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Contrast‑enhanced harmonic endoscopic ultrasound 
(CH‑EUS) can be applied as not only unprecedented 
new imaging method but also the treatment of  
cancer in the future. We provided a review article 
on the future of  CH‑EUS, especially in terms 
of  targeted endoscopic ultrasound fine‑needle 
aspiration  (EUS‑FNA), evaluation of  chemotherapy, 
molecular imaging, local drug delivery, and local ablation 
in this section.

APPLICATION TO THE TARGETED 
ENDOSCOPIC ULTRASOUND FINE‑NEEDLE 
ASPIRATION

Conventional endoscopic ultrasound  (EUS) sometimes 
fails to depict margins and the structure of  the target 
for EUS‑FNA. CH‑EUS helps identification of  these 
subtle lesions  [Figure  1]. Fusaroli et  al. examined ninety 
patients who were suspected of  having pancreatic solid 
neoplasm.[1] CH‑EUS allowed detection of  small lesions 
in seven patients who had uncertain standard EUS 
findings and targeted EUS‑FNA was performed on 
these lesions. Seicean et  al. evaluated diagnostic accuracy 
of  EUS‑FNA with CH‑EUS for solid tumors in the 
pancreas. They avoided nonenhanced parts for the 
target during EUS‑FNA with CH‑EUS. The sensitivity 

of  EUS‑FNA with CH‑EUS  (83.9%) was higher than 
that with conventional EUS  (73.2%), although these 
values did not differ significantly.[2] Sugimoto et  al. 
compared the diagnostic yield of  EUS‑FNA and 
CH‑EUS in the diagnosis of  solid pancreatic lesions. 
In their report, fewer needle passes were required to 
obtain samples from solid pancreatic lesions using 
CH‑EUS than conventional EUS during EUS‑FNA.[3]

Romagnuolo et  al. evaluated whether CH‑EUS is 
a useful modality for selection of  the EUS‑FNA 
target.[4] Liver hemangioma was confirmed by CH‑EUS 
before EUS‑FNA and resulted in avoiding EUS‑FNA. 
Moreover, in another case, mediastinal cystic lesion was 
confirmed as solid lesion by CH‑EUS. In these cases, 
management changed significantly. CH‑EUS is also 
helpful for determining the lymph nodes that should 
be subjected to EUS‑FNA  [Figure  2]. Miyata et  al. 
reported that CH‑EUS was useful for differentiating 
malignant from benign lymph nodes in patients with 
pancreatobiliary carcinomas.[5]

Thus, CH‑EUS before EUS‑FNA is a useful modality 
for targeted EUS‑FNA in terms of  detecting the target, 
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avoiding necrotic tissue and/or vascular structures in 
the target and selecting the most suspicious target of  
malignancy.

APPLICATION TO THE EVALUATION OF 
CHEMOTHERAPY

The evaluation of  chemotherapy in patients with 
pancreatic carcinoma is commonly performed by 
measurement of  tumor size. However, the evaluation 
of  tumor size reduction rate was sometimes difficult 
on the fundamental B‑mode ultrasonography because 
the tumor margin was unclear. On the other hand, 
the hypovascular area was clearly depicted on the 
perfusion image of  contrast‑enhanced harmonic 
imaging and changes in tumor size could be easily 
evaluated.[6]

Changes in vascularity of  the tumor under 
contrast‑enhanced transabdominal ultrasonography 
are also employed for evaluating the effectiveness 
of  chemotherapy.[7] Using contrast‑enhanced 
EUS, vascularity can be more precisely visualized 
to identify its changes earlier during chemotherapy 
[Figure  3a and b]. Abundant intratumoral blood flow 
indicated a significantly better response and this change 
in the intratumoral blood flow after chemotherapy were 
related to the prognosis.[7] Yamashita et  al. performed 
CH‑EUS on 39  patients with unresectable pancreatic 
cancer and showed that both progression‑free survival 
and overall survival were significantly longer in patients 
with abundant intratumoral blood flow than patients 
without it  (P  =  0.037 and P  =  0.027, respectively).[8] 
They discussed that tumors with abundant intratumoral 
vessels were chemosensitive because drugs penetrated 
tumors through vessels.

On the other hand, Masaki et  al. assessed tumor 
vascularity of  pancreatic cancer using contrast‑enhanced 
transabdominal ultrasonography before systemic 
chemotherapy.[9] They revealed that the median survival 
was longer in patients who had avascular tumors 
compared with patients who had vascular tumors and 
multivariate analysis showed that tumor vascularity was 
a significant, independent factor.

Thus, contrast enhancement with transabdominal 
ultrasonography or EUS is useful for evaluation of  
prognosis of  pancreatic cancer after chemotherapy as 
well as before chemotherapy.

Figure 1. A case of unclear isoechoic pancreatic cancer in the 
pancreatic head. Conventional endoscopic ultrasound (left image) 
does not show the edge of the tumor clearly. Contrast-enhanced 
harmonic endoscopic ultrasound (right image) shows the tumor 
(arrows) as hypo-enhancement with clear margin to the surrounding 
tissue

Figure 2. A case of metastatic lymph node from pancreatic cancer. 
Conventional endoscopic ultrasound (left image) shows low-echoic 
lymph node surrounding with common bile duct (arrows). 
Contrast-enhanced harmonic endoscopic ultrasound (right image) 
shows the lesion is enhanced heterogeneously that indicates a 
malignant lymph node. Therefore, endoscopic ultrasound fine-needle 
aspiration was performed in this lymph node for T-staging of 
pancreatic cancer before surgery

Figure 3. A case of pancreatic cancer. (a) Endoscopic ultrasound 
images before chemotherapy.  Conventional  endoscopic 
ultrasound (left image) shows low-echoic mass in the pancreatic 
head. Contrast-enhanced harmonic endoscopic ultrasound 
(right image) is showing the avascular area in the tumor (arrows). 
(b) Endoscopic ultrasound images after chemotherapy. Avascular 
area decreased on contrast-enhanced harmonic endoscopic 
ultrasound (right image)

b
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APPLICATION TO MOLECULAR IMAGING

Microbubbles that have high affinity to specific 
molecules may visualize sites of  inflammation, 
angiogenesis, and cancer to obtain more disease‑specific 
information. Leveraging the natural pathway of  
leukocyte rolling on inflamed vascular endothelial 
cells, a clinically translatable, dual‑targeted contrast 
agent specific for the leukocyte adhesion molecules 
P‑  and E‑select in has been shown to enable accurate 
quantification of  inflammation in animal models of  
chemically induced colitis and ileitis.[10,11]

Vascular endothelial growth factor receptor 
type  2  (VEGFR2), which is a well‑studied molecular 
marker overexpressed on angiogenic vascular endothelial 
cells of  cancer, is visualized by ultrasonography using 
VEGFR2‑targeted ultrasound microbubbles in models 
for breast cancer, pancreatic adenocarcinoma, and colon 
carcinoma, and applied to monitoring response to their 
anticancer therapy.[12‑18]

More recently, Bachawal et  al. reported that expression 
of  B7‑H3  (CD276), a member of  the B7 family of  
ligands for T‑cell coregulatory receptors, is more 
selectively observed in tumor vessels of  breast cancer, 
compared with VEGFR, suggesting the use of  
B7‑H3–targeted ultrasound molecular imaging can be 
used for more selective tumor detection.[19]

If  these molecular‑targeted ultrasound microbubbles 
are applied to clinical practice, they can also be applied 
to the field of  EUS, facilitating characterization of  
conventional EUS‑detected lesions.

APPLICATION TO LOCAL DRUG DELIVERY

Bioactive substances can be attached to or incorporated 
into microbubble shells. High ultrasound energies 
destroy the microbubbles, followed by changes in 
capillary and cell membrane permeability in the 
immediate vicinity, facilitating tissue, and cell penetration 
by loaded bioactive substances.[20] The major limitation 
of  systemic chemotherapy is undesirable side effects 
in healthy tissues. Focusing the ultrasound field at the 
target tissues improves not only the efficacy but also 
the selectivity of  the treatment to avoid its side effects. 
Ultrasound‑targeted microbubble destruction following 
the administration of  a novel doxorubicin‑loaded or 
plasmid DNA‑loaded, microbubble formulation has 
the potential to dramatically improve local therapies 

by enhancing the delivery of  these cytotoxic agents to 
malignant tissues, and significantly decreased the tumor 
growth of  cancer models.[20,21]

APPLICATION TO LOCAL ABLATION

CH‑EUS can be useful to evaluate the effectiveness of  
local ablation for pancreatic cancer. Giday et  al. assessed 
local effects of  intra‑pancreatic alcohol injection and 
the utility of  CH‑EUS for its monitoring in a porcine 
model.[22] They revealed that alcohol injection caused 
focal pancreatic necrosis and was seen by CH‑EUS 
as an avascular area. Microbubble oscillation by 
ultrasound beam generates heat as a result of  friction 
with surrounding structures and their decompression. 
The release of  heat to the surrounding tissues causes 
local damage.[23,24] High powered ultrasound waves 
cause acoustic cavitation of  microbubbles, consisting 
of  fast microbubbles growth, and expansion followed 
by their ultimate collapse, which results in irreversible 
damage to intact cells and a nondestructive increase 
in membrane permeability.[23,24] Recently, phase‑change 
nanodroplets  (PCNDs) are reported to exert as a 
sensitizer on efficient induction of  mechanical effects 
of  pulsed high‑intensity focused ultrasonography.[25] 
Using colon tumor tissues, PCND enhanced mechanical 
tissue fractionation by pulsed high‑intensity focused 
ultrasonography. This combination can be a new 
candidate for the treatment of  locally advanced cancer. 
Although current EUS transducers produce too low 
acoustic power to affect tissue integrity exposed by 
its ultrasound waves, a specific echoendoscope which 
produces, high powered ultrasound waves would allow 
the local ablation using ultrasound contrast agents.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Fusaroli  P, Spada  A, Mancino  MG, et  al. Contrast harmonic 
echo‑endoscopic ultrasound improves accuracy in diagnosis of solid 
pancreatic masses. Clin Gastroenterol Hepatol 2010;8:629‑34.e1‑2.

2.	 Seicean A, Badea R, Moldovan-Pop A, Vultur S, Botan EC, Zaharie T, et al. 
Harmonic contrast-enhanced endoscopic ultrasonography for the guidance 
of fine-needle aspiration in solid pancreatic masses. Ultraschall Med 2016. 
[In press]. DOI: 10.1055/s-0035-1553496.

3.	 Sugimoto  M, Takagi  T, Hikichi  T, et  al. Conventional versus 
contrast‑enhanced harmonic endoscopic ultrasonography‑guided 
fine‑needle aspiration for diagnosis of solid pancreatic lesions: 



Kitano and Kamata: Future perspectives of CH-EUS

354 ENDOSCOPIC ULTRASOUND / NOV-DEC 2016 / VOL 5 | ISSUE 6

A prospective randomized trial. Pancreatology 2015;15:538‑41.
4.	 Romagnuolo  J, Hoffman  B, Vela  S, et  al. Accuracy of contrast‑enhanced 

harmonic EUS with a second‑generation perflutren lipid microsphere 
contrast agent  (with video). Gastrointest Endosc 2011;73:52‑63.

5.	 Miyata  T, Kitano  M, Omoto  S, et  al. Contrast‑enhanced harmonic 
endoscopic ultrasonography for assessment of lymph node metastases in 
pancreatobiliary carcinoma. World J Gastroenterol 2016;22:3381‑91.

6.	 Suetomi  Y, Kitano  M, Kudo  M, et  al. Evaluation of therapeutic response 
to gemcitabine in pancreatic cancer. Hepatogastroenterology 2008;55:1785‑8.

7.	 Sofuni  A, Itoi  T, Itokawa  F, et  al. Usefulness of contrast‑enhanced 
ultrasonography in determining treatment efficacy and outcome after 
pancreatic cancer chemotherapy. World J Gastroenterol 2008;14:7183‑91.

8.	 Yamashita  Y, Ueda  K, Itonaga  M, et  al. Tumor vessel depiction with 
contrast‑enhanced endoscopic ultrasonography predicts efficacy of 
chemotherapy in pancreatic cancer. Pancreas 2013;42:990‑5.

9.	 Masaki  T, Ohkawa  S, Amano A, et  al. Noninvasive assessment of tumor 
vascularity by contrast‑enhanced ultrasonography and the prognosis of 
patients with nonresectable pancreatic carcinoma. Cancer 2005;103:1026‑35.

10.	 Bettinger T, Bussat P, Tardy I, et al. Ultrasound molecular imaging contrast 
agent binding to both E‑  and P‑selectin in different species. Invest Radiol 
2012;47:516‑23.

11.	 Wang  H, Felt  SA, Machtaler  S, et  al. Quantitative assessment of 
inflammation in a porcine acute terminal ileitis model: US with a 
molecularly targeted contrast agent. Radiology 2015;276:809‑17.

12.	 Pochon  S, Tardy  I, Bussat  P, et  al. BR55: A lipopeptide‑based 
VEGFR2‑targeted ultrasound contrast agent for molecular imaging of 
angiogenesis. Invest Radiol 2010;45:89‑95.

13.	 Bachawal SV, Jensen KC, Lutz AM, et  al. Earlier detection of breast cancer 
with ultrasound molecular imaging in a transgenic mouse model. Cancer 
Res 2013;73:1689‑98.

14.	 Bzyl  J, Palmowski  M, Rix A, et  al. The high angiogenic activity in very 

early breast cancer enables reliable imaging with VEGFR2‑targeted 
microbubbles  (BR55). Eur Radiol 2013;23:468‑75.

15.	 Korpanty  G, Carbon  JG, Grayburn  PA, et  al. Monitoring response to 
anticancer therapy by targeting microbubbles to tumor vasculature. Clin 
Cancer Res 2007;13:323‑30.

16.	 Palmowski  M, Huppert  J, Ladewig  G, et  al. Molecular profiling of 
angiogenesis with targeted ultrasound imaging: Early assessment of 
antiangiogenic therapy effects. Mol Cancer Ther 2008;7:101‑9.

17.	 Pysz  MA, Foygel  K, Rosenberg  J, et  al. Antiangiogenic cancer therapy: 
Monitoring with molecular US and a clinically translatable contrast 
agent  (BR55). Radiology 2010;256:519‑27.

18.	 Anderson CR, Rychak  JJ, Backer M, et  al. scVEGF microbubble ultrasound 
contrast agents: A novel probe for ultrasound molecular imaging of tumor 
angiogenesis. Invest Radiol 2010;45:579‑85.

19.	 Bachawal  SV, Jensen  KC, Wilson  KE, et  al. Breast cancer detection by 
B7‑H3‑targeted ultrasound molecular imaging. Cancer Res 2015;75:2501‑9.

20.	 Hernot  S, Klibanov AL. Microbubbles in ultrasound‑triggered drug and 
gene delivery. Adv Drug Deliv Rev 2008;60:1153‑66.

21.	 Tinkov S, Coester C, Serba S, et  al. New doxorubicin‑loaded phospholipid 
microbubbles for targeted tumor therapy: In‑vivo characterization. J Control 
Release 2010;148:368‑72.

22.	 Giday SA, Magno P, Gabrielson KL, et  al. The utility of contrast‑enhanced 
endoscopic ultrasound in monitoring ethanol‑induced pancreatic tissue 
ablation: A pilot study in a porcine model. Endoscopy 2007;39:525‑9.

23.	 Frenkel  V. Ultrasound mediated delivery of drugs and genes to solid 
tumors. Adv Drug Deliv Rev 2008;60:1193‑208.

24.	 Alzaraa A, Gravante  G, Chung  WY, et  al. Targeted microbubbles in the 
experimental and clinical setting. Am J Surg 2012;204:355‑66.

25.	 Ashida  R, Kawabata  K, Maruoka  T, et  al. New approach for local 
cancer treatment using pulsed high‑intensity focused ultrasound and 
phase‑change nanodroplets. J Med Ultrason 2015;42:457‑66.


