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Abstract

Contrast Enhanced microbubble Transvaginal Sonography (CE-TVS) can distinguish benign and malignant
ovarian tumors. Initial results from several medical centers around the world have indicated that there are unique
enhancement patterns in ovarian neoplasms. Challenges to the implementation of CE-TVS remain since some
aggressive ovarian tumors (type 2) that arise in the tubal epithelium and metastasize without producing a clinically
detectable mass may be difficult to detect. This is being addressed through the use of labelled microbubbles which
can detect rapidly growing tumor vessels. As shown in an avian model, labelled microbubbles can be used to detect
neoplastic vessels associated with tumor neoangiogenesis. This has been achieved in vitro by fabrication of
microbubbles that have antibody attached to the lipid coat. In this manner, microscopic tumors that arise in the tubal
epithelium might be detected in patients. This short communication describes the potential for contrast enhanced

L

sonography to provide a means for early detection of ovarian cancer.

J

Introduction

Data from a large Japanese screening trial showed that Transvaginal
Sonography (TVS) can detect morphologic abnormalities such as
papillary excrescences associated with stage 1A ovarian cancers even
when CA-125 was negative [1]. The addition of color Doppler
sonography has been shown to further improve the detection of early
stage ovarian cancer over morphologic assessment [2]. As a means to
further improve early detection with morphologic and color Doppler
Transvaginal Sonography, contrast enhanced Transvaginal Sonography
(CE-TVYS) using microbubbles has been proposed as a secondary test
to determine which suspicious lesions are indeed malignant [3]. CE-
TVS have shown to further improve detection, resulting in sufficiently
high accuracy to justify its use as a means for early detection [4]. In
fact, the relative accuracy of CE-TVS (sensitivity 97-100%; specificity
of 96%) was shown to be better than 2D and 3D color Doppler TVS
(sensitivity 100%, specificity 78-82%) [4]. The specifics concerning the
relative diagnostic accuracies of these sonographic techniques have
been summarized in a recent review [5].

Several recent reports have shown that microbubble (contrast
enhanced) Transvaginal Sonography is accurate in the early detection
of ovarian cancer [3-8]. Significant differences in enhancement
parameters have been documented in benign vs. malignant ovarian
masses. CE-TVS, however, cannot distinguish borderline from
malignant tumors both of which typically are treated surgically [7].

Type II ovarian cancer that arises from the Fallopian tube
epithelium without forming an accompanying mass pose a diagnostic
challenge to sonographic detection of ovarian cancer [9,10]. However,
recent animal studies and ongoing human trials suggest that labeled
microbubbles has potential for the detection of even these difficult to
detect lesions [11].

This short commentary will describe the current and potential
applications of microbubble sonography in the early detection and

enhanced treatment of ovarian cancer. In addition, it will propose
direction for future investigation.

Transvaginal Microbubble Sonography

Our initial series demonstrated significant differences in contrast
enhancement kinetics in benign vs. early stage ovarian tumors [3,4].
Specifically, wash-out time and area under curve (a reflection of total
vascularity) were significantly different in benign vs. malignant
ovarian tumors [3,4]. Other studies and a large multi-international one
also found significant differences in CE-US of benign and early stage
ovarian cancer [6-8].

Some relative limitations of CE-US include added expertise and cost
in performing CE-US. These factors are not insurmountable and can
be successfully addressed at centers which provide early detection with
specialized techniques [12].

One of the major limitations of sonographic imaging for early
detection of ovarian cancer is detection of the type II ovarian cancer
that arises from tubal epithelium and may not develop
morphologically detectable mass before there is intraperitoneal spread
[9,10]. However, preliminary studies in an avian model that used
labeled microbubbles to VEGF and a3p2 receptors correlated well to
histologic evidence of tumor associated neoangiogenesis [9]. Another
factor that limits the efficacy of TVS screening involves the relatively
low prevalence (compared to endometrial cancer) of ovarian cancer.
Pre-selection of patients for further screening might be accomplished
by serum screening.

Microbubbles may also have a role in enhancing drug delivery
(a.k.a. theranostic application) [13]. In theory, labeled microbubbles
could first arrive at a specific neoplastic focus followed by enhanced
drug delivery into the tumor's interstitium.
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Reasons for Optimism and Further Study

Data for the UK ovarian cancer screening trial which assessed the
impact of morphologic Transvaginal Sonographic screening relative to
long term outcome revealed encouraging evidence that TVS was
associated with a significant (20%) mortality reduction [14]. Other
reports of large screening trials in the United States and Japan have
also shown a positive effect of TVS relative to long term outcome [12].

Summary

Whether the addition of CE-TVS in screening/early detection
programs could further the long-term survival of screened women
awaits further investigation. With that said, CE-US is probably best
suited as a secondary test after a "liquid biopsy" and/or an initial
morphologic assessment of the lesion with standard morphologic TVS
identifies women at risk. The basis for optimism concerning the use of
CE-TVS for the early detection of ovarian cancer is substantiated and
this author encourages further multicenter investigation.

Acknowledgements

Drs. Dineo Khabele and Marta Crispens are thanked for their
comments and input, Drs. Andrej Lyshchik and David Fishman are
acknowledged for their efforts on the NIH/NCI grant
R21CA125227-01.

References

1. Hirai M, Hirai Y, Tsuchida T, Takada T, Iwase H, et al. (2011) Stage IA
ovarian cancers: comparison of sonographic findings and histopathologic
types between patients with normal and elevated serum cancer antigen
125 levels. ] Ultrasound Med 30: 943-952.

2. Fleischer AC, Cullinan JA, Peery CV, Jones HW 3rd (1996) Early
detection of ovarian carcinoma with transvaginal color Doppler
ultrasonography. Am J Obstet Gynecol 174: 101-106.

3. Fleischer AC, Lyshchik A, Jones HW Jr, Crispens M, Loveless M, et al.
(2008) Contrast-enhanced Transvaginal Sonography of benign versus

10.

11.

12.

13.

14.

malignant ovarian masses: preliminary findings. J Ultrasound Med 27:
1011-1018.

Fleischer A, Lyshchik A, Harari M, et al. (2012) Early Detection of
Ovarian Cancer with Conventional and Contrast-Enhanced Transvaginal
Sonography: Recent Advances and Potential Improvements. ] Oncology
2012: 302858

Fleischer A, Mathieu ], Crispens M (2017) Sonographic techniques for
early detection of ovarian and endometrial cancers. Fleischer's
Sonography in O/G Textbook and Teaching Cases. 8th Edition McGraw-
Hill pub.

Marret H, Sauget S, Giraudeau B, Brewer M, Ranger-Moore J, et al. (2004)
Contrast-enhanced sonography helps in discrimination of benign from
malignant adnexal masses. ] Ultrasound Med 23: 1629-1639.

Testa AC, Timmerman D, Van Belle V, Fruscella E, Van Holsbeke C, et al.
(2009) Intravenous contrast ultrasound examination using contrast-tuned
imaging (CnTITM) and the contrast medium SonoVue® for
discrimination between benign and malignant adnexal masses with solid
components. Ultrasound Obstet Gynecol 34: 699-710.

Veyer L, Marret H, Bleuzen A, Simon E, Body G, et al. (2010)
Preoperative diagnosis of ovarian tumors using pelvic contrast-enhanced
sonography. ] Ultrasound Med 29: 1041-1049.

Kurman RJ, Shih IeM (2010) The origin and pathogenesis of epithelial
ovarian cancer: a proposed unifying theory. Am ] Surg Pathol 34:
433-443.

Nezhat FR, Apostol R, Nezhat C, Pejovic T (2015) New insights in the
pathophysiology of ovarian cancer and implications for screening and
prevention. Am J Obstet Gynecol 213: 262-267.

Barua A, Bitterman P, Bahr J, Bradaric M]J, Hales DB, et al. (2010)
Detection of Tumor Associated Neoangiogenesis by Doppler Ultrasound
During Early-Stage Ovarian Cancer in Laying Hens: A Preclinical Model
of Human Spontaneous Ovarian Cancer. | Ultra Med 29: 173-182.

van Nagell JR Jr, Hoff JT (2013) Transvaginal ultrasonography in ovarian
cancer screening: current perspectives. Int ] Womens Health 6: 25-33.
Fleischer A (2016) Theranostic Microbubble Sonography. Clinics in
Oncology 1: 10.

Jacobs I, Menon U, Ryan A, et al. (2015) Ovarian cancer screening and
mortality in the UK collaborative trial of ovarian cancer screening
(UKCTOCS): a randomized controlled trial. Lancet Online 387: 945-956.

Trends Gynecol Oncol
ISSN:123 CTGO, an open access journal

Volume 1 « Issue 2 « 1000106


http://www.ncbi.nlm.nih.gov/pubmed/21705727/
http://www.ncbi.nlm.nih.gov/pubmed/21705727/
http://www.ncbi.nlm.nih.gov/pubmed/21705727/
http://www.ncbi.nlm.nih.gov/pubmed/21705727/
http://www.ncbi.nlm.nih.gov/pubmed/8571991
http://www.ncbi.nlm.nih.gov/pubmed/8571991
http://www.ncbi.nlm.nih.gov/pubmed/8571991
http://www.ncbi.nlm.nih.gov/pubmed/18577664
http://www.ncbi.nlm.nih.gov/pubmed/18577664
http://www.ncbi.nlm.nih.gov/pubmed/18577664
http://www.ncbi.nlm.nih.gov/pubmed/18577664
http://www.ncbi.nlm.nih.gov/pubmed/22619674
http://www.ncbi.nlm.nih.gov/pubmed/22619674
http://www.ncbi.nlm.nih.gov/pubmed/22619674
http://www.ncbi.nlm.nih.gov/pubmed/22619674
http://www.ncbi.nlm.nih.gov/pubmed/15557306
http://www.ncbi.nlm.nih.gov/pubmed/15557306
http://www.ncbi.nlm.nih.gov/pubmed/15557306
http://www.ncbi.nlm.nih.gov/pubmed/19924735
http://www.ncbi.nlm.nih.gov/pubmed/19924735
http://www.ncbi.nlm.nih.gov/pubmed/19924735
http://www.ncbi.nlm.nih.gov/pubmed/19924735
http://www.ncbi.nlm.nih.gov/pubmed/19924735
http://www.ncbi.nlm.nih.gov/pubmed/20587427
http://www.ncbi.nlm.nih.gov/pubmed/20587427
http://www.ncbi.nlm.nih.gov/pubmed/20587427
http://www.ncbi.nlm.nih.gov/pubmed/20154587
http://www.ncbi.nlm.nih.gov/pubmed/20154587
http://www.ncbi.nlm.nih.gov/pubmed/20154587
http://www.ncbi.nlm.nih.gov/pubmed/25818671
http://www.ncbi.nlm.nih.gov/pubmed/25818671
http://www.ncbi.nlm.nih.gov/pubmed/25818671
http://www.ncbi.nlm.nih.gov/pubmed/20103787
http://www.ncbi.nlm.nih.gov/pubmed/20103787
http://www.ncbi.nlm.nih.gov/pubmed/20103787
http://www.ncbi.nlm.nih.gov/pubmed/20103787
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3873201/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3873201/
http://www.clinicsinoncology.com/pdfs_folder/cio-v1-id1010.pdf
http://www.clinicsinoncology.com/pdfs_folder/cio-v1-id1010.pdf
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)01224-6/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)01224-6/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)01224-6/abstract
http://dx.doi.org/10.4172/ctgo.1000106

	Contents
	Early Detection of Ovarian Cancer with Transvaginal Microbubble Sonography: Current and Potential Applications
	Abstract
	Introduction
	Transvaginal Microbubble Sonography
	Reasons for Optimism and Further Study
	Summary
	Acknowledgements
	References


