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Abstract
Objective: To evaluate the diagnostic performance of dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) for breast cancer identification.
Methods: A comprehensive electronic systematic searching of Medline, Ovid,
EMBASE, Web of Science, CNK, and Cochrane Library databases was performed up
to 2 August 2021. Clinical studies associated with DCE-MRI for breast cancer detec-
tion were screened and inlcuded in the meta-analysis. The data of true positive(tp),
false positive(fp), false negative(fn) and true negative(tn) was extracted from
includded studies. The sensitivity, specificity, diagnostic odds ratio (DOR), and area
under the summary receiver operating characteristic (SROC) were pooled under fixed
or random effect models. Publication bias was evaluated by Deek’s funnel plot.
Results: A final set of 15 studies with 1321 breast lesions were included in the present
work. The pooled diagnostic sensitivity, specificity, and DOR were 0.87 (95% confi-
dence interval [CI] 0.81–0.92), 0.74 (95% CI 0.68–0.80), and 18.83 (95% CI 9.07–
36.54), respectively, and the area under the SROC was 0.86 (95% CI 0.82–0.88). Given
a pretest probability of 50%, the positive post-test probability was 77%, and the nega-
tive post-test probability was 14%. Deek’s funnel plot indicated low publication
bias (p = 0.61).
Conclusion: DCE-MRI is a noninvasive method of breast cancer diagnosis for
suspected malignant breast lesions with relative high diagnostic sensitivity and
specificity.

K E YWORD S
breast cancer, DCE-MRI, diagnosis, meta-analysis

INTRODUCTION

Breast cancer is one of the most common malignant tumors
and leading cause of cancer-associated death for females. It
has been estimated that 284 200 new breast carcinomas and
44 130 associated deaths will occurred in 2021 in the
United States.1 In China, breast cancer is also a common
carcinoma and one of the main causes of cancer-related
death for women. In recent years, the incidence of breast
disease has increased and some of it is malignant.2 There-
fore, the ability to distinguish benign from malignant breast
lesions is important and affects the treatment strategy.

Breast ultrasonography and mammography are the main
diagnostic tools for breast carcinoma. However, these two
methods are generally unsatisfactory in distinguishing
benign from malignant breast lesions, especially for dense
fibroglandular tissue, and may lead to unnecessary breast
lesion biopsy.

Magnetic resonance imaging (MRI) is widely used for
medical diagnosis, staging, and follow-up of disease.3–5 With
research conducted over two decades, breast MRI has
become an established clinical imaging modality for man-
agement of breast diseases without invasion. Dynamic con-
trast-enhanced MRI (DCE-MRI) is a rapidly evolving
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imaging technique that is considered to be one of the major
methods for breast MR imaging. Studies have evaluated the
clinical diagnostic performance of DCE-MRI in dis-
tinguishing benign from malignant breast lesions.6 Most
studies showed satisfactory findings with relative high diag-
nostic sensitivity and specificity. In the present work, we
combined the open published data relevant to DCE-MRI in
breast cancer to provide more reliable evidence for DCE-
MRI application in breast carcinoma diagnosis.

MATERIAL AND METHODS

Search strategy

Study searching was based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.7 A comprehensive electronic systematic
searching of the Medline, Ovid, EMBASE, Web of Science,
CNK, and Cochrane Library databases was performed up to
2 August 2021. The electronic searching keywords were
(breast neoplasms OR breast lesions OR breast cancer OR
breast tumor OR mammary neoplasms OR mammary
cancer OR mammary tumor) and (magnetic resonance OR
MR) and (dynamic contrast enhanced OR DCE MR).
Languages were limited to English and Chinese.

Inclusion and exclusion criteria

The following inclusion criteria for studies were applied:
(i) Prospective or retrospective clinical studies relevant

to DCE-MRI for breast cancer detection.
(ii) Enough data true positive (tp), false positive (fp),

false negative (fn), and true negative (tn) can be extracted or
calculated from the original studies.

(iii) Pathology or cytology was applied as the gold refer-
ence diagnostic method.

The exclusion criteria were as follows:
(i) Duplicated publication or data.
(ii) Studies on animals.
(iii) Studies without enough data to calculated tp, fp, fn,

and tn.

Data extraction

Two authors (D.H.H. and K.L.Q.) reviewed the full-text
manuscript and independently extracted the data from all
the included studies. The following information and data
were extracted from the included original publications:

(i) First author of the included studies.
(ii) Period of the study published.
(iii) Sample size and breast lesions.
(iv) Age of the included cases.
(v) MRI type and manufacturer.
(vi) tp, fp, fn, and tn distribution.

Statistical analysis

STATA12.0 (Stata Corp LP) statistical software was applied
for data analysis. The heterogeneity tests were performed by
Q test and I2 statistics. I2 > 50% was considered as statisti-
cally heterogeneity significant and data was combined by a
random effect model or a fixed effects model. The publica-
tion bias was evaluated by Deek’s funnel plot.

RESULTS

Literature searching and study screening

After systematically searching the relevant electronic
databases and other sources, we initially identified
621 publications. After duplicated studies and data
removing, 402 studies were further screened for title and
abstract. After reviewing the titles and abstracts, 334 stud-
ies were excluded and 68 publications were reviewed for
full-text evaluation. Finally, 15 studies were deemed
to fulfil the inclusion critera and were included in the
meta-analysis (Figure 1).

General characteristics of the included studies

A final set of 15 studies with 1321 breast lesions were
included in the present work. The sample size of each study
ranged from 13 to 205. All studies were published in English
or Chinese. The age of the included cases ranged from 38.7
to 56.7 years. The MRI devices were purchased from GE,
Simens, Philips or Bayer. Ten studies from China, two from
Japan, one from the United States, one from Turkey, and
one from Austria. The main features of the included studies
are shown in Table 1.

Statistical heterogeneity across the studies

Significant statistical heterogeneity was identified in
diagnostic sensitivity (I2 = 80.34, p < 0.01), specificity (I2 =
60.95, p < 0.01), and diagnostic odds ratio (DOR, I2 =
72.70, p < 0.01). The data was pooled in a random effect
model.

Results of meta-analysis

Fifteen studies were included and data pooling carried out
under random effect model. The pooled diagnostic sensi-
tivity, specificity, and DOR were 0.87 (95% confidence
interval [CI] 0.81–0.92; Figure 2), 0.74 (95% CI 0.68–0.80;
Figure 2), and 18.83 (95% CI 9.07–36.54; Figure 3),
respectively, with an area under the summary receiver
operating characteristic (SROC) of 0.86 (95% CI 0.82–
0.88; Figure 4).
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Predictive values

Likelihood ratio and post-test probability were important
indexes of the diagnostic tests. In our meta-analysis, both

the positive and negative likelihood ratio and post-test prob-
ability were moderate (Figure 5). Given a pretest probability
of 50%, the positive post-test probability is 77% and the neg-
ative post-test probability is 14%.

F I G U R E 1 Flow chart of study
identification according to inclusion and
exclusion criteria

T A B L E 1 The general features of the 15 studies included in this meta-analysis

Author Year Country Sample/lesion Age (year) MRI Company

Guan8 2017 China 13/21 56.7 3.0 T GE

Yang9 2017 China 85/85 48.7 1.5 T GE

Peng10 2016 China 78/83 50.7 1.5 SIEMENS

He11 2019 China 69/69 48.2 3.0 T NA

Jiang12 2017 China 80/80 38.7 1.5 T PHILIPS

Zhang13 2018 China 82/94 40.5 3.0 T SIEMENS

Zhang14 2018 China 60/60 44.3 1.5/3.0 T GE

Jiang15 2018 China 205/275 NA 1.5 T GE

Kim16 2016 USA 115/139 51.0 3.0 T BAYER

Kul17 2011 Turkey 26/29 NA 1.5 T SIEMENS

Yabuuchi18 2008 Japan 71/75 NA 1.5 T PHILIPS

Pinker19 2014 Austria 113/113 52.0 30.T SIEMENS

Imamura20 2010 Japan NA/27 NA 1.5 PHILIPS

Luo21 2013 China 95/95 51.0 3.0 PHILIPS

Tang22 2008 China 48/70 51.0 1.5 T SIEMENS
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SENSITIVITY (95% CI)
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0.86 [0.57 - 0.98]

0.64 [0.47 - 0.79]

0.64 [0.31 - 0.89]

0.70 [0.53 - 0.84]

0.76 [0.55 - 0.91]0.76 [0.55 - 0.91]

StudyId

COMBINED

Guan/2017

Yang/2017

Peng/2016

He/2019

Jiang/2017

Zhang/2018

Zhang/2018

Jiang/2018

Kim/2016

Kul/2011

Yabuuchi/2008

Pinker/2014

Imamura/2010

Luo/2013

Tang/2008

0.3 1.0
SPECIFICITY

F I G U R E 2 Forest plot of the diagnostic sensitivity and specificity of dynamic contrast-enhanced magnetic resonance imaging for breast cancer detection

NOTE: Weights are from random effects analysis
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Guan

He

Study

Luo

Yabuuchi

Zhang

ID

Pinker

Jiang

Yang

Zhang

Tang

Kim

Peng

Jiang

Kul

Imamura

18.83 (9.70, 36.54)

1.56 (0.34, 7.11)

146.67 (22.70, 947.47)

20.48 (6.82, 61.57)

67.20 (11.63, 388.39)

5.50 (1.81, 16.68)

DOR (95% CI)

130.36 (16.30, 1042.37)

31.70 (15.35, 65.46)

17.78 (4.74, 66.74)

82.25 (16.94, 399.32)

25.33 (6.86, 93.55)

4.13 (2.01, 8.46)

19.05 (4.85, 74.82)

77.00 (8.07, 734.81)

11.43 (1.12, 116.70)

3.85 (0.76, 19.47)

100.00

6.57

5.59

%

7.86

5.90

7.84

Weight

5.05

8.96

7.17

6.39

7.22

8.98

7.03

4.64

4.50

6.28

18.83 (9.70, 36.54)

1.56 (0.34, 7.11)

146.67 (22.70, 947.47)

20.48 (6.82, 61.57)

67.20 (11.63, 388.39)

5.50 (1.81, 16.68)

DOR (95% CI)

130.36 (16.30, 1042.37)

31.70 (15.35, 65.46)

17.78 (4.74, 66.74)

82.25 (16.94, 399.32)

25.33 (6.86, 93.55)

4.13 (2.01, 8.46)

19.05 (4.85, 74.82)

77.00 (8.07, 734.81)

11.43 (1.12, 116.70)

3.85 (0.76, 19.47)

100.00

6.57

5.59

%

7.86

5.90

7.84

Weight

5.05

8.96

7.17

6.39

7.22

8.98

7.03

4.64

4.50

6.28

1.00096 1 1042

F I G U R E 3 Forest plot of the
diagnostic odds ratio (DOR) of
dynamic contrast-enhanced
magnetic resonance imaging for
breast cancer detection
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Publication bias

The shape of the Deek’s funnel plot was generally symmetri-
cal, which indicates low publication bias (p = 0.61;
Figure 6).

DISCUSSION

This comprehensive update meta-analysis aggregated 15
open published studies and 1321 breast lesions to further
investigate the clinical diagnostic performance of DCE-
MRI for breast carcinoma identification. The findings of
the present work show that the combined diagnostic sen-
sitivity, specificity, and DOR are 0.87 (95% CI 0.81–0.92),
0.74 (95% CI 0.68–0.80), and 18.83 (95% CI 9.07–36.54),
respectively, with the area under the SROC 0.86 (95% CI
0.82–0.88). Both the combined sensitivity and specificity
were relatively high and provide good diagnostic perfor-
mance of breast carcinoma. In addition, the work also
found that given a pretest probability of 50%, the positive
post-test probability is 77% and the negative post-test
probability is 14%. Our meta-analysis demonstrates that
DCE-MRI is a noninvasive method of breast cancer diag-
nosis for suspected malignant breast lesions with relative
high diagnostic sensitivity and specificity.

Mammography was applied in detection or screening
of breast lesions in most of the countries.23,24 However,
its clinical application was limited to the density of the
breast tissue.25 In young women and Asian females, the
breast tissue is general dense and mammography may
provide limited information to distinguish benign from
malignant lesions. However, MRI quality is not affected
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1.0

0.00.51.0
Specificity

Observed Data

Summary Operating Point
SENS = 0.87 [0.81 - 0.92]
SPEC = 0.74 [0.68 - 0.80]

SROC Curve
AUC = 0.86 [0.82 - 0.88]

95% Confidence Contour

95% Prediction Contour

F I G U R E 4 Summary receiver operating characteristic (SROC) of
dynamic contrast-enhanced magnetic resonance imaging for breast cancer
detection. AUC, area under the summary receiver operating characteristic;
SENS, sensitivity; SPEC, specificity

F I G U R E 5 Fagan’s plot for the post-test probability of breast cancer after a
positive result (upper line) or a negative result (lower line) from a dynamic
contrast-enhanced magnetic resonance imaging examination. LR, likelihood ratio

F I G UR E 6 Deeks’ funnel plot in evaluation of the publication bias of
dynamic contrast-enhanced magnetic resonance imaging for breast cancer
detection. ESS, effect sample size
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by the density of the breast and can provide high discrim-
ination power from malignant to benign lesion. MRI was
therefore was applied for breast disease examination and
studies confirmed that MRI can identify lesions that are
not detected by mammography or ultrasound in high-risk
women. In March 2007, the American Cancer Society in
the United States issued a guideline recommending
annual MRI screening for women who have greater than
20–25% lifetime risk of developing breast cancer.26

Neoplasma, particularly the more aggressive carcinoma,
needs angiogenesis and more nutrition to support rapid can-
cer cells growth. The new angiogenic vessels have a wider
endothelial junction, which allows contrast agents to quickly
leak from vascular space into the interstitial space and back-
diffuse to the vascular space to be cleared.27,28 DCE-MRI
was applied to measure the transport kinetics of contrast
agents in the tissue, allowing for analysis of transfer rates
associated with vascular perfusion and permeability. Despite
this advantage, the motivation for performing DCE-MRI for
diagnosis of breast cancer is mainly problem solving to
detect the lesion without being obscured by strong back-
ground tissue enhancement, as well as to differentiate
between malignant and benign lesions.29

In 2016, Zhang et al.6 performed a meta-analysis of
combined dynamic contrast-enhanced magnetic resonance
imaging and diffusion-weighted imaging for breast cancer
detection. The authors found that the pooled sensitivity and
specificity of DCE-MRI were 93.2% and 71.1%. The area
under the SROC curve was 0.85. Our meta-analysis found
the combined diagnostic sensitivity, specificity, and AUC-
SROC were 0.87, 0.74, and 0.86, respectively, which is in
accordance with Zhang’s findings. Furthermore, our work
also investigated the pre- and post-test probability. Given a
pretest probability of 50%, the positive post-test probability
is 77% and the negative post-test probability is 14%. The
diagnostic accuracy of malignant or benign lesions was
moderately improved after DCE-MRI examination. The
improved diagnostic accuracy may also reduce the need for
breast biopsy.

This work was subject to two main limitations. (i) The
clinical heterogeneity between included studies was obvious,
such as the subject’s age, race, breast lesion diameter, etc.,
and may affect the results and conclusions. Another clinical
heterogeneity may arise from the radiology. The professional
experience of the radiologists in each study was different,
and this may affect the diagnostic accuracy of the DCE-
MIR. (ii) The statistical heterogeneity between the included
studies was also significant and may reduce the statistical
power of the combined effect size.

In conclusion, this meta-analysis combined 15 studies
and found DCE-MRI was a noninvasive method of breast
cancer diagnosis for suspected malignant breast lesions with
relatively high diagnostic sensitivity and specificity. How-
ever, due to the two main limitations described, the conclu-
sion needs further validation by well-designed large sample
size prospective diagnostic studies.
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