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Abstract

Purpose The purpose of this study was to assess the diagnostic performance of mammography (MMG) and ultrasound (US)
imaging for detecting breast cancer.

Methods Comprehensive searches of PubMed, Scopus and EMBASE from 2008 to 2021 were performed. A summary
receiver operating characteristic curve (SROC) was constructed to summarize the overall test performance of MMG and US.
Histopathologic analysis and/or close clinical and imaging follow-up for at least 6 months were used as golden reference.
Results Analysis of the studies revealed that the overall validity estimates of MMG and US in detecting breast cancer were as
follows: pooled sensitivity per-patient were 0.82 (95% CI 0.76-0.87) and 0.83 (95% CI 0.71-0.91) respectively, The pooled
specificities for detection of breast cancer using MMG, and US were 0.84 (95% CI 0.73-0.92) and 0.84 (95% CI1 0.74-0.91)
respectively. AUC of MMG, and US were 0.8933 and 0.8310 respectively. Pooled sensitivity and specificity per-lesion was
76% (95% C1 0.62-0.86) and 82% (95% CI1 0.66—0.91) for MMG and 94% (95% CI 0.87-0.97) and 84% (95% C1 0.74-0.91)
for US.

Conclusions The meta-analysis found that, US and MMG has similar diagnostic performance in detecting breast cancer on
per-patient basis after corrected threshold effect. However, on a per-lesion basis US was found to have a better diagnostic
accuracy than MMG.

Keywords Breast cancer - Diagnostic methods - Mammography - Ultrasound - Meta-analysis

risk factors for female breast cancer include menstruation
(early age at menarche, later age at menopause), reproduc-

Introduction

Breast cancer is the most frequently diagnosed cancer and
the leading cause of cancer death in females, worldwide [1].
One in eight of women has a chance to develop invasive
breast cancer in her life [2]. Breast cancer is a heterogeneous
disease with no single characterized cause. Epidemiologi-
cal studies have identified many risk factors that increase
the chance for a woman to develop breast cancer. Important
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tion (nulliparity, late age at first birth, and fewer children),
exogenous hormone intake (oral contraceptive use and hor-
mone replacement therapy), nutrition (alcohol intake), and
anthropometry (greater weight, weight gain during adult-
hood, and body fat distribution); whereas breastfeeding and
physical activity are known protective factors [3].
Mammography (MMG) has a paramount of importance
in early detection of breast cancers, detecting about 75% of
cancers at least a year before they can be felt [4]. Screening
and diagnostic are two types of mammography examina-
tions. Screening mammography is done in asymptomatic
women. Screening mammography has a paramount of
importance in greatly improving a woman’s chances for suc-
cessful treatment. It is also recommended that to be done
in every 1-2 years for the women greater than 40 years old
and every year for the greater than 50 years [4] Sometimes,
physicians may indorse beginning screening mammography
before age 40 if the woman has a strong family history of
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breast cancer [5]. Studies have shown that regular mammo-
grams may decrease the risk of late-stage breast cancer in
women 80 years of age and older [6, 7]. When a breast lump
or nipple discharge is found during the self-examination or
irregularity is found during screening, diagnostic mammog-
raphy is will be performed.

Ultrasonography (US) has been playing an increasingly
important role in the evaluation of breast cancer, particularly
in the case of a symptomatic patient, after clinical examina-
tion. In the case of a patient without symptoms, breast ultra-
sound is ascribed a higher sensitivity for detecting breast
cancer in women with dense breast tissue, women under the
age of 50 and high-risk women [4].

Despite the increasing numbers of publications concern-
ing MMG and US in the diagnosis procedure for breast
cancer in patients the effectiveness of these modalities
still remains unknown and no consensus has been reached.
Thus, the aim of our study was to perform a meta-analysis
to compare the diagnostic value of MMG and US imaging
in detecting breast cancer to provide better evidence-based
advice to physicians in this area, which, to our knowledge,
had not previously been studied.

Materials and methods

Our review methods followed the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [8]. According to the PICO approach
[8] the ‘PICOS’ questions pertinent to this review were:
patients (P)- over the age of 18 years undergoing MMG and
US; intervention (/)- diagnostic tests: MMG and US; com-
parison (C)-histopathologic results or six months follow-
up; outcome (O)- accuracy of imaging modalities to detect
breast cancer.

Search strategy

We searched the PubMed, Scopus, and EMBASE for studies
about the diagnostic value of MMG and US, for detecting
BC. A core strategy was developed in PubMed and then
translated for each database. Published year was limited
between 2008 and 2021. The steps employed to select eli-
gible studies for this systematic review and meta-analysis is
depicted in Fig. 1.

(((((((breast cancer [tiab]) OR breast cancer [MeSH
Terms]) OR breast carcinoma [tiab]) OR breast tumor [tiab])
OR breast neoplasm [tiab])) AND (((((US [tiab]) OR ultra-
sound [tiab]) OR ultrasonography [tiab]) OR MMG [tiab])
OR mammography [tiab])) AND ((((((sensitivity [tiab]) OR
specificity [tiab]) OR false negative [tiab]) OR false positive
[tiab]) OR detection [tiab]) OR diagnosis [tiab]).
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Fig.1 PRISMA flow diagram for the meta-analysis

In addition, reference lists of identified articles were also
searched for relevant articles not identified during search
strategy to find additional studies for the systematic review.
The search was performed in December 2021 to ensure
inclusion of all recent publications in the analysis. Then the
studies were exported to Endnote to maintain and manage
citation and facilitate the review process. All citations were
imported into a reference management system and duplicates
were removed.

Selection criteria

The included studies in our analysis had to meet the selec-
tion criteria given as follows: (a) evaluating the diagnostic
value of MMG or US in detecting breast cancer; (b) breast
cancer has to be confirmed by histopathological analysis,
or clinical and imaging follow-up for at least 6 months; (c)
absolute number of sensitivity or specificity or true positive,
true negative, false negative and false positive result were
provided for patient-based analysis compared with standard;
(d) the study should include ten or more patients; (e) only
woman breast diagnosis is included.

Exclusion criteria

The studies were reviewed for the following exclusion crite-
ria: (a) case reports, letters, comments, animal experiments,
review studies, and original studies with incomplete data; (b)
repeatedly published literature or similar literature.
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Selection of studies and data extraction

Two investigators (GF and EM) independently assessed
and included the potentially eligible studies according to
the inclusion and exclusion criteria mentioned above after
reading the title and abstract. For the equivocal studies, we
read the full text to make a decision. If there was still a
disagreement, a third investigator evaluated the results and
reached a consensus. The same investigators independently
extracted relevant data from the included studies based on a
piloted form, with disagreement resolved through discussion
with a third author.

We extracted the following data from each included
study: (a) Frist author name, publication year, country,
study design, sample size, mean age of study participants,
(b) Diagnostic value of MMG and US, in terms of true posi-
tive, true negative, false negative and false positive for detec-
tion of breast cancer. (c) Type of US probe, probe frequency
(MHz) and contrast agent were also extracted.

Quality assessment of each study and statistical
analysis

The GF and EM independently assessed the quality of each
included studies using QUADAS criteria [9]. There are 14
items in QUADAS criteria, and for each question there are
three answers: “yes” “no”, and “unclear with scores of 1 for
“yes” and O for “unclear” or “no”. When there was disagree-
ment in the scoring of quality was solved by conciseness.

Statistical analysis

The diagnostic ability of each modality was assessed by
calculating the pooled sensitivity, specificity and diagnos-
tic odds ratio with their respective 95% confidence interval.
Bivariate meta-analysis was used to determine a correlation
between sensitivity and specificity for possible threshold
effect [10]. The sensitivity and specificity of each study were
used to plot a summary receiver operating characteristic
(SROC) curve [11, 12]. O* indexes (the point on the SROC
curve where sensitivity and specificity are equal) were cal-
culated. The higher the O* value, the better the diagnostic
test performance [12]. A random effects model was used to
account a variance between studies and within the study.
We used chi squared (X?) test to assess statistical heteroge-
neity of included studies at P-value <0.10. We also calcu-
lated I-square (/%) statistic to reflect the percentage of total
variation across the studies [13]. We set the acceptability
of heterogeneity at I-square at 50%. We examined publi-
cation bias with the Deeks’ funnel plots and tested asym-
metry with linear regression of log diagnostic odds ratios
(DOR) on the inverse root of the effective sample size using
egger’s test [14]. All statistical analyses were performed

using Meta-Discl.4, OpenMeta analyst current version and
STATA version 13.

Results
Literature search

The computerized search yielded 7,065 primary studies
including 5 studies identified by hand search selection, of
which 7041 were excluded including duplication. The rea-
sons for exclusion were as follows: (a) duplicated (n=1066),
(b) the aim of the articles was not to reveal the diagnostic
value of MMG and US for identification and characteriza-
tion of breast cancer (n=5823); (b) the reference standard
was not used as histopathologic analysis or close clinical
and imaging follow-up for at least 6 months (n=285); (c)
data from the article that could be used to construct or cal-
culate TP, FP, TN and FN (n=47) were not found; (d) case
reports, letters, editorials (n=20). Finally, a total of 24 stud-
ies [15-38] were included, consisting of 19 studies for MMG
and 20 studies for US (Fig. 1), because most of the studies
have reported for both of imaging modalities.

Study characteristics

There were 17 retrospective studies, and 7 prospective stud-
ies in all included studies. A total of 6 researches were per-
formed in Europe, 16 in Asia, 2 in USA and 1 in South
America. In total, there were 18,203 patients in the included
studies, with the publication year ranging from 2008 to
2021. The characteristics of the included studies are pre-
sented in Table 1 for MMG and in Table 2 for US.

Heterogeneity test and publication bias

We found considerable heterogeneity between studies
included to pool sensitivity and specificity of MMG and US.
For instance, the percentage of I* statistics for MMG per-
patient is 88.3% for pooled sensitivity and 97% for pooled
specificity (Table 3). Therefore, there is significant hetero-
geneity between studies included for per-patient pooled sen-
sitivity and pooled specificity of MMG, and US.

We assessed the funnel plot for asymmetry by visual
inspection for US per-patient, in addition to the statistical
Egger’s test. The funnel plot was appeared quite symmetrical
and Egger’s test also showed evidence of no publication bias
(Egger’s test, P=0.70) (Fig. 2). However, there was signifi-
cant publication bias for MMG per-patient. We couldn’t do
publication bias for per-lesion basis because of small sample
size associated with less statistical power.
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Table 1 Study characteristics of the included research for MMG

Author Year of Country  Patients/lesions (n) ~ Mean age (range)  Imaging Study design TP FP FN TN
publication modalities
Ying 2012 China 549/665 46 (12-92) MMG Retrospective 201 61 45 358
Wu 2016 China 312 49 (27-85) MMG Prospective 77 9 41 185
Shao 2013 China 90/90 532+7.6 MMG Prospective 40 13 15 22
Mello 2017 Brazil 664 NA MMG Retrospective 83 44 9 528
Berg 2012 USA 4814 NA MMG Retrospective 57 414 18 4325
Habib 2009 Pakistan 20 36.5 [17-80] MMG Retrospective 11 4 1 4
Lehman 2012 USA 954/1208 35 [30-39] MMG Retrospective 14 66 9 1119
Zahid 2009 Pakistan 210 35-60 MMG Retrospective 40 6 12 152
Yu 2016 China 287 48.2 (32-75) MMG Retrospective 127 40 41 79
Ozulker 2010 Turkey 46/29 NA MMG Prospectively 13 5 3 8
Omranipour 2016 Iran 132 49.5+10.3 MMG Prospectively 70 12 17 33
Meissnitzer 2015 Austria 67/92 >50 MMG Prospective 57 18 10 7
Tan 2014 China 326 40-60 MMG Retrospective 36 28 38 224
Cho 2016 Korea 162 NA MMG Retrospective 49 42 17 54
Lee 2012 Korea 107/474 49.63+10.43 MMG Retrospective 103 34 7 330
Zhao 2015 China 274 NA MMG Retrospective 117 37 15 105
Park 2014 Korea 114/118 49.6+9.8 MMG Retrospective 24 14 18 62
Yao 2014 China 2036 >35 MMG Retrospective 374 27 104 1529
Novikov 2017 Austria 367 NA MMG Prospective 346 19 21 51

NA not assigned, MMG mammograpgy

Quality assessment

Quality Assessment of Diagnostic Accuracy Studies (QUA-
DAS) criteria were used to assess the quality of every article
[9] (Fig. 3). The MMG studies were generally of moderate
quality.

Only 3 of the QUADAS items (reporting uninterpretable
results, reference standard details, and reporting withdraw-
als) were met by less than 60% of the studies. All of the
studies fulfilled at least 5 of the items, but none fulfilled all
of them. About 60% of the included MMG studies fulfilled
8 or more of the 14 criteria.

The US studies were of high quality than the MMG stud-
ies. Only 2 of the items (reporting uninterpretable results,
and reporting withdrawals selection criteria), were met less
than by 20% of the studies. All of the MRI studies fulfilled at
least 7 of the criteria, but none fulfilled all of them. Twenty
of included US studies fulfilled 8 or more of the 14 criteria.

Pooled sensitivity, pooled specificity and DORs

On the basis of a convectional random effect model, pooled
sensitivity, and pooled specificity of those non-invasive
modalities were shown in Fig. 4 and Table 4 for the con-
vectional random effect method. The Pooled sensitivity of
MMG and US per-lesion was 78% (95% CI 74-81%) and
94% (95% CI 85-97%), respectively, Pooled specificity

@ Springer

per-lesion of MMG was 90% (95% CI 89-91%) and of US
was 86% (95% CI 84-87%).

The bivariate meta-analysis summary of sensitivity and
specificity per-patient was 82% (95% CI 0.76-0.87) and 84%
(95% C10.71-0.91) for MMG with correlation of —0.2587
and 83% (95% CI1 0.71-0.91) and 84% (95% C1 0.74-0.91)
for US with correlation of —0.8085 respectively. Summary
of sensitivity and specificity per-lesion was 76% (95% CI
0.62-0.86) and 82% (95% CI 0.66-0.91) for MMG with
correlation of —0.3041 and 94% (95% CI 0.87-0.97) and
84% (95% CI1 0.74-0.91) for US with correlation of —0.6907
respectively (Table 4.)

Summary ROC curves, AUC, DOR and the Q* index

Summary receiver operating characteristic analysis was
used to compare those non-invasive modalities. AUC for
per-lesion of MMG and US was 0.8503 and 0.9138, respec-
tively; US had highest AUC when compared with MMG.
The O* index estimates for MMG was 0.7814, and for US
was 0.8463. Like DOR, AUC, the O* index estimates for US
was higher than for MMG (Table 4; Fig. 5).
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Table 3 Assessment of heterogeneity and threshold effect of included
articles

Chi? df p value P index (%)
Per patient
Sensitivity
MMG 93.93 11 0..000 88.3
us 400.09 12 0.000 97
Specificity
MMG 390.36 11 0.00 97.2
Us 334.10 12 0.000 96.4
Per lesion
Sensitivity
MMG 67.41 6 0.000 91.1
us 30.30 6 0.000 80.2
Specificity
MMG 106.18 6 0.000 94.3
us 50.26 6 0.000 88.1

Chi’® Chi-square, df degree of freedom, I? I-square (inconsistency)

Discussion

Our meta-analysis suggests that US has better sensitivity,
DOR, AUC and Q* than MMG for the per-lesion. Therefore,
US is advantageous for detecting and ruling out clinically
relevant breast cancer. The DOR is one of the parameters
used to test the accuracy that combines the data from sensi-
tivity and specificity into a single number [39]. DOR is the
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Fig.2 Deek’s funnel plot for MMG and US per-patient basis
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ratio of the odds of positivity in disease to the odds of posi-
tivity in the non-diseased and has a value that ranges from
0 to infinity, with higher values indicating higher accuracy.

A bivariate random-effects model to study for the cor-
relation between sensitivity and specificity observed across
studies that is because of the functional relationship between
the two at a given threshold within each study. Sensitivity
and specificity are often negatively correlated within stud-
ies [12]. One possible cause for this negative correlation
between sensitivity and specificity is that studies may have
used different thresholds to define positive and negative test
results. The model consider two levels of statistical dis-
tribution of variance to solve the problem: At first level, a
binomial distribution and logistic transformation of sizes
preserves the shared characteristics within each study that
associate sensitivity and specificity, taking the correlation
between the two, as well as the absolute values observed in
each study, and the heterogeneity (variance) between studies
beyond that accounted for by sampling variability at the first
[40]. Our meta-analysis result showed that threshold effect
was prominent over the US studies with the correlation of
—0.8085 for per-patient and — 0.6907 per-lesion.

As evidence accumulates in breast cancer screening
and detection, a systematic review and meta-analysis can
more effectively compare the diagnostic value of MMG and
US imaging in detecting breast cancer and provide better
evidence-based advice for physicians. This meta-analysis
focused on evaluating the diagnostic performance of convec-
tional MMG and US, the widely used non-invasive modali-
ties for the detection of breast cancer. According to Table 3,
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there were significantly high heterogeneity between included
studies for MMG and US, possibly due to different thresh-
old settings associated with those studies. Thus, random-
effects model, which accounted not only for the heteroge-
neity but also for the error of estimation of these indexes
for diagnostic study was selected [41]. However, absence
of a relevant covariate in the included studies, is a limita-
tion of this approach which make it impossible to carry out
subgroup analysis. Moreover, there is not an accepted gold
standard, which may be a universal drawback to all modali-
ties included in this study for detecting breast cancer. There-
fore, we had to use reference standard as histopathologic

analysis and/or close clinical and imaging follow-up for at
least 6 months.

The sensitivity, specificity and AUC of MMG were 75%,
71% and 0.78 according to meta-analysis done for diagnostic
accuracy of magnetic resonance imaging (MRI) and MMG
for breast cancer patients respectively [42]. This finding is
consistent with our findings of pooled sensitivity, and AUC
on a per-lesion basis, but with higher specificity. Previous
studies have discussed the diagnosis ability of MMG in
detecting breast cancer; Zhang and Ren [43] conducted a
study to evaluate accuracy of mammography screening for
breast cancer, revealed a sensitivity of 81% and a specificity
of 96%. Moreover, Kang et al.[44] presented similar results
with 82 and 93% the diagnostic sensitivity and specificity
of MMG in breast cancer screening in Asian women. Again
this finding is consistent with our findings of pooled sen-
sitivity, and specificity on a per-patient basis which is 82
and 91%.

Ultrasound (US) is an excellent method for assessing
palpable abnormalities, differentiating between cystic and
solid lesions, and classifying solid masses. Previous study
have reported the sensitivity (89%) and specificity (88%)
of 3-D ultrasound in benign and malignant breast [45]. Li
et al. [46] also demonstrated a meta-analysis for direct com-
parison between contrast-enhanced ultrasound and convec-
tional ultrasound, the result showed that the sensitivity and
specificity of convectional ultrasound was 86 and 72%. US
imaging has a great importance in diagnosing breast lesions
as benign or malignant and can further improve early breast
cancer detection [47]. Moreover, study conducted by Sadigh
et al. [48] on the accuracy of quantitative ultrasound for dif-
ferentiation of malignant and benign breast abnormalities
and presented a summary sensitivity and specificity 88%
(95% (CI) 84-91%), and 83% (95% CI 78-88%), respec-
tively. Finding of these studies are almost collinear with our
finding of lesion-based analysis of sensitivity and specificity
were 94% (95% (CI) 91-95%) and 85% (95% (CI) 84-87%)
respectively.

Researches have been widely reported that ultrasonogra-
phy is more sensitive than mammography in breast cancer
diagnosis [20, 49-51]. Although the specificity of mammog-
raphy is higher than that of ultrasonography [52] in the view
of breast cancer screening, the higher sensitivity is more
beneficial for early diagnosis of breast cancer. Moreover,
due to its non-radiation exposure, its low cost than mam-
mography and its ability to monitor the shape, size, border
and blood flow situation of the tumors dynamically that are
occult on mammography, ultrasonography, an alternative
imaging modality that is widely used [53].

Our meta-analysis had some drawbacks. Firstly, some rel-
evant articles might have been omitted even though we tried
our best to retrieve medical literature. Secondly, the impact
of patient characteristics could not be examined due to lack
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Fig.4 Forest plot of sensitivity
and specificity of MMG and
US per-patient and per-lesion
for detecting breast cancer
respectively

of data. Thirdly, the reference standard used in this system-
atic review ranged from histopathologic analysis to follow-
up. Fourthly, most results showed heterogeneity, suggesting

@ Springer
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Omranipour. R. 0.73 (0.58-0.85]
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the needs for high-quality prospective studies and multi-
center trials. Unfortunately, it is difficult for us to find the
exact source of heterogeneity due to the limited information.
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Fig.4 (continued) Pooled SP of US per-patient
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Conclusion

meta-analysis. Finally, further cost-effectiveness analysis

should be conducted regarding to the surveillance techniques

in the breast cancer.
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Lehman. C.D 0.61 (0.39-0.80)
Ozulker. T 0.81 (0.54-0.96)
MEISSNITZER 0.85 (0.74-0.93)
TanKP 049 (0.37-0.61)
Lee. A. 0.94 (0.87-0.97)
Park. K.S. 0.57 (0.41-0.72)

Pooled Sensitivity = 0.78 (0.74 to 0.81)
Chi-square = 67.41; df = 6 (p = 0.0000)
Inconsistency (I-square) = 91.1 %

Specificity (95% Cl)
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MEISSNITZER 0.28 (0.12-0.49)
TanKP 0.89 (0.84-0.92)
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Park. K.S. 0.82 (0.71-0.90)

Pooled Specificity = 0.90 (0.89 to 0.91)
Chi-square = 106.18; df = 6 (p = 0.0000)
Inconsistency (l-square) = 94.3 %

This meta-analysis focused on evaluating the diagnostic per-

formance of convectional MMG and US, the widely used
non-invasive modalities for the detection of breast cancer
to provide better evidence-based advice for physicians. Our
finding indicates that US and MMG has similar diagnostic
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Fig.4 (continued)

Table 4 Diagnostic performance for MMG, and US on a per-patient and per-lesion basis
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group e Sensitivity Specificity DOR (95% CI) AUC Q*  Sensitivity  Specificity  Correlation
(95% CI) (95% CI) (95% CI) (95% CI)
Perpatient
MMG 12 0.82 (0.80— 0.91 (0.91- 24.34 (10.555- 0.8933 0.8242 0.82 (0.76— 0.84 (0.73— —0.2587
0.84) 0.92) 56.127) 0.87) 0.92)
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142.99)
performance in detecting breast cancer on per-patient basis  Declarations

after corrected threshold effect. However, on a per-lesion

basis US was found to have better diagnostic accuracy than

MMG.
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