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Abstract
AIM: To ev��u�te the dyn�mic contr�st-enh�nced m��-
netic resonance imaging (DCE-MRI) findings of bone 
met�st�sis in prost�te c�ncer p�tients. 

METHODS: Sixteen men with � di��nosis o� met�st�tic 
prostate cancer to bones were examined with DCE-MRI 
�t 1.5 Tes��. The me�n contr�st ��ent concentr�tion vs  
time curves �or bone met�st�sis �nd norm�� bone were 
c��cu��ted �nd Ktr�ns �nd ve  v��ues were estim�ted �nd 
comp�red. 

RESULTS: An early significant enhancement (wash-out: 
n = 6�� p��te�u: n  = 8 �nd persistent: n  = 2) was dete-
cted in ��� bone met�st�ses (n  = 16). Bone metastasis 
from prostate cancer showed significant enhancement 

�nd hi�h Ktr�ns �nd ve  v��ues comp�red to norm�� bone 
which does not enh�nce in the e�der�y popu��tion. The 
me�n Ktr�ns w�s 0.101/minmin �nd 0.0051/minmin (�  < 0.001), 
the me�n ve  w�s 0.141 �nd 0.0038 (�  < 0.001), for 
bone met�st�ses �nd norm�� bone�� respective�y. 

CONCLUSION: DCE-MRI and its quantitative perfusion 
p�r�meters m�y h�ve � ro�e in improvin� the detection 
o� ske�et�� met�st�sis in prost�te c�ncer p�tients.

© 2011 Baishideng. All rights reserved.

Key words: Prostate; Cancer; Bone; Metastasis; Dynamic 
contr�st-enh�nced M� im��in�
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Kayhan A, Yang C, Soylu FN, Lakadamyalı H, Sethi I, Karczmar 
G, �tadler W, Oto A. Dynamic contrast-enhanced MR imaging 
findings of bone metastasis in patients with prostate cancer. World 
J Radiol 2011; 3(10): 241-245  Available from: URL: http://www.
wjgnet.com/1949-8470/full/v3/i10/241.htm  DOI: http://dx.doi.
org/10.4329/wjr.v3.i10.241

INTRODUCTION
Prostate cancer is the most commonly diagnosed non-
skin cancer in men in the United States. As per the latest 
estimates by American Cancer Society in 2009 about 
192 280 new cases of  prostate cancer will be diagnosed 
and 27 360 men will die of  the disease[1]. It is known that 
most patients with locally advanced prostate cancer will 
also have probable occult metastases at diagnosis. The 
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most important determinant of  potentially curative thera-
pies and of  appropriate palliative management for pros-
tate cancer during early staging is accurate assessment of  
the extent of  the metastatic process[2].

The most frequent sites of  distant metastases of  pros-
tate cancer are bones and typically vertebra[3,4]. The diag-
nosis, location, burden and monitoring of  metastatic bone 
involvement plays a crucial role in patient management and 
prognosis. Imaging bone disease in prostate carcinomaImaging bone disease in prostate carcinoma 
generally involves a cascade of  studies starting with bone 
scintigraphy followed by magnetic resonance imaging 
(MRI), computed tomography (CT) or positron emission 
tomography/CT. Conventional MRI is sensitive to early 
changes in bone marrow that precede the osteoblastic 
response in the bone matrix. However, detection rates for 
bone metastases using MR range between 7% and 38% 
and its use is still limited[4,5]. Recently, newer MRI met-
hods such as diffusion-weighted imaging and dynamicynamic 
contrast-enhanced MRI (DCE-MRI) are also addressingare also addressing 
the lack of  quantitative assesment of  skeletal metastases. 

DCE-MRI has been increasingly used as an additional 
technique to characterize various bone lesions, grading 
disease, planning and guiding biopsy and monitoring 
response to radio- and/or chemotherapy and detecting 
early local recurrence[6,7]. It provides a powerful tool for 
assessing angiogenesis and measuring properties of  tissue 
vasculature, including blood volume and vascular perme-
ability in tumor tissues. In this study, we aimed to evalu-
ate DCE-MRI findings of  bone metastasis in patients 
with prostate cancer. 

MATERIALS AND METHODS
Subjects
The study group consisted of  16 men (age range: 49-79 years;  
median age: 65 years) with histologically proven adeno-
carcinoma of  the prostate with skeletal metastasis. The 
study was approved by the institutional review board and 
informed consent was obtained. Each patient underwent 
clinical CT scan and bone scan prior to this study and the 
sites of  bone metastasis was determined based on CT and 
bone scan findings. As part of  the research protocol, bone 
metastases in regions with minimal motion artifact were 
scanned by research DCE-MRI protocol. In one patient, 
the scanned bone metastasis was in the shoulder and in 15 
patients it was in the pelvic region. None of  the metastatic 
lesions were treated before MRI. 

MR imaging
MR images were acquired on a 1.5T GE MRI scanner 
(SIGNA™, GE Medical Systems, Waukesha, WI, USA). 
Following a scout scan to localize the lesions, T1-weighted 
(T1W) images were acquired at 2 s temporal resolution for 
1 min before and 6 min after the injection of  0.1 mmoL/kg  
gadodiamide (Omniscan, GE Healthcare, Chalfont St. 
Giles, UK). The contrast agent and 20 mL saline flush was 
injected with an automated injector (Medrad, Indianola, PA, 
USA) at the rate of  2 mL/s in an antecubital vein. A 2D 
fast spoiled gradient-echo pulse sequence was used with 

TR/TE = 7.8/1.7 ms, flip angle 60°, matrix size 256 �� 128,�� 128, 128, 
field of  view 30-35 cm, 2 slices, slice thickness 8 mm, slice 
spacing 1 mm. The axial slices in which the lesion was in its 
largest dimension were selected.

Data analysis
For each subject, an experienced radiologist placed the re-
gion of  interest (ROI) on the bone metastasis and normal 
bone in the DCE-MRI after reviewing the clinical CT and 
bone scan images. Any vessels at the lesion margin were 
carefully excluded from the bone metastasis ROI. For 
normal bone, muscle and bone metastasis the mean ROI 
size was 3.1 cm2 (median 3.2 cm2, range 1.1-5.7 cm2), 16.4 
cm2 (median 13.9 cm2, range 6.6-33.8 cm2) and 14.3 cm2 
(median 10.0 cm2, range 5.0-33.7 cm2), respectively.

The enhancement patterns of  bone metastasis and 
normal bone were analyzed regarding presence of  early 
enhancement, washout, plateau and persistence of  en-
hancement. The contrast agent concentration was cal-
culated as previously described[8]. Contrast agent arterial 
input function (AIF), which is the contrast agent concen-
tration in the blood plasma, was estimated with a multiple 
reference tissue method using tumor voxels and muscle 
as described by Yang et al[8,9]. The mean contrast agent 
concentration vs time curve [Ct(t)] was calculated for 
each bone metastasis ROI and normal bone ROI. Using 
the estimated individual AIF, contrast agent transfer rate 
between blood and tissue (Ktrans) and the extra-vascular 
extra-cellular fractional volume (ve), were then estimated 
under the Tofts model[10].

Statistical analysis
Two-tailed paired Student’s t-test was used to test the dif-
ference in Ktrans and ve between bone metastasis and nor-
mal bone. Statistical analysis was performed using SPSS 
Software System version 15.0 (SPSS Inc., USA).

RESULTS
All of  the bone metastases showed early significant en-
hancement (wash-out: 6, plateau: 8 and persistent: 2) 
(Figures 1 and 2). On the other hand, normal bone dem-
onstrated negligible enhancement in 15 patients. There 
was minimal enhancement of  normal bone in only one 
patient. 

For the 16 bone metastases, the mean Ktrans was 0.101/min  
(range 0.034-0.290/min, median 0.071/min) and mean ve 
was 0.141/min (range 0.080-0.234/min, median 0.141/min). 
For the 16 normal bones, the mean Ktrans was 0.0051/min  
(range 0.0-0.080/min, median 0.0/min), (P < 0.001). The 
mean ve of  normal bone was 0.0038 (range from 0.0-0.048, 
median 0.0), also significantly lower than that in bone 
metastases (P < 0.001). Based on quantitative analysis, nor-
mal bones showed slightly negative enhancement or very 
weak enhancement. In one 69-year-old patient, the normal 
bone showed a moderate enhancement with a Ktrans value 
of  0.080/min and a small ve value of  0.048. Figure 2 shows 
the Ct(t) curve of  bone metastasis and normal bone, as 
well as the pre-contrast image, the average early subtrac-
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tion image, and the average late subtraction image in two 
representative patients.

DISCUSSION
Approximately 70% of  patients with advanced prostate 
cancer develop skeletal metastasis[11,12]. MRI appearance 
of  normal bone marrow reflects variable amounts of  its 
physiological components, primarily fat cells and hemo-
poietic cells. Although bone marrow that contains mostly 
fat cells can be depicted by conventional MRI techniques 
(including T1W, T2W and fat saturated imaging), these 
techniques are often not able to differentiate tumor 
infiltration, fibrosis and normal red bone marrow. Ad-
ditionally, for a malignant marrow lesion to be visible on 
conventional MRI scan, it must replace sufficient normal 
marrow cells so that it can cause alterations in T1 and T2 
relaxation values. However, as the perfusion of  normal 
bone marrow is strongly influenced by the age of  the 
patient and fat content of  the marrow, the contrast en-
hancement of  normal bone marrow decreases markedly 
with increasing age and conversion to fat, while the tumor 
cells demonstrate enhancement[7,13,14]. Our study group 
consisted of  patients with an age range of  49-79 years and 
no enhancement was detected in normal bones in the vast 
majority (15/16) of  the patients. As the metastatic tumor 
has increased enhancement levels, the tumor foci can be 
easily detected in the background of  non-enhancing bone 
marrow on contrast-enhanced MR images. Therefore, 
contrast enhanced MRI may be an important tool for de-
tection of  bone metastasis for the elderly population of  
prostate cancer patients. 

There have been many studies searching the micro-
vascularization of  bone marrow with different DCE-
MRI techniques in which qualitative, semiquantitative 
and quantitative methods have been reported to depict 
tissue perfusion parameters[15-18]. Tokuda et al analyzed 34 
patients with benign and malignant vertebral lesions in 
which peak enhancement, steepest slope and slope value 
were calculated from the time intensity curve (TIC)[19]. 
They showed that the steepest slopes of  metastatic le-

sions were significantly higher than those of  benign 
lesions and no characteristic distribution of  the TIC pat-
tern was found to help in differentiation of  benign and 
metastatic lesions. Chen et al investigated the peak con-
trast enhancement percentage, enhancement slope and 
the TIC patterns of  the first pass of  contrast into verte-
bral lesions. They found that metastatic vertebral lesions 
had a higher peak enhancement percentage and steeper 
enhancement slope than lesions of  benign etiology[6]. 
They also concluded that type D (rapid wash in and wash 
out) and E (rapid wash in followed by a second slow-
rising phase) curves are valuable in differentiating benign 
and malignant vertebral lesions. Both of  these studies 
evaluated angiogenesis and perfusion of  bone metastasis 
using semi-quantitative parameters. Recently, a few stud-
ies have looked into more advanced quantitative analysis 
methods to potentially increase accuracy and reproduc-
ibility of  DCE-MRI. Baurle et al evaluated the amplitude 
and exchange rate constant (Kep) of  the enhancement of  
bone metastasis in an animal model of  breast cancer[20]. 
They found that amplitude decreased significantly prior 
to changes in osteolytic lesion size following treatment 
of  bone metastasis. On the other hand, there was no 
significant change in Kep between the treated group and 
control group. 

In our study, by using quantitative parameters ob-
tained from high temporal resolution DCE-MRI data, 
we demonstrated that in elderly prostate cancer patients, 
bone metastasis showed much faster and higher enhance-
ment than normal appearing bones. The difference in 
their contrast concentration levels lasted for the entire 
5.5 min of  contrast enhancement duration. These results 
suggests that it may be possible to detect bone metastasis 
at a delayed contrast enhanced phase after 3 min of  con-
trast administration instead of  imaging the patients con-
tinuously at high temporal resolution for several minutes. 
However, quantitative analysis of  DCE-MRI data can 
provide quantitative information about the bone metasta-
sis which cannot be obtained by bone scan and CT. Fur-
ther studies are needed to investigate whether DCE-MRI 
derived perfusion parameters may be used as biomarkers 
in evaluation of  treatment response of  bone metastasis 
in patients with prostate cancer. 

The limitation of  our study is that the quantitative 
parameters obtained from metastatic lesions were com-
pared with the findings of  normal bone in the same pa-
tient rather than benign bone lesions. The parameters of  
metastatic bone lesions other than prostate were also not 
compared. Moulopoulos et al[21] evaluated cancer patients 
with metastasis to bone marrow including lymphoma, 
chronic lymphocytic leukemia, carcinoma of  the cervix, 
breast, lung and bladder. They compared the wash-in and 
wash-out rates, time to peak, and time to maximum slope 
values of  control group with no history of  malignancy 
and reported a significant difference for all values. 

In conclusion, bone metastasis from prostate cancer 
demonstrates significant enhancement leading to high 
Ktrans and ve in contradiction to normal bone which does 
not enhance in the elderly population. DCE-MRI and its 
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quantitative analysis may have a role in improving the de- tection of  bone metastasis from prostate cancer. 
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concentration vs time curve of bone metastasis region of interest (ROI) and normal bone ROI; B: Pre-contrast image (arrow: bone metastasis, arrowhead: normal 
bone); C: The average subtraction image for the first minute after bolus arrival; D: The average subtraction image for the last 1 min in two representative patients (arrow:
bone metastasis, arrowhead: normal bone).
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COMMENTS
Background
Prostate cancer is a major health problem and a major cause of death in men. 
It is crucial to determine the assessment of the metastatic process of prostate 
cancer for designing a proper treatment. The most frequent sites of distant me-
tastases of prostate cancer are bones. Dynamic contrast-enhanced magnetic 
resonance imaging (DCE-MRI) and its quantitative analysis may contribute to 
improve the detection of bone metastasis from prostate cancer.
Research frontiers
DCE-MRI has been increasingly used as an additional technique to character-
ize various bone lesions. It provides a powerful tool for assessing the tissue 
vasculature in tumor tissues. In this study, the authors demonstrate the contri-
bution of DCE-MRI for detection of bone metastasis in patients with prostate 
cancer. 
Innovations and breakthroughs
In recent studies searching the microvascularization of bone marrow, mostly 
qualitative and semiquantitative DCE-MRI techniques were used. This study 
investigated quantitative parameters obtained from high temporal resolution 
DCE-MRI data of bone metastasis from prostate cancer. Furthermore, our study 
demonstrated that bone metastasis from prostate cancer shows significant 
enhancement leading to high Ktrans and ve in contradiction to normal bone which 
does not enhance in the elderly population. 
Applications
Quantitative measurements of DCE-MRI data may improve the diagnosis of 
bone metastasis by providing quantitative analysis which cannot be obtained 
by bone scan and CT. Therefore, this study may represent a future perspective 
for DCE-MRI derived perfusion parameters, which may be used as biomarkers 
in evaluation of treatment response of bone metastasis in patients with prostate 
cancer.
Terminology
DCE-MRI provides a powerful tool for measuring alterations in the microvascu-alterations in the microvascu-
lar environments of the tissue.s of the tissue. Ktrans and ve, are quantitative parameters of DCE-
MRI and they are expected to be increased in bone metastasis from prostate 
cancer, in contrast to normal bone in the elderly population. 
Peer review
Although this study did not perform the reproducibility of quantitative perfusion 
parameters in bone metastasis from prostate cancer, the topic of this article 
may draw the readers’ attention. This study may be an initial step to assess 
the roles of quantitative perfusion parameters in monitoring or predicting thera-
peutic responses for advanced prostate cancer patients in the future studies. 
Generally this article is well-written.
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Abstract
Lipomas of the pancreas are very rare�� There are fewer 
than 25 reported cases of lipoma originating from the 
pancreas�� We present a case of pancreatic lipoma in 
a 61-year-old woman with magnetic resonance imag-
ing findings and confirmatory histological findings. We 
discuss and highlight the radiological features distin-
guishing a pancreatic lipoma from other fatty lesions of 
the pancreas and pancreatic liposarcoma and provide a 
brief review of the literature��

© 2011 Baishideng�� All rights reserved��
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INTRODUCTION
Pancreatic tumors arise from cells of  mesenchymal or 
epithelial origin, or from non-ductal structures and fat. 
Epithelial tumors constitute the largest group including 
adenocarcinoma which account for 85% of  all pancreatic 
tumors. Non-ductal tumors account for 5%-15%, and 
mesenchymal tumors account for about 1%[1�1��. Among 
these, fat-originating tumors such as lipoma and liposar-
comas are the rarest.

CASE REPORT
A 61-year-old woman with a past medical history of  dys-
lipidemia and cholelithiaisis was admitted to our institu-
tion for right hypochondrium pain and epigastric discom-
fort and vomiting of  2 wk duration. Her liver function 
tests revealed mild transaminitis with alanine transami-
nase 246 U/L, aspartate transaminase 308 U/L, raised al-
kaline phosphatase (ALP) 188 U/L and γ-glutamyl trans-
ferase (GGT) 408 U/L. The tumor marker carbohydrate 
antigen 19-9 was slightly raised, 52.2 U/mL (referencemL (referenceL (reference 
range 3-50 U/mL). Physical e�amination was normal. Ul-mL). Physical e�amination was normal. Ul-L). Physical e�amination was normal. Ul-
trasonography revealed multiple subcentimetre gallstones; 
the pancreas was noted not to be well visualized due to 
overlying bowel gas. She was treated symptomatically for 
biliary colic and was discharged well with a view for an 
elective laparoscopic cholecystectomy. In view of  her per-
sistent raised ALP and GGT, a magnetic resonance chol-
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angiopancreaticography was performed during follow-up. 
It revealed a 6.8 cm �� 4.4 cm fat containing lesion arising�� 4.4 cm fat containing lesion arising 4.4 cm fat containing lesion arising 
from the pancreatic head, scalloping the pancreatic head 
and displacing the duodenum (�igures 1 and 2). (�igures 1 and 2).(�igures 1 and 2).es 1 and 2). 1 and 2). and 2).2). 

Because of  its size, liposarcoma could not be e�clud-
ed. A Whipple’s procedure was performed and the final 
histology of  the lesion was a pancreatic lipoma. Post-op-
erative recovery was uneventful and she was discharged 
in a healthy condition.

DISCUSSION
Lipomas are made up of  mature adipose cells within a 
thin collagen capsule. They can be found almost any-
where in the body where there is adipose tissue. When 
found intra-abdominally, they frequently arise from the 
gastrointestinal tract, although they can be found in other 
rare locations such as the pancreas. In the literature there 
are less than 25 cases of  pancreatic lipoma[2�2�� and 4 cases 
of  pancreatic liposarcoma reported to date. The first 
reported case was described by Bigard et al[3� in 1989 as a 
hypoechoic mass in the head of  the pancreas and this was 
histologically confirmed as a lipoma. Several imaging mo-
dalities were used in the reported cases for diagnosis. Katz 
et al[4� presented 4 cases of  pancreatic lipoma diagnosed 

on computed tomography (CT), showing a homogenous 
lesion composing of  fat. Legmann et al[5� defined the CT 
findings of  a pancreatic lipoma. CT findings for a pancre-
atic lipoma include homogenous distribution of  fat den-
sity with no central or peripheral contrast enhancement, 
Housefield units of  -80 to -120 and a sharp demarcation 
with no evidence of  intra- and e�tra-pancreatic adjacent 
structures infiltration. Some of  these characteristics were 
used as a definition by Ozelm et al[2�. Ultrasonography was 
used in a series by Itai et al[6�. Elliott et al[7� reported a case 
of  pancreatic liposarcoma with plain abdominal X-rays. 
Di Matteo et al[8� reported a case of  pancreatic lipoma that 
was diagnosed on endoscopic ultrasonography.

Besides lipoma of  the pancreas, fatty lesions in the 
pancreas include focal fatty infiltration of  the pancreas, 
teratoma and liposarcoma. Liposarcoma is itself  a hetero-
geneous group. Classification of  liposarcoma into sub-
types is based on morphologic features and cytogenetic 
aberrations; namely, the 5 subtypes are well-differentiated, 
de-differentiated, my�oid, round cell and pleomorphic[9�. 

Magnetic resonance imaging (MRI) has been used to 
characterize the different groups of  liposarcomas in the 
retroperitoneum. Well-differentiated liposarcoma presents 
as high signal intensity on T1-weighted (T1W) images, in-
termediate signal intensity on T2-weighted (T2W) images 
and drop-out signal intensity on fat-suppressed MR imag-
es. De-differentiated liposarcoma has clear demarcations 
between fat and non-adipose solid tissues and reveals 
small amounts of  fatty components. My�oid liposarcoma 
has a low signal intensity on T1W image and high signal 
intensity on T2W image. Round-cell liposarcoma and 
pleomorphic liposarcoma have soft tissue tumor signal 
intensity without the characteristic fat signal. This sug-
gests MRI as the ideal imaging modality for retroperito-
neal liposarcomas as it can demonstrate its margins and 
internal components[9�. In a review and meta-analysis of  
the role of  18F-fluorodeoxyglucose positron emission to-
mography (�DG-PET) in soft tissue sarcomas, the results 
indicate that �DG-PET can discriminate between sarco-
mas and benign tumors and low and high grade sarcomas 
based on the mean standard uptake value[10�.

It has been suggested that both focal fatty infiltrations 
and lipomas can be managed conservatively in asymp-
tomatic and incidental cases. A presumptive diagnosis of  
lipoma can be made if  the lesion is purely fat containing 
no solid areas and is small (< 3 cm) in size. In the litera-
ture, there are no definite diagnostic criteria based on size 
for distinguishing a lipoma from a liposarcoma in the 
retroperitoneum. In fact, the tumor burden (the sum of  
the ma�imum diameter of  the primary tumors) has been 
reported in a series to be as small as 5 cm. �or liposarco-
mas, a large (> 10 cm) size, arising from a retroperitoneal 
site, as well as an involved resection margin, are reported 
as adverse prognostic factors[11�.

Most investigators believe that histology is not abso-
lutely necessary to confirm the diagnosis of  pancreatic 
lipoma because radiologic features are almost diagnostic. 

However, a well-differentiated lipogenic liposarcoma may 
mimic a benign lesion because of  homogeneity of  fat 
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Figure 1  T2 magnetic resonance image. This cross sectional image reveals 
a 6.8 cm x 4.4 cm fat containing lesion arising from the pancreatic head, scal-
loping the pancreatic head and displacing the duodenum.

Figure 2  T1 weighted magnetic resonance imaging phase. This cross 
sectional image reveals a homogenous fatty containing lesion in the head of 
pancreas.



and its sharply defined margins on imaging.
Retroperitoneal liposarcomas are rare and pancreatic lipo-

sarcomas are even more uncommon with eventual metas-
tases reported in 30%-60% of  cases[12�. Only 4 cases of  
pancreatic liposarcoma have been reported, with minimal 
radiologic data[1,3�. The reported pancreatic liposarcomas 
range from 9 to 16 cm in largest diameter and diagnosis 
is retrospective in nature and is not achieved based on 
imaging alone[13,14�13,14�3,14�. A retrospective review of  our depart-
mental records identified 21 patients with primary ret-
roperitoneal liposarcoma treated between July 1990 and 
June 2005. There have been no liposarcomas related to 
the pancreas in our institution to date[14�.

In our case, the lesion is large and it is difficult to rule 
out the possibility of  liposarcoma. The patient also has 
pain associated with symptoms of  gastric outlet obstruc-
tion from compression of  the duodenum and has a per-
sistently abnormal liver function test. Hence a decision 
was made to perform a Whipple’s procedure to e�cise the 
tumor.

In summary, lipomas of  the pancreas are very rare. 
The e�act radiological diagnosis to differentiate it from 
other fat-containing lesions can be difficult. Several radio-
logical modalities have been used, of  which MRI proves 
to be the most useful[15�. An asymptomatic or incidental 
lesion can be managed conservatively and monitored 
with serial imaging. However, if  it is compressing on vital 
structures e.g. ampulla of  vater or duodenum, causing 
symptoms or if  there are any suggestions of  malignant 
change e.g. large size, rapid growth or radiologically het-
erogeneous, surgery can be offered as an option for treat-
ment and histopathological confirmation.
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Abstract
Modern medicine is expanding the possibilities of re-
ceiving “personalized” diagnosis and therapies, pro-
viding minimal invasiveness, technological solutions 
based on non-ionizing radiation, early detection of 
pathologies with the main objectives of being operator 
independent and with low cost to society. Our research 
activities aim to strongly contribute to these trends by 
improving the capabilities of current diagnostic imag-
ing systems, which are of key importance in possibly 
providing both optimal diagnosis and therapies to pa-
tients. In medical diagnostics, cellular imaging aims to 
develop new methods and technologies for the detec-
tion of specific metabolic processes in living organisms, 
in order to accurately identify and discriminate normal 
from pathological tissues. In fact, most diseases have 
a “molecular basis” that detected through these new 
diagnostic methodologies can provide enormous ben-
efits to medicine. Nowadays, this possibility is mainly 
related to the use of �ositron Emission Tomography, 
with an exposure to ionizing radiation for patients and 
operators and with extremely high medical diagnostics 

costs. The future possible development of non-ionizing 
cellular imaging based on techniques such as Nuclear 
Magnetic Resonance or Ultrasound, would represent an 
important step towards modern and personalized ther-
apies. During the last decade, the field of nanotechnol-
ogy has made important progress and a wide range of 
organic and inorganic nanomaterials are now available 
with an incredible number of further combinations with 
other compounds for cellular targeting. The availability 
of these new advanced nanosystems allows new sce-
narios in diagnostic methodologies which are poten-
tially capable of providing morphological and functional 
information together with metabolic and cellular indica-
tions.
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INTRODUCTION AND EDUCATIONAL 
EXPERIENCE
Sergio Casciaro (Figure 1) was born in Lecce, Italy in 
1971. He received his Laurea degree in Nuclear Engineer-
ing at Turin Polytechnic Engineering School (Politecnico 
di Torino) and his PhD in Bioengineering in 2003 at the 
University of  Pisa.

From 1996, he was a research engineer at CERN - Eu-
ropean Centre for Nuclear Research, Geneva, Switzerland, 
working on the design and tests of  the Large Hadron 
Collider for high energy physics studies. Then, in 1998 he 
moved to EPFL - Swiss Federal Institute of  Technology, 
Lausanne, Switzerland for a research program on thermo-
fluid dynamic experiments working on an ASHRAE 
research investigation. Then he went to ISBEM - Istituto 
Scientifico Biomedico Euro Mediterraneo, Brindisi, Italy 
for advanced studies in the biomedical field with a special 
focus on image and signal processing of  magnetic reso-
nance imaging (MRI) and contrast-enhanced ultrasound 
(US) data. In 2000 and 2001 he was a visiting scientist at 
NIH - National Institute of  Health, Bethesda, USA work-
ing with P.A. Bandettini in the functional imaging unit for 
advanced functional and morphological investigations 
of  the brain. From 2002 he has been a research scientist 
at the National Council of  Research, Institute of  Clini-
cal Physiology and leader of  the Biomedical Engineering 
Science and Technology Division and director of  the 
Nanoimaging Ultrasound LAB for non-ionizing cellular 
and molecular imaging using innovative nanosystems for 
diagnosis and therapy. He is and has been in charge of  
several national and European research projects. He is on 
the Expert Evaluator Panel of  the European Commis-
sion for the 7th Framework Program (Health, NMP, etc.). 
He is a reviewer for the following international journals: 
Investigative Radiology, European Radiology, Radiology, Bioma-
terials, NeuroImage, Magnetic Resonance Imaging, IEEE TMI 
and others. He is an editorial board member of  the World 
Journal of  Radiology. 

Dr. Casciaro is a member and chair of  the scientific 
committee of  several scientific associations (NESA Acad-
emy; ARISER Network; ICAR; MIMOS; CARS; LSMU- 
International Medical University, Berlin, Germany). He 
has been an invited lecturer at the Bioengineering Course 
at Lecce University and Invited Professor at 6 national 
and international master courses on advanced medical 
imaging methods and techniques. He is Editor in Chief  
of  3 international books and co-author of  about 20 
book chapters. He is the author of  more than 70 scien-
tific articles in peer-reviewed journals and international 

conference proceedings. He is the main inventor of  5 
national and international patents. He has been appointed 
scientific director of  the ARISER Annual Conference for 
5 years. He received several awards and prizes as Young 
Investigator and in 2010 he was awarded the prestigious 
National Prize for Innovation by the PNICube National 
Association as well as the “Prize of  Prize for Research” 
by the President of  the Italian Republic at the Quirinale 
Palace in Rome, June 2011.

ACADEMIC STRATEGY AND GOALS 
Sergio Casciaro has 15 years experience in multidisci-
plinary research at international level, as documented in 
detail in the next paragraphs. In particular, during the last 
decade, his research activities have been related to the 
development of  novel methodologies for biomedical im-
age and signal processing, and through the introduction 
of  new contrast media, towards innovative and minimally 
invasive diagnoses and therapies. His experience is specif-
ically related to three main research areas: (1) full experi-
mental characterization and modeling of  novel micro- 
and nano-scaled contrast media for non-ionizing imaging 
techniques, such as US and MRI; (2) automatic extraction 
of  information from biomedical images and signals for 
anatomical and functional investigations; and (3) indus-
trial research into the development of  new biomedical 
systems with related patenting activities at a national and 
international level, bridging the gap between applied re-
search and industries in this field.

Early diagnosis of  cancer through a non-ionizing ap-
proach is one of  the main research objectives. In fact, 
cancer is a huge and growing contributor to the burden 
of  disease and premature death worldwide: every year, 
more than 12 000 000 new cancer cases are diagnosed 
(25% in Europe) and more than 7 500 000 people die due 
to cancer-related causes (23% in Europe)[1]; about 25% 
of  all deaths in the EU are attributable to cancer, and 
in the age range 45-64 years the percentage increases to 
almost 50%[2]. In addition, population growth and ageing 
are expected to further increase these numbers.

The only possible way to significantly improve this 
situation is by the introduction of  completely new diag-
nostic methods capable of  identifying tumors in their 
very early stages of  progression, ideally before the first 
cancer cell is generated, that is when, as a consequence of  
one or more risk factors, some cell nuclei start showing 
specific DNA damage that is likely to give rise to tumor 
degeneration. Therefore, the identification of  distinc-
tive DNA alterations is crucial to better understand the 
mechanisms of  different cancers and to detect potential 
genomic markers for diagnosis and prognosis[3]. In this 
scenario, hepatocellular carcinoma in particular has re-
cently been indicated as one of  the tumor types where a 
more complete understanding of  the underlying genetic 
alterations could have a major impact on the develop-
ment of  new treatment strategies[4]. A potentially promis-
ing strategy could be represented by the development of  
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nanoparticle-based imaging agents, specifically designed 
to highlight possible genomic defects which are prone to 
subsequently develop cancer.

Non-invasive molecular imaging is an emerging field 
in the frame of  Diagnostic Imaging which aims to devel-
op new technologies which are able to detect processes at 
the molecular and cellular level in living organisms, in or-
der to early and carefully identify and differentiate healthy 
tissue from pathological tissue for better diagnosis and 
therapy. The key feature of  molecular imaging is the use 
of  specific contrast agents that selectively identify chosen 
molecular targets or cellular processes, highlighting them 
on the corresponding image. The fundamental hypothesis 
of  these new methods is that many diseases have a “mo-
lecular basis”, whose visualization may result in a number 
of  benefits: early diagnosis, accurate staging, real-time 
monitoring of  therapeutic treatment outcome (through 
the imaging of  molecular markers), better prognosis on 
possible disease evolutions. This approach is particularly 
useful in the diagnosis of  tumors, since in most cases the 
high mortality rate associated with these pathologies is 
due to a “late diagnosis”, done only after the tumor has 
reached an advanced stage.

Currently, the only diagnostic technique for which 
molecular imaging is already routinely used in clinics is 
positron emission tomography (PET), which is a highly 
expensive technique and, above all, involves the use of  
highly ionizing radiation with consequent risks for pa-
tients, operators and society. As a consequence, PET 
examinations can not be used for patient follow-up or for 
population screening purposes.

The idea of  exploiting the properties of  “molecular 
markers” has brought new perspectives for Diagnostic 
Imaging techniques, allowing the extension of  molecular 
imaging applications to non-ionizing techniques, such as 
US and MRI, through the development and employment 
of  innovative nano-sized “targeted” contrast agents.

ACADEMIC ACHIEVEMENTS
Sergio Casciaro started his research career in 1996 at the 
European Centre for Nuclear Research (CERN, Geneva, 
Switzerland) working on the design of  the main super-
conducting components of  the Large Hadron Collider, 
which nowadays represents the most important system 
for future fundamental research in the field of  high 
energy physics, aimed at reproducing the “big bang” 
conditions at the origin of  the universe. The theoretical 
design and experimental work conducted during his stay 
at CERN has been fully integrated in the final version of  
the system and the implemented guidelines have been in-
strumental for the system production in three European 
countries with a successful final test last year. This is un-
doubtedly one of  the most important preliminary steps 
towards advancements in fundamental physics in the next 
century.

After research experience at the Swiss Federal Insti-
tute of  Technology of  Lausanne in 1999 working on flu-

id dynamic heat and mass transfer[5,6] and on starting up 
new experimental research activities, in 2000 he moved to 
the National Institute of  Health (NIH, Bethesda, USA) 
in collaboration with ISBEM Institute of  Brindisi and 
Pisa University, to work on the most advanced morpho-
logical and functional brain studies by means of  MRI un-
der the supervision of  Dr. Peter A. Bandettini. He started 
the functional MRI brain activities in Pisa at the Institute 
of  Clinical Physiology (IFC), the most important multi-
disciplinary biomedical institute of  the Italian National 
Council of  Research (CNR). From then on, all his en-
ergy and efforts have been devoted to the creation, from 
zero, of  a multidisciplinary research group on biomedical 
engineering science and technology at the Lecce site of  
CNR-IFC. He developed an educational program on Bio-
medical Engineering at the Lecce University, where he re-
cruited several young scientists for the PhD programs in 
Bioengineering; he implemented the research laboratories 
thanks to the regional, national and international grants 
he received in collaboration with many prestigious inter-
national scientific partners. Currently, he leads a multidis-
ciplinary group of  young researchers and PhD students, 
which in recent years has been actively involved in the 
creation and management of  several research activities, 
and the annual organization of  international scientific 
events.

The obtained research results, as described in detail in 
the following paragraphs, certify that the enormous per-
sonal and intellectual energy he invested has resulted in 
outstanding scientific outcomes.

During the last decade, the main research interests 
and activities of  Sergio Casciaro have been related to the 
development of  novel methodologies for biomedical im-
age and signal processing, and through the introduction 
of  new contrast media, towards innovative and minimally 
invasive diagnoses and therapies. Molecular, cellular, 
quantitative, automated and real time approaches have 
been of  key significance in carrying out experimental and 
theoretical scientific investigations.

In particular, the experience gained is specifically 
related to the following main research areas: (1) theoreti-
cal simulations, design and full experimental character-
ization and modeling of  novel micro- and nano-scaled 
contrast media for non-ionizing imaging techniques, like 
MRI and US[7-12] (Figure 2). These activities, whose final 
goal is the introduction of  novel combined therapies by 
means of  targeting, drug and gene delivery, have been 
performed, including custom designed phantoms for “in 
vitro” studies, as well as “ex vivo” experimentations and 
“in vivo” trials in animal models[13-15]; (2) automatic infor-
mation extraction from biomedical images and signals 
for anatomical and functional investigations: automatic 
image segmentation and registration, tissue characteriza-
tion (virtual biopsy), volume rendering for augmented 
and virtual reality applied to oncology radiotherapy and 
minimally invasive therapies (operation planning, intra-
operative image guidance, training, etc.), functional MRI 
studies, employment of  neural networks and expert 
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systems for supporting medical decisions[16-30] (Figure 3); 
and (3) industrial research for the design and develop-
ment of  new systems and tools with the related intellec-
tual property protection and patenting activities at a na-
tional and international level, bridging the gap between 
applied research and industries in this field.

The guiding principles of  the conducted research 

activity have always been the maximum exploitation and 
enhancement of  non-ionizing imaging techniques (US and 
MRI) through innovative methodologies, based on novel 
image and signal processing algorithms and use of  the most 
advanced contrast media, also nanotechnology-based.

Many scientific results contributed to the advance-
ment of  the research field and this can easily be veri-
fied thanks to the acceptance of  publications in major 
international peer-reviewed multidisciplinary scientific 
journals, to the granted funding and to the winning of  
international prizes and awards.

In the MRI field, innovative scientific contributions 
have been made to the advancement of  depiction of  
venous vessels into the brain by exploiting endogenous 
contrast mechanisms, revealing venous vessels smaller 
than 1 mm and enhancing many details undetectable in 
conventional venograms. This approach combines non-
invasiveness with high resolution images. Thanks to these 
research outcomes, this methodology has been used to 
further characterize the most important and commonly 
used contrast mechanism for the detection and study of  
neuronal activations: the Blood Oxygen Level Dependent 
(BOLD) contrast. Sergio Casciaro’s work, has demon-
strated the weakness of  the BOLD mechanism in reveal-
ing neuronal electrical activity due to venous artefacts 
that are erroneously taken as actual brain activations, 
which can provide tremendous new inputs into surgical 
neuronal procedures. This work also received a Young 
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Figure 2  Example of automatic detection of accumulated Silica Nanoparticles. A: Scheme of the analyzed phantom; B: B-mode image of a control phantom 
with indication of the chosen ROI; C-E: Images of the analyzed ROIs with automatic detection results displayed in blue, red, and green for 150-nm, 320-nm, and 
650-nm SiNPs, respectively. The sensitivity of the developed method for automatic nanoparticle detection had a maximum of 71% with 320-nm particles, whereas it 
was lower with both larger and smaller particles (sensitivity of 63% and 18%, respectively).

Figure 3  Example of a 3D automatic phantom image segmentation simu-
lating liver vessel trees. The optimal algorithm configuration resulted in a 
vessel detection sensitivity of 100% for vessels of more than 1 mm in diameter, 
50% in the range 0.5-1 mm and 14% in the 0.2-0.5 mm range. An average 
area overlap of 94.9% was obtained between automatically and manually seg-
mented vessel sections, with an average difference of 0.06 mm2. The average 
values of corresponding false positive and false negative ratios were approxi-
mately 8% and 3%, respectively.
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Investigator Award in Sweden.
Important contributions have also been made in 

the field of  US imaging, both with and without the use 
of  contrast agents. In the literature, US contrast agents 
(UCAs) have been studied extensively, however, most 
of  this research has focused on the single microbubble 
dynamic and not on contrast agent populations. For the 
first time, a new interpretation model was developed by 
Sergio Casciaro for studying the dynamic evolution of  
contrast agent populations over time and characterizing 
the main destruction mechanisms and their changes in 
terms of  acoustic properties which can be exploited in 
the fields of  targeting, gene and drug delivery. Experi-
mental studies on the behavior of  contrast microbubble 
populations have been selected twice as finalist papers in 
the Young Investigator Award Competition of  the “Eu-
ropean Symposium on Ultrasound Contrast Imaging”. 

Another contribution is related to tissue character-
ization by means of  spectral analysis through wavelets 
and independent component analysis, which is able to 
distinguish pathologic tissues from healthy tissues in a 
non-invasive and reliable way. Furthermore, all these tis-
sue properties have been translated into artificial tissues 
reproducing with an excellent approximation not only 
the propagation of  the main US signal component, but 
also its harmonic components normally essential for the 
accurate study of  UCAs: “ad hoc” experimental set-ups 
for studying UCAs are available reducing the need for 
animal models and unnecessary sacrifice. This innovative 
technique for the manufacture of  tissue mimicking phan-
toms for “in vitro” characterization of  UCA behaviour 
was awarded the First Prize Poster Context in Chicago (IL, 
USA) during the “Annual Advances in Contrast Ultra-
sound” congress in 2005.

Finally, another important contribution was the au-
tomatic information extraction from medical images 
through innovative processing techniques in the case of  
abdominal images, without any need for user interaction, 
producing an important reduction in expensive manual 
operations. Furthermore, this method received the Best 
Paper Award at the ARISER Conference in 2007.

All previously summarized early scientific results 
received scientific recognition. First of  all, by the ac-
ceptance of  manuscripts in international peer-reviewed 
journals and conferences: from 2004 to 2009 more than 
sixty scientific articles were written and accepted in the 
field of  biomedical imaging. Furthermore, four inves-
tigator awards were granted by international scientific 
committees and in two other cases Sergio Casciaro was 
a finalist in young investigator international competi-
tions. Four patents have been also granted and several 
companies collaborate with Casciaro’s group on indus-
trial exploitation. Additionally, several research funds 
have been granted to the afore-mentioned research ac-
tivities at regional, national and international level. The 
following are the most significant and relevant research 
projects in which Sergio Casciaro had scientific leader-
ship: a FIRB project on the development of  new tech-

niques and advanced methods for the employment of  
UCAs in diagnostic and therapeutic applications (about 
600 k€; 2003-2006); the CERSUM project (European 
Center for Research and Development on applications 
of  Ultrasound in Medicine; about 1.2 M€; 2005-2008); 
the ARISER project focused on the implementation of  
Augmented and Virtual Reality techniques for develop-
ment of  minimally invasive surgical procedures (“Marie 
Curie Actions” of  the 6th FP, and Sergio Casciaro has 
been the Scientist in Charge of  the “Image and Signal 
Processing” Workpackage; about 500 k€; 2005-2008; see 
also http://www.ariser.info); a Public-Private Laboratory 
for the development of  innovative technologies for ad-
vanced medical diagnostics (850 k€ for the past 4 years). 
In the last 4 years Sergio Casciaro has been nominated 
as Scientific Director of  the annual international confer-
ence and summer school on minimally invasive technol-
ogies (MIT) of  the ARISER communities, together with 
several invitations to give talks at international events 
and institutions active in the biomedical-related research 
field. This last activity has been of  key importance for 
triggering the inspiration and the challenge towards fu-
ture MIT and related therapies. 

PERSPECTIVE
Preliminary results available in the literature support the 
feasibility of  nanoparticle contrast agents (NPCAs) for 
non-ionizing cellular imaging and concurrent therapy 
to treat specific pathologies. An absolutely new class 
of  “theranostic” agents are under development in our 
laboratory, based on biocompatible nanoparticles con-
sisting of  a rigid multi-component core (superparamag-
netic compound + silica, able to introduce variation of  
both magnetic susceptibility and acoustic impedance in 
the surrounding medium) and a softer polymeric shell, 
whose function will be to provide a pH- and/or thermo-
sensitive encapsulation for loaded drug molecules and to 
act as a bridge for the conjugation of  both fluorophores 
capable of  emitting light in the infrared region (to be 
exploited in intraoperative fluorescence imaging) and 
aptamers for the selective detection of  specific disease 
receptors. The possibility of  adding a further component, 
like gold nanorods, to the nanoparticle core, in order 
to provide a strong optical absorption due to plasmon 
resonance effects, employable for both hyperthermia and 
optoacoustic imaging purposes, will also be evaluated.

The final goal is to develop and experimentally vali-
date a minimally invasive nanotechnology-based solution 
to improve cancer diagnosis accuracy and subsequent 
disease management, through a multimodal imaging ap-
proach and a self-tailoring and self-monitoring therapeu-
tic treatment. The undergoing research approach will try 
to satisfy the actual clinical needs for risk stratification, 
population screening and surgeon support during inter-
ventions, offering the possibility of  combining elective 
repeatable and cheap diagnostic examinations (US) with 
highly specific clinical investigations (MRI) and also with 
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intraoperative optical imaging modalities. The introduc-
tion of  such diagnostic techniques involving nanoparticle 
“theranostic” agents represents a tremendous innovation 
compared to the state of  the art of  international litera-
ture. The entire systems and methods developed will then 
create an absolutely innovative diagnostic-therapeutic 
paradigm. Furthermore, it is reasonable to expect that 
the development of  these new multimodal non-ionizing 
imaging modalities will allow significant improvements in 
the diagnostic performances of  current imaging systems, 
and will have a strong influence on the advancements of  
the European technology and biomedical industry. Fur-
thermore, the results of  this research will create the basis 
to develop new advanced and integrated diagnostic sys-
tems, towards minimally invasive therapies of  the future. 
Moreover, the targeting of  NPCAs will allow local drug 
delivery with the combined use of  hyperthermia systems 
for diagnosis and simultaneous cellular ablation of  tu-
moral tissues towards a multi-therapy approach.

In conclusion, achievement of  the ultimate goals of  
our main research will try to overcome PET limitations 
in the management of  cancer pathologies by integrating 
diagnosis, therapy and treatment monitoring in a single 
non-ionizing procedure, and will open up new horizons 
in the field of  early tumor diagnosis thanks to a revolu-
tionary imaging approach. 
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