7\ Journal of Population Therapeutics
Ze & Clinical Pharmacology

[
RESEARCH ARTICLE
DOI: 10.47750/jptcp.2023.30.13.040

A meta-analysis study to comparing MR spectroscopy and Intravoxel
Incoherent motion (DWI) in the differentiation of benign and malignant breast
lesions

Mohanad Ahmed Sahib? , Arian Arvin? , Raad Ajeel Bustan® - Nasrin Ahmadinejad*

1Department of Technology of Radiology and Radiotherapy, international campus, Tehran
University of Medical Sciences(TUMS), Tehran, Iran.

2Assistant Professor of Radiology-TUMS (cancer institute-ADIR), Tehran University of Medical
Sciences (TUMS), Tehran, Iran.

SDepartment of Radiological, Collage of Health & Medical Technology, Al-Ayen University, Thi-Qar,
Irag.

4Assistant Professor of Radiology-Medical imaging center, Cancer Research Institute, Imam
Khomeini Hospital Advanced Diagnostic and Interv Tehran University of Medical Sciences
(TUMS)entional Radiology Research Center (ADIR), Tehran, Iran.

*Corresponding Author: Raad Ajeel Bustan, Department of Radiological, Collage of Health &
Medical Technology, Al-Ayen University, Thi-Qar, Iraq. Email raad.ajeel@alayen.edu.iq,

Submitted: 24 March 2023; Accepted: 10 April 2023; Published: 13 May 2023

ABSTRACT
Background: Advanced diffusion models are none-contrast MR imaging techniques for the
assessment of breast lesions. The value of accuracy in detecting BC in the diagnosis of breast
cancer has not been systematically evaluated. The study aimed, using meta-analysis approach, to
examine the diagnostic ability of MRI spectroscopy and intravoxel incoherent motion (DWI) used
to assess the differentiation between benign and malignant breast lesions.
Materials and Methods: The study searched PubMed, MEDLINE, Cochrane, Embase, Scopus,
Google Scholar, was used to find recent original studies that assessed the use of Non-Gaussian
DWI model (Intravoxel Incoherent Motion; perfusion fraction ‘f* ; real diffusivity ‘D’ and pseudo-
diffusivity ‘D*’) and spectroscopy (1H) for the detection of breast cancer. The standardized mean
difference (SMD) , pooling the sensitivity, specificity, and area under the curve were used to
organize and summarize the studies. The QUADAS-2 and QUIPS programs were used to assess the
quality of the included studies.
Results: fifty studies were included, with 1VIM and spectroscopy being the most investigated .
The presence of significant heterogeneity (P<0.05) was observed for all parameters. The results
showed high differentiation ability found between malignant and benign cancer, where, malignant
cancer has significantly lower D values (SMD=-1.54; P<0.0001) than benign cancer . While D*, f,
and *H values were higher than benign caner (SMD=0.08, 0.71, and 1.42; P=0.0001). The best
diagnostic performance was shown for D (sensitivity=86%; specificity= 0.86; AUC<0.92) and for
'H, f, and D* in breast tumors’ differential diagnosis (sensitivity=0.83, 0.78, 0.69; specificity=
0.76, 0.69, 0.63; AUC 0.73), respectively.
Conclusion: Our findings showed that their parameters play a potential role in differentiating
breast tumours. Superior diagnostic accuracy, alongside, the high sensitivity and specificity for
diffusion-weighted advanced imaging means that these approaches can be used as a suitable
method in differentiating breast tumors.

Keywords: Diffusion-weighted imaging, Intravoxel incoherent motion (IVIM), magnetic resonance
spectroscopy , Classification tumors of the breast
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INTRODUCTION

Breast cancer (BC) is one of the most prevalent
Neoplasms and the second leading reason of
death from cancer in women(1). Breast imaging
is needed for different purposes, in screening for
BC and classifying breast abnormalities.
Accurate detection and diagnosis of BC has a
major impact on disease-free survival and overall
survival. Examination of BC using conventional
mammography is challenging for the radiologist
due to the low sensitivity of the dense breast
parenchyma(2-4).  Contrast/enhanced (DCE-
MRI) is a standard MRI sequence in examination
of BC, which can show the morphological and
hemodynamics features of BC. However, False
positive “specificity “ remains variable results
may lead to additional testing or unnecessary
surgery due to background enhancement of
parenchymal and overlapping kinetic
enhancement patterns between BC(5-7).

As a non-invasive technigue, magnetic resonance
imaging (MRI) is an appropriate radiological
method to evaluate BC(8, 9). According to the
literature, Advanced diffusion models has
potential to improve the sensitivity and
specificity of MR imaging, without added
contrast material is safer for patients and also
cheaper and faster and attempt to capture more
complex aspects of the tumor microenvironment
can effectively reflect tumor cellularity and
tissue organization(10-12). Due to enhanced
cellularity that causes restricted water molecule
movement, which  roots in  decreased
extracellular space, diffusion in malignant
tumors is restricted.

Intravoxel incoherent motion (IVIM) is a valued
imaging technique capable of differentiation
between diffusion via a biexponential model
analysis based on multiple b-values (13, 14). In
this line, Le Bihan and colleagues(14) developed
a techniqgue for IVIM that its effects on
microcapillary perfusion are proved by some
studies using DWI(15-18). In cases that several
b-values (usually ranging from O to 1,500
sec/mm2 for body imaging) are applied in DWI,
the signal intensity at low b-values (0-200
sec/mm2) indicates microcirculation within
capillaries. In the same way, the higher the b
value (>200 sec/mm2), the better the signal
intensity reflects tissue diffusivity(17, 19). The
IVIM  technique can provide different
guantitative parameters, such as perfusion
fraction ‘f* ; real diffusivity ‘D’ and pseudo-

diffusivity ‘D*’, that show the perfusion and
diffusion of the tissues(14).

In vivo proton (1H) magnetic resonance
spectroscopy (MRS) of the breast, providing
molecular information gained in a noninvasive
manner, demonstrated that it is possible to detect
compounds with choline in the majority of breast
cancers(20, 21). A last meta-analysis that
involved papers  of vivo 'H MRS have
diagnostic performance the pooled sensitivity of
75%, specificity of 90%(22).

In summary, the none contrast MRI techniques
are of great value in detection of BC, however,
no comprehensive study to evaluate numerous
parameters included in within these techniques.
Therefore, the purpose of the current meta-
analysis study is to assessment of the diagnostic
accuracy of intravoxel incoherent motion, and
MR spectroscopy could be a suitable method to
improve differentiate and characterize BC in
vivo.

MATERIALS AND METHODS

The study searched PubMed, MEDLINE,
Cochrane, Embase, Scopus, Google Scholar, was
used to find recent original studies by two
researcher radiologists for identifying about Non-
Gaussian  (Intravoxel Incoherent Motion) and
MRI spectroscopy (1H) for the detection of
breast cancer. Which were published before the
date of the searching (December 20022) . The
research keywords used were ; “breast cancer”;
“Intravoxel Incoherent Motion or biexponential”
; “MRI or magnetic resonance imaging” ;
“breast and magnetic resonance spectroscopy’;
“breast MRS”; “breast MR 1H spectroscopy”;
“breast MR proton spectroscopy” and ‘“breast
MRI spectroscopy” .

Study Selection

After the initial assessment, The two researcher
radiologists used a standard extraction form to
summarize each publication separately, recording
the information, including first author,
publication year, study design (i.e., retrospective
or prospective), size of population, blinding
procedures, mean patient's age or median |,
strength of magnetic field, IVIM parameters and
spectroscopy (i.e., a threshold value utilized for a
parameter and a computational technique).
Additionally, adequate information  were
including the values of the values of true—
positive, false—negative, false—positive, and true—
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negative. The results were categorized using the
diagnostic criteria (if the reproduction of the
reported values was not possible, the article was
eliminated). Moreover, there was no limit for age
or sample size.

Exclusion Criteria

The following studies were eliminated: Some
studies were eliminated in cases such as; the
conclusion revealed that there was no
information data about diagnostic performance
IVIM parameters and MRS, and/or
chemotherapy  follow-up  breast  imaging
(diagnosis, classification, and carcinoma report) .
Also, elimination included when the sensitivity
and specificity were not evaluated , studies with
animal subjects, reviews, case reports, letters,
editorials,  abstracts, = comments, andin
vitro studies. studies were eliminated with less
than eight subjects.

Quality Assessment

Utilizing of the QUADAS-2 tool for quality
assessment of the included studies for diagnostic
studies and the QUIPS tool for prognostic. Two
reviewers separately assessed the quality of each
study, and any disagreements were settled by
consensus. Four areas of the QUADAS-2
instrument were scored: patient selection, index
test, reference standard, flow and time. Items
were given a "yes," "no," or "unclear" score (23).
Six QUIPS areas were evaluated: study
participant selection; study attrition; assessment
of prognostic factors; outcome measurement;
study confounding; and statistical analysis and
reporting. The "yes", "partial”, "no," or "unsure"
responses for three to seven areas within each
domain were merged to assess the risk of bias.

Each domain receives a "high," "moderate," or
"low" total risk of bias grade(24). Publication
Bias and Heterogeneity Evaluation

In this study, funnel plots were drawn to
investigate publication bias in a visual manner.
The presence of a publication bias is indicated
through an asymmetric or skewed funnel plot.
The asymmetry quantification was performed
using the Egger test(25), and a p-value > 0.05
showed publication bias. The heterogeneity
degree between the studies was calculated using
the Cochran Q test and Higgins 12 test(26) by
Meta-Disc software (version 1.4). A p-value
>0.05 for the Cochran Q test or an 12 value of
greater than 50% demonstrated statistically
significant heterogeneity.

RESULTS
Study selection
By the keywords, We found 282 papers in
databases searching and forward and backward
citations for the articles published between
database inceptions. After duplicates removal,
there were 49 articles left for investigation. By
screened, from which 233 full-text documents
were reviewed in the present study ( 22 clearly
did not match the inclusion criteria ; 37 were not
in the field of interest, 29 were review articles,
34 study involved with other than BC)
Moreover, 61 studies were excluded on account
of lack of information (the sensitivity and
specificity were not evaluated) . 50 of those met
the eligibility criteria were included in the meta-
analysis. The process of selecting articles is
described in Figure 1.

Records id entified through database
searching (n= 282)

U

After screening the title and
abstract (n =233)

I

Full-text articles assessed for eligh ility
m=111)

= Il

Identification

Screening

Included

(m =50)

Studies in the
evaluation IVINM (n=25)

Studies included in quantitative synthesis @neta-analysis)

Records removed before
screening: Duplicate records
removed (n=49)

=

Records excluded afier screening
clearly did not maich the inclusion
D criteria (n=22)
Non-breast research (n=34)
Records removed for other reasons
(n=56)

Recordsexcluded due to lackof
ouitcomes , the sensitivity and

sp ecificity were notevaliated
and without sufficient data (n =
61)

g

Studies in the
evaluation MR S (n=25)

FIGURE 1: Detailed Summary of included studies assessment.
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Characteristics of articles and patients

A total of 50 papers were included in this meta-
analysis  evaluating  diagnostic  intravoxel
incoherent motion and spectroscopy  for
differentiation of benign and malignant breast
lesions . the authors included a table presenting
each included study citation, years , study design

, sample size, mean age, MRI parameters. 25
IVIM studies of those met the eligibility criteria
included 2391 lesions (1592 malignant and 829
benign) and 25 studies of MRS included 1680
lesions (1052 malignant and 627 benign).
Details of included studies are provided Table 1.

TABLE 1: Overview of studies included

Author Year | SD Pat. | Age: MRI Field Diffusion b-values (seconds/mmz2)
(P/R) No. | Median Model strength Model
(range)

He @ 2021 | P 215 | 52.1+11.0 Siemens 3.0T ADC, IVIM 0, 30, 50, 80, 120, 160, 200, 500, and 1000

Meng (28) 2020 | P 123 | 58+10 GE 3T IVIM 0, 50, 75, 100, 150, 200,400, 800, 1,000

Chan (29) 2019 | P 25 NA Siemens 15T IVIM 0, 15, 30, 45, 60, 100, 250, 400, 550,700, 850, 1000

Song (30) 2019 | R 85 54 (35-81) Siemens 3T IVIM 0, 10, 20, 30, 50, 70, 100, 150, 200, 400, 600, 1,000

Zhao (31) 2018 | R 141 | 50.2+10.5 GE 3T ADC, IVIM 0, 50, 100, 150, 200, 400, 500, 1,000, 1,500

Mao (32) 2018 | R 124 | 45.348.7 Siemens 30T IVIM 0, 50, 100, 150, 200, 250, 300, 400, 600, 800, 1000, and
1200

Jiang (33) 2018 | P 66 | 45+10 GE 3T IVIM 0, 10, 30, 50, 70, 100, 150,
200, 400, 600, 1,000, 1,500

lima (34) 2018 | P 199 | 58.5(20-88) Siemens 3T IVIM,  non- | 5, 10, 20, 30, 50, 70, 100, 200, 400, 600, 800, 1,000,

Gaussian DWI | 1,500, 2,000, 2,500

Suo (35) 2017 | P 101 | 54.6 +15.7 Philips 3T ADC,IVIM 0, 10, 30, 50, 100, 150, 200, 500, 800, 1000, 1500, 2000,
2500

Lin (36) 2017 | P 98 | 48 (17-77) Philips 3T IVIM 0, 50, 100, 150, 200, 500, 800

Kawashima 2017 | R 137 | 58 (32-85) GE 3T IVIM 0, 20, 40, 80, 120, 200, 400, 600, 800

(37)

Ma (38) 2017 | P* 128 | 48.2+5.1 Siemens 3T IVIM 0, 50, 100, 150, 200, 250, 300, 400, 600, 800, 1,000,
1,200

Chen (39) 2017 | NA 29 | 47 (15-62) Siemens 3T IVIM 0, 50, 100, 150, 200, 300, 400, 800, 1,000

Lee (40) 2017 | R 82 53 (34-77) Siemens 3T IVIM 0, 25, 50, 75, 100, 150, 200, 300, 500, 800

Wang (41) 2016 | R 54 | 46.85+8.63 GE 3T ADC, IVIM 0, 10, 20, 50, 100, 200, 300, 400, 600, 800

Liu (42) 2016 | P 59 NA Philips 15T ADC, IVIM 0, 10, 20, 30, 50, 70, 100, 150, 200, 400, 600, 100

Kim (18) 2016 | P 275 | 51(28-83) Philips 3T IVIM 0, 30, 70, 100, 150, 200, 300, 400, 500, 800

Cho (43) 2016 | R 62 | 48.4+11.1 Siemens 3T ADC, IVIM 0, 30, 70, 100, 150, 200, 300, 400, 500, 800

Dijkstra (44) 2016 | P* 139 | 47 (22-75) Siemens 15T ADC, IVIM 0, 50, 200, 500, 800, 1000

Suo (17) 2015 | R 30 50 (27-79) Philips 3T IVIM b50, 50, 100, 150, 200, 500, and 800

lima (45) 2015 | R 23 52.4(31-74) Siemens 3T ADC,IVIM 3, 5, 10, 20, 30, 50, 70, 100, 200, 400, 600, 800,1000,
1500, 2000, 2500

Fusco (46) 2015 | NA 31 37.2+104 Siemens 1.5T IVIM 0, 50, 100, 150, 400, 800, 1000

Bokacheva (47) | 2014 | R 40 | 49 (28-70) GE 3T ADC,IVIM 0, 30, 60, 90, 120, 400, (450 in 7 cases), 600, 800, 1000

Liu (48) 2013 | P 81 | 48(20-76) Philips 15T ADC,IVIM 0, 10, 20, 30, 50, 70, 100, 150, 200, 400, 600, 100

Sigmund (49) 2011 | P 44 | 53.1 (39-85) Siemens 3-T IVIM 0, 30, 70, 100, 150, 200, 300, 400, 500, and 800

Jacobs (50) 2005 | P 9 56 + 11 GE 15T MRS

Baek (51) 2008 | P 36 52 (35-73) Philips 1.5T MRS

Kim (52) 2003 | P 35 | 475 GE 15T MRS

Lipnick (53) 2010 | P 24 18-65 Siemens 15T MRS

Gruber (54) 2011 | P 44 | 50 (25-82) Siemens 3-T MRS

Montemezzi 2017 | P 140 | 50 (18-86) Philips 3T MRS

(59)

Sardanelli (20) 2009 | P 45 60 + 15 Siemens 15T MRS

Suppiah (56) 2013 | P 61 | 49.7 (20 -83) GE 3T MRS

Ramazan (57) 2016 | P 51 44.76x12.98 Siemens 3T MRS

Aribal (58) 2016 | P 138 | <18 Siemens 3T MRS

Roebuck (59) 1998 | P 17 | 47 (25-68) GE 15T MRS

Thakur (60) 2011 | P 88 <18 GE 15T MRS

Dorrius (61) 2012 | R 26 48.7 (32-69) Siemens 15T MRS

Sah (62) 2012 | P 189 | 45.6+104 Siemens 15T MRS

Mizukoshi (63) | 2013 | NA 208 | 54.5(20-79) Siemens 15T MRS

Meisamy (64) 2005 | R 55 47 (24 — 66) Siemens 4T MRS

Yeung (65) 2001 | NA 30 50 (20-80) Philips 15T MRS

Tse (66) 2003 | P 40 55.9 (37-80) | Philips 15T MRS

Huang (67) 2004 | P 50 50.2 (34-71) Picker 15T MRS

Kousi (68) 2012 | NA 27 53+12 GE 3T MRS

Tozaki (21) 2009 | R 171 | 49 (16-89) Siemens 15T MRS

Bartella (69) 2006 | P 57 | <18 GE 15T MRS
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Vassiou (70) 2013 [ P 26 | 5312 GE 3T MRS
Basara (71) 2013 | NA 77 | 30-76 GE 15T MRS
Su(72) 2006 | NA 36| 48 (35-66) Philips 15T MRS

IVIM = intra-voxel incoherent motion, P = prospective

resonance spectroscopy

Assessment of Data Quality

For our purposes, the overall quality of the
studies that were included was assessed to be
good, taking into account QUADAS-2 and
QUIPS findings. Figures 2 and Supplementary
Materials Tables S2 and S3 describe the results
of the quality evaluation. In terms of the
QUADAS-2 evaluation, the risk of bias was

, R = retrospective , MRS= magnetic

rated as low or moderate for each of the four
QUADAS-2 domains across all diagnostic
investigations.  All  of the  diagnostic
investigations gave minimal priority to the
applicability issues. Similar to the QUIPS
evaluation, all prognostic studies for all six
QUIPS categories rated the risk of bias as low or
moderate.

FLOW AND TIMING

OLow BHigh OUnclear

REFERENCE STANDARD

INDEX TESI |

DUADAS-2 Domain

PATIENT SELECTION l

% B

Statistical analysis and reporting

RISK of BIAS

26 0% 50%
Proportion of studies with low, high orunclear

oo T 0% AW 6% B0 100%
" Proportion of studieswith low, high, orunclear

CONCERNS regarding APPLIC ABILITY

Assessment of risk of bias using QUIPS tool

Study Confounding I T 1]

Outcome Measurement
Prognostic Factor Measurement

Study Attrition

Study participation I

0% 10% 20% 30%

40% 50% eD% 70% B0% 90% 100%

Blow OModerate @ High

FIGURE 2: (A) QUADAS-2 tool quality evaluation for diagnostic studies (B) Prognostic studies
quality evaluation utilizing the QUIPS tool.

Quantitative Analysis
Measurement of 1VIM Model
Breast Lesions

Nineteen papers on the topic of IVIM used in
distinguishing breast lesions were involved for
investigation. The Chi? for D , and f (3> = 90.68 ,
and 76.76 respectively, P<0.001 ) and D* (3
=281.32, P=71) the heterogeneity test (1> = 83%,
77% and 94%) proposed in height heterogeneity
between the comprised papers. The plot in
Figure 3 demonstrations the apportionment of the
IVIM model between breast lesions. A random-
effects pattern leading to an SMD of the D, f -
1.54 [-1.85, -1.22] , 0.71 [0.48, 0.93] (P<0.001 )
and D* 0.08 [-0.35, 0.51] (P = 0.71) between

Used for of

breast lesions. indicated that benign lesions had a
significantly high (D) than malignant lesions.
And (f value) indicated that malignant lesions
had a significantly high than benign lesions.

Measurement of Spectroscopy (*H) Value Used
for of Breast Lesions

Twenty-five papers on the topic of Spectroscopy
(1H) used in distinguishing breast lesions were
involved for investigation. The y*> = 103.88, p-
value less than 0.001 of the heterogeneity test (12
= 86%) proposed in height heterogeneity
between the comprised papers. In Figure 4, the
plot illustrates the H apportionment between
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breast lesions. A random-effects pattern leading lesions had a significantly high than benign
to an SMD of 142 [1.02, 1.81] (P<0.001) lesions.
between breast lesions indicated that malignant

Malignant Lesions Benign Lesions Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
111D
Bokachewa 2014 129 0.28 25 1.66 028 14 1.8% -0.85 [-1.63,-0.26] m—
Chan 2013 076 06 20 114 021 5 1.6% -0.67 [-1.67,0.34] I
Chen 2017 0813 0225 18 T.437 0538 i 1.7% -1.63 [2.50,-0.79] -
Cho 2016 132 0.6a 40 1.89 o7 12 1.8% -0.85 [-1.50,-0.20] I
Dijkstra 2016 086 0.33 il 1.3 048 23 1.9% -1.24 [1.71,-0.76] -
He 2021 074 0y 1582 115 022 B3 1.9% -2.20 [-2.56,-1.84] -
Kim 2016 09 021 228 1.45 082 47 1.9% -1.42[-1.75,-1.08] -
Lin 2017 08933 0129 51 1.398 0295 47 1.9% -2.06 [-2.55,-1.56] -
Liu 2013 085 07 40 135 126 H 1.9% -0.47 [-0.91,-0.03] -
Liu 2016 085 05 36 1.23 05 23 1.9% -0.75[1.28,-0.21] e
Ma 2017 099 022 a1 134 017 47 1.0% -1 71F2.13,-1.28] -
Mao 2018 099 0. 77 134 018 47 1.0% S17E[F217,-1.32) -
Meng 2020 096 0.32 65 1.32 028 58 1.0% -147 [1.585,-0.78] -
Sigrund 2011 1148 034 24 236 038 20 1.7% -3.2714.18,-2.34] -
Wang 2016 09 01a 3 1.32 015 23 1.8% -2.69[3.45,-1.94] _—
Zhao 2018 0ra 0.3e 19 151 0.3 22 1.9% -2.04 [2.56,-1.53] —
Subtotal (95% CI) 134 503 29.6% -1.54[-1.85,-1.22] L 2

Heterogeneity: Tau®=0.33; Chi*= 90 68, df=14 (P = 0.00001); F=83%
Test for overall effect Z=9.50 (P = 0.00001)

1.1.2D*

Bokachewa 2014 217 1" 25 276 34 14 1.8% -0.27 [-0.92,0.38] -
Chan 2013 338 1.1 20 508 021 5 1.4% 328188 467)

Chen 2017 1823 1247 18 12.02 319 i 1.8% 0.32[0.44,1.07] T
Cho 2016 1773 4.45 40 18.03 165 12 1.8% -0.04 [-0.67,0.59] -
Dijkstra 2016 384 .18 il 3.07 49 23 1.9% 015 [-0.20, 0.60] T
He 2021 T3 073 152 671 041 B3 1.9% 1.56[1.23,1.89] -
lima 2014 104 595 El 138 596 8 1.7% -0.48 [-1.45, 0.49] .
lima 2018 136 1848 152 100 906 47 1.9% -1.83[2.20,-1.45] -

Jiang 2018 B37 4448 3 525 462 35 1.9% 024024073 T
Kim 2016 13849 212 228 1445 457 47 2.0% -0.21 [-0.52,0.11] 7

Lin 2017 101203 28015 51 126044 4082 47 1.0% -0.70[1.11,-0.28] -

Liu 2013 4471 7033 40 107.43 832 4 1.0% -0.16 [-0.60,0.27] -

Liu 2018 108,78 a0 36 164.2 50 3 1.9% -0.90 [1.45,-0.39] I

Ma 2017 764 .07 a1 B.83 213 47 1.9% 0.38 [0.02,0.75] —
Mao 2018 TE 21 T B.83 213 47 1.9% 0.36 [-0.00,0.73] *
Meng 2020 Az 8.23 B5 r.0d T 53 1.9% 0.53 [0.16,0.89] -
Sigmund 2011 151 10.4 24 118 052 20 1.8% 177 [1.07, 2.48] —_
Wang 2016 2654 2191 il 4546 2625 23 1.9% -0.80 [-1.36,-0.24] -

Zhan 2018 4101 2063 19 542 2125 22 1.9% -0.63 [-1.08,-0.17] -
Subtotal (95% CI) 1326 593  35.2% 0.08 [-0.35,0.51] >

Heteragenaity, Tau?= 0.81; Chi*= 281,32, df= 18 (P < 0.00001): F= 84%
Test for overall effect Z=0.37 (P=0.71)

1131

Bokacheva 2014 6.4 31 25 31 33 14 1.8% 1.02[0.33,1.71] I
Chan 2019 na 3 20 A 28 g 1.4% -313[4.49,-1.77]

Chen 2017 1073 3.44 18 T.88 37 " 1.8% 0.79[0.01,1.57] —
Cho 2018 R 51 50 & 3 12 1.8% 0.85[0.20,1.49] I
Dijkstra 2016 8933 518 il 715 AB6 23 1.9% 0.40[-0.05, 0.85] "*

He 2021 693 071 152 6.85 054 63 2.0% 012017, 0.41] T

lima 2014 123 8.86 i 5 06 8 1.6% 1.07 [0.03,2.11] ——
lima 2018 614 442 162 076 a8 47 1.0% 1.02 [0.68, 1.36] -
Jiang 2018 63 21 31 388 206 35 1.0% 115 [0.63,1.67] i
Kim 2016 11.87 4.83 28 8.35 1.09 47 1.9% 0.79[0.47,1.11] -
Lin 2017 10225 2763 a1 6.402 3.6831 47 1.9% 118 [0.75,1.61] -
Liu 2013 1034 T.68 40 B.83 472 4 1.9% 0.55[0.10,0.99] —
Liu 2018 1023 5 36 5.34 3 23 1.9% 111 [0.55,1.68] I
Ma 2017 843 214 81 TEE 1487 47 1.9% 0.41[0.04,077] "*
Mao 2018 845 213 77 768 188 47 1.9% 0.39[0.03,0.76] "*
heng 2020 545 1.46 65 3986 172 58 1.9% 093 [0.56,1.31] -
Sigrnund 2011 a8 48 24 6.9 28 20 1.8% 0.70[0.08,1.32] —
Wang 2016 118 T84 31 1616 a3 23 1.0% 068 [012,1.23] —
ZThan 2018 33058 11463 119 1776 774 22 1.0% 1.38 [0.83, 1.86] -
Subtotal (95% CI) 1326 593 352% 0.71[0.48,0.93] L 3
Heterogeneity, Tau= 0.18; Ghi*= 76.76, df= 18 (F < 0.00001); F= 77%
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FIGURE 3: Forest Plot lllustrating Mean Value and Standardized Mean Differences (SMD) in the
IVIM parameters among lesions benign and malignant.
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FIGURE 4: Forest Plot Illustrating Mean Value and Standardized Mean Differences (SMD) in the *H
MRS among lesions benign and malignant.
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Measurement Performance

Table 2 shows a list of diagnostic performance as
evaluated of breast tumors by pooling sensitivity,
specificity, negative likelihood ratio (NLR),
positive likelihood ratio (PLR), area under curve
(AUC), and diagnostic odds ratio (DOR). The
test likelihood of the D, D*, f, and 'H values.
Forest plots of sensitivity and specificity for all
parameters with Corresponding 95% Confidence

positive, and true—negative. True diffusivity (D)
for 10 articles showed a good diagnostic
interpretation with (86% sensitivity and 86%
specificity (Figure 5) , 95 % ClI AUC 0.92) in
differential diagnosis of breast lesions, and f of
10 articles showed (sensitivity 0.78, specificity
0.69 (Figure 5), 95 % CI AUC 0.83), D* of 9
articles showed (sensitivity 0.69, specificity 0.63
(Figure 5), 95 % CI AUC 0.72). *H of 25 articles

Intervals, Provided that values are extracted showed (sensitivity 0.83%, specificity 0.76%
from true— positive, false-negative, false— (Figure 6), 95% ClI AUC 0.91).
" D- (95% C1) D- (95% CI)
® | Hem2021 090 (084-094) o | Hem2021 081 (069-090)
° Meng 2020 074 (061-084) @ | Meng 2020 091 (081-097)
@ | Zhao2018 093 (0.87-097) o | Zhao2018 086 (0.65-0.7)
—&— | Maox2018 084 (074-091) @ | Maox2018 086 (0.71-095)
. Lin 2017 086 (074-094) ® | Lin2017 085 (072-094)
© Cho 2016 066 (051-079) ] @ Cho2016 092 (062-100)
i@ | Wang2016 093 (0.83-0.98) ‘@ | Wang2016 085 (073-095)
o | Lu20i6 8 (074-097) o | Lu20i6 83 (061-095)
. Bokacheva 2014  0.85 (0.65-0.96) . | | Bokacheva2014 064 (0.35-087)
o | Lu20t3 090 (077-097) ‘o | Lu2013 092 (079-0.98)
* Pooled Sensitivity = 0.86 (0.83 to 0.89) . Pooled Specificity = 0.86 (0.82 to 0.89)
Chi-square = 32.07; df = 9 (p = 0.0002) | Chi-square = 9.04; df = 9 (p = 0.4338)
02 04 06 08 1 Inconsistency (-square)=71.9% 0 02 04 06 08 Inconsistency (-square) = 0.4 %
Sensitivity Specificity
D*- parameter - Sensitivity (95% CI) D*- parameter - Specificity (95% CI)
) He M 2021 039 (0.31-048) ™ He M 2021 078 (066-087)
-~ Meng 2020 074 (061-084) — o Meng 2020 062 (048-0.74)
° Zhao 2018 071 (062-0.79) . Zhao 2018 055 (032-076)
e Lin 2017 071 (056-083) ° Lin 2017 060 (044-074)
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. Liu 2016 086 (071-095) ° Liu 2016 074 (052-090)
. Fusco 2015 074 (049-091) . Fusco 2015 075 (043-0.5)
. Bokacheva 2014 085 (0.65-0.96] . Bokacheva 2014 0.86 (0.57- 098,
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FIGURE 5: Forest Plot Illustrating Sensitivity and Specificity of intravoxel incoherent motion
(IVIM) parameters with Corresponding 95% Confidence Intervals of 10 articles; Using Effects
Model; Positive Likelihood Ratio (PLR) and Negative Likelihood Ratio (NLR).

TH- parameter - Sensitivity (95% CI)

. Aribal 2016 086 (0.57-0.98
o Baek 2008 081 (062-094
Dorrius 2012 100 (0.79-1.00
®| Gruber2011 097 (0.84-1.00
Jacobs 2005 100 (0.63-1.00
Kim 2003 100 (0.82-1.00
e Lipnick 2010 095 (0.74-1.00
— e Meisamy 2003 073 (0.54-087
L Mizukoshi 2013 068 (060-0.75
- Montemezzi 2017  0.89 (0.67 - 0.99
. azan 2016 097 (0.86-1.00
- Roebuck 1998 070 (0.35-0.93
° Sah 2012 076 (0.69-0.83
. Sardanelli 2009 084 (0.60-0.97
@ | Suppiah 2013 095 (0.84-0.99
®| Thakur2011 096 (0.88-1.00
@ | Yeung2001 092 (0.73-0.99
. Tse. G. M. 2003 089 (0.67-0.99
Huang. W 2004 1.00 (0.81-1.00
———&——— | Kousi.E2012 079 (0.49-095
. Tozaki. M. 2009 077 (0.63-0.87
4 Bartella. L 2006 1.00 (0.89-1.00
————— | Vassiou.K.2013 080 (0.52-0.96
- Basara.|. 2013 078 (0.62-089
. Su. M. Y. 2006 081 (0.62-094
ha Pooled Sen:
sitivity = 0.83 (0.80 to 0.85)
Chi-square = 102.32; df = 24 (p 0.0000
02 0 4 0 6 08 1 Inconsistency (I-square) = 76.5 %

o

1H- parameter - Specificity (35% CI)

e Aribal 2016 057 (0.46-0.68
. Baek 2008 073 (0.40-0.97

Dorrius 2012 (0.72-1.00
—————®— | Gruber2011 o as (0.65-0.97
Jacobs 2005 1 oo (0.59-1.00

——————& Kim 2003 (0.79- 1.00

_— 4 Lipnick 2010 1% (048 - 1.00
© isamy 2003 090 (0.68-0.99

° Mizukoshi 2013 079 (0.64-091
————@—| Montemezzi2017  0.89 (0.67-0.99
>~ Ramazan 2016 064 (0.35-0.87

- Roebuck 1998 086 (0.42-1.00

—— Sah 2012 076 (0.60-0.89
e Sardanelli 2009 088 (0.70-0.98

® | Suppiah 2013 093 (0.68-1.00

® | Thakur 2011 094 (0.79-0.99

- Yeung 2001 083 (0.36-1.00

¢ Tse.G. M. 2003 100 (0.84-1.00

. Huang. W 2004 067 (0.35-0.90

@ | Kousi. E 2012 092 (0.64-1.00

® Tozaki. M. 2009 057 (0.46-0.68

- e Bartella. L 20068 088 (0.70-0.98

- Vassiou. K. 2013 082 (0.48-0.98

o Basara. 1. 2013 065 (0.47-0.80
e — | su.M.Y.2006 078 (0.40-0.97

» Pooled Specificity = 0.76 (0.73 to 0.80)
Chi-square = 91.63; df = 24 (p = 0.0000)
02 06 08 1 Inconsistency (-square) = 73.8 %

peuﬁcny

FIGURE 6: Forest Plot Ilustrating Sensitivity and Specificity of the (MRS) with Corresponding
95% Confidence Intervals of 25 articles; Using Effects Model; Positive Likelihood Ratio (PLR) and
Negative Likelihood Ratio (NLR) Reported as 4.60 (95% CI 3.24, 6.52) and 0.18 (95% CI 0.13,
0.25),Respectively.
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TABLE 2: The included studies diagnostic in the current meta-analysis

Indicators | No. of | No. Sensitivity | Specificity | PLR NLR | DOR AUC | I?
Studies | Lesions Sensitivity | Specificity
% %

D 10 1637 0.86 0.86 5.51 0.16 39.69 092 | 71.9% 40.2%
(0.83, (0.82, (4.24, | (0.11, | (26.82,
0.89) 0.89) 7.17) | 0.24) | 58.72)

D* 10 1919 0.69 0.63 1.78 0.39 5.10 0.72 | 92.6% 70.0%
(0.65, (0.57, (1.45, | (0.26, | (3.03,
0.73) 0.69) 2.18) | 0.59) | 8.58)

F 10 1919 0.78 0.69 2.58 0.31 9.71 0.83 | 39.9% 54.2%
(0.73, (0.63, (1.93, | (0.31, | (5.64,
0.82) 0.74) 3.44) | 0.40) | 16.70)

H 25 1680 0.83 0.76 4.60 0.18 34.41 0.91 | 76.5% 73.8%
(0.80, (0.73, (3.24, | (0.13, | (18.74,
0.85) 0.80) 6.52) | 0.25) | 63.19)

PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area
under the curve; I2, inconsistency index; proton (*H) magnetic resonance spectroscopy.

The results in figure 7 showed Summary receiver
operating characteristic (SROC) curves; Plotting
Sensitivity and Specificity curves of the D, D*, f
and 'H values. Showed the D curve a good
diagnostic performance (AUC 0.92 , Q* Index
0.86) in the differential diagnosis of breast

tumors, which was comparable to other
parameters : followed by the MRS curve, (AUC
0.91, Q* Index 0.85) , f curve, (AUC 0.83, Q*
Index 0.76) , and D* curve, (AUC 0.72, Q*
Index 0.67) .

pe— AR Carm

=
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FIGURE 7: SROC curves; Plotting Sensitivity and Specificity in Receiver Operating Characteristic
Space for Individual Articles; A) tissue diffusivity (D), B) pseudo-diffusivity (D*), C) the perfusion
fraction (f), D) MRS

DISCUSSION
Some research addressed meta-analyzes of the
diagnostic performance of the DWI model in BC
assessment™ ™ but did not compare it with
other techniques such as spectroscopy of which

can provide details on directional features and
tissue complexity®”*®. The results showed
promising  noninvasive  diffusion-weighted
imaging techniques that can be incorporated into
the MRI protocol for breast lesion evaluation. All
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the wvalues including AUC, sensitivity, and
specificity for the study parameters (see results
section;  Quantitative  Analysis)  showed
superiority in reversing tumor cellularity and
perfusion with no need for a contrast agent with
good diagnostic performance and promising
potential for incorporating breast protocols. Our
meta-analysis provides a comprehensive study of
a timely summary of the above topic by
synthesizing all public data with strict inclusion
requirements and quality evaluations. The
combination of these methods could further
improve the specificity of breast lesion detection.
The combined estimates of the curve
representing receiver operating characteristic
(ROC), AUC, sensitivity and specificity (Figure
5, 6 and 7) were comparable with intravoxel
incoherent-motion and spectroscopy. Where
IVIM can determine true molecular diffusion and
the movement of water molecules in the capillary
lattice using a diffusion-weighted acquisition
technique® and 'H-MRS can obtain further
information on the biological status of tissues
and make more complex statistical analyses
possible to be performed(19)

Within this research, the SMDs analysis for
breast cancers D parameters in this investigation
supported lower values while higher f and H-
MRS values were reported compared to benign
lesions. This is related to the fact that the
extracellular space may be reduced and water
molecule diffusion can be restricted in BC,
which lowers the diffusion coefficients (D).
While BC typically has a dense cell structure and
great spreading capacity which are the reason for
obtaining higher f values than benign tissue (with
high specificity of 0.76 and an AUC of 0.85).
The high (non-significant) D* values is mostly
caused by the increased angiogenesis in BC's
(11). The above-mentioned reason is behind the
specificity of 0.59 and an AUC of 0.71 for the
D* value.

Even though different studies showed IVIM
diffusion Imaging of the breast has superior
diagnostic precision @446, there are currently no
standard procedures. This is due to the fact that
the number and the range of utilized b values can
vary widely in addition to the threshold values of
the IVIM parameters: D, fand D*.

The D diffusion in MRI imaging has
standardized thresholds values because of the
dependence of the quantification of D on the
selection values of b (74) which is helpful in
diagnostic procedures. Where, Dorrius (75) has

shown that values b of both 0 and 1000 mm?/s
combination are the most favorable conditions.
He has also highlighted the aforementioned b-
value combination to give the greatest percentage
difference between benign and cancerous lesions
in the D. It is recommended that the use of
further b-values leads to better distinguish
between perfusion and diffusion(76), particularly
lowest b values, where perfusion contributes
mostly to signal decay.

Based on the clinical breast use DWI
recommendations from the European Society of
Breast Radiology (EUSOBI)(77), the choice of b
values is critical. The value of the ADC depends
largely on the choice of b-values since water
diffusion in tissue is a non-Gaussian process
(bending the DWI signal attenuation curve across
b-values), with ADC values decreasing using
larger b-values. Higher b values could improve
the specificity of DWI while lowering SNR rates.
As a suitable compromise for standardization, the
working group decided on a high b value of 800

mm?s (77).
Quantitative  spectroscopy could be a
fundamental enhancement in the qualitative

detection techniques utilized in breast 'H-MRS.
Quantification might be specifically essential in
the breast due to the further variability of the
sensitivity of the 'H-MRS measurement more
than in brain tissue ®. The reason for the
aforementioned issue is mainly the extremely
variable nature of adipose tissue content in the
breast and the greater difference in coil reception
efficiency(78). Moreover, quantitative techniques
cause to obtain further information on the
biological status of tissues and make more
complex statistical analyses possible to be
performed(79).

LIMITATIONS
The current study has a number of limitations.
The analysis of a small number of published DTI
parameters publications comes first. Second,
some studies that did not report TP, FN, FP, and
TN findings, based on the sensitivity, specificity,
and number of cancerous and benign lesions, we
estimated these results. Third, We didn't compare
with diffusion kurtosis imaging (DKI), which
provides data reflecting tissue complexity and
directional features. Combining these sequences
could further increase specificity in breast lesion
detection. Finally, there have not been enough
articles on breast cancer's histologic and
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molecular to make a definitive

judgment.

subtypes

CONCLUSION

The conclusions from this study can be
summarized as follows: The high sensitivity and
specificity obtained for intravoxel incoherent
motion and spectroscopy lead to the
recommendation of these methods as a helpful
tool in the characterization of breast lesions. The
estimated 1VIM, MRS values demonstrated
superior diagnostic interpretation for
distinguishing amount of benign and cancerous
breast lesions, with high sensitivity and
specificity accepted in the present meta-analysis.
The True diffusivity (D) showed higher
diagnostic  ability than other parameters.
Therefore, intravoxel incoherent motion method
can be employed as a suitable method to
distinguish breast tumors.
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