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ABSTRACT

Background The MRI of the breast is of great importance in
the diagnosis of disorders of the breast. This can be stated for
the primary diagnosis as well as the follow up. Of special inter-
est is diffusion weighted imaging (DWI), which has an increas-
ingly important role. The present review provides results re-
garding the diagnostic and prognostic relevance of DWI for
disorders of the breast.

Methods Under consideration of the recently published lit-
erature, the clinical value of DWI of the breast is discussed.
Several diagnostic applications are shown, especially for the
primary diagnosis of unclear tumors of the breast, the predic-
tion of the axillary lymph node status and the possibility of a
native screening. Moreover, correlations between DWI and
histopathology features and treatment prediction with DWI
are provided.

Results Many studies have shown the diagnostic value of
DWI for the primary diagnosis of intramammary lesions. Be-
nign lesions of the breast have significantly higher apparent
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diffusion coefficients (ADC values) compared to malignant
tumors. This can be clinically used to reduce unnecessary
biopsies in clinical routine. However, there are inconclusive re-
sults for the prediction of the histological subtype of the
breast cancer. DWI can aid in the prediction of treatment to
neoadjuvant chemotherapy.

Conclusion DWI is a very promising imaging modality, which
should be included in the standard protocol of the MRI of the
breast. DWI can provide clinically value in the diagnosis as well
as for prognosis in breast cancer.

Key Points:

= DWI can aid in the discrimination between benign and
malignant tumors of the breast and therefore avoiding
unnecessary biopsies.

= The ADC value cannot discriminate between immunhisto-
chemical subtypes of the breast cancer

= The ADC value of breast cancer increases under neoadju-
vant chemotherapy and can by this aid in treatment pre-
diction.

= There is definite need of standardisation for clinical trans-
lation
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ZUSAMMENFASSUNG

Hintergrund Die MRT-Untersuchung der Mamma ist von
zentraler Bedeutung in der Diagnostik der Erkrankungen der
Mamma. Dies gilt sowohl fiir die Primdrdiagnostik als auch
die Verlaufsbeurteilung. Obwohl dabei die frithe Kontrastmit-
telanreicherung derzeit die wichtigste diagnostische Sequenz
darstellt, erlangt vor allem die Diffusionswichtung (DWI) eine
zunehmende Bedeutung in der Bildgebung, nicht zuletzt auf-
grund ihrer Unabhéngigkeit von einer Kontrastmittelgabe.
Die vorliegende Ubersichtsarbeit stellt die diagnostische und
prognostische Relevanz der DWI bei Erkrankungen der Mam-
ma vor.

Methoden Unter Beriicksichtigung der veréffentlichten Lite-
ratur stellt dieser Ubersichtsartikel den méglichen klinisch
relevanten Nutzen der DWI der Mamma dar. Es werden ver-
schiedene diagnostische Anwendungen erldutert, insbeson-
dere zur Primardiagnostik von unklaren Raumforderungen
der Mamma, und der Mdglichkeit eines nativen Screenings.
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Weiterhin werden Korrelationen mit histopathologischen
Eigenschaften und die Vorhersage des Therapieansprechens
der neoadjuvanten Chemotherapie diskutiert.

Ergebnisse Viele Studien zeigten den diagnostischen Wert
der DWI in der priméren Dignitdtseinschdtzung von intra-
mammaren Herdbefunden. Benigne Lasionen der Mamma
weisen signifikant hohere ,Apparent diffusion coefficients”
(ADC-Werte) auf als maligne Tumoren. Dies kann klinisch ge-
nutzt werden, um unnétige Biopsien zu reduzieren. Zur Dif-
ferenzierung der Subtypen des Mammakarzinoms wurden
hingegen inkonklusive Ergebnisse veroffentlicht, sodass die
DWI nicht sicher den immunhistochemischen Subtyp vorher-

sagen kann. Die DWI kann jedoch helfen, durch ein Ansteigen
des ADC-Werts das Ansprechen der neoadjuvanten Chemo-
therapie vorherzusagen.

Schlussfolgerung Die DWI ist eine vielversprechende Unter-
suchungstechnik, die zum Standardprotokoll der Mamma-
MRT gehoren sollte. Sie kann vor allem bei der Diagnosestel-
lung klinisch relevante Zusatzinformationen liefern. Bezliglich
der prognostischen Relevanz, der Vorhersage von Subtypen
oder dem Proliferationsindex gibt es jedoch keine Evidenz fiir
einen Zusatznutzen. Die Technik benétigt vor allem noch ver-
mehrte Standardisierung, um den ADC-Wert als klinischen
Biomarker reliabel verwenden zu kénnen.

Introduction

Next to mammography and ultrasound, magnetic resonance ima-
ging (MRI) of the breast is the imaging method of choice for diag-
nosing diseases of the breast [1, 2]. A multiparametric protocol is
used with T2-weighted sequences, T1-weighted dynamic con-
trast-enhanced sequences, and diffusion-weighted imaging
(DWI1), which is increasingly being performed also in the clinical
routine [2, 3].

DW! is based on the Brownian motion of water molecules and
can be quantified with the apparent diffusion coefficient (ADC)
value [3, 4]. This can reflect the microstructure of tissues [4, 5].
The rationale for this is that the motion of protons is primarily lim-
ited by cells and cell membranes. Therefore, tissue with higher
cellularity limit the diffusion more greatly than tissue with lower
cellularity [5, 6]. Furthermore, tumors with a larger nuclear size
seem to have lower ADC values [6]. This was seen in a number of
preclinical and clinical studies including multiple tumor entities
and regions of the body [5]. Smaller studies were able to show
that ADC values correlate with the cellularity and the tumor stro-
ma of breast tumors, e.g., fibroadenomas [7], various types of
breast cancer [8, 9], and mucinous breast carcinoma [10], so
that these properties of DWI also apply for tumors of the breast.

As a result, DWI has already been included in the clinical MRI
protocol at many centers. However, it must be noted that DWI
has not yet been included in the official BI-RADS criteria [3] and
therefore cannot yet be used for the BI-RADS classification of
MRI findings.

It should be mentioned the DWI does not require contrast
agent for acquisition. Thus, primarily with the help of DWI, a
non-contrast breast MRI protocol could be established in the
future.

DWI should be performed on an MRI scanner with a Tesla
strength of 1.5T or higher using a dedicated breast coil. As a
rule, DWI should be acquired prior to the administration of con-
trast agent since some studies have reported an effect of contrast
agent on ADC values. Fat saturation is needed and should be per-
formed using the spectral fat saturation technique (SPAIR tech-
nique). The single-shot echo planar imaging (EPI) sequence as
used in most studies serves as the basis of DWI. Multi-shot echo
planar imaging can be used to reduce possible susceptibility arti-

facts and thus to achieve better image quality. A recently pub-
lished consensus statement provides an overview of the individual
features of the DWI technique in breast MRI [3].

Multiple different DWI techniques are used. The sequence of
the clinical routine is based on two different DWI sequences with
varying b-values [3, 4]. A b-value of 0 to 50 s/mm?2 is recommen-
ded as the low b-value and 800 s/mm?2 as the high b-value [3]. The
ADC map is then calculated from these sequences with linear
fitting.

There has recently been increased research interest in modern
DWI methods. The intravoxel-incoherent motion imaging method
(IVIM), which is based on multiple low b-values, is of particular
interest. Tissue perfusion can be reflected by this IVIM method.
Therefore, this technique can determine the perfusion fraction
(f) [11]. This value should correlate, for example, with the perfu-
sion from the contrast-enhanced perfusion weighting and even be
associated with the vascular density of tumors [11, 12].

A further method is diffusion kurtosis imaging (DKI), which is
based on high b-values of greater than 1500 s/mm2 and should
be associated with the microstructure of the tumor [13]. The
parameters kurtosis and diffusivity can be determined by this
technique. However, the clinical benefit of these new parameters
is still a topic of current research. All of these techniques have
already been examined with respect to breast MRI [14, 15].

The European Society of Breast Imaging (EUSOBI) provided a
comprehensive list of the various imaging biomarkers of breast
imaging and classified them according to evidence class. The
ADC value of DWI is classified as evidence class I.

The goal of this article is to discuss the clinical benefits and lim-
itations of diffusion weighting in breast MRI with respect to diag-
nostic and prognostic possibilities.

Primary diagnosis of breast lesions via DWI

Most studies on DWI examine the diagnostic possibilities of DWI
with regard to determining the status of lesions and tumors of
the breast [16] (» Fig. 1, 2). The level of evidence is highest for
the use of DWI to determine the status of breast lesions. This
application can be considered the most clinically relevant use for
DWI [16-21].
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» Fig. 1 a Early subtraction after contrast media application. Parenchyma contrast enhancement consistent with MRM density IIl. Visualization of a
large suspicious mass on the right side located in the lower quadrants (BI-RADS 5). Medial from there is another smaller suspicious mass (BI-RADS
5). b Last subtraction of the contrast media dynamics. Both masses show partial contrast media uptake. ¢ T2-sequence with TIRM-technique. The
larger mass has small cystic areas centrally. d Corresponding DWI (b-value of 800 s/mm?2). The larger mass has a hyperintense signal intensity con-
sistent with a diffusion restriction, the smaller one is isointense. e The resulting ADC map shows that the larger mass has a low ADC value of

0.8 x 10~ mm2/s, while the smaller has a value of 1.5x% 103 mm?2/s. Both masses were histologically proven. The larger one was invasive ductal
breast cancer, and the smaller one was a fibroadenoma. f Early subtraction after contrast media application after neoadjuvant chemotherapy. Both
masses are decreasing in size after therapy in this contrast media phase. The histopathologically proven breast carcinoma is no longer detectable.
g Last subtraction of the contrast media dynamics. The fibroadenoma shows delayed contrast media uptake consistent with a benign tumor.

h T1-weighted sequence after contrast media application with fat saturation. i No residual tumor of the breast carcinoma can be seen on the ADC
maps. The ADC value of the fibroadenoma remains unchanged (1.5 x 10-> mm2/s).

Therefore, initial studies already showed that the combination
of DWI and dynamic contrast-enhanced MRI (DCE-MRI) has a
higher specificity than DCE-MRI alone [17, 18].

DWI is capable of differentiating malignant from benign breast
lesions. A recently published meta-analysis examined the extent
to which ADC values differ between benign and malignant lesions
based on 123 studies including 13 847 breast lesions [19]. The
mean ADC value was 1.03 x 1073 mm?/s for malignant tumors
and 1.5x 107 3>mm?/s for benign lesions. A cutoff value of
1.0x1073>mm?/s was recommended since no benign lesions
were identified below this value [19]. It is notable that the results
in these studies were largely independent of Tesla strength
(1.5T compared to 3T), the b-values that were used (600-650,
750-850, and 1000 s/mm?2), and the region of interest (ROI)
measurement (single slice measurement compared to measure-
ment of the entire tumor) [19].

However, mucinous breast carcinoma, which can have very
high ADC values (up to approximately 1.5x 10"3mm?[s) and can
therefore be confused with benign lesions in DWI, must be men-
tioned as a limitation [10].

A recently published prospective multicenter study shows that
an ADC cutoff value of 1.53x 1073 mm?/s can lower the biopsy
rate by 20.9 % without reducing sensitivity [20]. 67 patients
with 81 lesions were examined in this study. It is noteworthy that
the diagnostic accuracy for non-mass lesions was slightly lower
than for masses (0.72 compared to 0.79) [20]. Another multicen-
ter study including 657 patients also showed that DWI is capable
of further categorizing lesions characterized as BI-RADS 4 on con-
trast-enhanced MRI [21]. Using an ADC cutoff of 1.5x 1073 mm?[s
allowed the noninvasive downgrading of lesions thereby lowering
the rate of unnecessary biopsies by 32.6 %.

There is currently no consensus regarding ROl measurement
criteria. Some approaches measure the entire tumor, while other
approaches measure a mean ADC value on only one slice. A multi-
center study showed that the mean ADC value measured on one
slice could be sufficient and has a similar diagnostic quality to
more complex measurement methods [22].

In summary, DWI and ADC value can help to better assess the
status of lesions and even to decrease the need for biopsy. For the
clinical routine, it is recommended to measure the ADC value on a
representative slice and to include this information in the report.
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» Fig.2 a Early subtraction after contrast media application. Some small foci located in the right breast. Visualization of a mass in the left breast
located in the left upper medial quadrant (BI-RADS 5). b Last subtraction of the contrast media dynamics. The rim of the mass shows progressive
contrast media uptake. c T2-weighted sequence with TIRM technique. An intermediate T2-hyperintense signal can be seen. d DWI (b-value of
800 s/mm?2) shows diffusion restriction with a correspondingly lowered ADC value (0.9 x 10-> mm?) of the ADC map e. f Early subtraction of the
contrast media dynamics. One axial slide at the mammillary level shows another smaller mass on the left side. Planned breast-conserving therapy
can only be performed with only one quadrant involved. g Last subtraction of the contrast media dynamics. Progressive contrast media uptake
can be seen. h T2-weighted sequence in TIRM technique. The mass has a T2-hyperintense signal. i The corresponding DWI shows only moderate
hyperintense signal intensity, consistent with a T2 shine-through effect. The corresponding ADC map shows high ADC values (ADC value of

1.6 x 102 mm?/s) consistent with a benign tumor. The smaller mass was a histologically proven fibroadenoma, and the bigger mass was an invasive

ductal breast cancer.

Added clinical benefit of DWI

The relevant added clinical benefit of DWI compared to estab-
lished imaging methods should be noted to highlight the necessi-
ty of the sequence in routine diagnostics. A very interesting multi-
center study including 414 patients evaluated the use of ADC
value alone, the Kaiser Score, the combination of the two [23].
The Kaiser Score yielded better diagnostic accuracy particularly
in subcentimeter lesions. In the collective as a whole, the ADC val-
ue had comparable sensitivity to the Kaiser Score with respect to
preventing unnecessary biopsies. Interestingly, the Kaiser Score
alone was superior to the combination of Kaiser Score and ADC
for preventing unnecessary biopsies.

In an earlier study, the quantitative ADC value with a cutoff of
1.0x 1073 mm?2/s (suspicious for malignancy) or 1.4x 1073 mm2/s
(intermediate) was used as an additional diagnostic method for
contrast-enhanced BI-RADS evaluation [24]. A higher specificity
could be achieved by including the ADC value [24].

Based on this data, it can be concluded that DWI with the ADC
value can help to increase the specificity of BI-RADS reporting by
including an additional parameter. However, if a lesion has already
been classified based on the Kaiser Score, which combines differ-
ent parametric findings of contrast-enhanced MRI, the ADC value
is no longer beneficial and cannot further increase the specificity.
Finally, the implementation of the Kaiser Score in the daily routine
is simpler and more time-efficient than use of ADC values.
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DWI as a prognostic marker

Various studies have evaluated the extent to which DWI and ADC
value can predict disease course in breast cancer patients [16]. In
most studies, ADC value was associated with already established
prognostic parameters, like immunohistochemical markers [16].

The study by Kim et al., which directly correlated the ADC value
with metastasis-free survival, should be mentioned as an impor-
tant study [25]. A specially calculated ADC difference value based
on 258 patients was used in this study [25]. Interestingly, this ADC
value as an independent prognostic factor with a hazard ratio of
4.5 in the multivariate analysis was of even greater prognostic re-
levance than the presence of axillary lymph node metastases with
a hazard ratio of 3.3. This study thus indicated that the ADC value
could be more important than one of the most important clinical-
ly established prognostic factors.

However, it must be stated that the quality of these studies is
low and large multicenter analyses are needed to show the prog-
nostic relevance of the ADC value.

Correlation with the proliferation index Ki-67

Various studies have attempted to identify a correlation between
the ADC value and the proliferation index Ki-67 [26]. For the Ki-67
index only the number of cells in mitosis per 100 cells are meas-
ured [27]. This is an established prognostic biomarker for breast
cancer [27].

A first meta-analysis examining all oncological studies on the
correlation of ADC values with the Ki-67 index yielded a mean cor-
relation coefficient of r=-0.44, (95% Cl=[-0.51; -0.37] [26].
However, for the breast cancer subgroup analysis, no statistical
significance was found (r=-0.22 (95 % Cl=[-0.50; 0.06]) [26].

In multiple smaller studies, a significant moderate correlation
between the ADC value and the Ki-67 index was identified [28,
29]. In contrast, in other studies, no reliable correlation between
ADC value and Ki-67 was found [30, 31].

This was confirmed by a recently published multicenter study
based on data from 870 patients from six centers. Only a weak
correlation was identified (r=-0.20) [32]. This also resulted in
low AUC values for the differentiation between low and high
Ki-67 expression for multiple clinical Ki-67 cutoffs (Ki-67 value of
10 % to 50 %, AUC values of 0.64 to 0.58) [32].

Available studies tend to indicate that ADC value cannot be
used to make a reliable conclusion about the Ki-67 index.

DWI for discriminating between
immunohistochemical subtypes

Numerous studies have attempted to establish significant differ-
ences in ADC value between the various immunohistochemical
subtypes of breast cancer [17]. Therefore, some significant differ-
ences in ADC value as a function of hormone receptor status were
identified [16]. It was also shown that estrogen or progesterone
receptor-positive tumors have slightly lower ADC values than hor-
mone receptor-negative tumors [16]. Individual studies showed

that the Her2-positive subtype has the highest ADC values while
other studies showed that the triple-negative subtype has higher
ADC values than other subtypes [30, 33]. However, the literature
is inconclusive since a number of studies could not show any sig-
nificant differences in ADC value between immunohistochemical
subtypes [16].

A meta-analysis based on 28 studies including 2990 tumors
examined this data and did not show any significant differences
in ADC value between the different immunohistochemical sub-
types [34].

It must therefore be noted that DWI is not capable of reflecting
the immunohistochemical characterization of tumors.

DWI for predicting axillary lymph node status

Axillary lymph node status is one of the most important prognos-
tic markers in breast cancer [35]. Multiple studies have examined
whether the ADC value of an axillary lymph node could help to dif-
ferentiate between benign and metastatic lymph nodes and
whether the ADC value of the primary tumor differs significantly
between node-positive and node-negative tumors [36-38].

Promising studies regarding both the ADC value of axillary
lymph nodes and the ADC value of the primary tumor have been
published [36-38]. Therefore, malignant axillary lymph nodes
showed significantly lower ADC values than uninvolved lymph
nodes.

In a meta-analysis based on 875 benign and 547 malignant
lymph nodes, benign lymph nodes had a mean ADC value of
1.17x1073 mm?[s [95% Cl 1.02-1.32], while malignant lymph
nodes had a mean ADC value of 0.90 x 1073 mm?/s [95 % CI 0.80-
1.01] [36].

It is of particular interest that the ADC value of axillary lymph
nodes seems to be independent of lymph node size and thus can
indicate a possible malignancy [36]. The ADC value of axillary
lymph nodes can thus be used as a potential additional imaging
parameter to existing morphological characteristics [36, 38].

With regard to the primary tumor, it was also shown that node-
positive tumors have a slightly lower ADC value than node-nega-
tive tumors and the diagnosis of axillary lymph node status could
also be improved with this additional parameter [36].

DWI for predicting treatment response in the
neoadjuvant setting

The assessment or even early prediction of treatment response is
an important objective of oncological imaging [39]. DWI which
can reflect tumor microstructure should be able to visualize tu-
mor changes during chemotherapy even before morphological
changes. Cytotoxic chemotherapy causes necrosis and cytolysis
which should result in an increase in the ADC value.

However, the pretherapeutic ADC value in breast cancer does
not seem to be able to reliably predict response to neoadjuvant
chemotherapy [40]. In this regard, the role of the ADC value in
the assessment of response to neoadjuvant chemotherapy
was evaluated in a recently published meta-analysis based on
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22 studies including 1827 patients. Significant overlapping
of mean ADC values between patients responding to treatment
(0.98x 1073 mm?[s (95% Cl=[0.94; 1.03])) and those not
responding to treatment (1.05x10"3mm?/s (95% Cl=[1.00;
1.10])) was seen. Therefore, the initial ADC value of the primary
tumor cannot be used as a validated biomarker for treatment
response [40].

One study based on 31 breast cancer patients showed similar
results with no significant difference between the ADC values of
the group with histopathologically complete treatment response
compared to the group without treatment response [41].
However, in this study, parameters of morphological imaging
were significant predictors of treatment response. Thus, patients
with poor treatment response showed growth parallel to Cooper’s
ligaments and a fast washout rate on dynamic contrast-enhanced
MRI [41].

In contrast, an increase in ADC value during neoadjuvant che-
motherapy was seen in multiple studies as a potential biomarker
for the differentiation between responders and non-responders
[42,43]. It was shown in a large multicenter study that an increase
in ADC value after 12 weeks of neoadjuvant chemotherapy is the
most promising parameter for predicting treatment response
[43]. In patients with pathological complete response, there was
an increase in ADC value of 50 % while an increase of only 36 %
(p=0.017) was seen in patients without pathological complete
response [43]. However, the initial ADC value in breast cancer
patients prior to chemotherapy was not significantly different
between the groups (p=0.48). Thus, treatment-associated in-
crease in ADC value could be used in the future for predicting
pathological response.

Noteworthy results were achieved in a study that was able to
predict treatment response to neoadjuvant chemotherapy as
well as disease-specific survival with an AUC of 0.86 and 0.92 using
artificial intelligence based on multiparametric MRI scans per-
formed before the start of treatment and after two cycles of
neoadjuvant chemotherapy [44]. This multiparametric, Al-based
approach could therefore have the greatest benefit in the clinical
routine with regard to determining treatment response.

However, it must be stated that there is not yet any data
regarding changes to neoadjuvant therapy based on DWI. This
would be a clinically relevant added benefit.

For clinical practice, an increase in ADC value indicates treat-
ment response and should be included as such in the report. How-
ever, further study data is needed to determine a possible cutoff
value.

DWI for breast cancer screening
without contrast

Since DWI does not require the administration of contrast, the use
of this MRI sequence for non-contrast breast cancer screening has
been discussed [45].

In direct comparison to mammography, T2-weighted DWI
showed superior diagnostic significance for detecting breast can-
cer (AUC 0.73 for DWI compared to 0.64 for mammography) and
was able to detect a greater number of tumors (sensitivity of 69 %

vs. 40 %) [46]. However, these data are based on 45 lesions in 42
women. A second study including 25 women also showed the su-
periority of DWI compared to mammography [47].

However, it must be noted that DWI is inferior to dynamic con-
trast-enhanced MRI in the screening setting (AUC of 0.93 and sen-
sitivity of 86 %) [46].

In a prospective study including 50 screening participants with
mammography findings suspicious for malignancy, non-contrast
MRI including DWI was performed with an examination time of
only 7 minutes. A very good negative predictive value of 0.92
was able to be achieved. Consequently, DWI was able to prevent
unnecessary biopsies [48].

In a further retrospective study including 378 patients, a very
good sensitivity of 93 % and specificity of 88 % were achieved by
DWI alone [49]. For lesions with a size of less than 10 mm, DWI
still achieved a sensitivity of 71 % so that even small lesions were
able to be sufficiently detected in this study [49].

However, it must be noted that there is currently no recom-
mendation for using DWI for screening. The variations in diagnos-
tic accuracy between studies can be attributed to the highly het-
erogeneous image quality of DWI [50]. The EUSOBI is currently
discussing the possibility of using DWI for supplementary screen-
ing in patients with a high/intermediate risk profile, but there is
currently not yet a recommendation in this regard.

Advanced DWI techniques

Various DWI sequences have recently been studied to determine
whether they can offer added benefit.

The diagnostic performance of the IVIM technique was evaluated
in a recently published meta-analysis based on 16 studies including
1355 malignant and 362 benign lesions [14]. The key result of this
analysis is that the IVIM parameters are diagnostically equal to the
ADC.

A meta-analysis based on 13 studies including 867 malignant
and 460 benign lesions was performed for the DKI method [15].
However, this study showed only an equivalent diagnostic per-
formance of DKI parameters compared to the ADC value.

In a study including 85 patients, the ADC value was even able
to outperform the DKI parameters in the discrimination between
benign and malignant lesions [51].

Diffusion tensor imaging (DTI) was also evaluated with respect
to breast diagnosis with similar results compared to conventional
DWI [52].

Therefore, the clinical benefit of these novel sequences must
first be evaluated in greater detail in studies. However, initial
meta-analyses show that the benefits do not differ significantly
from those of conventional DWI [53]. Due to the lack of standardi-
zation and undetermined additional clinical benefit, these cannot
yet be recommended for the clinical routine.

Summary

The clinically relevant additional benefit of DWI is improved as-
sessment of the status of lesions suspicious for malignancy.
When the ADC value with a cutoff of 1.5% 1073 mm?/s is used in
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addition to contrast-enhanced MRI, up to 32.6 % of unnecessary
biopsies can be prevented. The ADC value can be used as a possi-
ble quantitative biomarker in addition to qualitative evaluation of
the BI-RADS system for improved reporting. However, for struc-
tured reporting based on the BI-RADS system with the Kaiser
Score, the ADC value does not seem to provide any additional
benefit.

There is no evidence regarding the prediction of histological

and immunohistochemical properties of breast cancer based on
the ADC value.

An increase in the ADC value during neoadjuvant chemother-

apy could indicate treatment response.

The ADC value could help to determine axillary lymph node

status since the ADC value of affected lymph nodes is lower than
that of unaffected nodes. However, further studies are needed.

Standardization of DWI in relation to image quality, image pro-

cessing, and reporting is needed in order to be able to broaden
the use of the ADC value in the clinical routine.
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