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a multimodal system for the 
diagnosis of breast cancer:  
the SOlUS project

Breast cancer is the most common cancer in Europe; it is 
estimated that about one in eight women in Europe will 
develop breast cancer before the age of 85 [1, 2]. Early diag-
nosis of breast cancer maximizes the chances of survival so 
the availability of diagnostic tools with a high sensitivity for 
early cancer detection and with high specificity to minimize 
false positive results is vital. 
The International Agency for Research on Cancer has con-
firmed the effectiveness of mammographic screening in 
reducing breast cancer mortality [3]. However, screening pro-
grams also result in the detection of a significant number of 
false positive cases [4], which lead to unnecessary additional 
imaging and invasive procedures 
such as fine needle aspirations or 
biopsies. On average about 50% of 
positive breast screening outcomes 
turn out to be false positives mean-
ing that further invasive examination could have been avoided. 
These not only have a negative impact on patients’ quality of 
life but also are a high economic burden on healthcare systems. 
There is thus a clear need for an affordable and highly specific 
point-of-care system to substantially improve in-depth diag-
nosis of breast lesions detected by ammography.
Several imaging modalities are currently being used or evalu-
ated or as an adjunct to mammography. 
This article summarizes the rationale behind the Solus proj-
ect whose aims are the development of a multimodal breast 
imaging system involving diffuse optics, ultrasound and 
shear wave elastography. 

uLtrASounD
Ultrasonography (US) is the first choice technique to assess 
both non-palpable lesions visible at mammography and 

also palpable lesions, as well as to guide breast biopsy. For 
routine clinical applications, grey scale B-mode US is gen-
erally used. Morphologic features identified on US can be 
categorized to enable distinction between malignant and 
benign lesions. Thus, ellipsoid shapes, thin capsules and 
gentle lobulations are typically characteristic of benign 
lesions whereas spiculation, taller-than-wide orientation, 
angular margins and microcalcifications are generally asso-
ciated with malignant lesions. 
The Breast Imaging Reporting and Data System (BI-RADS) 
with US [5] provides standardized terminology to describe and 
assess masses found in breast tissue, as well as recommenda-

tions for further follow-up. BI-RADS 
category 3 are considered probable 
benign lesions, with a very low rate 
of malignancy (<2%). However BI-
RADS category 4 covers a wide range 

of lesions whose malignancy status is less predictable. 
Thus currently, the diagnostic results of conventional B-mode 
US are frequently unsatisfactory. 
Improved characterization of lesions might allow better BI-
RADS categorization which could lead to more non-invasive 
follow-ups rather than biopsies.

SHeAr WAve eLAStogrAPHY 
Recently, the more advanced US technique known as shear 
wave elastography (SWE) has been introduced and provides 
a quantitative and reproducible measurement of tissue stiff-
ness. This can reflect the increased deposition of extracel-
lular matrix in neoplastic tissue and serve as a marker of 
malignancy. 
A recent meta-analysis has evaluated the performance of 
SWE for the diagnosis of breast cancer [6]. The specificity of 
conventional US alone was 55%, but the addition of SWE to 
conventional US increased the specificity to 80%, while main-
taining sensitivity essentially unaltered at 95%. However, even 
further improvement in specificity is desirable to achieve a 
significant reduction in the false positive rate and so generate 
a real impact on both patients and healthcare systems.

DiFFuSe oPticAL iMAging
Optical methods can give insight into tissue physiology and 
alterations, thus providing information complementary to 
US. Diffuse optics can probe tissue to a depth of a few cen-
timetres, which makes it an appealing potential candidate 
for the non-invasive diagnosis of breast cancer, either as 
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a stand-alone modality or in combination with other imaging 
modalities.
With diffuse optics, it is possible to measure the light absorption and 
scattering properties of breast tissue. Tissue composition and func-
tional blood parameters, such as hemoglobin and oxygen saturation, 
as well as water and lipid content, are derived from the knowledge of 
the absorption properties at multiple wavelengths, while scattering 
provides information on tissue structure. Cancerous breast tissue 
is typically characterized by high hemoglobin and water content, 
while lipid content is correspondingly low. High light scattering 
has also often been detected in malignant lesions [7, 8]. Cancerous 
breast tissue is typically characterized by high hemoglobin and 
water content, while lipid content is correspondingly low. High light 
scattering has also often been detected in malignant lesions [7, 8]. 
These observations have a solid basis in tumor biology, as they all 
correlate with tissue changes associated with tumor development, 
such as neoangiogenesis, alterations of stromal components and 
increased extracellular matrix deposition among others. 
Collagen — the structural element of the extracellular matrix 
which provides tissue with its mechanical strength and elastic-
ity — can also be measured using diffuse optics. Alterations in 
stromal architecture and composition are well-known aspects 
of pathological breast conditions and a causal link between stro-
mal collagen and tumor formation and progression has been 
established [9]. Thus, information on the collagen content in 
breast tissue could provide useful information for breast lesion 
classification. 
A pioneering research team in the Politecnico di Milano, Italy, 
has been investigating the non-invasive optical characterization 
of biological tissues for more than two decades [12, 13] and has 
recently obtained encouraging preliminary clinical data, showing 
that collagen may be even more crucial than hemoglobin in the 
differentiation between malignant and benign breast lesions [10, 
11]. Up till now collagen, as quantified by optical means has never 
been exploited in clinical practice for breast diagnostics.

Diffuse optics operating in the so-called time-domain, i.e. with 
short light pulses of the order of picoseconds, allow complete 
optical characterization of tissue in a single measurement. 
However diffuse optical imaging has a well-known limitation, 
namely its limited spatial resolution, which is inherently due to 
the highly diffusive nature of biological tissues. To better exploit 
the information from diffuse optics, and to overcome its limited 
spatial resolution, morphologic data obtained from other imaging 
modalities, such as mammography, MRI, PET or US, have been 
used to provide prior information in diffuse optical tomography 
reconstruction procedures, or fused with optical images to pro-
vide anatomical landmarks [14].
Contrary to mammography or PET, US does not involve the use 
of ionizing radiation and does not have many of the disadvantages 
of these modalities (complexity, cost, long examination times, use 
of contrast agents, limited patient acceptance). This makes US an 
ideal method from which to derive anatomical information and 
to complement diffuse optics. 

tHe SoLuS Project
The SOLUS project aims to develop an innovative, multimodal 
tomographic system, combining diffuse optics, US and SWE, to 
support the in vivo diagnosis of breast cancer. Specifically, our 
multimodal system hopes to improve the classification of breast 
lesions after a positive result on mammographic screening, and 
specifically at improving the discrimination of lesions that are 
borderline between benign and malignant (BI-RADS 3 vs. 4a) 
and which presently result in screening studies having high false 
positive rates.
Combining diffuse optics with US can be achieved via the devel-
opment of a portable, cost-effective, non-invasive, point-of-care 
diagnostic tool.
We aim to attain the project’s overall objectives by exploiting 
innovative photonics concepts and developing new components. 
By employing time-domain diffuse optics with a small source-
detector distance, and a high dynamic range time-gated approach, 
the SOLUS system should achieve unprecedented sensitivity, spa-
tial resolution, and depth penetration, thereby providing effective, 
diagnostic information on tissue composition and functional 
blood parameters to complement the anatomical information and 
characteristics of tissue stiffness provided by conventional US and 
SWE, respectively.
To reach our general goal, we are developing an innovative pho-
tonic module, called a smart optode to perform diffuse optical 
tomography to a depth of a few centimeters. The smart optode 
includes a novel laser driver and a newly developed fast-gated 
detector and acquisition electronics. The smart optode itself will 
be small in size (about 1x1x4 cm) and will be combined with a US 
transducer into a multimodal probe capable of carrying out dif-
fuse optical tomography, as well as US and SWE measurements.
This multimodal probe is at the heart of the SOLUS system for 
high-specificity, multi-parametric breast imaging and diagnosis 
of breast cancer. 
From the point of view of the patient and clinical user, the breast 
examination procedure will be very similar to current standard 
US practices. This should facilitate acceptance by the patient 

At the heart of the system is a multimodal probe capable of carrying out diffuse optical 
tomography, by means of a newly designed small device known as a smart optode, as well 
as uS and SWE measurements
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and the clinician. A more comprehensive 
characterization of breast tissue, a higher 
diagnostic specificity, and a reduction in 
the number of further invasive examina-
tions are expected.
After assessment of the sensitivity and 
spatial resolution of the system in labora-
tory trials, we plan to validate the SOLUS 
system in real clinical settings. A pilot 
clinical study on patients with benign 
and malignant breast lesions (20 each) has 
been designed to demonstrate the over-
all feasibility of the proposed approach, 
the practical usability of the multi-modal 
instrument, and at the same time to 
provide insights into the real diagnostic 
advantages that can be achieved.

iMPAct oF SoLuS

The SOLUS system should achieve sub-
stantially improved breast cancer diag-
nosis and reduction in unnecessary 
biopsies. The improvement in the char-
acterisation of breast lesions also leads to 
higher specificity in non-invasive breast 
cancer diagnosis. Women receiving a 
negative report after their examination 
will be spared unnecessary additional 
examinations.
The system will also allow more effective 
treatment and therapy management. New 
and improved therapy response predic-
tion and monitoring enable personalized 
decision-making, therapy planning and 
optimization for each patient. This also 
contributes to a significant decrease in the 
total cost of breast cancer diagnosis.

FirSt reSuLtS AnD AcHieveMentS
The project members are currently 
designing and developing the com-
ponents for the system. Ultimately, 
these will be incorporated into an 
existing, commercially available ultra-
sound system (the Aixplorer system 
from the French company SuperSonic 
Imagine). 
In the first 18 months of the project, 
we’ve already developed a fast, com-
pact laser driver and a new time-gated 
single-photon detector for the diffuse 
optics. These will be integrated into 
the smart optode, for which the overall 
design has been completed.
We’re also working on the integration of 
the optode into the multimodal probe. 
The practical ergonomics of the probe 
are very important, so special attention 
is being paid to feedback from our col-
laborating clinicians on this aspect.
Highly automated image processing and 
reconstruction algorithms are being 
developed, whereby anatomical infor-
mation from US will be used as priors 
for the reconstruction of the diffuse 
optics measurements.
We’ve also recently designed multi-
modal phantoms for optical tomogra-
phy and ultrasound, necessary to assess 
the performance of the smart optode, 
multimodal probe and the overall 
system.
The protocol for the clinical pilot study 
has also been designed.

FActS AnD FigureS
SOLUS is a four-year project that started 
in November 2016, and so will conclude 
in October 2020. The project is coor-
dinated by Prof. Paola Taroni from the 
Politecnico di Milano, Italy. The consor-
tium brings together physicists, engi-
neers, clinicians and four industry part-
ners to develop the SOLUS system for 
improved breast cancer diagnosis.
The consortium consists of nine partners 
from five European countries:
• Politecnico di Milano, Milan, Italy
• CEA-Leti, Grenoble, France
•  SuperSonic Imagine, Aix-en-Provence, 

France
• Vermon, Tours, France
• University College London, London, UK
• Micro Photon Devices, Bolzano, Italy
• Ospedale San Raffaele, Milan, Italy
•  European Institute for Biomedical Imag-

ing Research, Vienna, Austria
•i C-Haus, Bodenheim, Germany
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The Solus system will be incorporated into a com-
mercially available ultrasound system (the Aixplorer 
system from Supersonic Imagine). 


