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20.1	 �Background

Despite advances in the treatment of primary breast cancer, 
metastatic spread of the disease remains a substantial clinical 
burden. Nearly 30% of breast cancer patients already have 
tumour spread to regional lymph nodes at diagnosis, and 5% 
will have metastases at presentation [1]. The prevalence of 
metastatic disease has increased along with the duration of 
survival, with some 20% of patients developing metastases 
during the course of the disease [2].

Breast cancer commonly metastasizes to the lymph nodes, 
bone, liver, lung and the central nervous system [3]. Of these, 
bone is the most frequent, being the first site of metastasis in 
more than 50% of the cases of relapsing disease [4], and 
present at the time of death in over 70% of those patients 
who die of breast cancer [5].

In order to effectively manage metastatic breast cancer 
patients, it is essential to have consistent, reproducible and 
validated methods for the detection of metastatic disease and 
for the evaluation of therapy response. These methods 
include clinical assessments, serum biomarkers and imaging 
techniques.

20.2	 �Clinical Assessments

Clinical assessments addressing pain, energy levels and 
mobility, often by means of questionnaire tools [6], are for 
the most part in the form of structured measures of quality of 
life. Although widely used in clinical trials, these question-
naires are not integrated into daily practice.

20.3	 �Serum Biomarkers

The serum biomarkers applied to the evaluation of meta-
static breast cancer include CA 15.3, the oncofoetal protein 
carcinoembryonic antigen (CEA), the oncoprotein HER-2/
neu and the cytokeratin tissue polypeptide-specific antigen 
(TPS) [7]. Although serum biomarkers are helpful in the 
detection of recurrent disease, they perform variably in the 
evaluation of treatment response [8] and are not useful for 
evaluating heterogeneous response across different meta-
static sites.

Serum biomarkers of bone heath are complementary and 
seem to be particularly useful in patients who have bone 
disease that is difficult to assess by means of other methods 
[9]. Markers such as N-telopeptide of type I collagen 
(NTX) and bone-specific alkaline phosphatase (BAP) are 
related to osteoclastic/osteoblastic bone activity, respec-
tively, and their elevation or reduction (in the case of NTX) 
has been related to increased or diminished risk of develop-
ing skeletal-related events, as well as being correlated to 
survival [10, 11].

Of increasing recent interest for assessing therapy 
response is the use of circulating tumour cells (CTCs) and 
circulating tumour cell-free DNA. It has been demonstrated 
that levels of CTCs at baseline and after chemotherapy are 
predictive of progression-free survival and overall survival in 
metastatic breast cancer [12, 13]. However, changing therapy 
on the basis of persistently elevated CTC levels despite treat-
ment does not bring an increase in overall survival [14]. CTC 
evaluations have demonstrated an advantage over conven-
tional radiological studies for predicting overall survival, but 
show low correlation with radiographic tumour load [13]. 
Circulating tumour cell-free DNA has shown early promise, 
and there is evidence of superiority to CTCs, in small studies 
of treatment response assessment in metastatic breast cancer 
[15]. Guidelines from the International Consensus 
Conference for Advanced Breast Cancer, therefore, state that 
changes in serum biomarkers alone should not be used alone 
to initiate changes in treatment [16].
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20.4	 �Imaging

20.4.1	 �Bone Scintigraphy (BS)

Planar bone scans with 99mTc-MDP (technetium-99m-
methylene diphosphonate) are useful for the identification of 
metastatic bony disease as they have acceptable sensitivity 
[17]. Modern extensions to BS with SPECT or CT-SPECT 
improve bone scan performance [18, 19]. It is important to 
remember that 99mTc-MDP is bound to the bone as part of 
osteoblastic activity [20], and so BS does not necessarily reflect 
the full burden of disease within bone marrow space. In par-
ticular, pure lytic bone changes without an osteoblastic reaction 
may be missed (Fig. 20.1). In addition, it is impossible to assess 
patients with very advanced bone disease objectively because 
new disease cannot be confidently identified on the background 
of already elevated bone scan uptake (so-called superscans).

The utility of BS to positively identify response (as 
opposed to stable/progressive disease) is severely limited, 
because reductions of bone activity occur late in responding 
patients, which compromises the timeliness of bone scan 
readouts. Moreover, it is recognized that isotope BS can show 

transient increases in the size of detected lesions or new 
lesions in patients who are later shown to be responding to 
therapy (flare reaction) [21]. The biological explanation for 
the flare reaction is that successful treatment leads to osteo-
blast healing, which increases MDP uptake. The evaluation of 
response to therapy using BS is thus indirect (not reporting on 
tumour cell kill), and there is no evidence that bone scans 
may be used to assess positive therapy benefits [22].

20.4.2	 �Computed Tomography (CT)

Computed tomography (CT) is superior to bone scintigraphy 
for detecting bone disease [18]. CT scans allow measurement 
of the size of body metastases, extent of disease involvement 
and quantification of response to treatment, particularly of 
soft tissue disease. While CT measurements of soft tissue dis-
ease are incorporated into the RECIST [23], bone metastases 
are considered non-evaluable/measurable according to these 
criteria. Under RECIST, therefore, CT scans are used to 
assess response to treatment only for those bone metastases 
that have a measurable soft tissue component. The MD 

a b

Fig. 20.1  Pure lytic bone metastases may not be apparent on bone 
scans. In this 43-year-old woman with nodal and liver metastases from 
breast cancer, 99mTc-MDP results were negative (a). In T1- and 

T2-weighted MRI of the spine performed 5 days later, multiple bone 
deposits can be seen (b—arrows). The large metastases in the thoracic 
spine show distinctive lytic features on MRI (arrows)
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Anderson Cancer Centre criteria [24] have defined other CT 
features for defining response to treatment, which are based 
on the changes in bone structure and density within lesions. 
According to these criteria, an osteosclerotic reaction of a 
lytic/infiltrative lesion can be used as an indicator of response, 
as it can represent a healing process which again needs osteo-
blastic action (Fig. 20.2). Using the MDA criteria, the devel-
opment of new osteosclerotic lesion(s) should not be classified 
as progression unless there is other evidence of disease pro-
gression. Unfortunately, these criteria have a significant limi-
tation, as they are not applicable in breast cancer patients who 
receive anti-osteoclastic therapy (bisphosphonates), which 
are standard of care medicating in the metastatic setting.

20.4.3	 �Positron Emission Tomography (PET)

Positron emission tomography (PET) is an established tech-
nique for the diagnosis of distant metastases in breast cancer. 
It has potential advantages over anatomical imaging in that it 
demonstrates changes in metabolic activity that may occur 
prior to the changes in morphology depicted in CT. PET offers 

several different radiotracers for bone (18F-NaF) and bone 
marrow imaging (18F-FDG is the most commonly used mar-
row agent in breast cancer). 18F-FDG PET has a strong role in 
evaluating metastatic disease that has accelerated glucose 
metabolism [25]. Unfortunately, in up to 42% of all oncologi-
cal patients have FDG non-avid disease that is not appropriate 
for evaluation with 18F-FDG PET [26]. In the setting of breast 
cancer, lobular cancer is oftentimes 18F-FDG PET negative. 
18F-FDG PET data acquisition is usually coupled with CT for 
attenuation correction and anatomical correlation. The overall 
sensitivity and specificity for skeletal metastases detection of 
18F-FDG PET/CT are superior to those of CT and BS [27]. The 
role of PET/CT for monitoring bone response to therapy has 
been reported in a few, promising but small-scale studies [28]. 
Amongst the recognized limitations include the flare phenom-
enon; bone marrow “flare” reactions have been described for 
FDG PET/CT when bone marrow growth factors such as gran-
ulocyte colony-stimulating factor (G-CSF) are administered. 
In specific cases, the observation of a flare reaction could indi-
cate therapy success, such as after the start of tamoxifen/ful-
vestrant therapy (usually after 7–10  days) in oestrogen 
receptor-positive breast cancers [29, 30].

a b

Fig. 20.2  Sclerotic response of bone metastases to therapy. A 35-year-
old woman with BRCA-positive breast cancer and skeletal metastases 
has received prior, ineffective therapy with poly-ADP ribose poly-
merase (PARP) inhibitors. CT scans are acquired before and after new 
treatment with three cycles of carboplatin and bisphosphonates. 
Multiple metastases are visible in thoracic spine, some of them showing 

mixed sclerotic/lytic features (a). Dense sclerotic reaction can be seen 
in (b) in all lesions, likely indicating effective response to therapy. New, 
small sclerotic lesions have appeared in the second scan (arrows), sug-
gesting response to therapy of smaller metastases that are not present/
visible in (a)
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20.4.4	 �Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) has a growing role in the 
diagnosis and assessment of response of metastatic disease 
and in particular bony disease. The key advantage of MRI is 
that the bone marrow can be directly evaluated using a variety 
of sequences each sensitive to different aspects of bone and 
bone marrow, such as the marrow cellular density (diffusion-
weighted imaging (DWI) MRI), vascularity (dynamic 
contrast-enhanced (DCE) MRI) (diffusion-weighted imaging 
(DWI)), trabecular bone density (ultrashort echo time MRI 
and susceptibility-weighted MRI) and bone marrow fat:water 
ratio (Dixon MRI, MR spectroscopy). Another advantage of 
MRI is the ability to perform multiregion examinations 
including whole-body studies. Furthermore, techniques can 
be combined thus enabling morphologic and functional 
(sometimes quantitative) assessments of tumour response, 
which can be repeated as required, as there is no radiation 
exposure penalty. Advantages of MRI include the fact that no 
ionizing radiation is administered, no injection of isotopes is 
necessary and whole-body examinations are possible.

Several meta-analyses show that the performance of MRI 
is comparable to 18F-FDG PET, both being significantly 
more accurate than bone scintigraphy and CT for detecting 
bone metastases in many types of cancers, on a per patient 
and per lesion basis [27, 31, 32]. MRI also performs well for 
monitoring therapy response of metastatic breast cancer 
patients using bone-specific response criteria [33]. 
Progression criteria include increase in number/size of focal/
diffuse areas of metastatic infiltration within normal marrow, 
evolution of focal lesions to a diffuse neoplastic pattern and 
the appearance of or increases in soft tissue components 
associated with bone disease. The appearance of new frac-
tures (needing radiotherapy/surgical interventions) should be 
considered as progression only if the bone marrow MRI sig-
nal intensity in the affected area is indicative of malignancy.

Amongst the findings considered indicative of bone lesion 
response are the emergence of intra-/peritumoural fat within/
around lesions (fat dot and fat halo signs), decreases in con-
trast enhancement and the development of dense lesion scle-
rosis on T2-weighted fat-suppressed MR images.

There is however limited evidence for the use of morpho-
logic MRI criteria for the assessment of bone response to 
treatment. Instead, a few small studies have identified prob-
lems with the use of morphologic descriptors of response, 
including arrested resolution of abnormalities despite effec-
tive therapy (presumed to be due to bone sclerosis, due to 
marrow fibrosis or due to necrosis). Other limitations of mor-
phologic imaging include the problem of evaluating disease 
activity against an already scarred background and the so-
called “T1W image pseudoprogression” phenomenon that 
occurs due to intense bone oedema secondary to massive cell 
death and inflammation, which can lead to darkening of the 

bone marrow on T1-weighted sequences, mimicking meta-
static spread through the affected segments. Ollivier and col-
leagues have described these technical bone marrow changes 
in some detail [34], but the clinical data for the use of mor-
phological MRI in the routine assessment of metastatic bony 
disease response are still lacking.

20.4.4.1	 �Diffusion Whole-Body (DWB) MRI
Diffusion whole-body (DWB) MRI is emerging as a promis-
ing bone marrow assessment tool for detection and therapy 
monitoring of bone metastases [35–37]. DWB MRI continues 
to make use of anatomic T1 and T2 sequences for morpho-
logic evaluation, but combines them with diffusion-weighted 
sequences, for the functional representation of cellular density 
within tissues (Fig. 20.3). Diffusion-weighted imaging evalu-
ates the microscopic motions of tissue water and allows the 
calculation of water diffusivity (apparent diffusion coefficient 
(ADC)) that reflects the degree of freedom of water move-
ment. Water diffusivity is determined by architectural tissue 
properties such as cellular density, cellular arrangements, vas-
cularity, size of the extracellular space, tissue viscosity and 
nuclear:cytoplasmic ratio. Increased tumour cell proliferation 
tends to increase cell density while decreasing the volume of 
the extracellular space, resulting in reductions of ADC values 
[38]. Importantly, due to technological advances, DWB MRI 
can be performed in clinically acceptable examination times 
(20–30  min depending on scanner capabilities); actual scan 
times are longer when combined with morphologic sequences 
(generally 40–50 min) [35–37].

20.4.4.2	 �Detection of Metastases
DWB MRI is attractive for metastatic lesion detection because 
diffusion-weighted imaging permits at a glance assessments 
of the entire body, immediately drawing attention to potential 
abnormal skeletal and body regions and thus helping to reduce 
image interpretation times of anatomic MRI [36]. On diffu-
sion-weighted imaging, lytic/infiltrative skeletal metastases 
appear as focal or diffuse areas of high-signal intensity on high 
b-values (such as b900 s/mm2, i.e. strongly weighted diffusion 
images) on a background of lower signal intensity of the nor-
mal bone marrow. It is important to emphasize that metastasis 
detection on diffusion-weighted images should not be done in 
isolation but rather has to be considered as a potent adjunct to 
the anatomical MRI assessments, the combination of which 
form a complete DWB MRI assessment [39]. This assertion 
has been highlighted in a recent meta-analysis demonstrating 
that DWI alone is a sensitive but rather unspecific tool for the 
detection of bone metastases [40]. Thus, the pooled sensitiv-
ity/specificity of DWI alone has been reported as 87.7% (95% 
confidence interval [CI]: 76.3–94.9%) and 86.1% (95% CI: 
79.2–91.4%), compared to 90.9% (95% CI: 84.3–95.4%) and 
96.1% (95% CI: 92.2–98.4%) for whole-body MRI without 
DWI [40].
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Possible causes of increased skeletal signal intensity on 
high b-value images that lead to false-positive findings 
include bone marrow oedema caused by trauma [41], degen-
erative joint disease, bone infarction, infection and haeman-
giomas, isolated red bone marrow islands within yellow 
marrow and patchy bone marrow hyperplasia due to bone 
marrow growth factors. It should be noted, however, that a 
reader’s experience, consideration of ADC values corre-
sponding to hyperintensities on high b-value images and ref-
erence to the morphologic T1- and T2-weighted MR images 
can help reduce false-positive findings. Possible sources of 
false-negative findings include metastatic lesions in the ante-
rior ribs and within the sternum that are sometimes relatively 
less conspicuous than lesions found in the spine and paraspi-
nal regions; at these sites, respiratory motion contributes to 
signal losses on high b-value images. Other causes of false-
negative results in bone marrow tumour detection include 
low levels of tumour infiltration (myeloma or densely scle-
rotic metastases), location of metastases in the skull vault 
and skull base (due to the adjacent high signal intensity of 
the brain) and the development of metastases within hyper-
cellular bone marrow. As a general rule, lytic bony metasta-
ses are better seen than pure sclerotic metastases because of 
the lower water and cellular content of sclerotic and treated 
lesions [42, 43].

A recent review showed that DWB MRI has overall equal 
performance to FDG-PET for detecting primary tumours and 
soft tissue metastases [44]. In addition, it has been estab-
lished that the diagnostic performance of DWI in combina-
tion with conventional non-contrast T1- and T2-weighted 
imaging in detecting liver metastases (the second most com-
mon site of metastases) is high, comparable with contrast-
enhanced MRI [45]. DWI has also shown good performance 
for lymph node assessment, as well as for detecting perito-
neal/GI involvement, which are other common sites of 
metastases for breast cancer patients [46]. Thus, DWB MRI 
is indicated in all breast cancer patients, who need accurate 
staging of the entire body, including those at high risk of 
metastases at presentation (inoperable locally advanced 
breast cancer (T3/T4) patients and those with inflammatory 
cancer) or with early locoregional relapse. Another emerging 
application is the use of DWB MRI in pregnant women with 
breast cancer [47]. Due to their lowered immunity, diagnosis 
of advanced stage disease is 2.5 times more likely in these 
patients than in the general population [48], demanding for 
an accurate bone and liver staging. It is obvious that the 
absence of contrast agent and radiation exposure makes a 
DWB MRI the technique of choice in such patients. Finally, 
DWB MRI is increasingly used in breast cancer women 
below 35 years of age, to replace bone scan and abdominal-

Fig. 20.3  Diffusion whole-body MRI consisting of sagittal 
T1-weighted and T2-weighted sequences on the whole spine, axial 
T1-weighted (multipoint DIXON), T2-weighted and diffusion-
weighted images from head to mid-thigh, performed on a 1.5 T scanner 
(Magnetom Avanto, Siemens Healthcare Sector, Erlangen, Germany). 
Anatomy-specific phased-array surface coils are used for all body 

regions. The images are processed on a dedicated workstation 
(Leonardo, Siemens Healthcare Sector, Erlangen, Germany) to produce 
a unified axial series covering from head to mid-thigh and greyscale 
apparent diffusion coefficient (ADC) maps. Maximum intensity projec-
tions (MIPs) around the crania-caudal axis are generated from axial 
b900 s/mm2 series and displayed in an inverted greyscale
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pelvic CT scan, to avoid radiation exposure. It is well known 
that the estimated lifetime attributable risk of death from 
cancer dramatically increases in patients undergoing CT 
examinations prior to 35  years of age [49]. DWB MRI is 
often used when equivocal findings are observed with other 
techniques where non-FDG avid metastases may be present. 
Moreover, the other most common sites of metastases (after 
bone) in lobular breast cancer patients are GI organs, perito-
neum and pleura; these sites that are difficult to evaluate with 
PET/CT, CT or ultrasound. Due to the high tissue contrast 
between hyper-cellular metastases and the suppressed back-
ground tissue, DWB MRI may facilitate detection of metas-
tases in these sites (Fig. 20.4).

20.4.4.3	 �Monitoring Therapy Response
In the context of therapy monitoring, the attractions of DWB 
MRI are largely those mentioned above in regard to the 
absence of radiation and contrast agent with the added con-

sideration that in the course of serial imaging, multiple epi-
sodes of radiation exposure are avoided. The absence of 
contrast agent administration in the majority of applications 
makes DWB MRI extremely useful in patients with impaired 
renal function, as well as helping to prevent gadolinium 
accumulation in the brain [50].

Therapy assessments with DWB MRI are largely made by 
observing changes in the volume and symmetry of signal-
intensity abnormalities on high b-value images, together 
with changes in ADC values. Nonetheless, correlating the 
diffusion-weighted imaging findings with morphological 
appearances on conventional MR images (T1W, fat-saturated 
T2W/STIR and Dixon) remains important. The lower spatial 
resolution of diffusion-weighted images is not a real issue in 
daily practice, as accurate measurements of soft tissue 
lesions can be easily performed in corresponding axial T1- 
and T2-weighted images using RECIST or WHO criteria 
[23, 24]. Although monitoring of bone and soft tissue metas-

a b

Fig. 20.4  Low sensitivity of 18F-FDG PET/CT for metastases from 
lobular breast cancer. A 44-year-old woman with operated lobular 
breast cancer is re-staged with 18F-FDG PET/CT due to suspicion of 
recurrence after progressive rise in CA 15.3. The FDG/PET examina-
tion was negative. After further rises in tumour markers, a second 
PET/CT (a) is performed 8 months later, confirming the absence of 
detectable disease. DWB MRI is performed at the same time point 
(b), with findings suspicious for the presence of abdominal metasta-
ses. Suspicious solid tissue on the right anterior renal fascia is visible 

both on the anatomical and diffusion-weighted sequences (arrow-
heads). In addition to this, in the DWI sequences abnormally high 
signal can be seen in the gastric walls (arrows): an anatomical site 
where signal is usually suppressed in b900 images. A second DWB 
MRI performed two months later confirms these findings. The patient 
undergoes gastroscopy and multiple punch biopsies of the gastric wall 
are taken, with positive results for the presence of infiltrating breast 
cancer (Image of the gastric infiltration for courtesy of Dr. G. Renne, 
IEO, Milan)
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tases is generally based upon similar principles, the evalua-
tion of changes in the bone is unique to DWB MRI, which 
involves a more detailed and specific process of image inter-
pretation and analysis.

For the monitoring of bone metastases, the lesion-by-lesion 
signal intensity and ADC value changes can be interpreted 
using the guidance in Fig. 20.5 with several distinct patterns 
being recognized in the therapy assessment setting [51].

When bone metastases are treated successfully, the death 
of tumour cells results in cellular membrane destruction and 
liberation of intracellular water, which results in increases in 
water diffusivity, manifested as higher ADC values [52, 53] 
(generally above the threshold of 1400–1500 μm2/s). ADC 
increases may be greater for therapies that result in tumour 
cell death via necrosis rather than via apoptosis because of 
the associated inflammatory response [54], but this has not 
been definitively shown. As we have already noted, a promi-
nent response mechanism is the development of dense osteo-

blastic lesions (osteoblastic scar), the sclerotic response 
category in Fig.  20.2. Regardless of the mechanism of 
tumour cell death, in the majority of lesions responding to 
therapy, high b-value images tend to show signal decreases 
(Fig. 20.6). Occasionally, however, a successful response to 
therapy with marked rise in ADC values may yield little 
change in high b-value signal intensity changes due to T2 
shine-through (Fig. 20.7).

When bone metastases are not treated successfully, an 
increase in the volume of previously documented abnormal 
signal intensity on high b-value images is observed with new 
areas of abnormal signal intensity. Increases in the intensity of 
abnormalities on high b-value diffusion-weighted images can 
also indicate disease progression (Fig. 20.8).

Importantly, bony metastases that progress can have vari-
able changes in ADC values, with modest increases, 
unchanged or slight decreases in ADC values compared to 
pre-therapy values that can occur [52, 55]. Reductions in 

Fig. 20.5  Proposed scheme for assessing therapy response of bone 
metastases using diffusion-weighted MRI scans, ADC measurements 
and morphologic images [adapted from Therapy Monitoring of Skeletal 

Metastases with Whole-Body Diffusion MRI; Padhani AR et al. J Magn 
Reson Imaging 2014]
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ADC values are probably related to increasing cellularity 
within a fixed bone marrow space or due to bone sclerosis. 
Stable ADC values could occur with unchanged tumour cel-
lularity accompanying increases in the geographic extent of 
disease. The causes for modest increases in ADC values with 
disease progression are related to increasing tumour infiltra-
tion, which displaces fat cells, increases bone marrow water 
(including water in the extracellular space) and increases tis-
sue perfusion, thus returning higher ADC values compared 
to yellow or mixed bone marrow [42, 56–60]. ADC values in 
excess of 1400–1500 μm2/s are rarely seen with disease pro-
gression unless there is de novo tumour necrosis.

Further developments of DWB MRI include the quan-
titative tumour volume assessments that can be under-
taken by segmenting high signal intensity regions on high 
b-value images. Corresponding whole-body ADC histo-
grams can also be generated. Improved precision of 
response assessment can be undertaken by deriving “via-
ble tumour volume” using threshold ADC cut-off values 
to exclude normal bone marrow (<600–650  μm2/s) and 
non-viable necrotic tumour with ADC >1400–1500 μm2/s 
[42, 58]. The proportion of viable tumour can then be cal-
culated and followed over time in the subsequent  DWB 
MRI examinations.

Fig. 20.6  Disease staging and follow-up in a 31-week-pregnant 
woman with newly diagnosed breast cancer. A pregnant 37-year-old 
woman is diagnosed with infiltrating breast cancer after fine-needle 
biopsy of a right breast solid lesion. DWB MRI at staging purpose 
(October 2012) revealed bone metastases in the dorsal and lumbar 
spine, in the pelvis and in the sternum. All of the lesions are visible in 
the rotational b900 MIP reconstruction. The brain, spinal cord and the 

kidneys of the foetus and mother are well visualized. The right primary 
tumour and right axillary lymph node enlargement can be seen (arrow). 
Chemotherapy was started after caesarean section. Follow-up scan on 
February 2013 after three cycles of chemotherapy shows complete 
response of the bone lesions, with loss of signal on b900 DWI images. 
All following DWB MRI follow-up scans confirmed a sustained, com-
plete response to chemotherapy
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Fig. 20.7  T2 shine-through pattern indicating successful response to 
chemotherapy. A 51-year-old woman with bone-metastatic breast cancer 
undergoes DWB at baseline and after treatment with Taxol. (a) a meta-
static lesion in the left iliac bone is shown as acquired in the baseline 
evaluation, on T1-weighted and b900 DWI images, as well as on the 
related ADC map. The lesion has a hypo-intense appearance on 
T1-weighted images (white arrow in a) and has a high signal on b900 
images with corresponding low ADC values (black arrow), suggesting 
the presence of active disease. (b) A second evaluation with DWB after 

chemotherapy shows unchanged features of the metastasis in the 
T1-weighted images (white arrow in b). The lesion maintains high sig-
nal in b900 images. The ADC map of the lesion reveals a significant 
elevation in the mean ADC values (above 1500 μm2/s, black arrowhead) 
indicating complete response to chemotherapy. The high signal in b900 
images with accompanying high ADC values is termed “T2 shine-
through”; the latter is strongly associated with cell necrosis and tumour 
response
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Fig. 20.8  Bone disease progression in anatomical and diffusion-
weighted images. Serial changes in a 39-year-old woman with pro-
gressive metastatic breast cancer being treated with hormonal therapy 
and bisphosphonates. Axial anatomical (T1W) and DWI images 
(b900) and inverted coronal MIP images allow bone metastases to be 
evaluated over time. The second scan shows bone disease progression 
with re-activation of lesions not visible in examination 1 (black 

arrows). Increases in the number of lesions in the lumbosacral spine 
and pelvis are seen on examination 3. Axial images show re-activa-
tion and then growth of a bone metastasis located adjacent to the right 
sacroiliac joint despite therapy change in February 2015. Note the 
presence of a new lesion posteriorly in the left iliac bone adjacent to 
the left SI joint whose signal on high b-value images is being moder-
ated by osteosclerosis
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�Conclusions

Whole-body MRI has the potential address the unmet 
clinical need for an accurate method to detect and moni-
toring response of all manifestations of metastatic breast 
cancer. There is a need to develop common measurements 
and analysis methods and to establish uniform data dis-
plays, to expand the use of quantitative analyses of DWB 
MRI in clinical practice. The technology is now mature 
enough to incorporate into clinical studies that define 
appropriate use of this technology.
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