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Abstract

:

Simple Summary


Characterization of an adnexal mass may be challenging since there are several benign and malignant pelvic conditions with similar appearances on imaging. The aim of this study is to comprehensively review discriminative MRI features of common and uncommon adnexal masses in order to help radiologists more accurately diagnose ovarian cancer. Imaging findings of ovarian tumors in specific settings, including adolescence and pregnancy, are also discussed.




Abstract


Imaging plays a pivotal role in the diagnostic approach of women with suspected ovarian cancer. MRI is widely used for preoperative characterization and risk stratification of adnexal masses. While epithelial ovarian cancer (EOC) has typical findings on MRI; there are several benign and malignant pelvic conditions that may mimic its appearance on imaging. Knowledge of the origin and imaging characteristics of a pelvic mass will help radiologists diagnose ovarian cancer promptly and accurately. Finally, in special subgroups, including adolescents and gravid population, the prevalence of various ovarian tumors differs from that of the general population and there are conditions which uniquely manifest during these periods of life.
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1. Introduction


1.1. Data Search


Literature search for this narrative review was conducted using MEDLINE (PubMed) Library. Applied key words included the following terms: ovarian neoplasms; ovarian masses; ovarian malignancy; probability of malignancy; ovarian benign tumors; ovarian tumor mimickers; MRI. The search period extended from July 1997 to November 2022. Studies with prospectively and retrospectively collected data and review articles including systematic meta-analyses were considered. All authors agreed on the following inclusion criteria: acceptable methodology, adequate data collection, use of clear diagnostic evidence, sufficient statistical analysis, and reproducibility of results. A total of 122 studies was considered eligible and included in this review.




1.2. Epidemiology


The ovary is made of a variety of different cell types and is, therefore, the site of diverse tumors. Ovarian neoplasms are divided into four main categories depending on the cell of origin: epithelial, germ cell, sex cord–stromal tumors, and metastases. Epithelial neoplasms account for the majority of primary ovarian tumors, followed by germ cell tumors [1]. Most of these tumors are benign or borderline, however, malignant epithelial neoplasms are a serious public health issue since they often manifest as advanced stage disease. Ovarian cancer is the second most frequent gynecologic malignancy. With a total of 313,959 new cases recorded globally in 2020, an age-standardized incidence rate of 6.6/100,000 and an age-standardized mortality rate of 4.2/100,000 women/year, ovarian cancer is the fifth leading cause of cancer death in women [2]. Most ovarian cancer deaths are caused by epithelial cell carcinomas, specifically high-grade serous cystadenocarcinoma, which is the most common subtype and accounts for approximately 64% of all epithelial ovarian cancers.



Pitfalls and Diagnostic Challenges


Imaging plays a significant role in the diagnostic approach of women with suspected ovarian cancer. The two main challenges faced by radiologists when assessing a suspicious pelvic mass include (a) confirming its origin (ovarian or extraovarian) and (b) characterizing its nature (benign or malignant and, if possible, the most likely diagnosis). Both these are important for narrowing the differential diagnosis and helping decision making (Figure 1). All imaging modalities including Ultrasound (US), Magnetic Resonance Imaging (MRI), and Computed Tomography (CT) can be used to assess pelvic masses, each having different advantages and offering complementary information.



Pelvic US is the modality of choice for the initial evaluation of an adnexal mass and, in most cases, can accurately characterize the ovarian lesion as benign or malignant. However, a varying range of ovarian lesions (5–40%), depending on the experience of the sonographer, may remain indeterminate after initial evaluation [3,4,5,6,7].





1.3. Origin and Characterization of a Pelvic Mass


To establish an ovarian origin of a pelvic mass, the following stepwise approach may be used:




	
Identify the ovaries.








An oblique coronal T2-weighted sequence parallel to the endometrium, is particularly useful in determining ovarian versus extraovarian origin of a pelvic mass. If a normal ipsilateral ovary is identified, the mass cannot be of ovarian origin. Note that when finding the ovary on MR images is difficult, e.g., in postmenopausal women, you may follow the gonadal vessels anterior to the psoas muscle and all the way to the ovary [8]. This is facilitated on contrast-enhanced images of the pelvis. When a normal ovary cannot be identified (e.g., in large pelvic masses), but the mass appears separate from other pelvic organs (bladder, bowel, or uterus) and the gonadal vessels run into it, then an ovarian origin is highly likely [9]. However, advanced ovarian cancer is often seen to invade adjacent pelvic structures, in which case establishing the primary site can still be difficult.



	
Describe relationship to the ovary.






Mass abutting the ovary: If a mass abuts the ovary, this does not necessarily indicate an ovarian origin, since it can as well originate from adjacent pelvic structures. Several previously described imaging signs are useful for determining the ovarian origin of a pelvic mass, such as the presence of the beak sign, created by the ovarian tissue partly enveloping the mass and forming sharp angles with it and the embedded sign, when the ovary appears to be engulfed by the tumor [10]. However, the bridging vessel sign as well as the claw sign are indicative of uterine origin. The bridging vessel sign is present when vessels extend between the uterus and the mass, while the claw sign is present when uterine tissue is draped around the mass; both signs are commonly seen in cases of uterine leiomyomas [11].



Ovary not involved: If the ovary is not involved but the mass is intraperitoneal, one should consider the bowel as the site of origin, particularly the sigmoid colon. If the mass is intraperitoneal but separate from the ovary or bowel, it is important to determine its nature. Cystic masses may be of benign nature, such as peritoneal inclusion and para-ovarian cysts or they may be malignant, such as pseudomyxoma peritonei. Solid masses more commonly include peritoneal metastases or carcinomatosis. Extraperitoneal masses most often result from direct extension of gastrointestinal (rectal) or genitourinary (bladder, uterine, cervical) tumors. However, primary tumors, mainly of mesenchymal or neurogenic origin, can also occur in the extraperitoneal spaces.



Characterization of an ovarian mass is based on a combination of clinical information (i.e., age, elevated levels of tumor markers etc.) and imaging findings.



MRI is a problem-solving tool for preoperative characterization and subsequent risk stratification of indeterminate adnexal masses [12,13,14,15]. MRI provides better contrast resolution between different soft-tissue components (e.g., fat, hemorrhage, fibrous tissue) without the use of ionizing radiation [16]. The Ovarian-Adnexal Reporting and Data System (O-RADS) MRI is a recently developed and validated scoring system which is now proposed for risk assignment of sonographically indeterminate adnexal masses. This MRI scoring system includes six categories with different risks of malignancy and it is based on MRI features with high positive and high negative predictive values in distinguishing benign from malignant masses [17] (Figure 2).



Computed Tomography (CT) is recommended for ovarian cancer staging as it provides excellent spatial resolution and very short examination times [18]; however, it does not assist the characterization of an adnexal mass apart from identifying fat and calcifications (mostly in cases of teratomas).




1.4. Importance of Accurate Diagnosis in Treatment Decisions


Accurate differential diagnosis of pelvic masses based on imaging is crucial since it largely affects the clinical management and treatment decisions.



Establishing the site of origin and providing the most likely diagnosis of a pelvic mass can help determine whether the patient should be referred to a gynecologist (benign lesions), gynecologic oncologist (malignancy), or other specialist (suspected metastases to the ovary or non-gynecologic tumor), and which is the best treatment option.



Regarding management of ovarian neoplasms, benign ovarian tumors may be followed-up or treated with conservative surgery. Malignant epithelial ovarian neoplasms are most often present at an advanced stage with peritoneal dissemination. Cytoreductive surgery followed by adjuvant chemotherapy is the treatment of choice. Primary neoadjuvant chemotherapy may be applied in cases of extensive peritoneal disease, followed by interval debulking surgery [19]. Fertility-sparing surgery (i.e., unilateral salpingo-oophorectomy (USO) with preservation of the uterus and contralateral ovary), may be an option in cases of malignant germ cell tumors of any stage, sex-cord stromal and borderline histology, or even early-stage epithelial carcinomas [20,21].



In general, the clinical management is mainly influenced by the tumor’s nature (benign or malignant), histologic subtype and stage, since these are the main prognostic factors [22]. Imaging can provide useful information for all the above. The established US and MRI scoring systems are helpful tools in stratifying the risk of malignancy and discriminating between benign and malignant tumors. Several US-based models have been employed to differentiate benign from malignant adnexal masses, such as the IOTA group Simple Rules or ADNEX model, the Gynecologic Imaging Reporting and Data System (GI-RADS) and more recently the O-RADS US risk stratification and management system by the ACR Ovarian-Adnexal Reporting and Data System Committee [23,24,25,26]. Regarding different histologic subtypes, although some of them have distinguishing imaging features, findings are often overlapping and nonspecific. Even though final diagnosis requires histopathologic analysis, specific features and typical imaging findings of ovarian neoplasms may limit the differential diagnosis. Finally, accurate staging of ovarian cancer is vital, given the fact that the extent of disease as well as residual disease after surgery affect prognosis and survival. CT and DWI MRI both have high sensitivity in depicting peritoneal disease and can provide valuable information to clinicians for selecting the best treatment option [27].




1.5. Special Subgroups


1.5.1. Adolescence


Ovarian tumors in children and adolescents differ from those in adults, regarding incidence, histology, and presentation. In general, ovarian neoplasms in childhood are uncommon and usually benign, with germ cell tumors (GCTs) being the most common type, followed by epithelial and stromal cell tumors [28]. In many cases, they present with abnormal hormonal secretion, unusual sexual development, and increased serum tumor markers (i.e., AFP in immature teratoma and yolk sac tumor, β-hCG in dysgerminoma, CA-125 in epithelial neoplasms). Imaging can help discriminate between benign and malignant ovarian neoplasms since malignant masses usually appear predominantly solid, more heterogeneous, and larger than benign tumors. In a recent study MRI showed 100% specificity and sensitivity in differentiating benign and malignant pediatric ovarian tumors [29].




1.5.2. Pregnancy


Adnexal masses are common during pregnancy, discovered in 0.1 to 2.4% of pregnant women. Most adnexal lesions in the gravid population are benign, mostly functional, with only 1–5% being malignant [30,31]. Germ cell tumors, sex cord (stromal) tumors, and borderline tumors are the most common malignant ovarian neoplasms in the gravid population [32], whereas epithelial ovarian cancer accounts for only 35% of ovarian cancers in pregnancy [33].



Evaluation of adnexal masses in the gravid population is challenging because they may undergo morphologic changes due to the altered hormonal status and may demonstrate features that can mimic malignancy on imaging. The most common pregnancy-related adnexal masses are the corpus luteum of pregnancy and the theca lutein cyst; both are expected to resolve after gestational week 18, although a few may persist until after delivery [34]. Other conditions that can mimic malignancy at imaging are decidualized endometriomas and leiomyomas with red degeneration. Decidualized endometriomas are the result of progesterone action and increased glandular endometrial secretion and are characterized by increased blood flow and intraluminal papillary projections [35]. Red degeneration is a subtype of hemorrhagic infarction of leiomyomas that often occurs during pregnancy due to venous thrombosis within the periphery of the mass or rupture of intra-tumoral arteries [36].






2. Typical and Atypical Findings of Ovarian Cancer and Mimickers on MRI


2.1. Borderline and Malignant Neoplasms


Imaging findings indicative of borderline or malignant tumors include mural nodules, papillary projections, enhancing solid tissue (except those of fatty or fibrous nature), thickened, irregular walls or septa (i.e., diameter > 3 mm and highly vascular), and necrosis. Large size and the involvement of lymph nodes or peritoneal dissemination may suggest a borderline or malignant tumor [37].



The epithelial subtype accounts for most borderline and malignant ovarian neoplasms. According to the 2014 WHO classification, epithelial ovarian neoplasms include serous, mucinous, endometrioid, clear cell, seromucinous, Brenner, and undifferentiated tumors [1]. Serous malignant tumors can be further classified into low- and high-grade tumors.



2.1.1. High-Grade Serous Cystadenocarcinoma (HGSC)


HGSC is the most common histological type of ovarian malignancy accounting for almost half of ovarian cancer cases [2]. It usually affects postmenopausal women (mean age: 60 years), and most often presents at an advanced stage. Serum CA-125 levels are elevated in up to 90% of patients with HGSC [38].



HGSC usually manifests as bilateral (58% of cases), predominantly cystic masses with differing amounts of solid tissue. A few of such tumors are entirely solid. The solid component often demonstrates restricted diffusion and intense enhancement on dynamic contrast enhanced images with type 3 Time Intensity Curve (TIC) (i.e., initial slope greater than myometrium and marked increase in signal intensity with a plateau or washout) [17,39]. It usually presents with extraovarian disease at diagnosis, including peritoneal dissemination, pelvic organ invasion, ascites, and lymphadenopathy [40] (Figure 3).




2.1.2. Serous Borderline Neoplasms and Low-Grade Serous Cystadenocarcinoma


The most often diagnosed borderline tumor is a serous borderline neoplasm (65–70%). It is most common in young women (mean age: 42 years) compared to their high-grade counterparts and has excellent overall prognosis [41].



Low-grade serous cystadenocarcinoma (LGSC) is uncommon, accounting for only 2.5% of ovarian malignancies. Interestingly, it can arise from and co-exist with a non-invasive serous borderline component. Compared to borderline neoplasms, women with LGSC often present at a later stage and have a poorer prognosis since LGSC is platinum-resistant [42] (Figure 4).



Tumors of borderline and low-grade serous histology, manifest as multilocular cystic masses, with solid tissue in the form of papillary projections or mural nodules and rarely, surface nodules. The solid elements enhance after intravenous contrast administration, usually with type 2 TIC on DCE images (i.e., initial slope less than myometrium, moderate increase in signal intensity with a plateau or washout). Compared to their mucinous counterparts, borderline and low-grade serous neoplasms are more often bilateral (around one-third of serous borderline tumors and the majority of LGSC) with an increased number of papillary projections [43] (Figure 5).



Tip: Epithelial tumors of low malignant potential exhibit an increased number of papillary projections. Although these can also be found in invasive carcinomas, the latter usually have a dominant solid component. According to a previously published study with CT and MRI, papillary projections were detected more frequently in ovarian tumors of low malignant potential (67%) followed by malignant (38%) and benign (13%) neoplasms [44].




2.1.3. Mucinous Borderline Neoplasms and Mucinous Cystadenocarcinoma


Tumors of mucinous histology account for 10–15% of all ovarian neoplasms; malignant mucinous tumors are quite rare [45]. In general, mucinous borderline neoplasms involve younger women than their serous counterparts and they are associated with an excellent outcome [41]. Conversely, mucinous adenocarcinoma, which accounts for 9.4% of all invasive epithelial tumors, has the poorest prognosis of all ovarian malignancies, with low survival rates [46].



Mucinous neoplasms are usually unilateral, confined to the ovary, and larger when diagnosed compared with serous tumors. At imaging, they appear as multilocular, predominantly cystic masses. The signal intensity of the locules may vary on MRI, because of different mucin content, the so-called stained-glass appearance [45] (Figure 6).



Papillary solid elements, described in serous neoplasms, are not a common finding [44]. Intramural (often linear) calcifications are present in about one-third of cases [47]. Discrimination between benign and borderline mucinous neoplasms can be challenging. Features indicative of a borderline histology, include increasing size and number of locules, fluid content with high T1 or low T2 signal intensity, and mural nodules or septa > 5 mm thick [48]. Typical features of mucinous cystadenocarcinomas include large solid component and size > 10 cm, with internal smaller loculi (i.e., a honeycomb appearance) [49]. Rupture of a mucinous cystadenocarcinoma into the peritoneal cavity results in pseudomyxoma peritonei (PMP); however, in most cases, PMP is caused by rupture of a mucinous neoplasm of the appendix and, less frequently, rupture of a primary ovarian mucinous tumor [50].




2.1.4. Endometrioid Carcinoma and Clear Cell Carcinoma


Endometrioid and clear cell ovarian carcinomas are typically invasive and aggressive, although typically they are low grade neoplasm [51]. Both commonly affect women in their fifties in the 5th decade and present at an early stage, leading to better clinical outcomes [46]. There is an increased incidence of these tumors with Lynch syndrome [52], endometrial carcinoma, and endometriosis (39% and 41%, respectively) [53].



Imaging findings of endometrioid and clear cell carcinomas are nonspecific. High-grade endometrioid carcinoma can be indistinguishable from HGSC. Both are typically present as a mass with varying solid and cystic parts, usually more solid than serous and mucinous neoplasms, often with evidence of hemorrhage. When they develop in an endometrioma, diagnosis may be suggested by the presence of an enhancing mural nodule within an otherwise typical endometrioma (particularly with large endometriomas in women > 45 years) [54,55] (Figure 7). Loss of T2 shading on MRI may be another sign of malignancy due to dilution of hemorrhagic contents by non-hemorrhagic fluid produced by the malignant tissue [55].



Tip: Concurrent with ovarian tumor endometrial thickening or mass may suggest endometrioid carcinoma [56] (Figure 8). Thromboembolic episodes (which may occur as a complication in 1/3 of clear cell tumors), hypercalcemia and a mostly solid ovarian mass should suggest a diagnosis of clear cell carcinoma [57,58].



Tip: Although rare, endometrioid carcinoma is the most common malignancy arising within an endometriotic cyst, followed by clear cell carcinoma.





2.2. Benign Tumors That Can Mimic EOC


2.2.1. Cystadenofibroma


Adenofibromas and cystadenofibromas are rare epithelial–stromal neoplasms most often of the serous subtype that are almost always benign. They are usually discovered incidentally but sometimes they may cause symptoms related to hormone production; most commonly vaginal bleeding due to excessive estrogen secretion. They rarely have borderline or malignant features, but even the benign subtypes can mimic malignant neoplasms at imaging [59].



Typically, they appear as mixed solid and cystic masses, often with papillary projections. At MRI, the solid components which correspond to the fibrous stroma are characteristically quite hypointense on T2 weighted images, of lower signal intensity compared to muscle, often with internal cysts and minimal enhancement [60]. The low T2 signal of the septa, together with the high T2 signal of the cystic spaces give the tumor a characteristic ‘black sponge’ appearance (Figure 9). If the fibrous component displays higher T2 signal intensity or stronger enhancement, based on occasional case reports, the extremely rare malignant cystadenocarcinofibroma may be considered [61].




2.2.2. Fibrothecoma


Fibromas, thecomas, and fibrothecomas are benign stromal ovarian tumors. Usually, they are incidentally found and are asymptomatic, however, occasionally, they may manifest with abdominal pain, in the event of torsion, or with abnormal vaginal bleeding due to estrogen secretion from the thecoma component [62,63].



Typically, on MRI, they present as solid ovarian masses with low T2 signal intensity relative to muscle. However, T2 signal intensity may be higher when oedema or cystic degeneration co-exist (most often in thecomas) [64]. In most cases, they demonstrate low signal intensity both on DWI and ADC maps (known as the T2 blackout effect) due to the presence of fibrous tissue [65,66]. On DCE, they demonstrate minimal enhancement initially, which increases on delayed images; this perfusion pattern corresponds to TIC type 1 (i.e., mild and gradual increase in signal over time with no well-defined shoulder and no plateau) [66] (Figure 10).



Tip: Functioning thecomas and cellular fibromas may show restricted diffusivity due to higher cellularity [67].



Tip: The degree of contrast enhancement differs with the amount of fibrous tissue. While the fibrous tissue demonstrates delayed weak enhancement on DCE, the theca cells are highly vascularized. That explains why thecomas may demonstrate a TIC type 2 or 3 compared to the typical TIC type 1 of fibrothecomas on DCE [17,68].



Fibrothecomas are often indistinguishable from other fibrous tumors such as Brenner tumors which are also hypointense on T2 weighted images. Fibrothecomas are usually of larger size than Brenner tumors and calcifications are not so common, although dense calcifications may sometimes be present [64,69].



In some cases, they may be misinterpreted for a pedunculated leiomyoma, but this usually displays more intense homogeneous enhancement similar to that of the myometrium and possibly, the bridging vessel sign [11] (Figure 11).




2.2.3. Pelvic Inflammatory Disease—Tubo-Ovarian Abscess (TOA)


Patients with PID and tubo-ovarian abscesses, usually present with typical clinical symptoms such as fever and abdominal pain, and the diagnosis is made with transvaginal US. However, in some cases, especially in older patients, unusual causes, or chronic stage, the imaging findings may be indeterminate and mimic malignancy.



MRI usually demonstrates a low T1 signal-intensity cystic mass with heterogeneous high signal intensity on T2-weighted images depending on the content and protein concentration [70]. T2-shading at the periphery of the cyst and a hyperintense halo on T1-weighted images have also been described and may help the differential diagnosis [71]. Typical MRI features of pyosalpinx include fluid-filled tubular structures with enhancing, thick walls usually adjacent to and inseparable from a TOA (Figure 12).



The presence of gas is pathognomonic of a tubo-ovarian abscess although only seen in 22–38% of cases [72]. There is infiltration of the perilesional fat and in chronic cases, adhesions. In acute PID, diffusion restriction is commonly seen due to highly viscous internal proteinaceous material. However, diffusion restriction may be absent in chronic abscesses or TOA after antibiotic treatment [73].





2.3. Rare Ovarian Neoplasms That Can Mimic EOC


2.3.1. Brenner Tumor


Brenner tumors are uncommon neoplasms of epithelial-stromal origin, almost always benign with only a few reports of borderline and malignant histology [74].



At imaging, their size varies from microscopic to huge; in a series by Moon et al. including eight tumors, the mean size was reported to be 11 cm [75]. In addition, about half of the cases demonstrated extensive amorphous punctuate calcifications [75]. Characteristically, the solid component exhibits markedly low T2 signal intensity on MRI because of dense fibrous stroma [37,75]. Brenner tumors can coexist with mucinous tumors in the same ovary. Findings suggestive of malignancy in a Brenner tumor, include large cystic parts and an inhomogeneous solid component (i.e., with mild enhancement, due to coexistence of fibrous and malignant components [74,75] (Figure 13).



Tip: Predominantly solid ovarian masses with very low (lower than muscle) signal intensity on T2-weighted MR images are indicative of fibroma, Brenner tumor, and, occasionally, fibrothecoma.




2.3.2. Monodermal Teratoma (Struma Ovarii)


Monodermal (specialized) teratomas are rare. They consist mainly of mature cells, most commonly of thyroid origin (struma ovarii) [76]. Struma ovarii tumors may manifest with hyperthyroidism. Malignant transformation, most often to papillary carcinoma, may occur [77].



At imaging, they present with a variable mixed solid and cystic component or appear entirely solid (Figure 14). They often coexist with a mature teratoma in which cases the solid component demonstrates avid enhancement. When struma ovarii is suspected, CT may be helpful in narrowing the differential diagnosis, since the solid component is often hyperattenuating on unenhanced images because of the iodine content in the thyroid tissue [78].




2.3.3. Granulosa Cell Tumor


Granulosa cell tumors (GCT) belonging to the sex-cord stromal tumors, are low grade malignant tumors and most are estrogen producing.



Imaging characteristics of GCT vary and may overlap with those of malignant epithelial cell tumors [79]. GCTs are usually present as large (mean size: 10–12 cm), multilocular masses with both solid and cystic components and areas of hemorrhage; they can also be purely solid or cystic. Their most characteristic appearance is that of a solid mass with a spongelike (“Swiss cheese”) appearance; the tumor’s cystic compartments may be hemorrhagic fluid with high T1 signal and fluid-fluid levels [80].



Discriminative features of GCTs from malignant epithelial cell neoplasms include absence of intracystic papillary projections, unilateral location, and confinement to the ovary. Additionally, there is a low incidence of peritoneal disease at diagnosis [79]. Endometrial thickening or endometrioid carcinoma may co-exist due to the estrogenic effect [81].



Tip: Ovarian tumors with estrogen secretion such as, endometrioid carcinoma, granulosa cell tumor, and, occasionally, thecoma or fibrothecoma, can be associated with endometrial hyperplasia or carcinoma.




2.3.4. Lymphoma


Lymphoma of the ovary is usually secondary, occurring as part of systemic disseminated disease; primary lymphoma of the ovary is rare [82].



MRI features of lymphoma of the ovary include the presence of bilateral homogeneous solid masses with mild, homogenous enhancement [83] and rather low T2 signals, due to the presence of myeloperoxidase [84].



Helpful signs for diagnosing ovarian lymphoma are bilaterality, bulky abdominal or pelvic nodal conglomerates, and no ascites. Other characteristic imaging signs include the presence of small peripheral cysts, which correspond to preserved ovarian follicles, and encasement of vessels and bowel by the mass without obstruction [84] (Figure 15).




2.3.5. Metastases


Metastases to the ovary notably occur from tumors of the gastrointestinal tract (colon, appendix, stomach, pancreas), as well as from breast or lung primaries [85].



They are bilateral in most cases [86]. Imaging manifestations of metastases depend on their site of origin. Predominantly solid metastases usually originate from gastric or breast primaries, while other GI tract metastases (i.e., appendiceal, colorectal, and pancreaticobiliary) often have larger cystic components [87] (Figure 16). At imaging, if bilateral highly vascular ovarian masses measuring less than 10 cm (or for some authors less than 15 cm) are present, metastases should be considered, especially in cases of known history of malignancy or when an extraovarian primary neoplasm with peritoneal carcinomatosis is depicted [88,89]. They are usually associated with heterogeneous hyperintense signal on T2-weighted images because of the variable degree of cystic degeneration; T2-hypointense components may be seen within the metastatic tumor, yet not of lower signal compared to muscle [87].



Radiologists are often challenged to differentiate a primary ovarian mucinous neoplasm from metastasis by an extraovarian mucinous carcinoma, especially when involvement of the ovary is the initial finding, and the primary neoplasm remains unknown. Accurate differential diagnosis is crucial since it highly impacts the right specialty referral and subsequently, treatment.



Imaging signs supporting the diagnosis of mucinous ovarian metastasis over primary borderline or malignant mucinous tumor include (a) size < 10 cm (or for some authors <15 cm), (b) bilateral involvement, and (c) peritoneal dissemination [88,89].



A helpful sign in distinguishing primary borderline and malignant serous tumors from metastases (since they may both present as bilateral tumors with peritoneal spread), is the presence of papillary projections in the former. An imaging feature indicative of ovarian metastases from colorectal tumors is the ‘mille-feuille sign’ which consists of fine, alternating layers of tumor cells and necrosis with a width/length of ≥10/20 mm within the metastatic tumor [90]. Tumor markers may be used as an additional tool by the radiologist to try and reach a diagnosis and help further work-up since high levels of CA-125 are more often observed in primary serous neoplasms, while CEA is often increased in gastrointestinal cancers. It should be noted though that normal assays of tumor markers do not exclude malignancy, because they may not be elevated in small masses or early clinical stages of ovarian cancers.





2.4. Adolescence-Germ Cell Tumors


Germ cell tumors represent the second largest category of ovarian neoplasms in the general population; however, they are the most frequently occurring subtype in adolescents and young adults [91]. Histological types include teratoma (mature, immature, and monodermal), dysgerminoma, yolk sac tumor (also known as endodermal sinus tumor), embryonal carcinoma, polyembryoma, and choriocarcinoma. The vast majority of these tumors (95%) are benign; in a number of cases germ cell tumors may be associated with elevated tumor markers including human chorionic gonadotropin (HCG), alfa-fetoprotein (AFP), and the recently introduced embryonic serum microRNAs (MiRNA), which helps in the diagnosis and monitoring of such tumors [92].



2.4.1. Mature Cystic Teratoma (Dermoid)


Mature cystic teratoma is the most common benign ovarian neoplasm in children and adolescents, constituting almost half of all neoplasms in this age population. Bilaterality occurs in 10–25% of cases [93]. Typically, it is asymptomatic; however, complications include torsion (3–16%), rupture (1–4%) and less likely infection (1%), and malignant transformation (1–2%) [94].



Imaging characteristics of a mature teratoma include presence of a cystic, fat-containing mass usually with solid components (i.e., dermoid plug or Rokitansky nodule) [95].



At MRI, detection of fatty elements (i.e., high T1 and T2 signal and suppression of signal on fat-suppressed images) is virtually pathognomonic for teratoma. T1-weighted images with saturation of fat is the key sequence for discriminating between fat and hemorrhage (which remains T1 hyperintense). The fat-containing mass shows chemical shift artifact in a significant number of cases (62–87%) [96]. In 25–33% of cases, fat may not be detected within the mass and mature cystic teratomas may, thus, resemble cystic epithelial tumors. In such cases, the wall of the cyst should be carefully inspected for the identification of small T1 and T2 hyperintense foci. Loss of signal intensity on opposed-phase MRI, may assist the diagnosis of intralesional fat [96] (Figure 17). Moreover, DWI may be useful since almost all mature cystic teratomas, even the lipid poor, are known to have a keratinoid component which shows restricted diffusion [97].



Other imaging characteristics of mature teratoma depend on its histologic composition and the presence of sebum, hair, teeth/calcification (in 31% of cases, presenting with low signal intensity at both T1 and T2 weighted images), bone, or cartilage [96].



The solid component of a benign dermoid cyst may show a TIC type 1, 2, or even 3 on DCE which is related to the specific content of the solid tissue of the lesion, without necessarily indicating malignancy (e.g., thyroidal tissue) [98]. Typically, a Rokitansky nodule shows peripheral enhancement, and the lesion is classified as O-RADS MRI 2; however, the presence of large enhancing components within the dermoid, with irregular margins particularly when there is invasion of the cystic wall may indicate malignancy and the lesion is then classified as O-RADS 4 [17]. Most malignant transformations of teratomas (>80%) are of squamous cell histology (SCCs) arising from the ectoderm; less frequently, malignant transformation to carcinoid tumors or adenocarcinomas may occur [99]. Apart from arising in a cystic teratoma, ovarian SCC has been associated with prolonged exposure to various carcinogens and high-risk human papillomavirus (HPV) infection [100].




2.4.2. Immature Teratoma


Immature teratoma is the second most common malignant germ cell tumor in children and adolescents, accounting for 10–20% of all ovarian malignancies in girls younger than 20 years [28]. It is often associated with elevated serum AFP levels (33–65%) [93].



At MRI, in contrast to benign mature teratomas, it tends to be unilateral and larger, more heterogeneous, with more solid elements which enhance, only small, scattered foci of fat and cystic components with usually simple fluid content. In addition, the calcification pattern seems to differ, since calcifications in immature teratoma are irregular and multiple while in mature tumors they are coarsened or toothlike [96,101] (Figure 18).



Tip: Calcifications may be seen in mature or immature teratoma, Brenner tumor, and less commonly, fibrothecoma of the ovary.



Tip: The presence of fat in an ovarian lesion is virtually pathognomonic of a teratoma. Mature cystic teratomas have an increased number of cystic elements and coarse calcifications, and the solid component presents as a Rokitansky nodule. Immature teratomas contain larger amounts of solid tissue, small foci of fat, and scattered calcifications. Although histological diagnosis cannot be reached with imaging, the suspicion of an immature teratoma can certainly be raised.




2.4.3. Dysgerminoma


Dysgerminoma is the most common malignant germ cell tumor in children and adolescents. Predisposing factors include gonadal dysgenesis, abnormal gonads (gonadoblastoma), and chromosomal syndromes (e.g., Turner syndrome) [102]. Tumor markers, such as LDH and ALP or, rarely β-hCG, are elevated.



Unlike immature teratoma, dysgerminoma may involve both ovaries in a small number of cases (10–15%) and may occasionally spread to the retroperitoneal lymph nodes [102].



Dysgerminoma is typically seen as a large, lobulated predominantly solid mass with internal fibrovascular septa. Because of their fibrous nature, the septa demonstrate low T2 signal intensity and intense, homogenous enhancement [103]. Necrosis, hemorrhage, or speckled calcifications are less frequently seen within the tumor (Figure 19).



Note that, in contrast to other fibrous ovarian tumors (i.e., Brenner tumor and fibroma/fibrothecoma), the T2 signal intensity of fibrous tissue in dysgerminomas is not lower but slightly hyperintense to muscle [104].





2.5. Pregnancy


2.5.1. Corpus Luteum Cysts/Theca Lutein Cysts


Corpus luteum cysts, accounting for 13–17% of cystic, pregnancy-related adnexal masses, result from failure of involution of the corpus luteum. The corpus luteum normally forms after ovulation and produces progesterone during the first 8–9 weeks until the placenta takes over [105]. At MRI, corpus luteum cysts appear with variable signal intensity, ragged internal walls, and avid peripheral enhancement [33].



Hyperreactio luteinalis (theca lutein cysts) is a rare condition caused by increased levels of β-hCG and manifests as bilateral, multicystic ovarian masses (spoke-wheel appearance), which can mimic ovarian hyperstimulation syndrome or mucinous borderline tumors (Figure 20). It is highly associated with gestational trophoblastic disease and only rarely seen in normal uncomplicated pregnancies [106].



Luteoma of pregnancy is a rare, non-neoplastic ovarian lesion consisting of proliferating luteinized stromal cells, which under the influence of β-hCG, replace normal ovarian parenchyma. As it is a purely solid mass, its discrimination from solid ovarian neoplasms of stromal origin based on imaging is virtually impossible; however, these tumors are usually associated with androgen secretion which may induce maternal and female fetus virilization. If there is suspicion of ovarian luteoma, intervention is not recommended since these lesions spontaneously regress during the early postpartum period [107].




2.5.2. Decidualized Endometrioma


During pregnancy, the ectopic endometrium is characterized by increasing glandular epithelial secretion, stromal vascularity, and oedema due to increased progesterone levels, a change defined as decidualization [108]. At imaging, decidualized endometrioma often appears as a cystic mass with hemorrhagic fluid and a variable amount of enhancing solid component, which can mimic mucinous borderline neoplasms [35,109]. However, decidualized nodules are usually smaller, with signal intensity similar to that of normal placenta, demonstrating higher signal intensity on T2-weighted images and no restricted diffusion on DWI compared to ovarian cancers [110].




2.5.3. Epithelial Ovarian Cancer


Imaging appearances of ovarian cancer in pregnant women do not differ from those in the general population. Evaluation of size and morphologic features can help in distinguishing benign from malignant lesions and the established US and MRI scoring systems can be applied. However, an important limitation of the O-RADS MRI classification system in the gravid population is that gadolinium administration is strongly discouraged for the characterization of a lesion’s solid component since there are still safety issues regarding the effect of paramagnetic contrast media on the fetus [111,112] (Figure 21).





2.6. Non-Ovarian Masses


2.6.1. Mucinous Rectosigmoid Cancer


Sigmoid colon adenocarcinoma typically invades the bowel circumferentially narrowing its lumen. At MRI, tumor enhancement and restricted diffusion are common findings. Occasionally, a primary colonic cancer can directly invade or metastasize to the ovaries, making it challenging to accurately identify its origin (Figure 22). Another ambitious task is differentiating between the mucinous subtype of rectal cancer and primary mucinous ovarian neoplasms, since in the case of a large mucin-containing mass, it can be difficult to establish the primary site [113].




2.6.2. Appendiceal Mucocele—PMP


Mucocele of the appendix presents as a distended appendix with mucinous content. It is more commonly seen in middle-aged women and in most cases, it is incidentally found [114]. Underlying histology of an appendiceal mucocele may be that of a simple retention cyst, mucosal hyperplasia, cystadenoma, and cystadenocarcinoma. On MRI, a tubular structure communicating with the base of the caecum with high T2 signal fluid content will be seen [115]. If there is irregular thickening of the wall of the dilated appendix or enhancing nodules cystadenocarcinoma should be suspected.



Accurate preoperative diagnosis and differentiation from mucinous ovarian neoplasms is important in order to avoid rupture during surgery and subsequent pseudomyxoma peritonei formation (i.e., mucinous implants throughout the peritoneal cavity) [116]. On MRI, pseudomyxoma peritonei deposits manifest as low T1 and high T2 foci displacing bowel loops centrally and encasing the bowel lumen, causing bowel obstruction. Frequently, large, complex cystic metastases can also be identified in the ovaries. Characteristically, PMP results in scalloped appearance of the liver and spleen, a useful sign to distinguish mucinous implants from loculated ascites [117].



Tip: PMP is more often the result of a ruptured mucinous adenocarcinoma of the appendix—rupture of mucinous ovarian neoplasms rarely occurs.




2.6.3. Liposarcoma/Schwannoma


Sometimes, distinguishing a large ovarian mass that extends in the upper abdominal spaces from a primary retroperitoneal tumor can be challenging. These tumors are usually of mesenchymal (leiomyoma, sarcoma, solitary fibrous tumor) or neurogenic origin (schwannomas, neurofibromas).



To narrow the differential diagnosis, the first step is to assess the presence of intralesional macroscopic fat. Increased signal intensity on T1-weighted images and signal loss after fat saturation is indicative of a fat-containing lesion. If a fatty mass presents with irregular and ill-defined borders, then the diagnosis of liposarcoma should be considered. Liposarcomas are the most common type of retroperitoneal sarcomas [118]. They typically occur in the 5th and 6th decades of life, mostly in females. At imaging, three distinctive patterns are recognized: mixed, solid, and pseudocystic. The most frequent is the mixed pattern, consisting of a fatty mass with soft-tissue component(s) that usually displaces adjacent organs. Well-differentiated liposarcomas contain an increased amount of fat, whereas high-grade liposarcomas are associated with large soft-tissue components, with appearances similar to those of other sarcomas [119].



If the mass appears predominantly solid or has a myxoid component, one should consider a tumor of neurogenic origin. Schwannoma is a benign, encapsulated tumor of neurogenic origin, commonly seen in young to middle-aged women [120]. On MRI, a low T1 and high T2 signal lesion is seen eccentrically located to a nerve. Areas of cystic degeneration, a pseudocapsule, calcifications, or hemorrhagic foci may also be seen.



Several imaging signs have been described and are associated with benign neurogenic tumors [120]. These include: (a) the fat split sign (a thin rim of high T1 signal corresponding to fat around the lesion), (b) the target sign (peripheral high T2 signal myxoid material and central low T2 signal fibrous component), and (c) the fascicular sign (multiple T2 hypointense ring-like structures surrounded by high T2 signal, representing the fascicular bundles within the nerves).



Ancient schwannoma is a rare benign variant characterized by degenerative changes. On imaging, these tumors appear more heterogeneous compared to a typical schwannoma and due to their cystic component, are often misdiagnosed as malignant tumors. Helpful imaging signs in the differential diagnosis include a smooth enhancing fibrous capsule and degenerative areas with enhancing circumference [121].



Their malignant counterpart, MPNST (Malignant Peripheral Nerve Sheath Tumor), is extremely uncommon and rarely occurs in the retroperitoneum. Peripheral enhancement with non-cystic appearance and heterogeneous enhancement may suggest the diagnosis. Other helpful imaging features to differentiate MPNST from BPNST include: (1) size > 5 cm with ill-defined margins, (2) peritumoral edema, (3) intra-tumoral lobulation, (4) absence of target sign, and (5) bone destruction [122] (Figure 23).






3. Conclusions


Accurate differential diagnosis of suspicious pelvic masses based on imaging is crucial since it largely affects clinical management. MRI, with its superior contrast resolution and tissue characterization, can be a useful tool for radiologists. Introduction of 3T magnets in daily clinical routine and application of the O-RADS diagnostic criteria may further familiarize radiologists with the appearances of ovarian cancer and other pelvic diseases that may act as mimickers, increasing their confidence in establishing the site of origin and providing the most likely diagnosis.
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Figure 1. Imaging approach of pelvic masses’ origin. 






Figure 1. Imaging approach of pelvic masses’ origin.



[image: Cancers 15 02106 g001]







[image: Cancers 15 02106 g002 550] 





Figure 2. Ovarian-adnexal reporting and data MRI risk stratification system. 
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Figure 3. High grade serous cystadenocarcinoma with peritoneal and lymph node metastases. Axial T2 weighted image (a) shows a multiloculated right ovarian cystic mass (black arrows) with a large solid component (white arrow). The solid portion (white arrow) demonstrates high signal on axial 1200 b value DWI (b) and low signal on ADC map (c). DCE image analysis (d) demonstrates an intermediate-risk time intensity curve of the solid tissue (TIC type 2, orange line: myometrium, blue line: solid tissue). Axial T2 weighted image of the upper abdomen of the same patient (e) shows right paraaortic lymphadenopathy (white arrow). Shown also is a large peritoneal implant in the pelvis (asterisk in (a); asterisk and short arrow in (b)). 
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Figure 4. Low grade serous cystadenocarcinoma. Axial T2 weighted image (a) shows a multiloculated, predominantly cystic mass at the left ovary (white arrows) with solid tissue (asterisks) showing avid enhancement on the T1 weighted FS CE image ((b), white arrows). 
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Figure 5. Serous epithelial borderline ovarian tumor. Axial T2 weighted image (a) shows a multiloculated cystic lesion at the right ovary (white arrow). A small, papillary projection (black arrow) is present, with avid enhancement on the T1 weighted FS CE image ((b), black arrow). An intermediate-risk time intensity curve (TIC type 2) was detected on DCE image analysis (inset in b, blue line: myometrium, orange/pink lines: papillary projection). 
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Figure 6. Mucinous cystadenoma. T2 weighted image (a) in the coronal plane, shows a large multilocular cystic mass originating from the right ovary (arrows). Corresponding T1 CE FS image (b) shows different signal intensity of various compartments (asterisk), the so-called ‘stained-glass’ appearance. Shown also is the normal left ovary (short arrow in (a,b)). 
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Figure 7. Endometrioid borderline ovarian tumor Axial T2 weighted image (a) shows a cystic mass (large arrow) originating from the right ovary with hemorrhagic content on corresponding axial T1 weighted FS image (b). There are small mural nodules in the right posterolateral aspect of the lesion (small arrows in a and (b)) with restricted diffusivity on corresponding axial high b value DWI image (small arrows in (c)). Note the enhancement of the nodules on the corresponding axial T1 weighted FS CE image (small arrows in (d)). DCE analysis showed a type 2 time–intensity curve (inset in (d), blue line: uterus; yellow/pink line: nodules). 
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Figure 8. Synchronous ovarian and endometrial endometrioid adenocarcinoma. Sagittal T2 weighted image shows a soft-tissue mass occupying the endometrial cavity (white asterisk). Note a solid and cystic mass of the right ovary (arrow) with the solid component (black asterisk) exhibiting similar signal intensity to that of the endometrial mass. 
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Figure 9. Cystadenofibroma. Axial T2 weighted image (a) shows a right-sided ovarian cystic mass (long arrow) with a peripheral solid component of very low signal intensity (short arrow). Corresponding axial high b value (1200) diffusion weighted image (b) shows no restricted diffusion of the solid tissue (arrow). Dynamic contrast-enhanced image (c) demonstrates avid enhancement of the solid part of the lesion (arrow) and a type 2 time–intensity curve (yellow line: uterus; blue line: lesion in inset). 






Figure 9. Cystadenofibroma. Axial T2 weighted image (a) shows a right-sided ovarian cystic mass (long arrow) with a peripheral solid component of very low signal intensity (short arrow). Corresponding axial high b value (1200) diffusion weighted image (b) shows no restricted diffusion of the solid tissue (arrow). Dynamic contrast-enhanced image (c) demonstrates avid enhancement of the solid part of the lesion (arrow) and a type 2 time–intensity curve (yellow line: uterus; blue line: lesion in inset).



[image: Cancers 15 02106 g009]







[image: Cancers 15 02106 g010 550] 





Figure 10. Cellular fibrothecoma. T2 weighted image in the axial oblique plane (a) demonstrates a rather low signal intensity lesion (long white arrow) attached to the lower pole of the right ovary (short white arrow). Corresponding axial high b value (1200) diffusion weighted image (b) and ADC map (c) show restricted diffusion of the lesion (arrow in (b,c)). The lesion shows avid contrast uptake on axial CE T1 weighted image ((d), arrow). DCE analysis of the lesion shows a type 1 time–intensity curve (inset in (d), blue line: lesion; orange line: uterus; blue circle: region of interest (ROI) within the lesion). 
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Figure 11. Degenerative pedunculated leiomyoma mimicking ovarian lesion. Axial T2 weighted image (a) shows a large inhomogeneous mass within the right broad ligament (arrow). Coronal oblique T2 weighted image (b) of the same patient shows the right ovary (short arrow) separate from the mass (long arrow). 
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Figure 12. Acute pelvic inflammatory disease. Axial T2 weighted image (a) shows large tubular pelvic structures bilaterally (arrows) with thick, smooth walls and incomplete folds, containing non-simple fluid, consistent with dilated tubes. Corresponding T1 weighted contrast-enhanced image (b) demonstrates enhancement of the tubal wall but no internal enhancing solid tissue. 
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Figure 13. Malignant Brenner tumor. Axial T2 weighted image (a) shows a large, predominantly solid mass of moderately high signal intensity (white arrows) with areas of lower T2 signal (black arrow), occupying the pelvis. Axial T1 weighted CE image (b) shows mild, heterogeneous enhancement of the mass. 
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Figure 14. Struma ovarii tumor. Axial T2 weighted image (a) shows a predominantly cystic mass (asterisk) with a posteriorly located solid nodule (arrow) in the left ovary showing mild enhancement on the T1 weighted contrast-enhanced image (arrows in (b)) and corresponding to ectopic thyroid tissue. 
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Figure 15. Primary ovarian lymphoma. Axial T2 weighted images (a,b) show bilateral ovarian enlargement (long arrows) with abnormal stromal signal intensity and peripheral displacement of the ovarian follicles (short arrows). The uterus is displaced to the left side of the pelvis by the enlarged left ovary (asterisk in (b)). 
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Figure 16. Metastatic ovarian cancer. Axial T2 weighted image (a) of a postmenopausal woman with primary gastric cancer. Note the presence of small predominantly solid masses in both ovaries (black arrows). Axial T2 weighted image (b) of a premenopausal woman shows a large, mixed cystic, and solid mass in the right adnexa (black arrows) originating from a colon primary. Shown also is a large amount of ascites (asterisk). 
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Figure 17. Mature teratoma. Axial T2 weighted image (a) shows a large, high signal intensity mass (long white arrow) in the right side of the pelvis. The mass demonstrates high signal intensity on corresponding axial T1 weighted image (b) and significant signal drop on T1 weighted FS CE image (c), typical of fatty content (long white arrow). Shown also is the typical fat-containing intra-tumoral Rokitansky nodule (short arrow in (a) and (b)) with peripheral contrast enhancement (short arrow in (c)). 
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Figure 18. Immature teratoma in a 7-year-old girl. Coronal T2 weighted image (a) shows a large cystic right-sided pelvic mass (white arrow) with internal septations and smaller solid components which are enhanced on the T1 weighted FS CE image ((b), white arrow). Axial T1 weighted image (c) shows tiny foci of high signal intensity (long arrow) with signal loss on the T1 weighted FS image ((d), long arrow). Note also a few hemorrhagic foci with high T1 signal intensity on both T1 weighted images (short arrows in (c,d)). 
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Figure 19. Dygerminoma. Axial T2 weighted image (a) shows a predominantly solid ovarian mass (large arrows) with thin low signal intensity internal septa (thin arrows) and cystic/necrotic area (asterisk). T2 weighted image (b) of the same patient at the level of the renal hilum shows multiple enlarged left paraaortic lymph nodes (arrow). 
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Figure 20. Hyperreactio luteinalis (theca lutein cysts) in third-trimester pregnancy. Axial T2 weighted images shows bilateral, multicystic ovarian masses with a spoke-wheel appearance (arrows in (a,b)). No solid tissue is present. 
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Figure 21. Bilateral high grade epithelial ovarian cancer in a 26 gestational week pregnant woman with twins. Axial T2 weighted image (a) shows a mixed cystic-solid left ovarian mass (black arrow). Coronal T2 weighted image (b) of the same patient shows a mixed cystic-solid mass in the contralateral ovary (thick white arrow). Shown also are enlarged left paraaortic lymph nodes (thin arrows) and hepatic metastases (short arrows). F: fetus. 
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Figure 22. Bilateral ovarian metastases (Krukenberg tumors) from colon cancer. Τ2 weighted axial image (a) shows bilateral ovarian soft-tissue masses ((a),arrows) exhibiting inhomogeneous enhancement on corresponding T1 weighted FS CE image ((b), arrows). Axial T2 weighted image (c) of the upper abdomen of the same patient shows extensive circumferential wall thickening of the ascending colon (arrows). 
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Figure 23. Malignant peripheral nerve sheath tumor (MPNST). Coronal T2 weighted image (a) shows a large, encapsulated pelvic mass extending in the upper abdomen (arrows). On the axial T2 weighted FS image (b), the mass consists of a high signal intensity, lobulated component on the left (asterisk) and a lower signal intensity component on the right (arrowhead). 
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