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Abstract

Purpose Medical technology has gone a long way in diagnosis and characterization of breast tumors. Diffusion-weighted MR
imaging is the state of the art for breast screening and diagnosing. The aim of this meta-analysis is to evaluate the diagnostic
performances of diffusion-weighted MR imaging in characterization of breast lesions with different b value in 1.5 T MRI.
Method An extensive search on Scopus, Embase, and PubMed databases were performed on studies published between
January 2000 and 2020. The systematic seek initially yielded 2467 studies, out of which 27 research were covered on this
meta-evaluation. The included studies for meta-analysis utilized different b value and noted that the ADC value was highly
influenced by the b value, for differential diagnosis of breast tumors.

Results The current meta-analysis has shown the ADC values was lower for malignant breast lesions as compared with
benign lesions. The recommended mean threshold ADC was 1.25 +0.17 x 10~ mm?/s range from 0.93 to 1.60 x 107> mm?*/s
for differential diagnosis of breast tumors. Sub-group analysis on the bases of b value showed statistically significant differ-
ences in the ADC value of benign and malignant breast tumors.

Conclusion In conclusion, we noted that b value has a significant effect in calculating the ADC value of the breast lesions
as well as ADC threshold value but lacks standardization. The ADC value measurement has a potential for differentiation
between benign and malignant breast lesions.
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1 Introduction
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tumor response. Breast lesions that illustrate high cellular
density and restricted diffusion of water molecules on Diffu-
sion-weighted imaging (DWI) are usually malignant, which
aids to discriminate them from benign lesions [4]. Diffusion-
weighted (DW) echo planar imaging (EPI) is predominantly
the frequent technique due to its high signal-to noise ratio
(SNR) and also its lack to susceptibility to motion. Basi-
cally, the diffusion sensitivity is highly influenced by a gra-
dient factor known as the “b value” which is proportional to
the gradient amplitude, the duration of the gradient and the
time interval between the paired gradients [5]. In Diffusion-
weighted imaging, the apparent diffusion coefficient (ADC)
values enable quantitative analysis of diffusion signal which
assist in differential diagnosing of breast tumors [6].

DW-MRI is an appealing technique for breast imaging
since it is non-invasive, does not entail exogenous contrast
agents, and yields both qualitative and quantitative diagno-
sis and evaluation. However, these appealing characteristics
are offset by many challenges that face the standardization
of breast imaging DWI parameter and techniques such as
divergence among and between vendors on data measure-
ments, image acquisition technique, multi-exponential decay
components which affect the ADC values, incomplete vali-
dation and documentation of reproducibility, lack of mul-
ticentre working methodologies [3, 7-10]. The aim of this
meta-analysis is to evaluate the diagnostic performances
of Diffusion-Weighted MR Imaging in characterization of
breast lesions with different b value in 1.5 T MRI.

2 Materials and Methods
2.1 Literature Search

An extensive search on Scopus, Embase, and PubMed data-
bases were performed on studies published between January
2000 and 2020. Comprehensive cross-checking of the refer-
ence lists of all retrieved articles were performed manually
to identify additional potential relevant of research papers.
The database searches used the subsequent as clinical con-
cern heading phrases and medical text words: “Diffusion
Weighted Imaging” or DWI or “Magnetic Resonance Imag-
ing” or MRI “Diffusion Weighted MR Imaging” or “Diffu-
sion-Weighted MRI” or “Apparent Diffusion Coefficient”
or ADC or “b value” and “breast-tissue cancer” or “breast
cancer” or” breast lesions” or “Breast neoplasm.”

2.2 Selection Criteria’s
The inclusion criteria’s considered for analyses in this
study were (a) 1.5 T (b) studies done only in female gender

(c) MR imaging sequence should be Diffusion-weighted
sequences (d) breast lesions which includes both benign
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and malignant (e) ADC values of both benign and malig-
nant lesions should be pronounced which had been con-
firmed with the aid of pathology or at least a diagnostic
follow with-up (f) mean ADCs of malignant and benign
lesions (g) ADC threshold (h) Sensitivity and Specific-
ity value should be reported (i) Published research with
authentic facts in peer-reviewed journals (j) Studies pub-
lished in English language only.

The selection of the articles were conducted with
accordance to the guidelines of the systematic reviews of
the diagnostic test [11]. The articles underwent screen-
ing of the title and abstract fulfilling all the exclusion and
inclusion standards. Then the next step involves determin-
ing of the final studies to be included in the meta-analysis
after employing the same inclusion and exclusion criteri-
ons to the complete content of the articles. The excluded
articles were those that involves MRI scanner of 3 Tesla,
neo-adjuvant, no b value reported, no mean ADC values of
benign or malignant lesion separately, no threshold ADC
cut off value reported along with the sensitivity and speci-
ficity, studies not related to diagnostic performances and
pre-clinical studies. Case report, letters, review articles,
unpublished articles, and comments were excluded.

2.3 Quality Assessment and Data Extraction

All studies were reviewed and scrutinized meticulously.
Selection of the studies and collection of the data were
executed independently by two readers. The quality
assessment and eligibility of the studies were accom-
plished using (QUADAS instrument a fine assessment
tool particularly evolved for systematic opinions of diag-
nostic accuracy research) [12]. The three wide viewpoints
were determined: (1) Bias: 0-9; (2) viability: 0-2; and
(3) reporting: 0-3. QUADAS ranged from 0 to 16; and
a score > 10 revealed a good methodological quality. In
order to remedy the disagreements among the reviewers,
a third reviewer assessed all the items and a majority opin-
ion had been considered for evaluation via dialogue or
session. This evidence-based tool was developed specifi-
cally to assess the quality of diagnostic accuracy studies
and includes 14 quality items. The 14 items were scored
as “Yes,” “No,” or “Unclear.” The total score ranges from
0 to 14, in which 14 was the maximum score. The follow-
ing descriptive were extracted—the author, country, year
of publication, study design, MR scanner company (ven-
dor), b values, mean age of the subjects, total number of
subjects, lesions (benign and malignant), contrast status,
mean ADC value of normal fibro-glandular tissue, mean
ADC values of the lesions, threshold of the ADC value for
differential diagnosis with sensitivity and specificity were
extracted from each study.
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3 Results
3.1 Study Selection and Quality Assessment

The systematic seek initially yielded 2467 studies, out of
which 27 research were covered on this meta-evaluation
(Fig. 1). All research studies have been published between
2002 and 2018. According to the QUADAS tool, the score
ranged from 11 to 14. The queries that many researches
have an uncertain answer had been Item 9 (the outline of
the execution of the reference standard) and item no 10 and
11 (The translation effects of the reference standard without
information of the index test consequences and the transla-
tion of the index test outcomes without information of the
reference standard, respectively).

3.2 Study Characteristics

The 27 included studies involved 2642 patients who under-
went MRI with diffusion-weighted sequence in which 2686
lesions were diagnosed and ADC values were calculated.
The total number of benign lesions were 1088 and malignant

lesion were 1598. In 22 studies, prospective study designs
were used, whereas in 5 studies, retrospective study designs
were used. All studies have been executed in 1.5 Tesla MR
scanner. Detailed information on the subjects with breast
lesions and their characteristics of the qualified studies are
summarized in Tables 1 and 2

3.3 Publication Biases

The funnel plot suggests that the research blanketed for the
meta-analysis had been disbursed asymmetrically on a scat-
ter plot Deeks’ funnel plot (Fig. 3) indicates that there was
no evidence of publication bias discovered. No evidence
of publication bias was observed [p=0.6783] based on the
Egger’s test.

3.4 Homogeneity Test and Meta-regression
Analysis

Inconsistency index (I%) was maneuver to estimate the het-
erogeneity of character research contributing to the pooled
estimate. The homogeneity has to be assessed if the differ-
ences across the research studies were greater than expected

Fig. 1 Flow chart of search
strategies and procedure 5 Studies identified through data base screening

§ n= 2467

= (Scopus: 782, Embase: 796, Pubmed:889)

3

ke

Studies screened after duplication are removed
n=1224

2

%

&)’ Studies excluded based on title and abstract

n= 1008
Studies retrieved for full text evaluation eligibility Excluded based on full text
n=216 n=189

¢ Not in English= 35

£ o 3Tesla=26

% ¢ No b value mentioned= 2

m s No threshold mentioned=11
s No sensitivity n specificity= 26
o No mean (range, median reported) of

ADC reported= 7

s No benign ADC reported= 12
» Related to breast lymph nodes= 23

g ¢ No overall mean ADC value of

% malignant reported=17

£ » Post chemotherapy/neoadjuvant= 11

Studies included for meta-analyis * Not related to ADC value, diagnostic
(n=27) performances. technical Papers, pre-
clinical = 19
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Table 1 Characteristics of the selected studies

Author Year Country MR scanner Study design Mean age No’s of subjects No’s of lesions No’s of No’s of
benign malignant
lesions lesions

Yong Guo [13] 2002 China GE P 58 52 55 24 31

Yoshifumi [7] 2004 Japan Philips P 53.5 60 60 5 55

Reiko woodhams [14] 2005 Japan GE P 53 190 191 24 167

Erika Robesova [15] 2006 Belgium Siemens P 52 78 87 22 65

C Marini [16] 2007 Italy Siemens P 53 60 63 21 42

Fernanda Philadelpho 2009 Brazil GE P 46 45 52 26 26

Arantes Pereira [17]
P belli [18] 2009 Italy GE R 49.8 86 126 26 110
Savannah C Patridge 2009 USA GE P 52 (M) 102 83 52 31
[19]
Zhang Yili [20] 2009 China Philips P 46 54 57 22 35
Savannah C Patridge 2010 USA GE P 49 (M) 91 116 55 16
[21]
F Fornasa [22] 2010 Italy GE P 44 78 78 43 35
Guangwei Jin [23] 2010 China GE R NR 56 60 20 40
G Sonmez [24] 2011 Turkey Siemens P 34 41 41 18 23
Ghada K gouhar [25] 2011 Egypt GE P 47 62 78 51 27
Kaiji Inoue [26] 2011 Japan Siemens R 54 105 106 15 91
Sebnem Orguc [27] 2012 Turkey GE P 449 108 124 66 58
Fatma Zeinhom 2014 Egypt GE P 46.3 80 110 60 50
Moukhtar [28]

Marco Moschetta 2014 Ttaly Phillips P 49.7 200 118 51 77
[29]

Waleed Hetta [30] 2014 Egypt NR P 47 30 35 15 20

Moustafa A. Kader A. 2015 Egypt Toshiba P 49(M) 50 50 20 30
Wahab [31]
Qinghua Min [32] 2015 China GE P NR 52 49 20 29
C.W.S. Wan [33] 2016 Hong Kong Philips R 48.6 78 95 21 74
Mohammad Eght- 2016 USA GE R 47 86 NR 12 24
edari [34]

Tugba Bostan Boz- 2016 Turkey Phillips P 49 46 58 28 35
kurt [35]

Uma Sharma [36] 2016 India Siemens P 45.4 388 326 67 259

Enass M. Khattab 2018 Egypt Phillips P 54.5 26 26 11 15
[37]

Pratiksha Yadav [38] 2018 India Siemens P 42.6 57 68 31 37

NR not reported

by chance. P <0.05 suggests presence of heterogeneity
beyond what could be expected by chance alone. I-squared
(%) expresses the percentage of the variation across various
studies due to heterogeneity and was also used as a mode
to quantify the amount of heterogeneity. Heterogeneity is
suggested by I*>50%. We conducted a subgroup analyses
among one of a kind observe characteristics to assess their
quantitative consequences on heterogeneity. Although the
articles which are only in English language are included in
this systematic review, the funnel plot analysis indicated
that there was no notable publication bias in the present
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meta-analysis. There is a high probability that publication
biases might overpitch the clinical diagnosis. Hence, in sys-
tematic reviews or meta-analysis, a radical literature search
is crucial to identify all applicable and relevant studies.

3.5 Statistical Analysis

Estimation of the ADC value was done by the standard
mean difference (SMD) with 95% confidence interval (95%
CI). Cochran’s Q-statistic (p value <0.05) and I* tests was
used to quantify heterogeneity among the included studies.
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Table 2 Apparent Diffusion Coefficient value of benign and malignant lesions and threshold for differential diagnosis with sensitivity and speci-
ficity of included studies

Author b value Normal tissue Benign ADC Malignant ADC Threshold ADC  Sensitivity (%) Specificity (%)
ADC value value (x 107 value (x 107 value (x 107
(x 1073 mmzls) mmz/s) mmz/s) mmz/s)
Yong Guo [13] 0, 1000 NR 1.57+0.23 0.97+0.20 1.3 93 88
Yoshifumi [7] 0, 1000 NR 1.48+0.45 1.02+0.23 NR NR NR
Reiko woodhams 0, 750 2.09+0.27 1.67+0.54 1.22+0.31 1.6 93 46
[14]
Erika Robesova 0, 200, 400, 600, NR 1.51+0.06 0.95+0.02 86 86
[15] 800, 1000
C Marini [16] 0, 1000 NR 1.48+0.37 0.95+0.18 1.1 81 79
Fernanda Phila- 0, 250, 500, 750, NR 1.58+0.31 0.96+0.24 1.24 92.3 96.2
delpho Arantes 1000
Pereira [17]
P belli [18] 0, 1000 1.55+0.30 1.66+0.69 0.97+0.28 1.4 94 72
Savannah C 0, 600 NR 1.70+£0.44 1.30+0.27 NR NR NR
Patridge [19]
Zhang Yili [20] 0, 500 NR 1.79+0.29 1.04+0.23 1.24 93 100
0, 1000 1.73+0.34 1.01+0.20 1.20 96 97
Savannah C 0, 600 NR 1.74+0.46 1.25+0.29 1.55 94 58
Patridge [21]
F Fornasa [22] 0, 800 NR 1.67+0.15 1.29+0.12 1.48 88.6 93.5
Guangwei Jin 0, 600 2.05+0.33 1.82+0.31 1.33+0.36 1.44 88 95
[23] 0, 1000 1.85+0.33 1.61+0.33 1.08+0.32 1.18 775 95
G Sonmez [24] 50, 200, 500, 1.65 1.49+0.16 0.82+0.07 1.0 95 100
1000
Ghada K gouhar 0, 1000 1.62+0.27 1.46+0.48 0.92+0.23 NR NR NR
[25]
Kaiji Inoue [26] 0, 250, 500, 750, 1.89+0.36 1.50+0.38 0.98+0.19 1.29 94.5 80
1000
Sebnem Orguc 0, 600 1.78+0.33 2.00+0.55 1.04+0.29 1.46 95 85
[27]
Fatma Zeinhom 0, 750 NR 1.41+0.36 1.05+0.30 1.25 82 68
Moukhtar [28]
Marco Mos- 0, 1000 NR 1.83+0.18 1.14+0.16 1.44 97 83
chetta [29] 1.82+0.18 1.14+0.16 1.44 97 83
Waleed Hetta 0, 800 NR 1.38+0.26 1.03+0.35 1.2 85 93.3
[30]

Moustafa A. 0, 750 NR 1.60+£0.33 0.84+0.25 1.02 90 95
Kader A.
Wahab [31]

Qinghua Min 0, 400, 600, 800 NR 1.66+0.46 1.11+0.19 1.23 82.8 90
[32]

C.W.S. Wan [33] 0, 1000 NR 1.27+0.42 0.89+0.29 1.08 85.9 77

Mohammad 0, 1000 1.49+0.22 1.43+0.35 0.94+0.25 1.23 93.9 91.7
Eghtedari [34] ¢, 1500 1.31+£0.20 1.27+0.33 0.82+0.23 0.93 81.8 97.2

Tugba Bostan 0, 750 NR 1.61+£0.50 1.04+0.29 1.3 89 100
Bozkurt [35]

Uma Sharma 0, 500, 1000 1.78+£0.13 1.57+0.26 1.02+0.19 1.23 92.5 91
[36]

Enass M. Khat- 0, 1000 NR 1.54+0.19 1.08 +0.22 1.24 93.3 90.9
tab [37]

Pratiksha Yadav 0, 1000 NR 1.90+0.59 1.01+0.47 NR NR NR
[38]

NR not reported
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Fixed/random-effects model were used, in order to cal-
culate the pool SMD. In case of significant heterogeneity
(p value <0.05 or I? test exhibited > 50%) random-effects
model was employed, otherwise the fixed-effects model
was applied. If significant heterogeneity was noted, then
subgroup analysis was performed to detect the potential
explanatory cause. We also adopted a sensitivity analyses
to determine whether one single study had the weight to
influence the overall estimate. Furthermore, to assess the
effect of publication bias, Egger’s linear regression test (p
value < 0.05 was considered significant) was used and funnel
plot generated for the asymmetry, in which the asymmetric
plot revealed viable publication bias.

3.6 Meta-analysis
3.6.1 Overall Effect

Meta-analysis with Random effect model was performed to
pool the mean difference as there was a high level of hetero-
geneity (I*=86.98%). The pooled estimate was found to be
0.57 [0.52, 0.62] which indicates that average value of ADC
is 0.57 unit more in the benign lesions compared to malig-
nant lesions, which is found to be statistically significant
(p value <0.001). The forest plot is represented in Fig. 2.
According to Fig. 2, there are 31 items in the study column
and 4 studies [13—16] have been cited twice. These studies
used 2 different b values, hence the ADC value for each
b value was calculated separately, to find out the optimal
b value for differential diagnosis of benign and malignant
breast lesions.

3.7 Effect of bValue on ADC and Threshold

In the subgroup of six maximum b values the average pooled
estimate of ADC was found to be more in the benign lesions
compared to malignant lesions. The highest ADC value
mean difference of the benign and malignant lesions for dif-
ferential diagnosis was obtained with the b value of 0, 500
and lowest with 0, 1500, however all the mean differences
was found to be statistically significant (Table 3), but there
was no statistically significant difference observed in the
pooled estimate of ADC mean difference among six differ-
ent b values (p=0.14). The highest mean value for benign
and malignant lesion as well as threshold was observed in
b value of 0, 600 and lowest was observed for the b value
of 0, 1500. The effect of maximum b values on the ADC of
benign (p=0.015) and malignant (0.005) was found to be
significant and no significant effect of maximum b values on
ADC threshold cut off (p =0.056).

In the subgroup of b value categories (b value <600
and > 600) the average pooled estimate of ADC is found
to be more in the benign lesions compared to malignant
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lesions. The highest mean difference was obtained with the
b value group of <600 and lowest with the b value group
of > 600 and the mean differences was found to be statisti-
cally significant, but there was no statistically significant dif-
ference observed in the pooled estimate of ADC mean differ-
ence value for two b value categories (p =0.53). The effect
of b values group of <600 and > 600 on the ADC of benign
(p=0.002) and malignant lesions (p =0.003) and ADC
threshold cut off (p=0.035) was found to be significant.

3.8 Effect of Contrast Media on ADC and Threshold

In the subgroup of contrast media, the average pooled esti-
mate of ADC for pre- and post-contrast was found to be
more in benign lesions compared to malignant lesions and
the mean difference was statistically significant. However,
there was no statistically significant difference observed
in the pooled estimate of ADC mean difference value for
pre- and post-contrast sub-group (p=0.75). There was no
significant effect of contrast media on the ADC of benign
(»=0.720) and malignant lesions (p =0.543), and ADC
threshold cut off (p=0.418).

3.9 Effect of Manufacturers on ADC and Threshold

In the subgroup of manufacturers, the average pooled esti-
mate of ADC was found to be more in benign lesions com-
pared to malignant lesions. The highest mean difference
was obtained with Toshiba and lowest with GE and all the
mean differences was found to be statistically significant.
There was also statistically significant difference observed
in the pooled estimate of ADC mean difference among
manufacturer subgroups (p =0.03). The highest mean value
for benign and malignant lesion was obtained with Philips
and GE, respectively, and lowest mean value for benign and
malignant lesion was obtained with Siemens and Toshiba,
respectively. The highest threshold value was obtained in
GE, whereas the lowest was obtained with Toshiba. There
was no significant effect of manufacturer on mean ADC of
benign (p=0.941) and malignant lesion (p=0.159) and
ADC threshold cut off (p =0.156).

3.10 Effect of Country (Where the Study
was Conducted) on ADC and Threshold

In the subgroup of 10 countries, the average pooled esti-
mate of ADC was found to be more in the benign lesions
as compared to malignant lesions. The highest mean differ-
ence was obtained in Turkey and the lowest in Hong Kong
and all the mean differences was found to be statistically
significant except for USA (p=0.90), China (p=0.11), and
Japan (p=0.75). There was also statistically significant
difference observed in the pooled estimate of ADC mean
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Benign Malignant Mean Difference  Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Yong Guo 2002 24 157 23 31 .97 2 . 3 0.60[ 0.49, 0.71] 3.67
Yoshifumi 2004 5 148 45 55 1.02 .23 —i— 0.46[ 0.23, 0.69] 2.34
Reiko woodhams 2005 24 167 .54 167 122 .31 s = 0.45[ 0.30, 0.60] 3.25
Erika Robesova 2006 22 1.51 .068 65 95 .027 ] 0.56[ 0.54, 0.58] 4.46
C Marini 2007 21 148 37 42 95 .18 - 0.53[ 0.39, 0.67] 3.41
Fernanda 2009 26 158 .31 26 96 .24 i 0.62[ 0.47, 0.77] 3.22
P belli 2009 26 166 .69 100 .97 .28 —i- 0.69[ 0.52, 0.86] 2.97
Savannah 2009 52 1.7 44 31 1.3 .27 - 0.40[ 0.23, 0.57] 2.97
Zhang Yili 2009 22 179 29 35 1.04 .23 S 0.75[ 0.61, 0.89] 3.40
Zhang Yili 2009b 22 173 34 35 1.01 .2 - 0.72[ 0.58, 0.86] 3.35
Savannah 2010 55 174 46 16 125 .29 —— 049 0.25, 0.73] 2.26
F Fornasa 2010 43 167 .15 35 129 .12 [ | 0.38[ 0.32, 0.44] 4.21
Guangwei Jin 2010 20 182 31 40 133 .36 —- 049[ 0.31, 0.67] 2.82
Guangwei Jin 2010b 20 161 .33 40 1.08 .32 i 0.53[ 0.36, 0.70] 2.95
G Sonmez 2011 18 149 .16 23 82 .07 ] 0.67[ 0.60, 0.74] 4.11
Ghada K gouhar 2011 51 146 .48 27 92 .23 —- 0.54[ 0.35, 0.73] 2.74
Kaiji Inoue 2011 15 15 .38 91 98 .19 . 3 0.52[ 0.40, 0.64] 3.56
Sebnem Orguc 2012 66 2 55 58 1.04 .29 5 = 0.96[ 0.80, 1.12] 3.13
Fatma 2014 60 141 36 50 1.05 3 . 3 0.36[ 0.23, 0.49] 3.53
Marco Moschetta 2014a 51 1.831 .18 77 1.146 .16 ] 0.69[ 0.63, 0.74] 4.23
Marco Moschetta 2014b 51 1.828 .18 77 1.144 .16 ] 0.68[ 0.62, 0.74] 4.23
Waleed Hetta 2014 15 138 .26 20 1.03 .35 —— 0.35[ 0.14, 0.56] 2.53
Moustafa 2015 20 16 .33 30 84 25 - 0.76 [ 0.60, 0.92] 3.10
Qinghua Min 2015 20 166 46 29 111 .19 —- 0.55[ 0.36, 0.74] 2.80
C.W.S. Wan 2016 21 127 42 74 .89 .29 . 0.38[ 0.22, 0.54] 3.15
Mohammad 2016 12 143 35 24 94 25 —— 0.49[ 0.29, 0.69] 2.67
Mohammad 2016b 12 127 33 24 .82 .23 —- 045[ 0.27, 0.63] 2.82
Tugba 2016 28 1.61 5 35 1.04 .29 —— 0.57[ 0.37, 0.77] 2.68
Uma Sharma 2016 67 157 .26 259 1.02 .17 [ | 0.55[ 0.50, 0.60] 4.29
Enass 2018 11 1.543 196 15 1.084 .227 - 0.46[ 0.29, 0.63] 3.03
Pratiksha 2018 31 1905 .59 37 1.014 47 —i— 0.89[ 0.64, 1.14] 2.14
Overall & 0.57 [ 0.52, 0.62]
Heterogeneity: = 0.02, I? = 86.98%, H=7.68
Test of 6 = 8;; Q(30) = 157.05, p = 0.00
Testof 8 = 0: z=21.87, p=0.00

Random-effects REML model

Fig. 2 Forest plot of diffusion-weighted imaging with ADC value for differential diagnosis of breast lesions
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Tal?le 3 S‘?b‘g“’“P analysis b value Number of  Benign Malignant Pooled estimate p value Threshold
based on different b values studies Mean +SD Mean+SD ADC
0, 500 1 1.79 1.04 0.75 [0.61, 0.89] - 1.24
0, 600 4 1.81+0.13 1.23+0.13 0.5910.33, 0.85] <0.001 1.48
0,750 5 1.57+0.09 1.02+0.13 0.551[0.41, 0.69] <0.001 1.28
0, 800 4 1.65+0.21 1.11+0.12 0.5310.30, 0.75] <0.001 1.30
0, 1000 17 1.56+0.14 0.99+0.08 0.58 [0.54, 0.63] <0.001 1.23
0, 1500 1 1.27 0.82 0.4510.27, 0.63] - 0.93
Table 4 Subjgroup analysis Country Number of Mean+SD Mean +SD Pooled estimate p value Threshold
based on various country where studies Benign Malignant ADC
the studies were conducted
India 2 1.73+0.23 1.01+£0.004 0.70 [0.37, 1.03] 0.01 1.23
USA 4 1.53+0.22 1.07+0.23 0.45[0.35, 0.55] 0.90 1.23
China 6 1.69+0.09 1.09+0.12 0.62 [0.54, 0.70] 0.11 1.26
Italy 5 1.69+0.14 1.10+0.14 0.59 [0.46, 0.72] <0.001 1.37
Egypt 5 1.47+0.09 0.98+0.10 0.49 [0.34, 0.65] <0.001 1.17
Turkey 4 1.67+0.22 0.94+0.11 0.73 [0.51, 0.98] <0.001 1.20
Japan 3 1.55+0.10 1.07+0.12 0.49 [0.40, 0.57] 0.75 1.44
Hong Kong 1 1.27 0.89 0.38 [0.22, 0.54] - 1.08
Brazil 1 1.58 0.96 0.62 [0.47,0.77] - 1.24
Belgium 1 1.51 0.95 0.58 [0.54,0.58] - 1.13
difference among 10 different countries (p=0.03). The high-
. . . . . Funnel plot
est mean value for benign lesion was obtained in India and >4
malignant lesion was obtained in Italy. The lowest mean .'
value for benign and malignant lesion was obtained in Hong e ¢ o
Kong (Table 4). The highest threshold value was obtained §Q | » o“|° Yo
in Japan, whereas the lowest was obtained in Hong Kong. g % . * L\ o
There was no significant effect of various countries on mean - S B
ADC of benign (p=0.159) and malignant lesion (p =0.682) ®e N
and ADC threshold cut off (p=0.615). © |
. 4 B S o !
3.11 Publication Bias T ———

Egger’s test indicated that there was no evidence of publica-
tion bias is observed (p=0.6783) and Funnel plot showed
that there was no evidence of publication bias observed
based on funnel plot (Fig. 3).

4 Discussion

Accurate detection and differential diagnosing of breast
tumor is highly essential to assist focal treatment plan-
ning. Breast MRI is usually performed with T2-weighted,
T1-weighted, STIR, DWI, and dynamic contrast enhanced
pulse sequences, but unfortunately, in DWI sequence, the
ADC value for differential diagnosis of breast tissues is not
standardized. ADC value can add remarkable information
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Fig.3 Funnel plot of diffusion-weighted imaging with ADC value in
the differential diagnosis of breast lesions

of the tissue at the cellular level [17]. Hence, DWI offers a
crucial quantitative biophysical parameter that may be used
to distinguish benign from malignant breast lesions [6]

To begin with, the meta-analysis included 27 articles
with 32 data, and the reported mean ADC for benign was
1.60+0.17 x 107> mm?/s range from 1.27 to 2.0x 107
mm?/s, malignant was 1.03 +0.13 X 10~ mm?/s range from
0.82 to 1.33x 10> mm?/s. All studies included in the cur-
rent analysis have shown the ADC values was lower for
malignant breast lesions as compared with benign lesions
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(MD =0.57, 95% CI 0.52-0.62, p<0.001). The recom-
mended mean threshold ADC was 1.25+0.17 x 10~ mm?/s
range from 0.93 to 1.60 x 10~ mm?/s. Xin chan et al., [9]
reported similar findings with the mean ADC values for
benign ranged from 1.00 to 1.82x 10~ mm?/s and malig-
nant ranged from 0.87 to 1.36 x 10> mm?s and the threshold
ADC value for differential diagnosis ranges from 0.90 to
1.76 x 10~ mm?s. The mean ADC value of benign lesions
was significantly higher as compared to malignant lesions.

The included studies for meta-analysis utilized different
b values and noted that the ADC value was highly influ-
enced by the b value, for differential diagnosis of breast
tumors. Increase in the b value decreases the ADC value
for both benign and malignant lesions due to the effect of
micro-perfusion. Subgroup meta-analysis was performed
for each b value of 500, 600, 750, 800, 1000, and 1500 and
b value <600 and > 600. The ADC value of both benign
and malignant obtained with b value of 0,600 was higher
as compared to the b value of 0, 1500, and ADC value of
both benign and malignant for b value <600 was lower than
b value > 600. Increasing the b value, decreases the ADC
value of benign and malignant lesions and the changes were
statistically significant. We also noted that the b value influ-
ences the ADC threshold value for differential diagnosis.
Additionally, numerous b value combinations were exercised
in various studies and it significantly affects the ADC value
of the breast tissues. In maximum studies the analyses of
the DWI examinations were primarily based on the com-
bination of two b values, 5 studies employed than two b
values combination. Theoretically, ADC calculation error
is probably reduced by using the use of extra b values, but
this hypothesis has now not been proved through any of the
research [18]. This meta-evaluation suggests that the huge
variety of b value combinations applied in various studies
notably influences the ADC of breast lesions and therefore
confounds quantitative DWI. Each published ADC threshold
value, reflects optimal differential diagnosis of breast lesions
based on the ADC outcomes. Therefore, it is very important
to identify the optimum b value in DWI sequence since the
b value plays a significant role in characterization of breast
lesions with ADC value.

Apart from the b value, sub-group analysis was also per-
formed on the pre- and post-contrast imaging to check the
influenced of contrast media on ADC value. The report sug-
gested that there was no significant difference in the mean
ADC value of benign, malignant lesions. We also noted that
the ADC threshold value obtained before or after contrast
administration has no statistically significant differences.
However, the significant difference of ADC value between
benign and malignant lesions does exist for pre- and post-
contrast. In Monique et al., report there was a significant
difference between ADC value of the pre- and post-contrast,
where they reported that there was an increase in the ADC

value of benign lesions (p =0.08) in post-contrast but no
statistical differences in malignant breast lesions. There
are number of studies conducted to verify the influences
of the contrast media on the ADC value, and according to
our analysis we noted that the contrast media does have any
significant effect on the ADC value of the breast lesions.
Therefore, DWI can easily be recommended for screen-
ing sequence for high risk breast cancer population while
avoiding contrast media sequence for patients who have
contrast media contraindications. Additionally, the use of
contrast media can be avoided for differential diagnosis of
breast lesions since the contrast media has high probability
of leaving deposits in the brain, according to the report of
EUSOBI [19].

Furthermore, the subgroup assessment was also carried
out on the basis of the other factors such as manufacturing
company and also country in which the study was conducted
in order to check its effect on the ADC value of the breast
tissues. In the subgroup analysis of manufacturing company,
we noted a statistically significant difference in the pooled
estimate of ADC mean difference among manufacturing
company subgroups, but the mean ADC value of benign,
malignant lesions and the ADC threshold value was not sta-
tistically significant across various manufacturing company.
Which states that the mean ADC of breast lesions as well
as the threshold were similar across various manufacturing
company. Similarly, for sub-group of countries in which the
studies were conducted the reported mean ADCs and thresh-
old differences were not statistically significant. However,
we noted a significant difference in the mean ADC value of
the benign and malignant lesions across all countries except
for the mean difference of USA, China, and Japan. Though
there were no statistically significant differences noted in
both the mean and also threshold of ADC value, which may
be due to lack of sample size and studies conducted from the
same country. However, the small wave for the differences
noted in ADC value across various countries may be due to
the culture, regional, diet, family history, and environmental
influences on the types of breast cancer.

The present meta-analysis showed that there is hetero-
geneity amidst the various included studies. Hence, it was
expository to analyze the origin of heterogeneity, in order
to ascertain the potential factors and to assess the perti-
nent of the accuracy estimates of statistical pooling. The
resources of heterogeneity noted in the present analysis may
be defined by the vast variation of data, data acquisition
and data analysis in all the 27 covered research studies. We
also noted the number of lesions, size of the lesions, varied
across the studies. There was an extensive variation in DWI
sequence parameter among the research which includes the
use of different b values and undesirable variations in the
magnitude of TR, TE, technique of acquisition (EPI/paral-
lel imaging), and time of acquisition. Furthermore, there
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have been systematic discrepancies within the willpower of
region of interest (ROI) for the strategies of calculation of
the ADCs among studies. Therefore, these were few of the
issues that causes the heterogeneity, thus defile our compari-
sons. Therefore, we employed a random-effects model that
explicate these results with caution.

Our study has some limitations, in which we limited our
search only to 1.5 T, higher tesla was not included. We did
not include in our inclusion criteria’s such as the shape,
size of the lesions and also the method and techniques of
calculation, which may also have an effect in ADC value
calculation. Although QUADAS was adopted to affirm
the quality of studies included in the analysis, still in the
majority of the studies, the MRI scans interpretation was
performed qualitatively, and in many studies, blinding was
either absent or unclear. Thus, there has been a risk of
subjective interpretation which may additionally outcomes
in decrease diagnostic accuracy. However, potential publi-
cation bias may still prevail, because studies with positive
and effective outcome may have the probability of get-
ting published more easily than microscopic studies with
negative results. Moreover, we blanketed studies published
in English, which may revolt to the so-called “Tower of
Babel” bias, which refers that the researchers functioning
in other languages than English could be sending positive
research work to international journals. Therefore, stud-
ies with negative outcomes could have been overlooked.
Such variation would possibly have an effect on the overall
estimates of the sensitivity and specificity.

5 Conclusion

In conclusion, we noted that b value has a significant effect
in calculating the ADC value of the breast lesions as well
as ADC threshold value in DWI and lacks standardization.
The ADC value measurement has a potential for differen-
tiation between benign and malignant breast lesions. How-
ever, the results must be interpreted with caution, since a
number of prognostic and confounding factors may influ-
ence the ADC value. Hence the mean ADCs and threshold
cut off for differential diagnosis of breast lesions could not
be made based on this study. In order to have a finer and
comprehensive knowledge of the role of DWI in clinical
MR breast imaging, future study should be conducted and
also large-scale randomized control trials (RCTs) to opti-
mize the DWI parameters especially in terms of choosing
appropriate b value for scanning.
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