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Introduction

Ultrasound plays a fundamental role in gynecologic 
oncology in the preoperative assessment of gynecologic 
tumors and during follow-up. For the assessment of adnexal 
masses, transvaginal ultrasound examination is an excellent 
tool able: 1) to identify pelvic lesions; 2) to discriminate 
between benign and malignant ovarian masses; 3) to assess 
the disease extension in the pelvic/abdominal cavity.

Calculating a risk of ovarian malignancy

There are more than 20 years of literature about the 
discrimination between benign and malignant masses that 
teach us how to correctly define and collate ovarian lesions, 
not only using subjective assessment, but recently also using 
prediction models developed by the International Ovarian 
Tumor Analysis (IOTA) group1. The most used IOTA models 
are Simple Rules (SRs)2, Simple Rules risk (SRrisk) model3, and 
Assessment of Different NEoplasias in the adneXa (ADNEX)4. 
The SRs are based on five ultrasound features suggestive 
of a benign lesion (B-features) and five ultrasound features 
suggestive of a malignant lesion (M-features). In cases 

where neither M- nor B-rules apply, or where both are 
present, the mass is classified as “inconclusive” and further 

investigations are required. Therefore, the SRrisk model was 
developed. It uses the number of benign or malignant 
ultrasound features present in a mass to calculate a risk 
of malignancy. The IOTA ADNEX model calculates not 
only the percentage risk of an adnexal mass being benign 
or malignant but the likelihood that the mass is benign, 
borderline, stage I primary invasive malignancy, stage II-
IV primary invasive malignancy or a metastasis in the ovary 
from another primary tumor (Figs. 1-4). 

In addition, European and North American gynecologists 
and radiologists have developed a management system 
for adnexal masses based on either specific ultrasound 
features or on the risk of malignancy calculated by ADNEX. 
This system classifies masses into different risk groups of 
malignancy and is called Ovarian-Adnexal Reporting and 
Data System (O-RADS)5. 

Despite surgical exploration remaining the gold standard 
to evaluate disease extension in patients with ovarian cancer, 
ultrasound demonstrated good sensitivity and specificity in 
the preoperative assessment of carcinomatosis on the great 
omentum, parietal peritoneum, diaphragms, and small/large 
bowel6.
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Figure 2	 IOTA ADNEX model applied to the pelvic mass. The risk of 
malignancy in this case is 2.1% while the chance of benign tumor is 97.9%.

Figure 4	 IOTA ADNEX model applied to the pelvic mass. The risk 
of malignancy in this case is 93.2% with the highest relative risk 
corresponding to primary advanced ovarian cancer. 

Figure 3	 Ultrasound image of a pelvic mass with solid morphology, 
according to IOTA terms (solid component is more than 80% of whole 
tumor). Final histology was positive for malignant ovarian tumor (serous 
ovarian carcinoma). 

Figure 1	 Ultrasound image of an ovarian lesion with solid morphology, 
according to IOTA terms. Final histology was positive for benign ovarian 
lesion (ovarian fibroma).  
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Assessment of gynecologic tumors

The results of this 20-year experience have been 
recognized by multidisciplinary committee in a consensus 
statement as ESGO/ISUOG/IOTA/ESGE7. 

Transvaginal ultrasound is considered imaging modality 
of choice for the assessment of uterine endometrial 
cancer with high accuracy in the evaluation of myometrial 
and cervical infiltration8. The role of ultrasound in the 
diagnosis of myometrial malignancies (sarcomas) is still 
challenging9 and there is great interest for the upcoming 
results of enlarged prospective study conducted in our 
Institution. Ultrasound has gained increased attention also 
in preoperative staging of more rare tumors like cervical 
cancer, vaginal cancers or tubal ones. Finally, the ultrasound 
examination represents the instrument of choice for the 
surveillance of gynecologic oncology patients, for the 
detection of pelvic and abdominal recurrences. 

For the assessment of primary or recurrences gynecologic 
tumors, high quality 2D and 3D B-mode are essential to 

analyze the different anatomical structures. The inclusion 
of Color Doppler Imaging can reveal important additional 
information. One of the latest sources available for the 
examiner is Superb Micro-vascular Imaging (SMI), a new 
blood flow imaging technique able to minimize motion 
artifacts by eliminating signals based on analysis of tissue 
movement. Compared to conventional blood flow imaging 
such as Color and Power Doppler Imaging, SMI significantly 
reduces motion artifacts and can visualize low-velocity 
blood flow in small vessels (Figs. 5 and 6).

Innovative techniques and sophisticated software are 
opening up new perspectives in the role of the ultrasound 
examination in gynecologic oncology. For example, fusion 
technique is an emerging technique that combines real-
time ultrasound examination with other imaging modalities, 
such as Computed Tomography (CT), Magnetic Resonance 
Imaging (MRI) and Positron Emission Tomography (PET).
Application of this imaging modality can enable a more 
accurate preoperative evaluation of the extension of 
gynecological tumors without additional cost (Fig. 7)10. 

Figure 5	 Standard Power Doppler Image of a pelvic mass. Figure 6	 Vascularization of a pelvic mass using SMI.

Figure 7	 Fusion imaging of magnetic resonance and ultrasound 
examination of a patient with cervical cancer, indicated in both images 
with white arrows.
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Another innovative tool is the intraoperative ultrasound 
examination which is able to guide the surgeon in the 
identification of small lesions not easily visible due to the 
localization behind intraperitoneal adhesions or in the 
retroperitoneal areas11. This examination can be performed  
by using small laparotomic probes or laparoscopic ones  
(Figs. 8 and 9). Finally, transvaginal ultrasound-guided biopsy 
is a minimally invasive tool that can be used to obtain material 
for histological diagnosis in patients not eligible for surgery, 
avoiding unnecessary explorative surgical procedure12.

A further perspective in gynecology oncology is the 
radiomics analysis, an emerging and innovative technique 
of high throughput extraction of a large number of features 
from medical images. The typical radiomic analysis includes 
the evaluation of size, shape, and textural features that have 
useful spatial information on pixel or voxel distribution and 
patterns. These features are further used in creating statistical 
models to provide support for individualized diagnosis and 
management13.

Figure 8	 Intraoperative imaging of laparoscopic ultrasound probe. Figure 9	 Different types of probes used during surgery.

Conclusion

In conclusion, in the diagnostic scenario of gynecologic 
oncology units, ultrasound examination performed with 
high end technology represents the fundamental imaging 
method to optimize clinical management. The possibility to 
include innovative facilities, such as fusion and storage for 
radiomics analysis in the same equipment could open up 
new perspectives. 
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