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Abstract

Ultrasound imaging technique involves the use of sound
waves and their echoes to produce a picture of internal
organs or masses. An ultrasound transducer emits sound
waves and picks up the echoes as they bounce off from
the body tissue interfaces. These echoes are converted
into images to display on the monitor. This imaging
modality is completely non-invasive, helps in real time
monitoring, it is a cost-effective, portable and versatile
instrument with a wide range of clinical utility including
characterizing lesions in the liver, urogenital tract,
various soft tissues etc. With the introduction of micro-
bubbles intravascular structures are examined based on
their vascularity. In the context of cancer imaging,
ultrasound is used for numerous routine screening
examinations; it assists x-ray mammaography, it has the
ability to characterize liver lesions, with respect to

urogenital tract, it helps to detect non-symptomatic
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cancer in prostate, uterus, ovaries, bladder and kidney.
Apart from these, it helps to characterize lymph nodes
by its architectural changes and shape, also helps to
diagnose and staging of thyroid and neck cancers. This
review gives an overview of the history and the current
scenario of targeted ultrasound imaging of cancers of
different tissues.

Contrast-Enhanced

Keywords: Ultrasonography;

Breast Cancer; Prostate Cancer; Liver Cancer

1. Introduction
Ultrasonography (US) is a developed technology, which
was in existence for more than 40 years. Yet, this field
is not in a stagnant state because of the technical
advancement are

being made, constantly. The

technological advances in this modality include the
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development of contrast agents, multidimensional

imaging, and high-frequency imaging. Many
terminologies used in US are introduced from the field
of sonar and radar. For measuring blood flow,
continuous-wave (CW) and pulsed-wave (PW) Doppler
ultrasound devices became available. Duplex ultrasound
scanners allow the imaging of anatomy and the
measurement of blood flow with one single instrument
[1]. Today, ultrasound is the second most utilized
diagnostic imaging modality in medicine (second only
to conventional x-ray) and is a critically important
diagnostic tool of any medical facility [2]. Japanese
investigators, Shigeo Satomura and YasuharaNimura,
were the earliest contributors in the development of
ultrasonic Doppler devices for monitoring tissue motion
and blood flow in 1955 [3]. Another work which was
concurrently going on in Japan and in the United States,
IngeEdler and Hellmuth Hertz at the University of Lund
in Sweden worked on echocardiography, an ultrasound
imaging technique for imaging cardiac structures and
monitoring cardiac functions [4]. In parallel with these
developments in the diagnostic front, William Fry and
his colleagues at the University of Illinois at Urbana
worked on using a high-intensity ultrasound beam to
treat neurological disorders in the brain [5]. This
technique includes many imaging display modes, such
as B-mode, M-mode, color power Doppler imaging,
elastography for assessing tissue stiffness, harmonic
imaging and contrast-enhanced ultrasound imaging for
blood-filled spaces, specific agent-binding tissue or cell-
expressed metabolites [6]. There are disease specific
contrast agents developed to image particular target
tissue by conjugating microbubbles with antibodies,
peptides and other targeting moieties. Morphological
changes in the tissue of interest are often considered as
well-known sonography markers [7]. The scoring

system of the morphology of the cyst includes its
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volume, surface, papillae, fragmentation, cyst wall
thickness etc. Unfortunately, the morphologic changes
alone do not allow for an exact finding of the
pathological entity. However, to some extent,
elastography and Doppler blood flow velocity helps to
assess the tissue nature and used in monitoring therapy
response. Measurements of tissue mechanical properties
with ultrasound-elastography [8] and blood velocity
using Doppler [9] can further characterize the tissue and
helps to measure therapeutic response. These properties
viz. , cellularity and vascularity are indicators of
enhanced angiogenesis in anchored tumours [10].
However, the Doppler imaging is not sufficient to
illustrate low velocity blood that flowing in very small
blood vessels [11]. Hence, contrast agents are required
to assess cancerous tumours with high sensitivity and
specificity. There are numerous literature evidence
showing the immense prospective utility of these
contrast agents to assess blood velocity, relative volume
and perfusion in tumour [12]. These biomarkers are not
specific, and assessing specific molecular markers may
be superior to understand the virulent nature of the
tumours. Therefore, a new phase of micro-bubbles has
been developed which are target-specific. In this review,
the diagnosis and possible therapeutic approaches of
cancer tumours (lumps) or cells using these targeted US

contrast agents at different tissues are discussed.

2. Contrast Enhanced Ultrasonographylmaging

(CEUI)

Ultrasonography (US) has a broad range of applications,
which can be further increased by using micro-bubbles
as contrast agents (CAs). The US contrast agents (CAS)
are small microspheres that are initially developed to
better depict the cardiac chambers by well delineating
the lumen and used to highlight the passage of blood in

regions otherwise difficult to image, such as blood,
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which is nearly invisible to US without special
processing. These CAs are microspheres filled with air
or gases (perfluorocarbon), the shells are usually made
of human serum albumin (HSA), lipids or surfactants.
They act as blood cell tracers when they were injected
into the venous system. These contrast agents in the
blood improves the ability of US to follow the flow of
blood in small vessels, and the blood perfusion in
muscles, such as the heart, and facilitates identifying the
walls of the moving chambers of the heart. For more
than three decades, US contrast agents (UCA) were
used clinically to enhance US imaging. When the UCAs
are bonded by targeting ligands on their shell, they act
as an ideal targeting UCA agent, which binds to the
biomarkers expressed on intravascular endothelial
cancer cells. The molecules, typically like protein,
antibody, peptide or aptamer makes the UCAs as
targeting functional moiety so that they can anchor on
the selected biomarkers. The microspheres, after
travelling in blood, diffuse and are released through the
lungs by expiration. There are different types of micro-
bubbles such as those of which filled with different
gases, those with soft- or hard-shell materials, and in the
range of nano- to micrometers [13]. These CAs are
injected through intravascular mode and are facilitated
for functional analyses. Specific contrast agents are
developed by coupling specific ligands to the
microbubbles’ shell, which attach to surface expressed
marker molecules in the target of interest. These micro-
bubbles can also be loaded with drugs or peptides,
oligonucleotides, which can be destroyed by US pulses
to release the entrapped agent near the target. Hyper-
thermionic ablation of tumours is treated by US contrast
agents that can increase cellular uptake of targeted drugs
that are delivered locally by enhancing cellular

membrane permeability [14]. Targeted contrast-

enhanced US imaging (CEUSI) is an emerging imaging
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technique to assess biological alterations at the
molecular level. Generally, vascular endothelial growth
factor (VEGF). VEGF receptor 2 (VEGFR2) and
endoglin (CD105) are the biomarkers which are targeted
for tumour resulting from angiogenesis [15]. VEGFR2
is an extensively studied biomarker overexpressed on
cells. In  models

angiogenic vascular endothelial

associated  with breast  cancer, pancreatic
adenocarcinoma and colon carcinoma, the visualization
of cancer using VEGFR2 targeted micro-bubble are

feasible using US [16].

3. UCAs for Breast Cancer

Ultrasonography imaging of the breast is gaining an
important role in the evaluation of breast cancer due to
technological development such as high-resolution
ultrasound equipment in recent years. US is useful in the
evaluation of many abnormalities seen in mammograms
and can assist in the evaluation of palpable hidden
masses.  Furthermore, US imaging helps in
differentiating cystic from solid breast masses, and can
guide interventional diagnosis. It also provides valuable
information about nature, the extent of the fibrous
masses (Figure 1), lesions detection and characterization
and in examining dense breast tissue [17]. An US
contrast agent BR55; was functionalized using a
lipopeptide that specifically targets VEGFR2. This
functionalized US contrast agent was tested on breast
tumour model in rats, where they specifically detected
the presence of breast tumours bearing VEGFR2
receptor and was concluded that this BR55 US contrast
agent will likely to be helpful in the earlier diagnosis
breast cancer in humans [18]. Monoclonal antibody
targeting VEGFR2 was conjugated with microbubbles
and was used as targeted US contrast agents for the
specific detection of breast cancer. This conjugate

increased the US signal intensity as well as targeted the
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breast cancer tumours more specifically [19]. The use of
B7-H3 targeted microbubble for US molecular imaging
can be more selective in the detection of breast cancer
when compared to VEGFR2 targeted microbubbles. B7-

DOI: 10.26502/aimr.0021

H3 (CD276) is a ligand for T-cell coregulatory receptor,
which specifically expressed on the tumor vessels of
breast cancer which can be used for targeted detection

of breast cancers using US [20].

Figure 1: Non-cancerous tumour on the left breast (47 years) A. Gray-scale image showing irregular micro lobule

mass (BI-RADS 4). B. Color Doppler image showing a peripheral regular artery, C. Contrast enhanced image

(moderate peripheral enhancement is seen. D An enhanced colour Doppler image [21].

Phospholipid shelled nanobubbles were conjugated with
monoclonal antibody Herceptin, which specifically
targets breast cancer tumour expressing Her-2
biomarkers. In comparison with targeted and untargeted
nanobubbles, the Herceptin-Nanobubble was very
useful in molecular in vivo imaging and also had
extended circulation time and increase tumour
selectivity than untargeted nanobubbles [22]. Similarly,
the monoclonal antibody Herceptin was conjugated with
mesoporous silica nanoparticles (MSN). This MSN-
Herceptin conjugates increases the US signal intensity
as well inducing breast tumour specific cytotoxicity
where Her-2 biomarkers were expressed [23]. In another
study, polylactic acid, a biodegradable polymer was
used to prepare microbubble and was functionalized
with Herceptin. In an in vitro B-mode US imaging, this

targeted US contrast agent improved the signal intensity

Archives of Internal Medicine Research

along with the specific detection of Her2-positive breast

cancer cells [24].

4. UCAs for Cervical and Ovarian Cancer

Uterine Cervical cancer is the most frequent

gynaecological malignancy reported worldwide. It
remains as one of the commonest cancer in women in
developing countries of central and south America, parts
of Africa and Southcentral Asia [25]. Etiological factors
include exposure to Human Papillomavirus (types 16
and 18), other risk factors being the usage of oral
contraceptive pills, smoking and lower social-economic
status. Commonest histological types are Squamous cell
carcinoma (85% of cases, Two third of cases),
adenocarcinoma and adenosquamous carcinoma (10-

25% cases). Clinical staging system such as pelvic
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exam, cystoscopy, rectoscopy underestimates or
overestimate the actual extent of disease in several
important staging parameters like the assessment of
parametric and pelvic sidewall invasion, accurate
measurement of tumour size and the evaluation of
lymph node metastases. Imaging techniques are being
increasingly used in the treatment of cervical cancer
[26]. Though MRI and PET scan is being the first line
diagnostic techniques, US has gained attention as
imaging for cervical cancer. Trans-vaginal and the
trans-rectal US gives detailed images for local staging
of cervical cancer as the probe can be placed close to
the tumour [27]. The sensitivity of trans-rectal US was
proven to be higher than that of clinical exam in 124
women patients diagnosed with cervical cancer by
Innocenti et al. TRUS sensitivity was 78% whereas
clinical exam sensitivity was 50% [28]. Fischerova et al
compared Transrectal US and MRI in early staged
cervical cancer in a series of 95% cases [29]. TRUS was
able to detect small cervical cancers (< 1cm) than MRI
and its sensitivity was 83% versus MRI whose
sensitivity was 50%. Testa et al proved sensitivity of
TVUS higher in comparison with MRI in identifying
parametrial involvement in cancer staging. Results were
60% for TVUS and 40% for MRI [30]. Epstein et al
reported a European multicentre study comparing
TVUS and MRI for delineating cervical tumour. TVUS
was found to be superior to MRI in women with and
[31].

Fischerovahad described techniques for US evaluation

without cone biopsy prior to surgery
of cervical cancer [32] which allows estimation of size
and location of the tumor, depth of stromal infiltration,
the involvement of parametrium, bladder and rectum
Three

dimensional US was found to be more accurate than two

and assessment of pelvic lymph nodes.

dimension in tumour volume estimation [33]. Ghi et al

assessed the role of trans vaginal three dimensional US
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for local staging in 14 patients with early cervical
cancer and the results agreed with histological data in
12 cases out of 14 cases [34]. Accuracies of Three
dimensional US, MRI and clinical exam were compared
by Byun et al. Accuracy was higher for 3D US (67%)
compared to the clinical exam (62%) and MRI (41%)
[35]. Angiogenesis is the production of new vessels in a
specific area. It is essential for tumour growth and
[36].
angiogenesis has been shown to be an independent

progression Specifically in cervical cancer
prognostic factor [37], Transvaginal doppler US allows
in vivo non-invasive assessment of tumour angiogenesis
[38]. Analyzing intra-tumoral vessels in cervical cancer
was reported by Hsieh et al. in 1995 [39]. They found
that 46. 2 % of cervical cancers exhibited blood flow
color, Those patients with detectable colour signals
lymph node involvement was more frequent as
compared with those without colour signals detectable
(33% vs 5. 7%, p=0. 005). Cheng et al. reported a
novel vascular index (V1) for the in vivo assessment of
angiogenesis in patients with cervical carcinoma [40].
They evaluated 35 patients with stage Ib-lla cervical
carcinoma by transvaginal power Doppler US, and
using image processor software they developed a
vascular index (VI =number of colored pixels/number
of total pixels) for each tumour. They found that the
higher VI the higher tumoral stage, the deeper stromal
invasion, the higher lymphovascular space invasion rate,
and the higher pelvic lymph node metastases rate. In
2013, E-selectin specific US contrast agent was
prepared by anchoring a peptide sequence on poly n-
butyl The
peptide sequence (IELLQAR) is specific towards E-

cyanoacrylate stabilized microbubbles.

selectin. This targeted microbubble has high specificity
and increased US signal intensity in nude mice bearing
human ovarian carcinoma xenografts [41]. In 2017,

Epithelial ovarian cancer (EOC) is a gynaecologic
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malignancy, characterized by the over-expression of
CA-125. Echogenic lipid nanobubbles functionalized
with antibody targeting CA-125 were used for rapid
These targeted US

tumour

detection of ovarian tumour.

nanobubbles have higher accumulation,
increased signal intensity in US and lesser wash-out
rates. Thus, CA-125 antibody conjugated nanobubbles
may be helpful for improved diagnosis of ovarian
cancer using US molecular imaging. The detection of
ovarian cancer by targeted US contrast agent was
reported by Deshpande N et al. They have used
monoclonal antibody against o,fBzintegrin and endoglin
for specific detection of ovarian tumours, thereby
anchoring those antibodies on microbubbles for targeted
US imaging [19]. An attempt was made to demonstrate
the capability of dual-targeted microbubbles against
single targeted microbubbles. The perfluorocarbon filled
microbubbles were conjugated with monoclonal
antibodies against VEGFR2 and o,B; integrin that
specifically targets ovarian cancer. This research
concludes that the signal intensity from dual-targeted
microbubbles was significantly higher than signal

intensity from single targeted microbubbles [42].

5. UCAs for Liver Cancer

Although, normal B-mode sonography is the widely
available screening of liver disease it is less accurate
when compared to CT and MRI for the detection of
small lesions. However, with the new invention of
contrast agents, contrast enhanced US (CEUS) plays a

vital role in the initial diagnosis and real-time biopsies
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for detection and staging of tumors in the liver and the
precise targeting of the lesion. When pathological
diagnosis required, US is the imaging technique widely
used worldwide to guide liver biopsy, and CEUS can
guide focal biopsy by increasing accuracy rates in the
case of larger focal liver lesions [43]. Liver cancers are
the third most common cause of cancer related
mortality. Most common malignancy of liver in adults is
hepatocellular carcinoma (HCC) [44]. Early detection is
crucial for therapeutic interventions and US is the most
widely accepted and used imaging technique. In US
imaging, HCC appears as iso-echoic or hyper-echoic
lesion. In clinical practice, percutaneous biopsy are
generally operated under US or CT guidance. However,
radiation exposure limits the utility of CT-guided
percutaneous treatment [45]. Solbiati et al reported that
with the help of CEUS, the rate of partial necrosis has
been significantly reduced in real-time management of
ablations [46]. In this study sulphur hexafluoride micro-
bubbles (SonoVue®) was used as a contrast agent
before, during and after the radio-frequency ablation
procedure. Generally, the liver takes-up some of the
micro bubbles, during liver-phase that lasts for 30
minutes to a few hours. During this period, the liver can
be better visualised in the microbubble-specific
(harmonic) imaging mode [47]. Many liver lesions such
as metastases, hepatocellar carcinoma, are greatly
enhanced with microbubbles (Figure-2). USCA is safe
to use with minimal side-effects and also safe to permit

repeated administration in the same session.
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Figure 2: Liver specific micro-bubbles (hepatacellular carcinoma (Top- poorly shown lesion, bottom

image shows the liver specific contrast agent (Levovist)). The defects represent the foci of hepatocellular carcinoma
[48].

6. UCAs for Prostate Cancer

Ultrasonography of the prostate uses sound waves to
produce pictures of a man’s prostate gland and to help
diagnose symptoms such as difficulty urinating or an
elevated blood test result. It’s also used to investigate a
nodule found during a rectal exam, detect abnormalities
and determine whether the gland is enlarged. Prostate
US also called trans-rectal US, provides images of a
man’s prostate gland and surrounded tissue. The
examination typically requires the insertion of an US
probe into the rectum of the patient. The probe sends
and receives sound waves through the wall of the
rectum into the prostate gland, which is situated right in
front of the rectum. The focused US is a non-invasive
radiation free method to destroy prostate tissue and treat
prostate diseases. Using real tie image guidance the

physician directs a focused beam of US energy to a
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selected volume in the patient’s prostate gland. The
energy heats and destroys the targeted tissue at the focal
point within seconds. This process is repeated until the
entire selected volume or the entire gland is destroyed.
The technology has been successfully used to treat a
wide variety of prostate related diagnosis, including
benign prostatic hyperplasia (BPH) and prostate cancer.
Focal prostate gland ablation or diffuse prostate gland
ablation is possible depending on the clinical scenario.
More than 50,000 men around the world have been
treated with focused US for prostate cancer. It is the
leading clinical applications of the technology, more
than 50% of all focused US procedure performed to date
were prostate cancer. Fluorescein isothiocyanate and
prostate stem cell antigen (PSCA) monoclonal antibody
were conjugated with polyethyleneimine containing

carbon nanotubes. After in vivo experiments, it was
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found that these conjugates have a potential use as a
contrast agent in US imaging application. Also, this
conjugate specifically targets prostate cancer in mice
model and acts as a multifunctional agent for US
imaging and cancer drug delivery. Microbubbles
derived from biodegradable PLGA-PEG polymer was
conjugated with urea based PSMA inhibitor. These
targeted microbubbles were investigated for targeting
efficiency and US imaging capability for the specific
diagnosis of prostate cancer [49]. In another study,
PSMA monoclonal antibody was conjugated with
microbubbles prepared using biotin-avidin technology.

This targeted microbubble can target and bind to

Blank NBs

C4-2 LNCaP

MKN45

Tissue
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prostate cancer and enhance the US contrast thereby
paving the way for early diagnosis of prostate cancer
[50]. Assessing some parameters such as arrival time,
peak time, peak intensity and enhanced duration as
imaging indicators helps to compare different cancer
type and targeted versus blank nano-bubbles (NBs). For
instance, in the prostate cancer xenografts (LNCap and
C4-2) the peak intensity values (P=0. 003 and 0. 002
respectively) were significantly higher and enhanced
durations were significantly longer (P=0. 001 and 0. 004
respectively) in the targeted NBs than in the blank NBs
(Figure 3).

Targeted NBs

Figure 3: Targeted nano-bubbles (NBs) in tumour bearing nude mice.

A and D shows blank NBs; B and E are B-mode US
images; C and F show targeted NBs (TNBs). Where,
LNcap and C4-2 are two kinds of animal prostate

adenocarcinoma xenografts.

7. Summary

Ultrasonography gained its importance in recent years
due to many advantages such as low imaging and
wide availability, non-invasive,

equipment  cost,

portability etc. Molecular imaging using US is rapidly
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gaining its importance with the invention of numerous
contrast-enhanced US agents with high attracting
targeting ligands. High spatial and temporal resolution,
non-invasive nature of imaging, real-time imaging, lack
of ionising radiation are added advantage for this
imaging mode. Recent technological development and
sophisticated instrumentation facilitate this imaging
modality to its wide reach among the research and
clinical community. However, in respect of the use of

targeted microbubbles, this field is currently limited to
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pre-clinical research. This may be due to high-priced
and immunogenic reactive property, allergic reactions
of contrast agents are further limiting its application in
clinical settings. Furthermore, the US images with low-
contrast resolution have difficult in distinguishing
tumour from the surrounding tissue, which depends on
the operator skill and a risk of subjective variation while
interpreting the image. Other limitations of US include
variable attenuation by body tissues, inability for

imaging lung, small field of view in some 2-

dimensional probes etc.

8. Conclusion

US has made remarkable progresses in the last decades
because of various advancement in this field and
technology progress. The advancement of imaging
procedures is anticipated to support the clinical
management of patients. CEUS is proved to be of great
value in the management of various disease conditions
with integral benefits, such as sufficient high safety for
patients those who are allergic to iodine and kidney
failures, and also it is free from ionizing radiation, apart
from these, stress-free repeatability and it also offers a
high temporal resolution. The incredible application of
CEUS to diagnostic and therapeutic application for
various diseases provides more chances of disease

management in different pathophysiological stages.
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