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Purpose: Breast cancer brain metastasis (BCBM) represents a major clinical challenge. Can
MRI help in advancements in the management of BCBM? This review discusses MRI
developments and the corresponding potential advancements in BCBM management.
Methods: An exhaustive literature search was undertaken to identify studies which look into
the potential of MRI in BCBM management. Seven hundred and eighty-four studies pub-
lished from September 1984 to May 2020 were identified. Three topics are covered where
MRI is not clinically established yet: 1) the prognosis of BCBM; 2) the screening of BC
patients for BCBM development, and 3) the assessment of imaging features correlated to BC
subtype.

Results: Thirty-six studies were considered eligible for the purposes of this review. On-
going progress is made with the identification of different BCBM characteristics and MRI
metrics that might be related to prognosis. Progress has been made with the identification of
different BCBM characteristics, including BCBM location, degree of edema, white matter
disruption, tumor edge sharpness, and temporal muscle thickness. A more accurate prediction
of prognosis could lead to more suitable patient management and treatment. The use of MRI
in BCBM screening of the high-risk breast cancer population remains a controversial subject.
To date, there are no results from clinical trials; however, there is a rising number of
relatively small studies that show concern on this subject and support BCBM screening. It
is important to oncologists to be able to assess the tumor subtype non-invasively. MRI
features, which have shown some correlation with subtype, include the number of tumors,
location, and their distribution in the brain. Advanced tools and metrics have been produced
to carry out radiological characteristics analysis on MRI images. Assessing MRI features in
more detail could provide a more personalized management of patients.

Conclusion: Developments in the use of MRI have the potential to improve BCBM
management.

Keywords: breast cancer brain metastasis, magnetic resonance imaging, breast cancer

management

Introduction

Breast cancer (BC) is the second most common primary tumor responsible for the
development of brain metastasis (BM), following lung cancer.'® The prognosis of
patients developing BM is generally poor as few patients live longer than 1 year.*°
The difficulty of performing a biopsy in the brain, the lack of routine assessment or
continued reassessment of brain metastasis via imaging of the brain, in combination
with advanced image analysis, might limit progress in understanding the develop-
ment of the disease. The limited understanding of the BCBM development and

progression pattern, the poor quality-of-life, and the debilitating symptomatology it
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is associated with, as well as the often inefficient treatment
options make BCBM a major clinical challenge.

Imaging, a valuable tool in cancer management, is
usually prompted in BCBM cases by clinical symptoms
such as headache, mental status changes, nausea, and
vomiting. The European Federation of Neurological
Societies suggest the use of conventional magnetic reso-
nance imaging (MRI) for the detection of lesions, in cases
where there is a strong clinical suspicion for metastasis in
patients with known malignancy and in patients for whom
CT is not conclusive in determining whether a lesion is
neoplastic or non-neoplastic.” MRI can provide finer
detail, localization, and characterization of brain metas-
tases, mainly due to the high soft tissue contrast and the
plethora of MRI sequences that are available to character-
ize intracranial lesions. Specifically, T1 and T2-weighted
sequences provide anatomical details; they delineate mor-
phologic anatomical deraignment of tissue by the
tumor. Both of these sequences can be contrast enhanced,
with the use of gadolinium as a contrast agent, for the
detection of small metastases and for distinguishing
non-neoplastic white matter disease from metastases. T2-
weighted images of the brain are often also fluid attenu-
ated (FLAIR, fluid-attenuated inversion recovery) to
suppress cerebrospinal fluid and detect parenchymal
edema. Proton MR spectroscopy (MRS) provides informa-
tion about the metabolic profile of specific regions, and
can distinguish whether a brain mass is neoplastic or non-
Another which

diagnostic improved

neoplastic.
adds

tumor characterization is magnetic resonance perfusion

physiologic  sequence

information allowing for

(MRP), that can be used to assess the relative cerebral
blood volume (rCBV) and blood flow (rCBF), which are
both measures of vascularity. Diffusion weighted (DWI,
diffusion weighted imaging) sequences assess the ease
with which water molecules move around within a tissue,
giving measurements of the apparent diffusion coefficient
(ADC). This gives insight into cellularity (eg, tumors), cell
swelling (eg, ischemia), and edema. Diffusion tensor ima-
ging (DTI) forms an enhancement of DWI, with a bigger
number of diffusion gradients and directions than DWI,
which allows more advanced metrics than an average
diffusion coefficient to be calculated and higher visibility.

Considering the advantages of MRI, we herein seek to
further explore the potential usage of MRI in areas where
its role is not clinically established yet: 1) the prognosis of
BCBM; ii) the screening of BC patients for BCBM

development; and iii) correlation of BC subtype with BM
radiological features.

Methods

An exhaustive literature search was undertaken using the
PubMed and Web of Science search engines. Using
PubMed a search was made in All Fields, using the
Search Term “Breast cancer brain metastasis MRI”.
Similarly, in the Web of Science resource. All Databases
were searched using the Topic “Breast cancer brain metas-
tasis MRI”. In total, 925 studies published by the two
search engines, from September 1984 to May 2020, were
identified, however some were duplicates. After duplicates
were removed and with the addition of 20 studies identi-
fied through sources other than PubMed and Web of
Science, a total of 784 studies were considered for the
purposes of this review.

Non-English studies were excluded. As a minimum the
abstracts of the rest of the studies were reviewed to con-
sider whether the study met the inclusion criteria. For
studies to meet the inclusion criteria they needed to: a)
be original studies (reviews were excluded); b) be patient
cohort studies (animal studies, technical development, and
case studies were excluded); and c) study the use of MRI
alone or in comparison with other imaging modalities, in
BCBM management in one of the three areas discussed
above in this review. A summary of the strategy and scope,
the number of identified articles and the number consid-
ered eligible for inclusion in this review are shown in
Figure 1. The studies that met the inclusion criteria were
categorized based on the quality rating scheme by the
Oxford Centre for Evidence-based Medicine (Table 1).

Results

Out of the 784 articles identified, 36 were considered
eligible for the purposes of this review. Tables 2—4
summarize the studies: Table 2 shows the role of MRI in
the prognosis of BCBM; Table 3 summarizes the role of
MRI in screening of BC patients for BCBM development;
and iii) Table 4 presents the potential usage of MRI in the
assessment of imaging features correlated to BC subtype.

MRI in the Prediction of Prognosis of
BCBM

The knowledge of prognosis is valuable to patients and
clinicians as it can provide direction towards the appro-
priate management of a patient.
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|dentification Records identified through Additional records identified
pubmed’ and ‘Web of through other sources, n = 20
Science’, n = 925
Records after duplicates were
removed, n = 784
Language English, n =721 Non-English, n = 63
Type Original articles, Reviews and
n =640 guidelines,
n=281
Methods Patient cohort Animal studies, Case studies, Technical development
studies, n = 311 n=63 n=190 studies, n = 76
Eligibility Eligible papers, Non-eligible papers,
n=36 n =275

Figure | The strategy and scope of this review, the number of identified articles, and the number considered eligible for inclusion in this work. Boxes in red show the

inclusion criteria.

The location of the metastasis in the brain has been
shown to be associated with prognosis. Through MRI,
a poor prognosis for patients with leptomeningeal disease
was shown in several studies,™'® in comparison to non-
leptomeningeal.'® In one of these studies with a relatively
high number (300) of BCBM patients a shorter survival

was also observed in patients with metastases in the

Table | Quality Rating Scheme for Studies and Other Evidence

I | Properly powered and conducted randomized clinical trial;

systemic review with meta-analysis

2 | Well-designed controlled trial without randomization;

prospective comparative cohort trial

3 | Case control studies; retrospective cohort study

4 | Case series with or without intervention; cross-sectional study

5 | Opinion of respected authorities; case reports

Notes: Oxford Centre for Evidence-based Medicine for ratings of individual stu-
dies. Adapted with permission from Oxford Centre for Evidence-Based Medicine.**

occipital lobe compared to other brain regions.'” On the
contrary, in another study, it was shown that the median
survival in brain metastasis patients (out of which 56%
had breast as the primary cancer site) was higher in
patients in BM in the occipital lobe (P=0.8), although
not significantly so, and worse for those with brainstem
lesions (P=0.04)."' The number of BMs was shown to be
a significant prognostic factor (P<0.05 in multivariate
analysis) of overall survival, in one study with 897 BM
patients out of which 143 were BCBM patients.'?

For solitary metastases, the extent of peritumoral
edema on the preoperative T2-weighted conventional MR
scan was shown to be related to the degree of angiogen-
esis, brain invasiveness, and overall survival, with reduced
edema being a worse prognostic factor.'’ Similarly,
Berghoff et al,'"* in a study with 379 BCBM patients,
found that peritumoral edema seen on pre-operative MRI
correlated positively with the density of tumor-infiltrating
lymphocytes, which in turn correlated positively with
favorable overall survival times.
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Table 2 MRI in the Prediction of Prognosis of BCBM

Author Ref. | Year | Quality | Number Aim (Relevant to This Review) Conclusion (Relevant to This
No. Rating Review)
Total | Breast
ca.
Berghoff 17 2013 | 4 65 8 To assess DWI on BM Preoperative DWI correlates strongly
et al and independently with OS for single
BM
Berghoff 14 2016 | 4 2419 | 379 To find correlation of edema to the Peritumoral edema seen MRI
et al density of TILs correlates positively with the density of
TILs, which correlates to OS
Cacho-Diaz | |1 2019 | 4 570 204 To investigate neurologic indicators as | BM in the brainstem were associated
et al prognostic markers in patients with with a poor outcome in median survival
brain metastases
Furtner 16 2017 | 4 435 188 Evaluate prognostic relevance of TMT | TMT is an independent predictor of OS
et al in BM pts in BCBM pts
Gasparetal | 19 1997 | 1 1200 Studies if OS of brain met pts is OS of brain met pts is determined by pt
determined by treatment type or pt selection, and three classes of pts for
selection for a prognostic model future studies are suggested: 1) <65
years and KPS270; 3) KPS<70; 2) all
others
Huang et al | 22 2918 | 4 411 To develop and evaluate a prognostic | A nomogram for predicting |- and
model for patients with newly 2-year overall survival rates was
diagnosed BCBM constructed, with a concordance index
of 0.735
Hyun et al 9 2016 | 4 519 96 Analyse the clinical features of LM pts | Survival of pts with LM from BC is
poor (3 months)
Janssenetal | 21 2019 | 4 170 A prognostic tool was created for pts | Accurate results by the tool in
with cerebral metastases from breast | predicting death <6 or survival 26
cancer who had received WBRT months for BC pts receiving WBRT
Jo etal 8 2013 | 4 95 Analyse clinical features and outcome | Survival of pts with LM from BC is
of LM pts poor (3.5 months); Systemic chemo, in
addition to intratheal chemo, might give
OS benefit
Laakmann 10 2016 | 4 300 Survival in pts with and without LM Pts with LM disease had shorter
et al disease survival compared with patients
without signs of LM disease (median
survival 3 vs 5 months, P=0.025)
Park et al 12 2013 | 4 897 143 To analyze prognostic factors Age, KPS, number of lesions and the
(including number of lesions) on OS addition of combined primary
and evaluate the role of primary tumor and ECM statuses to the
tumor and extracranial metastasis prognostic index can improve its
status as a constituent factor for discrimatory ability
prognostic index
Spanberger | 13 2013 | 4 129 17 To analyse prognostic value of extent | Pts with small peritumoral edema have
etal of peritumoral brain edema in pts shorter OS times
operated on for single BM
(Continued)
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Table 2 (Continued).

Author Ref. | Year | Quality | Number Aim (Relevant to This Review) Conclusion (Relevant to This
No. Rating Review)
Total | Breast
ca.

Sperduto 20 2011 | 4 3940 | 400 To define GPA value for pts for the GPA score depends on diagnosis
et al development of a prognostic model
Sun et al 15 2016 | 4 290 To identify the characteristics of cystic | Cystic BM from BC has worse

BM in a large cohost of BC pts prognosis than solid BM
Zakaria 18 2018 | 3 26 4 To match preoperative DTI with DTI can be used to assess white matter
et al brain—tumor interface during resection | tract integrity, which correlates

of BM positively to OS

MRI has also been used to assess the characteristics of
cystic BM development, a special morphological type of
BM, and its risk factors to analyse the treatment and
prognosis of patients with cystic BM. In a study with 35
patients with cystic BM, and 255 patients with solid BM,
results of multivariate analysis have shown that cystic BM
has worse prognosis (P<0.05) than the more commonly
observed solid BM. "

Furtner et al'® assessed the temporal muscle thickness
(TMT), which is measured on routine cranial MR images,
in 435 BM patients out of which 188 had primary BC.
A correlation was found between TMT and survival: for
every additional 1 mm of baseline TMT, the BC patients
had a reduced risk of death of 19%.

Metrics from other MRI techniques have also been
shown to be correlated to patient prognosis.
Berghoff et al'” assessed DWI signal intensity and ADCs
readings in 65 patients with a single BCBM, and a high
correlation was found with the overall survival of patients.
Similarly, in another study, Zakaria et al'® also used DWI
and showed that metastases with a sharp edge in diffusion
across their border correlate to a shorter overall survival
compared to those with a more diffuse edge. Information
from DTI, which can detect the disruption of white matter
tracts in the brain, was matched with image-guided sam-
pling of the brain—tumor interface in 26 patients during
resection of a brain metastasis (including BCBM). A lower
fractional anisotropy in the peritumoral region, indicating
more white matter tract disruption, was associated with
longer overall survival times. It was suggested that DTI
through MRI could potentially detect an active immune
microenvironment and thus be used to measure suscept-
ibility to immunotherapy.

There is an on-going effort to predict prognosis and
estimate survival in brain metastasis, using MRI metrics.
In summary, the location of the metastasis in the brain
could be used to provide prediction of prognosis; specifi-
cally leptomeningeal disease and BCBM in the occipital
lobe might be an indication of a poorer prognosis, com-
pared to other brain regions. Edema and temporal muscle
thickness were shown to be in favor of the overall survival
time, while cystic BM was shown to have a worse prog-
nosis than the solid metastasis. Finally, DWI signal inten-
sity, ADCs, and the disruption of white matter tracts,
assessed using the DTI sequence, are positively associated
with prognosis, while sharp edges of the metastases are an
indication of a shorter overall survival. MRI metrics such
as the above could be incorporated into prognostic

models,'?

which are widely validated predictors of sur-
vival in brain metastasis patients. These models normally
combine clinical information too, including age, status of

the primary cancer, and extracranial disease.

MRI in Screening for BCBM

The potential of MRI as a screening tool in the manage-
ment of BC patients at risk of developing BCBM has been
debated in a small number of studies. Screening BCBM
could identify BMs at an early enough stage, which could
in turn guide further treatment.

A small study in 2004 assessed the benefit of a close
follow-up with CT/MRI, following clinical suspicion of
BCBM.> Twenty-two patients who had been diagnosed
with BC presented symptoms of increased intracranial pres-
sure, but their brain CT/MRI scan did not reveal any signs
of a space occupying lesion. Twelve patients had an MRI
scan every 15 days; 10 patients did not, out of preference.
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Table 3 MRI in Screening for BCBM

Author Ref. | Year | Quality | Number Aim (Relevant to This Conclusion (Relevant to This
No. Rating Review) Review)
Breast Met pts
ca.
Azim et al 29 2018 | 4 2193 160 Identify incidence of BM in Disease stage and biological subtypes
different stages and subtypes predict risk of BM
of BC
El Zawawy 27 2017 | 4 267 46 Retrospective review of Young pts with lung mets, HER-
metastatic breast ca pts for overexpression or triple -ve with DFD
characteristics < 2 years carry highest risk for BMs
Ghezzi et al | 31 1994 | | 1320 Assess impact on survival and Routine use frequent lab tests and
QoL in two different follow-up x-rays after primary does not improve
protocols with early BC OS or QoL - they are thus
discouraged
Matsuo etal | 26 2017 | 4 589 187 Review of outcomes of BCBM Early detection of BM by screening
MR, followed by SRS, improved the
prognosis of HER2-overexpressed
metastatic breast ca pts
Miller et al 24 2003 | 3 155 Assessment of the survival of Pts with CNS involvement, whether
occult and symptomatic CNS occult or symptomatic, have impaired
metastasis from primary BC survival
Mystakidou | 23 2004 | 4 22 Assessment of the benefit of An MRI screened group experienced
et al a close follow-up with CT/MRI, a shorter time difference between the
following clinical suspicion of first non-radiological symptoms and
BCBM the first radiological symptoms, had
smaller tumor(s) and longer survival,
compared to a non-screened group
Niwinska 25 2010 | 3 80 Evaluate outcome in pts with WBRT of early detected occult BMs in
et al occult BMs vs pts with HER?2+ breast ca pts reduces cerebral
symptomatic BMs death x3, but does not prolong OS
US National | 32 On- On-going | Non- Non- Studying the usefulness of On-going study
Library of going | study complete | complete | magnetic resonance imaging (MRI)
Medicine study to screen for brain metastases
Ono et al 28 2009 | 4 204 74 Find risk factors for BMs in pts Need routine screening for BMs | year
with HER2-overepressing breast after start of trastuzumab in
ca, who were treated with recurrent BC pts <50 years with liver
trastuzumab mets
Walker etal | 30 2000 | 4 17 4 To assess the utility of whole-body | Turbo STR whole-body MRI may
turbo short tau inversion represent a conventional method of
recovery (STIR) MRI to detect total body screening for BC patients
metastases to liver, brain, and
bone

Results have shown that the first group experienced
a shorter time difference between the first non-radiological
symptoms and the first radiological symptoms, had smaller

tumor(s), and longer survival.

Conflicting conclusions were drawn in other studies. In
a meta-analysis of clinical studies on prospective screen-
ing for BCBM, Miller et al** concluded on a similar

survival for patients with central nervous system
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Table 4 MRI Imaging Features and Their Correlation to BC Subtype

Author Ref. | Year | Quality | Number Aim (Relevant to Conclusion (Relevant to This
No. Rating This Review) Review)
Total | Breast | Met | Mets
ca. pts
Ahn et al 38 2018 | 4 34 34 To investigate the ADC histogram analysis may have
relationship between a prognostic value over ER/PR status
DWI parameters and
biological markers
of BC
Bender etal | 39 2011 | 4 163 30 118 Determine disease- For non-uniform distributions of
specific distribution of | BMs, met-free rates might be better
BM with non-uniform irradiation
Curtit et al 35 2013 | 4 489 Find intra-individual Discordance in ER and PR between
correlation of ER, PR, primary and met is high, whereas
and HER?2 status HER2 status remains relatively
between primary and constant
met
Fuijii et al 34 2017 | 4 70 To study the ER and PR status at the time of
alterations of three recurrence strongly impacts on OS,
biomarkers and Kié67 especially if change is from positive
index between primary | (primary) to negative (met)
and mets
Hoefnagel 36 2010 | 4 233 44 Study receptor Receptor conversion in distant BC
et al conversion ERa, PR, metastases occurs
HER?2, for BC mets
Kyeong et al | 41 2017 | 4 100 Find if the spatial BC subtypes tend to have different
distribution of BM spatial distributions of BMs
from BC differs
according to their
biological subtypes
Lower et al 33 2017 | 4 103 To determine Continued metastatic disease
biomarker discordance | evolution is associated with different
rates between first and | tumor biology
subsequent
metastatic BC lesions
Quattrocchi | 40 2012 | 4 144 864 Find spatial distribution | Distribution of BMs in BC and LC
et al of intra-axial BC in BC | patients is non-uniform
and LC pts
Uematsu 43 2009 | 4 176 To compare image Several MRI features (tumor shape,
et al findings of TNBM with | margin, internal enhancement and
image findings of other | size, as well as an intratumoral signal
cancer subypes intensity) might be used for
detecting TNBC
Williams 37 2014 | 4 59 59 To examine 39% of patients with basal subtype
et al correlations were observed to present with
between BC subtype multiple BM compared to 61% non-
and location and basal subtypes
number of BM

(Continued)
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Table 4 (Continued).

Author Ref. | Year | Quality | Number Aim (Relevant to Conclusion (Relevant to This
No. Rating This Review) Review)
Total | Breast | Met | Mets
ca. pts
Yeh et al 42 2014 | 4 62 Assess radiographic Patients with BMs from TNBC have

features from a cohort
of BCBM pts

distinct MRI features (cystic necrotic
BM)

involvement, whether diagnosed clinically (symptomatic)
or through screening. In a prospective study on BM
screening, including human epidermal growth factor
receptor 2 (HER2) positive patients, it was found that
even though deaths related to the central nervous system
were less frequent in a BCBM MRI-screened group, there
was no marked difference between the groups in the prog-
nosis overall.”

Some recent studies discuss the idea of high-risk BC
patients undergoing BCBM screening using MRIL**2®
Young (<50 years) BC patients with recurrent disease, lung
or liver metastasis, HER2-overexpression, or triple-negative
subtype, with disease-free duration of less than 2 years, carry
the highest risk for brain metastases and are considered
eligible for screening.*’*

Walker et al*° assessed the utility of whole-body turbo
tau inversion recovery (STIR) MRI, which employs fat-
suppressed sequences, to detect metastases from the breast
to other areas, including the brain. Seventeen patients of
suspected metastasis, and with biopsy-proven BC, took
part in this pilot study. Images were evaluated for the
presence or absence of metastases and the image outcome
was related to the clinical outcome at 1-year follow-up of
the patient. The results suggested that STIR whole-body
MRI may represent a conventional and cost-effective
method of total body screening of BC patients.

Even though there is great interest, with women and
healthcare professionals in favor of intensive screening
and follow-up after the diagnosis of BC,?' it is still not
clear whether women with specific BC characteristics
would benefit from early screening for BMs. There is
currently increased concern and the potential role of MRI
in BCBM is under study as part of larger clinical trials.*?

MRI Imaging Features and Their
Correlation to BC Subtype

In the era of personalized medicine, treatment of
metastatic BC is increasingly guided by its intrinsic

characteristics and by its molecular drivers. Triple nega-
tive and HER2 positive constitute the two BC subtypes
that most commonly tend to metastasize to the brain,
although any BC subtype can do so. Interestingly, studies
show that the tumor subtype may change between the
primary BC and the metastatic cancer sites.>*~® The
brain was actually found to be one of the most common
sites in which there is a receptor switch.*® As such it is
necessary that a biopsy is made of the recurrent or meta-
static lesion for reassessment of biological features, to
determine the subsequent treatment. However, brain meta-
static lesions are difficult to sample and they are rarely
biopsied. New methods are thus needed to define the
subtype of cancer after metastasis. Efforts have been
made by different groups to recognize and classify radi-
ological features from brain MR images and identify any
correlations between them and the biological behavior of
the tumor.

Common features assessed in clinical practice in MR
images are the number and location of BM. This informa-
tion was extracted by Laakmann et al'® from 300 MRI and
CT BCBM patient images and correlations were made
with the tumor-subtype; HER2+ developed cerebellar
metastases more often than HER2-, whereas patients with
triple-negative primary tumors more often experienced
leptomeningeal disease. The number of metastases was
also assessed in a different study of 59 BCBM patients;’’
39% of patients with basal subtypes were observed to
present with multiple BM compared to 61% non-basal
subtypes (P=0.25).

The relationship between DWI parameters of BMs and
biological markers of breast cancer was assessed in a study
of 34 patients with BCBM.*® ADC variables did not show
any statistical difference between HER2 positive and
HER2 negative groups. However, it was found that ADC
histogram parameters (25" percentile of the ADC histo-
gram) are highly correlated (P<0.05) to the ER/PR status
of breast cancer.
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Using advanced image registration methods it was
shown that the spatial distribution of BCBM dominates
its presence in the cerebellum, in comparison to other
primary cancers.’”** Recently and using similar techni-
ques, Kyeong et al*! in a study with 100 BCBM patients
showed that the spatial distribution of BCBM differs
according to their biological subtypes. Triple-negative can-
cers are evenly distributed in the brain, while HER2+ and
luminal type occur mostly in the occipital lobe and cere-
bellum. Triple-negative was also shown to occur more
often in the frontal lobe, limbic region, and parietal lobe,
compared with the other two types.

Yeh et al** performed radiographic image analysis, on
62 BCBM images, in terms of the presence or absence of
hemorrhage, restricted diffusion, enhancement, necrotic
change, surrounding edema, and associated leptomenin-
geal disease. Cystic necrotic BM was found to occur in
TNBC, in contrast to solid or mixed solid/necrotic in
luminal or HER2 enriched subtype. Other MRI texture
analysis features might include tumor shape, margin, inter-
nal enhancement and size, as well as an intratumoral signal
intensity stronger than or almost the same as that of water
of vessels on T2-weighted MR brain images.**

Discussion

The optimal management of BCBM represents an unmet
clinical need.*** In recent years, there has been an
increasing interest in developing new methods for under-
standing, predicting, diagnosing, and treating BCBM
timely and effectively. In this work the potential role of
MRI in three main, yet largely unexplored areas, on
BCBM has been reviewed.

One area of interest is the use of MRI in the prediction
of prognosis. Knowledge of a more accurate prognosis
could help to tailor the right direction of management.
Progress has been made with the identification of different
BCBM characteristics,?*? including BCBM location,'’
degree of edema,® white matter disruption,'® tumor edge
sharpness,'® and TMT.'® Further development is required
before these MRI metrics can be incorporated into prog-
nostic models. Success in this area would allow a more
personalized medicine approach to be introduced in
BCBM management.

The use of MRI in BCBM screening of the high-risk BC
population remains a controversial subject. Current breast
screening guidelines, in patients with both localized and
metastatic disease, do not recommend routine assessment
or continued reassessment of brain metastases via imaging

of the brain, due to the lack of proven benefit.***® Instead,
any signs or symptoms of brain metastasis should be treated
with a higher suspiciousness, and a lower threshold for MRI
of the brain should exist. Some studies do not support the use
of MRI in screening.>**> However, at the time these studies
were conducted the recommended anti-HER?2 treatments and
the accuracy of MRI were different from the situation today.
To date there have been no results from trials supporting the
use of MRI for BCBM screening but, importantly for this
argument, there are several studies which support that early
identification of BMs allows for potentially less toxic
approaches, such as stereotactic radiosurgery or the use of
targeted systemic agents with intracranial penetration.**~°
Recently one study documented that brain metastases can
grow significantly rapidly; with 30% of tumors doubling in
size between diagnosis and the first day of treatment.’! Since
treatment outcomes are dependent on tumor size,’” it might
be important to streamline patient management processes to
minimize delays in treatment initiation. Concern also exists
with regards to the possibility of having similar screened
BCBM incidence to non-small cell lung cancer, for which
screening is recommended.**>* Thus, several studies®®*
recommend further investigation of the usage of MRI screen-
ing in BCBM for specific high-risk groups of BC patients. In
practice, MRI remains an expensive examination, which puts
a limit on its easy access for routine use. Nevertheless, the
degree to which early diagnoses may have an impact on
important outcomes of treatment, quality-of-life, and cost-
effective care might warrant further investigation.

The correlation of radiological characteristics with
clinical  characteristics, and in particular the
tumor subtype, has also recently been under investigation
by several groups. The tumor subtype may switch between
primary BC and metastatic cancer.’**>?> A change in
subtype can have an impact on survival, particularly if
the change is from a primary lesion to a metastatic lesion.
Monitoring the biological behavior is recommended in
several studies as it can exclude secondary malignancy,
which might change therapeutic strategy. Furthermore,
studies suggest that more than one in five patients could
undergo a different therapy, if tissue sampling was con-
firmed and switches of ER, PR, and HER2 were
identified.’®>” Monitoring the biological behavior might
benefit a patient by allowing for a novel personalized
treatment strategy. The National Comprehensive Cancer
Network (NCCN) recommends retesting patients with
ER/PR and HER2 status in metastatic BC when the recep-
tor status at the time of initial diagnosis is unknown,
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negative, or not over-expressed.”® It is thus important to
oncologists to be able to assess the tumor subtype non-
invasively, and this is where MRI might have an input. To
date, MRI features, which have shown some correlation
with subtype, include the number of tumors, location,m’59
and their distribution in the brain.>**! Also, advanced
tools were produced to carry out radiological characteris-
#2430 which allowed the

identification of cancer subtype. Further studies with larger

tics analysis on MRI images,

numbers of patient cases might be required before MRI
can be used to assess tumor subtype. Potentially, the iden-
tification of subgroups of patients at risk of developing
certain patterns of disease would enable targeted screening
and treatment approaches.

This review was comprised of an extensive literature
search and discussed three major main areas of interest
where MRI is under consideration for advancing BCBM
management. Other areas of interest which could also
provide advances in BCBM management, such as the use
of MRI in combination with positron emission tomogra-
phy (PET),°"%* were beyond the scope of this review. All
studies identified and discussed for the purposes of this
review show that potential advances in the usage of MRI
have promising input in BCBM management and are
worth further investigation in prospective, retrospective
studies and clinical trials.

Conclusions

Through an exhaustive literature search, the role of MRI in
BCBM management was reviewed. The work was sepa-
rated into three areas for which MRI is not clinically
established: 1) the prognosis of BCBM, 2) screening
of BC patients for BCBM, and 3) the correlation of BC
subtype with BM radiological features. Optimal and per-
sonalized patients’ management could be benefited by
prognostic and clinically relevant MRI metrics to identify
successful treatment.
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