the statistical software R with the R-Studio
user interface to facilitate meta-analysis for forest plot
generation. The sensitivity, specificity, and accuracy for
the forest plot were calculated using standard formulas
for diagnostic test performance. For the mortality
outcome, we used odds ratio as the effect estimate. The
odds ratio compares the odds of mortality occurring in
those receiving surveillance to the odds of the same event
occurring in the control group. For studies reporting
hazard ratio, we converted this data into odds ratio. To
obtain the pooled estimates for sensitivity, specificity,
accuracy, and mortality, these values from individual
studies were meta-analysed using a random-effects
model, which accounts for between-study variability.
The pooled estimates are typically represented with their
corresponding 95% confidence intervals (CIs), as shown
in the forest plot. The statistical heterogeneity among
studies was assessed by a Chi-square test on N-1 degrees



of freedom with an alpha of 0.05 for statistical significance
and the I? analysis to detect the magnitude of variation
attributable to heterogeneity rather than to chance. I?
values of <50%, 50-75%, and >75% correspond to low,
medium, and high levels of heterogeneity [16].

Results

The stepwise selection of articles according to our
predefined criteria is summarized in Figure 1. The total
number of articles initially determined based on the search
strategy was 1959 studies: 1109 studies from Medline,
223 studies from Scopus, 627 studies from CENTRAL,
and 8 studies were identified from the reference lists
of the identified relevant studies. After removing 315
duplicates, we deleted another 1557 articles by reading
the titles and abstracts of the article. Of the remaining
papers, 76 articles could not be included in this research
due to different populations, article types, study designs,
and interventions. Ultimately, a total of 18 articles were
included.

Study characteristics

Table 1 and Table 2 presents the characteristics of
the studies included based on Population, Intervention,
Comparator, Outcome, and Study design (PICOS) items
[7,9, 17-34]. The study designs varied from case control,
prospective and retrospective study, to RCT. The most
recent studies were published in 2023, while the earliest
identified study dates back to 2004. The majority of
these studies were carried out in high-income countries

Table 1. Study Characteristics of Accuracy Studies
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(HICs) (n = 17), with only one study originating from a
low-middle income country (LMIC). Geographically, four
studies were conducted in Asia, all from South Korea,
while one study was conducted in Africa (Egypt). The
remaining 13 studies were based in Europe (Germany,
Italy, France, and Canada) and the United States. The
studies were conducted in various countries, reflecting
a diverse range of healthcare settings and patient
populations.

The radiological surveillance modalities assessed
range from ultrasonography, mammography, to more
advanced imaging modalities, such as MRI and digital
breast tomosynthesis (DBT). Most of the studies (70%)
utilized mammography for surveillance. Five studies
employed ultrasonography as the surveillance modality,
whereas MRI and DBT were each reported in five studies
as well. Additionally, the frequency of surveillance varied
across studies, with intervals ranging from semiannual to
annual screening. The stages of breast cancer also varied.
Some studies focused on women with early stage (Stage
I-ITA) breast cancer), while others included women with
more advanced stages (up to Stage III).

Accuracy

Fourteen studies presented outcomes of accuracy
(Table 3). Four studies on mammographic surveillance
were included in the meta-analysis (Figures 3-95),
revealing a pooled sensitivity of 0.81 (95% CI1 0.63-0.91),
specificity of 0.71 (95% CI 0.31-0.93), and accuracy of
0.76 (95% CI 0.59-0.88). While one study indicated that
ultrasonography achieved a sensitivity of 0.87 and a

Studies Country Populations Intervention Comparison Outcome  Study Design
Osman et al., Egypt BC survivors Mammography Biopsy Accuracy Prospective
2018 [17] and DBT study
Ternier et al., France BC survivors, conservatively treated ~ Mammography Histological Accuracy Prospective
2006 [18] breast, with suspicious findings on and findings from study
routine surveillance ultrasonography surgery
Aarts et al., 2019 Ttaly BC survivors, developed second Mammography Histological Accuracy Prospective
[19] cancer in the contralateral breast, findings from study
separated by at least 6 months surgery
Weinstock et al., UsS BC survivors, <65 yo Mammography N/A Accuracy  Retrospective
2015 [20] study
Shin et al., 2005 South Korea BC survivors, asymptomatic, after ~ Ultrasonography N/A Accuracy  Retrospective
[21] breast cancer surgery study
Viewheg et al., Germany BC survivors Mammography N/A Accuracy  Retrospective
2004 [22] study
Tadros et al., 2017 usS BC survivors MRI N/A Accuracy  Retrospective
[23] study
Gweon et al., South Korea BC survivors, had negative MRI N/A Accuracy  Retrospective
2014 [24] mammography and sonography study
findings

Brennan et al., UsS BC survivors, no family history MRI N/A Accuracy  Retrospective
2012 [25] study
Kim et al., 2012 South Korea BC survivors Ultrasonography N/A Accuracy  Retrospective
[26] study
Bahl et al., 2021 UsS BC survivors Mammography DBT Accuracy ~ Retrospective
[27] study
Schlaiss et al., Germany BC survivors Mammography MRI and Accuracy  Retrospective
2023 [28] Ultrasonography study

Note: BC, breast cancer; DBT, digital breast tomosynthesis; MRI, magnetic resonance imaging; MRM, magnetic resonance mammography; US,

United States; RCT, randomized control trial; N/A, not applicable
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Table 2. Study Characteristics of Mortality Studies

Studies Country Populations Intervention Comparison Outcome  Study Design
Lash et al., 2006 UsS BC survivors, >65 yo, Annual mammography(s) No annual Mortality ~ Nested Case
[7] stage I-IIA BC mammography Control
Lash et al., 2007 usS BC survivors, >65 yo, Annual mammography(s) No annual Mortality ~ Nested Case
[317* stage [-1IA BC mammography Control
Schootman et al., Us BC survivors, >66 yo, Mammography 1 years prior to No mammography  Mortality — Case Control
2007 [32] stages 0—I11 BC death/ censoring prior to death
Paszat et al., Canada  BC survivors all age, Mammography > 1 No mammography  Mortality ~ Retrospective
2009 [9] stage [ and II BC study
Jung et al., 2021 South BC survivors all age, Annual mammography or more Mammography <3 ~ Mortality = Retrospective
[33] Korea all stage BC frequent mammography within 3 times within 3 years study
years (> 3 times)
Buist et al., 2013 us BC survivors >65 yo,  Annual mammography(s) after 5  No mammography = Mortality =~ Prospective
[34] stage [ and 11 BC years of disease-free study

Note: BC, breast cancer; US, United States. *Lash et al., 2006 and Lash et al., 2007 have different population

specificity of 0.73. However, a different study revealed the
reverse trend, with a sensitivity of 0.70 and a specificity of
0.98 for ultrasonography, 18.21 Additionally, five studies
on MRI reported consistently higher sensitivity, from 0.88
t0 0.95, compared to mammography and ultrasonography
[23-25, 27, 30] One study reported that the specificity of
MRI is 0.82 (95% CI 0.78-0.85) [24].

Mortality

There were six studies reporting mortality outcomes
of mammography surveillance, with detailed information
provided in Table 4. Due to the heterogeneity across
studies, only five were included in the meta-analysis,
which involved a total sample size of 8,948 participants.
The pooled odds ratio revealed that mammographic
surveillance significantly reduced the odds of mortality
by 50% (OR 0.50; 95% CI 0.27, 0.92) compared to
individuals without surveillance (Figure 2). The high
heterogeneity (I> = 93%) likely attributable to variations
in the delivery of interventions (e.g., frequency, intensity)

and differences in outcome measures (e.g., breast cancer
mortality vs. all-cause mortality).

Study Quality

Quality assessment was conducted for studies included
in meta-analysis, comprising four studies evaluating
diagnostic accuracy outcomes and five studies reporting
mortality outcomes. For the diagnostic accuracy studies,
the QUADAS-2 (Quality Assessment of Diagnostic
Accuracy Studies 2) tool was employed to evaluate the risk
of bias and concerns regarding applicability across four
domains: patient selection, index test, reference standard,
and flow and timing. All three studies demonstrated a
low risk of bias in each domain, as well as low concerns
regarding applicability. For studies assessing mortality
outcomes, which included both case-control and cohort
designs, the Newcastle-Ottawa Scale (NOS) Quality
Assessment Form was used. The majority of studies
were reported as having low risk of bias, with only one
study rated as having moderate risk, although two studies
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Figure 1. PRISMA 2020 Flowchart
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Studies Sample size Intervention TP FP FN TN Sensitivity ~ Specificity PPV~ NPV

Osman et al., 196 Mammography 85 29 18 64 84.2 53.1 489  86.7

2018 [17] Mammography + 74 NR NR  NR 100 92.1 89.7 100

DBT

Ternier et al., 103 Mammography 43 22 9 29 83 57 66 76

2006 [18] Us 45 14 737 87 73 76 84

Aarts et al., 2019 589 Mammography 226 NR 363 NR 91 NR NR NR

[19]

Weinstock et al., 571 Mammography NR NR NR NR 23.1 96.4 NR NR

2015 [20]

Shin et al., 2005 57 us 24 33 NR NR 70.6 98.3 42.1 NR

[21]

Viewheg et al., 145 Mammography 10 13 1 121 91 90 43 99

2004 [22]

Tadros et al., 186 MRI 8 NR 1 NR 88.9 NR 24 NR

2017 [23]

Gweon et al. 2014 607 MRI 11 106 1 489 91.7 82.2 9.4 0.2

[24]

Brennan et al., 144 MRI 17 27 1 NR NR NR 39 NR

2012 [25]

Kim et al., 2012 1256 UsS 16 NR 2 NR NR NR 41 NR

[26]

Bahl et al., 2021 8170 Mammography N/A N/A N/A N/A 75 94.7 64.9 NR

(271 DBT NA NA NA NA 7738 95 564 NR

Schlaiss et al., 176 Mammography 106 NR 54 NR 66.3 NR NR NR

2023 28] MRI 118 NR 56 NR 93.9 NR NR  NR
Ultrasonography 94 NR 2 NR 67.8 NR NR NR

Note: TP, true positive; FP, false positive; FN, false negative; TN, true negative; PPV, positive predictive value; NPV, negative predictive value;
DBT, digital breast tomosynthesis; US, ultrasonography; MRI, magnetic resonance imaging; NR, not reported; N/A, not applicable

exhibited specific concerns in several domains. One
study (Paszat et al.) had a high risk in the domain of case
definition (A1), but demonstrated low risk in all other
domains, resulting in an overall assessment of low risk of
bias. Meanwhile Schootman et al. was rated as high risk
in two domains, representativeness of the exposed cohort
(A1) and assessment of outcome (A6) and low risk in the
remaining domains, leading to an overall classification of
moderate risk of bias.

Discussion

This systematic review and meta-analysis aimed
to evaluate the efficacy of radiology surveillance in
breast cancer survivors, particularly mammographic
surveillance, focusing on accuracy and mortality
outcomes. Effective post-treatment surveillance remains
critical to improve long-term outcomes. Our analysis
highlights the importance of mammographic surveillance

Odds ratio Odds ratio Risk of Bias
Study logOR SE  Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFGH.I
Buist, Diana SMetal,, (2013) 02 0413  24.4% 0.820.56, 1.20] J (XL XL L L XX
Lash, Timothy L. etal., (2006) -0.82 0.9  17.9% 0.440.19, 1.01] ] CL LX)
Lash, Timothy L. etal, (2007) 212 042  5.3% 0.12[0.01,1.26) —~— L (L L L L L L LX)
Paszat, Lawrence et al., (2009) -1.27 12 25.7% 0.28[0.22, 0.36] ™ ([ LL L XL LX)
Schootman, Mario etal, (2007) -0.22  0.07  26.6% 0.80 [0.70, 0.92] n 09009068
Total (95%Cl) 100% 0.50 [0.27, 0.92] <
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(A) Case definition
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Figure 2. Forest Plot Presenting the Mortality Rate of Implementing Mammographic Surveillance vs no Mammographic

Surveillance
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Study TP TP+FN Weight Sensitivity [95% CI] Risk of Bias
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Sensitivity

Figure 3. Forest Plot Presenting the Sensitivity of Mammographic Surveillance

in post-treatment care by showing 50% reduction in
mortality risk (OR 0.50; 95% CI 0.27-0.92), compared
to no surveillance [7, 33]. However, we noted the
significant heterogeneity between studies (I> = 93%) in
this meta-analysis, and should be taken into account when
interpreting the results.

Several factors likely contributed to the heterogeneity
observed in our analysis, including variations in
surveillance protocols, imaging frequency, and outcome
definitions. Three studies applied annual mammography,
while two studies did not specify as long as the subject had
once mammography examination during the study period.
Moreover, discrepancies were also noted in mortality
endpoints, as some studies assessed breast cancer—specific
mortality, whereas others considered all-cause mortality.
Whenever possible, we used the breast cancer mortality in
our meta-analysis. Only one study [7] that used all-cause
mortality that we include in our meta-analysis.

While our analysis reveals a substantial mortality

benefit from mammographic surveillance, the diagnostic
performance metrics suggest important limitations that
must be acknowledged. The pooled sensitivity (81%, 95%
CI 0.63-0.91), specificity (71%, 95% CI 0.31-0.93), and
accuracy (76%, 95% CI 0.59-0.88) from our meta-analysis
were notably lower than the 92% accuracy often reported
in initial screening or diagnostic settings [29, 30]. This
reduction may reflect the unique challenges of imaging the
post-treatment breast, where interval cancers, scarring, and
architectural distortion are more prevalent. In particular,
breast-conserving therapy (BCT) frequently produces
post-surgical and radiation-induced changes that obscure
subtle lesions, increasing the risk of both false-positive
and false-negative interpretations.

Given these diagnostic constraints, complementary
imaging modalities may provide additional value in certain
clinical contexts. Ultrasonography has demonstrated
higher sensitivity in some studies, although often at the
cost of reduced specificity, whereas magnetic resonance

Study N TN+FP Weight Specificity [95% CI] Risk of Bias

A B CODETFG
Berg et al., (2014) 2337 2623 26.7 0.89[0.88, 0.90] i m CORC N )
Osman et al., (2018) 64 93 24.8 0.69 [0.58, 0.78] —a 000000 O
Ternier et al., (2006) 29 51 23.8 0.57[0.42, 0.71] _ PP OGO®OS
Viewheg et al., (2004) 112 134 247 0.84[0.76, 0.89] b NN KK XK)
Total (95%Cl) 2542 2901 100% 0.77 [0.59, 0.89] -

Heterogeneity: Tau? = 0.73; Chi> = 69.08, df = 3 (P < 0.01); I* = 96%
Test for overall effect: Z=2.77 (P < 0.01)

Risk of Bias legend
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(B) Index Test

(C) Reference Standard

(D) Flow and Timing

(E) Applicability: Patient Selection
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Figure 4. Forest Plot Presenting the Specificity of Mammographic Surveillance
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Table 4. Outcome Mortality

Studies Intervention Outcome Effect Measure Death No Death No Death OR/RR (95% CI)
(Mammo) Death (No (No
(Mammo) Mammo) Mammo)
Lash etal., Annual All cause Unadjusted OR
2006 [7] mammography(s) mortality
11 (one time) 11 10 75 12 74 0.82 (0.33-2.0)
12 (two time) 12 7 69 12 74 0.63 (0.23-1.7)
13 (three time) 13 2 24 12 74 0.51(0.11-2.5)
14 (four or more) 14 1 14 12 74 0.44 (0.7-3.7)
Lashetal., Annual Breast cancer  Unadjusted OR
2007 [29]  mammography(s) mortality
11 (one time) 11 55 205 82 255 0.83
12 (two time) 12 28 108 82 255 0.8
13 (three time) 13 12 53 82 255 0.7
14 (four or more) 14 1 13 82 255 0.23
Adjusted OR
11 N/A N/A N/A N/A 0.67 (0.39-1.1)
12 N/A N/A N/A N/A 0.52 (0.25-1.1)
13 N/A N/A N/A N/A 0.36 (0.13-0.99)
14 N/A N/A N/A N/A 0.12 (0.01-1.1)
Schoot- Mammography 1 Breast cancer  Unadjusted OR N/A N/A N/A N/A 0.59 (0.52-0.67)

man etal., years prior to death/  mortality

2007[30]  censoring Adjusted OR N/A N/A N/A N/A 0.83 (0.72-0.95)
All cause Unadjusted OR N/A N/A N/A N/A 0.52 (0.49-0.56)
mortality Adjusted OR® N/A N/A N/A N/A 0.83 (0.76-0.90)

Mammography 2 Breast cancer  Unadjusted OR N/A N/A N/A N/A 0.48 (0.42-0.54)
Z:Eig;‘;’r to death/  mortality Adjusted OR® N/A N/A N/A N/A 0.80 (0.70-0.92)
All cause Unadjusted OR N/A N/A N/A N/A 0.34 (0.32-0.37)
mortality Adjusted OR® N/A N/A N/A N/A 0.72 (0.66-0.78)

Paszat et Mammography > 1 Breast cancer  Unadjusted HR 275 446 99 81 CRIBC: 0.36 (0.13-1.01)

E‘é] 2009 mortality CPBC: 0.86 (0.2-3.77)

Adjusted HRg 0.28 (0.22-0.37)
Other cause 84 637 54 126 N/A
mortality

Jungetal,, Annual mammogra-  Breast cancer  Unadjusted HR 2551 31518 1806 38026 0.56 (0.54-0.61)

2021 [31]  phy or more frequent  mortality Adjusted HRe 0.59 (0.55-0.62)

mammography
within 3 years (>3 Adjusted HRf 0.59 (0.55-0.62)
times) All cause Unadjusted HR 3179 31518 2062 38026 0.53 (0.50-0.56)
mortality Adjusted HRe 0.55 (0.52-0.58)
Adjusted HR' 0.53 (0.49-0.58)

Buist et Annual Breast cancer  Adjusted IRR" 54 120 Unknown Unknown 0.82 (0.56-1.19)

al., 2013 mammography(s) mortality

(32] after 3 years of Other cause Adjusted IRR" 185 393 Unknown  Unknown 0.95 (0.78-1.17)

disease-free mortality

Note: CRIBC, cancer recurrence within the ipsilateral conserved breast; CPBC, contralateral primary breast cancer; CI, confidence interval;
HR, hazard ratio; I, intervention; IRR, incidence rate ratio; OR, odds ratio; RR, risk ratio; N/A, not applicable. *, Adjusted for stage, year of
diagnosis, age group, tumor grade, radiotherapy, type of surgery, race, comorbidity, tumor histology, marital status, primary care visit, oncologist
visit, ambulatory care sensitive visit, registry site. °, Adjusted for stage, year of diagnosis, age group, tumor grade, radiotherapy, type of surgery,
chemotherapy, comorbidity, tumor histology, metastases, poverty rate, percent without high school degree, percent African American, marital
status, primary care visit, oncologist visit, ambulatory care sensitive visit, registry site. ¢, Adjusted for stage, year of diagnosis, age group, race,
tumor grade, radiotherapy, type of surgery, chemotherapy, comorbidity, tumor histology, percent without high school degree, percent African
Anmericans, primary care visit, oncologist visit, ambulatory care sensitive visit. ¢, Adjusted for stage, year of diagnosis, age group, race, tumor grade,
radiotherapy, type of surgery, chemotherapy, comorbidity, estrogen receptor status, primary care visit, oncologist visit, ambulatory care sensitive
visit. ¢, Adjusted for age, treatment, and Charlson Comorbidity Index. f, Adjusted for stage, age, treatment, and Charlson Comorbidity Index. &,
Adjusted for age group, and characteristics and treatment for unilateral primary breast cancer. ", Adjusted for site, age at year 6 after diagnosis,
tumor stage, primary surgery type, and Charlson Comorbidity Index

imaging (MRI) has shown consistently higher sensitivity =~ These modalities may be particularly advantageous in
(91%) and specificity (82%) than mammography and  patients with dense breasts, equivocal mammographic
ultrasonography in breast cancer survivors [27, 28].  findings, or a history of BCT, where mammographic
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Study TP_TN Total Weight  Accuracy [95% CI] Risk of Bias

A B C D E F G
Berg et al., (2014) 2357 2659 275 0.89 [0.87, 0.90] [ ] o+
Osman et al., (2018) 149 196 25.2 0.76 [0.69, 0.82] - CROR KKK K]
Ternier et al., (2006) 72 103 23.7 0.70[0.60, 0.79] — RO NN )
Viewheg et al., (2004) 119 145 23.6 0.82[0.75, 0.88] —— RO NN N )
Total (95%Cl) 2697 3103 100% 0.80 [0.69, 0.88] <
Heterogeneity: Tau? = 0.37; Chi? = 52.83, df = 3 (P < 0.01); I” = 94% ,_'_'_|:
Test f(())r or\‘zelrall eff:cl: Z=443 I(P <0.01)
Risk of Bias legend 060 090
(A) Patient Selection Accuracy

(B) Index Test

(C) Reference Standard

(D) Flow and Timing

(E) Applicability: Patient Selection
(F) Applicability: Index Test

(G) Applicability: Reference Standard

Figure 5. Forest Plot Presenting the Accuracy of Mammographic Surveillance

interpretation is most challenging. Incorporating tailored
multimodality surveillance strategies, potentially guided
by individual recurrence risk, could improve early
detection rates and mitigate the limitations inherent to
mammographic surveillance alone. Importantly, these
considerations must be interpreted in the context of
substantial heterogeneity across studies, which may reflect
differences in surveillance protocols, imaging technology,
and patient populations.

Subgroup analyses based on factors such as age,
surgical approach (breast-conserving therapy versus
mastectomy), or breast density could provide additional
insights into heterogeneity of outcomes. However, because
the required data were not available from the included
study, we were unable to carry out these analyses in the
current review. We acknowledge this as an important
area for further investigation and recommend that future
studies specifically explore these subgroups to strengthen
the evidence base

It is important to note that the majority of the
included studies were conducted in high-income
countries, with limited evidence available from low- and
middle-income settings. This geographic imbalance
may limit the generalizability of our findings, as
resource-limited environments often face different
health system constraints, infrastructure challenges, and
population health needs. Further research from low- and
middle-income countries is needed to better understand
the applicability and effectiveness of these interventions
across diverse contexts.

Given these limitations, future research ought to
focus on developing standardized guidelines for imaging
surveillance among breast cancer survivors following
therapy. More definitive recommendations might be
offered by comparative studies evaluating various imaging
modalities in diverse patient populations. Addressing the
existing gaps in evidence from low- and middle- income
countries is also important. Furthermore, the integration
of artificial intelligence (Al)-driven image processing in
mammographic surveillance may improve sensitivity and
specificity, addressing some of the inherent limitations of
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traditional mammography [9].

Recent trials suggest that Al contributes to the early
detection of clinically relevant breast cancer and reduces
screen-reading workload without increasing false positives
[31]. This highlights AI’s potential to transform breast
cancer surveillance by improving diagnostic accuracy,
minimizing inter-observer variability, and optimizing
resource use. In LMICs, where radiologist shortages
and limited access to advanced imaging remain major
challenges, Al could serve as a cost-effective adjunct to
extend diagnostic capacity, enable earlier detection, and
reduce treatment delays. By lowering false positives and
unnecessary recalls, Al may also alleviate economic strain.

In conclusion, while mammographic surveillance
is essential in reducing mortality among breast cancer
survivors, its diagnostic accuracy remains suboptimal.
In certain high-risk and BCT patients, the combination
of MRI or ultrasonography may improve overall survival
outcomes and early recurrence detection. Further research
should focus on refining surveillance strategies, reducing
unnecessary imaging, and addressing the existing gaps
in evidence from low- and middle-income countries, as
the majority of studies in this review were conducted in
high-income countries.
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