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Epidemiology of Epithelial
Ovarian Carcinoma

Anna Maria Paoletti, Bruno Piras, Monica Pilloni,
Maria Francesca Marotto, Marisa Orru,
Valentina Corda, and Gian Benedetto Melis

Abstract

Epithelial ovarian cancer is the fifth to sixth most common cancer in women, causing more
annual deaths than any other gynecological malignancies in women worldwide. In the
majority of cases, a good prognosis cannot be made at the diagnosis because clinical pre-
sentation of the disease occurs at an advanced stage. In the United States, approximately
one-half of ovarian cancer-afflicted women die of this disease.

Several environmental factors can interfere on the risk of ovarian cancer, and the differ-
ent interferences of some risk factors on the histologic type of tumor lead to hypothesize a
different mechanism of carcinogenesis.

In this view, the epithelial ovarian cancer seems to recognize a proper oncogenetic mech-
anism in which genetic factors, reproductive factors, and some lifestyle factors play an

important role.
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Introduction

Epithelial ovarian cancer is the fifth to sixth most common
cancer in women, causing more annual deaths than any other
gynecological malignancies in women worldwide [1]. In the
majority of cases, a good prognosis cannot be made at the
diagnosis because clinical presentation of the disease occurs
at an advanced stage [2]. In the United States, approximately
one-half of ovarian cancer-afflicted women die of this dis-
ease [3]. One group of tumors is represented by endometri-
oid, mucinous, and low-grade serous carcinomas. They are
discovered in the substance of the ovary, and likely they pro-
ceed in a gradual fashion from benign to malignant. In the
second group, there are the serous carcinomas that appear on
the ovarian surface with the involvement of fallopian tubes,
mesentery, and omentum. This latter group are the most
lethal form of epithelial ovarian cancer [4, 5].

In the absence of current screening methods of the dis-
ease, the evaluation of risk factors seems to play a key role to
do an adequate prevention.

DOI 10.1007/978-1-4614-8633-6_1, © Springer Science+Business Media New York 2013
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Serous Epithelial Ovarian Carcinoma
Family History

A family history of epithelial ovarian cancer confers an
increased risk. Women with one first-degree relative with
epithelial ovarian cancer have an approximately 5 % lifetime
risk for developing ovarian cancer, whereas the risk is 1.6 %
in the general population and it is higher (7 %) in women
with two first-degree relatives with ovarian cancer [6].

Mutations of BRCA1 and BRCA2 Genes

In the last years, the molecular genetic basis of hereditary
predisposition to epithelial ovarian cancer has been largely
evaluated. Prat et al. [7] reported that patients with a family
history of ovarian cancer are classified in three groups: (1)
site-specific ovarian cancer, (2) breast and ovarian cancer
syndrome, and (3) hereditary nonpolyposis colorectal cancer
(HNPCC, Lynch II syndrome).

The first two groups are associated with germ line muta-
tions in the BRCA1 and BRCA2 tumor suppressor genes.
BRCAI gene was identified and cloned in 1994 [8]. The
BRCA2 gene was isolated in 1995 [9]. BRCA1 and BRCA2
are large suppressor genes located on chromosomes 17q21
and 13q12-13, respectively. BRCA1 and BRCA?2 play a key
role in the protection from tumor origin and progression.
Through the interaction with regulatory proteins, they pro-
vide to DNA repair [10], transcriptional regulation of gene
expression, and cell cycle control [10]. In the absence of
BRCA1 or BRCA2 function, DNA repair does not occur,
with changes in the function of p53 leading to progressive
proliferation and accumulation of DNA damage with
increased frequency of malignancy [7].

In the majority of women afflicted by hereditary ovarian
carcinomas, there are mutations in BRCA1 and BRCA2
genes. Two studies in North America demonstrated that
13—15 % of women with invasive ovarian carcinoma are car-
rier of BRCA1/BRCA2 mutations [11, 12]. Risch et al. [13]
reported that in women with invasive ovarian cancer, 7 % are
carriers of BRCA1 mutations and 4 % of BRCA?2 mutations.
In women with BRCA1 mutations, the ovarian cancer is
diagnosed at an average age of 51.2 years, whereas in those
with mutations in BRCA2 gene, the disease is diagnosed in a
higher average age (57.5 years). BRCA1 mutations repre-
sented 83 % of the mutations found in women who were
diagnosed under 50 years of age, and BRCA?2 mutations rep-
resented 60 % of those diagnosed after 60 years age [14].
The BRCA-associated cancers are not usually found in
women younger than 30 years and are rarely diagnosed in
those younger than 40 years [15]. Several studies found that
Jewish women with ovarian cancer are carrier of BRCA1/
BRCA?2 mutations in a higher percentage varying between
29 and 45 % [16-19].
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The lifetime risk of developing ovarian cancer is 40 % for
women carrier mutations in BRCA1, lower for those carrier
of BRCA2 mutations [20].

Serous histology characterizes the ovarian cancer in carri-
ers of BRCA mutations, with only few cases of clear cells or
endometrioid tumors. Unfortunately, the majority of BRCA-
related ovarian cancers show moderate or poor differentia-
tion and present at an advanced surgical stage [17, 21]. In the
screening program using serial Cal25 levels and abdominal
ultrasound, observational cohort studies have shown that nei-
ther Cal25 nor ultrasound demonstrated to be sensitive for
detecting stage I and stage II ovarian cancer [22-26]. Since
1995, the prophylactic oophorectomy for high-risk women at
age 35 years and/or after the completion of childbearing is
recommended by a consensus panel of the National Institute
of Health (NIH) [27]. Thereafter, many reports agree with
the efficacy of prophylactic oophorectomy in the prevention
of epithelial ovarian cancer [28-32]. The study of Rebbeck
et al. [29] was performed in 551 women with disease-
associated germ line BRCA1 or BRCA2 mutations. The inci-
dence of ovarian cancer was determined in 259 who
underwent prophylactic oophorectomy (PO) and in 292
matched controls who were not oophorectomized, but sub-
mitted to a screening follow-up. Among the controls, 19.9 %
ovarian cancer was diagnosed after a mean follow-up of 8.8
years, whereas 2.3 % of women submitted to prophylactic
oophorectomy received the diagnosis of stage I ovarian can-
cer at the time of procedure, and two women (0.8 %) received
a diagnosis of papillary serous peritoneal carcinoma 3.8 and
8.6 years after prophylactic oophorectomy. The study of
Kauff et al. [31] was performed in 890 women with BRCA1
and BRCA2 mutations. Prophylactic ovariectomy decreased
the risk of ovarian cancer in both BRCA1 carriers with a HR
0.13 (95 % CI 0.04-0.46, p<0.002) and BRCA2 carriers
(HR 0.0, no ovarian cancer events were observed in BRCA2
carriers following PO). The study of Finch et al. [32] exam-
ined 1838 women BRCA1/BRCA2 carriers from 32 centers.
With a median follow-up time of 3.5 years, prophylactic
oophorectomy was associated with a significant reduction in
ovarian cancer, with a multivariate relative risk of 0.20 (95 %
CI10.07-0.58, p<0.03). In the majority of cases, prophylactic
oophorectomy is associated with bilateral salpingectomy.
The detailed analyses of the fallopian tubes have shown that
tubal lesions are present in up to 100 % of cases of early
serous cancers associated with familial BRCA mutations and
strongly suggest that the fallopian tube cells may play an
important role in the genesis of BRCA-associated high-grade
serous ovarian carcinoma [33]. The presence of proliferative
multilayered tubal epithelium and tubal intraepithelial carci-
nomas suggests a model of progression from premalignant to
invasive malignant disease [34]. It is thought that cancer cells
are implanted on the surface of the ovary and/or the perito-
neum to induce ovarian or primary peritoneal carcinomas.
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Therefore, a common origin can be hypothesized for tubal,
ovarian, and peritoneal carcinoma. According to Crum et al.
[35], the distal fallopian tube can be a new model for pelvic
serous carcinogenesis. However, the old concepts on the epi-
thelial origin of the serous epithelial ovarian cancer cannot
be excluded [36].

With these concepts in mind, environmental factors and
reproductive factors can interfere in the process of malignant
degeneration and in the progression of the disease, either in
women genetically predisposed or in sporadic epithelial can-
cers that represent a high percentage of epithelial ovarian
cancer [37].

Reproductive Factors and Ovarian Carcinoma

Reproductive hormones are thought to be involved in the eti-
ology of epithelial ovarian cancer. Mainly, the “incessant
ovulation” and the “gonadotropin hypothesis” have been
linked with the ovarian carcinogenesis.

The “incessant ovulation” hypothesis suggests that the
risk of epithelial ovarian cancer increases with the number of
ovulations, because the traumatized epithelium of ruptured
follicles is recurrently repaired and exposed to estrogen-rich
follicular fluid. Thereafter, the growth factors (GFs) involved
in the postovulatory repair and impaired regulation of GFs
are hypothesized as promoters of malignant transformation.
In accordance with this hypothesis, it has been demonstrated
that epithelial growth factor (EGF) stimulates growth in sev-
eral human ovarian cancer cell lines capable of secreting
EGF whose receptors have been frequently expressed in
their surface [38—40].

The “gonadotropin hypothesis” suggests that high gonad-
otropin levels stimulate the ovarian surface epithelium. In
animal studies, the suppression of gonadotropin secretion
obtained with a GnRH analog treatment inhibits the genesis
of tumor in mice genetically predisposed to the development
of ovarian tumor [41]. The presence of gonadotropin recep-
tors in ovarian surface is demonstrated only by some studies
[42, 43], whereas other authors did not confirm them [44].
Both hypotheses can explain the epidemiologic studies
showing a reduced risk of epithelial ovarian cancer in women
with increasing parity, who are breastfeeding, and using oral
contraceptives. During pregnancy, there is a natural hor-
monal contraception with the loss of gonadotropin secretion
as a consequence of the negative feedback of steroid hor-
mones and the inhibition of ovulation. The full-term preg-
nancy has been demonstrated to reduce up to 3040 % the
risk of epithelial ovarian cancer [45—47], and each pregnancy
after the first induces a further 14-20 % risk reduction [47,
48]. There are conflicting data about the relationship between
the age at the first pregnancy and the protection of epithelial
ovarian cancer, with some authors identifying a protection

factor at first full-term pregnancy at late age [45, 47, 49],
whereas others did not show association between these fac-
tors [46, 50, 51]. The lactation is also a period of natural
anovulation dependent on the suckling-induced hyperprolac-
tinemia that leads to neuroendocrine mechanisms causing
the reduction of GnRH and gonadotropin secretion. The
majority of the studies shows a decreased risk of epithelial
ovarian cancer with lactation [47, 50, 52], with the evidence
that the lactation during the initial months after delivery
offers the major protection [52].

In this context, it is important to know epidemiological
data on the relationship between the use of pharmacological-
induced anovulation and  pharmacological-induced
hyperovulation.

As above reported, the use of oral contraceptives is asso-
ciated with a reduced risk of ovarian cancer. The study of
Hannaford et al. [53] clearly demonstrates that compared to
never oral contraceptive users, the ever oral contraceptive
users have a significant reduced risk of epithelial ovarian
cancer (relative risk, 0.54; CI, 95 %, 0.40-0.71). The onset
of the Royal College of General Practitioners’ oral contra-
ceptive study [53] was since 1968, and at the end of the
study, at 2004, it examined 744,717 women years of obser-
vation for ever oral contraceptive users and 339,349 women
years for never oral contraceptive users. The number of
women with epithelial ovarian cancer was 96 in ever oral
contraceptive user women and 93 in never oral contraceptive
user women, with an observed rate and standardized rate of
12.57 and 13.23, respectively, in ever users versus 26.54 and
24.66 in never users [53]. In addition, it has been demon-
strated that the greater reduction in ovarian cancer risk is
associated with a longer oral contraceptives use [54]. The
reduced risk persists for more than 30 years after the inter-
ruption of oral contraceptive use, with an attenuation propor-
tional to years by the oral contraceptive cessation [54]. In the
conclusion of their study, the authors suggest that the oral
contraceptive use prevented 200,000 ovarian cancer and
100,000 deaths for this disease [54].

On the contrary, the exposition to multiple folliculogene-
sis or superovulation, induced by the use of clomiphene
citrate [55] or of human menopausal gonadotropins (hMG)
[56], has been reported as a risk factor of ovarian cancer [55,
56]. These drugs are used in women affected by infertility,
and it is unclear if infertility is “per se”” a promoter risk factor
for ovarian cancer or if the drugs used to induce superovulation
can play a role throughout a higher stimulation of epithelial
ovarian cells. Although some authors agree with this last
mechanism [55-59], numerous studies showed a higher inci-
dence of epithelial ovarian cancer in infertile women com-
pared with controls independent of the use of drugs capable
of inducing superovulation. Contrasting data are reported
about the role of infertility “per se” on ovarian cancer risk.
Some authors report a similar incidence of ovarian cancer in



fertile and infertile women followed for 10 years [60-63],
whereas other studies show an increased risk of ovarian can-
cer in infertile women [55, 64-66]. The hypothesis that nul-
liparity dependent on infertility could be the real risk factor
of epithelial ovarian cancer instead of infertility has been
investigated [67—69]. Nevertheless, all the case—control
studies demonstrate only a nonsignificant increased risk of
epithelial ovarian cancer in nulliparous versus parous women
with a history of infertility [67—69]. In their analysis, Ness
et al. [67] and Whittemore et al. [68] reported that the years
of nulliparity are directly related with an increased risk of
epithelial ovarian cancer. These epidemiological studies
reinforce the hypothesis that incessant ovulation is an impor-
tant risk factor of epithelial ovarian cancer.

The relationship between increased epithelial ovarian
cancer risk and the cause of infertility has been also evalu-
ated. Endometriosis seems to be a common risk factor either
for infertility or for epithelial ovarian cancer [64]. The infer-
tility dependent on endometriosis seems to not interfere on
the risk of ovarian cancer through the mechanism of inces-
sant ovulation, as suggested for the association between nul-
liparity and epithelial ovarian cancer risk. Melin et al. [70]
show that the risk of epithelial ovarian cancer is increased
independently on the parity. The link of endometriosis and
ovarian cancer could be the increased activation of immune
system, with phenomena of angiogenesis and neurogenesis
interfering in the multiplication of endometriosis cells. In
accordance with these mechanisms, it is also known that
endometrioid and clear cell ovarian cancers show a higher
incidence in women with endometriosis in comparison with
control subjects [71]. Other known factors of infertility, such
as the polycystic ovary syndrome in lean women, do not
seem to be a risk factor of epithelial ovarian cancer [72]. In
polycystic ovary syndrome-affected women with a high
body mass index, the demonstrated increase of epithelial
ovarian cancer risk [72] could depend on other than polycys-
tic ovary syndrome factors, such as the presence of excessive
adipose tissues or disorders of insulin metabolism, as sug-
gested by studies on the relationship between body mass
index and ovarian cancer risk [73].

In accordance with the hypothesis that epithelial ovarian
cancer could derive from epithelial cells of distal tubes [35],
the tubal ligation has been reported to protect from ovarian
cancer [49, 50, 67, 74-76]. Nevertheless, the mechanism
involved in protection on epithelial ovarian cancer by tubal
ligation could be the reduction of ovarian blood flow, as con-
sequence of the ligation of ovarian branches of the uterine
arteries that run parallel to the tubes. The same mechanism
could explain the reported protective effect of hysterectomy
on epithelial ovarian cancer [74-76].

In conclusion, tubal ligation and a persistent time with the
absent insult on epithelial ovarian cells, such as that obtained
with the use of oral contraceptives or with multiparity, seem

A.M. Paoletti et al.

to be the major factors involved in the protection of epithe-
lial ovarian cancer. In the context of factors impairing the
woman’s fertility, endometriosis has been recognized the
major factor risk, mainly of the endometrioid and clear cells
ovarian cancer.

Obesity, Anthropometric Measures,

and Ovarian Carcinoma

It has been demonstrated that obesity is a risk factor for many
gynecological cancers, with a strong evidence for breast can-
cer and endometrial cancer [77].

As suggested for the increased breast cancer risk in obese
women, the mechanism through which the excessive adipose
tissue could favor ovarian cancer risk seems to depend on the
secretive factors deriving from the adipose cells. In addition
to aromatase enzyme, involved in the synthesis of estrogens
by androgen precursors, adipose cells secrete leptin, inter-
leukins, such as tumor necrosis factor o (TNFa) and interleu-
kin-6 that directly favor the mitosis of epithelial cells and,
through their action on pancreatic -cells stimulate the secre-
tion of insulin and insulin growth factors. These last factors
concur to potentiate the mitotic activity on epithelial cells
[78]. In accordance with this hypothesis, a reduced survival
to ovarian cancer has been reported in women with major
expression of leptin receptors in ovarian epithelial cells in
comparison with those with lower expression of the above
receptors [79]. A pooled analysis of primary data from 12
prospective cohort studies from North America and Europe
examined the association of height, body mass index, and
ovarian cancer risk [80]. A total of 531,583 women was the
study population, with 2,036 women diagnosed with epithe-
lial ovarian cancer. In the subjects with height >1.70 m, the
relative risk of ovarian cancer was higher than in women
with height <1.60 m (relative risk, 1.38; 95 % confidence
interval, 1.16—-1.65). The relative risk showed to be higher in
premenopausal than in postmenopausal women. As for the
relationship of ovarian cancer risk and body mass index, the
same study [80] reports that women with a body mass index
>30 compared to women with a body mass index ranged
from 18.5 to 23 had a significant higher risk of ovarian can-
cer, but only in the group of premenopausal women (RR,
1.72; 95 % confidence interval, 0.87—1.33) [80].

In an epidemiologic study on 226,798 women evaluated
throughout 8.9 years, 611 cases of epithelial ovarian carci-
noma have been diagnosed. The relative risk was significantly
higher in women with a body mass index >30 in comparison
than those with a body mass index <25 (relative risk, 1.33;
95 % confidence interval, 1.05-1.68; p=0.02) [73]. On the
contrary of the above reported study [80], the relative risk
was higher in postmenopausal (relative risk, 1.59; 95 % con-
fidence interval, 1.20-2.10) than in premenopausal women
(relative risk, 1.16; 95 % confidence interval, 0.65-2.06;
p=0.65). Adipose tissue distribution did not show to be
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related with the risk of ovarian. In fact, no significant increase
of relative risk of ovarian cancer has been found in women
with a higher waist to hip ratio, marker of a central distribu-
tion of adipose tissue known for its secretory pattern of
inflammatory factors [78].

Nutrition Factors, Physical Exercise,

and Ovarian Cancer

The link of adipose tissue with an increased risk of ovarian
carcinoma induces to hypothesize that similar to other gyne-
cological cancers, a fat-rich diet and/or a reduced physical
activity could favor ovarian carcinoma risk, whereas a fruit-
rich diet could exert an opposite effect on the ovarian carci-
noma risk, as suggested by Kolahdooz et al. [81] and by
Bidoli et al. [82]. A case—control study in which 455 cases of
ovarian cancer were compared with 1,385 age-matched con-
trols showed that the high consumption of meat increases the
risk of ovarian cancer (relative risk, 1.6; 95 % confidence
interval, 1.2-2.12) and a parallel decreased risk was calcu-
lated in women assuming a diet rich in whole-grain bread
and pasta [83]. A larger study in the United States performed
in more than 29,000 women demonstrated a higher carci-
noma ovarian risk in women assuming a diet rich in carbohy-
drate, eggs, and dairy and a reduced risk in those assuming a
diet with a high quantity of vegetables [84]. However, the
same study did not confirm the association of increased ovar-
ian cancer risk and a high meat intake [84]. A sugar-rich diet
has also been associated with an increased ovarian carci-
noma risk [85]. According with these studies, a change in
diet has been hypothesized the factor involved in the increase
of ovarian cancer incidence in women migrants from Japan
to the United States [86]. A very interesting study has been
published by Aschebrook-Kilfoy et al. [§7] on the exposure
to diet containing nitrate and nitrite. These compounds were
studied in relationship to their role as precursors of the
endogenous synthesis of N-nitroso compounds which have
been demonstrated to induce tumors in animals [88]. Nitrite
and nitrate are present in many nutrients, commonly used in
industrialized nations, as some vegetables. They are present
as contaminant in drinking water, and as additive in some
meat, ham, and bacon to prevent the growth of bacteria. The
study of Aschebrook-Kilfoy et al. [87], promoted by the
National Institutes of Health (NIH)-AARP Diet and Health
Study, included 151,316 women aged 50-61 years and eval-
uated the frequency of nitrate and nitrite intake through a
validated questionnaire. At the end of the study, the authors
found that a nitrate-rich diet significantly increases the risk
of epithelial ovarian cancer [87].

Although numerous studies on diet and ovarian carci-
noma risk have been published so far, up to now no conclu-
sive data have been produced on some nutrients, whereas
there is agreement on a relationship between increased ovar-
ian carcinoma risk and excessive assumption of fat, meat,

and sugar. Physical exercise seems to protect from ovarian
carcinoma [89, 90], but strenuous exercise is directly related
with increased risk of ovarian carcinoma [90]. It is possible
to hypothesize that moderate exercise potentiates the caloric
expenditure with a decreased adipose tissue and their inflam-
matory growth factors, whereas strenuous exercise induces
an opposite mechanism with the purpose to defend the body
by excessive stress factors deriving from the continuous loss
of energy. Further studies are needed to demonstrate these
hypotheses, but it is confirmed that diet rich in nutrient
known for their role in reducing the oxidative stress, such as
the tea [91], is associated with a reduced mortality in women
with ovarian carcinoma [92]. The study of Zhang et al. [92]
comprised a cohort of 254 patients with epithelial ovarian
cancer which were followed for at least 3 years. The survival
of the patients was higher in green tea drinker than in non-
drinker patients [92]. The comparison between drinkers and
nondrinkers showed that the survival is directly related to the
quantity of green tea consumed every day [92]. The loss of
high consumption of tea in China and other countries of
Asia, associated with increased intake of fat nutrients, could
be the cause of increased ovarian risk, likely of other tumors,
in migrant women from Asia to the United States and other
western countries. In addition to its antioxidative effect,
green tea could act through its polyphenolic compounds that
have demonstrated anticarcinogenic properties in studies in
vitro and in animal studies [93]. The study showing that the
tea component, theanine, potentiates the antitumor activity
of some chemotherapeutic agents [94], induces also to its
useful in clinical chemotherapy in association with the che-
motherapeutic drugs [95]. Other nutrient factors related to a
protective role in ovarian cancer are fibers, carotene, vitamin
C, vitamin E, and retinol [96].

A very important role could be also exerted by a lifestyle:
an increased sun exposure induces the production of vitamin
D by the ultraviolet (UV)-B radiation in sunlight that con-
verts 7-dehydrocholesterol to vitamin D3 in the skin. Vitamin
D is also contained in some foods, such as some fish, with
small amounts present in beef liver, cheese, and egg yolks
[97, 98].

In the study of Lefkowitz and Garland [99], the ovarian
cancer mortality was reported higher in women with a low
regional sunlight exposure. More convincing data on the
protective role of vitamin D in ovarian cancer are given by
the demonstration that in animal model, vitamin D and its
synthetic analogs are capable of both inhibiting the growth
and inducing the apoptosis of ovarian cells [100, 101]. The
receptors of vitamin D have been found in human ovarian
tumor cells [100, 102-104]. A systematic literature review
on this topic has been published by Cook et al. [105]. After
the revision of all papers on vitamin D and ovarian cancer,
the authors report the results of 20 full-text articles. These
articles included 10 ecologic studies conducted in various



countries [99, 106—-114], 6 case—control studies [82, 115—
119], and 4 cohort studies [84, 120-122]. Unfortunately,
after the evaluation of all studies, Cook et al. [105] conclude
that there are no strong evidences on the protective role of
vitamin D in ovarian cancer incidence and mortality [105].
The meta-analysis of Yin et al. [123] on the circulating vita-
min D and ovarian cancer incidence examines 10 longitudi-
nal studies included in 4 articles [121, 124-126] and
comprises a total of 2,488 subjects including 883 cases of
ovarian cancer. The summary relative risk between circulat-
ing vitamin D levels over 20 ng/ml and a reduction of ovar-
ian cancer incidence is 0.83 (95 % confidence interval,
0.63-1.08), showing only a weak, but not significant
(p=0.160), inverse association between circulating vitamin
D levels and ovarian cancer risk [123]. The no conclusive
epidemiological studies on vitamin D and ovarian cancer
protection could depend on the difference in the vitamin D
receptor in the studied populations. In fact, the functional
polymorphism rs2228570 in the vitamin D receptor has been
found higher in the younger than in older women with ovar-
ian carcinoma by the examination of five studies within the
ovarian cancer association consortium [127].

Other lifestyle factors studied to evaluate their connection
with ovarian cancer risk are alcohol drinking and smoking
exposure. Alcohol has been hypothesized to be a risk factor
of ovarian cancer in relation to their known mechanisms of
both induction of oxidative products acting as cocarcinogenic
factors and depletion of folate and other nutrients [128].
Several studies have been published on this topic with con-
trasting findings. The meta-analysis published by Bagnardi
et al. [129] examined a total of 235 studies including over
117,000 cases. In this study, there is no correlation between
ovarian cancer risk and a low alcohol intake (25 g/day) (rela-
tive risk, 1.11; 95 % confidence interval, 1.00-1.24), but the
relative risk increases up to 1.53 (95 % confidence interval,
1.03-2.32) in women assuming a higher daily alcohol intake
(100 g/day). On the contrary, the study of Webb et al. [130]
conducted in Australian population women showed that wine
drink, but not beer or sherry/spirit drinks, is associated with a
significant reduction of ovarian cancer risk in drinkers 1 wine
glass/day versus nondrinkers, with a relative risk of 0.56
(95 % confidence interval, 0.33-0.93). In the conclusion of
their work, the authors think that this protective effect could
depend on the antioxidant factors present in the wine, mainly
in the red wine [130]. Another study did not evidence correla-
tions between the ovarian carcinoma risk and alcohol drink
[131]. Similarly, a recent systematic review and meta-analy-
sis do not provide evidences of an increased or reduced risk
of ovarian carcinoma in women who are heavy drinkers
[132]. The study examined 23 case—control studies and 4
cohort studies. The authors found an overall relative risk of
1.00 (95 % confidence interval, 0.95-1.05) [132]. The rela-
tionship between ovarian cancer and smoking emerged in
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2009 when the International Agency for Research and Cancer
added the rare form of ovarian cancer, the mucinous ovarian
tumor, in the list of tobacco-related cancer [133]. With the
purpose to know whether smoking could be a risk factor for
other ovarian cancer subtypes, the study of Collaborative
Group on Epidemiological Studies of Ovarian Cancer exam-
ined 51 epidemiological studies with data for 28,114 women
with and 94,942 women without ovarian cancer [134]. The
study confirms the significant (p=0.0001) higher risk of
mucinous ovarian cancer in current versus never smoker
women (relative risk, 1.79; 95 % confidence interval, 1.60—
2.00), but does not show a significant relationship between
smoking and serous ovarian cancer (relative risk, 0.99; 95 %
confidence interval, 0.93-1.06; p=0.8). Endometrioid and
clear cell ovarian cancers were not directly but inversely cor-
related with smoking (endometrioid tumor, relative risk is
0.81; 95 % confidence interval, 0.72-0.92; p=0.001. Clear
cell tumor, relative risk is 0.80; 95 % confidence interval,
0.65-0.97; p=0.03) [134]. The opposite effects of smoking
on mucinous ovarian tumor and on endometrioid and clear
cells ovarian tumors associated with a neutral effect on serous
ovarian cancer are interpreted by the authors as a “substantial
no effect of smoking on the overall ovarian cancer risk....and
that the different subtypes of ovarian cancer recognize a dif-
ferent mechanism of carcinogenesis™ [134].

In conclusion, many environmental factors can interfere
on the risk of ovarian cancer, and the different interferences
of some risk factors on the histologic type of tumor lead to
hypothesize a different mechanism of carcinogenesis. In this
view, the epithelial ovarian cancer seems to recognize a
proper oncogenetic mechanism in which genetic factors,
reproductive factors, and some lifestyle factors play an
important role.
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Abstract

The histology of ovarian tumors exhibits a wide variety of histological features. The World
Health Organization (WHO) histological classification subdivides ovarian tumors accord-
ing to histogenetic principles as epithelial tumors arising from surface miillerian epithe-
lium, sex cord-stromal tumors, germ cell tumors, and metastatic tumors. Gross and
microscopic findings and immunohistochemical features are reported for each group.

Keywords

Histology * Pathology ¢ Ovarian neoplasm ¢ Epithelial tumors ¢ Sex cord-stromal tumors ¢
Germ cell tumors ¢ Metastatic tumors

G. Parodo, MD (0<)) ¢ C. Gerosa, MD ¢ S. Soddu, MD
Division of Pathology,

Department of Surgical Sciences,

University of Cagliari, Cagliari 09124, Italy

e-mail: giusiparodo @tiscali.it

L. Saba et al. (eds.), Ovarian Neoplasm Imaging,

Nonneoplastic Lesion of the Ovary
Cysts of Follicular Origin

During prepuberal and reproductive years, the functional fol-
licle cysts and corpus luteum cysts measuring 3—10 cm in
diameter are, by definition, benign. These lesions are often
completely asymptomatic; most resolve spontaneously but
may cause acute abdominal pain secondary to rupture and
hemoperitoneum or torsion.

The cysts of follicular origin are solitary and fluid-filled.
At microscopy follicular cysts are lined by granulosa cells,
with a surrounding layer of theca cells (Fig. 1); both layers
may show luteinization; corpus luteum cysts commonly con-
tain intracystic hemorrhage, show a yellow rim of variable
thickness, and are lined by a thick undulating layer of granu-
losa and theca cells, with prominent luteinization.

Differential Diagnosis
e Cystic granulosa cell tumor
e Surface epithelial cystoadenoma
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Pregnancy Luteoma

It can mimic an ovarian neoplasia both grossly and micro-
scopically. These tumorlike lesions, more common in
black women, are composed of luteinized cells occurring
during pregnancy secondary to hormonal stimulations.
Macroscopically, pregnancy luteoma presents as one or mul-
tiple (30 % are bilateral, 50 % are multiple) solid masses

Fig.1 Follicular cyst is lined by several layers of granulosa cells (arrow)

with multiple circumscribed nodules that show a red-brown
cut surface. At microscopy, nodules are well-circumscribed
and luteinized cells show abundant eosinophilic cytoplasm,
central and regular nuclei and prominent nucleoli (Fig. 2).
Mitoses could be up to 7/10 HPFs. Necrotic and degenera-
tive changes may be present. Usually pregnancy luteoma
regresses after delivery.

Differential Diagnosis
e Steroid cell tumor

e Leydig cell tumor

e Thecoma

Endometrioma (Endometriotic Cyst)

Ovarian endometriosis is a common finding and frequently
gives to cystic masses (endometriomas): it is often bilateral
and usually presents during the reproductive age. The macro-
scopic appearance is that of a large cystic mass (usu-
ally<15 cm) with a thick wall that often replaces the ovary
completely. Frequently, the ovarian surface is covered by
dense fibrous adhesions. The intracystic material is dense
and brown (“chocolate cyst”). The variable microscopic
appearance is due to the different ectopic endometrial glands
and stromal response to the hormonal milieu of the men-
strual cycle. Endometrial glands surrounded by endometrial-
type stroma may show inactive or proliferative, secretory, or

Fig.2 Pregnancy luteoma is composed of luteinized cells with abundant eosinophilic cytoplasm (a); central and regular nuclei and prominent
nucleoli are present (b)
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Fig. 3 Endometriosis. Endometriotic cyst is lined by endometrial-type epithelium (a); endometrioid gland is surrounded by endometrial-type

stroma (b); atrophic changes of epithelium (c)

Fig. 4 Granulation tissue macrophages and siderophages (arrow) in
endometrioma

atrophic changes (Fig. 3). Fibrosis and inflammation also
interfere with macro- and microscopic features. Often, in
non-recent cases, where we cannot find a well-defined
glandular or stromal structure, the histological diagnosis is
suggested by indirect signs including granulation tissue,
macrophages, and siderophages (Fig. 4). Foci with epithelial
atypia are often detected (atypical endometriosis), but they
should not be mistaken for malignant transformation.
Ancillary immunohistochemical studies may help to detect
endometrial stroma and glandular structures.

Differential Diagnosis
* Benign hemorrhagic cyst of follicular origin
¢ Chronic tubo-ovarian abscesses
e Cystoadenomas
* Unilocular granulosa cell tumors
Secondary neoplasm (clear cell or endometrioid carcinoma)
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Ovarian Tumors

Ovarian tumors, according to the WHO classification (2003),
can be primary or secondary (metastatic). Primary ovarian
tumors arise from surface miillerian epithelium or from sex
cord-stroma or from germ cells.

Surface Epithelial Tumors of the Ovary

Surface epithelial tumors are the most common neoplasms of
the ovary. They may arise from the surface epithelium, from
the fallopian tube epithelium, or from preexistent ovarian
endometriosis. Surface epithelial tumors are classified into
serous (46 %), mucinous (36 %), endometrioid (8 %), clear
cells 3 %), transitional (2 %), undifferentiated (2 %), and
mixed (3 %) on the basis of their different cell type.
Histological features allow us to subclassify these tumors as
benign, borderline and malignant. By definition, the border-
line tumors lack destructive stromal invasion but show other
histological features of malignancy (nuclear atypia, cellular
stratification, mitotic activity). Their clinical behavior is
mostly benign but, caveat, as far as serous borderline surface
tumors are concerned, they are frequently associated with
extraovarian disease and present a clinical behavior interme-
diate between benign tumors and invasive serous carcinomas.

Tumor stage, according to FIGO, is the most important
prognostic factor; stage can only be assigned after comple-
tion of a proper surgical staging procedure. Tumor grading is
done on the basis of architectural and cytologic atypia;
mitotic count is another prognostic factor, but its prognostic
value and reproducibility remain to be determined.

Serous Surface Epithelial Tumors

Serous Cystoadenoma, Cystoadenofibroma,

and Adenofibroma

It is the most common serous benign ovarian neoplasm
(50 %), occurs in the reproductive age, is composed of vary-
ing amounts of fibrous stroma and cysts and is subclassified
by the WHO in serous cystoadenoma, cystoadenofibroma,
and adenofibroma. These tumors range in size from 1 to
10 cm and are bilateral in 20 % of the cases. Smooth-walled
unilocular or multilocular cysts are lined by nonstratified
tubal-type epithelium. Epithelial cells do not show nuclear
atypia, mitoses and necrosis. Torsion, rupture, and infection
are the most common complications.

Differential Diagnosis

» Epithelial inclusion cyst
e Opvarian rete cyst

¢ Endometriotic cyst

e Struma ovarii

* Serous borderline tumor
*  Mucinous cystoadenoma

Fig.5 Serous borderline tumor: the inner layer of the cyst is composed
of large and small confluent papillae with complex hierarchical
branching

Serous Borderline Tumor (Serous Tumor

of Low Malignant Potential)

Serous borderline tumors occur more frequently during the
fourth and fifth decades and usually in the reproductive age.
They form bilateral (3040 %) large cystic or solid and cys-
tic masses with surface papillary epithelial structures. The
inner layer of the cyst is composed of large and small conflu-
ent papillae with complex hierarchical branching (Fig. 5).
The lining cells are tall to columnar with stratification, mild—
moderate atypia, and sparse mitoses (Fig. 6). Psammoma
bodies can be present. Foci of stromal microinvasion
(<10 mm?) do not warrant a diagnosis of carcinoma.
Extraovarian peritoneal and lymph node implants may be
present at the time of detection. The extraovarian serous
implants are classified according to the WHO as invasive or
noninvasive, epithelial or desmoplastic, on the basis of the
interface between the implant and normal tissue. The micro-
papillary variant of serous borderline tumors is more fre-
quently associated with bilaterality, ovarian surface
involvement and extraovarian implants, some of which may
be invasive. The course of disease is indolent. Tumor stage is
an important prognostic factor; invasive extraovarian
implants confer a comparatively poor prognosis. Serous bor-
derline tumor cells are immunoreactive for CK7, EMA,
WT1, CA125 while are CK20 negative. Point mutations in
BRAF or K-RAS are frequently associated with serous bor-
derline tumors, but no association with germ line or somatic
BRCA1/BRCA?2 mutations has been reported.

Differential Diagnosis

* Serous borderline tumor with focal proliferation
¢ Serous adenocarcinoma

e Well-differentiated papillary mesothelioma

e Struma ovarii

*  Mucinous borderline tumor, endocervical type
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Fig.6 Serous borderline tumor: the lining cells are tall to columnar with stratification (a); mild-moderate atypia and sparse mitosis are present (b)

Fig.7 Bilateral serous adenocarcinoma: solid masses replace both ovaries (a); cut surface shows also areas of necrosis; perfect concordance with
the transvaginal scan (b)

Serous Adenocarcinoma

Serous carcinoma comprises 35 % of all ovarian tumors, the
incidence peak being in the sixth to seventh decades. At the
time of diagnosis, pelvic ovarian masses, peritoneal spread
and ascites are present. Serous carcinoma forms solid and
cystic masses (Fig. 7) that frequently show areas of necrosis
and hemorrhage. At microscopy, complex papillae, glands
with malignant cellular stratification, and psammoma bodies
are observed. The immunohistochemical profile is similar to
that typically found in benign and borderline serous tumors.
Grading, from 1 to 3 according to the WHO, is based on
architectural features and nuclear atypia (Fig. 8). Molecular
studies show somatic or germ line abnormalities of BRCA1/

BRCA2 genes in high-grade tumors. In contrast, low-grade
serous carcinoma shows a molecular profile similar to that of
serous borderline tumors (BRAF or K-RAS mutation).

Differential Diagnosis

¢ Serous borderline tumor

¢ Endometrioid adenocarcinoma

¢ (Clear cell carcinoma

e Transitional cell carcinoma

e Primary peritoneal serous carcinoma

e Peritoneal papillary mesothelioma

e Metastatic serous carcinoma of endometrium
¢ Metastatic breast carcinoma



G. Parodo et al.

Fig. 8 High-grade serous carcinoma: solid growth with marked cyto-
logic atypia and psammoma bodies (arrow)

Mucinous Surface Epithelial Tumors

Primary ovarian mucinous tumors include cystoadenomas,
borderline or low malignant potential tumors, and carcino-
mas (intraepithelial and invasive). Cystoadenomas and bor-
derline tumors are, by definition, noninvasive and are
distinguished by their degree of complexity and epithelial
proliferation. Frequently, in the same tumor there is a mor-
phologic spectrum of epithelial proliferations which include
benign, borderline, and malignant features; therefore, an
appropriate histological sampling is very important for a
correct diagnosis. Mucinous tumors with the same histologi-
cal features can also occur in extraovarian sites; ovarian
metastases from tumors of gastrointestinal and biliary tract
can simulate primary ovarian mucinous carcinoma. Even
with the aid of ancillary immunohistochemical techniques,
and in expert hands, distinction of primary from metastatic
mucinous carcinoma may be very difficult. Mucinous epi-
thelial tumors may coexist with Brenner tumors (Fig. 9): it
has been suggested that the majority of intestinal-type muci-
nous tumors arise from Brenner tumors or transitional cell
nests.

Benign Mucinous Tumors (Cystoadenoma,
Cystoadenofibroma, and Adenofibroma)

Benign mucinous tumors are composed of intestinal-type or
endocervical-like mucinous epithelium. They account for the
majority of mucinous ovarian tumors (80 %). They are uni-
locular or multilocular tumors of variable size, ranging from
a few to over 30 cm. They are typically unilateral; the cap-
sula is thick and white with a smooth outer surface. Mucinous
cysts contain gelatinous material and are composed of glands
and cysts lined by columnar, pale-staining epithelium; strati-
fication and atypia are absent (Fig. 10).

Fig. 9 Mixed tumor: mucinous borderline tumor, intestinal type, and
benign Brenner tumor

Mucinous Borderline Tumor (Mucinous Tumor

of Low Malignant Potential)

Two histological types of mucinous borderline tumors are
distinguished: intestinal type and endocervical-like. The first
type (Fig. 11) is a large, multicystic and unilateral (>95 %)
tumor lined by stratified intestinal-type epithelium with pap-
illary intraglandular growth, mild to moderate nuclear atypia,
and rare mitoses. Stromal invasion is absent (Fig. 12).
Intestinal-type mucinous borderline tumors at immunohisto-
chemistry are CEA positive, CA125 negative, CK7 and CK20
positive. At presentation, most of them are stage I and have a
benign clinical course. Patients with associated peritoneal
implants, foci of intraepithelial carcinoma, or stromal micro-
invasion have an excellent prognosis (100 % survival). Recent
studies show that advanced stage intestinal-type mucinous
borderline tumors with adverse outcome represent in fact
metastases from occult extraovarian primary tumors.

Differential Diagnosis

* Mucinous cystoadenoma with focal proliferation

¢ Mucinous adenocarcinoma

* Metastatic adenocarcinoma (appendix, colon, stomach,
pancreatobiliary tract, cervix, lung)

In contrast to intestinal-type mucinous borderline tumors,
endocervical-like neoplasms are less common, usually
smaller, frequently bilateral and associated with endometri-
osis. Tumor cells are CK7 positive and CK20 negative. These
tumors are often admixed with a component of serous bor-
derline tumor.

Differential Diagnosis
e Serous borderline tumor
e Mucinous borderline tumor, intestinal type
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Fig. 12 Mucinous borderline tumor, intestinal type: complex papillary folds (a); intestinal-type epithelium with goblet cells, mild to moderate
cytologic atypia, and focal mitoses (b)
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Fig. 13 Mucinous carcinoma: on cut surface the tumor is partly cystic multiloculated filled with mucoid material (perfect concordance with the

transvaginal scan) (a) partly solid with areas of necrosis (arrow) (b)

Mucinous Adenocarcinoma

Mucinous adenocarcinomas are <15 % of all mucinous ovar-
ian tumors and most of them are stage I at presentation. The
tumoral masses are solid and cystic and may contain foci of
necrosis and hemorrhage (Fig. 13). Ovarian surface involve-
ment is rare but large tumors may present capsular rupture.
Different patterns of stromal invasion can be recognized in
intestinal-type adenocarcinoma: (1) confluent or expansile
pattern (complex, crowded, confluent glands with cytologic
atypia and little stroma) (Fig. 14); (2) infiltrative and destruc-
tive pattern (Fig. 15), more frequent in metastatic tumors.
Areas of benign, borderline, and invasive mucinous carcinoma
coexist in the same tumor (Fig. 16). Immunohistochemical
profile is similar to that of borderline tumors (CK7+, CK20+,
CEA+). The stage is the most important prognostic factor.
Grading of mucinous carcinomas has not been precisely
defined yet, but the nuclear features are the best discriminator;
tumors with glandular and papillary architecture are low grade.

Differential Diagnosis

¢ Metastatic adenocarcinoma (appendix, colon, stomach,
pancreatobiliary tract, cervix, lung)

¢ Mucinous borderline tumor

Mucinous Tumors Associated with Pseudomyxoma
Peritonei (PMP)

Mucoid noninvasive nodules adherent to peritoneal surface
characterize PMP. Low-grade neoplastic mucinous epithe-
lium with pools of extracellular mucin and fibrosis is their
typical morphologic appearance. Many studies show that all
cases of PMP derive from low-grade mucinous tumors of the
appendix and that ovarian involvement is secondary (“‘meta-
static mucinous tumor”).

Endometrioid Surface Epithelial Tumors

The majority of endometrioid ovarian tumors are carcino-
mas (75 %). Benign and borderline endometrioid tumors
are uncommon. Many of them arise from malignant trans-
formation of ovarian endometriosis (Fig. 17). Endometrioid
carcinomas are associated with synchronous low-grade
endometrioid carcinoma of the endometrium in 15-20 %
of cases. Borderline tumors and carcinomas may be mono-
lateral or bilateral; they can be cystic with intracystic solid
nodules. Areas of hemorrhage and necrosis are found in
carcinomas. Endometrioid tumors are composed of
endometrial-type glands and stroma. Endometrioid bor-
derline tumors, according to the WHO classification, are
composed of atypical endometrioid-type glands in a dense
stroma without stromal invasion. Ovarian endometrioid
adenocarcinoma is usually comparable to FIGO grade 1 or 2
endometrioid endometrial carcinoma (Fig. 18) and grad-
ing system is the same as for endometrial carcinoma;
squamous metaplasia is common. At immunohistochem-
istry, endometrioid tumors are positive for CK7, ER and
PR, negative for CK20, alpha-inhibin and calretinin. The
most common genetic abnormalities in sporadic ovarian
endometrioid carcinoma are somatic mutations of beta-
catenin and PTEN.

Differential Diagnosis

¢ Serous adenocarcinoma

¢ Sex cord-stromal tumors

¢ Carcinoid tumor

e Metastatic colorectal or endometrial carcinoma
* Polypoid endometriosis

» Diffuse granulosa cell tumor

* High-grade carcinoma
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Fig. 14 Mucinous carcinoma: expansile pattern of invasion (a); complex interconnecting neoplastic glands (b); cribriform pattern with marked
cytologic atypia and necrotic debris in gland lumens (arrow) (c)

Clear Cell Surface Epithelial Tumors

The vast majority of clear cell surface epithelial tumors are
malignant (99 %). Benign and borderline clear cell adenofi-
bromatous tumors are very rare and are composed of firm
tissue with small cysts (Fig. 19), showing, on cut surface, a
fine honeycomb appearance. Clear cell carcinomas present
frequently as a unilocular cyst containing a solid mass with
foci of necrosis and hemorrhage (Fig. 20). Clear cell carcino-
mas are frequently associated with endometriosis (70-80 %),
and one-fourth of cases arise in endometriotic cysts as a sin-
gle fleshy nodule. Tumor architecture is usually an admix-
ture of tubulocystic, papillary, and solid patterns. At
microscopy clear cell tumors are composed of epithelial cells
with abundant glycogen-rich cytoplasm and hobnail cells
with scant cytoplasm and nuclei protruding into the lumens
of cystic spaces (Fig. 21). All clear cell carcinomas are con-
sidered high grade.

Differential Diagnosis

¢ Yolk sac tumor

e Metastatic renal carcinoma

¢ Endometrioid carcinoma

¢ Serous adenocarcinoma

e Juvenile granulose cell tumor

Transitional Cell Surface Epithelial Tumors

Transitional cell tumors are composed of transitional
(urothelial)-type epithelium and comprise 2 % of all surface
epithelial tumor of the ovary. Ninety-nine percent of them
are benign (Brenner tumor). Transitional borderline and
malignant tumors are very uncommon (<1 %). Malignant
tumors can be diagnosed only if associated with benign and
borderline Brenner tumors or transitional cell carcinomas
(non-Brenner type). Many benign Brenner tumors are
microscopic incidental findings at laparotomy for other
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Fig.15 Mucinous carcinoma: infiltrative pattern of stromal invasion (a); the tumor cells show strong and diffuse positivity for CK20 (b) and CK7 (c)

Fig. 16 Mucinous carcinoma: areas of borderline tumor adjacent to
areas of carcinoma

pathological conditions; tumor size may vary from <2 up to
20 cm. They are well-circumscribed solid masses of yellow
or white tissue comprising small cysts and dystrophic calci-
fications. At microscopy, nests of transitional cells, often
with nuclear grooves (coffee bean), are enmeshed in a prom-
inent fibromatous stroma (Fig. 22). Borderline tumors are
larger solid and cystic masses, with endophytic or exophytic
nodules in the cystic wall. Malignant Brenner tumors have
similar histological features but areas of necrosis and hemor-
rhage are also present. Benign and borderline tumors may be
associated with a mucinous cystic tumor. At immunohisto-
chemistry, transitional cell tumors express cytokeratin, CK7,
EMA and WT1; CK20 is negative, whereas transitional cell
tumors of the urinary tract are CK7 and CK20 positive.

Differential Diagnosis
Benign Brenner
adenofibroma

tumor d.d. with endometrioid
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Fig. 17 Endometrioid adenocarcinoma: large unilateral ovarian mass with capsule rupture (a); on cut surface the tumor shows cystic and solid
areas, hemorrhage and necrosis; the transvaginal scan shows the same large ovarian multilocular-solid tumor (b)

Fig. 18 Endometrioid adenocarcinoma associated with endometriosis (arrow) (a); FIGO grade 1 endometrioid carcinoma (b)

e Borderline Brenner tumor d.d. with benign and malignant
Brenner tumor and metastatic papillary urothelial
carcinoma

e Malignant Brenner d.d. with metastatic papillary urothe-
lial carcinoma, undifferentiated carcinoma, granulosa cell
tumors and serous carcinoma

Undifferentiated Surface Epithelial Tumors
Undifferentiated surface epithelial tumors are high-grade
carcinomas lacking histological features of a specific miille-
rian cell type. They are frequently bilateral and advanced
stage at presentation. At microscopic examination, they
show a solid growth pattern. The neoplastic cells are pleo-
morphic; they have a high mitotic index; necrosis and hem-
orrhage are present.

Mixed Surface Epithelial Tumors

Mixed surface epithelial tumors are prevalently malig-
nant tumors (90 %). They have at least a 10 % component
of one or more types of miillerian differentiation. Only
10 % are borderline tumors and benign tumors are uncom-
mon (1 %).

Sex Cord-Stromal Tumors of the Ovary

According to the WHO classification (2003) these tumors
are divided into four groups: (1) granulosa stromal cell
tumors composed of various combination of granulosa cells,
theca cells and fibroblasts; (2) Sertoli stromal cell tumors
composed of testicular-type cells; (3) sex cord-stromal
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tumors of mixed cell types; (4) steroid cell tumors. These
tumors may be associated with estrogenic or androgenic
manifestations.

Granulosa Stromal Cell Tumors

Granulosa stromal cell tumors are classified, on the basis of

different combinations of granulosa cells, theca cells, and

fibroblasts, in granulosa cell tumors (adult or juvenile), the-

coma, fibroma, and other very rare tumors.

e Adult granulosa cell tumor (AGCT) is the most fre-
quent (95 %) and accounts for 2-3 % of all primary

Fig. 19 Borderline clear cell adenofibroma: cystic glands, separated
by fibromatous stroma, are lined by flat (*) or hobnail cells with clear
cytoplasm (¥%)
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ovarian tumors. Estrogen production by tumor cells
causes frequently menometrorrhagia, postmenopausal
bleeding due to endometrial hyperplasia or adenocar-
cinoma, or prepuberal patients’ isosexual pseudopre-
cocity. The majority of AGCT are unilateral and range
in size from few up to 30 cm. They are solid or solid
and cystic, with a yellow to white cut surface and
cystic hemorrhagic areas. The neoplastic cells have
scant cytoplasm and round or oval nuclei with grooves.
These cells are enmeshed in a fibrothecomatous
background and may show, within the same tumor,
different growth patterns: diffuse, trabecular, microfol-
licular (Call-Exner bodies), and insular. The cytologic
atypia is usually mild, and mitotic activity is low
(Fig. 23). The immunohistochemical profile of neo-
plastic cells shows inhibin, calretinin, vimentin, WT1
and CD99 positivity, and EMA and CK7 negativity.
Other markers show variable positivity. Tumor stage is
the most important prognostic factor, but tumor rup-
ture, size, and mitotic activity may have prognostic
value.

Differential Diagnosis

— Endometrial stromal sarcoma (primary or metastatic)

— Undifferentiated carcinoma

— Endometrioid adenocarcinoma with sex cord-like
differentiation

— Carcinoid tumor

— Thecoma

— Metastatic breast carcinoma

Fig.20 Clear cell carcinoma associated with endometriosis: fleshy nodules in an endometriotic cyst with capsular adhesion to the uterus (a); the

cut surface of nodules (arrow) shows microcystic appearance (b)
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Fig.21 Clear cell carcinoma: tubulocystic and papillary architecture (a); nuclear pleomorphism (b); polyhedral cells with abundant clear cyto-

plasm (¢)

Fig.22 Benign Brenner tumor: nests of transitional cells are enmeshed
in prominent fibromatous stroma; small cysts and dystrophic calcifica-
tions are present

e Juvenile Granulosa Cell Tumor (JGCT). The majority

(97 %) of JGCT are found before 30 years, and 40 % of
them are diagnosed in prepuberal patients. The tumor is a
unilateral mass (98 %), and tumor stage is the most impor-
tant prognostic factor. Most recurrences are found within
3 years from initial surgery, and high-stage tumors are
often fatal. The tumors are solid and cystic and have a
lobulated, gray-white to tan-yellow cut surface.
Hemorrhage and necrosis may be present. At microscopy,
diffuse or nodular proliferation of granulosa cells in a
myxoid or edematous background is observed. These
cells form irregular follicle-like spaces, and the tumor
nodules are frequently hyalinized. The immunohisto-
chemical profile is similar to that found in AGCT.

Differential Diagnosis
- AGCT

— Thecoma

— Yolk sac tumor
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Fig.23 Adult granulosa cell tumor: the neoplastic cells have a diffuse and macrofollicular growth pattern (a) or solid and microfollicular (Call-Exner
bodies, arrow) pattern (b) and show mild atypia and low mitotic activity (c¢). Tumor cells exhibit inhibin (d) and calretinin (e) expression
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— Small cell carcinoma of hypercalcemic type
— Clear cell carcinoma
— Metastatic and primary melanoma

e Thecomas occur mostly in postmenopausal women and
are commonly estrogenic. Most women present abnormal
vaginal bleeding and 20 % of them develop endometrial
adenocarcinoma. These tumors are unilateral and solid
masses, have a lobulated, tan-yellow cut surface, and
sometimes show cystic changes; hemorrhage and necrosis
are present. At microscopy, thecomas are composed of
nodular aggregates of oval to round cells with abundant
pale to vacuolated cytoplasm, alternating with spindled
cells and hyaline plaques. Focal lutein cells can be pres-
ent. Thecoma is a benign tumor. Malignant transforma-
tion occurs very rarely.

e Fibroma is benign and is the most common sex cord-
stromal tumor (70 %). Fibromas are usually unilateral and
range in size from microscopic up to 20 cm. These tumors
are well-circumscribed solid masses and have a white to
yellow cut surface. At histology, fibromas are composed
of spindle cells organized in intersecting fascicles or in a
storiform pattern with a variable edematous and fibroma-
tous component. There is minimal cytologic atypia and
mitotic activity is rare.

Fibrosarcoma, stromal tumor with minor sex cord ele-
ments, sclerosing stromal tumor, and signet-ring stromal
tumor are the other very rare granulosa stromal cell tumors.

Sertoli Stromal Cell Tumors

Sertoli stromal cell tumors are composed of testicular-type

cells. This category includes:

(a) Sertoli-Leydig cell tumors (well differentiated, interme-
diate differentiation, poorly differentiated, retiform with
heterologous elements). They account for <1 % of ovar-
ian tumors and occur in reproductive-age women.
Typically they have a solid yellow cut surface, but the
retiform variant shows a spongy cut surface.

(b) Sertoli cell tumors represent approximately 4 % of
Sertoli stromal cell tumors and are usually nonfunction-
ing. Most are benign and can be associated with the
Peutz—Jeghers syndrome. At microscopy, the tumor cells
show a tubular growth pattern. The tubules are lined by
cuboidal to columnar cells with abundant pale or eosino-
philic cytoplasm. Diffuse or nodular growth pattern can
be also observed. The stroma is fibromatous but may be
hyalinized. The neoplastic cells are typically inhibin,
vimentin, and keratin 8-18 positive, CK7 and EMA
negative; calretinin and WT1 are frequently positive.

Differential Diagnosis

* Endometrioid carcinoma

* Well-differentiated Sertoli—-Leydig cell tumor
e Carcinoid

e Tubular Krukenberg tumor
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Sex Cord-Stromal Tumors of Mixed or

Unclassified Cell Type and Steroid Cell Tumors

Sex cord-stromal tumors of mixed or unclassified cell type
and steroid cell tumors are very rare ovarian sex cord-stromal
tumors.

Germ Cell Tumors of the Ovary

These tumors arise from primordial germ cells that migrate
from the yolk sac to the primitive gonadal ridge. They
account for 30 % of primary ovarian tumors; 95 % are
benign, mature cystic teratomas, whereas 5 % are malignant.
Germ cell tumors occur in the first two decades of life and
one-third of cases in this age group are malignant.

According to the WHO classification 2003, ovarian germ
cell tumors are subclassified into dysgerminoma, yolk sac
tumor, embryonal carcinoma, polyembryoma, choriocarci-
noma, teratomas, and mixed germ cell tumors.

Dysgerminomas

Dysgerminomas are more common in the second and third
decade; 10-20 % are diagnosed in pregnancy; they represent
50 % of all malignant germ cell tumors and 1 % of all malig-
nant ovarian tumors. These tumors are morphologically iden-
tical to testicular seminoma and to extragonadal germinomas.
They are large, solid, capsulated, unilateral masses which
show homogeneous, lobulated, white to gray cut surface
(Fig. 24). Areas of hemorrhage and necrosis can be present.
At microscopy dysgerminoma is composed of a monotonous
proliferation of polygonal cells with abundant cytoplasm and
uniform nuclei with brisk mitotic activity that grow in islands
and sheets. Variable amounts of fibrous stroma containing
many lymphocytes are present (Fig. 25). Foci of other more
aggressive germinal cell tumors may be found. Dysgerminoma
cells (Fig. 26) typically show strong cytoplasmic and mem-
brane immunostaining for PLAP and c-kit (CD117). They
are negative for EMA, CEA, LCA, and AFP.

Differential Diagnosis

* Yolk sac tumor with solid pattern

* Embryonal carcinoma with solid pattern
e Large cell lymphoma

e Clear cell carcinoma with diffuse pattern

Yolk Sac Tumor

Yolk sac tumor represents 1020 % of all malignant germ
cell tumors, the majority being found in young women (I-I1
decades). The most common sign at presentation is a rapidly
enlarging pelvic—abdominal mass; extraovarian diffusion is
frequent. The macroscopic appearance (Fig. 27) is of a
unilateral large mass (usually>15 cm) with a smooth cap-
sule, sometimes ruptured. The tumor shows a solid, fleshy, or
cystic (“honeycomb appearance”) yellow-gray cut surface.
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Fig.24 Dysgerminoma: large, solid, capsulated mass (a), cut surface is lobulated, white to gray, with areas of hemorrhage and necrosis (perfect

concordance with the transvaginal scan) (b)

Fig.25 Dysgerminoma: the tumor is composed of large aggregates of uniform cells (a); nests of tumor cells are separated by fibrous septa con-
taining numerous lymphocytes (b)

Large necrotic and hemorrhagic areas are found. The neo-
plastic cells show in the same tumor an admixture of differ-
ent growth patterns: reticular (most common), microcystic,
pseudopapillary, solid, and multivesicular (Fig. 28). The
neoplastic cells display clear cytoplasm and large hyperchro-
matic irregular nuclei with prominent nucleoli and brisk
mitotic activity. The most characteristic feature is the pres-
ence of Schiller—Duval bodies (found in only one-third of
tumors) and of intracytoplasmic and extracellular hyaline
globules (PAS-positive diastase resistant). The tumor cells
are AFP (Fig. 29), cytokeratin and CD34 positive, EMA and
CK7 negative. No difference in survival rates between differ-
ent histological patterns has been reported. Death occurs
within 2 years from clinical presentation.

Differential Diagnosis

e Clear cell carcinoma

¢ Endometrioid carcinoma, secretory variant
¢ Dysgerminoma

e Sertoli-Leydig cell tumor, retiform variant

Embryonal Carcinoma

Embryonal carcinoma is a very rare ovarian tumor (2-3 %
of malignant germ cell tumors). The neoplastic cells
reproduce the primitive stage of somatic and extraembry-
onic differentiation. The incidence peak is in the first and
second decades. The patients present with an abdominal or
a pelvic mass with endocrine manifestations including
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Fig.26 Dysgerminoma: the neoplastic cells have abundant clear cytoplasm, large central nuclei, and prominent nucleoli (a) and show membrane

staining for c-kit (CD117) (b)
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Fig.27 Yolk sac tumor: a large mass with smooth breaking capsule and small cystic appearance (a); cut surface is mainly solid with cystic spaces
containing gelatinous fluid (perfect concordance with the transvaginal scan) (b)

isosexual precocity, abnormal uterine—vaginal bleeding,
amenorrhea, hirsutism, and symptoms of pseudopreg-
nancy secondary to elevated levels of B-HCG. At the time
of presentation, peritoneal diffusion is present in 50 % of
cases. Embryonal carcinoma shows good response to mul-
tiagent chemotherapy after surgical conservative debulk-
ing. Grossly, the tumor is a solid, unilateral mass with
many areas of necrosis and hemorrhage. At histology,
tumor cells are highly pleomorphic and immunoreactive
for PLAP, cytokeratins and CD30; EMA, CEA and vimen-
tin are negative. Syncytiotrophoblast cells (B-hCG posi-
tive) are found.

Differential Diagnosis

* Dysgerminoma with solid pattern
*  Yolk sac tumor with solid pattern
e Poorly differentiated carcinoma

Choriocarcinoma

Choriocarcinoma, as pure primary ovarian tumor of germ
cell origin, is extremely rare (<1 % of malignant germ cell
tumors). It is a highly malignant germ cell tumor and shows
extraembryonic trophoblastic differentiation; it occurs only
in children and young women under 20 years of age.
Choriocarcinoma presents as a unilateral large abdominal or
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Fig.28 Yolk sac tumor: the tumor shows an admixture of different growth patterns: reticular and microcystic patterns (a); glandular pattern

(b)

Fig.29 Yolk sac tumor: neoplastic cells show diffuse immunoreactiv-
ity for a-fetoprotein

pelvic mass with a hemorrhagic and necrotic cut surface.
Microscopically, it is defined by the presence of syncytiotro-
phoblast cells admixed with cytotrophoblast or intermediate
trophoblast cells. By definition, chorionic villi are absent.
Vascular invasion is common and extensive hemorrhage and
necrosis may obscure the tumor cells. Immunohistochemical
stains show strong positivity for cytokeratins in all tumoral
cells. Only the syncytiotrophoblast is positive for f-HCG
and inhibin, whereas intermediate trophoblast is immunore-
active for HPL. These tumors are rapidly fatal if not treated,
and f-HCG levels are important to monitoring recurrences.

Differential Diagnosis
¢ Gestational choriocarcinoma
e Mixed germ cell tumor

Teratomas

Teratomas are classified as mature cystic (dermoid cyst);
mature solid (fetiform teratoma); immature; monodermal
teratomas (struma ovarii, carcinoid, neuroectodermal tumor,
sebaceous tumor).

Mature Teratoma

Mature cystic teratoma (dermoid cyst) accounts for >95 %
of germ cell tumors and for 20-40 % of all ovarian tumors.
This tumor contains a varied mixture of mature tissue
derived from one or more of the embryonic germ layers
(ectoderm, mesoderm, endoderm). These teratomas have a
wide age distribution; most are found in women between 20
and 50 years of age. Up to 10 % of cases are bilateral.
Mature teratoma is a benign tumor that can be treated con-
servatively. The most common complications are torsion
and rupture; malignant transformation rarely occurs. The
average diameter is <10 cm, but very small or very large
tumors can be found. These tumors typically have a smooth
external surface and are unilocular or multilocular cysts on
cut surface containing abundant hair and sebaceous material
(Fig. 30). There is usually a solid white nodule arising from
the cyst wall and projecting into the cavity, containing bone
or teeth, called the dermoid mamilla (Rokitansky protuber-
ance). Foci of soft gray-tan tissue resembling brain or brown
thyroid tissue are also commonly seen. Rare mature terato-
mas are completely solid and can be differentiated from
immature teratomas at microscopy. Mature teratomas are
commonly composed of ectodermal derivate such as skin,
hair follicles and sebaceous and sweat glands (Fig. 31);
glial tissue, choroid plexus, peripheral nerve and dental
structure may also be present (Fig. 32). Endodermal tissues
most frequently found are gastrointestinal and respiratory
epithelium, renal and thyroid tissue. The most frequent
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Fig.31 Mature cystic teratoma: ectodermal derivate such as skin, hair
follicles and adipose tissue

mesodermal derivates are adipose tissue, smooth or striated
muscle, bone and cartilage. Other elements are rarely identi-
fied. Frequently, a foreign body-type granulomatous reac-
tion is seen, caused by disruption of the epithelium with a
prominent lipogranulomatous response in the wall of the
cyst and in the surrounding ovarian tissue. Malignant trans-
formation of a mature cystic teratoma is rare (2 %), com-
monly with the development of an invasive squamous cell
carcinoma. It is typically seen in postmenopausal women
and should be suspected when a rapid growth of the dermoid
cyst occurs. In 5-10 % of the cases, the association with a
malignant germ cell tumor is found, usually yolk sac tumor

Fig.32 Mature cystic teratoma: glial tissue and choroid plexus

or immature teratoma, either in the same or in the opposite
ovary.

Immature Teratoma

Immature teratoma is the third most common malignant
germ cell tumors of the ovary. It is more common in the first
two decades. The clinical presentation is nonspecific. A
painful palpable abdominal mass and elevated AFP serum
levels are present. Immature teratoma spreads mainly by
implantation on the pelvic and abdominal peritoneum and
the omentum. By the time of the diagnosis, capsular rupture
is present in 50 % of cases. Most tumors are large and solid
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Fig.33 Immature teratoma: large and solid mass (a), cut surface is gray-white and small cysts containing areas of necrotic and hemorrhagic mate-
rial are present (concordance with the transvaginal scan of the pelvic mass) (b)

Fig.34 Immature teratoma: variable admixture of mature and imma-
ture neural tissue

masses, fleshy, brown-pink or gray-white on cut surface,
often with cystic areas containing necrotic and hemorrhagic
material (Fig. 33). At microscopy, tissues derived from the
three germ cell layers are identified with a variable admix-
ture of mature and immature tissues (Fig. 34). The presence
of immature tissue establishes the diagnosis of immature
teratoma. The most common immature element is the neuro-
epithelium, with neuroepithelial rosettes and tubules
(Fig. 35). Immature mesenchymal stroma and immature
endodermal tissues are less commonly found. Grading
system of immature teratoma is based on the amount of
immature neuroepithelium. Therefore, it is very important to
make an extensive sampling (one section per centimeter of
tumor) in order to identify immature neuroectodermal
tissues. Immunohistochemistry plays a limited role in the

Fig. 35 Immature teratoma. Immature elements of neuroepithelium:
neuroepithelial rosettes (arrows)

diagnosis of immature teratoma. Neural markers (GFAP,
S100, NSE) may help to distinguish immature neural tissue
from other immature nonneural tissues with overlapping
morphology.

Differential Diagnosis

e Mature solid teratoma

*  Yolk sac tumor

e Malignant neuroectodermal tumor

e Malignant mixed mesodermal tumor

Monodermal Teratomas

Struma Ovarii

Struma ovarii is a monodermal teratoma predominantly
composed of thyroid tissue. It comprises 1-3 % of benign
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ovarian teratomas. More common in the fifth decade, it is
usually asymptomatic, less commonly presenting as a pal-
pable mass or with signs and symptoms of hyperthyroidism.
Struma ovarii is a circumscribed tumor, with average diam-
eter of 5-10 cm, solid or focally cystic and red-brown on cut
surface. Microscopically, it is composed of normal thyroid
follicles; degenerative changes such as fibrosis, calcification,
and aggregates of hemosiderin-laden macrophages may be
present. Any type of thyroid cancer can arise in struma
ovarii.

Carcinoid

Carcinoid is a rare ovarian tumor (<1 % of all ovarian terato-
mas): it is classified as monodermal teratoma composed of
neuroendocrine cells similar to those found in neuroendo-
crine tumors in the gastrointestinal tract. One-third of
patients present with a carcinoid syndrome. Carcinoids are
solid yellow masses of variable size or solid nodules in the
wall of a mature cystic teratoma. The tumor is composed of
round or cuboidal neuroendocrine uniform cells which show
different growth patterns: insular, trabecular, stromal, in a
fibromatous or hyalinized stroma. Useful immunohisto-
chemical stains are chromogranin and synaptophysin, but
many other peptide hormones can be detected in carcinoid
cells.

Malignant Mixed Germ Cell Tumors

Malignant mixed germ cell tumors are very rare tumors.
Gonadoblastoma arises almost exclusively in abnormal
gonads and contains an admixture of germ cells and sex cord
cells. Polyembryoma is extremely rare and composed of
embryoid bodies.

Other Rare Tumors of the Ovary

Small Cell Carcinoma

Small cell carcinoma (of hypercalcemic type) is an aggres-
sive tumor of uncertain histogenesis. It occurs in young
women. The clinical presentation is nonspecific, presenting
with abdominal pain or as a palpable abdominal mass
usually unilateral. About two-thirds of patients have hyper-
calcemia. Small cell carcinoma is a solid nodular tumor
with an average diameter of 15 cm. On cut surface, small
cysts and areas of hemorrhage and necrosis can be found.
Microscopically, tumor cells are small with scant cyto-
plasm and oval to round nuclei showing brisk mitotic activ-
ity. Follicle-like spaces filled with eosinophilic fluid are
present. At immunohistochemistry, the tumor cells are
positive for low-molecular-weight cytokeratins (CK8/18),
variably positive for EMA, CD10, WT1 and calretinin.
Inhibin, chromogranin, CD99, and TTF-1 are typically
negative.
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Differential Diagnosis
e Juvenile granulosa cell tumor
e Small cell carcinoma, pulmonary type
e Small round blue cell tumors (lymphoma,
rhabdomyosarcoma)

¢ Metastatic melanoma

Desmoplastic Small Round Cell Tumor

Desmoplastic small round cell tumor is a rare malignant
tumor that occurs in young females, arising in the peritoneal
cavity, rarely clinically presenting as a primary ovarian
tumor. Histogenesis is unknown. Tumor cells exhibit a recip-
rocal translocation t(11;22) resulting in a fusion of the EWS
and WT1 genes. By the time of diagnosis, an extensive intra-
abdominal tumor growth is common. Tumor cells are small
with uniform, round, hyperchromic nuclei and scanty amount
of cytoplasm. Tumor cells grow in nests and sheets separated
by sclerotic fibrous stroma and are polyphenotypic,
expressing cytokeratins, desmin, NSE, and WT1I.

Female Adnexal Tumor of Probable

Wolffian Origin

Female adnexal tumor of probable Wolffian origin usually
occurs in the broad ligament or mesosalpinx, but rare cases
have arisen in the ovary. The tumors range from 2 to 20 cm
in diameter. The tumor cells grow in diffuse, trabecular,
tubular or microcystic pattern and are immunoreactive for
vimentin and cytokeratin but not for EMA. Most of these
tumors are benign, but rare malignant cases may occur.

Adenomatoid Tumors

Adenomatoid tumors are circumscribed, not encapsulated,
benign tumors of mesothelial derivation. They are solid nod-
ules, less than 2 cm in diameter. At microscopy, they are
similar to the more frequent adenomatoid tumors in other
sites.

Metastatic Tumors of the Ovary

Metastatic tumors involving the ovary comprise 5-10 % of
all malignant ovarian tumors, and they vary in appearance
depending on the primary site. Ovarian spread may occur
by direct local extension from adjacent sites or from dis-
tant extragenital sites or from peritoneal tumors. It is often
difficult to differentiate metastatic endometrial adenocar-
cinoma in the ovary from synchronous primary endometri-
oid adenocarcinomas of the endometrium and ovary.
Ovarian metastases often occur in women with a history of
an extraovarian cancer, usually from the colon or rectum,
but some patients have no history of a primary extraovar-
ian tumor. Characteristic gross findings of metastases in
the ovaries are bilateral involvement and size that is often
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Fig.36 Metastatic carcinoma from the colon. Neoplastic glands are lined by atypical columnar cells (a); there is extensive dirty necrosis (arrow) (b)

<10 cm. The growth pattern is nodular, solid and/or cystic;
surface implants may be found. Microscopy shows meta-
static carcinoma in lymphatic spaces of the hylus and
mesovarium.

Metastases from Nongynecologic Sites

Metastases from Colorectal Adenocarcinoma

Metastases from colorectal adenocarcinoma often simulate a
primary ovarian adenocarcinoma. It occurs in 2-13 % of
women with a history of colorectal carcinoma. Time lapse
between surgery for the primary tumor and detection of the
ovarian metastases ranges from few months up to 5 years.
When a patient with a history of colorectal cancer develops
anew pelvic mass, a diagnosis of metastatic adenocarcinoma
is likely, but benign or primary malignant ovarian tumors can
be discovered. The typical colorectal adenocarcinoma, with
rare or absent goblet cells, can simulate primary endometri-
oid tumors of the ovary, but the degree of nuclear atypia is
higher and there is no squamous metaplasia. Metastatic
tumors form large complex glands and cysts that contain
necrotic debris, often termed “dirty” necrosis (Fig. 36).
When goblet cells are numerous and there is abundant mucin
production, metastatic colorectal adenocarcinoma mimics
primary ovarian mucinous tumor. Metastatic adenocarci-
noma from the pancreas or biliary tract grows as a mucinous
adenocarcinoma, and a differential diagnosis is very impor-
tant. Sometimes, it may be necessary to compare the micro-
scopic features of the metastases with the primary tumor.
Immunohistochemical studies may help in the differential
diagnosis: metastatic colorectal carcinoma shows diffuse
and strong positivity for CK20 and CDX2 and is negative for

CK7 (Fig. 37). Primary ovarian mucinous carcinomas are
diffusely and strongly positive for CK7; they may be immu-
noreactive for CK20, but staining is typically weak and
focal.

Differential Diagnosis

¢ Endometrioid and mucinous tumors of the ovary

e Synchronous colonic and ovarian tumors
syndrome)

(Lynch

Metastases from Carcinoma of the Breast

Breast carcinoma is the second most frequent (12 %) meta-
static tumor of the ovary. A history of primary breast carci-
noma is known in most of the cases, but sometimes the
ovarian metastases are the first clinical manifestation. In
two-thirds of patients, metastases are bilateral, and ovarian
enlargement is solid nodular or diffuse. At microscopy, duc-
tal carcinoma (Fig. 38) with papillary, cribriform, diffuse
growth pattern or lobular carcinoma (Fig. 39) with trabecu-
lar, single file, diffuse growth pattern may be seen. Neoplastic
cells are typically positive for CK7 and negative for CK20.
Variable expression of estrogen and progesterone receptors
is often observed.

Differential Diagnosis

¢ Ovarian serous and endometrioid carcinoma
¢ Carcinoid tumor

e Adult granulosa cell tumor

e Lymphoma

Metastases from Carcinoma of the Stomach
Most patients have symptoms related to an adnexal mass,
and only 25 % of cases have a history of a prior gastric
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Fig. 38 Metastatic breast carcinoma, ductal type. The tumor is composed of solid nodules (a); nests of monotonous tumor cells with pale to
eosinophilic cytoplasm and round to oval nuclei (b); focal central necrosis is present (arrow) (c)
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Fig.39 Metastatic breast carcinoma, lobular type. Neoplastic cell growth in trabeculae or single file (a); CK7 identifies single neoplastic cells in

small ovarian masses (b)

cancer. The tumor is a solid bilateral (80 %) mass, measuring
up to 18 cm in diameter, with a lobulated white or yellow cut
surface. Histologically, metastatic gastric cancer is usually a
signet-ring cell carcinoma, composed of single cells or clus-
ters growing in a hypercellular stroma (Krukenberg tumor).
Abundant extracellular mucin may be present. Metastatic
gastric adenocarcinoma is rare. Tumor cells frequently
express CK7, CK20 and CDX2.

Differential Diagnosis

e Cellular fibroma

» Fibrothecoma

* Sclerosing stromal tumor

e Primary mucinous carcinoid

Metastases from Carcinoma of the Appendix
Metastases from carcinoma of the appendix present as a
pelvic mass, almost always bilateral, 10 cm in average diam-
eter, often larger than the primary tumor in the appendix.
Histologically, they may show Krukenberg features, intesti-
nal type, or mixed patterns. Neoplastic cells diffusely
express CK20; CK7 expression, if present, is weak, focal or
diffuse.

Ovarian metastases by low-grade mucinous adenocarci-
noma of the appendix with pseudomyxoma peritonei is an
uncommon condition. Implants are almost always bilateral
on the surface of the ovaries. They are composed of abun-
dant extracellular mucin with foci of fibrosis and granulation
tissue. Mucinous epithelium is scant, composed of incom-
plete glands embedded in a pool of extracellular mucin.
Similar to primary appendiceal mucinous tumors, ovarian
metastases show diffuse positivity for CK20 and are usually
negative for CK7.

Differential Diagnosis

e Borderline mucinous tumor, intestinal type
¢ Mucinous cystoadenoma

e Mucinous adenocarcinoma

Metastases from Carcinoma of the Pancreas
Metastases from carcinoma of the pancreas are bilateral with
or without ovarian surface involvement. Frequently, at diag-
nosis of adnexal masses or diffuse carcinomatosis, the pri-
mary pancreatic cancer may be undetected, and clinical
impression in many patients is that of a primary ovarian car-
cinoma. Neoplastic glands, variable in size and shape, with
minimal to marked nuclear atypia, show mucinous, endome-
trioid-like or secretory features and haphazardly infiltrate a
desmoplastic stroma. The immunoprofile of metastatic pan-
creatic carcinoma is the same of primary ovarian mucinous
tumors (CK7 diffusely positive, CK20 focally positive).

Differential Diagnosis

e Primary mucinous borderline tumor or mucinous carci-
noma of the ovary

* Metastatic gallbladder or bile duct carcinoma

Metastases from Carcinoma of the Gallbladder,

Bile Ducts and Ampulla of Vater

They constitute 1 % of all clinically apparent metastatic
ovarian tumors. Grossly they present as large (>10 cm),
bilateral masses (75 %) with nodular surface and solid or
cystic cut surface. At microscopy, metastases may show a
variety of growth patterns including glandular, cribriform,
villoglandular and mucinous with goblet cell differentiation
(Fig. 40). Similar to metastatic pancreatic carcinoma, these
metastases may mimic primary mucinous tumors of the
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Fig.40 Metastatic gallbladder adenocarcinoma. Neoplastic cells show glandular pattern, and are surrounded by a prominent stromal reaction (a).

The tumor exhibits diffuse CK7 expression (b)

ovary; also the immunophenotype (CK7 diffusely positive
and variable expression of CK20) is very similar. Bilaterality,
surface involvement, and nodularity highly support a meta-
static tumor.

Metastases from Carcinoma of the Lung

Small cell carcinoma is the most frequent histological
subtype that metastasizes to the ovary. Commonly it presents
as a unilateral smooth mass with lobulated white to yellow
cut surface. Foci of hemorrhage and necrosis are present.
Tumor cells may be arranged in sheets, trabeculae or nests;
at immunohistochemistry, they are positive for low-
molecular-weight cytokeratins, TTF-1, chromogranin A, and
synaptophysin.

Differential Diagnosis
e Primary ovarian pulmonary-type small cell carcinoma

Lymphoma

Many types of lymphoma can involve the ovary; secondary
non-Hodgkin lymphoma (50 % bilateral) should be distin-
guished from primary disease that most commonly is
unilateral.

Differential Diagnosis

e Granulocytic sarcoma

e Undifferentiated carcinoma
e Small cell carcinoma

e Dysgerminoma

e Adult granulosa cell tumor.

A panel of immunohistochemical markers is usually nec-
essary to provide the correct diagnosis.

Metastases from Melanoma

Ovarian metastases from melanoma represent 1 % of all metas-
tases from nongynecologic primary tumor and are usually
detected during follow-up for a prior cutaneous melanoma. In
one-third of cases, metastases are bilateral; grossly solid and cys-
tic, sometimes they show dark pigmentation on cut surface. The
tumor cells, most frequently large epithelioid, less commonly
small or spindle, are positive for S-100, HMB-45, and Melan A.

Metastases from Carcinoma of the

Urinary Bladder

Metastases from carcinoma of the urinary bladder are rare
and unilateral: the most common histological type is transi-
tional cell carcinoma.

Differential Diagnosis
e Primary ovarian transitional cell carcinoma
e Malignant Brenner tumor

Metastases from Carcinoma of the Kidney

They are very rare tumors (<1 % of all metastases) and may
be bilateral and solid with a cystic component. Clear cell car-
cinoma is the most common histological subtype of renal
cell carcinoma that metastasizes to the ovary, but other histo-
logical subtypes as chromophobe cell carcinoma (Fig. 41)
may be found. Immunohistochemical features may help to
reach a correct diagnosis.

Differential Diagnosis

e Clear cell carcinoma of the ovary
e Steroid cell tumor

¢ Dysgerminoma

* Yolk sac tumor
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Fig.41 Metastatic renal cell carcinoma, chromophobe cell type. Solid
growth pattern of large polygonal cells, arranged along vascular chan-
nels (a); the neoplastic cells show prominent cell membranes, typical

Secondary Involvement by Malignant
Mesothelioma

Secondary ovarian involvement by malignant mesotheli-
oma comprises <1 % of ovarian metastases, involves both
ovarian surface and parenchyma with diffuse abdominal
implants. Tubulopapillary or solid patterns are the typical
histological features. The most important differential diag-
nosis is serous carcinoma of the ovary. Expression of cal-
retinin, CK5/6, and h-caldesmon, combined with negativity
for B72.3, MOC-31, ER, and Ber-EP4, supports the diag-
nosis of malignant mesothelioma.

Metastases from Extraovarian Carcinoid Tumor
Metastases from extraovarian carcinoid tumor comprise
about 5 % of all metastases from nongynecologic primary
tumors and are histologically similar to primary ovarian
carcinoids.

Metastases from Small Round Blue

Cells Sarcomas

Metastases from small round blue cells sarcomas comprise
<1 % of all metastases. They usually occur in pediatric age
and present as a unilateral or bilateral abdominal or pelvic
mass. The tumors may be solid or cystic and histological
appearance is variable. Small round blue cells sarcomas
include rhabdomyosarcoma, neuroblastoma, Ewing’s sar-
coma, and desmoplastic small round blue cell tumor. A panel
of immunohistochemical markers is usually necessary to pro-
vide the correct diagnosis.

granular cytoplasm, and irregular nuclei; some cells are binucleated and
show perinuclear halos (b)

Metastases from Gynecologic Sites

Metastases from Uterine Cervix

and Endometrium

Metastases from uterine cervix and endometrium comprise
about 10 % of all clinically apparent ovarian metastases. The
most common (78 %) are metastases from adenocarcinoma or
squamous cell carcinoma of the uterine cervix. These metastases
frequently present as unilateral masses up to 30 cm in diameter
and appear to be HPV-related. Endometrial carcinoma may also
metastasize to the ovary, but metastases are usually bilateral.

Differential Diagnosis

¢ Primary mucinous and endometrioid ovarian tumor

e Synchronous ovarian and endometrial tumors of similar
histological type

Metastases from Mesenchymal Tumor of the
Uterine Corpus

Metastases from mesenchymal tumor of the uterine corpus
are very rare. More frequently are bilateral, lobulated, or
nodular masses, and their cut surface is solid with areas of
hemorrhage and necrosis. Endometrial stromal sarcoma is
more common than leiomyosarcoma, and the tumor cells
resemble their uterine counterpart.

Differential Diagnosis
¢ Endometrioid stromal sarcoma of the ovary
e Cellular fibroma
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e Adult granulosa cell tumor

¢ Leiomyosarcoma of the ovary

e Secondary involvement by gastrointestinal stromal tumor
(GIST)
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Non Neoplastic Lesions of the Ovary
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Abstract

Normal ovarian changes and functional cysts of follicular origin should not be confused
with cystic neoplasm. The day-to-day changes in the appearance of the female reproductive
organs are the major challenge of women’s imaging. This chapter aims to describe the nor-
mal imaging appearance of the ovaries, its anatomic variants, and physiological changes,
with focus on cross-sectional imaging.
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Focus Point

A number of different physiological conditions in women
cause morphological alterations of the ovary. Ovarian
appearance changes not only with respect to patient age,
but for women of childbearing age, it is also dependent
on the menstrual cycle and the presence or absence of
pregnancy. These day-to-day changes in the hormonal
status and thus of the appearance of the female reproduc-
tive organs, including the ovaries, are one of the major
challenges of effectively imaging the adnexa and its asso-
ciated structures. Similarly, the complexity of female
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pelvic anatomy and the wide spectrum of differential
diagnoses in assessing cystic ovarian lesions can prove
problematic in the interpretation and determination of the
appropriate care. Accordingly, normal ovarian changes
with functional cysts of follicular origin related to the
menstrual cycle should not be confused with cystic neo-
plasms. In order to correctly recognize a pathologic
adnexal lesion, it is therefore of outmost importance for
radiologist and clinicians alike to be familiar with the
normal physiological changes and findings associated
with ovarian cysts.

Adnexal Anatomy
Normal Anatomy of the Ovaries

The female reproductive system includes the uterus and its
associated organs and body parts, collectively known as the
adnexa. In general, the adnexa comprise a woman’s ovaries,
fallopian tubes, blood vessels, supporting ligaments, and
peritoneal folds of the lateral pelvis.

The paired ovaries are typically located within the ovarian
fossae on the lateral wall of the pelvis and, in a position
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Fig. 1 (a) Sagittal overview shows the normal topography of the ovar-
ian fossa at the posterolateral pelvic sidewall. The ureter is located pos-
teriorly and the external iliac artery and vein superiorly. The ovary is
anchored by the suspensory ligament to the posterolateral wall of the
pelvis (Drawing by W. Herzig). (b) Graphic coronal overview of the

posterolateral to the corpus uteri, anterior and medial to the ure-
ter, posterior to the round ligament, and medial or posterome-
dial to the external iliac vessels. In nulliparous women sitting or
standing in the upright position, the long axis of the ovaries is
vertical, with each ovary held in position by three ligaments, as
shown in Fig. 1 [1]. The location of the ovaries is variable in
parous women, because they are displaced during pregnancy
and do not subsequently return to their original position. In
addition position may change in response to such factors as
intestinal activity or filling of the bladder; ovaries can be further
displaced from typical positioning by mass lesions of adjacent
organs (e.g., subserous myoma) or by pregnancy.

Age and hormonal status coalesce to influence ovarian size
and appearance, with the typical ovary measuring 3 mm in
length in neonates and 3-5 cm in women of childbearing age;
in general, ovarian size begins to decrease starting at age 30,
with the length of a typical ovary shrinking to 2 cm in post-
menopausal women [2—4]. Pregnancy leads to further varia-
tion in ovarian size, as does the use of hormone replacement
therapy [3]. Later in this chapter we discuss such variances that
must be taken into consideration during diagnostic imaging.

Congenital Abnormalities

Ovarian anomalies are unusual, with ovarian agenesis being
quite rare. The condition, in which one or both ovaries are

ovary and its associated ligaments. The suspensory ligament extends
from the superolateral part of the ovary and the broad ligament to the
pelvic sidewall. The medially located proper ovarian ligament is
enclosed between the two peritoneal layers of the broad ligament and
extends to the laterocranial surface of the uterus (Drawing by W. Herzig)

missing, is most frequently associated with a more serious disor-
der in which an ipsilateral tube and a same-side kidney are also
missing. Ovarian duplication is a considerably more common
finding than ovarian agenesis, with imaging or histology con-
firming the presence of small accessory ovaries located near the
normal ovarian tissue or, on occasion, in ectopic locations [2].

Abnormal development or fusion of the paramesonephric
(Miillerian) and the mesonephric (Wolffian) ducts may pre-
vent ovaries from becoming correctly positioned in the true
pelvis [5] found that there is an increased incidence of
incomplete ovarian descent defined as an upper ovarian pole
at or above the level of the iliac artery bifurcation on MRI in
women with Miillerian duct abnormalities, with this correla-
tion being greatest in women with uterine agenesis and vari-
ous fusion abnormalities.

Effective Methods of Ovarian Imaging

A number of imaging modalities to detect and analyze the
adnexa and its associated ovarian tissues are available in
today’s clinical settings.

Even in postmenopausal women, the majority of detected
adnexal cysts will be benign [3], but effective imaging
remains key to distinguishing benign cysts from malignant
cysts. We describe the most common and preferred options
for examining cystic disorders of the adnexa.
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Fig.2 Ovarian cycle. Yellow
body: corpus luteum (Drawing
by W. Herzig)

“Bouncing”
oocyte

Fallopian tube

Ovary

Uterus

Vagina

Graafian follicle Tertiary follicle

Ultrasound Imaging (Sonography)

External transabdominal sonography (TAS) and internal trans-
vaginal sonography (TVS) can be used together or separately
to effectively image the ovaries and the adnexal regions, with
TVS proving especially efficacious for pinpointing specific
areas of concern and visualizing ovarian tissues. Furthermore,
Doppler ultrasonography can be used to easily distinguish
ovarian abnormalities (e.g., cysts) from other structures [3, 6].

In recent years, TVS has become an increasingly com-
mon adjunct to physical examination of the vagina, cervix,
uterus, and ovaries. It is the first-line method of choice for
ovarian imaging, especially for distinguishing cystic from
cystic-solid and solid lesions. Although its field of view is
limited compared with that of TAS, TVS achieves higher-
resolution diagnostic imaging than TAS partly because of the
transducer’s proximity to the imaged tissue and its use of a
higher frequency (5—-12 MHz). For TAS, the transducer is
positioned externally, and the distance to the targeted tissues

is larger; the transducer’s frequency is also considerably
lower (2-7 MHz) in TAS [6].

Magnetic Resonance Imaging (MRI)

A number of physiological conditions, e.g., corpus luteum
cysts, are capable of causing morphological changes in the
ovarian tissues of women of childbearing age. In the major-
ity of premenopausal women, the ovaries can be easily iden-
tified by magnetic resonance imaging (MRI). The
visualization can be accomplished relatively easily through
MRI-based diffusion-weighted imaging, with the functional
ovarian cysts being easily depicted because of their T2-shine-
through effect (Figs. 2 and 3).

Normal ovaries contain multiple physiological small cysts
of high signal intensity on T2-weighted images, including
follicles at various stages of development. These cysts, which
vary in size and number during the menstrual cycle, are
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Fig. 3 Axial contrast-enhanced CT shows a normal attenuated myo-
metrium (white star) and a follicle cyst in the right ovary with typical

fluid density (white arrow) enclosed by normal ovarian parenchyma

(black arrow)

Fig.5 (a) Corpus luteum. Coronary contrast-enhanced CT image demon-
strates enhancement of the wall of a right corpus luteum (arrow). (b) Right
ovary with small follicles and a typical appearance of a corpus luteum at

embedded in the cortex, showing a T2-weighted lower inten-
sity signal than the central medulla (Fig. 4) [7]. In the pre-
ovulatory period, the dominant follicle can increase to
15-17 mm in diameter, while the diameter of the postovula-
tion follicular remnant (i.e., corpus luteum) is as small as
2-5 mm [7, 8]. Figure 5 shows T2-weighted images of this
remnant. In postmenopausal women, the ovaries can be seen
as oval structures of homogenous low signal intensity on
T2-weighted images.

Fig.4 Transverse T2-weighted TIRM MR image with normal appear-
ance of left and right ovaries (white arrows) and a small, physiological
amount of free fluid in the pelvis (white star)

T2-weighted TSE MR images. Corpus luteum presents as a lesion with a
thick convoluted wall and a small amount of fluid in the central part
(arrow). Physiological fluid is shown in the pelvis

In addition to its relatively easy visualization of ovarian
tissues, MRI offers multiplanar imaging capabilities and
high contrast and spatial resolution. MRI permits visualiza-
tion of the ovaries in both the axial and coronal planes, which
can be particularly useful when seeking to examine ovarian
tissues or the parametrial structures and any associated
lesions or multiplanar parametrial structures [4, 6].

MRI has been found to be especially helpful in the char-
acterization of adnexal lesions, as it permits the accurate
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differentiation of indeterminate adnexal masses and helps to
distinguish between benign and malignant ovarian masses
[3, 9]. For these reasons MRI is the first-line imaging modal-
ity to evaluate congenital abnormalities of the female genital
organs [10].

Yet, despite these proven benefits, MRI is not appropri-
ate for every patient. Electronic medical apparatuses such
as cochlear implants and cardiac devices are contraindi-
cated for MRI. When MRI is contraindicated, computed
tomography (CT) may be used alternatively. CT is also
widely used by clinicians to stage malignant ovarian
carcinoma.

Computed Tomography

CT recognition of the ovaries is facilitated by the radiolo-
gist’s understanding of the structures’ morphological fea-
tures and of the relationship of the ovary to the ureter, the
course of the ovarian and iliac arteries and veins, and the
ligamentous attachments of the ovaries. The majority of ova-
ries in women of childbearing age can be identified by CT,
but postmenopausal ovaries are small and thus difficult to
visualize using this imaging modality. The ovarian paren-
chyma surrounding cysts has a uniform soft-tissue attenua-
tion that results in a low-density appearance on CT scans;
this is especially when the ovarian tissues contain numerous
cystic follicles that are too small to be easily resolved from
the ovarian parenchyma (Fig. 3) [11].

CT offers fast data acquisition with high spatial resolution
and impressive post-processing capabilities and can be per-
formed over the entire body. Both CT and MRI are well
suited to the evaluation of pelvic organs, although MRI pro-
vides higher soft-tissue contrast than CT and is more capable
of differentiating congenital ovarian abnormalities from nor-
mal tissues or evaluating normal ovarian tissues [5, 12].
Additional disadvantages of CT are associated with patients’
exposure to relatively high levels of ionizing radiation; this
concern is especially important in young women of child-
bearing age and during pregnancy [13].

Cysts of Follicular Origin

There are different cystic ovarian lesions of follicular origin:
normal follicles, follicular cysts, corpus luteum cysts, hem-
orrhagic functional cysts, and theca lutein cysts. The imag-
ing modalities described previously can be used for
visualization and diagnostics. These imaging tools can also
be used to differentiate cysts from nonneoplastic adnexal
structures, such as hydrosalpinx, paraovarian cysts or ectopic
pregnancies, or mimics of those cysts (e.g., bowel loops) as
well as neoplastic ovarian lesions [6].
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The following chapter addresses the physiological char-
acteristics, imaging-specific findings, and differential diag-
noses of cystic ovarian lesions. In addition, we discuss the
luteoma of pregnancy, which is not an ovarian cyst per se but
is a tumorlike mass of the adnexa with cyst-like properties.

Follicular Cyst

In women of childbearing age, simple cysts with a diameter
of up to 3 cm are considered physiologically normal. The
simplest ovarian cysts are known as follicular cysts; these
growths are caused by a failure of the follicle to ovulate and
tend to have a diameter of 3-8 cm. These growths are most
frequently found in the adnexa of premenopausal women,
but postmenopausal women have also been known to develop
follicular cysts [6, 7, 14].

As described by Liang et al. (2012), the American College
of Radiology Appropriateness Criteria concluded in their
2009 update on adnexal masses that physiological cysts
should resolve spontaneously in asymptomatic premeno-
pausal women. Furthermore, as benign-appearing simple
cysts, endometriomas, dermoids, and hydrosalpinges (each
<6 cm in diameter) remain unchanged during long-term fol-
low-up, they should be managed noninvasively with follow-
up US rather than other imaging modalities or even surgical
intervention.

The following year, the Society of Radiologists in
Ultrasound published a detailed consensus statement that set
forth specific cyst-management guidelines for premeno-
pausal women, women in early menopause, and postmeno-
pausal women. A major concern was management of
simple-appearing cysts that were not physiological or func-
tional. The panelists concurred with published findings that
adnexal cysts up to 10 cm are highly likely to be benign and
that up to 84 % of these lesions are histologically benign
serous cystadenomas [15].

MRI Findings

Follicular cysts typically display on MRI as a simple cyst
with high signal intensity on T2-weighted images and low
signal intensity on T1-weighted images. In cases in which
the cyst is affected by hemorrhage and does not contain sim-
ple fluid, the T1-weighted images will show increased signal
intensity [6, 7].

CT Findings

CT of follicular cysts typically reveals a thin-walled, fluid-
filled sac. As with MRI, the administration of contrast media
may further enhance imaging of the cyst [6]. A small amount
of free fluid in the rectouterine pouch (i.e., pouch of Douglas)
is a physiological finding in reproductive women and should
not be mistaken for pathological ascites (Fig. 6).
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Fig.6 A 32-year-old patient with a follicular cyst in the left ovary that
resolved after two menstrual cycles followed up by transvaginal ultra-
sound. (a) T1-weighted TSE MR image with a hypointense, cystic
lesion in the left ovary (white star). (b) T2-weighted STIR MR image

Fig.7 A 50-year-old patient with a polyloculated, cystic change at the
left ovary. The lesion did not resolve over time, resulting in the patient
undergoing laparoscopy. A small cystadenoma was subsequently diag-
nosed histologically

Differential Diagnosis

Clinicians must consider a serous cystadenoma as an impor-
tant differential diagnosis, especially if the lesion does not
disappear over time (Fig. 7) [6]. An additional potential dif-
ferential diagnosis for a follicular cyst is an endometrioma.
On MRI, however, the so-called T2-shading in a
T1-hyperintense ovarian lesion is a distinguishing feature of
endometrioma. The phenomenon may involve the entire
cyst, and the degree of shading can vary from faint to com-
plete signal loss [16].

B.K. Freiwald-Chilla et al.

shows the same cystic lesion in the left ovary with a hyperintense signal
(white star). Good depiction of the right ovary containing many small
follicles (white arrow). A small amount of physiological fluid is shown
in the pouch of Douglas (transparent arrow)

Fig. 8 Hydrosalpinx on the left side mimics polycystic structure on an
axial contrast-enhanced CT image (arrow), which could be misinter-
preted as an ovary with multiple small cysts

Further structures like hydrosalpinx (Fig. 8), paraovarian
cyst (Fig. 9) or peritoneal inclusion cyst (Fig. 10), lympho-
cele, ascites, bowel, pelvic varices, diverticulum, or iliac
aneurysm can be misinterpreted as a follicular cyst.
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Corpus Luteum Cysts

Fig. 9 Sagittal T2-weighted TSE MR image. A 40-year-old patient
showed on TVS follow-up examinations a persistent, cystic change in
the left ovarian fossa. The patient thus underwent an MRI examination
to better analyze the lesion as well as the origin of the change. The
lesion in the left ovarian fossa with typical fluid intensity on T1- and
T2-weighted images was round and well circumscribed. The change
did not resolve over time, resulting in the patient undergoing laparos-
copy. A paraovarian cyst was subsequently diagnosed histologically

Fig. 10 (a) A 30-year-old patient with a well-circumscribed fluid col-
lection in the region of the right ovarian fossa. The image shows low
attenuation on contrast-enhanced CT, which is typical for a cystic

Corpus luteum cysts should not be mistaken for disease.
Typically, the corpus luteum breaks down and dissolves if
conception does not occur. However, in some cases, the
corpus luteum fails to regress following ovulation, result-
ing in a late luteal-phase cyst that can potentially persist
for several weeks and into the second trimester of a preg-
nancy. These growths tend to vary between 2.5 and 6 cm in
diameter and rarely present as multiple cysts [6, 7]. In the
majority of cases, corpus luteum cysts remain symptom-
less and do not move beyond the ovarian tissue, but they
may be accompanied by a small amount of fluid in the
pouch of Douglas.

MRI Findings

On MRI, corpus luteum cysts display as round or oval masses
and have thicker walls than those of follicular cysts.
Reflecting the associated increased vascularity, the cystic
wall may have slightly increased intensity on T1-weighted
images and relatively lower signal intensity on T2-weighted
images and may show intense and early wall enhancement
after the intravenous administration of a gadolinium-based
contrast agent. The signal intensity of the cyst is variable and
corresponds to its hemorrhagic share (i.e., low to high signal
intensity on both T1- and T2-weighted images), as shown in
Fig. 11 [6, 7, 17].

In rare cases, abdominal pain caused by hemoperitoneum
may result from massive bleeding arising from a corpus
luteum cyst [7, 17]. Hemorrhagic ascites is visualized as free
pelvic fluid of high intensity on T1-weighted images. In this
case, an accurate pregnancy test is crucial for diagnosis, as a
corpus luteum cyst accompanied by hemoperitoneum clini-
cally presents as a ruptured ectopic pregnancy [7].

lesion. (b) The same lesion on a T2-weighted TRUFI MR image. The
image shows homogeneous high-signal-intensity fluid collection at the
left pelvic wall. No septations or mural nodules were identified
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Fig. 11 (a) Hemorrhagic corpus luteum cyst in a 41-year-old patient.
Axial T2-weighted TRUFI MR image shows a complex cyst with high
signal intensity in the left ovary. There are intracystic septations and

CT Findings

Corpus luteum cysts have a thicker wall than do follicular
cysts, and this wall is mostly irregular in thickness and struc-
ture because of accompanying factors such as a recent cystic
rupture or adherent blood clots. The cyst wall can be
enhanced to a limited extent by the use of axial contrast-
enhanced CT, which also shows the presence of free fluid
adjacent to the cyst [6, 7].

Differential Diagnosis

The complex intracystic characteristics of corpus luteum
cysts may mimic an endometrioma or even solid tumors such
as epithelial tumors, sex-cord stromal tumors, or germ cell
tumors.

Hemorrhagic Functional Cysts

A round or ovoid hemorrhagic cyst forms when a Graafian
follicle, follicular cyst, or corpus luteum bleeds. Typically,
such cysts are located within the ovary or in the ovarian cor-
tex. These cysts can reach a diameter of up to 10 cm. In typi-
cal cases involving a cyst with a diameter of less than 5 cm,
short-term follow-up is recommended for women of child-
bearing age as well as for postmenopausal women; MRI
evaluation of these cysts is generally recommended if the
cyst does not resolve within 3 months or if its diameter
exceeds 5 cm [6, 14].

sedimentation in the posterior aspect of the cyst. (b) Axial T1-weighted
TSE MR image with fat saturation and contrast administration shows
low signal intensity of the cyst with enhancement of the intracystic septa

MRI Findings

The majority of hemorrhagic cysts are hyperintense on
T1-weighted sequences because of early staging of the
hemorrhage. Signal intensity typically stays high on
T1-weighted images with fat suppression [17], and these
growths typically display as partially hyperintense or het-
erogeneously intense on T2-weighted images. The intrave-
nous administration of a gadolinium-based contrast agent
may provide somewhat greater enhancement of the cystic
wall, but the presence of an internal nodule (i.e., blood clot)
cancels out this potential enhancement [6].

CT Findings

A hemorrhagic ovarian cyst displays on CT as a heteroge-
neous ovarian mass with some contrast enhancement of the
cystic wall. The central cystic region shows high attenuation
representing blood.

Differential Diagnosis

Endometrioma as a differential diagnosis to hemorrhagic
ovarian cysts is more homogeneous and shows hyperintense
intensity on T1-weighted images with and without fat sup-
pression or after intravenous gadolinium administration. As
discussed previously, in addition to clinical symptoms and
patient history, the typical shading shown on T2-weighted
images helps to distinguish these cysts from other blood-
containing ovarian lesions (e.g., hemorrhagic ovarian cyst,
hemorrhagic corpus luteum cyst). Glastonbury [16] found
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these cysts to have an MRI sensitivity of 90-92 %, a speci-
ficity of 91-98 %, and a diagnostic accuracy of 91-96 %.

Endometriomas involve in 30-50 % both ovaries and are
accompanied by clinical symptoms such as recurrent
dysmenorrhea, pain, dyspareunia, irregular bleeding, and
infertility. The presence of small, hyperintense endometrial
implants together with tethered bowel loops and low signal
intensity in the adhesive bands associated with ovarian tis-
sues may also prove helpful in MRI-aided diagnosis of
hemorrhagic functional cysts. In addition, the use of
T1-weighted fat-saturation imaging sequences is similarly
effective [6].

Ectopic pregnancy can sometimes mimic the appearance
of hemorrhagic functional cysts on imaging, and an elevated
hCG level makes these findings strongly suggestive of an
ectopic ovarian gestation. A negative hCG makes a hemor-
rhagic cyst most likely [7]. Further possibilities for differen-
tial diagnoses include ovarian torsion or a degenerating
leiomyoma or dermoid cyst.

Theca Lutein Cysts

A theca lutein cyst (or hyperreactio luteinalis) is a subtype of
functional ovarian cyst found in women of childbearing age;
these lesions develop as a result of an excessive response to
B-hCG and other circulating gonadotropins. Theca lutein
cysts are rarely observed in normal pregnancies and are typi-
cally asymptomatic, although they have been shown to cause
nausea, vomiting, and abdominal distension and, on occa-
sion, abdominal pain resulting from hemorrhage, rupture, or
torsion of the cyst [6, 7, 18]. Theca lutein cysts typically
present multifocally and bilaterally.

MRI Findings

The typical MRI of these cysts displays varying signal
intensity due to the similar variance in cystic blood content
[6, 7]. Enhanced visualization of the bilaterally enlarged,
cyst-containing ovaries can be attained by the administra-
tion of contrast media, as these cysts mimic enhanced septa-
tions [6, 7].

CT Findings

As with MRI, CT of theca lutein cysts also typically displays
bilaterally enlarged ovaries with multiple, variably sized cys-
tic lesions appearing as a multiloculated cystic mass. Cystic
density may vary significantly based on hemorrhagic com-
plications. The cystic walls are similar to very thin septa-
tions, and in contrast to corpus luteum cysts, there are no
wall irregularities or nodularities [6, 19].
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Differential Diagnosis

The multiple cysts present in hyperreactio luteinalis may resem-
ble cystic ovarian neoplasm with septations (e.g., mucinous
cystic tumors, granulosa cell tumors). For accurate diagnosis of
this condition, radiologic findings must be correlated with the
patient’s clinical history.

Luteomas of Pregnancy

Luteoma of pregnancy is a rare, tumorlike mass that emerges
during pregnancy and regresses spontaneously following
delivery and is always benign. Luteomas result from the
hormone-dependent proliferation of luteinized ovarian
stroma cells. They may occur uni- or bilaterally in multipa-
rous women, most often in the third and fourth decades. An
increased prevalence of this condition can be found in the
African-American population [20]. Luteomas vary widely in
size, ranging from microscopic lesions to greater than 20 cm
in diameter, with multiple lesions developing at the same
time within the same ovary. Ovaries and serum testosterone
typically return to normal size and levels, respectively, 2—3
weeks after delivery. Recurrence of luteomas with subse-
quent pregnancy is rare [20, 21].

MRI Findings

MRI of luteomas displays results similar to that of other cystic
tumors or tumorlike lesions found in ovarian tissue. In many
cases, luteomas present bilaterally as multilocular cystic, com-
plex heterogeneous masses with thickened internal septa.
These lesions can be highly vascularized [22]. Luteomas show
intermediate to high signal on T1-weighted images, and the
administration of contrast media results in marked enhance-
ment of luteoma structures on T2-weighted images. Luteomas
do not typically progress to malignancy, and no secondary
signs of malignancy are generally seen on MRI [22, 23].

CT Findings

CT examination in pregnancy is contraindicated because of
the ionizing radiation produced by this imaging modality.
Instead, ultrasound (sonography) and MRI are typically used
to evaluate adnexal masses during pregnancy.

Differential Diagnosis
Differential diagnoses for luteomas include benign and
malignant tumors, with benign tumors being much more
common than malignant ones.

Despite the relative rarity of maternal virilization during
pregnancy, the most common cause of this condition is a
luteoma of pregnancy [24].
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The Ovarian Endometrioma: Clinical
Setting and Ultrasound Findings
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Abstract

Ovarian endometrioma is defined as a pseudocyst arising from growth of ectopic endome-
trial tissue. The typical features of endometriomas are diffuse low-level internal echoes
(“ground glass”) in the absence of particular neoplastic features and with a clear demarca-
tion from ovarian parenchyma. Several studies report very high values of specificity with
values of sensitivity usually ranging from 87 to 77 %.
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Ovarian mass

Ovarian endometrioma is often defined as a pseudocyst aris-
ing from growth of ectopic endometrial tissue, which pro-
gressively invaginates the ovarian cortex [1]. This kind of
cyst is more frequent in the premenopausal women. As a
matter of fact, Alcdzar et al. [2] report in a series of adnexal
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masses submitted to surgery an incidence of 35 % (546/1,540)
in premenopausal patients and only 2 % in postmenopause
(12/606). Also Van Holsbeke et al. [3] comparing premeno-
pausal and postmenopausal patients found only 30 endome-
triomas (2 %) out of 1,377 adnexal masses in the
postmenopausal group and 683 endometriomas (32 %) out
of 2,134 adnexal masses in the premenopausal group of the
3,511 patients included in the IOTA studies [3]. Other stud-
ies report that the incidence of endometriomas among ovar-
ian masses in premenopausal populations ranged from 29 to
31 % when functional cysts were included and from 45 to
58 % when functional cysts were excluded [4, 5]. Data from
IOTA study report that patients with an endometrioma were
younger than those with other benign (median age 34 vs. 45
years) or malignant (median age 56 years) tumors [3].
Among women with unilateral ovarian endometrioma, a left
cyst was found more frequently than a right cyst [6, 7].

The presence of an endometrioma is frequently associated
with pelvic pain [8]. In fact this pathology is found in 32 %
of women with pelvic pain and within the age range of 2045
years [9]. Recent studies demonstrate that pelvic pain in
women with ovarian endometrioma is mostly associated
with coexisting peritoneal lesions and/or deep endometriosis
[10, 11]. The presence of endometrioma is also related to the
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infertility. Two of the mechanisms proposed for this interfer-
ence are the association with dense pelvic adhesions [33],
frequently present with endometriomas, and the reduction of
follicular numbers and activity associated with microscopic
stromal implants [12]. On the contrary the presence of ovar-
ian endometrioma in a controlled ovarian hyperstimulation
cycle for IVF treatment is not associated with a reduced
number of oocytes retrieved from the affected ovary [13].
New evidences are present in the literature about the neces-
sity of surgical removal in infertile patients due to the lower
ovarian reserve after surgery. Additionally, a reduced
response of the ovaries to gonadotropins has been described
in different studies after surgical removal of endometriomas,
and the quality of the oocytes retrieved in IVF cycles is not
improved after surgery [14].

Two conflicting theories on the origin of ovarian endome-
triomas are reported. The first, called the “colonization the-
ory,” was formulated in 1946 by McLeod [15] and was
recently confirmed by Nezhat and colleagues with a laparo-
scopic study [16]. This states that endometrioma develops in
a functional cyst that has been invaded by superficial ovarian
cortex endometriosis. Recently Vercellini et al. [17] demon-
strate that bleeding from a corpus luteum appears to be a
critical event in the development of endometriomas confirm-
ing this theory [17]. Using serial ultrasonographic scans,
these authors demonstrate the transition to an endometriotic
cyst from hemorrhagic corpus luteum. The second theory,
the “invagination theory,” formulated by Hughesdon [18]
and also laparoscopically confirmed by Brosens and
Puttemans [19], refused the previous theory and reported
that in most cases the endometrioma is formed by invagina-

B02069-09-12-23-1

Fig.1 The typical features of
endometriomas: diffuse low-level
internal echoes (“ground glass”)
and hypoechoic focal lesion in the
wall in the absence of particular
neoplastic features
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tion of cortex and that active implant is located at the site of
invagination [19]. This theory is the basis of the definition of
endometriomas as pseudocyst. The inflammation around
these intracystic endometrial foci, associated with cyst wall
exudation and congestion of vessels, instead of shedding of
the ectopic endometrium, produces the chocolate-colored
fluid [20] responsible for the content of the cyst and conse-
quently for the ultrasonographic imaging.

Ultrasonographic Findings and
Use of Color Doppler

The spectrum of transabdominal sonographic findings in
endometrioma is wide [21], because of the difficulty in accu-
rately determining the presence or otherwise of hematic con-
tent with the low frequencies used by the transabdominal
probe. In fact, in the largest series of endometriomas pre-
sented in the literature [21], the majority of cysts were pre-
dominantly anechoic.

In contrast, using B-mode transvaginal ultrasonography,
Kupfer and colleagues [22] showed, in a retrospective study,
the presence in 82 % of cases of a homogeneous hypoechoic
“carpet” of low-level echoes. Endometriomas may exhibit a
variety of sonographic appearances. The typical features of
endometriomas are diffuse low-level internal echoes (“‘ground
glass”) and hypoechoic focal lesion in the wall in the absence
of particular neoplastic features and with a clear demarcation
from ovarian parenchyma [23-26] (Figs. 1, 2, and 3). Also
the IOTA [3] study confirms that 73 % of the endometriomas
had cyst fluid with ground glass echogenicity vs. 6 % of the
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Fig.2 Diffuse low-level internal
echoes (“ground glass”) cyst with
a clear demarcation from ovarian
parenchyma (O)

B02069-09-06-18-2

6.5cm / 46Hz

57

5.4cm/ 11Hz Tis 0.1 18.06.2009 12:58:17

6.5cm | 46Hz Tis 0.1

Fig. 3 Less frequent content in two endometriomas: less intense hypoechoic and homogeneous diffuse low-level internal echoes

other benign tumors. Based on IOTA study [3], anechoic
content was very rare and present in the 3 % of endometrio-
mas in premenopausal women.

Ovarian endometriosis may be unilocular or multilocular
(Fig. 4) (appearing as multiple cysts separated by septations)
and is often multiple or bilateral. Van Holsbeke et al. [3] found
that only 51 % of the endometriomas were unilocular cysts
with ground glass echogenicity of the cyst fluid. These charac-
teristics were found less often among other benign tumors or
malignancies or among the small set of endometriomas (4 %)
that were found in postmenopausal patients. In fact the endo-
metriomas in the postmenopausal patients were less often

unilocular cysts (40 % vs. 66 %), and they present ground
glass echogenicity in only 40 % of cases (vs. 74 %) [3].

Patel et al. [23] demonstrate that hyperechoic wall foci
(Fig. 5) in a mass with low-level echoes with the absence of
neoplastic features are strongly predictive of an endometri-
oma although the pathologic basis of these hyperechoic
wall foci has not been established. Patel et al. [23] suggest
that these foci may contain cholesterol, perhaps from the
breakdown of cell membranes. In fact they are similar in
appearance to hyperechoic wall foci seen in the gallbladder
wall in patients with hyperplastic cholecystosis, due to the
presence of cholesterol within polyps.
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Fig.4 Bilocular endometrioma

B02069-09-10-07-6

Fig.5 Hyperechoic wall foci (see
arrow) in a mass with low-level
echoes

Ash and Levine [27] report that in the 10 % of cases, the
endometriomas were described as hemorrhagic cysts. A
small percentage of endometriomas have less typical US fea-
tures such as a fluid-fluid level. These authors [27] suggest
that in an endometrioma, the supernatant fluid layer should
be hypoechoic, with a hyperechoic dependent layer repre-
senting blood. On the contrary in a dermoid, the supernatant
layer will be echogenic, representing fat.

S. Guerriero et al.

8.9cm / 39Hz Tis 0.1 07.10.2009

Atypical endometriomas included cases with retracted
clots that appeared solid but without blood flow (Figs. 6 and
7). As correctly discussed by Brown et al. [28], endometrio-
mas may contain a small solid area in 4-20 % of cases, and
these can simulate the mural nodule of malignant neoplasm
[23,26]. Based on IOTA study [3], an irregular wall can pres-
ent in the 26 % of endometriomas in premenopausal women,
and in the 10 % of these, a papillary projection was present.
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Fig. 6 Atypical endometriomas
with irregular wall due to retracted
clots (see arrow)
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Fig.7 Another atypical endometriomas with a small solid area that can simulate the mural nodule of malignant neoplasm but without blood flow
(see arrow)

The Van Holsbeke study [3] reports a proportion of “atypi-
cal” endometriomas higher than in any other in the literature
[2, 22-27]. In particular Guerriero et al. [29] found that the
83 % of endometriomas in premenopausal patients demon-
strated the typical appearance of a unilocular cyst with
ground glass echogenicity of cyst fluid [29] vs. only 53 % in
IOTA study [3]. The causes of this difference are unknown.
To evaluate these “atypical” endometriomas, Guerriero
et al. [29] propose to use color Doppler. Usually endometri-
oma showed an absent or scanty peripheral vascularization at
color Doppler (Fig. 8). In the IOTA study [3], the proportion
of masses with color score 1 or 2 (absent to minimal) was

78 %. The use of color Doppler as a secondary test permits to
diagnose the presence of endometrioma also in case of “atypi-
cal” endometriomas in which no flow is detected in the echo-
genic portion due to the presence of a clot and enables them
to be differentiated from an intracystic vegetation. On the
contrary, this simple color Doppler imaging flow chart
(Fig. 9), based on the localization of vessels and intensity of
arterial flow, permits exclusion of ground glass appearance
but “rich vascularization” frequently associated with the pres-
ence of corpus luteum cysts or mucinous cystadenoma [29].
Alcézar reports that vascularization of ovarian endome-
triomas in patients presenting with pelvic pain is higher than
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Fig.8 The typical scanty J6) B02069-10-03-10-4 8.9cm | 7THz 10.03.2010  11:43:43
peripheral vascularization at color

Doppler of endometrioma

“ground glass” content without an

“ground glass” content with an echogenic portion
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Fig. 9 The flow chart proposed by Guerriero et al. [29] using color Doppler (see text)
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in asymptomatic patients. This could be an indicator of
endometriosis activity [30]. From anecdotal point of view
(because without any clinical value), Aleem et al. [31] evalu-
ating pulsed Doppler analysis found that mean of the resis-
tance index (RI) and pulsatility index (PI) for the
endometriomas were 0. and 0.95, respectively. All endome-
triomas showed an RI of >0.5 with a range of 0.5-0.74, while
the PI was 0.59-1.59.

The reproducibility of ultrasonographic B-mode findings
is high [32]. Guerriero et al. [32] performed a study to evalu-
ate the reproducibility and the accuracy of B-mode ultraso-
nographic features of ovarian endometrioma (“ground glass
appearance”). They used digitally stored B-mode sono-
graphic images of 98 women submitted to surgery for the
presence of an adnexal mass performing an evaluation by
five different examiners with different degrees of experience.

Table 1 The diagnostic accuracy of ultrasonography in the diagnosis
of endometrioma

Reference Sensitivity (%) Specificity (%)
Mais et al. [24] 84 90
Kurjak and Kupesic [33] 84 97
Volpi et al. [34] 82 98
Guerriero et al. [35] 84 95
Alcazar et al. [26] 89 91
Guerriero et al. [29] 81 96
Sokalska et al. [36] 77 98
Van Holsbeke et al. [3] 68 98
Alcazar et al. [2] 89 96

B02069-09-01-21-7

Fig. 10 The hemorrhagic cysts
(see arrow) are often associated
with endometrioma
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The intraobserver agreement was good or very good for all
examiners. Also the interobserver agreement was good for
all experts (kappa=0.66—0.78). Interobserver agreement
between experts and highly experienced operators was good
or very good (kappa=0.70-0.83) [32].

The diagnostic value of transvaginal B-mode ultrasonog-
raphy is well established. In Table 1 the diagnostic perfor-
mance of B-mode ultrasonography among the most important
studies published in the literature [2, 3, 24, 26, 29, 33-36] is
reported. Several studies report very high values of specific-
ity with values of sensitivity usually ranging from 87 to 77 %
(Table 1). Only the IOTA study [3], for unknown reason,
reports a value of sensitivity of 68 %. Alcazar et al. [2], ana-
lyzing pre- and postmenopausal women separately, found
that diagnostic performance is different. As a matter of fact,
transvaginal ultrasound is more sensitive for diagnosing
endometrioma in premenopausal women in comparison with
postmenopausal population (89 % vs. 67 %). A possible
explanation for this, in the case of endometrioma, is that
ultrasound appearance of this kind of cyst may change from
premenopause to postmenopause because bleeding within
the lesion would stop in menopausal women and cyst mucosa
will become atrophic as also suggested by Van Holsbeke
et al. [3] that observe the increase of anechoic content in this
latter population. The different prevalence of endometrioma
in premenopausal and postmenopausal women may be also
an explanation because examiner’s knowledge of different
prevalence may bias his/her impression [2].

The differential diagnosis should be performed by mainly
considering hemorrhagic cysts (Fig. 10), teratomas, and
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Fig. 11 Using three-dimensional ultrasonography and speckle reduction, the thickened fibrotic capsule is well defined (see arrow)

malignant neoplasms. An appropriate anamnesis focused on
symptoms and gynecologic history of the patient may be
helpful, in fact usually hemorrhagic cysts have often a more
acute symptomatology which generally resolves in 4-6
weeks. Alcazar et al. [2] confirm that the main source of false-
positive cases in premenopausal population (29/42, 69 %)
was the hemorrhagic cysts. In this large series of more than
2,000 adnexal masses, no cases of malignancy were errone-
ously suspected to be endometriomas in both populations. On
the contrary Van Holsbeke et al. [3] observe that a large pro-
portion of masses with ground glass echogenicity in post-
menopausal patients are malignant (34/77, 44.2 %). These
authors [3], in contrast with Alcazar et al. [2], conclude that
masses in postmenopausal women whose cystic contents have
a ground glass appearance have a high risk of malignancy and
should be observed with caution. We agree with this latter
authors due to the very low incidence of endometrioma in
postmenopausal population previously reported [2, 3].

Regarding false-negative cases in the 40 % (25/61), a
malignant lesion was suspected due to the high rate of
irregular walls and presence of papillations previously
described [2].

Some additional features have been proposed to reduce
the number of false positive and negative. Although promis-
ing after first studies [37], the absence of acoustic streaming
(defined as movement of particles inside the cyst fluid during
gray-scale and/or color Doppler examination provided that
the probe had been held still for two seconds to ensure that
the movement of the particles was not caused by movement
of the probe or the patient) in endometrioma seems unable to
discriminate reliably between these masses and other adnexal

lesions, in an IOTA study performed on more than 400
adnexal masses [38].

To further reduce the number of false positive and nega-
tive, the use of color Doppler has been proposed. Guerriero
et al. [29] using the flow chart previously described (Fig. 9)
obtain a specificity of 97 % associated with a very high sen-
sitivity of 90 %.

Very few data are present in the literature about three-
dimensional (3D) ultrasonographic characteristics of endo-
metrioma. Few studies explore the potential of this new
technology in the field of endometriosis [39-42]. Raine-
Fenning et al. [39] suggest that some features such as the
texture and homogeneity of the endometriotic material within
the body of the cyst and the thickened fibrotic capsule and
echodense nodules within the wall of the cyst can also be seen
on a conventional two-dimensional image but are more appar-
ent when some 3D modalities such as speckle reduction imag-
ing are used to enhance the contrast between different
interfaces (Figs. 11 and 12). Rendering can also be used to
display Doppler information within a three-dimensional data-
set in different formats. The vascular tree can also be seen as
a separate entity through subtraction of the gray-scale infor-
mation, allowing an immediate impression of the vessel pat-
tern in terms of its distribution and progressive branching. At
3D the endometrioma wall is generally well perfused, and the
vessels often appear to have a short course, with minimal vari-
ation in their diameter, that surrounds the cyst in a uniform
manner; Raine-Fenning et al. suggest to call this pattern
“bird’s nest” appearance [39] (Fig. 13). This technology can
be also used for teaching purpose using stored three-dimen-
sional volume for “virtual navigation” [43].
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Fig. 12 Another cases of the use of three-dimensional ultrasonography and speckle reduction used to improve the visualization of echodense
nodules within the wall of the cyst (see arrow)

Recently Alcdzar et al. [44] found that three-dimensional
ultrasonography mean gray value (MGV) that represents the
mean intensity of gray-scale voxels (the smallest unit of vol-
ume) within a region of interest can discriminate ovarian
endometriomas from other unilocular ovarian cysts in pre-
menopausal women [40]. From a conceptual point of view,
this is quite similar to the Hounsfield Unit (HU) values that
are used in computed tomography (CT) to analyze the tissue
properties and composition. MGV of cysts content is signifi-
cantly higher in ovarian endometrioma (Fig. 14) when com-
pared with all other kinds of cyst. The receiver-operating
characteristics curve shows that using an MGV cutoff >
15.560 had a sensitivity of 85 % and a specificity of 76.5 %
for diagnosing ovarian endometrioma (area under the curve,

0.831; 95 % CI, 0.718-0.944). These figures are similar to
those for B-mode diagnosis (sensitivity, 90 %; specificity,
82 %). Combining B-mode and MGV gives a sensitivity of
80 % and a specificity of 91 % [44].

Use of Tumor Markers

In the diagnosis of endometrioma, the use of cancer antigen
125, or carbohydrate antigen 125 (CA-125), has been pro-
posed. CA-125, a 220 kD cell surface glycoprotein, is pres-
ent in more than 80 % of non-mucinous epithelial ovarian
carcinomas [45] but is also increased in several benign con-
ditions, such as superficial and deep endometriosis [45],
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Fig. 13 At 3D a well-perfused wall with vessels with “bird’s nest”
appearance

ovarian cysts [46], pelvic inflammatory disease [45], resolu-
tion of ovarian torsion [47], and uterine fibroids [45], or in
physiological conditions such as menstruation and early
pregnancy [48].

In the literature controversial results [46, 49] are present
using CA-125 alone in the diagnosis of endometrioma.
Some authors [46] found 100 % of endometriomas with
CA-125 higher than 20 U ml and 100 % of non-endometrio-
mas with CA-125 lower than 20 U ml. On the contrary,
using a different cutoff level, other authors [49] reported a
sensitivity of 36 % and specificity of 87 % in the diagnosis
of endometrioma. Further studies confirmed the presence of
a significant difference between the values of CA-125 in
endometrioic and non-endometrioic cysts [4, 35]; the use of
CA-125 alone in the differential diagnosis of endometrioma
is associated with very poor agreement also in combination
with another tumor marker as carbohydrate antigen 19-9
(CA19-9) [35].

Recently Alcdzar et al. [50] in a large series of cases
found that the median CA-125 level was significantly higher
in endometrioma (71.9 IU/mL; range: 5-2,620 IU/mL) com-
pared to all other tumor types (P<.001). The CA-125 level
was 35 IU/mL or higher in 74 % of endometriomas. In the
diagnosis of endometrioma, the positive likelihood ratio for
sonography plus CA-125 (55.0; 95 % confidence interval,
27.5-109.9) was significantly higher than for sonography
alone (19.2; 95 % confidence interval, 13.6-27.1). For these
reasons from the clinical point of view, an elevated CA-125
level (although not routinely suggested) associated with the
presence of typical ultrasonographic findings significantly
increases the probability of such lesion.

S. Guerriero et al.

Furthermore using the previously described flow chart
(Fig. 9), Guerriero et al. [29] found that, when color Doppler
imaging evaluation is positive and serum CA-125 concentra-
tion is >25 IU/ml, the probability of the presence of an endo-
metrioma is very high (95.6 %).

Ultrasonography and Malignant
Transformation of Endometriomas

Although malignant transformation is a rare complication
of endometriosis (<1 % of cases), it is very important to fol-
low the disease. Several studies have found an increased
overall cancer incidence in women with endometriosis, and
many retrospective and epidemiologic studies have reported
an increased rate of endometriosis in women with ovarian
cancer, especially endometrioid and clear cell histologies
showing that endometriosis is correlated to an increased
risk of developing ovarian cancer [51, 52]. Luckily it repre-
sents an uncommon complication, and considering that the
overall frequency of endometrioma in the general popula-
tion may range from 1 to 10 % and combining this data with
the incidence of ovarian cancer in the general population
(10 cases per 100,000 person per year), we can assert that
most of ovarian endometrioma does not develop ovarian
cancer [51, 52].

Testa et al. [53], in 2011, demonstrated in their study,
for the first time, the excellent diagnostic value of TVUS in
the discrimination of benign vs. malignant ovarian masses
arising in endometrioid cysts and demonstrated also that
these masses might not represent a specifically difficult
category of ovarian masses (compared with the general
population of ovarian masses) if the assessment is con-
ducted by an expert US examiner. Women with malignant
findings (borderline ovarian tumors and cancers) were
older (median age 52 (range, 28—79) years) than those with
benign endometrioid cysts (median age 34 (range, 18-76)
years) (P<0.0001), and the prevalence of postmenopausal
status was significantly higher in malignant cases. All
(15/15) malignant tumors vs. 16 % (50/309) of benign
tumors were characterized by the presence of solid tissue
(P<0.0001).

Testa et al. [53] suggest that the presence of a vascular-
ized solid component and differences in ultrasound-assessed
fluidity of endometriomas (low percentage of ground glass
appearance in malignancies because of the dilution of thick
hemorrhagic fluid by tumor secretions or its enlargement)
can be used to discriminate benign vs. malignant ovarian
masses. In addition the presence of “ovarian crescent sign” —
a rim of normal ovarian tissue seen adjacent to an ipsilateral
adnexal mass — as a sonographic feature to discriminate
between benign and malignant adnexal masses is frequently
present in endometriomas [54].
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Fig. 14 Three-dimensional ultrasonography mean gray value (MGV) of an endometrioma

It is fundamental to know that some modifications of an uncommon but possible event called decidualization.
endometrioma during pregnancy can simulate malig- An expectant management and serial monitoring should
nancy. As a matter of fact, pregnancy-related modifica- first be envisaged in these cases provided that other fea-
tions of an ovarian endometrioma leading to the rapid tures of malignancy, such as septations or free fluid, are
development of vascularized intracystic excrescences are absent [55, 56].
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Fig. 15 An endometrioma adherent to the uterus (U) as a sign of the presence of severe adhesions and deep endometriosis (see arrows)

Ultrasonography in the Management
of Endometrioma

While some years ago the removal of endometrioma was
mandatory, recent studies criticized this approach [57]. A
meta-analysis of Raffi et al. [58], obtained pooling a total of
237 patients, suggests a negative impact of excision of endo-
metriomas on ovarian reserve as evidenced by a significant
postoperative fall in circulating AMH, a marker of ovarian
reserve. Ultrasonography is used to monitor the ovary after
surgery because ovarian stripping for the surgical removal of
endometriomas is associated with a significant decrease in
residual ovarian volume easily evaluated by ultrasonography
which may result in diminished ovarian reserve and function
[59]. Ultrasonography is widely used as first-line technique
in the follow-up of patients submitted to surgery to found
recurrence [60].

Ultrasonography can be used also for the therapy.
Although previous studies showed that aspiration alone and

aspiration associated with medical treatment are inadequate
[20, 61], recent data reported that the repetitive aspiration of
endometriomas is an effective therapeutic option in patients
with endometriosis also using sclerotherapy with 95 % etha-
nol [62, 63].

Ultrasonography can be used in the expectant management
of adnexal masses. In a recent study [64] patients with several
kind of cysts were followed up for some years using ultraso-
nography. In particular the authors followed-up 72 cysts with
the ultrasonographic appearance of endometrioma (72/192 in
total, 37 %). Of these, 30 % spontaneously disappeared and
29 % remains unchanged after years of follow-up. Based on
these studies, the expectant management of endometriomas
seems feasible also because of the previously described risks
of impact of excision of ovarian endometrioma on ovarian
reserve in infertile patients.

The ultrasonography can be used to evaluate associated
disease as severe pelvic adhesions and/or deep endometriosis
[65-69]. As a matter of fact in patients with endometriomas,
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Fig. 16 The so-called “kissing
ovaries” sign characterized by the
closing up of ovaries containing
endometriomas
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the presence of adhesions should be suspected when the
endometrioma is adherent to the uterus with a high degree of
accuracy [70] (Fig. 15). Another useful finding related to the
presence of associated pelvic adhesions and/or deep endo-
metriosis is the so-called “kissing ovaries” sign character-
ized by the closing up of ovaries [71] (Fig. 16).

Ultrasonographic findings such as the presence of ovarian
endometriomas and other associated sonographic markers
(anatomic sites and their relation to abdomino-vaginal palpa-
tion, adhesions, deep or infiltrating nodules) can predict pel-
vic extension and stage of endometriosis and associated
pouch of Douglas occlusion [72-75]. New evidences show
that in women with a right endometrioma, incidence of the
pouch of Douglas obliteration is higher and the endometrio-
sis tends to be more severe compared to women with a left
endometrioma [7].

In conclusion transvaginal ultrasonography is an accurate
method for the diagnosis of endometrioma and must be used
carefully in the management of this kind of adnexal masses
so frequent in premenopausal women.
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Abstract

Endometriosis is a benign, estrogen-dependent gynecological disease that affects 10-15 %
of women of the reproductive age, and ovarian endometriosis may manifest as fibrotic
implants on the ovarian surface and as peculiar retention cysts characterized by cyclic
bleeding called endometriomas. CT and in particular MR are involved in the diagnostic
process of endometrioma as second-level step because in a significant percentage of cases,
the ultrasonography offers an excellent result. In particular the use of MR may be useful to
exclude endometriosis in a woman with pelvic pain or infertility or considering endome-
trioma in the differential diagnosis of an adnexal mass. In this chapter we will present CT
and MR findings of ovarian endometrioma by underlining the specific signs and the newer
technological evolutions.
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Introduction

Endometriosis is a benign, estrogen-dependent gynecological
disease that affects 10-15 % of women of the reproductive
age; it is classically defined as the presence of functional
endometrial epithelium and stroma outside the uterine cavity.
It is well demonstrated in previous publication that ectopic
endometrium responds to hormonal stimulation with various
degrees of cyclic hemorrhage, resulting in typical symptoms
and imaging features [1, 2]. Endometriosis can virtually affect
any part of the body, but ovaries are one of the most common
affected sites. Ovarian endometriosis may manifest as fibrotic
implants on the ovarian surface and as peculiar retention cysts
characterized by cyclic bleeding called endometriomas [3, 4].

Sometimes the terms endometriosis and endometrioma
are used for the same conditions, but it is very important to
remember, however, that endometriomas are only a part of
the disease process, which also includes endometriotic
implants and adhesions, which are extremely important fea-
tures in the staging of disease, and normal results from an
imaging procedure do not rule out the presence of disease [5].
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Radiologists are often involved in the diagnostic process
and work-up of this disease as second-level step (because in
a significant percentage of cases, the ultrasonography offers
an excellent result), specially in one of two scenarios: exclud-
ing endometriosis in a woman with pelvic pain or infertility
or considering endometrioma in the differential diagnosis of
an adnexal mass [3-06].

Endometrioma

Endometrioma, also known as “chocolate cysts,” because of
their characteristic content, represents an extremely important
way of presentation of endometriosis; in fact the ovaries are one
of the most common sites of endometriosis, and at least
2040 % of affected women have some implants on one or both
of their ovaries [3]. Endometriomas are probably the results of
an intraperitoneal seeding of regurgitated cells, their subsequent
collecting and implantation on ovarian surface, and their prolif-
erative process, which lead to ovarian enlargement and the con-
stitution of a peculiar ovarian cysts. They may completely
replace normal ovarian tissue [6]. More than 90 % of endome-
trial cysts are formed by invagination of the ovarian cortex; the
site of invagination is usually characterized by the retraction of
the cortex, the presence of fibrosis, and islands of glandular
endometriotic tissue and blood clots [34]. Endometrioma is
characterized by a fibrous wall of variable thickness, lined by a
thin endometrial-like mucosa consisting of a surface epithelium
and highly vascularized stroma. Deposition of hemosiderin-
laden macrophages in the cyst wall due to repeated hemorrhage
is a pathologic feature of endometrioma [3, 5-7].

It also presents a peculiar content, characterized by a
dense tar-like fluid (hence the name “chocolate cyst”), com-
posed by a high concentrations of blood breakdown products
accumulated over successive menstrual cycles. Large endo-
metrial cysts may contain clots or thin septa and a hematocrit
effect is occasionally observed [10]. Endometriomas may
include also peripheral nodules (usually determined by blood
clots) or present fluid levels due to recent bleeding [4].

Endometriomas are usually multiple, bilateral (>50 % of
cases, but the preferential site for endometrioma is the left
ovary because of its anatomical position), and multilocular,
and they are frequently associated with inter-ovarian adhe-
sions which determine the closing up of ovaries (this particu-
lar condition is called “kissing ovaries”) and between ovaries
and opposing pelvic structures, such as the peritoneum, fal-
lopian tubes, and bowel [3, 8, 9].

Pathogenesis
The pathogenesis of endometriomas is still not clear. The

most accredited etiopathogenetic theory is that retrograde
passage of menstrual blood or shedding from endometriosis
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implants deposit on the ovary. The subsequent and progres-
sive invagination of the ovarian cortex over these deposits
leads to formation of the characteristic endometrioma. The
bloody content of the cyst and its high concentrations of iron,
presumably, are the results of a chronic bleeding within the
ovary during the menses [3, 4, 7-11].

Symptoms

Endometriomas may be asymptomatic (approximately 33 %
of patients affected) or may be associated with characteristic
symptoms of endometriosis. It is important to remember that
there is no correlation between the degree of symptoms and
the degree of visible endometriosis. However, pain seems to
be associated with the depth of tissue infiltration and the
degree of peritoneal inflammation. The degree of pain seems
also to be strictly correlated to the presence of intrapelvic/
intra-abdominal adhesions [2, 6, 12-17]. Such symptoms
may include, but not only, pelvic pain, history of progres-
sively increasing pelvic pain and/or secondary dysmenor-
rhea (usually cyclic pain that accompanies bleeding at the
time of menstruation), dyspareunia, and abdominal acute
Ssymptoms.

In case of rupture of an endometrioma, the symptoms the
patient suffers may initially be characterized by peritoneal
signs and symptoms, elevated white blood cell count, and
low-grade fever, similar to patients with acute pelvic inflam-
matory disease or appendicitis [10].

Complication of Endometriomas

The presence of endometriomas sometimes can be associ-
ated with some complication that can occur in about 50 % of
the cases. The most common complications of endometrio-
mas include [2, 6, 18, 19]:

e Adhesions (between ovaries or between ovary and adja-
cent structures).

* Reduced fertility: 30-50 % of women (it may be caused
by adhesions involving ovaries or fallopian tubes, abnor-
malities of the immune system or of endocrinal one, and
peritoneal fluid factors).

* An increased risk of miscarriage or giving birth
prematurely.

e Acute abdomen: even small endometriomas are vulnera-
ble to rupture causing an emergency characterized by
chemical peritonitis when massive fluid contents flow out
of the cyst (rupture is more frequent during pregnancy
because of cyst’s enlargement).

e Ovarian torsion: uncommon, probably because of adhe-
sions, large endometriomas may predispose the ovary to
twist less often than other ovarian masses. The diagnosis
of ovarian torsion may be established with MR findings of
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an endometrioma in an enlarged poorly enhancing ovary
with peripherally located follicles [13].

e An increased risk of certain types of cancer, particularly
ovarian. Malignant transformation is a rare complication
of endometriosis (<1 % of cases). Approximately 75 % of
these tumors arise from endometriosis of the ovary. Other
less common sites include the rectovaginal septum, rec-
tum, and sigmoid colon. Endometrioid carcinoma is the
most common histologic pattern followed by clear cell
carcinoma [17, 19, 20].

Sometimes it is the presence of complication of endome-
triomas that starts the diagnostic process that allows to iden-
tify this pathology.

Imaging of Endometrioma:
General Concepts

Imaging has progressively become an important tool for the
diagnosis of ovarian endometrioma. Considering the increas-
ing diagnosis of asymptomatic endometriomas in young
women, an early diagnosis should make surgery less traumatic
and function-preserving permitting to preserve the reproduc-
tive future of these patients [34]. There are several imaging
modalities that allow to identify and characterize the endome-
triomas: ultrasound (US), computed tomography (CT), and
magnetic resonance imaging (MRI) (Fig. 1). The value of the
ultrasonography was described in the previous chapter, and it
is important to underline that this technique is considered the
first-level examination because of the very good sensitivity and
specificity. However in some patients, the US is not sufficient
and further exams are necessary. In the last years the evolution
in the technology in the CT and MR field has been tremen-
dous, and the diagnostic potentiality of MR technique, as we
will see in the next paragraphs, is very high. However, the use
of MR and CT should be carefully evaluated because of the
cost and potential risks (in particular CT) of these techniques.

Computer-Assisted Tomography

As we previously described the computer-assisted tomogra-
phy (CAT) is not considered the first-line approach for the
examination and diagnosis of endometriomas, because the
first line is the ultrasonography. Moreover, it is important to
underline that the CT findings of this pathology are often
unspecific and not diagnostic.

Nowadays the use of the CT for the detection of endometrio-
mas is not correct and cannot be justified because of the issue
related to the radiation dose and contrast material risk. For these
reasons the identification of endometriomas using the CT is an
occasional finding in patients that undergo CT of the pelvis.

The aspect of the endometrioma in the basal scan without
the administration of contrast material is a solid (but sometimes

it can be cystic or shows mixed form) mass characterized by
and hyperdensity (HU values usually > 100). After the adminis-
tration of contrast material, there is no contrast enhancement in
the mass, but it is possible to identify a mild wall enhancement
(Fig. 2).

The fact that endometriomas appear on CT scanning as
solid, cystic, or mixed form may cause potential problems in
differential diagnostic. Buy et al. [23] reported that the CT
findings of a hyperdense focus inside an ovarian cyst are (in
the basal scan) and can be considered as suggestive of endo-
metriotic cysts. However, this is unspecific because other
hemorrhagic lesions, such as hemorrhagic cysts, may also
demonstrate this finding [6, 23, 43].

The appearance of endometriomas on CT may also over-
lap with pelvic inflammatory disease, as well as by benign or
malignant ovarian tumors. For this reason CT scanning
should not be relied on for the diagnosis [3, 4, 21-23, 43].

Contrariwise, CT may be useful in detecting complica-
tions of endometriosis in general, such as bowel obstruction
or ureteral obstruction, which may determine hydronephrosis,
or complication of endometriomas such as rupture which may
determine a condition of acute abdomen [22, 23]. Considering
the low specificity and elevated radiation dose and also the
poor contrast resolution, the use of CT in the evaluation of
endometriomas has been replaced by MRI [22-25].

Magnetic Resonance Imaging

MRI represents a noninvasive approach which, according to
recent reports, is widely considered an excellent technique
for diagnosis and evaluation of endometriosis. Nishimura
et al. firstly reported in 1987 the usefulness of MR imaging
in the diagnosis and staging of this important disease [26—
28]. Thanks to its high space/contrast resolution and its large
field of view, MR imaging allows an optimal pre-surgery
mapping, an excellent tissue characterization, and a multi-
planar evaluation of the pelvis without using ionizing radia-
tion or iodinated contrast agents [6, 26—28].

Besides, MR imaging is recommended in presence of
extensive pelvic adhesions (which represents a limitation to
the laparoscopic investigation) and permits a panoramic
assessment and a complete survey of the anterior and poste-
rior compartments of the pelvis unlike ultrasound approach
[27, 29]. Moreover, MR imaging presents a higher accuracy
than TVUS in distinguishing benign from malignant ovarian
masses, especially when the examination is completed with
the use of contrast enhancement [7, 30-33].

MR Protocol

The MR examination is usually performed regardless of
menstrual cycle phase; in fact, in several studies, it has
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Fig. 1 A 31-year-old patient. Axial T1-weighted sequence (a), axial
T2-weighted sequence (b), axial T1-weighted fat sat sequence (c), and
coronal T2-weighted sequence (d) images show a 1.3 cm endometrioma

been reported that the MR signal of the nodules of endo-
metriosis does not change according to the menses, and
there is no evidence of a greater diagnostic accuracy in MR
performed during the menstrual period [3, 35]. The patients
are instructed to fast for 4/6 h before the onset of MR
examination. Some reports recommend also a bowel prep-
aration (consisting usually in the use of oral laxative the
day before imaging and in a low-residue dietary regimen
on the day before and the day of the MR examination) [3,
4]. A moderate repletion of the patient’s bladder is recom-
mended in order to determine a modification of the angle
of uterine anteversion; in fact an empty or overfilled blad-
der may obliterate the adjacent recesses [3, 27, 36].
Antispasmodic drug (20 mg of scopolamine-N-butyl bro-
mide/Buscopan) is usually intravenously administrated

(white arrows) characterized by the presence of hyper-signal in
T1-weighted/T1-weighted fat sat/T2-weighted sequences

just before the beginning of MR examination, in order to
reduce artifacts determined by bowel peristaltic move-
ments [3, 36]. If available, MR examination should be per-
formed using a phased-array surface coil, because it
ensures a higher signal/noise ratio, improves spatial reso-
lution, and enhances anatomic details, permitting a better
characterization of soft tissue in the female pelvis.

A conventional MR protocol for evaluation of pelvic
endometriosis usually includes three standard planes:
axial, sagittal, and coronal T2- and T1-weighted pulse
sequences before and after fat suppression (Table 1,
Fig. 3).

Fat-suppressed T1-weighted sequences, in fact, are the
most sensitive for the detection of bloody foci, whereas high-
resolution T2-weighted sequences are used for the evaluation
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Fig. 2 A 29-year-old patient. Axial CT images (a, b) demonstrate a
round mass that at the histopathological analysis was confirmed to be
an endometrioma in the right adnexa

Table 1 Protocol for the MR imaging of endometriosis

Sequence Plane

T2-W Sag-Ax-Cor
T1-W Ax

T1-W fat sat Ax

T1-W enhanced Ax

T1-W fat sat enhanced Ax

Ax axial, Sag sagittal, Cor coronal

of fibrotic lesions [3, 36]. Moreover, fat-suppressed sequences
are very helpful, especially in the detection of small lesions,
because they narrow the dynamic signal range increasing dif-
ferences in tissue signal and permitting to discriminate
between endometrioma (characterized by an hemorrhagic
content) and other adnexal masses such as dermoid cyst
(characterized by a fatty content) and to better evaluate small
implants [3, 36-39, 46] (Fig. 4).

The use of contrast-enhanced images (Gadolinium-
DTPA) is usually reserved for a specific case, especially
when there is a suspicion of malignant transformation (mural
nodule in a hyperintense endometrioma) or in presence of
suspicion of ureteral infiltration [3, 39—-42].

Endometrioma: MR Findings

Although US represents the first-line approach and the main
important method in the evaluation of endometrioma, MR
imaging plays an important role in the diagnostic process,
especially in presence of uncertain findings [3, 20, 32, 33].
The appearance of endometriomas on MR imaging is
extremely variable and depends on the concentration of iron
and protein in the fluid, products of blood degradation [7].

Most endometriomas have a coarse appearance of choco-
late cysts, for the presence of highly concentrated blood prod-
ucts. On MR imaging, endometriomas (>1 cm) usually appear
as cystic masses with very high and relatively homogeneous
signal intensity on Tl-weighted images (“light bulb-like
brightness,” similar to or greater than that of fat, which is
attributed to the high concentration of paramagnetic hemoglo-
bin in blood breakdown products) and intermediate-to-low-
signal intensity on T2-weighted images [7, 10, 39, 44, 45]. The
degree of T1 and T2 shortening in endometriomas is attribut-
able to their high protein concentration and viscosity (Fig. 5).

Another common and very important feature of endome-
triomas is the “shading sign” which is characterized by the
loss of signal within the lesion on T2-weighted images and is
used to discriminate endometriomas from functional hemor-
rhagic cysts (Fig. 6). The precise mechanism of the shading
sign is complex. Endometriotic cysts are highly viscous and
have a high concentration of protein and iron from recurrent
hemorrhage. All of these components may determine a
shorten T2 and may contribute to signal intensity loss (or
shading). In addition, intra-and extracellular methemoglobin
markedly shorten the T1 of fluids. This results in hyperinten-
sity on T1-weighted images and hypointensity on T2-weighted
images [45—49].

Some endometriomas, however, are filled with watery
fluid on gross cut sections and may not exhibit typical MRI
findings [7]. Togashi et al. in their studies had reported that a
“definitive” diagnosis of an endometrioma was made when a
cyst was hyperintense on T1-weighted images and shading
was observed on T2-weighted images [44, 49].

Another important feature is also represented by the fre-
quent multiplicity of endometriotic cysts, because the cysts
have a tendency to undergo repeated rupture due to recurrent
cycles of internal hemorrhage (Fig. 7). Therefore, the pres-
ence of multiple T1 hyperintense cysts regardless of their
signal intensity on T2-weighted images could be considered
a diagnostic criteria permitting a reliable differentiation, with
a high rate of accuracy (as demonstrated by Togashi et al. in
1991 that yielded an overall sensitivity, specificity, and accu-
racy of 90, 98, and 96 %, respectively), between endometrio-
mas and other hemorrhagic lesions [7, 10, 46, 47, 49].

Considering that endometriomas are often bilateral
(>50 % of cases), multilocular, and frequently associated
with adhesions, another important diagnostic sign is
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Fig. 3 A 23-year-old patient. Axial T2-weighted sequence (a), axial
T1-weighted sequence (b), axial T1-weighted fat sat sequence (c), and
axial T1-weighted fat sat sequence after administration of contrast

“kissing ovaries” (Fig. 8) (characterized by the closing up
of ovaries caused by inter-ovarian adhesions). Contrast
material-enhanced MR imaging may show an intense con-
trast enhancement of the peripheral low-signal-intensity
rim, which represents the thick fibrous wall of the endo-
metrioma [10].

Large endometrial cysts may contain clots or thin septa. A
hematocrit effect is occasionally observed (Fig. 9) [10],
especially in endometriomas that does not exhibit typical
MR features. It may be helpful in the visualization of hemo-
siderin deposition in the cyst wall. Takeuchi et al., in 2008,
had reported the usefulness of susceptibility-weighted MR,
which is an MR technique that maximizes sensitivity to sus-
ceptibility effects and has excellent sensitivity to blood prod-
ucts such as hemosiderin and deoxyhemoglobin combining
magnitude and phase information from fully velocity-
compensated gradient-echo sequences. The magnetic sus-
ceptibility effects generated by local inhomogeneity of the
magnetic field caused by hemosiderin or deoxyhemoglobin
are visualized as signal voids, increasing, in this way, the

material (d) images show a 3.5 cm endometrioma (white arrows) char-
acterized by the presence of hyper-signal in T1-weighted/T1-weighted
fat sat/T2-weighted sequences

diagnostic accuracy of MR approach [7]. Therefore, we can

consider the following as imaging criteria for the diagnosis

of endometrioma:

* One or more cysts with hyperintensity on T1-weighted
fat-suppressed images

e Shading sign on T2-weighted images

* Presence of adhesions

* Contrast enhancement of the peripheral low-signal-
intensity rim of the thick fibrous capsule of the cyst

Using these criteria it has been demonstrated that MR
imaging has a diagnostic accuracy of 91-96 %, a sensitivity
of 90-92 %, and a specificity of 91-98 % [7, 10, 46, 47, 49,
61, 63].

In 1993, Outwater et al. [38] compared the MR imaging
features of endometriomas and hemorrhagic cysts and con-
cluded that endometriomas usually have higher T1 and lower
T2 signal intensities than hemorrhagic cysts. Bilaterality and
multifocality of adnexal lesions can help establish a diagnosis
of endometrioma with even greater specificity than T1 signal
hyperintensity alone.
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Fig. 4 A 25-year-old patient. Axial T1-weighted sequence (a), axial
T1-weighted fat sat sequence (b), axial T2-weighted fat sat sequence
(¢), and coronal T2-weighted sequence (d) images show a 4.1 cm

In some centers it is used in the STIR sequence to exclude
the presence of fat (and therefore the presence of teratoma),
but low-signal intensity of adnexal masses on STIR MR
images cannot be considered as specific for mature cystic tera-
toma and does not exclude endometrioma [71]. As previously
demonstrated by Krinsky et al., the loss of T1 signal hyperin-
tensity on STIR images is not a finding specific to fat because
hemorrhagic ovarian cysts and endometriomas can have T1
relaxation times similar to that of fat (i.e., they can show “sup-
pressed” signal intensity) and thus may mimic mature cystic
teratomas at STIR imaging. Therefore, the use of an MR
imaging system capable of chemically selective T1-weighted
fat-suppressed imaging will help to prevent this pitfall.

It is possible to find also a rare condition of the so-called
polypoid endometriosis of the ovary [76] that is characterized

endometrioma (white arrows and black arrows) characterized by the
presence of hyper-signal in TIl-weighted/T1-weighted fat sat/
T2-weighted sequences

in the microscopic examination, by solid components with
dilated endometrial glands with various amounts of endome-
trial stroma containing fibrous tissues. There are few papers
describing this condition in the literature, and in each of these
cases, there was a mass with cystic component containing
polypoidal areas that were hyperintense on T2-weighted
image and demonstrated homogeneous enhancement after
administration of contrast material [69, 77, 78].

Diffusion-Weighted Imaging in MR

Recent technical advances in diffusion-weighted imaging
(DWI) greatly enhanced the clinical value of magnetic reso-
nance imaging (MRI) of the body. In fact DWI can provide
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Fig. 5 A 21-year-old patient. Sagittal T2-weighted sequence (a) and
sagittal T1-weighted sequence (b). In the left adnexa there are three
visible formations: an endometrioma characterized by an high-signal
intensity in both T1-weighted sequence and T2-weighted sequence

excellent tissue contrast based on molecular diffusion [50—
55]. Quantitative measurement of the apparent diffusion coef-
ficient (ADC) may be valuable in distinguishing between
malignant and benign lesions, and in the last years, it has been
suggested to use the diffusion-weighted imaging with quanti-
tative assessment of apparent diffusion coefficient (ADC)
values into pelvic MR imaging protocols (Figs. 11 and 12).

Endometriomas usually have low ADC values in part
because of the so-called “T2 blackout effects” [72]. On a
diffusion-weighted image obtained with a low b value (which
is a type of T2-weighted fat-suppressed image), an endome-
trioma exhibits low-signal intensity resembling the T2 shad-
ing. Thus, endometriomas have less signal intensity to lose
on images obtained with higher b values than adnexal masses
with higher T2 signal intensity do. Because the ADC value is
based on the slope of the signal intensity loss between acqui-
sitions at low b values and those at higher b values, endome-
triomas often have low ADC values. Busard et al. showed a
significant correlation between the T2 signal intensity and
the ADC value in a study evaluating both endometriomas
and solid endometrial implants [73].

Previous publications demonstrated that restricted diffu-
sion and low ADC values within an adnexal lesion does not
have a high PPV (positive predictive value) or specificity for

(white arrows) and two cysts characterized by high signal in
T2-weighted sequence and very low signal in T1-weighted sequence
(white arrowheads)

the diagnosis of malignancy because endometriomas demon-
strate restricted diffusion but also benign hemorrhagic ovar-
ian cysts solid endometrial implants as well as benign mature
cystic teratomas also demonstrate restricted diffusion.

3 T MRI Imaging

In the last years, 3 T systems have been introduced in the
clinical use [74, 75] and, compared with 1.5 T, the signal-to-
noise ratio at 3 T has been increased and background sup-
pression has been improved, which allows better
categorization of variable components of endometriomas.
The 3 T systems guarantee high spatial and contrast resolu-
tion, providing also an accurate information about endome-
triosis implants, with a good pre-surgery mapping of the
lesions involving both bowels and bladder surface and recto-
uterine ligaments. In a recently published paper in Radiology
by Hottat et al., the sensitivity and specificity in detecting
endometriomas using a 3 T system was 96 % and 80 %,
respectively, and also a very high interobserver agreement
was found. However, further investigations are necessary to
define the role of this technology in the detection and charac-
terization of endometrioma.
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Fig. 6 A 36-year-old patient. Sagittal T2-weighted sequence (a), sag-
ittal T1-weighted sequence (b), and axial T2-weighted sequence (c). In
this patient with a 3.5 cm endometrioma in the left adnexa and in the

Differential Diagnosis

MR findings of endometrioma may overlap with MR find-
ings of other adnexal masses, in particular with other lesions

7 ']
£ ,},H B
_" e

T2-weighted sequences (a, ¢), the shading sign (black arrows) is visi-
ble where this effect is not visible in the T1-weighted sequence (b)
(black asterisk)

that appear with high-signal intensity on TI-weighted
images, such as dermoid cysts, hemorrhagic masses, muci-
nous cyst, and neoplasms. Thus, a differential diagnosis is
necessary [6, 44, 49]:
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Fig. 7 A 19-year-old patient. Axial T1-weighted sequence (a), axial
T1-weighted fat sat sequence (b), axial T2-weighted sequence (¢), and
coronal T2-weighted sequence (d) images show in the right adnexa the

e Dermoid cysts may be differentiated from endometriomas
thanks to fat-saturated T1-weighted sequences, in which
the endometrioma’s signal intensity does not decrease.
This signal characteristic differentiates endometriomas
from fatty adnexal masses, such as dermoids that show
instead a chemical shift artifact and signal dropout [10,
44, 49] (Fig. 10).

*  Mucinous lesions present a definitely lesser increased sig-
nal intensity on T1-weighted images than that of fat or
blood [6].

e Hemorrhagic cysts (most commonly a corpus luteum
cyst) represent the most difficult differential diagnosis,
because of the similarity in MR imaging appearance to
that of endometriomas. In fact hemorrhagic cysts remain
bright on fat-saturated T1-weighted images. However,

presence of 2 endometriomas repeated rupture due to recurrent cycles
of internal hemorrhage (white arrows)

what better allows in the differential diagnosis is that,
unlike endometriomas, hemorrhagic cysts are usually
solitary, unilocular, and thin walled. They do not exhibit
shading on T2-weighted image, since they do not repeat-
edly bleed. Without recurrent hemorrhage and concentra-
tion of contents, viscosity of the cyst remains lower, and
shading is unlikely to be present. Endometriomas that are
not bright on T1-weighted images may be difficult to dis-
tinguish from other adnexal masses [4, 7, 10]. In addition,
hemorrhagic cyst will resolve with time, so it is helpful a
follow-up examination rather with TVUS [4, 45, 64].

*  Multiple corpora lutea represent another important differ-

ential diagnosis that must be considered in women who
have undergone treatments for assisted conception; this
condition may be seen after induced ovulation. The isolated
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appearance of each corpus luteum cyst in such cases is simi-
lar to that of endometrioma, but the patient’s medical history
including recent oocyte retrieval helps to the diagnosis [4].

Ovarian carcinoma: Although malignant transformation
is a rare complication of endometriosis (<1 % of cases), it
is very important following and evaluation of the disease.
Several studies have found an increased overall cancer
incidence in women with endometriosis, and many retro-
spective and epidemiologic studies have reported an
increased rate of endometriosis in women with ovarian
cancer, especially endometrioid and clear cell histologies
showing that endometriosis is correlated to an increased
risk of developing ovarian cancer [8, 9]. Sampson et al., in
1925, first reported some cases of malignant tumors that
were diagnosed in women with endometriosis [7-9]. The
neoplastic degeneration of endometrioma is an uncom-
mon complication, and considering that the overall fre-
quency of endometrioma in the general population may
range from 1 to 10 % and combining this data with the
incidence of ovarian cancer in the general population (10
cases per 100,000 person per year), we can assert that
most ovarian endometrioma do not develop ovarian cancer

Fig. 8 A 25-year-old patient. Axial T1-weighted sequence (a), axial T1-weighted fat sat sequence (b), and sagittal T2-weighted sequence (c)
images show in the right and left adnexa the presence of endometriomas that have the kissing ovaries configuration (white arrows)

[8, 9, 56, 57, 59, 60, 62]. The histologic composition of
cancer arising in endometrioma is different from that of
other ovarian cancers, with a preponderance of clear cell
(14.8 %) and endometrioid (66.7 %) carcinomas [7-9,
42]. These tumors clinically represent a distinct subtype of
epithelial ovarian cancers. Endometriosis associated with
ovarian cancer usually affects women who are 10-20
years younger than those affected by other subtypes of
epithelial ovarian cancer, but fortunately, patients affected
usually have an earlier stage and lower grade of disease
and have a significantly better overall survival rate.
Considering these features, an early detection is needful in
order to improve the prognosis and preserve fertility [7—
9]. However, it is unclear whether the increased survival is
related to the younger age and/or the earlier diagnosis
reported in women with endometriosis, inasmuch as typi-
cal symptoms of endometriosis might facilitate earlier
diagnosis, whereas ovarian cancers are frequently asymp-
tomatic until advanced stages [67, 68]. In 1925, Sampson
first proposed the diagnostic criteria still in use to identify
malignant tumors that arised from endometriosis:

Clear evidence of endometriosis close to the tumor.
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Fig. 9 A 28-year-old patient. Sagittal T2-weighted sequence (a), sagit-
tal T1-weighted sequence (b), and sagittal T2-weighted sequence, zoom
200 % (c). In this patient with a 2.7 cm endometrioma (white arrows),

* The carcinoma must be seen to arise in endometriosis and
not to be invading it from some other sources.

e Presence of tissue resembling endometrial stroma sur-
rounding characteristic glands.

Scott proposed in 1953 an additional histopathologic
diagnostic criteria: the coexistence of endometriosis and
tumor with an intervening transitional lesion (40 % of cases,
transitional lesions are characterized by ectopic endome-
trium with mild/severe atypia interposed between endome-
trium without atypia and adenocarcinoma) [7-9, 65, 67].

some linear hypo-intense spot (black arrowheads) are present due to
hemosiderin deposition in the cyst wall

Pathogenesis and Risk Factors
for Malignant Transformation

Cancers that arise in ovarian or extraovarian endometriosis are
a distinct disease category with a histologic profile different
from that of the more common epithelial ovarian cancers and
with a better prognosis. The pathogenesis of malignant trans-
formation of endometriomas is still unclear; some clarified
risk factors for ovarian cancer are nulliparity, late conception
of firstborn, unopposed estrogen replacement therapy, and
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Fig. 10 A 33-year-old patient. Axial T1-weighted sequence (a), axial
T1-weighted fat sat sequence (b), axial T2-weighted fat sat sequence
(¢), and axial T1-weighted fat sat sequence after contrast material (d)

family history. These risk factors suggest that estrogen may
probably play a significant role; for this reason endometriosis
should be treated and monitored closely in women of repro-
ductive age [8, 9, 56, 57, 59, 60, 62]. Besides an advanced age,
however, little is known about the risk factors of development
of ovarian cancer among women with ovarian endometrioma.
Furthermore, it has been established that the predisposition to
develop an ovarian cancer is limited to endometrioid and clear
cell carcinoma. Instead, oral contraceptive use, hysterectomy,

images show a 2.4 cm dermoid cyst (white arrows) characterized by the
presence of moderate hyper-signal in T1-weighted and T2-weighted
sequences and suppression in the T1-weighted fat sat sequence

and tubal ligation are considered to be major protective factors
[7-9, 40, 58, 59].

Ness et al. in 2003 reported that the same pathophysiol-
ogy that induces the development of endometriosis (such as
immune alterations, estrogen excess, and steroid hormone
interaction) may orchestrate the progression of endometri-
osis and its transformation to ovarian cancer [66]. The epi-
thelial lining of cystic ovarian endometriosis, similarly to
its eutopic uterine counterpart, may develop metaplastic,
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Fig. 11 A 29-year-old patient. Axial T2-weighted sequence (a) and
axial DWI (b value=1,000) (b). Bilateral endometrioma (white and
black arrows) well demonstrated by the DWI; the presence of fibrosis

Fig.12 A 24-year-old patient. Axial T2-weighted sequence (a), axial
DWI (b value=1,000) (b), and axial DWI (b value=1,000) with
inverted window (c). Endometrioma in the right adnexa (white
arrows) well demonstrated by the DWI; there is also a visible nodule

hyperplastic, or atypical changes, but the precise preva-
lence of these alterations in endometriosis and their signifi-
cance in terms of risk of malignant transformation are not
defined [67].

Prefumo et al., Fukunaga et al., and Ogawa et al. reported
in their studies a significant increased presence of severe
atypia in endometriomas associated with ovarian cancer,
suggesting that carcinoma may arise from endometriosis
through a multi-step process in which typical endometriosis
may change into mild to severe atypia (with or without
hyperplasia) and then into carcinoma [68, 69]. Kobayashi

involving the retrocervical region (white arrowheads) is also visible
(Images courtesy of Carlo Nicola de Cecco MD — University of Rome
la Sapienza — Polo Pontino)

W 350°

of endometriosis in the para-uterine region (white open arrows) and
the presence of fibrosis involving the sigma (white arrowheads)
(Images courtesy of Carlo Nicola de Cecco MD — University of Rome
la Sapienza — Polo Pontino)

et al. in 2007 reported that the endometriotic tissue and its
surroundings will be enriched in growth factors and cyto-
kines causing a deleterious effect on the growth regulation of
other cells [8, 9].

Recent studies have shown the possible biologic mecha-
nisms involved in the malignant transformation process:
inactivation of the phosphatase and tensin homologue deleted
on chromosome 10 (PTEN) tumor suppressor gene is an
early event in the development of ovarian endometrioid car-
cinoma and has established the role of K-ras and PTEN in
the development of mouse models of endometriosis and



Endometrioma: Computed Tomography and Magnetic Resonance Imaging

Fig. 13 A 20-year-old patient. Coronal T2-weighted sequences (a, b)
and axial T2-weighted sequence (c¢). Endometrioma with malignant
degeneration (proven by histology) in the left adnexa (white arrows)

endometrioid ovarian cancer [8, 9, 66—70]. Kobayashi et al.
in 2008 also conducted an important study providing several
epidemiological and clinical data on development of ovarian
cancer in women affected by ovarian endometrioma in Japan.

with the presence of mass (white arrowheads). In the axial image is the
visible shading effect (white open arrows)

They reported that women in postmenopausal age, with
endometriomas that were 9 cm or greater in diameter, had the
highest prevalence rate of ovarian cancer. They made a mul-
tivariate Cox proportional-hazards regression model, in
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which they demonstrated that the risk of development of
ovarian cancer highly increased with 9 cm or greater in
diameter (HR, 5.51; 95 % CI, 2.09-9.22; P=0.031) and
postmenopausal (HR, 3.21; 95 % CI, 1.79-4.69; P=0.039).

According to their results, the size of ovarian endometri-
oma and advancing age are significant independent predic-
tors of development of ovarian cancer (in particular clear cell
and endometrioid ovarian subtype), and the presence of
endometriomas that are 9 cm or greater in diameter and the
postmenopausal condition increases the risk of development
of ovarian cancer.

They also suggested that an early aggressive therapy
(including surgery) should be recommended, in this cluster
of patients, in order to prevent the high risk of development
of ovarian cancer.

MR Findings in Malignant
Transformation of Endometrioma

Endometrioma has been reported to develop into malignant

tumor in about 0.7-0.8 % of cases. An established MRI find-

ing of endometrioma associated with malignant tumor is a

cystic component with mass formation (Fig. 13) that shows

gadolinium enhancement. In the past years some diagnostic
criteria have been suggested to identify the malignant trans-
formation of endometrioma:

¢ Presence of contrast enhancement of a mural nodule at
fat-suppressed T1-weighted images [40]

e Lack of shading on T2-weighted images represents an
important risk factor for malignancy, as reported in the
study of Tanaka et al. in 2000 and 2010 (these features are
amenable to the dilution of hemorrhagic contents by the
nonhemorrhagic fluid secreted by malignant masses or to
interval enlargement of the endometrial cyst) [40]

* A mural nodule diameter of more than 3 cm

e An interval increase in the size of the cyst
Ancillary findings suggestive of metastases, such as a

large volume of ascites and peritoneal implants, are exceed-

ingly rare in patients with malignant transformation of an

endometrioma [7, 10, 40].

The typical morphologic appearance of an endometrioma
associated with carcinoma is that of a unilateral large cystic
mass containing hemorrhagic fluid and mural nodules. The
mural nodules usually appear contrast enhanced on postcon-
trast T1-weighted images, and their signal intensity is low on
T1-weighted images and variable on T2-weighted images
(signal intensity on T2-weighted images and the shape of
mural nodules are not related to the histologic subtype of the
carcinoma). Usually, cystic components of the mass appear
hyperintense on both T1- and T2-weighted images. The
presence of shading sign on T2-weighted images within the
mass is rarely observed [7, 10, 40].

L.Sabaetal.

It is important to consider that the hyperintense hemor-
rhagic fluid on T1-weighted images may mask the contrast
enhancement of small mural nodules; for this reason it may
be helpful to use contrast-enhanced dynamic subtraction
images obtained with a gradient-echo sequence in order to
evaluate the degree of enhancement of such nodules. The sig-
nal intensity of myometrium, or that of the small bowel wall
(if the uterus is absent), is used as standard reference for the
qualitative assessment of lesion signal intensity on diffusion-
weighted images and apparent diffusion coefficient (ADC)
maps. Masses that show relative signal hyperintensity on
diffusion-weighted images and hypo/isointensity on ADC
maps are considered to demonstrate restricted diffusion.

But several studies have demonstrated that restricted dif-
fusion in ovarian cystic masses is not a specific criterion for
malignancy; in fact it may also be seen in benign conditions
such as decidual reaction of pregnancy or in polypoid
endometriosis.

An abnormal increase in signal intensity at diffusion-
weighted imaging is seen in almost half of endometriomas.
But contrary to the restricted diffusion seen in the solid com-
ponents of borderline or malignant tumors, the abnormal dif-
fusion seen in benign endometriomas is usually seen within
the interior cystic portions [7-10, 13, 40].

Lizuka et al. have also shown that the high concentration
of iron in an ovarian cyst helps in differentiating endometrio-
mas from serous cystadenocarcinomas, which do not contain
a high concentration of iron [7-10, 13].

The radiological appearance of endometrioma associated
with malignant tumor is solid components in the cystic lesion
on enhanced MR imaging, and sometimes this appearance
may be confused with that of polypoid endometriosis of the
ovary. In this case the DWI analysis (and in particular the
ADC map analysis) can be very important because an ADC
map image of the solid component of the polypoid endome-
triosis of the ovary did not yield a low ADC value in the
same way as those of malignant ovarian tumors. This fact
can be explained because the rich extracellular component of
endometrial tissue resulting from dilated endometrial glands
may give a relatively high ADC value on an ADC map
image, whereas the hypercellularity of the solid component
of endometrioma associated with a malignant tumor may
limit water motion to give a relatively low ADC value [76].

Pitfalls and Differential
Diagnosis at MR Imaging

The presence of enhancing mural nodules within an endome-
trioma represents a sensitive (97 %) but not a specific (56 %)
feature for the diagnosis of cancer arising from an endome-
trioma. Indeed, also benign entities can produce enhancing
mural nodules, and a differential diagnosis is needful:
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Inflammation

Polypoid endometriosis associated with exogenous hor-
mone therapy (e.g., tamoxifen)

Adjacent ovarian parenchyma (in such case an extracystic
crescent-shaped lesion, which may contain follicles, is
the characteristic finding)

Intracystic blood clots (they may demonstrate abnormal sig-
nal intensity on diffusion-weighted images, but do not usu-
ally enhance after the administration of contrast material)
Decidual reaction of pregnancy (in this case the nodules
have high-signal intensity similar to that of normal endo-
metrium on T2-weighted images; this findings, associated
with the patient’s medical history, helps distinguishing
these nodules from the isointense nodules of malignancy;
in addition they regress postpartum; thus a postpartum
follow-up imaging should be performed)

Conclusion

In the detection and characterization of endometriomas,
the MRI plays a fundamental role because of its high sen-
sitivity and specificity that allow to identify this pathol-
ogy and solve the differential diagnosis issues. The main
limitation of this technique is the cost that remains to date
very high. The CT should not be used for the detection
and characterization of endometrioma because of the sub-
optimal sensitivity and specificity, risk induced by the
radiation dose, and use of the contrast material.
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Epithelial Stromal Tumors: Serous
and Mucinous (Clinical Setting
and Ultrasound)

Maria Angela Pascual

Abstract

Benign serous and mucinous tumors of the ovary are mostly cystic and are derived from the
epithelium and stroma of the surface, often without evidence of hormonal activity or clini-
cal manifestations, and are often discovered incidentally during the course of routine gyne-
cological or abdominal scans performed for other reasons. They can occur at any age, and
if there are clinical manifestations, they are usually due to size. They can be large and
although less frequent can cause twisting, bleeding, or rupturing of the cyst. This is mani-
fested by acute pain. Excellent definition provided by transvaginal ultrasound with color
Doppler can allow a diagnosis of these types of cysts. Based on macroscopic descriptions
provided by pathologists and the correlation of both the morphological sonographic find-
ings as well as those derived from the vascularization of the cyst studied, the diagnosis can
be made. The contribution of three-dimensional sonography allows diagnosis of these types
of cysts based primarily on the fact that it allows for more of an anatomical view of the

structure to be studied, both from a morphologic and a vascular point of view.

Keywords

Epithelial stromal tumor ¢ Serous stromal tumor * Mucinous stromal tumor * Imaging

Ultrasound

Introduction

Mature ovaries measure from 2 to 4.5 cm in length by 0.5 to
1.5 cm in width. They can weigh between 5 and 10 g and are
connected to the rest of the pelvis via the mesovarium.

Broadly, the ovary is composed of two main areas: corti-
cal and medullary.

The cortical, or peripheral, area accounts for about one-
quarter of the ovarian volume. In the stroma there are ovar-
ian follicles in various stages of development. This cortical
area is, essentially, the functional region of the ovary, where
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two types of phenomena play out: the hormonal secretion of
progesterone and estrogen and ovulation.

The surface of the ovary is almost always coated by
simple cuboidal epithelia, the only epithelial element of the
gland.

The spinal cord is the central area, rich in blood and lym-
phatic vessels, immersed in low-density stroma, ensuring
vascularization of the cortical layer. There aren’t any folli-
cles in the medullary zone.

The ovarian hilum is the zone where blood vessels pene-
trate into the gland. At the hilum level, the pelvic peritoneum
replaces the inconsistent cuboidal epithelia of the ovarian
lining.

Thus, the ovary contains several cell types:

o Epithelial tissue: cubic epithelial lining

¢ Connective tissue: ovarian stroma

e Germ cells: intrafollicular oocytes

* Follicular cells: cells of the theca and granulosa
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Fig.1 Graphic representation
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The broad spectrum of histologic features associated with
ovarian tumors reflects the diversity of cell types present in
normal gonads (Fig. 1).

Neoplastic ovarian cysts are not the most frequent cause
of increase in the size of the ovary. The presence of these
lesions is usually indicated by menstrual irregularities (due
to an imbalance between estrogen and progesterone) and by
abdominal pain.

As opposed to benign tumors, neoplasms, in general, are
asymptomatic until they acquire enough size to cause
mechanical symptoms.

Nonneoplastic cysts are subdivided, at the hormonal level,
into functional, when corresponding to an abnormal devel-
opment of an ovarian follicle, and non-functional, also called
organic cysts, that correspond to a proliferative syndrome of
the ovarian parenchyma.

Epidemiology and Classification of Benign
Ovarian Tumors

Benign ovarian lesions make up around 80 % of the tumors
that affect the ovary, 10-15 % are primary malignant tumors
of the ovary, and around 5 % are metastatic tumors.

Sex cord-stromal tumours

Granulosa-stromal cell tumours

Sertoli-stromal cell tumours

Sex cord stromal tumours of mixed or unclassified cell types
Sterold call tumours

Benign ovarian cysts, both serous and mucinous, can
occur at any age.

Alcazar et al. [3], in a series of 1,980 patients, found that
the serous cyst is more prevalent in menopausal women,
while the mucinous cyst does not present a significant differ-
ence in prevalence between premenopausal and postmeno-
pausal patients. In our experience, Pascual et al. [52], among
apopulation of 13,177 postmenopausal patients, we observed
the presence of benign ovarian lesions in 1.7 % of patients.
Of these lesions, 51 % were simple and/or serous cysts and
1.8 % were mucinous cysts.

Over the course of 25 years, Grapsa et al. [28] observed
86 tumors in adolescent patients between 11 and 19 years of
age, 26.7 % of which were epithelial tumors. Twenty-one of
them were benign (14 serous cysts and 7 mucinous cysts);
two others were borderline. They concluded that the most
common cysts among tumors of epithelial origin were benign
serous.

Of the three basic components that are involved in the
morphogenic development of the gonad: coelomic epithe-
lium, germ cells, and mesenchyme, the first is highly impor-
tant because it is found in the majority tumors that originate
in the ovary. In fact, 70-75 % of all ovarian tumors are of
epithelial origin. Of these it is estimated that around 30 % are
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Table 1 WHO histological classification of benign serous and
mucinous tumors of the ovary

ICD-O codes
Benign serous tumors
Cystadenoma 8441/0
Papillary cystadenoma 8460/0
Surface papilloma 8461/0
Adenofibroma and cystadenofibroma 9014/0
Benign mucinous tumors
Cystadenoma 8470/0
Adenofibroma and cystadenofibroma 9015/0
Mucinous cystic tumor with mural nodules
Mucinous cystic tumor with pseudomyxoma 8480/3

peritonei

serous, of which 60 % are benign, and 20-25 % are muci-
nous, of which 80 % are benign [10, 62].

Tumors derived from the coelomic epithelium, which
retain their Miillerian differentiation potential, belong to
the group of common epithelial tumors. If the potential
retained by the coelomic structures is tubal, serous tumors
will form; if they retain the ability to develop in the uterine
direction, endometrioid or mucinous neoplasms will be
developed.

The need to methodically sort ovarian tumors led them to
establish their classification based primarily on histogenesis.

The current World Health Organization (WHO) classifi-
cation [63] consists of the following varieties of benign
tumors of epithelial origin (Table 1).

Clinical Findings

The majority of benign ovarian tumors are cystic derivatives
of the epithelium and surface stroma. They are predomi-
nantly serous, mucinous, or mixed and are typically
asymptomatic.

When these tumors are present but asymptomatic, the
diagnosis is usually obtained through explorations stemming
from another disease [56] or from a routine gynecological
examination either by physical examination or ultrasonogra-
phy (US).

Clinical manifestations are linked to the size of the cyst;
the symptoms are often vague with generalized pelvic dis-
comfort due to pressure on adjacent structures. They may
present with abdominal pain of varying intensity and when
the growth of the cyst is slow may be accompanied by a sen-
sation of abdominal heaviness.

Larger tumors may be accompanied by an increase in
abdominal girth. The extra pressure affects neighboring
structures, such as the intestine and ureters, causing bowel
and kidney obstructions. When the pressure of the tumor
affects vascular structures, complications, such as varicose
veins, hemorrhoids, and edema of the lower extremities, can
occur due to inferior vena cava compression.

Nonspecific symptoms such as nausea and vomiting,
fever, or vagal symptoms may also occur.

Benign ovarian cysts, like serous and mucinous cysts,
may occur due to complications such as ovarian torsion,
intracystic or intraperitoneal hemorrhage, or a ruptured cyst.

The twisting of the ovary is the most frequent of the afore-
mentioned complications and can occur when there is a sig-
nificant increase in volume caused by the cyst. Varras et al.
[74], in a study of 92 patients with ovarian lesions that were
examined for torsion, conclude that 89 % of torsion cases are
associated with a benign ovarian tumor. Acute pain is the
main symptom, although it may spontaneously recede when
the torsion self-corrects. Houry and Abbott [38] also found
the same association with ovarian torsion at an 89 % rate in
a group of 87 patients and concluded that the diagnosis of
ovarian torsion is often missed and ovarian salvage is rare.
Characteristics of pain are variable and objective findings are
uncommon in ovarian torsion. Prompt diagnosis and treat-
ment through laparoscopy allows for conservative manage-
ment [12]. Structural changes depend on the evolutionary
stage of the process. When only return circulation is affected,
marked congestion, edema, and extravasation of blood are
observed. In more advanced stages, hemorrhagic necrosis
occurs and urgent surgical treatment is needed.

Intracystic hemorrhage results from breakage of some of
the vessel wall, without altering it. Intraperitoneal hemor-
rhage may be seen depending on the size of the affected
blood vessel. Hemorrhage presents with intense abdominal
pain and the patient can exhibit signs of shock. The condition
may spontaneously disappear. Hemorrhagic ovarian cysts
are also found in asymptomatic patients.

The rupturing of an ovarian cyst is not a frequent compli-
cation. The symptoms depend primarily on the type of tumor
and its contents. In the case of a serous cyst, it may even be
asymptomatic. The liquid content is drained out through the
abdominal cavity, but compared to other ovarian cysts the
fluid from the serous cyst is not normally irritating. The rup-
ture of a mucinous cyst may be more serious, since the cells
that drain into the abdominal cavity can become implanted in
the peritoneum and cause pseudomyxoma peritonei [45],
which is complicated to treat. Baratti et al. [7] and Terence
et al. [64] obtained acceptable results with radical surgical
treatment and intraperitoneal chemotherapy.

Benign ovarian cysts may be discovered in the course of a
pregnancy, given that an ultrasound examination is part of
routine prenatal care. All guidelines developed include
assessment of the ovaries and the adnexa as a required com-
ponent of a first-trimester examination and are considered
clinically appropriate and technically feasible in standard
second- and third-trimester examination.

The demonstration of an incidental ovarian or adnexal
lesion may provide a morphological evaluation baseline to
guide subsequent diagnostic and management strategies. In
addition, this information may prove valuable if an acute
clinical situation were to develop later on in the pregnancy.
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Fig. 2 Transvaginal US showing a pregnant uterus with a histologic
benign mucinous cyst (yellow arrows) in the right adnexal. The image is
from a 35-year-old patient with a history of contralateral tumor adnexec-
tomy and ipsilateral cystectomy due to borderline mucinous ovarian
tumors. Laparoscopy was performed at 13 weeks gestation due to the
rapid growth of the cyst and history. Later, the patient was scheduled for
a cesarean due to placenta previa, and a healthy female fetus was born

Frequently, the sonographic features of common adnexal
lesions such as simple cysts, hemorrhagic cysts, mucinous
cysts (Fig. 2), endometriomas, mature cystic teratomas, and
ovarian conditions specific to pregnancy, such as ovarian
hyperstimulation and large luteinized follicular cysts [47]
may permit classification. This allows patients to be classified
into conservative management protocols versus those that
require further diagnostic and management decisions [26].

The goal of US evaluation is to identify those patients in
whom conservative management is appropriate versus those
who require more immediate intervention such as surgery. The
risks of surgical intervention need to be balanced against the
potential risks of nonintervention. These may include torsion,
rupture, hemorrhage, or the rare spread of a malignant cancer.
Atypical features or persistent large lesions should initiate a
multidisciplinary team approach to optimize diagnostic and
management strategy. Acute symptoms may precipitate emer-
gency intervention at any point in the pregnancy.

Histologic Features

Many pelvic masses have a macroscopic appearance very
similar to the image that can be obtained using transvaginal
ultrasound in expert hands. Knowing the morphology and
characteristics of ovarian tumors is of great help. Sutton
et al. [62] reviews the anatomy, embryology, and physiology
of the ovary and the different diagnostic modalities, conclud-
ing that it is essential to understand the microscopic image in
order to make a good differential diagnosis of ovarian masses
using US. Lil Valentin [68] confirms that the similarity of the
ultrasonographic pattern and the microscopic findings is

Fig. 3 Gross appearance of a mucinous cystadenoma with multiple
septa delimitating cystic spaces filled with mucin

often very useful for the diagnosis. However, it may also
result in false positives, for example, an adenofibroma, which
is benign and contains papillary projections.

According to Grases [29], serous tumors are character-
ized by having an epithelial lining similar to that of the tubal
mucosa or the ovarian surface epithelium, with a tendency to
form buds and, less frequently, to coat the glandular spaces
that are surrounded by fibrous stroma.

Four varieties are distinguished macroscopically, which
serves as the basis for their classification. In the cystade-
noma, the cavity is unilocular and the wall tends to be thin.
When there are numerous buds that stand out in plain view,
the term papillary cystadenoma is used. When the papillary
proliferation is predominantly present on the outer surface, it
qualifies as papilloma or papillomatosis of the surface. For
those cases in which the epithelial lesion is part of a solid
tumor with abundant fibrous stroma (cellular, edematous, or
hyalinized), it is identified as serous adenofibroma, and if
there is a combination of solid and cystic lesions, the term
cystadenofibroma is used.

In mucinous tumors, the lining epithelium is cylindrical.
When cells are mucous secreting and similar to those of the
epithelium of the endocervical mucosa or the gastric pyloric
mucosa, they are classified as endocervical mucinous cystad-
enoma. When the epithelium resembles the intestinal
mucosa, it is classified as an intestinal mucinous
cystadenoma.

Macroscopically, the majority of these tumors is multi-
locular and can occasionally achieve enormous volume. The
external surface is smooth and upon cutting multiple cells of
variable size and configuration can be seen, with a smooth,
bright, and wavy inner lining (Fig. 3). They are filled with
fairly thick mucinous material. Occasionally, there are only a
few lobes and rarely a single cavity (Fig. 4).

Serous tumors, less frequently solid tumors, can be
found with a predominance of the fibrous stroma and with
a sparse mucinous epithelial component. This is the case
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Fig. 4 Gross appearance of a mucinous cystadenoma with a focal
thickening of the wall lining showing a whitish tissue

Fig.5 Gross appearance of a benign mucinous cystadenofibroma with
solid areas and mucin filled cystic spaces

with mucinous adenofibromas. When the solid component
alternates with cysts lined by mucinous epithelium with-
out atypia, the term mucinous cystadenofibroma is used
(Fig. 5).

The mucinous cystadenoma can coexist with mature cys-
tic teratoma or with other types of ovarian cysts, including
those that are malignant.

Occasionally, various types of mural nodules are found in
the walls of mucinous ovarian tumors. They include anaplas-
tic carcinoma, carcinosarcoma and sarcoma-like nodules,
mixed nodules, and leiomyomas [5].

Diagnostics

The possibility of obtaining an initial diagnosis of a sus-
pected ovarian tumor is based on correct history, general
clinical, and, in particular, gynecological examination. The
physical examination provides information related to the

increase in the size of the ovaries, their mobility, consistency,
surface roughness, and whether it is unilateral or bilateral.

A finding of unilaterality, cystic consistency, mobility,
and a regular surface point to a benign nature of the tumor.
However, it is essential to confirm the suspected ovarian
pathology, with US being the technique of choice before
considering other more complex, and often unnecessary,
technological approaches. Guerriero et al. [31], in a prospec-
tive study of 161 premenopausal patients, 83 of which had
persistent adnexal mass, concluded, by comparing the results
of transvaginal ultrasound and computed tomography (CT),
that in premenopausal women, transvaginal ultrasonography
remains a cost-effective method in the diagnosis of most cys-
tic ovarian lesions.

Imaging Techniques

The ultrasound for the study of gynecological organs must
be transvaginal and whenever possible, with color or power
Doppler. Abdominal US with a full bladder is indicated in
virgin patients and for completing ultrasound study carried
out by transvaginal US in adnexal masses of considerable
size.

The majority of tumors affecting the ovaries are benign,
and despite the fact that ultrasound is considered the most
effective method to predict the histological type, even today,
in the absence of clinical symptoms, unnecessary interven-
tions are still recommended instead of minimally invasive
procedures or conservative management. An important
objective is, therefore, recognizing the different subtypes of
benign cysts to make an adequate therapeutic and clinical
decision.

Significant advances in technology over the last decade,
and improvements in knowledge and training, have allowed
experienced ultrasound examiners to correctly classify the
majority of growths and in some cases suggest the specific
diagnosis through a subjective assessment of sonographic
findings in grayscale and color Doppler [68].

Subjective sonographic characterization of benign ovar-
ian cysts based on pattern recognition has been shown to be
accurate [67], as well as reproducible [34].

Three-dimensional ultrasound (3D-US) is a technological
advance that produces 3D images that give a more realistic
reconstruction of anatomical structures in three dimensions.
3D-US enables a more detailed analysis of internal cyst
walls, borders, and vascularization, while improving the
diagnostic accuracy of US in the evaluation of adnexal
masses. The Ultrasound Consensus Conference Statement of
the Society of Radiologists [44] concludes that there are
many areas for future research that will further our ability to
appropriately diagnose and follow adnexal cysts. One of the
recommendations is to refine the clinical importance of
3D-US and Doppler findings.
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Regarding the management of ovarian and other adnexal
cysts imaged sonographically in asymptomatic women, the
recommendations of the Society of Radiologists in
Ultrasound [44] are:

e For reproductive age and postmenopausal women with
simple adnexal cysts larger than 7 cm, further imaging
with magnetic resonance (MR) or surgical evaluation
should be considered because the cysts may be difficult to
assess completely with US.

e Multiple thin septations or solid nodules without detect-
able flow at Doppler US are features that we would spe-
cifically consider as indeterminate. These findings are
suggestive of neoplasms, most often benign. Irregularities
or tiny areas of focal thickening of the cyst wall may be
difficult to distinguish from a small solid component and
thus cannot determine malignancy. Cysts with either of
these indeterminate features merit more attention than the
previously described cysts with typical benign sono-
graphic findings. In a woman of reproductive age, this
entails a short-interval follow-up (6—12 weeks) with US
or, occasionally, further examination with MR imaging.
MR imaging may be particularly helpful to confirm the
absence of MR contrast enhancement in sonographically
solid-appearing areas that do not have demonstrable flow
at Doppler US.

A short-interval follow-up of 6-12 weeks with US should
be enough time for a physiologic cyst to resolve. However, it
should be at a different phase of the menstrual cycle, ideally
between the third and tenth day, so that development of a
new cyst does not complicate interpretation.

The larger the cyst the more time it may take to resolve. If
the lesion persists and continues to have indeterminate find-
ings at US or MRI, surgery should be considered. Although
size cannot be used to distinguish between benign and
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malignant cysts, once cyst size increases above 10 cm, the
lesion has a 13 % chance of being malignant [25].

Benign Serous Tumors

Cystadenoma

Cystadenoma tumors are usually 1-10 cm in diameter
(Fig. 6) but occasionally reach up to 30 cm or more (Tavassoli
et al. [63]).

Ultrasonographic findings that define serous cystadeno-
mas are described as unilocular or multilocular cysts, with
liquid content and thin walls, and without solid or papillary
images in their interior (Fig. 7). They show posterior acous-
tic enhancement and acoustic streaming. Edwards et al. [20]
describe this phenomenon as a visualization of particle
movement within the cyst, away from the transducer during
color Doppler imaging, after the ultrasound probe had been

Fig.7 (a) Transvaginal US shows a unilocular cyst, 54 mm in diameter, with fluid content and thin walls, and no solids or papillary images inside.
We can observe posterior acoustic enhancement. In image (b), the prominent posterior acoustic enhancement has been brightened
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Fig.8 Transvaginal US of a unilocular cyst with vascularization score
of 1. Note that the vessels are outside the cystic structure. The phenom-
enon of acoustic streaming can be seen inside the cyst (yellow
asterisks)

Fig.9 Contrast-enhanced CT scan image shows a unilocular cyst with
thin walls and water-density contents

held still for some time, and this finding was observed in 80
% of cystadenomas. Later, Van Holsbeke et al. [72] observed
this phenomenon in 44 % of serous cysts by using data from
1,938 patients with an adnexal mass included in Phase 2 of
the International Ovarian Tumor Analysis (IOTA) study.

The vascular features of cystadenoma according to the
IOTA consensus [65] show a score of 1 (no blood flow found
in the lesion) and sometimes a score of 2 (only minimal flow
detected in the cyst wall or within the septa) (Fig. 8).

The differential diagnosis of cystadenoma must include
both paraovarian and functional cysts. The diagnosis of para-
ovarian cysts can be made when the ipsilateral ovary is
clearly visible. Uncertainty as to whether the mass is ovarian
or extraovarian is likely to occur when the ipsilateral ovary is
not seen and is probably more likely when the cyst is large.
In premenopausal patients, ultrasonographic monitoring of
functional cysts will determine their diagnosis [50]. When
the cyst persists, it is likely to be a serous cyst.

Guerriero et al. [34] demonstrated that a serous cyst is not
difficult to diagnose and it has good interobserver agreement
(k 0.72-0.80) between experts and moderately experienced
sonologists.

In a prospective study of over 300 patients, Alcdzar et al.
[2] concluded that for selected asymptomatic premenopausal
women, the most sonographically benign ovarian cysts
remain unchanged during long-term follow-up. In these
cases the data support conservative management.

Valentin et al. [70], in a recent paper, found that the malig-
nancy rate in surgically removed adnexal lesions, which were
judged to be unilocular cysts at transvaginal scan, is around 1
%. Postmenopausal status, personal history of breast or ovar-
ian cancer, and hemorrhagic cyst contents at scan increase the
risk of malignancy. To avoid misclassifying adnexal lesions
as unilocular cysts when scanned, it is important to scrutinize
unilocular cysts for the presence of solid components.

Serous cysts at CT appear as well-defined, thin-walled cystic
tumors. MRI shows simple fluid signal, hypointense on
T1-wieghted sequences, and hyperintense on T2 (Figs. 9 and 10).

Fig.10 Axial images show bilateral unilocular cysts with homogeneous hypointense signal on T1-weighted sequence (a) and hyperintense on T2 (b)
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Fig. 11 Gross appearance of a serous papillary cystadenoma showing

M.A. Pascual

yellowish papillae in cystic formation with a smooth inner surface

Fig. 12 Illustration of a unilocular cyst with a papillary projection
with an irregular surface (blue arrow) and various small papillations
(yvellow arrows)

Papillary Cystadenoma

One variety of macroscopic serous cysts has projections in
its external or internal wall, or both. When the papillations
are present in the outer wall, as is the case with papillary
surface, it is very difficult to detect with US (Fig. 11).

Thin-walled unilocular cysts with thin septa and papillary
projections sonographically characterize benign papillary
cystadenomas (Fig. 12).

These projections can be small, vascularized projections
that arise from the internal wall of the cyst or from the
septum.

The papillary projections are an important US finding in
the morphological classification of ovarian masses. They are
defined as any solid projection from the internal cyst wall
into the cyst cavity, with a height of >3 mm. The surface of
the papillary projections can be smooth or irregular [65]; it is
important to assess their vascularization by color/power
Doppler (Fig. 13).

Fig. 13 A unilocular cyst with papillary projection (yellow arrow)
with an irregular surface. Color Doppler detected minimal flow within
the papillae (score 2)

Fig. 14 A unilocular cyst with papillation in the inner wall. Power
Doppler shows absence of flow within the papillation (score 1). At fol-
low-up it disappeared and the ovary was normalized. Papillation image
corresponds to a clot

On the other hand, some echogenic structures in the inner
wall of the cyst may be confused with papillary projections.
This is the main cause of false-positives of blood clots; although
no color flow was detected in these false-positive cases, this is
not sufficient to exclude papillary projections, because color
flow may be absent in benign projections (Fig. 14).

A scoring system for masses containing papillary projec-
tions was suggested in order to characterize them. It was
compared with the subjective evaluation of ultrasound
images by an experienced examiner [67]. The results did not
improve “pattern recognition” and concluded that the scoring
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system was a relatively simple method that could be tested in
less experienced hands. The idea was to see if its use would
improve characterization of ovarian tumors by medical pro-
fessionals who are not experts in gynecological ultrasonog-
raphy [4].

Hassen et al. [36], using endovaginal ultrasound, evalu-
ated the morphologic and color Doppler characteristics of
papillary projections in benign epithelial stromal ovarian
tumors and compared them with those that were borderline
and malignant.

This study shows that using conventional ultrasound,
topography, size, and morphologic findings correlate with
macroscopic findings. The presence or absence of color flow
can be used to characterize papillary projections. This dem-
onstrated that benign epithelial tumors have fewer papillary
projections than borderline or malignant
Furthermore, this study shows that a certain number of mor-
phologic and Doppler findings can be highly suggestive of a
diagnosis of benign, versus malignant, papillary projections.
The same goes for borderline tumors even though an overlap
exists. Large size, acute angle, irregular surface, and dissem-
inated pattern are suggestive of malignancy, whereas absence
of color flow in a papillary projection >10 mm is suggestive
of benignity.

Valentin et al. [70], evaluating only unilocular cysts with
papillary projections, found that the greater the number of
and the larger the papillations, the higher the risk of malig-
nancy. They concluded that unilocular cysts with papillary
projections were more difficult to classify. One reason may
be that benign papillary cysts are rare, and larger studies are
needed so that more sonographic findings and clinical data
can discriminate between borderline and invasive malig-
nancy in unilocular cysts with papillations.

It is probable that in these types of difficult tumors,
3D-US can demonstrate its ability to show morphological
structures such as papillary projections, their anatomical
relationship with adjacent structures, and the details of their
vascularization (Figs. 15 and 16).

Sladkevicius et al. [60] concluded that while using 3D
power Doppler ultrasound to subjectively evaluate the mor-
phology of the vessel tree (Fig. 17), as depicted by 3D power
Doppler ultrasound, the clinician can discriminate between
benign and malignant ovarian tumors. It adds little to gray-
scale ultrasound imaging in an ordinary population of tumors.

Although all patients with papillary cysts will likely
undergo surgical removal, preoperative assessment of a
tumor as benign, borderline, or malignant is fundamental,
particularly in young women, in order to preserve fertility.
This also helps the surgeon decide the type of surgery.

masses.

Adenofibroma and Cystadenofibroma
Adenofibroma and cystadenofibroma of the ovary are rela-
tively rare benign tumors. Such tumors are characterized by

Fig. 15 Three-dimensional US, render mode shows detail of a papil-
lary projection, without vascular flow signal, in the inner wall of a uni-
locular cyst

their malignant sonographic appearance. Guerriero et al.
[32], in a study of 572 histologically benign tumors, 10 cyst-
adenofibromas of a total of 14 were diagnosed as malignant
by US and color Doppler. In those cases in which the epithe-
lial lesion was part of a solid tumor with abundant fibrous
stroma (cellular, edematous, or intense hyalinization), it was
identified as serous adenofibroma. If there was a combina-
tion of solid and cystic lesions, the term cystadenofibroma
was used. The images show an example of adenofibroma
(Figs. 18 and 19).

The cystadenofibroma has a low frequency, with a preva-
lence of around 5 %. Alcazar et al. [1], in a study of 23 ovar-
ian cystadenofibromas, observed a predominantly cystic
mass in all cases, with internal septa in 30.4 % (Fig. 20), and
solid nodules or papillary projections in 56.5 %, of the cases
(Fig. 21); 16 masses (69.6 %) showed an anechoic pattern
(Fig. 22), while 7 masses (30.4 %) had echogenic content.

Vascularization is usually peripheral with scattered ves-
sels, however, blood flow may be found in septa and solid
nodules (Fig. 23). Alcédzar et al. [1] found blood flow in 47.8
% of the cases.

Korbin et al. [40], in a study of 14 cases of paraovarian
cysts, found serous cystadenofibroma located in 8 cases. US
findings were predominantly cystic, and in 9 of 14 masses
(64 %), one or more small (<1 cm) solid nodules were
identified.

The differential diagnosis was with papillary cystade-
noma (Fig. 24), borderline ovarian tumors (Figs. 25 and 26),
and papillary serous carcinoma in the initial stages. Valentin
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Fig. 16 Three-dimensional US, displayed in Tomographic Ultrasound
Image (TUI mode), of a unilocular cyst with two papillary projections
(yvellow arrows). Multiple slices are shown in the 9 panels. The top left

et al. [69] included the adenofibromas and cystadenofibro-
mas in the group of unclassifiable growths (benign/malig-
nant), given that the ultrasonographic pattern included
papillary projections, multilocular cysts with >10 locules,
and masses with low-level echogenicity of cyst fluid. These
US features are characteristic of borderline tumors [22, 51].

Using MRI in 13 cystadenofibromas, Outwater et al. [48]
observed 12 multicystic masses with septa of very low signal
intensity ranging from 2 to 20 mm, and one was predomi-
nantly solid fibrous tissue. Pathologic correlation with the
specimen images showed that the low-signal intensity mate-
rial was the subepithelial fibrous component of the cystade-
nofibromas. Fibrous components of ovarian fibromas and
cystadenofibromas are demonstrable by MR as solid compo-
nents representing fibrous tissue of very low signal intensity
on T2-weighted images.

M.A. Pascual
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image is an axial view of the cyst, which is a reference image. The lines
correspond to the views shown in the panels (left fo right). The relation-
ship between the papillary projections and the wall cyst is shown

Benign Mucinous Tumors

Cystadenoma

The sonographic appearance of mucinous cystadenomas
usually includes large (Fig. 27) unilateral uniloculated or
multiloculated cysts (Figs. 28 and 29) with homogeneous
low-level echogenic contents (Fig. 30). However, some-
times the different independent cavities of the cyst contain
different types of mucin: endocervical-like (Miillerian) or
the intestinal type [29]. The proportion of two types of
mucin-producing cells may vary among different compart-
ments in the same tumor. The difference in mucin types
may explain the variable echogenicity in the tumor com-
partments as detected by sonography. Variable echo-
genicity in cyst compartments was described by Caspi
et al. [10] as a more specific sign of a mucinous tumor
(Fig. 31).
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Fig.17 3D-US, displayed in
niche mode, shows an endocystic
papillary projection (blue arrow)
without vascular flow signal.
Accurately observed that the
blood vessels run through the cyst
capsule without ramifications for
papillation (yellow arrows)
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Fig. 18 (a) Transvaginal US shows a larger (about 90 mm) solid and heterogeneous mass suggestive of malignancy. (b) power Doppler shows
moderate flow is present. Histology demonstrated that this corresponded to a benign adenofibroma

A rare presentation of mucinous cysts is described by Perlman
et al. [54], which observed a multiloculated pelvic cystic mass
that contained multiple compartments of various echotextures.
A careful transvaginal sonographic assessment of the cyst
revealed that one of the compartments contained echogenic
material arranged in a pattern resembling onion skin shells.

Concentric echogenic layers are a well-known sono-
graphic finding in other mucinous tumors. Degani et al. [16]
were the first to describe this sign in a case of appendiceal
mucocele, calling it the “onion skin” sign (Fig. 32).

The vascular features of benign mucinous cysts (Fig. 33),
according to the IOTA consensus [65], tend to show a score
of 2 (only minimal flow can be detected in the cyst wall or
within the septae) and a score of 3 (moderate flow is present).
A score of 4 (highly vascular) is rare.

Mucinous benign tumors can be difficult to differentiate
from mucinous borderline tumors and cystadenocarcinomas.
Color flow is of limited value when characterizing these
tumors (Fig. 33). This difficulty also applies to CT and MRI
techniques (Figs. 34 and 35).
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Fig. 19 Axial T2-weighted image shows solid bilobulated mass
(yellow arrows) with a hypointense signal corresponding to the fibrous
component

Fig. 22 Unilocular cyst with anechogenic cyst fluid and a few septa-
tions (yellow arrows)

Fig. 20 Transvaginal US shows septations, but no nodularity was

evident Fig.23 A unilocular cyst with low-level echogenic contents and mini-

mal blood flow (score 2) in the thin septa

Fig.21 A complex cystic mass contains evident blood flow within the ~ Fig. 24 A complex cyst with papillary projection. Histology corre-
solid nodule along with septations sponded to a benign papillary cystadenoma
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Fig.25 A unilocular cyst with endocystic papillary projections, larger
in the base (27 and 25 mm, respectively), with irregular surface;
Histology corresponded to a serous borderline tumor

Fig.26 Three-dimensional US, displayed in render mode, shows three
papillary projections with irregular surface. Histology demonstrated
that this corresponded to a serous borderline tumor

The differential diagnosis of a mucinous cyst should be
considered on an endometrioma with a high fluid content and
with peritoneal cysts [33].

Mucinous Cystic Tumor with Mural Nodules
Mucinous cystic tumors of the ovary, whether benign or
malignant, may be associated with sarcoma-like mural nod-
ules. Prat and Scully [57] first reported mucinous tumors of
the ovary with “sarcoma-like nodules.”

These nodules resemble gingival epulis or giant cell
tumors of bone and are reactive rather than neoplastic.

Fig.27 Transvaginal US shows a larger cyst (140 mm), with smooth inter-
nal wall, thin septations, and homogeneous low-level echogenic contents

Fig. 28 Transvaginal US shows a multilocular, partly echogenic cyst
with multiple septae

Solid mural nodules within mucinous ovarian cysts are
extremely rare. True sarcomatous nodules are usually larger
than sarcoma-like mural nodules.

Benign mural nodules may appear sarcoma-like or have
the features of a leiomyoma. These benign nodules are asso-
ciated with favorable outcomes.

Different imaging techniques show a tumor that is usually
large and multilocular, with a solid nodule in the internal
wall.

Mucinous Cystic Tumor with Pseudomyxoma

Peritonei

Preoperative knowledge of the mucinous nature of a tumor is
of crucial importance because many of these tumors are
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Fig.29 Three-dimensional US, displayed in
render mode, showing a multilocular cyst with
thick and thin septae

M.A. Pascual

Fig. 30 Transvaginal US shows a large unilocular cyst, with smooth
internal wall, and homogeneous low-level echogenic contents

Fig.31 Sonographic image of a benign mucinous cystadenoma show-
ing variable echogenicity among different cavities

Fig.32 Sagittal sonogram demonstrating contents arranged in “onion
skin” thin concentric layers

resected laparoscopically, and spillage may occur. Overflow
should be prevented not only because of the potential spread
of cells in malignant tumors but also because, in these par-
ticular tumors, spillage of mucin carries a serious risk of
pseudomyxoma peritonei complication, albeit rare.

Pseudomyxoma peritonei follows the perforation of a
mucinous appendiceal or ovarian neoplasm which leads to
an intraperitoneal dissemination of mucinous implants that
range in viscosity from purely liquid to a semisolid-like tex-
ture and that form on the peritoneal surfaces of the abdomi-
nal wall and visceral organs [58]. Though epithelial cells
within the mucin implants can result in mucin production,
they rarely invade and hence do not metastasize into the
blood stream or lymphatics.

This mucinous material remains intra-abdominal and
accumulates, eventually causing severe abdominal disten-
sion and anorexia from compression of the small bowel,
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Fig.33 Image (a) shows transvaginal US of a benign mucinous cyst-
adenoma in a 55-year-old patient. The mass histology was 27 cm and
3,860 g. The morphologic pattern is complex with multiple septations,
and a thickened and highly vascular pattern showing blood flow (score
4) within the septa. Image (b) shows a borderline mucinous tumor in a
35-year-old patient. Sonogram shows a multiloculated cystic structure
containing echogenic material in some of the cavities. Moderate flow is
present (score 3) within the septa and cyst walls

Fig. 34 Contrast-enhanced CT image shows multiloculated cystic
lesion (yellow arrows) with different densities inside the locus

Fig. 35 Coronal fat-saturated T2-weighted image showing a cystic
multiloculated lesion with different signal intensities and an intermedi-
ate signal corresponding to a mucinous component

which are the main causes of morbidity and mortality in
untreated patients.

Tumor Markers

Tumor markers are important tools for screenings and
follow-ups of patients with ovarian malignancies and have
also been suggested to be valuable for early diagnosis.
Although CA-125 is the most useful tumor marker, it does
not sufficiently distinguish malignant from benign tumors
when used alone. In addition CA-125 is very nonspecific,
given that it may increase in other types of non-ovarian can-
cers, such as those of endometrial and gastrointestinal origin,
and breast cancer. It is also elevated in benign processes such
as endometriosis, pelvic inflammatory disease, cirrhosis, and
gestation. Wakahara et al. [76] concluded that comparatively
sonography is more effective in making a diagnosis than
tumor markers (CA 125, CEA CA 19-9 and 72-4) prior to
surgery on an adnexal mass.

Dikensoy et al. [18], in a study of 93 menopausal patients,
noted that there were 77 patients with CA-125 values of less
than 35 IU/ml, and they had histological findings that were
benign. On the other hand, the remaining 16 patients with
borderline tumor histology had CA-125 values between 35
and 50 IU/ml and had ultrasound results showing multilocu-
lar cysts greater than 13 cm in size.

Spinelli et al. [61], in a study of 120 adolescents with
adnexal masses, found 100 % positivity of the tumor markers
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in malignant tumors (5 cases) and 20.4 % positivity in benign
ovarian cysts. Since their results were consistent with others
published [59], he therefore concluded that the role of tumor
markers was still controversial. This is the reason why,
before considering radical treatment, we suggest caution in
order to optimize future fertility.

Ultrasound-Guided Aspiration

An attractive possibility for increasing accuracy in diagnosing
benign ovarian cysts, in particular serous cysts, is to aspirate
the tumor in order to obtain material for cytological study.

The aspiration can be performed either by laparoscopy
[11, 46] or sonographic control.

Pez et al. [55] concluded that an ovarian aspiration under
sonographic control is a simple technique that avoids many
laparoscopies, providing an early diagnosis so that any inter-
vention may be done more quickly.

Montanari et al., in 1987 [46], observed a 53 % rate of
recurrence in cysts that were aspirated percutaneously.
Dargent and Desmettre [14] concluded that with selected
patients, whether done vaginally, percutaneously, or via the
urethra, the recurrence rate was equal to that obtained by
laparoscopic puncture.

Granberg et al. [27] obtained results of aspirations in
simple cysts under sonographic control, which were com-
parable to those obtained by laparoscopy by other authors
[42], with a 70 % rate of no recurrence in the drained cysts.

De Crespigny et al. [15] published a new study of 109
aspirations in 88 patients with a 45 % rate of no recurrence.

In 1990 Forest and col. [24] obtained a 25.3 % rate of
recurrence, and Troiano and Taylor [66] achieved good results
in a study of 43 patients, which included pregnant women.

Recently, Koutlaki et al. [41], in 121 reproductive age and
menopausal patients, have concluded that the aspiration of a
benign cyst seems to increase success rates for any expected
treatment. Previously, Duke et al. [19] had concluded that
this technique was a good alternative for patients with high-
surgical risk.

Nevertheless, the technique is controversial. There are
authors who are against ovarian aspiration (laparoscopy or
ultrasound), due to the danger presented by the spreading of
cells, if the tumor is malignant [21, 30].

In our experience [49], we have not observed any cysts
under sonographic control aspirated with a cytological result
of malignant cells. Our results show a 53.6 % rate of nonre-
currence of benign cystic pathologies in general. If we
exclude endometriotic cysts, the rate of nonrecurrence is
57.3 %; in other words, almost 2 of every 3 serous cysts are
resolved with a puncture under sonographic control.

The main advantage of this technique is a reduction in
surgical interventions. Consequently, the economic and
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Fig.36 Gross appearance of an infarcted ovary. Dilated vessels can be
seen on the surface

social costs arising from surgical treatment of these patholo-
gies are also reduced.

However, if the cyst recurs, the value of reaspirating the
cyst is doubtful, given that of patients that are aspirated more
than once, 60 % end up in surgery [27].

In our experience just 15.7 % of patients eventually
required surgery. The most frequent causes of intervention
were due to an inability to drain the cyst; this is the case with
diagnostic aspirations (7.6 %) and the recurrence of cysts
previously under sonographic control.

Complications
Torsion

Ovarian torsion is caused by rotation of the ovary or adnexa
with the vascular pedicle on its axis, resulting in arterial,
venous, or lymphatic obstruction (Fig. 36).

The sonographic appearance of ovarian torsion varies
according to the duration and degree of the torsion, whether
it is complete or incomplete, and the presence or absence of
an ovarian mass [23].

Helpful sonographic findings that have been described
include the appearance of a cystic, complex mass, with or
without pelvic fluid; thickening of the wall; and cystic hem-
orrhage. All of these are indirect signs of adnexal torsion.
They may represent either the cause of torsion or its effects
on the ovary, but not the torsion itself. Both the clinical
symptoms of torsion, as well as these classic sonographic
signs are relatively unspecific.

Van Voorhis et al. [73] and Desai et al. [17] described an
enlarged ovary absent of, or with markedly diminished, ovarian
blood flow on transvaginal and color Doppler sonography, as
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Fig. 37 This image shows an enlarged ovary without vascularization.
It observes the vascular pedicle twisted on itself. The findings are
highly suggestive of torsion. The patient immediately underwent a lap-
aroscopy, releasing the torsion

Fig.38 Transvaginal US image shows an enlarged ovary, with edema-
tous stroma, together with signs of twisted ovary. Presence of normal
arterial flow can be seen

a specific finding for the early diagnosis of ovarian torsion
(Fig. 37).

Lee et al. [43] observed the presence of normal arterial
flow, which suggested venous thrombosis without arterial
occlusion, in addition to a dual blood supply to the ovary, as
possible explanations for the occurrence (Fig. 38).

These different results indicated that, in partial or early
torsion, both arterial and venous flow could be maintained
with viable ovarian tissue.

Vijayaraghavan [75] described the whirlpool sign repre-
senting vessels wrapping around the central axis. Valsky
et al. [71], in a study of 80 patients with suspected ovarian
torsion, 22 included a search for the whirlpool sign. They
concluded that the addition of the sonographic whirlpool

Fig.39 Image (a) shows a transvaginal US with free fluid surrounding
the ovary (blue arrows). It is a grayscale ultrasound image of a twisted
ovarian ligament that resembles a spiral or whirlpool sign. Image (b)
shows a color Doppler ultrasound image showing twisted vessels
around the axis

sign, to the preoperative sonographic evaluation of patients
with suspected torsion, appeared to improve the rate of true-
positive diagnoses as confirmed by laparoscopy.

In order to find the whirlpool sign, it is necessary to focus
the probe on the adnexal pedicle where the torsion is
suspected.

The twisted pedicle should be evaluated in both grayscale
and with color/power Doppler (Fig 39). The color Doppler
view confirms that the whirlpool sign contains blood vessels.

During pregnancy the relatively rapid movement of the
ovaries and fallopian tubes out of the pelvis during the
mid-late first trimester, and the rapid return of these struc-
tures to their normal anatomical location after delivery,
places the ovaries and ovarian masses at an increased risk
of torsion [13]. Most cases occur in the first half of preg-
nancy and, followed by the puerperium, are far less com-
mon in the second half of pregnancy.
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Fig. 41 A hemorrhagic cyst may occasionally appear solid, due to
dense internal echoes and weak transmission. This may be seen in the
subacute stage, when there is blood clot formation but the clot lysis has
not yet begun

Hemorrhage

Most hemorrhagic ovarian cysts are nonneoplastic, and the
few that are neoplastic are generally benign (Fig. 40).
Hemorrhagic ovarian cysts are generally due to an expanding
hemorrhage within a corpus luteum or other types of func-
tional ovarian cysts [6].

Jain [39] described the hemorrhagic cyst ultrasound pat-
tern with precision. The average cyst diameter was 3.0—
3.5 cm (range, 2.5-8.5 cm). The cyst wall was thin (2 mm),
well defined, and regular. Posterior-enhanced through-
transmission is seen, signifying the basic cystic nature of
the mass.

Hemorrhagic cysts tend to evolve slowly into various
stages of acute hemorrhage, clot formation, and clot retrac-
tion, thus giving rise to changing sonographic appearances

Fig. 42 A cystic mass is shown in the adnexal region with posterior
acoustic enhancement. Within this mass, there are fine septations (fibrin
strands), which have a reticular appearance. This pattern is common for
a hemorrhagic cyst

Fig. 43 Transvaginal US shows another common appearance of a
hemorrhagic cyst, which is a retracting blood clot (yellow arrows). The
clot may appear to be slightly homogeneous or may contain a reticular
pattern due to fibrin strands. The remainder of the cystic mass appears
anechoic. Occasionally, the retracting clot may simulate a papillary pro-
jection. Color and power Doppler sonography would fail to show blood
flow in the clot

until they completely resolve. Normally, fresh blood is
anechoic. In subacute stages when the clot forms, it becomes
echogenic (Fig. 41). The echogenicity of hemorrhagic cysts
diminishes when hemolysis of the cells begins. In the first 24
h after hemorrhage, the blood is echogenic. However,
echogenicity then decreases after 2—4 days. Understanding
this pathophysiologic process, it is easier to interpret sono-
graphic appearances and can facilitate diagnosis of hemor-
rhagic cysts.

Patel et al. [53], in a study of 30 hemorrhagic cysts, found
that fibrin strands (Fig. 42) and a retracting clot (Fig. 43) are
vital observations that allow a degree of certainty in the diag-
nosis of hemorrhagic ovarian cysts. Approximately 90 % of
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hemorrhagic ovarian cysts will exhibit at least one of these
two features.

An acute onset of pain in the pelvis or lower abdomen,
due to hemorrhagic cysts in women, closely mimics other
gynecologic conditions such as ovarian torsion, ectopic preg-
nancy, and pelvic inflammatory disease. It can also mimic
gastrointestinal disorders such as appendicitis, mesenteric
adenitis, Crohn’s disease, and other gastrointestinal condi-
tions. Clinical correlation is crucial, because hemorrhagic
cysts are unlikely in the presence of fever and leukocytosis.
In summary, the definitive diagnosis of hemorrhagic cysts
can be made in most cases with the use of transvaginal
sonography, in light of an appropriate history, as well as
characteristic sonographic findings.

To ensure resolution, the Ultrasound Consensus Confer-
ence Statement [44] recommends short-interval follow-up
with US, for women in early postmenopause who have
developed complex cysts that appear to be hemorrhagic. If
the lesion does not change, then a hemorrhagic cyst is
unlikely, and continued follow-up with US or MR imaging
should then be considered. Since hemorrhagic cysts are not
normally found in late postmenopausal women, any cyst
with such an appearance should be considered neoplastic,
and surgical evaluation should be considered.

Rupture

When a simple ovarian cyst ruptures, anechoic fluid is seen
in the pelvis. However when a hemorrhagic cyst ruptures,
echogenic fluid is seen in the pelvis. It might even result in
massive hemoperitoneum. A ruptured hemorrhagic cyst with
hemoperitoneum may have imaging features similar to those
of hemoperitoneum resulting from other causes [37].

Echogenic blood may surround the uterus and adnexa.
Moreover, sonographic findings of a ruptured hemorrhagic
cyst can very closely mimic a ruptured ectopic pregnancy
when a woman of childbearing age has acute pelvic pain and
hemoperitoneum. This can become particularly challenging
in the setting of positive pregnancy test results in a very early
intrauterine pregnancy that is not visualized. The assertion
that a positive p-human chorionic gonadotropin (f-hCG)
finding indicates ectopic pregnancy and that a negative
B-hCG finding suggests a ruptured hemorrhagic cyst becomes
very limiting in such a situation [37].

Coincidental occurrence of a corpus luteal cyst rupture
and an ectopic pregnancy has, in fact, been reported [35].

Complications from Aspiration

Complications during or after an ovarian aspiration have
been observed, by some authors. Examples include bleeding
(due to accidental puncture of an important vessel in the
area), hematuria, or infections [8, 9].

However, in our experience, we have not observed such
complications, either during or after the completion of the
aspiration.
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Benign Surface Stromal Tumors
of the Ovary: Computed Tomography
and Magnetic Resonance
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Abstract

Serous cystadenomas are thin-walled cysts, and cystadenofibroma has a solid component of
low intensity on T2-weighted MR images. Mucinous cystadenomas are multilocular cystic
tumors of “stained glass” appearance. Brenner tumor is typically a solid mass of low inten-
sity on T2-weighted MR images containing calcification on CT, but commonly associated
with cyst formation of variable degree.
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Generally, surface epithelial stromal tumors of the ovary are
subdivided into five large categories based on epithelial dif-
ferentiation: serous, mucinous, endometrioid, clear cell, and
transitional. The overwhelming majority of benign tumors
are cystadenoma of either serous or mucinous type. Benign
tumor of transitional cell type is known as Brenner tumor.
Although benign tumors of clear cell and endometrioid types
are known to form adenofibromas, they are extremely rare
tumors with only few reports in the literature [1-4].

Benign Serous Tumors

Benign serous tumors include cystadenomas, adenofibro-
mas, and cystadenofibromas. These tumors are common and
account for two-thirds of benign ovarian epithelial tumors
[5]. Although serous cystadenomas can occur in any age,
they show peak incidence in the fourth to sixth decade. They
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are bilateral in 12-23 % of cases [5]. Histologically, the epi-
thelium lining the cyst is usually a single layer of flattened
columnar cells, often combined with secretory cells and cili-
ated cells, as in the normal fallopian tube. The epithelial cell
has a tendency to show fine papillary structures and may
form small papillary projections arising from the inner sur-
face. When the stroma of benign serous tumors becomes
highly cellular and fibrous, and forms a solid component,
the tumor is designated as adenofibroma or, if cystic,
cystadenofibroma.

Serous cystadenomas commonly appear as unilocular
thin-walled cysts filled with simple fluid (Fig. 1). Although
multilocular form may occur, the number of the locules is
usually limited (Fig. 2). On MR imaging, the content of the
cyst typically exhibits signal pattern of water, low intensity
on T1-weighted images, and bright intensity on T2-weighted
images (Fig. 1). Occasionally, small papillary excrescences
may be associated with the cyst, and they typically show low
intensity reflecting fibrous core. When these papillary
excrescences become prominent, serous tumor of borderline
malignancy may be suspected.

Cystadenofibromas typically manifest as a complex cys-
tic mass associated with solid components. On MR imaging,
the solid component typically shows distinct low intensity
on T2-weighted images, reflecting the fibrous stroma with
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Fig.1 Serous cystadenoma in a 26-year-old woman. (a) Sagittal T2-weigthed MR image shows a large unilocular cyst. There is a tiny papillary
excrescence in the anterior wall of the cyst (arrow). (b) Sagittal T1-weighted MR image shows watery low intensity of the cyst content

Fig. 2 Serous cystadenoma in a 59-year-old woman. Sagittal
T2-weighted image shows bilocular cystic mass posterior to the uterus

dense collagen (Fig. 3) [6, 7]. The solid components may
contain small or tiny cystic locules [8]. Although serous
cystadenomas simulate malignant tumor because of solid
components in the cystic mass, their distinct low intensity is
an important MR finding for suggesting benignancy. The dif-
ferential diagnosis of solid mass of low intensity associated
with cyst formation includes Brenner tumor and fibrotheco-
mas; both are virtually benign tumors.

Benign Mucinous Tumors

Mucinous cystadenomas comprise 13 % of benign ovarian
epithelial neoplasms, and mean patient age is about 50 years
[5]. In contrast to serous cystadenomas, they are bilateral in
only 2-3 % of cases. Mucinous cystadenomas are typically
multilocular cystic tumors in gross appearance and tend to
larger than serous cystadenomas. The cysts usually contain
thick, mucinous material, but occasionally contain watery
liquid. The locules in mucinous cystadenomas are usually
small and multiple. The epithelium in mucinous cystade-
noma is characterized by a single layer of tall columnar cells
with clear cytoplasm. Histologically, mucinous tumors are
further subclassified into intestinal type and endocervical
(miillerian) type, and the former comprises over 80 % of
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Fig. 3 Serous cystadenofibroma in a 48-year-old woman. (a) Axial
T2-weighted MR image shows a complex cystic mass in the right adnexa.
The mass contains an irregular-shaped solid component (black arrow)

Fig. 4 Mucinous cystadenoma in a 60-year-old woman. (a) Sagittal
T2-weighted image shows a large multilocular cystic mass. There is a
focal area of distinct low intensity (black arrow), simulating the thick-
ened septum. (b) T1-weighted image shows variable signal intensity in

mucinous cystadenomas. Up to 10 % of mucinous cystade-
nomas contain focal component of Brenner tumor.

On imaging studies, mucinous cystic tumor typically
shows a characteristic multilocular appearance with varying
signals in the locules (“stained glass appearance”) on both
T1- and T2-weighted images (Fig. 4) [7]. The locules con-
taining watery fluid usually exhibit low signal on
T1-weighted image and high signal on T2-weighted image,
whereas those with thick mucinous fluid tend to show

of distinct low intensity in its central portion, which also contains tiny
cystic locule (arrowhead). (b) Post-contrast T1-weighted image shows
poor enhancement in the solid component (white arrow)

multiple locules. The area of low intensity on T2-weighted image
exhibits high intensity (white arrow), suggesting densely viscose fluid.
(c) Post-contrast T1-weighted image with fat suppression shows
enhancement in the septi

increased signal on T1-weighted images. The septi in the
cysts exhibit low intensity on T2-weighted images and
become enhanced when post-contrast Tl-weighted is
obtained. The differentiation of benign mucinous cystade-
nomas and borderline tumors is quite difficult and should
depend on postoperative histologic findings. In general, the
presence of a thick wall or septa may suggest borderline
lesions, while the presence of solid components suggests
carcinoma [9]. When the fluid in the locule is very viscose,
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Fig.5 Mucinous cystadenoma with focal component of Brenner tumor
in a 67-year-old woman. (a) Axial T2-weighted image shows a pre-
dominantly cystic mass of multilocular cystic appearance. The mass is
accompanied by a solid component of low intensity ventrally (arrow),
which is a focal area of Brenner tumor. (b) Post-contrast T1-weighted

the signal of the locule may be distinctively low on
T2-weighted images, simulating thickened septi or solid
mass. In such cases, lack of enhancement on post-contrast
images in the area of increased intensity on unenhanced
T1-weighted images will be of help for differentiating muci-
nous locule from solid mass. When mucinous cystadenoma
is accompanied by focal component Brenner tumor, it shows
distinct low intensity on T2-weighted images and enhanced
on post-contrast study (Fig. 5). The presence of calcification
on plain CT is also suggestive of Brenner tumor. When mul-
tilocular cystic tumors are observed in bilateral ovaries,
metastatic ovarian tumors, especially from the colon and
appendix, should be considered [10]. Metastatic tumors
from mucin-producing carcinoma can show similar mor-
phologic appearance to those of primary mucinous cystic
tumor both grossly and microscopically. They commonly
involve bilateral ovaries, whereas primary ovarian mucinous
tumors are rarely bilateral.

Brenner (Benign Transitional) Tumors

Brenner tumors are uncommon surface epithelial tumors that
account for about 2 % of ovarian neoplasms and commonly
occur in postmenopausal women [11]. Histologically, Brenner
tumor is characterized by varying numbers of rounded nests
of transitional cells. Their cellular features are similar to
Walthard nests, which are epithelial inclusions occasionally
found in the hilar regions of the normal ovaries. In Brenner
tumors, these nests of transitional nests are embedded in
fibromatous stroma, which is composed of spindle cells with
abundant collagen matrix and occasional hyalinization. The

image reveals stained glass appearance consisting of variable signal
intensity in the multilocular cystic tumor, and heterogeneous enhance-
ment in the solid component of Brenner tumor (arrow). (¢) Unenhanced
CT demonstrates fine calcifications in the solid component

epithelial nests often become cystic. When cystic changes
may become prominent, the epithelium lining the cyst may
show metaplastic change from transitional cell to mucinous
columnar epithelium. In approximately 30 % of cases,
Brenner tumors are associated with components of mucinous
cystadenomas [11]. These tumors show intimate admixture of
both Brenner component and mucinous component and are
designated as metaplastic Brenner tumor.

The gross appearance of Brenner tumor is typically a
well-circumscribed solid tumor of small size. However, the
tumor may be associated with variable proportion of cystic
changes. Less commonly, the cystic components in Brenner
tumor may become extensive and large, and they may
show multilocular appearance. On MR imaging, the solid
components in Brenner tumor typically exhibit distinct
low intensity on T2-weighted images, reflecting fibrous
stroma with collagen (Fig. 6) [12]. The areas of cystic
changes within the tumor are depicted as areas of increased
intensity on T2-weighted image (Fig. 7). When the cystic
changes become extensive, the cystic components within
the tumor may exhibit multilocular “stained glass” appear-
ance containing locules of variable signal intensity on both
T1- and T2-weighted images, as seen in mucinous cystad-
enomas described above (Fig. 8). On post-contrast
T1-weighted images, the solid components usually show
homogeneous enhancement [13]. The solid component
typically contains extensive amorphous calcification on
CT, which is one of the characteristic findings of Brenner
tumors [13]. Although calcification may be also recog-
nized in serous adenocarcinomas, the combination of cal-
cifications demonstrated by CT and low intensity on
T2-weighted images is suggestive of Brenner tumors.
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Fig.6 Brenner tumor in a 61-year-old woman. (a) Axial T2-weighted MR image shows solid mass of distinct low intensity in the left adnexa. (b)
Unenhanced CT shows extensive calcifications throughout the tumor

Fig.7 Brenner tumor with cystic change in a 70-year-old woman. (a)  components of high intensity ventrally (arrow). (b) Axial post-contrast
Axial T2-weighted MR image shows a predominantly solid mass of computed tomography demonstrates numerous foci of amorphous cal-
distinct low intensity in the right adnexa. The lesion contains cystic  cification within the solid component of the tumor
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Fig. 8 Brenner tumor with mucinous cystic tumor in a 70-year-old
woman. (a) Axial T2-weighted image shows a multilocular cystic mass,
admixed with irregular-shaped solid component of distinct low inten-
sity (arrows), which represents Brenner component. (b) Post-contrast
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Ovarian Benign Sex Cord-Stromal
Tumors: Clinical and Ultrasound
Features

Juan José Hidalgo-Mora and Juan Luis Alcazar

Abstract

Ovarian sex cord-stromal tumors are a heterogeneous group of benign or malignant gyne-
cological neoplasms that account for 5—-10 % of all ovarian tumors, comprising 2 % of all
primary malignant ovarian cancers. Their frequency is similar throughout the world and
may appear in any age group, but they are more common in the fourth and fifth decades of
life. The sex cord-stromal group includes tumors of mesenchymal (have been called mesen-
chymomas) and mesonephric origin. Some of these tumors, namely, fibromas and theco-
mas, have a fibrous appearance, and some appear to be derived from the granulosa cells or
their testicular sex cord counterparts, the Leydig and Sertoli cells.

These tumors have been described at ultrasonography with several imaging findings and
can be found as well-defined solid or multilocular cystic adnexal masses with centrally
located, multiple, round or cleft-like cysts. In this chapter the ultrasonographic characteris-
tics of the ovarian sex cord-stromal tumors will be described.
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Introduction

The sex cord-stromal group includes tumors of mesen-
chymal (have been called mesenchymomas) and mesoneph-

Ovarian sex cord-stromal tumors are a heterogeneous group
of benign or malignant gynecological neoplasms that account
for 5-10 % of all ovarian tumors, comprising 2 % of all
primary ovarian cancers [1, 2]. Their frequency is similar
throughout the world and may appear in any age group, but
they are more common in the fourth and fifth decades of life
[3, 4].
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ric origin. Some of these tumors, namely, fibromas and
thecomas, have a fibrous appearance, and some appear to be
derived from the granulosa cells or their testicular sex cord
counterparts, the Leydig and Sertoli cells [5, 6]. They are
usually composed of various combinations of elements,
including the female-type cells (granulosa cells, theca cells,
and their luteinized derivatives), male-type cells (Sertoli and
Leydig cells), and fibroblasts of gonadal stromal origin as
well as morphologically indifferent cells. Any of these cells
may be present in varying degrees of differentiation [6, 7].
These tumors develop from the gonadal stroma, specifi-
cally from the dividing cell population that would normally
give rise to cells surrounding the oocytes, including the cells
that produce ovarian hormones [1]. Because of this produc-
tion of sex steroid hormones, including estrogens and andro-
gens, some of these tumors often are associated with
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endocrine manifestations. This hormonal activity and the
resultant symptoms, along with specific sonographic fea-
tures of these tumors, allow that the majority of patients are
diagnosed in early stages of the disease [8].

Ovarian sex cord-stromal tumors are divided into several
histologic subtypes. The World Health Organization, within
its classification of ovarian tumors, has classified them into
different subtypes [5]:

1. Granulosa-stromal cell tumors: granulosa cell tumors,

thecoma-fibroma group

2. Sertoli-stromal cell tumors, androblastomas: well-
differentiated, Sertoli-Leydig cell tumor of intermediate
differentiation, Sertoli-Leydig cell tumor poorly differen-
tiated (sarcomatoid), retiform

. Sex cord tumor with annular tubules

. Gynandroblastoma

. Unclassified

. Steroid (lipid) cell tumors: stromal luteoma, Leydig cell
tumor, unclassified
Thecomas and granulosa cell tumors are noted as

estrogen-producing tumors. On the other hand, Sertoli-

stromal cell tumors and steroid cell tumors are noted for their

testosterone production. However, thecomas and granulosa

cell tumors occasionally produce androgen and cause viril-

ization, and the opposite can also occur [9].

The most common histotype is represented by granulosa
cell tumors, which account for 70 % of all sex cord-stromal
tumors. They are typically malignant (2-5 % of all cases of
ovarian cancer), although in most cases of low-grade malig-
nancy, with a favorable prognosis [8, 10].

Fibromas and thecomas together constitute about half of
all stromal tumors and about 4—6 % of all ovarian neoplasms.
They are usually benign, being malignant in less than 5 % of
cases [3].

Sertoli-Leydig cell tumors account for less than 0.5 % of
all ovarian tumors, being malignant less than 5 % of them
[8]. Sex cord tumors with annular tubules, with features
intermediate between those of Sertoli cell and granulosa
cell tumors, are benign neoplasms with malignant behavior
only in sporadic cases [11]. Gynandroblastomas are an
extremely rare sexual cord-stromal tumor malignant in
100 % of cases [12].

Finally, steroid cell tumors account for approximately
0.1-0.2 % of all ovarian tumors. In adults 25 % of them are
malignant, whereas there have been no reported malignant
steroid cell tumors in young girls. Of these, stromal luteomas
constitute 20 % and Leydig cell tumors 15-20 %, being gen-
erally benign. Steroid cell tumors not otherwise specified
represent the remaining 60 % of the group [2, 13].

In this chapter we shall describe the histological, clinical,
and sonographic features of benign ovarian sex cord-stromal
tumors.
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Granulosa-Fibroma Group

Fibromas, fibrothecomas, and thecomas are variants of a
single entity of benign tumors. They account for 4-6 % of
ovarian tumors and occur in both pre- and postmenopausal
women [3, 14].

Pure fibromas consist of intersecting bundles of spindle
cells that produce collagen, without theca cells or estrogenic
effect, and have no epithelial component [5, 15]. When the
predominant cells are round to oval, resembling theca cells,
it is classified as ovarian thecoma and may be hormonally
active and thus responsible for estrogenic manifestations.
The term fibrothecoma is used, when a precise pathological
distinction between these two forms is not possible [14, 16].

Tumors of this group are mostly benign, representing
malignant thecomas and fibrosarcomas less than 1 % of the
cases reported [17].

Fibromas

Ovarian fibromas are the most common solid tumor in the
ovary and account for almost two-thirds of neoplasms of this
group and approximately 4 % of all ovarian neoplasms [15,
18]. These tumors are more common during middle age and
rare before age 30 years (90 % of patients are at least 30
years old). The mean age of the patients at the time of diag-
nosis is 48 years [35, 18].

Fibromas are usually unilateral (less than 5 % of cases are
bilateral). They are often large, sometimes more than
10-15 cm in maximum diameter, with only one-third of
them being smaller than 3 cm. Large tumors have a smooth
or slightly irregular serosal surface and are solid. Small
fibromas may be located within the ovary or may appear as
polypoid nodules on the external surface of the ovary or as
non-capsulated nodules in the ovary. The cut surface of a
fibroma is white and slightly spiraled and may manifest areas
of cystic degeneration. If these areas are large, they appear as
cysts filled with protein-rich serous fluid and with ragged
walls [6, 18].

Histologically, fibromas consist of cellular bundles and
intersecting strips of hyaline-appearing collagen and fibrous
tissue. The fibroblastic tumor cells have spindle-shaped
nuclei with no signs of atypias. Dystrophic calcifications,
focal necrosis, and hemorrhage are common. The normal
adjacent ovarian tissue and the contralateral ovary may show
signs of stromal hyperplasia. If fibromas exhibit aggregates
of lipid-laden lutein-like cells, they are defined as luteinized
thecomas or fibromas [17, 18]. When the tumors are com-
posed of cells with closely packed nuclei with absent or min-
imal nuclear atypia and 1-3 mitoses/10 high-power fields,
they are classified as cellular fibroma. When fibroblastic
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Fig. 1 Transvaginal ultrasound from an ovarian fibroma. A rounded,
well-defined, purely solid adnexal mass is seen

tumors show moderate nuclear atypia and more than 3 mito-
ses/10 high-power fields, they often have a malignant course
and are designated fibrosarcomas [16].

There are no specific clinical signs related to these
tumors. They rarely are associated with hormone produc-
tion, and women with these tumors are generally asymp-
tomatic. Therefore, these masses are often an unexpected
finding typically detected at palpation or ultrasound during
routine gynecologic examination [15]. Nevertheless, these
tumors may be associated with various clinical syndromes.
The first is Meigs syndrome (ovarian fibroma, hydrothorax,
and ascites), observed with 1-10 % of ovarian fibromas.
The second association is Gorlin-Goltz syndrome or basal
cell nevus syndrome (bilateral ovarian fibromas, multiple
basal cell carcinomas of the skin, odontogenic keratocysts,
and calcified dural folds), an autosomal dominant disorder
that occurs generally in patients aged younger than 30
years. Finally, ovarian fibromas may also be associated with
familiar polyposis such as Gardner and Richard syndrome
and Peutz-Jeghers syndrome, also autosomal dominant dis-
orders [17].

At ultrasound, a broad spectrum of ultrasound features
may be seen, and in many cases the appearance of the
tumor is nonspecific. In any case, fibromas most commonly
manifest as round, oval, or lobulated solid, homogeneous
hypoechoic masses with regular or irregular internal echo-
genicity and posterior acoustic shadowing, which at times
may be striking [14, 15] (Figs. 1 and 2). The presence of
stripy shadows is typical of benign fibromas, and it is pos-
sible that these stripy shadows can be explained by the cel-
lular bundles and intersecting strips of hyaline-appearing
collagen and fibrous tissue which are responsible for the
“spiral pattern” seen on the cut surface of typical fibromas
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Fig.2 Transvaginal ultrasound from an ovarian fibroma. As in the pre-
vious figure, a rounded, well-defined, purely solid adnexal mass is seen.
However, in this case acoustic shadowing is more evident

on macroscopic examination [18]. However, the ultrasound
appearance is variable, and hyperechoic masses with
increased through transmission may be seen [14, 15].
These tumors typically do not contain cystic areas, although
in some cases have such structures in the periphery or
inside the tumor [16, 18]. Variability in ultrasound mor-
phology of fibromas might be explained by the varying
degrees of cellularity, collagen content, and stromal edema
that characterize these lesions. Hemorrhage, edema, and
necrosis may explain the varying echogenicity of the fluid
in the cystic spaces. Color Doppler findings are variable,
but most fibromas manifest minimal to moderate vascular-
ization [18] (Fig. 3). Hemorrhage is common, but calcifica-
tion in ovarian fibromas is rare [16]. Ascites can be
observed in 40 % of cases in where the tumor is larger than
10 cm [6].

It is important to make an accurate image diagnosis of
ovarian fibromas because they often appear as nonspecific
solid masses, thereby mimicking uterine fibroids or malignant
neoplasms. There are some features to help differentiate
ovarian fibromas from the more common uterine fibroid or
ovarian malignancies. Firstly, when the ultrasound scan
shows a solid pelvic mass next to but without a clear connec-
tion with the uterus, the diagnosis of a subserosal fibroid
should be made with caution, and the possibility of an ovar-
ian fibroma should be considered, unless a normal ovary can
be clearly seen on the same side. Secondly, the vascular pat-
tern on color flow Doppler assessment has been suggested to
be useful in differentiating a uterine fibroid from an ovarian
fibroma. A well-vascularized solid pelvic mass with high-
speed flow is suggestive of a subserosal fibroid, while a less
vascularized tumor with low-speed flow points towards the
diagnosis of an ovarian fibroma. Thirdly, a primary ovarian
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Fig.3 Transvaginal ultrasound from an ovarian fibroma. With power
Doppler examination scanty flow is detected

carcinoma is less likely to be a completely solid mass, while
a secondary ovarian malignancy is typically a bilateral
instead of a unilateral disease. Finally, supplementary com-
puterized tomography and magnetic resonance imaging may
help to improve the diagnostic accuracy. Most ovarian fibro-
mas appear as a solid mass with delayed accumulation of
contrast medium on computerized tomography scan and
show marked T1 and T2 hypointensities on magnetic reso-
nance imaging [15, 16].

Fibrothecomas

Fibrothecoma is the term commonly used to refer to a tumor
with features that are intermediate between a fibroma and a
thecoma.

Ovarian fibrothecomas are composed of an admixture of
fibrous and thecomatous elements. Macroscopically these
tumors are virtually indistinguishable from ovarian fibromas
and often have a white whorled appearance closely resem-
bling uterine leiomyomas. The tumor may be spherical or
lobulated and is covered by intact ovarian mucosa. Edema
and cystic degeneration are relatively common, especially in
large fibrothecomas, whereas calcification and hemorrhage
are rarely observed [18, 19].

Histologically, in comparison with fibromas, fibrotheco-
mas show significant cellularity, a relatively large amount of
collagen, and, in up to 50 % of cases, pronounced edema
[18]. These tumors include spindle, oval, or round cells
forming various amounts of collagen (cells that form fibro-
mas) in addition to a smaller population of lipid-laden typi-
cal theca cells that can be present in small clusters [19, 20].
The presence of luteinized thecal cells would change the
diagnosis to luteinized thecoma [18].

J.J. Hidalgo-Mora and J.L. Alcézar

The clinical presentation of ovarian fibrothecomas is rela-
tively nonspecific, and patients most commonly present with
a pelvic mass, pelvic pain, and metrorrhagia [20]. The clinical
examination generally finds a solid, mobile tumor with a reg-
ular surface and variable size. Rarely, fibrothecomas present
with endocrine manifestations related to hormonally active
tumors. In these cases, estrogenic or even some rare andro-
genic manifestations are reported [17]. Hormonal activity of
these tumors depends upon the extent to which they resemble
fibromas (lipid-poor, hormonally inert) or thecomas (lipid-
containing, hormonally active) [21].

The sonographic appearance of ovarian fibrothecomas is
usually nonspecific, showing a broad spectrum of sono-
graphic features, which include especially echogenic and
mixed echogenicity masses (Fig. 4). Hypoechoic masses have
been also reported [17]. In large tumors areas of edema and
cystic degeneration may be observed. Differential diagnosis
of fibrothecomas includes pedunculated and intraligamentous
leiomyomas and other solid ovarian masses such as Brenner
tumors, granulosa cell tumors, and dysgerminomas. If exten-
sive cystic degeneration is observed, the fibrothecoma can be
easily mistaken for a malignant ovarian tumor [19, 20].

Thecomas

Ovarian thecoma is a rare solid fibromatous benign tumor of
stromal cell origin, accounting for approximately 0.5-1 % of
ovarian tumors [22]. Most thecomas are unilateral (bilateral
in 3 % of cases), reach a size within 5-10 cm, and occur in
pre- and postmenopausal women of 50-60 years of age
(average age 59 years). Less than 10 % of the cases are
encountered before the age of 30 years [6, 23].

Macroscopically, the appearance is typically that of firm
or rubbery solid tissue, with a color ranging from white to
yellowish due to the presence of accumulated lipids. Edema
either focal or diffuse may be observed, with the presence
of cyst formations being rare [6]. Histologically, they are
solid tumors formed by stromal cells that resemble the
theca cells that normally surround the ovarian follicles.
Microscopic analysis reveals masses of round or ovoid
cells, the nuclei of which have become rounded and the
cytoplasm pale and vacuolated due to its large content of
lipids. Hyaline bands frequently are observed interspersed
with cells [6, 24].

These tumors usually exhibit estrogenic activity, and
therefore, patients may show subsequent clinical manifesta-
tions, including postmenopausal uterine bleeding, endome-
trial hyperplasia, and endometrial cancer. It is estimated that
60 % of patients with this tumor present uterine bleeding, and
more than 20 % have endometrial carcinoma. Because of
their late age of onset, it is very unusual for sexual precocity
to occur. Rarely, a thecoma causes virilization (11 % of
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Fig.4 Three-dimensional
ultrasound from an ovarian
fibrothecoma that depicts a
multilocular adnexal mass with
different echogenicity in locules
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Fig.5 Transvaginal ultrasound from an ovarian thecoma. The lesion is
solid with significant acoustic shadowing. No vessels are detected with
power Doppler examination

cases). Most thecomas are benign, and surgical excision is
curative [5, 22].

At ultrasound, a thecoma may manifest as an echogenic
mass with distal acoustic attenuation, a well-defined
hypoechoic mass, or an anechoic lesion with through trans-
mission (Fig. 5). Secondary features of hyperestrogenism,
such as endometrial thickening, also may be seen on ultra-
sound images [22].
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Granulosa Cell Tumors

Although granulosa cell tumors are considered as low poten-
tial tumors and not strictly as benign tumors, we shall con-
sider the description of these tumors.

Granulosa cell tumors are rare sex cord ovarian tumors
that are formed by cells believed to be derived from those
that surround the germinal cells in the ovarian follicles. Two
major forms of granulosa cell tumors are recognized: the
adult form, which primarily occurs in middle-aged and older
women, and the juvenile form, which typically occurs in
children and younger women [10].

Most adult granulosa cell tumors are partially cystic, with
multiple fluid-filled or blood-filled loci and solid areas. They
represent approximately 95 % of all granulosa cell tumors.
These tumors, the majority of which are unilateral, most
often occur in postmenopausal women. Adult granulosa cell
tumors are the ovarian tumor type most commonly associ-
ated with manifestations that are caused by the overproduc-
tion of female sex hormones (estrogenic manifestations).
These manifestations include endometrial hyperplasia and
endometrial cancer, which are present in 5-25 % of cases.
Adult granulosa cell tumors are considered to be tumors of
low-grade or low malignant potential. Ninety percent are
stage I at diagnosis, with a reported 10-year survival rate of
86-96 %; the corresponding reported survival rate for
patients with tumors found at more advanced stages is
2649 %. Treatment is primarily surgical. Rupture of the



Fig.6 Transvaginal ultrasound from a granulosa cell tumor. The lesion
appears as a cystic-solid mass. Note that the cystic component is multi-
loculated with small locules

Fig. 7 The same lesion than in previous figure. Power Doppler ultra-
sound shows a moderate vascularization

tumor during surgery adversely affects prognosis.
Recurrences can occur 30 years or more after removal.
Juvenile granulosa cell tumors are grossly similar to those of
the adult subtype. They account for only 5 % of all granulosa
cell tumors. Most are unilateral, and approximately half
occur before puberty. Because of their estrogenic hormone
production, many of these tumors result in precocious sexual
development. Most juvenile granulosa cell tumors are lim-
ited to the ovary at the time of diagnosis. Surgical excision is
curative in most cases. Recurrences are rare and typically
occur within 3 years.

On ultrasound scan these masses appear as multilocular
solid (52 %) or purely solid (39 %) masses (Fig. 6).
Vascularization usually is moderated (Fig. 7). Multilocular
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solid cysts typically contain large numbers of small locules.
The echogenicity of the cyst content was most often mixed
or low level. Papillary projections can be found in 17 % of
the cases [25].

Sertoli-Stromal Cell Tumors

Ovarian Sertoli cell tumors and Sertoli-Leydig cell tumors
are sometimes called Sertoli-stromal cell tumors, andro-
blastomas, or arrhenoblastomas. They account for less than
1 % of all ovarian tumors and are most common in young
patients. Approximately 75 % occur in women under the
age of 30 years (mean age at diagnosis 25 years); less than
5 % are encountered in prepubertal girls and slightly over
10 % after the age of 45 years. Almost all cases present at
stage I and may have androgenic, estrogenic, or progesta-
genic manifestations, but many have no endocrine manifes-
tations at all. Prognosis is usually favorable, except for
those poorly differentiated or with heterologous elements
[6, 8, 26].

These tumors are composed of Sertoli cells, Leydig cells,
and fibroblasts in varying proportions and varying degrees of
differentiation [26].

Sertoli Cell Tumors

The mean age at diagnosis of Sertoli cell tumors is 30 years.
They are lobulated, solid, yellow or brown tumors and rarely
metastasize. These tumors may be large (mean diameter
9 cm) and are usually unilateral [5, 26].

Sertoli cell tumors are formed by cell proliferations
that resemble the rete ovarii and rete testis, which charac-
teristically are arranged in hollow or solid tubules
dispersed within fibrous stroma containing no or only a
few Leydig cells [5, 26]. The predominant microscopic
pattern of ovarian Sertoli cell tumors is tubular, but
other patterns, particularly cord-like and diffuse, are
common [1].

These tumors usually do not exhibit hormonal activ-
ity, but they may produce estrogens that can induce pre-
cocious puberty, bleeding disturbances, and hyperplastic
endometrium or, in rare cases, can be associated with
androgenic effects and the development of virilization
[5, 26]. Some of these tumors may also secrete renin,
leading to refractory hypertension and hypokalemia
[27].

At ultrasound, most Sertoli cell tumors are large solid
tumors, confined to the ovary at presentation, and not associ-
ated with ascites or calcification (Fig. 8). When these tumors
are small, they can be difficult to identify by ultrasound
[26, 28].
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Fig. 8 Transvaginal ultrasound from a Sertoli cell tumor depicting a
solid large tumor

Sertoli-Leydig Cell Tumors

Sertoli-Leydig cell tumors account for less than 0.5 % of all
ovarian tumors and are the most common virilizing tumor.
However, only 30 % of these tumors are hormonally active [14].

Sertoli-Leydig cell tumors are formed by variable propor-
tion of cells that resemble epithelial and stromal testicular
cells. Most commonly they range in size from 5 to 15 cm.
Most are unilateral (bilateral in less than 5 % of cases) and
the mean age at diagnosis is in the mid-twenties. These
tumors vary greatly in gross appearance and typically form a
firm, solid, lobulated mass with a smooth external surface.
However, although they usually show a structure of solid
tumor, they may also be partially cystic, or completely cys-
tic, and may or not have polypoid or vesicular structures in
their interior [5, 22].

Histologically they are composed of a combination of
Sertoli cells, Leydig cells, and fibroblasts [5, 22]. They may
be well, moderately, or poorly differentiated, retiform, and
mixed, although there is considerable overlap between the
different subtypes. Well-differentiated tumors have a tubu-
lar pattern, usually without heterologous or retiform compo-
nents. The single most common pattern of the tumors of
intermediate differentiation is a striking nodular growth
with large cellular blue nodules being intersected by a
stroma that is often edematous [1]. Poorly differentiated
tumors may be difficult to distinguish from pure sarcomas
and present as differential features small diagnostic areas
composed of clusters of dark blue Sertoli cells and some
cells that are consistent with Leydig cells or their precursors
[1]. Retiform Sertoli-Leydig cell tumors have a tubular pat-
tern with elongated, often slit-like, branching tubules that
may focally or extensively be cystically dilated and may
contain large papillary projections into the tubules and cysts
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Fig. 9 Transvaginal ultrasound from a Sertoli-Leydig tumor. In this
occasion the tumor is solid and vascularization is abundant

[1, 5, 26]. Mixed tumors do not differ significantly from oth-
erwise subtypes of Sertoli-Leydig cell tumors, but some of
them are predominantly cystic and on microscopic examina-
tion have heterologous elements of two basic types: endo-
dermal elements, characterized by gastrointestinal-type
epithelium, and mesenchymal elements, immature skeletal
muscle or cartilage [1].

About half of Sertoli-Leydig cell tumors have no hor-
monal activity, and endocrine manifestations and symptoms
may be pain or abdominal swelling. About a third of Sertoli-
Leydig cell tumors show increased levels of testosterone,
androstenedione, and other androgens and are associated
with virilization, presenting symptoms as oligomenorrhea,
amenorrhea, breast atrophy, hirsutism, acne, deepening of
the voice, clitoris hypertrophy, or male pattern baldness.
Occasionally Sertoli-Leydig cell tumors are hyperestrogenic,
presenting symptoms such as menorrhagia/metrorrhagia or
postmenopausal bleeding. Rupture or spread outside the
ovary complicates some of these tumors but ascites is rare.
After surgical removal of a virilizing Sertoli-Leydig cell
tumor, menses usually resume within a month, some exces-
sive hair may disappear, but a deepened voice and clitoro-
megaly tend not to regress [26].

At ultrasound, unlike pure Sertoli cell tumors, Sertoli-
Leydig cell tumors may have more variable and heteroge-
neous morphology because they include both cystic and
solid components. They may appear as unilateral solid or
multilocular solid masses with purely solid areas mixed with
areas of closely packed small cyst locules and may resemble
mucinous cysts. These tumors usually contain no papillary
projections, and color score information shows moderate or
abundant vascularization (Fig. 9), with a low vascular resis-
tive index. Bilateral occurrences are extremely rare (1.5 % of
cases) [22, 26, 29]. Sertoli-Leydig cell tumors in patients
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with virilization are often small and difficult to detect even
with transvaginal ultrasound [9].

Sex Cord Tumor with Annular Tubules

Sex cord tumor with annular tubules is an unusual form of
ovarian sex cord tumor with morphologic features of both
granulose cell and Sertoli cell tumors. Although there is no
consensus on whether the cells of these tumors are of granu-
losa or Sertoli type, there is some agreement that this tumor
is composed of primitive cells of sex cord origin which have
a potential to differentiate into either granulosa or Sertoli
cells [30, 31].

Histologically the tumor demonstrates rounded epithelial
nests containing eosinophilic hyaline bodies with two dis-
tinct architectural patterns. One pattern involves a continu-
ous closed tubule with a central hyaline body. The other
pattern is that of larger nests of continuous tubules rotating
about multiple hyaline bodies [30].

These tumors may be feminizing, inducing isosexual pre-
cocity, menstrual irregularities, and postmenopausal bleed-
ing in young girls, women of reproductive age, and
postmenopausal women, respectively [11]. Of the patients
diagnosed with this type of tumor, approximately one-third
have Peutz-Jeghers syndrome, an autosomal dominant
hereditary disorder characterized by mucocutaneous mela-
nin deposits, hamartomatous polyps of the gastrointestinal
tract, and an increased risk for cancer of gastrointestinal and
nongastrointestinal sites [21, 30]. Both sporadic and Peutz-
Jeghers syndrome associated sex cord tumor with annular
tubules have since been reported in patients ranging in age
from 4 to 76 years, with most being diagnosed in the third or
fourth decade of life. When occurring in association with
Peutz-Jeghers syndrome, they typically are bilateral, multi-
focal, small (size less than 3 cm), and benign, and may also
cause abdominal and pelvic pain or tenderness [11].

At ultrasound, this tumor can appear as multiple and lobu-
lated highly echogenic masses or tumorlets, some of which are
confluent, within unilateral or bilateral enlarged ovaries [30].

Steroid (Lipid) Cell Tumors

Ovarian steroid cell tumors account for approximately 0.1—
0.2 % of all ovarian tumors and affect patients from a wide
range of ages but usually those in the fifth or sixth decade of
life [3]. They are subcategorized as stromal luteomas, Leydig
cell tumors, and steroid cell tumors not otherwise specified
[13]. Because the cells of these tumors typically contain
abundant intracellular lipid, they were initially also called
lipid or lipoid cell tumors. However, these terms would be
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misleading for tumors in this group with little or no lipid
content. The term steroid cell tumors recognizes the fact that
a minority of them contain little or no stainable fat and refers
to their clinical manifestations, unifying a group of tumors
which secret steroid hormones [3].

These tumors originate from adrenal rest cells, ovarian
stromal lutein cells, or Leydig cells. They are usually small
(Iess than 3 cm); often yellow, reflecting their high lipid con-
tent; and typically unilateral and solid. These tumors are usu-
ally well circumscribed, occasionally lobulated, and rarely
display a cystic composition [2].

Histology of steroid cell tumors usually shows a diffuse
pattern of cell growth. Occasionally, nests or columns are
also seen. The stroma is generally sparse, consisting of a
delicate connective tissue containing a rich vascularity. The
neoplastic cells are usually of two types. The predominant
cell type is medium sized and polygonal, and it contains
eosinophilic, slightly granular cytoplasm; the cell borders
are distinct, showing a central nucleus with a single nucleo-
lus. The second cell type is larger and has abundant vacuo-
lated cytoplasm. The mitotic activity is variable. In these
tumors, foci of necrosis and hemorrhage may be seen [2].

In most cases these tumors are virilizing, producing
androgens, and typically present with hirsutism. Nevertheless,
estrogen-producing tumors have also been reported [3].

Stromal Luteoma

Twenty percent of steroid cell tumors are stromal luteomas
[13]. These tumors are usually unilateral small tumors con-
fined to the ovarian stroma and are frequently associated
with stromal hyperthecosis [2]. They are formed by cells that
resemble adrenal gland cells [5].

Eighty percent of them occur in postmenopausal women
with an average patient age of 55-60 years at the time of
diagnosis and are associated with estrogenic manifestations
in 60 % of cases, the most common of which is uterine bleed-
ing. Also androgenic effects have been described in 12 % of
cases [5, 13, 22].

At ultrasound, stromal luteomas appear as solid and well-
circumscribed masses. They are rarely bilateral and usually
do not exceed 3 cm in size [13].

Leydig Cell Tumor

Leydig cell tumors account for only 15-20 % of steroid cell
tumors [13]. The majority of Leydig cell tumors occur in
premenopausal and postmenopausal women (mean age 58
years) and are associated with hirsutism and virilization in
75 % of cases [26].
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Fig. 10 Transvaginal ultrasound from a Leydig cell tumor. Ultrasound
pattern is quite similar to the previous ones

Macroscopically, the neoplastic tissue exhibits a brown to
yellow color. They are usually small tumors, with an average
diameter of 2.4 cm; solid; and generally unilateral [26].

These tumors are composed of lutein cells, Leydig cells,
and adrenocortical cells. Microscopic examination of them
reveals a circumscribed mass of steroid cells with eosino-
philic cytoplasm. To make the diagnosis of ovarian Leydig
cell tumor, crystals of Reinke must be identified in the cyto-
plasm of the cells [22, 26].

The onset of androgenic symptoms is often slow, and the
symptoms may have been present for many years by the time
the diagnosis is made. Estrogenic manifestations, as endo-
metrial hyperplasia, and even endometrial polyps or carci-
noma, are rare [26].

At ultrasound, these tumors are small, solid, and well-
circumscribed tumors confined within an ovary of almost
normal size, with moderate or abundant vascularization [26]
(Fig. 10).

Steroid Cell Tumors Not Otherwise Specified

Steroid cell tumors not otherwise specified account for 60 %
of ovarian steroid cell tumors, and they are usually benign
and unilateral. They occur at any age, even rather before
puberty, but typically at a younger age (mean age 43 years)
than other types of ovarian steroid tumors. They are typi-
cally solid, yellow, well circumscribed, and occasionally
lobulated. These tumors are larger than the other steroid cell
tumors, and the average size at diagnosis is approximately
8.5cm [2, 13].

These tumors are composed of two similar-appearing
polygonal cell types that differ only in their cytoplasmic

129

appearance, eosinophilic versus vacuolated. They differ
from Leydig cell tumors in that they lack crystals of Reinke
in their cytoplasm [2, 32].

Steroid cell tumors not otherwise specified are most
commonly associated with androgenic changes. Hirsutism
and virilization are the most common symptoms, occur-
ring in 55-75 % of patients. Furthermore, it is not unusual
for these tumors to produce hormones other than testos-
terone. The excess of estrogen production can result in
menorrhagia and postmenopausal bleeding. Even they
may secrete adrenal cortex steroid hormones that can
induce hypercortisolism (Cushing’s syndrome) in 6—10 %
of cases [5, 32]. In addition, patients can present pain,
abdominal distention, and bloating. However, ascites and
elevated CA-125 are infrequent [2, 33]. An additional
10-15 % of patients will be asymptomatic, with tumors
detected incidentally during routine pelvic examination
or at the time of hysterectomy or other surgical interven-
tions [13].

By ultrasonography, ovarian steroid cell tumors not other-
wise specified may be identified as solid ovarian tumors by
careful assessment of the texture of the ovary using grayscale
ultrasonography. Even when these tumors are small in size,
an area of different echogenicity from that of the surround-
ing ovary can be observed. This area within the ovary will be
well demarcated by the different echogenicity. If such an
area of different echogenicity is detected, further sono-
graphic evaluation using color Doppler flow or color power
flow amplitude should follow helping to confirm the presence
of the tumor. Doppler evaluation can show a high vascularity
with low resistance to flow in the intratumoral blood vessels
[32, 34].

Sex Cord-Stromal Tumors, Unclassified

Occasional tumors are encountered which clearly fall in the
sex cord-stromal category but do not lend themselves to
placement in the more specific categories, leading them to
be termed sex cord-stromal tumor unclassified. The propor-
tion of sex cord-stromal tumors assigned to this category
varies between different studies, but may be about 10 % of
total [1, 6].

A disproportionate number of tumors from pregnant
patients are placed in this group. There is nothing unique
about the general clinical profile of the unclassified sex cord-
stromal tumors of the ovary, and the prognosis of individual
cases has to be evaluated using basic principles according to
their features [1]. Nevertheless, these tumors have usually a
poorer differentiation, so that their degree of malignancy
may be greater than that of other types of tumors in this

group [6].
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Other Sex Cord-Stromal Tumors: Sclerosing
Stromal Tumor of Ovary

Sclerosing stromal tumor of the ovary is a rare benign tumor
that is classified as a distinct entity in the sex cord-stromal
tumors. This tumor differs clinically, radiologically, and his-
tologically from other ovarian stromal tumors [35]. They
account for 6 % of ovarian stromal tumors and usually occur
in a younger age group. Whereas other types of stromal
tumors are most common in the fifth and sixth decades,
about 80 % of sclerosing stromal tumors of the ovary are
encountered during the second and third decades (mean age
27.5 years) [36-38].

These tumors are fibrotic, unilateral, and well circum-
scribed, with a size ranging from 1.5 to 20 cm in diameter
and have a variegated gray-white to yellow cut surface [3].
Microscopically, sclerosing stromal tumors of the ovary are
characterized by some distinctive features: a pseudolobular
growth pattern, in which cellular areas are separated by
edematous and collagenous hypocellular areas; collagenous
sclerosis within the cellular areas (hence the name of the
tumor); prominent vascularity, with a hemangiopericytoma-
tous pattern; and heterogeneity of the cell population, with
two distinct cell populations of spindle and polygonal cells
[36, 38].

Their most common presenting symptom is menstrual
irregularities. Hormonal activity has been reported in a few
cases, and ascites is rare. If it is hormonally active, it is
usually androgenic and most frequently occurs during preg-
nancy [35, 37, 38].

These tumors have been described at ultrasonography as
well-defined solid and multilocular cystic adnexal masses
with centrally located, multiple, round, or cleft-like cysts.
Color Doppler ultrasonography reveals prominent vascular-
ity in the peripheral portion together with slight central vas-
cularity in the intercystic spaces [35, 36, 39].
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Sex Cord-Stromal Tumors: Computed
Tomography and Magnetic Resonance

Takashi Koyama

Abstract

Sex cord-stromal tumors are frequently accompanied by hormonal production and secondary
hormonal manifestations, including endometrial hyperplasia and occasional development
of endometrial carcinoma. Most of sex cord tumors are solid tumors of low to intermediate
intensity on T2-weighted MR images, but granulosa cell tumors typically contain
hemorrhagic cyst of high intensity on T1-weighted images.
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Sex cord-stromal tumors account for approximately 8 % of
all ovarian tumors and are a group of ovarian tumors which
derive from two types of cells: sex cord cells and stromal
cells. The cells derived from sex cord include granulosa cells
in the normal ovary and Sertoli cells in the testis. On the
other hand, stromal cells include fibroblasts, theca cells, and
Leydig cells in the testis. Sex cord-stromal tumors are
roughly subclassified into granulosa-stromal cell tumors and
Sertoli-stromal tumors. Granulosa-stromal cell tumors
further include granulosa cell tumors, fibromas and thecomas,
and sclerosing stromal tumor. Sertoli-stromal tumors are
represented by Sertoli-Leydig cell tumor. Other sex cord-
stromal  tumors include steroid cell  tumors,
gynandroblastomas, and sex cord-stromal tumors with
annular tubules; however, these tumors are quite rare.
Clinically, many tumors in this category are
characterized by the hormonal production from the tumor
cells and the secondary endocrine manifestations. The
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estrogenic manifestation is commonly seen in patients
with granulosa cell tumors. The patients typically present
with vaginal bleeding from endometrial hyperplasia, due
to prolonged exposure to estrogen produced by the tumor.
Endometrial carcinomas may develop in 3-25 % of cases,
and these tumors are almost always of the well-differentiated
type [1-4]. On the other hand, the androgenic manifesta-
tions such as hirsutism or virilization are typically seen in
patients with Sertoli-stromal tumors, but they are also seen
in some patients with granulosa cell tumors and sclerosing
stromal tumor. On the contrary, Sertoli-Leydig cell tumor
can rarely be estrogenic.

The vast majority of sex cord-stromal tumors are
confined within one ovary at presentation. Consequently,
the prognosis is generally good. However, granulosa cell
tumors and Sertoli-Leydig cell tumors have potential for
malignant behavior, and these tumors are categorized in
low-grade malignancy.

Granulosa Cell Tumors
Granulosa cell tumors (GCT) are the most common
clinically estrogenic ovarian tumors. GCT is further

subdivided into adult and juvenile types based on different
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clinical and histopathologic features. Adult granulosa cell
comprises about 95 % of cases and often occurs in
postmenopausal than premenopausal women, with peak
incidence between 50 and 55 years. Patients typically
present with abnormal genital breeding because of secondary
endometrial hyperplasia. On the other hand, juvenile GCT
typically occurs in young girls causing precocious puberty
and accounts for 10 % of precocious puberty in girls [5].
Juvenile GCT may be seen in patients with Maffucci
syndrome and Ollier syndrome and should be considered a
heading diagnosis for an ovarian mass in young patients
with these conditions [5-8]. Rarely, androgenic
manifestation can be seen in GCTs, and such tumors tend to
be cystic with either unilocular or multilocular appearance
[5, 9, 10]. Occasionally, patients may present with acute
abdomen and hemoperitoneum due to the rupture of the
cystic component of GCT [11].

Histologically, GCT reveals granulosa cells in a variety
of patterns, including microfollicular, macrofollicular,
insular, trabecular, sarcomatoid, and the moiré silk patterns.
These patterns are commonly admixed and frequently
accompanied by theca cells and fibroblasts. The small
cavities seen in microfollicular pattern are called as Call-
Exner bodies, which simulate the developing graafian
follicle. The cells in adult GCT are characterized by the
peculiar nuclear groove, which is often referred to as coffee-
bean appearance. On the other hand, juvenile GCTs are
distinguished from adult GCTs by their larger cells,
hyperchromatic nuclei, and lack of the characteristic nuclear
grooves seen in adult GCT.

Adult GCTs are typically large, unilateral, and solid
masses with variable amount of cystic components (Figs. 1
and 2) or multilocular masses with thick, irregular septations
and solid components (Fig. 3) [11, 12]. On MR imaging,
the tumor consists of solid components of intermediate
intensity and cysts of high intensity on T2-weighted images
(Fig. 1). The characteristic finding on MR imaging is the
presence of the cysts of high intensity on T1-weighted
images, reflecting hemorrhage within the cysts (Fig. 1)
[12]. On post-contrast T1-weighted images, the solid
components in GCTs typically show marked enhancement
same as uterine myometrium. Rarely, GCT may be totally
solid (Fig. 4), and such tumors tend to be small in size. In
patients with adult GCTs, the uterus is often enlarged and
the endometrium is thickened, reflecting estrogenic effect
caused by the tumor (Fig. 2). When the junctional zone is
clearly observed in the myometrium of the postmenopausal
women with ovarian tumor, estrogen production from the
tumor may be suspected (Fig. 3). At the same time, the
uterine endometrium should be carefully evaluated for
associated endometrial carcinoma (Fig. 5). The gross
appearance and the imaging appearance in juvenile type
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GCTs do not significantly differ from those in adult GCTs,
despite their different clinical manifestations and histologic
features (Fig. 6) [8, 13].

Thecoma/Fibroma

Fibromas and thecomas are virtually benign tumors com-
monly seen in pre- and postmenopausal women and are the
most common sex cord-stromal tumor, constituting half of
all sex cord-stromal tumors. These tumors constitute a spec-
trum of tumors, ranging from purely fibroblastic tumor to
pure thecoma composed of lipid-rich theca cells, which is
estrogenic. Thus, the tumors with intermingled pathology
between fibroma and thecoma are often designated as
fibrothecoma.

Thecoma and fibrothecoma are less commonly estrogenic
than GCTs and occur in older patients, who commonly pres-
ent with abnormal genital bleeding and associate with endo-
metrial hyperplasia and carcinomas [14]. In contrast to
thecomas and fibrothecomas, ovarian fibroma is not estro-
genic. Ovarian fibromas and fibrothecomas may rarely be
associated with ascites and pleural effusion, the condition
known as Meigs syndrome (Fig. 7). Although this condition
may lead to a mistaken impression of a malignant condition,
this manifestation is dramatically resolved following the
removal of the tumor [15, 16]. Ascites alone of a variable
amount is commonly associated with ovarian fibromas
[17, 18]. Ovarian fibroma is also a part of the hereditary
basal cell nevus syndrome known as Gorlin syndrome, which
is characterized by basal cell carcinomas, keratocysts of the
jaw, and extensive calcification of the dura. Fibromas in this
syndrome are commonly bilateral, multinodular, and
calcified and occur in young women [19-21].

The gross appearance of these tumors is usually solid mass.
Thecoma typically shows yellowish surface reflecting lipid
content, whereas fibroma shows whitish surface reflecting
collagenous matrix. The size of these tumors is usually less
than 10 cm with an average of 6 cm [22]. However, they may
become so large that they are mistaken as malignant tumors.
Occasionally, cystic changes may be accompanied (Fig. 8).
Rarely, these tumors may show extensive calcifications.

MR features of these tumors can vary according to the
proportion of the fibrotic components. Thecomas with little
or no fibrosis show intermediate to increased signal intensity
on T2-weighted images (Fig. 9). As the fibrotic component
becomes abundant, the tumor exhibits prominently decreased
signal intensity on T2-weighted images [18, 23]. In large
fibromas and fibrothecomas, the tumors tend to show hetero-
geneous appearance with capsule of distinctive low intensity,
degenerative changes, and peripheral subcapsular cystic
areas on T2-weighted images (Fig. 10) [24]. Post-contrast
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Fig. 1 Granulosa cell tumor in a 37-year-old woman. (a) Sagittal (b) T1-weighted image demonstrates high intensity corresponding to the
T2-weighted image demonstrates a solid tumor of intermediate intensity, —cystic foci (arrows). (c¢) Post-contrast Tl-weighted image with fat
containing irregular-shaped cystic components of bright intensity (arrows).  suppression shows homogeneous enhancement within the solid component
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Fig. 2 Granulosa cell tumor in a 68-year-old woman. T2-weighted
image demonstrates a predominantly solid tumor of intermediate
intensity, containing multiple cystic foci of high intensity. The uterus is
abnormally enlarged with thickened endometrium. The thickened
myometrium contains numerous foci of high intensity same as the
endometrium, reflecting the ectopic endometrium in adenomyosis,
which is quite unusual for this age of the patient

T1-weighted images usually show less enhancement in the
tumor than the uterine myometrium and heterogeneous
enhancement in cases of large tumors (Fig. 9).

Sclerosing Stromal Tumors

Sclerosing stromal tumor (SST) is a rare benign sex cord-
stromal tumor, first described by Chalvardjian and Scully in
1973 [25]. SST occurs predominantly in young women in
their second and third decades of life, with mean age of 27
years old [26]. Patients commonly present with menstrual
irregularity. As well as other sex cord-stromal tumors, SST
may show hormonal manifestation, which can be either
estrogenic or androgenic [27-29]. Histologically, SST is
characterized by cellular areas mainly composed of theca
cells with increased vascularity, which are separated by

Fig. 3 Granulosa cell tumor in a 70-year-old woman. T2-weighted
images reveal a multilocular cystic tumor (arrowheads), consisting of
small locules of bright intensity and irregular septations. The uterus is
enlarged for this age, and the junctional zone is clearly observed (arrow)
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Fig. 4 Granulosa cell tumor in a 52-year-old woman. T2-weighted
image shows an entirely solid mass (arrows) of homogeneously inter-
mediate intensity
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Fig.5 Granulosa cell tumor and uterine endometrial adenocarcinoma
in a 45-year-old woman. (a) Axial T2-weighted image reveals diffusely
decreased signal intensity in the uterine endometrium, and a small solid
mass of intermediate intensity, containing cystic foci of high intensity.
There is a functional cyst in her right ovary. (b) Sagittal T2-weighted
image shows a well-differentiated endometrial carcinoma of decreased
intensity in the endometrial cavity

“sclerosing” hypocellular areas which consist of densely col-
lagenous stroma. The sclerosing areas are often accompa-
nied by edematous change.

On MR imaging, SST consists of heterogeneous solid
components of low to high signal intensity on T2-weighted
images (Fig. 11). The areas of low intensity are considered to

represent microscopically cellular areas, whereas those of
high intensity are considered to represent edematous area.
On post-contrast T1-weighted images, the areas of decreased
intensity on T2-weighted images are well enhanced,
reflecting rich vascularity in the cellular areas. When
dynamic contrast-enhanced imaging is obtained, the areas
are known to show striking early enhancement [30-32].

Sertoli-Leydig Cell Tumors

Sertoli-Leydig cell tumor (SLCT) is the most common
virilizing tumor, although it represents only 0.5 % of all
ovarian tumors. This tumor belongs to a category of Sertoli-
stromal cell tumors, which encompass a spectrum of tumors
composed of Sertoli cells, Leydig cells, and fibroblasts in
varying proportions. Other tumors within this group include
pure Sertoli cell tumors and pure Leydig cell tumors, but
they are extremely rare.

SLCT commonly affects young females, and
approximately 75 % of the patients are less than 30 years old
[33]. SLCT is the most common androgen-producing tumor,
and virilization can be a clinical clue to suspect this tumor.
However, SLCTs in patients with virilization tend to be small
and may not be detected on ultrasonography or CT [34].
Meanwhile, two-thirds of all SLCTs are nonfunctioning and
their clinical symptoms are nonspecific [33]. SLCT is stage I
at the presentation in 92 % of cases and the majority of tumor
behaves as benign [33, 35].

The gross appearance of SLCT is usually solid and
lobulated mass, but the tumor may be accompanied by cyst
formation (Fig. 12). The majority of SLCT is within 5-15 cm
in diameter, though the size tends to be larger in poorly
differentiated subtype [36]. Microscopically, SLCT is
characterized by the biphasic proliferation of Sertoli cells
and Leydig cells in varying degrees of differentiation [26,
37]. SLCTs are pathologically divided into four categories
including well differentiated, intermediately differentiated,
poorly differentiated, and retiform [38]. Poorly differentiated
SLCT tends to contain areas of hemorrhage and necrosis
more frequently compared to well-differentiated tumor [39].
The retiform pattern is occasionally associated with cyst
formation [40].

The imaging feature in SLCT is usually predominantly
solid tumor, occasionally accompanied by a variable
proportion of cystic components (Fig. 12). In MR imaging,
the solid portion of the tumor tends to show low intensity on
T2-weighted image [8]. The low intensity in the solid
components is considered to represent abundant stroma in
the tumor. In a rare instance, the tumor can be totally cystic
with multilocular appearance (Fig. 13) [41].
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Fig. 6 Juvenile granulosa cell tumor in a 34-year-old woman. (a) image reveals a large lobulated mass of predominantly low intensity,
Sagittal T2-weighted MR image shows a large lobulated pelvic mass, containing areas of high intensity (arrowheads), representing
consisting of solid component of high intensity and cystic component  hemorrhage within the tumor (Courtesy of Dr. Kazuhiro Yamamoto,
caudally, containing a fluid-fluid level (arrows). (b) Axial T1-weighted Dept. of Radiology, Osaka Medical College)

Fig. 7 Fibroma with Meigs syndrome in an 85-year-old woman. (a) mass, containing peripheral areas of distinct low intensity and central
Plain radiograph shows a large amount of pleural effusion in the right areas of high intensity. There is a small amount of ascites in the
thorax. (b) Sagittal T2-weighted image shows a well-demarcated solid  cul-de-sac
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Fig. 8 Fibrothecoma with prominent cyst formation in a 61-year-old
woman. Sagittal T2-weighted image shows a large ovarian tumor
(arrows), consisting of a solid component of heterogeneous low inten-
sity anteriorly and a cystic component of multilocular appearance
posteriorly

Fig. 10 Fibroma in a 77-year-old woman. Axial T2-weighted image
shows a lobular mass of distinct low intensity and central area of
increased intensity representing edematous degeneration

Fig. 9 Thecoma in a 59-year-old woman. (a) Axial T2-weighted
images show a well-demarcated solid tumor of intermediate intensity in
her left ovary (arrows). Note that the uterus is enlarged for this age of
the patient, and the junctional zone (subendometrial band of low

intensity) can be clearly identified. The right ovary has a simultaneous
serous cystadenoma (arrowhead). (b) Post-contrast T1-weighted image
with fat suppression shows less enhancement in the left ovarian tumor,
compared to the uterine myometrium
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h

Fig.11 Sclerosing stromal tumor in a 20-year-old woman. (a) Sagittal ~ T2-weighted image reveals the lesion consisting of high and low
T2-weighted image shows a mass of heterogeneous low intensity intensity. (¢) Post-contrast T1-weighted image shows well enhancement
(arrows), containing ill-defined central areas of high intensity. (b) in the areas corresponding to low intensity areas on T2-weighted image



Sex Cord-Stromal Tumors: Computed Tomography and Magnetic Resonance 141

Fig. 12 Sertoli-Leydig cell tumor in an 86-year-old woman. (a) TI1-weighted image shows decreased signal corresponding to the cystic
Sagittal T2-weighted image shows a solid mass of intermediate components. (¢) Contrast-enhanced TI1-weighted images with fat
intensity, containing multiple cystic foci of bright intensity. (b)  suppression show marked enhancement in the solid components
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Fig. 13 Sertoli-Leydig cell tumor in a 14-year-old girl who presented image shows a cystic mass of increased intensity. (¢) T2-weighted
with rapidly deteriorating abdominal fullness and anemia. (a) Contrast-  image shows cyst of high intensity and irregular-shaped mural nodules
enhanced CT at the level of the kidney shows a huge multilocular cystic  of decreased signal intensity in the anterior wall (arrowheads)

tumor, containing irregularly thickened septi. (b) Sagittal T1-weighted



Sex Cord-Stromal Tumors: Computed Tomography and Magnetic Resonance

143

Acknowledgement I would like to acknowledge Dr. Kazuhiro
Yamamoto, Dept. of Radiology, Osaka Medical College, for providing
me a precious case of juvenile granulosa cell tumor; Dr. Ken Tamai,
Kuzuha Diagnostic Imaging Clinic, for his great help in searching many
cases; and Dr. Sayo Otani, Dr. Maya Honda, and Dr. Sonoko Oshima in
Dept. of Diagnostic Radiology, Osaka Red Cross Hospital, for their
kind advices for preparing the manuscript.

References

10.

11.

12.

14.

15.

16.

20.

. Malmstrom H, et al. Granulosa cell tumors of the ovary: prognostic

factors and outcome. Gynecol Oncol. 1994;52(1):50-5.

. Brown J, et al. Patterns of metastasis in sex cord-stromal tumors of

the ovary: can routine staging lymphadenectomy be omitted?
Gynecol Oncol. 2009;113(1):86-90.

. Thrall MM, et al. Patterns of spread and recurrence of sex cord-

stromal tumors of the ovary. Gynecol Oncol. 2011;122(2):242-5.

. Stenwig JT, Hazekamp JT, Beecham JB. Granulosa cell tumors of

the ovary. A clinicopathological study of 118 cases with long-term
follow-up. Gynecol Oncol. 1979;7(2):136-52.

. Fox H, Agrawal K, Langley FA. A clinicopathologic study of 92

cases of granulosa cell tumor of the ovary with special reference to
the factors influencing prognosis. Cancer. 1975;35(1):231-41.

. Tanaka Y, et al. Ovarian juvenile granulosa cell tumor associated

with Maffucci’s syndrome. Am J Clin Pathol. 1992;97(4):523-7.

. Leyva-Carmona M, Vazquez-Lopez MA, Lendinez-Molinos F.

Ovarian juvenile granulosa cell tumors in infants. J Pediatr Hematol
Oncol. 2009;31(4):304-6.

. Outwater EK, et al. Sex cord-stromal and steroid cell tumors of the

ovary. Radiographics. 1998;18(6):1523-46.

. Evans 3rd AT, et al. Clinicopathologic review of 118 granulosa and

82 theca cell tumors. Obstet Gynecol. 1980;55(2):231-8.

Fujimoto T, et al. Histopathological prognostic factors of adult
granulosa cell tumors of the ovary. Acta Obstet Gynecol Scand.
2001;80(11):1069-74.

Young RH, Dickersin GR, Scully RE. Juvenile granulosa cell tumor
of the ovary. A clinicopathological analysis of 125 cases. Am J Surg
Pathol. 1984;8(8):575-96.

Morikawa K, et al. Granulosa cell tumor of the ovary: MR findings.
J Comput Assist Tomogr. 1997;21(6):1001-4.

. Kitamura Y, et al. MR imaging of juvenile granulosa cell tumour of

the ovary: a case report. Pediatr Radiol. 2000;30(5):360.
Bjorkholm E, Silfversward C. Theca-cell tumors. Clinical features
and prognosis. Acta Radiol Oncol. 1980;19(4):241-4.

Bierman SM, Reuter KL, Hunter RE. Meigs syndrome and ovarian
fibroma: CT findings. J Comput Assist Tomogr. 1990;14(5):
833-4.

Nemeth AJ, Patel SK. Meigs syndrome revisited. J Thorac Imaging.
2003;18(2):100-3.

. Samanth KK, Black 3rd WC. Benign ovarian stromal tumors asso-

ciated with free peritoneal fluid. Am J Obstet Gynecol.
1970;107(4):538-45.

. Outwater EK, et al. Ovarian fibromas and cystadenofibromas: MRI

features of the fibrous component. J Magn Reson Imaging.
1997;7(3):465-71.

. Gorlin RJ. Nevoid basal-cell carcinoma syndrome. Medicine

(Baltimore). 1987;66(2):98-113.
Clendenning WE, Block JB, Radde IG. Basal cell nevus syndrome.
Arch Dermatol. 1964;90:38-53.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Seracchioli R, et al. Conservative treatment of recurrent ovarian
fibromas in a young patient affected by Gorlin syndrome. Hum
Reprod. 2001;16(6):1261-3.

Young RH, Scully RE. Sex-cord stromal tumor, steroid cell, and
other ovarian tumors with endocrine, paraendocrine, and
paraneoplastic manifestations. In: Kurman RJ, editor. Blaustein’s
pathology of the female genital tract. New York: Springer; 1994. p.
783-847.

Troiano RN, et al. Fibroma and fibrothecoma of the ovary: MR
imaging findings. Radiology. 1997;204(3):795-8.

Shinagare AB, et al. MRI features of ovarian fibroma and fibrothe-
coma with histopathologic correlation. AJR Am J Roentgenol.
2012;198(3):W296-303.

Chalvardjian A, Scully RE. Sclerosing stromal tumors of the ovary.
Cancer. 1973;31(3):664-70.

Young RH, Scully RE. Ovarian sex cord-stromal tumors. Problems
in differential diagnosis. Pathol Annu. 1988;23 Pt 1:237-96.
Martinelli G, et al. Sclerosing stromal tumor of the ovary.
A hormonal, histochemical and ultrastructural study. Virchows
Arch A Pathol Anat Histopathol. 1983;402(2):155-61.

Duska LR, Flynn C, Goodman A. Masculinizing sclerosing stromal
cell tumor in pregnancy: report of a case and review of the literature.
Eur J Gynaecol Oncol. 1998;19(5):441-3.

Huang SC, et al. Ascites and elevated androgen level in a pregnant
patient with an ovarian sclerosing stromal tumor. J Formos Med
Assoc. 2003;102(2):124-6.

Thara N, et al. Sclerosing stromal tumor of the ovary: MRI.
J Comput Assist Tomogr. 1999;23(4):555-7.

Joja I, et al. Sclerosing stromal tumor of the ovary: US, MR, and
dynamic MR findings. J Comput Assist Tomogr. 2001;25(2):
201-6.

Matsubayashi R, et al. Sclerosing stromal tumor of the ovary: radio-
logic findings. Eur Radiol. 1999;9(7):1335-8.

Young RH, Scully RE. Ovarian Sertoli-Leydig cell tumors.
A clinicopathological analysis of 207 cases. Am J Surg Pathol.
1985;9(8):543-69.

Yanushpolsky EH, Brown DL, Smith BL. Localization of small
ovarian Sertoli-Leydig cell tumors by transvaginal sonography with
color Doppler. Ultrasound Obstet Gynecol. 1995;5(2):133-5.

Roth LM, et al. Sertoli-Leydig cell tumors: a clinicopathologic
study of 34 cases. Cancer. 1981;48(1):187-97.

Young RH, Scully RE. Sex cord-stromal, steroid cell, and other
ovarian tumors with endocrine, paraendocrine, and paraneoplastic
manifestations. In: Kurman RJ, editor. Blaustein’s pathology of the
female genital tract. Sth ed. Berlin/Heiderberg/New York: Springer;
2002. p. 905-66.

Gee DC, Russell P. The pathological assessment of ovarian neo-
plasms. IV: The sex cord-stromal tumours. Pathology.
1981;13(2):235-55.

Chen VW, et al. Pathology and classification of ovarian tumors.
Cancer. 2003;97(10 Suppl):2631-42.

Prat J, Young RH, Scully RE. Ovarian Sertoli-Leydig cell tumors
with heterologous elements. II. Cartilage and skeletal muscle: a
clinicopathologic analysis of twelve cases. Cancer. 1982;50(11):
2465-75.

Scully RE, Young RH, Clement PB. Tumors of the ovary, maldevel-
oped gonads, fallopian tube, and broad ligament. In: Rosai J, editor.
Atlas of tumor pathology, fact 23, ser 3. AFIP (Armed Forces
Institute of Pathology); Washington, D.C.:1996.

Fox H. Pathologic prognostic factors in early stage adult-type gran-
ulosa cell tumors of the ovary. Int J Gynecol Cancer. 2003;13(1):
1-4.



Ovarian Teratomas: Clinical Setting
and Ultrasound Findings

Tom Holland and Davor Jurkovic

Abstract

Teratomas belong to the group of ovarian tumours called germ cell tumours. Teratomas
contain all three germinal layers: endoderm, mesoderm and ectoderm. They are mostly
benign but can be malignant. The benign variety is the most common persistent tumours of
the ovary and often contains dermal tissues giving rise to hair- and sebum-containing cysts,
hence the common name for them: dermoid cysts.

Transvaginal ultrasonography has an established role in the evaluation of adnexal masses
and provides an accurate assessment of ovarian morphology. It is also well known that der-
moid cysts have distinct sonographic grayscale morphological features, which can be used
to accurately diagnose dermoid cysts.

This chapter will cover the pathology and ultrasound appearance of the more common
teratomas: mature cystic teratomas, immature teratomas and struma ovarii. The rare terato-
mas such as primary carcinoid and strumal carcinoid are so unusual as to be outside the
scope of this chapter.
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Introduction

This chapter will cover the pathology and ultrasound
appearance of the more common teratomas: mature cystic
teratomas, immature teratomas and struma ovarii. The rare

Teratomas belong to the group of ovarian tumours called
germ cell tumours. Teratomas contain all three germinal lay-
ers: endoderm, mesoderm and ectoderm. They are mostly
benign but can be malignant. The benign variety is the most
common persistent tumours of the ovary and often contains
dermal tissues giving rise to hair- and sebum-containing
cysts, hence the common name for them: dermoid cysts.
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teratomas such as primary carcinoid and strumal carcinoid
are so unusual as to be outside the scope of this chapter.

Mature Cystic Teratomas
Epidemiology

Mature cystic teratomas of the ovary are the most common
persistent benign tumours of the ovary accounting for 44 %
of all excised ovarian neoplasms [17] and 36 % of excised
adnexal tumours in a population of pregnant women under-
going 11-14-week pregnancy scan [39]. They constitute
95 % of all excised germ cell tumours [11]. Prevalence in the
general population is uncertain as many small mature cystic
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teratomas are likely to remain asymptomatic and therefore
never diagnosed or excised.

Pathogenesis

Mature cystic teratomas are parthenogenic tumours [20]
derived from postmyotic germ cells [36] and in theory can
display practically all the mature tissues present in the adult,
sometimes with an organoid character [11]. Commonly, the
cysts are lined by epidermis, accompanied by its append-
ages, and contain usually one or more other adult-type tis-
sues. The term ‘dermoid cyst’ is now in common usage for
mature cystic teratomas but should strictly only be applied to
cysts composed exclusively of skin (epidermal) and related
structures. Very few mature teratomas have a solid macro-
scopic appearance and these are not within the scope of this
chapter.

Clinical Presentation

These tumours can present at any age from newborns to the
very elderly but most present in women of childbearing age
[9, 21]. The traditional clinical presentation was either with
pain, with or without torsion, or from the pressure effects of
large cysts (Figs. 1 and 2). Cyst rupture is rare and can cause
significant pain, and peritonitis and may result in widespread
peritoneal granulomatosis [28] that can mimic carcinomato-
sis or tuberculosis. Many small mature cystic teratomas
(MCTs) are asymptomatic, and the increasing availability of
high-quality ultrasound scanning, especially in pregnancy,
has led to more asymptomatic teratomas being detected
[39]. Many are found at laparotomy or laparoscopy for an

unrelated indication such as Caesarean section or tubal
ligation.

Management and Prognosis

As these tumours are by definition benign, their prognosis is
very good.

Traditional practice recommends removal on the grounds
that this prevents torsion and malignant transformation.
However, many small MCTs found incidentally on transvag-
inal ultrasound can be managed conservatively and if slow
growing are unlikely to cause clinical symptoms [6, 7, 12].
Factors which increase the likelihood of women managed
expectantly then choosing to have surgery include multipar-
ity, young age, larger cysts, bilateral cysts and past history of
ovarian cyst [12]. Larger symptomatic cysts may need exci-
sion by the open or laparoscopic route. If predominantly cys-
tic, these cysts can usually be managed laparoscopically, but
care needs to be taken to avoid spillage of the contents into
the abdominal cavity as this can stimulate a peritonitic reac-
tion [16]. The use of endoscopic retrieval bags can help to
minimise this. As small asymptomatic cysts are being found
with increasing frequency, these are increasingly being man-
aged conservatively with success [6, 7] (Fig. 3).

Macroscopic Examination

MCT is bilateral in between 10 and 15 % of cases [1].
Multiple teratomas are seen in the ipsilateral ovary in less
than 1 % of cases [10]. The tumours are round or ovoid and
range in size from 1 to 30 cm, but most are within the
5-10 cm diameter range [25]. They have thick white cap-
sules, which are usually free of adhesions. They are usually

Fig. 1 A large cyst with predominantly hyperechoic contents

Fig.2 A large cyst with predominantly hyperechoic contents
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Fig. 3 A medium sized cyst with normal ovarian tissue

unilocular cysts filled with thick greasy sebaceous material
and matted hair [25]. These sometimes round up to form
sebum and hair balls (Figs. 4 and 5). The sebaceous contents
have a fluid consistency above 35 °C which becomes doughy
or solid at room temperature [11, 32]. Some cysts however
are filled with predominantly mucoid or clear fluid. Most are
unilocular, and between 5 and 10 % are multilocular. In 87 %
of cases [11], a protuberance can be seen projecting into the
cyst cavity called a dermoid protuberance (or Rokitansky
tubercle/dermoid mamilla) [32]. The cyst lining is usually
smooth like skin and the hair generally grows from this
tubercle. Teeth are present in up to one third of cases. Other
tissues commonly identified are cartilage, bone, brain and
adipose tissue. Older lesions may exhibit marked dystrophic
calcification [25]. Hemangiomas are unusual and give rise to
highly vascular structures [11]. More organised structures
such as intestine; skeletal parts, especially jaw bone; and
eyes may be present [25] (Figs. 6 and 7).

Microscopy

Typically, the inner surface of the cyst is lined by epidermis
which desquamates into the lumen [11]. Skin adnexal struc-
tures such as hair follicles and sebaceous and sweat glands
are often present on the dermal papilla [25] and a large
amount of mature tissues are usually found at and around
this area [11]. Other ectodermal derivatives such as cere-
brum, cerebellum, choroid plexus and retina may also be
found [24]. The most common mesodermal derivatives are
smooth or striated muscle, adipose tissue, bone, teeth and
cartilage. Less common tissues are thyroid, peripheral nerve,
respiratory and gastrointestinal epithelium, teeth and sali-
vary gland [25].

":-cl-al"-*\' 4:,?“? "“IPQ

Fig.6 Anechoic fluid with a few hair flecks but no sebum
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Ultrasound Features of Mature
Cystic Teratomas

Transvaginal ultrasonography has an established role in the
evaluation of adnexal masses and provides an accurate
assessment of ovarian morphology. It is also well known that
dermoid cysts have distinct sonographic grayscale morpho-
logical features, which can be used to accurately diagnose
dermoid cysts (‘pattern recognition method’) [14, 33-35]
(Figs. 8 and 9).

Previous studies examining the ultrasound morphology of
MCT have tried to analyse the appearance of the whole
tumour. Laing et al. [18] in 1981 analysed 51 MCTs and
found that ‘33 % of the cases demonstrated “typical” find-
ings, i.e. “an echogenic focus with acoustic shadowing in a
predominantly cystic mass”, 23.5 % were predominantly
solid, 20 % were almost entirely cystic, and 23.5 % were not
visible’ on ultrasound scan (Fig. 10). Bronshtein used an in

Fig. 8 Healthy ovarian tissue with follicles (The ovarian cresent sign)

vitro simulation with hair and oil in a glove and showed that
this replicated the ‘white ball’ of dermoid very well. They
also showed that hair in water can produce the same ‘dot and
dash’ echo pattern seen in some dermoid cysts. Cohen [8] in
1993 and Caspi [5] in 1996 attempted to categorise the mor-
phology of MCT into different groups based on the presence
of acoustic shadowing and the amount of echogenic material
within the cyst cavity. It is our opinion that this approach is
rather complicated and that once individual features of hair
or sebum are recognised, these alone are sufficient to make a
diagnosis in the vast majority of MCT.

”X’/g .cM‘ ,,.{f /'::‘ P :

Fig. 10 Acoustic shadowing
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Immature Teratomas

Immature teratomas, in common with the mature teratomas,
contain tissues from the three germinal layers, but in contrast
to mature teratomas, they contain immature or embryonal
structures [31]. These tumours arise from postmitotic germ
cells and contain immature (embryonal) structures as well as
mature elements in most cases [13]. The additional presence
of other malignant germ cell tumour elements places the
tumour in the teratomas group, and these are excluded from
this study. Pure immature teratomas are rare tumours which
comprise <1 % of ovarian teratomas overall [15, 22, 31, 32,
37]. They represent 20 % of malignant germ cell tumours
and approximately 1 % of malignant ovarian tumours [3] and
account for up to 25 % of malignant ovarian tumours pre-
senting in girls <17 years of age [4].

Clinical Presentation

These tumours present between <1 and 58 years of age with
median of 18-19.5 and a mean of 20.6 years [4, 19, 22, 23].
Most patients present with an abdominal mass (80 %),
approximately half with pain and a quarter with bleeding
irregularity (except in premenarchal patients) [22]. These
tumours rarely present in pregnancy or as incidental findings
in asymptomatic women. Raised a-fetoprotein levels may be
present in 60 % of patients and raised B-HCG outside preg-
nancy may signal a mixed malignant germ cell tumour [15].

Prognosis and Management

The prognosis depends on grade of tumour in stage 1 and
grade of metastasis in stage 2—4. Low-grade stage 1 tumours
may be cured with excision alone and have a survival rate of
95 % if chemotherapy is used for recurrences [23]. Higher-
grade and higher-stage tumours benefit from chemotherapy,
and their survival rates have been reported as less than 82 %.
Modern improved chemotherapy may offer improved sur-
vival rates. Management is with conservative fertility-sparing
surgery for low-grade stage 1-2 tumours. In higher-grade
stage 1 and 2 tumours and any grade stage 3 tumours, che-
motherapy is recommended [25].

Macroscopic Features

These tumours are almost always unilateral unless they pres-
ent with widespread disease [23], but in 5-10 % of patients,
a contralateral mature cystic teratoma is present [23, 38].
Local spread is local peritoneal spread, spread to the omen-

Fig. 11 Fluid level

tum, etc., or via lymphatic spread to retroperitoneal, para-
aortic, mesenteric and mediastinal nodes [23, 38]. ITs are
large tumours presenting with a mean diameter of 16-20 cm
and a range of 542 cm [23, 38] and a mean weight of 1,300 g
(range 22-7, 150 g).

The tumours are predominantly solid although there are
usually multiple small cysts of less than 1 cm in diameter
present; however, occasional larger cysts may be present
[25]. Some contain sebaceous material or hair, but most
are degenerative in type and filled with clear mucoid
or blood-stained fluid [25]. Solid areas with haemorrhage or
necrosis are common and are important as these are more
likely to contain the less well-differentiated tissues [4, 23,
25] (Fig. 11).

Microscopic Features

All three germinal layers are usually present, and the range
of tissues includes all those that may be observed in mature
cystic teratomas. The ectodermal and mesodermal compo-
nents predominate, and it is in these areas that the immaturity
is most clearly evident. The various tissues are admixed in a
haphazard way, which contrasts with benign dermoid cysts,
where the tissues are more organised. Neural tissue may be
present and may mimic intracranial malignant tumours.
Squamous epithelium may also be present and may show
evidence of malignancy. Cartilage and bone may be present.
Mesodermal elements show loose fibrous connective tissue
which may resemble undifferentiated myxoid embryonic
mesenchyme. Smooth—but not striated—muscle is quite
common (Figs. 12 and 13).
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Fig. 12 White ball

Fig. 13 White ball

Endodermal elements are less well represented than the
above elements in most tumours. Tubules lined with non-
specific columnar epithelium may be present, and the pres-
ence of bronchial or gastrointestinal epithelium may be
rarely observed. About 70 % of ITs had evidence of necrosis
or haemorrhage and almost all have mature elements [23].

Grading is important, as together with staging, this has a
significant effect on prognosis and treatment. There are two
grading systems in use. Robboy and Scully [26] proposed 4
grades (0-3) based on the relative amounts of immature and
mature tissue, degree of differentiation and the mitotic
activity within the immature components. The other system
proposed by O’Connor and Norris [23] proposed low and

high grades, corresponding to grade 1 and grades 2-3,
respectively, in order to reduce intraobserver variability.
Low-grade neoplasms contain less than one low-power field
of immature neuroepithelium on any one microscopic sec-
tion. In high-grade neoplasms, immature neuroepithelium is
common and exceeds one low-power field of one or more
microscopic sections.

Ultrasound Appearance

There have been no previous published descriptions of the
preoperative ultrasound appearance of immature teratomas.
Here, we present a few pictures of two cases we have seen
which are in keeping with the previous macroscopic patho-
logical descriptions of these tumours. Previous pathological
descriptions have described the tumours as ‘predominantly
solid although there are usually multiple small cysts present
of less than 1 cm in diameter, however occasional larger
cysts may be present’ [25]. These findings were found at
ultrasound with all the tumours being predominantly solid or
multilocular solid. ‘Some contain sebaceous material or hair
but most are degenerative in type and filled with clear mucoid
or blood-stained fluid’. These findings were also found with
the cystic areas containing fluids with differing echogenici-
ties. In addition, hyperechoic flecks reminiscent of hair were
seen throughout the solid areas (Figs. 14, 15, 16, and 17).
When these morphological characteristics are present, a cor-
rect preoperative diagnosis may be possible.

Fig. 14 Small uterus and tumour
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Fig. 15 Large irregular complex tumour

Fig. 16 Two years prior to presentation same ovary!

Struma Ovarii
Background

Thyroid tissue can be found in up to 20 % of mature cystic
teratomas on histopathological examination; however,
macroscopically, it is only identified in 3 % of teratomas
[29]. When ovarian teratomas are composed entirely or

Fig. 17 Large irregular tumour with mixed echogenicity small cystic
spaces.

predominantly of thyroid tissue, they are called struma ovarii
[32]. Keeping this definition, struma ovarii constitutes
approximately 3 % of all ovarian teratomas and 2—4 % of all
germ cell tumours of the ovary [2, 32]. It is thought that the
thyroidal elements have overgrown the other tissues [29].
Malignant transformation is uncommon, only about 5 % of
struma ovarii being malignant [2]. In many of the malignant
cases, there is only a small focus of malignant tissue.
Metastases are found in 5-6 % of patients with malignant
struma ovarii [40]. Most patients with struma ovarii are in
their reproductive years, but struma ovarii may be diagnosed
at any age, even in children [32].

Microscopy

The thyroid tissue of struma ovarii is similar to the thyroid
tissue consisting of colloid-containing follicles of various
sizes lined by a single layer of follicular cells [25].
Occasionally, there is evidence of over- or underactivity [29,
32]. Other abnormal thyroidal histological appearances are
sometimes present. The diagnosis of malignancy has previ-
ously been using the same criteria as thyroid tissue in the
neck, but on long-term follow-up, even benign struma ovarii
has been known to recur [27].

Macroscopy
Struma ovarii tumours are almost always unilateral, vary in

size but usually measure less than 10 cm in diameter and
may be associated with a mature cystic teratoma in the same
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or contralateral ovary [25, 27]. The external wall of struma
ovarii is usually smooth. Most cases of struma ovarii are
solid tumours or cystic—solid tumours. The cystic spaces
contain colloid or mucoid material. Occasionally, they are
predominantly multilocular cystic. In most cystic cases of
struma ovarii, there are solid protrusions into the cyst lumen.
Macroscopic features which are likely to increase the risk of
malignancy are the size of the strumal component, the pres-
ence and extent of adhesions, the presence of ascites and
blood in the ascites [27].

Clinical Symptoms

Most cases of struma ovarii present in the reproductive years
with a peak in the 40s [25]. Most patients are asymptomatic,
but some patients complain of abdominal distension, pain,
urinary or intestinal obstruction, infertility or hot flushes, the
latter being explained by steroid hormone production [30].
Occasionally, patients present with ascites or with both asci-
tes and pleural effusion (pseudo-Meigs’ syndrome).

Prognosis

The incidence of malignancy in struma ovarii is rare and
patients with benign struma ovarii are almost always cured by
surgical removal of the tumour. If histological or clinical fea-
tures of malignancy are present, the 10-year survival is 89 %
and 25 years survival is 84 % [27]. If ascites and/or pleural
effusion is present, they usually disappear after surgery.

Ultrasound Findings

The largest case series of the ultrasound features of struma
ovarii (31 cases) showed that the size and sonographic
appearance of benign pure struma ovarii are variable [30].
The majority of the tumours were large with a largest diam-
eter >9.5 cm. Most cases of benign pure struma ovarii con-
tained solid components, but cystic components were always
present, and more than half of the masses were multilocular
(>five cyst locules). The cyst fluid was almost always
anechogenic or of low-level echogenicity. Almost half of the
masses were perceived to have irregular internal cyst walls,
and papillary projections were noted in 40 %. The colour
content at Doppler examination varied, with most tumours
(40 %) being moderately vascularised.

Pure struma ovarii had a significantly variable appear-
ance, but the majority of the cystic tumours contain one or
more well-circumscribed roundish solid areas with smooth
contours, which the authors named ‘struma pearls’. These
were similar, but not identical, to the ‘round white ball’ seen

in dermoid cysts. (Need to ask permission to use figures from
the Savelli paper).

The size and sonographic appearance of impure struma
ovarii were variable, but none of these tumours was associ-
ated with ascites or with fluid in the pouch of Douglas, and
in all cases, no or only minimal vascularisation was detected
on colour Doppler examination. Shadowing was present in
44 % [30].

Conclusions

Mature cystic teratomas have various appearances on
ultrasound, which can be confusing for the less-experienced
observers, but certain characteristics are very easily rec-
ognised and aid in the confidence diagnosis. Immature
teratomas tend to be larger tumours, which present earlier
and have a predominantly solid complex appearance. The
appearance of these tumours is markedly different from
the mature cystic teratomas. Struma ovarii has a very var-
ied appearance and preoperative diagnosis is likely to
cause difficulty.

Biography Mr Tom Holland is a senior trainee in obstetrics
and gynaecology and is currently working in London,
England. He is completing a Research Doctorate on the use
of ultrasound and serum markers for the diagnosis of
endometriosis. His research interests include ultrasound,
ovarian tumours and endometriosis.




Ovarian Teratomas: Clinical Setting and Ultrasound Findings

153

Davor Jurkovic is a Consultant Gynaecologist and Director of
Gynaecology Diagnostic and Outpatient Treatment Unit at
University College Hospital, London. He is an internationally
recognised expert in gynaecological and early pregnancy
ultrasound. He has published extensively on these topics and
has edited five books. He has helped to develop and run the
RCOG training programmes in gynaecological ultrasound,
acute gynaecology and early pregnancy. He is also a founding
member of the educational charity Focus on Gynaecology.

References

1. Ayhan A, Aksu T, Develioglu O, et al. Complications and bilateral-
ity of mature ovarian teratomas (clinicopathological evaluation of
286 cases). Aust N Z J Obstet Gynaecol. 1991;31:83-5.

2. Ayhan A, Yanik F, Tuncer R, et al. Struma ovarii. Int J Gynaecol
Obstet. 1993;42:143-6.

3. Berg J, Baylor S. The epidemiological pathology of ovarian cancer.
Hum Pathol. 1973;4:537—47.

4. Breen JL, Neubecker RD. Ovarian malignancy in children, with
special reference to the germ-cell tumors. Ann N Y Acad Sci.
1967;142:658-74.

5. Caspi B, Appelman Z, Rabinerson D, et al. Pathognomonic echo
patterns of benign cystic teratomas of the ovary: classification, inci-
dence and accuracy rate of sonographic diagnosis. Ultrasound
Obstet Gynecol. 1996;7:275-9.

6. Caspi B, Appelman Z, Rabinerson D, et al. The growth pattern of
ovarian dermoid cysts: a prospective study in premenopausal and
postmenopausal women. Fertil Steril. 1997;68:501-5.

10.

11.

12.

13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Caspi B, Levi R, Appelman Z, et al. Conservative management of

ovarian cystic teratoma during pregnancy and labor. Am J Obstet
Gynecol. 2000;182:503-5.

. Cohen L, Sabbagha R. Echo patterns of benign cystic teratomas by

transvaginal ultrasound. Ultrasound Obstet Gynecol. 1993;3:
120-3.

. Comerci JT, Licciardi F, Bergh PA, et al. Mature cystic teratoma: a

clinicopathologic evaluation of 517 cases and review of the litera-
ture. Obstet Gynecol. 1994;84:22-8.

Damewood M, Rosenshein NB, Woodruff JD. Multiple benign cys-
tic teratomas of the ovary. Report of two cases and review of the
literature. Diagn Gynecol Obstet. 1982;4:243-5.

Fox H, Wells M. Germ cell tumours of the ovary. In: Obstetrical and
gynaecological pathology. New York: Churchill Livingstone;
2002.

Hoo W, Yazbek J, Holland T, et al. Expectant management of ultra-
sonically diagnosed ovarian dermoid cysts: is it possible to predict
the outcome? Ultrasound Obstet Gynecol. 2010;36:235-40.

Inoue M. Histogenetic analysis of ovarian germ cell tumours by
DNA fingerprinting. Cancer Res. 1992;52:6823-6.

. Jermy K, Luise C, Bourne T. The characterization of common ovar-

ian cysts in premenopausal women. Ultrasound Obstet Gynecol.
2001;17:140-4.

. Kawai M, Kano T, Furuhashi Y, et al. Immature teratoma of the

ovary. Gynecol Oncol. 1991;40:133-7.

Kondo W, Bourdel N, Cotte B, et al. Does prevention of intraperito-
neal spillage when removing a dermoid cyst prevent granulomatous
peritonitis? BJOG. 2010;117:1027-30.

Koonings PP, Campbell K, Mishell DR, et al. Relative frequency of
primary ovarian neoplasms: a 10-year review. Obstet Gynecol.
1989;74:921-6.

Laing FC, Van Dalsem VF, Marks WM, et al. Dermoid cysts of the
ovary: their ultrasonographic appearances. Obstet Gynecol.
1981;57:99-104.

Li H, Hong W, Zhang R, et al. Retrospective analysis of 67 con-
secutive cases of pure ovarian immature teratoma. Chin Med J
(Engl). 2002;115:1496-500.

Linder D, McCaw BK, Hecht F. Parthenogenic origin of benign
ovarian teratomas. N Engl J Med. 1975;292:63-6.

Malkasian GD, Dockerty MB, Symmonds RE. Benign cystic tera-
tomas. Obstet Gynecol. 1967;29:719-25.

Norris HJ, Zirkin HJ, Benson WL. Immature (malignant) teratoma
of the ovary: a clinical and pathologic study of 58 cases. Cancer.
1976;37:2359-72.

O’Connor DM, Norris HJ. The influence of grade on the outcome
of stage I ovarian immature (malignant) teratomas and the repro-
ducibility of grading. Int J Gynecol Pathol. 1994;13:283-9.

Prat J. Pathology of the ovary. Philadelphia: W B Saunders Co.;
2004.

Robboy SJ, Anderson MC, Russell P. Pathology of the female
reproductive tract. In: Robboy SJ, Anderson MC, Russell P, editors.
2nd edition. 2008 published by Churchill Livingstone. ISBN:
0443074771

Robboy SJ, Scully RE. Ovarian teratoma with glial implants on the
peritoneum. An analysis of 12 cases. Hum Pathol. 1970;1:643-53.
Robboy SJ, Shaco-Levy R, Peng RY, et al. Malignant struma ovarii:
an analysis of 88 cases, including 27 with extraovarian spread. Int J
Gynecol Pathol. 2009;28:405-22.

Roman H, Accoceberry M, Bolandard F, et al. Laparoscopic man-
agement of a ruptured benign dermoid cyst during advanced preg-
nancy. J Minim Invasive Gynecol. 2005;12:377-8.

Roth LM, Talerman A. The enigma of struma ovarii. Pathology.
2007;39:139-46.

Savelli L, Testa AC, Timmerman D, et al. Imaging of gynecological
disease (4): clinical and ultrasound characteristics of struma ovarii.
Ultrasound Obstet Gynecol. 2008;32:210-9.



154

T. Holland and D. Jurkovic

31. Talerman A. Chapter 18: Pathology of the ovaries in diagnosis and
management of ovarian disorders. Albert Altchek, editor. Academic
Press; 2003.

32. Talerman A. Chapter 20: Germ cell tumours of the ovary. In:
Blaustein’s pathology of the female genital tract. New York:
Springer; 2002.

33. Valentin L. Prospective cross-validation of Doppler ultrasound
examination and gray-scale ultrasound imaging for discrimination
of benign and malignant pelvic masses. Ultrasound Obstet Gynecol.
1999;14:273-83.

34. Valentin L. Pattern recognition of pelvic masses by gray-scale
ultrasound imaging: the contribution of Doppler ultrasound.
Ultrasound Obstet Gynecol. 1999;14:338-47.

35. Valentin L. Use of morphology to characterize and manage com-
mon adnexal masses. Best Pract Res Clin Obstet Gynaecol.
2004;18:71-89.

36.

37.

38.

39.

40.

Vortmeyer AO, Devouassoux-Shisheboran M, Li G, et al
Microdissection-based analysis of mature ovarian teratoma. Am J
Pathol. 1999;154:987-91.

Wisniewski M, Deppisch LM. Solid teratomas of the ovary. Cancer.
1973;32:440-6.

Yanai-Inbar I, Scully RE. Relation of ovarian dermoid cysts and
immature teratomas: an analysis of 350 cases of immature teratoma
and 10 cases of dermoid cyst with microscopic foci of immature
tissue. Int J Gynecol Pathol. 1987;6:203—-12.

Yazbek J, Salim R, Woelfer B, et al. The value of ultrasound visu-
alization of the ovaries during the routine 11-14 weeks nuchal
translucency scan. Eur J Obstet Gynecol Reprod Biol.
2006;132:154-8.

Zakhem A, Aftimos G, Kreidy R, et al. Malignant struma ovarii:
report of two cases and selected review of the literature. J Surg
Oncol. 1990;43:61-5.



CT and MR of Benign Ovarian Germ

Cell Tumours
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Abstract

Up to a quarter of ovarian masses originate from germ cells. Germ cell tumours occur at a
higher frequency than epithelial tumours in Oriental and African populations. Mature cystic
teratomas (MCTs), or the so-called dermoid cysts because of the overall predominance of
skin elements, are not only the most common germ cell tumours but also the most common
benign ovarian neoplasms in women under 45 years old. This chapter will cover CT and
MR appearance of the more common teratomas: mature cystic teratomas; immature

teratomas and struma ovarii.
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Mature Cystic Teratoma (MCT)
Epidemiology
Up to a quarter of ovarian masses originate from germ cells

[1]. Germ cell tumours occur at a higher frequency than
epithelial tumours in Oriental and African populations [2].
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Mature cystic teratomas (MCTs), or the so-called dermoid
cysts because of the overall predominance of skin elements,
are not only the most common germ cell tumours but also the
most common benign ovarian neoplasms in women under 45
years old. When MCTs were first described 300 years ago,
people believed them to be small babies, and one of the
greatest concerns at that time was whether they should be
baptised [3]. They are part of a subclass of ovarian germ cell
tumours that are believed to arise from primordial germ
cells. In its pure form, mature cystic teratomas are always
benign. Secondary development of malignancy is a rare but
well-known phenomenon [4].

MCTs account for 20 % of all ovarian tumours in
adults and 50 % of all ovarian tumours in children. Their
reported incidence is 1.2-14.2 cases per 100,000 people
per year [5, 6], with the incidence peaking between 20
and 40 years old [7]. They affect a younger age group
(mean patient age, 30 years) than epithelial ovarian
neoplasms [8].

MCTs are often asymptomatic at presentation, discovered
incidentally at routine pelvic examination. When
symptomatic, abdominal pain and fullness are the most
common symptoms, related only to the weight of the mass
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itself or to a complication. Growth of a teratoma during
pregnancy is an uncommon condition but has already been
reported [9].

Surgical excision by laparoscopy is the treatment of
choice for MCT [10]. However, as MCTs are reported to
grow slowly at an average rate of 1.8 mm per year, some
investigators advocate nonsurgical management of smaller
(<6 cm) tumours [11].

Histology

MCTs belong to a germ cell tumour group and are composed
of well-differentiated tissues derived from three pluripoten-
tial germ cell layers: ectoderm (skin derivates and neural tis-
sue), mesoderm (fat, bone, cartilage, muscle) and endoderm
(gastrointestinal and bronchial epithelium, thyroid tissue)
[12]. Most ovarian MCTs contain a variable amount of seba-
ceous material, hair and desquamated debris. A wide variety
of rare histological tissues may be found, including renal,
adrenal and prostatic tissues [13].

A large recent population-based study in England indi-
cated that the observed age—incidence patterns suggested a
common initiation of germ cell tumours in embryonic/fetal
life, with variable rates of tumour progression as a result of
subsequent events that may be site specific. The authors con-
cluded that future genetic studies should consider germ cell
tumours from all sites to gain greater insight into their aetiol-
ogy [14].

In a gross pathologic examination, mature cystic terato-
mas typically appear like unilocular cystic tumours filled
with sebaceous material, which is liquid at body temperature
and semisolid at room temperature [15] (Fig. 1). They may
also appear as multilocular masses with numerous septa and
more rarely as solid masses (about 6 % of cases) [7].
Squamous epithelium lines the cyst wall, and hair follicles,
skin glands, muscle and other tissues lie within the wall.
There is usually a raised protuberance projecting into the
cyst cavity known as the Rokitansky nodule and present in
92 % of MCTs. Most of the hair typically arises from this
protuberance, and when bone or teeth are present, they also
tend to be located within this nodule. Fat in the cystic lumen
is present in 93 % or more of cases, reflecting the sebaceous
material or less commonly adipose tissue. This is the most
specific imaging finding indicative of MCT [16, 17].
Ectodermal tissue (skin derivatives and neural tissue) is
invariably present. Mesodermal tissue (fat, bone, cartilage,
muscle) is present in over 90 % of cases, with teeth seen in
one-third and endodermal tissue (e.g. gastrointestinal and
bronchial epithelium, thyroid tissue) seen in the majority of
cases [18].

Fig. 1 Histology of a typical mature cystic ovarian teratoma. (a)
Macroscopic findings show an unilocular cyst with typical content of
sebaceous material and hairs. (b) Microscopic findings show a mature
cystic teratoma lined by mature epidermis and subtended by connective
tissue containing exuberant pilosebaceous follicles (arrow)

Typical Imaging Findings

Unlike US imaging for which MCT diagnosis could be
difficult because of confusion with bowel or perforated
appendicitis with appendicolith or ovarian carcinomas [19,
20], cross-sectional imaging (i.e. CT and MR) allows a
relatively easy diagnosis because both of these modalities
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Fig.2 MR of a bilateral ovarian teratoma in a 29-year-old woman. (a)
Axial T2-weighted TSE, (b) axial T1-weighted GE, (c) axial fat-
suppressed T1-weighted GE, (d) axial gadolinium-enhanced fat-
suppressed T1-weighted GE. This patient was treated by bilateral cystec-

are extremely sensitive with respect to the presence of fat
and calcifications (teeth), which represent the most frequent
diagnostic findings in MCTs [21].

Most cases present as an asymptomatic adnexal mass
incidentally detected on routine pelvic examination. If
abdominal pain is present, the imaging findings show

tomy, and the final histological findings revealed a left cystic mature tera-
toma and a left monodermal teratoma. Note the typical appearance of
the left one with a fat cystic component with hair level and the Rokitansky
nodule with calcification and thin enhancement after contrast

evidence of a complication such as MCT torsion, or else rup-
ture must be sought.

The bilateral MCT involvement rate in the literature is
815 % (Fig. 2), and the mean diameter is reported to be
around 7 cm [7]. The surface of a benign MCT is always
smooth. Most are unilocular cysts and contain a large amount
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Fig. 3 Imaging of a complex ovarian mature teratoma. (a) Axial
T2-weighted TSE, (b) axial fat-suppressed T1-weighted GE, (¢) axial
gadolinium-enhanced fat-suppressed T1-weighted GE, (d) axial
unenhanced CT scan (image at the same level as MR). Note the com-

of fat in the form of liquid sebum, which is of low density on
CT, with a high signal on MR images. Exceptional cases of
solid mature teratomas have been reported in imaging studies
[22, 23]. Fluid may fill the dependent portion of the tumour,
producing a fat/fluid interface with the overlying liquid
sebum. Layering or floating debris or both can also be
encountered at this fat/fluid interface. Calcifications are
commonly noted, but their presence does not indicate ovarian

plex multicystic mass with areas of fat components (arrowheads) and
teeth (arrows). The septa and the wall were enhanced after contrast but
without extension beyond the capsule. The final histological findings
revealed a cystic mature teratoma without malignancy

teratomas, and therefore, it is necessary to focus on detecting
intratumoural fat in order to confirm the diagnosis. A nodular
or palm tree-like mural protrusion, known as a Rokitansky
protuberance or dermoid plug, is common. There is only one
plug, which is usually rounded and typically contains fat,
calcium or hair and a minority of diverse other tissues.
Although these protuberances may be partly solid, they never
show transmural growth (Fig. 3). Recently, intracystic



CT and MR of Benign Ovarian Germ Cell Tumours

Table 1 Cross-sectional imaging findings of mature cystic teratomas

Imaging findings

Typical imaging Unilocular

<45 years Intracystic fat

<10 cm Teeth/calcifications
Fat/fluid level
No enhanced Rokitansky protuberance
Floating balls

Atypical imaging Multilocular

No fat in the cyst cavity

Small amount of fat in the wall or the
Rokitansky nodule

Complex mass: raises the possibility of
a collusive tumour, mixed germ cell or
degenerescence

Torsion: enlarged tubal mass,
displacement of adnexa, deviation of
uterus, pelvic fat infiltration,
asymmetric smooth wall thickening

Suspicion of complication

Symptomatic with pain or
fever

Rupture: flattened shape or
discontinuity of the wall, ascites,
omental infiltration, fatty implants,
dense adhesions

Malignancy (see below)

Infection: concomitant local or systemic
infection, pelvic fat infiltration,
thickened enhanced wall

Suspicion of malignancy ~ Highly enhanced Rokitansky nodules

>45 years Solid portion with moderate or intense
enhancement
>10 cm Solid portion with transmural growth

(outside the septa or the mass wall)
Neighbouring organ invasion
Disseminated metastasis

floating balls were reported to be pathognomonic of mature
cystic teratomas [24, 25] and were generated by sebaceous
debris with skin squamae and hair [26]. These spherical
structures are approximately 1-3 cm in diameter, and there
may be more than 100 [27]. However, these teratomas
usually have fat in their walls or in the Rokitansky nodule.

The identification of teeth or a Rokitansky protuberance
or a large fatty component is a diagnostic sign of a benign
cystic ovarian teratoma (cf. Table 1).

CT Imaging

Only a few original studies have reported CT imaging
findings of benign MCT series [28-30]. The largest study
includes 41 proven histological lesions and was published in
1989 by Buy et al. [17].

At CT, fat attenuation within an unilocular or multilocular
ovarian cyst is a diagnostic sign of mature cystic teratomas
and was found to be present in 84-93 % [17, 29] of cases. Fat
is easily depicted, especially if its proportion is large (Fig. 4),
thus allowing density measurement (typically found to be
—20 UH or less). Sometimes, only a careful in-depth
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evaluation will reveal a fat-containing lesion when the fat
proportion is millimetric, particularly when located in the
wall or the Rokitansky nodule. A fat—fluid level is reported in
12 % of cases and teeth and other calcifications (even in the
cyst wall) in 56-84 % of cases. Tufts of hair were common
and present in 65 % of cases [17]. If hair is mixed with
sebum, the lesion may have a radiologic density greater than
that of fat (water density up to +8 UH [29]). There have been
some reports on the presence of spherical structures (single
or multiple) floating at the fat—aqueous fluid interface, this is
the so-called floating mass which appears to be hypodense
[31], typical of MCT. CT showed a Rokitansky protuberance
in 21/23 (91 %) cases in Guinet’s series and in 35/43 (81 %)
of cases in Buy’s series. A Rokitansky protuberance is
defined as a solid or partially solid rounded (or bridge)
structure, clearly linked to the cyst wall, projecting inside the
cyst, or as a flattened (possibly irregular) wall thickening
containing dense structures (calcified structures) and\or
areas of fatty tissue [29].

To date, the best suggestive patterns at CT include a fat-
containing ovarian cyst and/or identification of a Rokitansky
protuberance [29].

MR Imaging
At MR imaging, the sebaceous component of dermoid cysts
has a very high signal intensity on T1-weighted images,
similar to retroperitoneal fat. The signal intensity of the
sebaceous component on T2-weighted images is variable,
usually approximating that of fat (Fig. 5). Fat saturation
techniques are essential in order to differentiate whether
hyperintense areas in the tumours on T1-weighted images
are due to haemorrhage, fat and/or fluid of high protein
content. In MCT, fat is currently detected with spectral fat
saturation, chemical shift imaging (in-opposed phase) or
STIR (short T1 inversion recovery) sequences, with the first
two being commonly used and chemical shift imaging being
the most sensitive, especially to depict very small amounts of
fat [32-34]. Intratumoural fat gives a high signal intensity on
T1-weighted images and the signal drops on fat-saturated
T1-weighted images. It is essential that images be obtained
at the same level for each sequence in order to characterise
each tissue component, and thus to be able to depict small
amounts of fat. When used, chemical shift artefacts were
encountered at the interface of fatty and non-fatty
components. Fat may be seen in the cavity of the cyst or as a
round mass floating at the water and fatty fluid interface, or
only in the Rokitansky nodule. In addition, intracystic
nondependent spheres of lipid material can occasionally be
identified in an MCT, with a striking appearance [35].
Calcifications and teeth both give a low signal intensity
on T1 and T2-weighted images. Some mobile globules (so-
called floating balls) can be encountered as spherical
structures with a centre having a relatively low signal
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Fig.4 CT of a left ovarian mature cystic teratoma (arrows) in three
different women. (a—c¢) Axial contrast-enhanced CT scan (venous
phase). Note the fatty component which is always predominant, easy to

intensity on T1-weighted MR images compared with the
outer portion, corresponding to hair or softer components
[25] (Fig. 6). In T2-weighted images, the outer portion of the
spherical structures are hypointense and the centre relatively
hyperintense. The specific gravity of spherules or globules is
lower than that of the surrounding fluid, so they float and are
mobile in the cyst [26]. It has been postulated that each
spherule is formed by the aggregation of sebaceous matter
around a nidus (a tiny focus of debris, desquamative material

depict. Note also the thin calcifications in the wall of case “b”, which
are rare; calcifications are usually found in the form of teeth

or fine hair shafts) and may be formed within a discrete mass
because of the difference in physical and thermal properties
of the material being deposed [21].

Recently, Nakayama et al. [36], showed that mature cystic
teratomas tended to show significantly higher signal intensity
on diffusion images and had areas of lower ADC (apparent
diffusion coefficient) values than endometrial cysts and other
benign and malignant neoplasms. This result was attributable
to the keratinoid substance within the tumours (Fig. 7).
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Fig. 5 MR of a typical left ovarian cystic mature teratoma. (a) Axial T2-weighted TSE, (b) axial T1-weighted GE, (¢) axial fat-suppressed
T1-weighted GE. Note the chemical artefact on the T2-weighted image (arrowhead) at the fatty—non-fatty interface

Atypical Aspect

Without Fat in the Cystic Cavity

A minor percentage (arising 15 % in a retrospective series
of 78 of MCT in MRI [37]) of MCTs has only a small
amount of fat or no visible fat in imaging studies. Small
fat components must be carefully searched for in the
cystic wall or in Rokitansky nodules [37] (Figs. 8 and 9).
A fat-saturated MR imaging technique is advocated

to improve diagnosis by showing small amounts of fat.
A gradient echo technique with both in-phase and
opposed-phase imaging seems better than the fat saturation
method [21].

With a Pure fatty Component in the Cavity

These tumours are rare and may mimic other uncommon
lipid-containing pelvic tumours (see section “Other lipid-
containing pelvis tumours”).
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Fig. 6 Floating ball (arrows) in a left ovarian cystic teratoma in MRI. (a) Axial T2-weighted TSE, (b) axial T1-weighted GE, (c¢) axial fat-
suppressed T1-weighted GE, (d) axial gadolinium-enhanced fat-suppressed T1-weighted GE

Only Solid

This is a very rare finding, and these tumours are
indistinguishable from other ovarian tumours, particularly
with malignancy.

Collision Tumours

Collision tumours are tumours in which the different
neoplastic components remain histologically distinct and
separated from each other by narrow stromata or their

respective basal laminae. There are various hypotheses
concerning the formation of collision tumours. According to
the first hypothesis, coexistence of two primary tumours in
the same tissue is due to a “chance accidental meeting”.
Secondly, it has been proposed that the presence of a first
tumour alters the microenvironment and gives rise to the
development of a second primary tumour or seeding of
metastatic tumour cells. The third theory suggests that each
primary tumour originates from a common stem cell.
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Fig. 7 MR of a typical ovarian cystic mature teratoma. (a) Axial
T2-weighted TSE, (b) axial fat-suppressed T1-weighted GE, (¢) axial
gadolinium-enhanced fat-suppressed T1-weighted GE, (d) axial diffu-

Concerning teratomas such an association had been reported
with granulosa cell tumours [38], with serous cystadenocarci-
nomas [7, 39, 40] and more commonly with benign or malign
mucinous tumours [41-43]. Mucinous tumours were found to
coexist with 11.3 % of dermoid cysts, and dermoid cysts were
found to coexist with 7.8 % of mucinous tumours [44].
Imaging studies of a collision tumour composed of a teratoma
and a mucinous tumour show a typical multiloculated cystic

sion-weighted (ADC). This is a unilocular fat-containing cyst with a fatty
Rokitansky protuberance (arrows). Note the very low ADC of the fatty
component and the linear thin enhancement of the Rokitansky nodule wall

mass with an internal loculi filled with pure fat (Fig. 10). The
differential diagnosis was with mixed germ cell tumours,
mixed epithelial tumours or malignant degeneration of cystic
teratomas. Preoperative suggestion of a collision tumour is
possible [41] and may lead the pathologist to perform an in-
depth examination and take sections from suspicious areas,
thus preventing underdiagnosis during intraoperative consul-
tation for the tumour.
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Mixed Germ Cell Tumours

A mixed tumour has intermixed varying histological
components derived from a common stem cell. In the case
of mixed germ cell tumours, virtually any combination of
cell types can occur among embryonal carcinomas,
dysgerminomas, teratomas and yolk sac tumours

(endodermal sinus tumours). The imaging findings of mixed
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germ cell tumours are variable and reflect the diversity of
this group of tumours. When a predominantly solid and het-
erogeneous ovarian tumour contains fatty areas or calcifica-
tions suggestive of a mature cystic teratoma or when a
mature cystic teratoma contains an enhancing solid portion,
a mixed germ cell tumour diagnosis should be considered.

Fig. 8 MR of an atypical ovarian mature teratoma in a 19-year-old
woman. (a) Sagittal T2-weighted TSE, (b) axial T2-weighted TSE, (c)
axial T1-weighted GE, (d) axial fat-suppressed T1-weighted GE, (e)
axial diffusion-weighted (b1000) (f) axial diffusion-weighted (ADC).

Note the multicystic appearance of the mass, which corresponds to a
multicystic Rokitansky nodule. Some of these loculi contain fat compo-
nents (arrows) which appear with very low ADC values
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Fig.8 (continued)

Elevated serum a-fetoprotein (yolk sac tumour) and
human chorionic gonadotropin (dysgerminome) levels and
younger age can help in the diagnosis of mixed germ cell
tumours [45].

Growing Teratoma Syndrome

Growing teratoma syndrome (GTS) is a rare finding, defined
as an enlarging mature teratoma that arises during or
following chemotherapy for a malignant germ cell tumour,
especially an immature teratoma [46]. These tumours can
undergo tissue maturation and take on an appearance more
typical of mature cystic teratomas, a phenomenon also
known as retroconversion [47]. Selective elimination of
malignant cells by chemotherapeutic agents or differentiation
of malignant cells into mature teratoma components
following exposure to chemotherapeutic agents may be the
two possible mechanisms responsible for GTS development.
As a result, this is often misinterpreted as a chemoresistant
tumour or recurrence [48]. These retroconverted masses can
remain stable for a long period of time. By definition, GTS
must exhibit normalisation of previously elevated tumour
markers (alpha-fetoprotein [AFP] or beta human chorionic
gonadotropin [HCG]), tumour enlargement or the presence
of a new tumour mass and only mature teratoma elements in
the pathologic examination. The radiologic features include
increased mass density with well-circumscribed margins,
onset of internal calcification with fatty areas and cystic
changes [49].

Complications

MCT complications include torsion (16 %), malignant
degeneration (2 %), rupture (1-2 %) and infection
(1 %) [50].

Torsion

Torsion is the most common complication associated with

mature cystic teratomas. The torsion rate was reported at 3.2—

16 % [8]. From another standpoint, about 30 % of ovarian

torsions are due to mature cystic teratomas which, along with

serous cystadenomas, represent the most common cause of
ovarian torsion [51]. The classical clinical presentation includes
sharp, localised right or left lower abdominal pain, tenderness,
peritoneal findings and a pelvic mass. Gastrointestinal
complaints with nausea and vomiting are encountered in
approximately two-thirds of patients, whereas fever is an
argument in favour of necrosis complicating ovary torsion.
The cross-sectional imaging diagnosis includes visualisa-
tion of a fat-containing adnexal mass in association with sev-

eral signs of torsion, as listed below [52]:

* The presence of an enlarged solid tubal mass seen between
the uterus and the ovarian mass (Fig. 11), which is the
most specific imaging finding for adnexal torsion; it
manifests as an amorphous or tubular mass-like structure
or has a target-like appearance between the torsed teratoma
and the uterus or a beaklike protrusion extending from the
uterus and partially covering the ovarian teratoma [53].



166

1. Millet et al.

Fig. 9 MR of a left atypical ovarian mature cystic teratoma in a
12-year-old girl. (a) Axial T2-weighted TSE, (b) axial T1-weighted
GE, (c) axial fat-suppressed T1-weighted GE, (d) axial gadolinium-
enhanced fat-suppressed T1-weighted GE. Note the atypical fatty com-

e The identification of a smooth wall thickening without
nodularity on the cystic mass, this thickening is more
often eccentric and >1 c¢cm [54] than concentric.

e The displacement of adnexa which may be on the
contralateral side of the pelvis or on the midline in a far
anterior position abutting the anteropelvic fascia or poste-
rior in the pouch of Douglas (Fig. 12).

ponent which is crescent-shaped (arrowheads) inside a multilocular
lesion. The histological findings revealed simple mature cystic
teratomas without neither malignancy nor mixed tumours

* The deviation of uterus and the pelvic space infiltration on
the side of a twisted ovary.

Mature cystic teratomas affected by torsion are larger
than average (mean diameter, 11 cm versus 6 cm); this
enlargement could be the result of torsion rather than the
cause of it. Torsion does not eradicate the fatty
components.
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Fig. 10 MR of an ovarian collusive tumour in a 28-year-old woman.
(a) Coronal T2-weighted turbo spin echo (TSE), (b) axial T2-weighted
TSE, (¢) axial T1-weighted gradient echo (GE), (d) axial fat-suppressed
T1-weighted GE. The mass was predominantly cystic with thin septa

Degenerescence

Malignant transformation occurs in 0.17-2 % of cases [55]
and may occur in any of the three germ cell layers, including
the ectoderm, mesoderm and endoderm. The epithelial
component of mature cystic teratomas commonly transforms
into squamous cell carcinomas (more than 80 % of cases
[56]) although other neoplasms, including adenocarcinomas

(arrowhead). Note the small and unique loculi which contain fat com-
ponents (arrows). The histological findings revealed an association of a
mature teratoma and a mucinous cystadenoma

[57], low-grade carcinoid tumours [58], neuroendodermal
tumours, malignant melanomas [59], oligodendrogliomas
[60], thyroid papillary carcinomas [61] and highly aggres-
sive sarcomas [62, 63], have been reported. Most cases are
discovered as incidental microscopic foci of squamous cell
carcinomas in benign-appearing gross specimens of cystic
teratomas.
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Clinically, malignant transformation cannot be readily
identified. Malignant transformation has been mainly found in
women of over 50 years old, with high concentrations of
squamous-cell-carcinoma antigen (SCC) and cancer antigen
CA125 and with ovarian tumours more than 100 mm in size [4].

In imaging, the features reported in favour of malignancy
are [30, 55]:

e A diameter larger than 10 cm

* The presence of an enhancing soft tissue mass component,
especially contrast enhancement of the Rokitansky
protuberance, which suggests the possibility of malignant

transformation [56]

* An obtuse angle between the enhanced soft tissue mass
and the inner cyst wall

e Areas of haemorrhage and necrosis

e An extracapsular tumour growth with extension into
adjacent structures

* A disseminated metastasis

Direct invasion of adjacent tissue is common for squamous
cell carcinomas arising in ovaries as well as in other parts of
the body. Conversely, the most important mode of spreading
in common epithelial ovarian carcinoma is dissemination by
lymphatic  spreading and peritoneal carcinomatosis.
Consequently, an invasive growth pattern in an ovarian mass
is an argument in favour of a degenerated mature cystic
teratoma with squamous cell carcinoma.

Mori et al. reported that the combination of the patient’s
age (>40 years) and serum SCC antigen level (>2.5 ng/mL)

was 77 % sensitive and 96 % specific for malignant
transformation [64].

The malignant teratoma prognosis is good if the tumour is
completely excised and does not extend beyond the capsule
[65]. Hence, a surgical approach (laparotomy versus
laparoscopy) should be chosen carefully and based on the
results of clinical and imaging investigations as well as
tumour marker profiles. Complete resection together with
hysterectomy, bilateral  salpingo-oophorectomy  and
lymphadenectomy for patients with advanced disease,
followed by adjuvant chemotherapy with an alkylating drug,
was associated with higher survival, whereas radiotherapy
was not [4].

Rupture
There is a low rate of spontaneous rupture of mature cystic
teratomas (1.2-3.8 %) because of the usually thick capsule.
It causes leakage of the liquified sebaceous contents into the
peritoneum and leads to either acute or chronic clinical
presentations [66], and the latter is the most common.
* Acute Chemic Peritonitis

This is caused by the sudden rupture of tumour con-
tents, which may occur spontaneously or more commonly
in association with torsion, trauma, infection or labour
[67]. On imaging, detection of a flattened shape or discon-
tinuity of the tumour wall is a sign of a ruptured teratoma
and can present with ascites and diffuse or focal omental
infiltration.

Fig. 11 MR of a left ovarian cystic teratoma torsion in a pregnant
woman. (a—c) Respectively sagittal, coronal and axial T2-weighted
TSE, (d) axial T1-weighted GE, (e) axial fat-suppressed T1-weighted

GE. Note the normal right ovary (arrowhead), the spire of the torsed
vascular pedicle (arrow) and the cystic teratoma (M). This patient was
treated by total ovariectomy
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Fig.11 (continued)

* Chronic Granulomatous Peritonitis

This results from a chronically leaking dermoid cyst,
which can be characterised by multiple small white perito-
neal implants, dense adhesions and variable ascites that sim-
ulate carcinomatosis or tuberculous peritonitis. Sometimes,
fatty implants may be identified within the peritoneal cavity
which are diagnostic signs in this case [68].

Furthermore, in addition to rupture into the peritoneal cavity,
perforation into other intra-abdominal organs has been reported,
including rupture into the bladder, small bowel, rectum,
sigmoid colon, vagina and even through the abdominal wall.

Another entity has been described, which is referred to as
a “parasitic ovarian dermoid tumour” that could occur when
an ovarian dermoid tumour has undergone autoamputation
(total or semi) and reimplantation on another abdominal site
[69]. The most common is reported in the greater omentum
(Fig. 13), but other sites have been described, such as within
an indirect inguinal hernia sac [70] or within an extensive
intra-abdominal parasitic form [71]. Autoamputation could
be inaugural (the so-called parasitism) or secondary to
torsion or surgical rupture. Another theory is that primary
teratomas of the omentum originate from displaced germ
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Fig. 12 CT of a left ovarian cystic teratoma torsion. (a, b) Axial the uterine displacement on the twisted (i.e. left) ovary and the thickened
contrast-enhanced CT scan (venous phase). Note the normal right ovary  tubal mass (arrow) between the uterus and the teratoma
(star), the typical left ovarian cystic teratoma with a fat component (M),

Fig.13 CT of an omental dermoid cyst (arrow) in a 76-year-old woman. (a, b) Respectively axial and sagittal contrast-enhanced CT scan (venous
phase)

cells. They could also develop in congenital omental super- Infection

numerary ovaries. At imaging, it appeared like an ovarian This is a very uncommon complication, with less than ten
mature cystic teratoma with a fat component at an ectopic  cases reported in the literature. All were associated with a
location. concomitant pathology or systemic infection, which leads to
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subsequent infection of dermoid cysts. While infected der-
moid cysts are rare, any concomitant intra-abdominal pathol-
ogy should raise suspicion and prompt appropriate action by
the gynaecologist to remove the dermoid cyst, avoid spilling
cyst contents, obtain cultures and consider empirical broad-
spectrum antibiotics [72]. At imaging, the dermoid cyst
could appear as normal or show thickened walls or pericystic
fat infiltration.

Differential Diagnosis

Other Lipid-Containing Pelvis Tumours [73]
Nonteratomatous Lipomatous Ovarian Tumours
e Opvarian Lipoleiomyoma [74, 75]

To the best of our knowledge, they are only four imag-
ing cases reported in the English literature. These are
large extrauterine fatty mass containing considerable
amounts of nonlipomatous soft tissue. A mass with this
appearance is more likely to be a pedunculated uterine
fatty tumour, an ovarian lipoleiomyoma or a benign cystic
ovarian teratoma that has undergone malignant transfor-
mation. The tumour is identified by the presence of mature
adipose tissue intimately admixed with smooth muscle
cells. If
e Ovarian Lipoma

Ovarian lipomas are a rare entity, with most being
described as being of teratomatous origin. Only one case was
well documented in the literature to our knowledge [76]. The
microscopic pattern showed a proliferation of benign adi-
pose tissue with focal areas of fibrovascular septa and no
other tissue of different origin. They present a pure fatty
appearance in imaging without other components.

Pedunculated Lipomatous Uterine Tumours

These are uncommon benign neoplasms, with an incidence
ranging from 0.03 to 0.2 % [77], that occur most frequently
in postmenopausal women. The histological spectrum
includes pure lipomas and lipoleiomyomas. The MRI
findings [78] are similar to a leiomyoma with a well-
encapsulated uterine mass, containing variable amounts of
fatty components. Sequences with fat-suppressed imaging
are useful for the identification of a small fat component.
Identification of a lipomatous pelvic mass that is of obvious
uterine origin is virtually a diagnostic sign of a lipomatous
uterine tumour. The diagnosis is harder if the mass is
primarily exophytic or pedunculated. The contact angle
between the mass and the uterus, the existence of a vascular
pedicle or the content of the mass can allow us to
differentiate ovarian from wuterine mass because
lipoleiomyomas do not have either Rokitansky nodules or
fluid—fluid levels.
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Benign Pelvic Lipomas [79]

Benign pelvic lipomas are uncommon retroperitoneal masses
composed of mature lipocytes and minimal fibrous tissue. They
are usually well-defined, homogeneous encapsulated masses
that tend to produce mass effects rather than invade adjacent
structures. On CT and MR, they are of homogeneous fat den-
sity except for a few thin low-density septa or fat necrosis.

Liposarcomas

They can be asymptomatic for a long period of time and com-
monly present in elderly patients (fifth to seventh decades of
life). The presence of a predominantly solid soft tissue com-
ponent or adjacent organ invasion should raise suspicion of
liposarcoma. The liposarcoma imaging appearance varies
depending on the tumour grade. Well-differentiated liposar-
comas appear as well-defined, predominantly fat-containing
lesions with minimal soft tissue attenuation (= lipogenic
form, the least malignant potential), whereas poorly differen-
tiated tumours appear as locally invasive, predominantly soft
tissue masses with minimal fat (myxoid form) [79].

Other Malignant Ovarian Tumours,

if Degenerated

Degenerated teratoma could mimic other malignant tumor as
epithelial ones (see section “Degenerescence”)

Endometriomas or Haemorrhagic Cysts

These do not have any fat component, and their haematic
component can be easily differentiated from fat using MR fat
saturation techniques. Signals within each loculus should be
carefully sought.

Immature Teratomas

Immature teratomas differ from mature cystic teratomas by
demonstrating clinically malignant behaviour; they are much
less common (<1 % of ovarian teratomas), affect a younger
age group (usually during the first two decades of life) and
are histologically distinguished by the presence of immature
or embryonic tissues [18]. They are typically larger (>14 cm)
and have a prominent irregular solid component with cystic
elements, coarse calcifications and small foci of fat com-
pared to MCT. Haemorrhage is often present. The tumours
frequently demonstrate perforation of the capsule, which is
not always well defined. Tumour grading is based on the
amount of immature tissue present.

Implications for Patient Care
Diagnosis of mature cystic teratomas must be easily done by

MR or CT because of their characteristic intratumoural fat
component. This is important considering the prevalence and
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benignity of this condition. Indeed, surgery may frequently
be postponed after clinical diagnosis, especially in young
patients of reproductive age, or should be conservative in
order to preserve fertility. In a randomised prospective study
of 102 patients requiring surgical management of ovarian
masses not suspected to be malignant, the laparoscopic
approach offers significant advantages over conventional
laparotomy in terms of reduced morbidity, hospital stay and
recovery, without increasing the risk of spillage of the cyst
contents [80].

Younger patients and bilateral or multiple dermoid cysts
should be followed up closely because the recurrence risk
was reported to be higher [10, 81].

Preoperative suggestion of a mixed or a degenerated
tumour must be made if a teratoma has unusual imaging
findings, such as large size, irregular border, strong contrast
enhancement of dermoid plugs or evidence of extracapsular
growth. Serum tumour markers could orient the diagnosis.
Indeed, CA 125, CA 19-9, SCC and carcinoembryonic anti-
gen (CEA) are commonly elevated, but high concentrations
of tumour markers have been reported in patients with benign
tumours [82, 83]. Therefore, the accuracy of intraoperative
section analysis for histological confirmation is very impor-
tant, especially in young women before proceeding with
radical surgery.

Monodermal Teratoma

Monodermal teratomas are composed predominantly or
solely of one tissue type.

Struma Ovarii

Struma ovarii (the so-called thyroid goitres) are rare ovarian
tumours composed solely or predominantly of thyroid tissue
having cystic portions filled with high proteinaceous gelati-
nous fluid of eosinophilic colloid, and their solid portions
consisting of thyroid tissues and stroma containing abundant
blood vessels and fibrous tissue. Pure struma ovarii with
microscopic or macroscopic thyroid tissue account for
2.7-3 % of all ovarian teratomas [84]. If the mature thyroid
tissue in this tumour is hyperfunctioning, symptoms and
signs of hyperthyroidism may be present, but this is uncom-
mon (reported in no more than 5 % of cases [85]). They
affect women in perimenopausal aging [86].

CT findings were evaluated in a series of 13 pathologi-
cally proven cases, and they appeared most often as a
smooth, marginated, multicystic mass with an intracystic
high attenuation on precontrast scans (>90 HU) and no or
moderate cyst wall enhancement [87]. It has been suggested
that these high-density CT scan values are caused by
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thyroglobulin and thyroid hormones in follicular thyroids
that could significantly attenuate the X-ray [87]. Shen et al.
[88] found that the high-density cavities noted in CT scans
were high signals in TIW1 and low signals in T2W1 and
that the presence of extremely hypointense loculi on T2WI
was a useful sign of this tumour (Fig. 14). It was reported
that it may reflect gelatinous viscid material such as
triiodothyronine, thyroxine, thyroglobulin, and thyroid
hormones within the tumour [89]. Conversely, high
intensities on both T1- and T2-weighted images were
pathologically proved to be due to hemorrhagic products
and viscous colloid components. Kim et al. [86] reported, in
a retrospective study of 10 struma ovarii in MRI, the pattern
of a unilateral complex mass of multiple cysts and some
solid components with a multilobulated surface and
thickened septa. The multiple cysts of struma ovarii may
have variable size, shape, numbers (range 3—40) and signal
intensities depending on the amount, density, or
concentration of viscous proteinaceous fluid in thyroid
follicles. Solid portions or septa were isointense relative to
the adjacent muscles on TI-weighted images, iso- or
hyperintense on T2-weighted images and intensely or
moderately enhanced on postcontrast T1-weighted images.
No fat was present in these lesions.

In a small number of cases, ascites and pleural effusion
with elevated CA125 level may be found (the so-called
pseudo-Meigs’ syndrome) mimicking ovarian malignancy
[90, 91]. In clinical practice, struma ovarii should be differ-
entiated from mucous or serous ovarian cystadenomas; these
latter showed low- rather than high-density cystic fluids,
with protrusions of nodular soft tissues.

Most struma ovarii are benign and can be treated by
surgical resection of the diseased ovary with or without
excision of the ipsilateral fallopian tube. Malignancy is
uncommon.

Carcinoid Tumours

These are uncommon, with a reported incidence of 0.1 % of
all malignant ovarian tumours [92]; this is a neoplasm with
low-grade malignant potential. They may be insular (islet
tumours), trabecular, mucinous and strumal carcinoids, each
characterised by fibrous stroma from serotonin produced by
the tumour that separates nests of tumour cells. They are usu-
ally unilateral, frequently associated with an MCT, and occur
in post- or perimenopausal women [93]. Clinical manifesta-
tions such as typical carcinoid syndrome (flushing and diar-
rhoea) or chronic constipation have been reported, but most
of them are asymptomatic.

At imaging, they are commonly solid lesions that mimic
an ovarian fibroma, or they present as a solid component of
low intensity within a multilocular cystic mass that mimic
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Brenner tumours with coexisting mucinous cystadenomas or
mucinous cystadenofibromas. The hypointense component
on T2-weighted images was reported to have a high signal on
diffusion-weighted images with low apparent diffusion
coefficient (ADC) [93], reflecting hypercellularity which
would help to distinguish them from other benign fibrous
tumours (fibromas, Brenner tumours, etc.) that exhibit low
signal intensity on diffusion-weighted images. Moreover,

they showed hypervascularity in contrast dynamic studies,
suggesting functioning tumours and rarely observed in
benign fibrous tumours [18]. Rarely, they could have
hormonal activity with oestrogenic manifestations [94].
Although they are considered to have a malignancy potential,
most of these tumours have a relatively benign clinical
course, with metastases being uncommon. Surgical excision
is curative.

Fig. 14 MR of a left ovarian struma ovarii (arrows). (a) Axial
T2-weighted TSE, (b) axial T1-weighted GE, (c) axial fat-suppressed
T1-weighted GE, (d) axial gadolinium-enhanced fat-suppressed
T1-weighted GE, (e) axial diffusion-weighted (ADC). Note the multi-

loculated mass with variable signals in each loculus, especially loculi
with very low intensity on T2-weighted images and moderate high
intensity on T1-weighted images, which is suggestive of this diagnosis.
There is moderate enhancement of the wall and the septa after contrast
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Fig.

14 (continued)

Neural Tumours

Monodermal teratomas with neuroectodermal differentiation
can form benign, ependymoma-like tumours or primitive
neuroectodermal tumours [95]. The latter are very aggressive
tumours with a poor prognosis. They affect young women in
their first or second decades. In imaging, the appearance
varies from cystic (uni or multi [96]) to solid and is
indistinguishable from other ovarian neoplasms.
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Borderline Tumor (Serous/Mucinous/
Endometrioid) (Clinical Setting and US)
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Abstract

Borderline ovarian tumors are epithelial tumors with a low growth rate and a low potential
to invade or metastasize. These tumors have been studied with increased interest over the
past decade. A pathologic definition was accepted by the International Federation of
Gynecology and Obstetrics. They differ from malignant tumors because of the absence of
stromal invasion in the former tumors, without regard to the features of any coexisting

extraovarian disease.

Transvaginal sonography is the primary screening imaging technique in patients with
ovarian masses. Borderline ovarian tumors are more difficult to diagnose correctly than
benign and invasive malignant ovarian tumors.

Though various studies have described the morphological characteristics of borderline
tumors, actually no ultrasound rule has up to now demonstrated the ability to discriminate,
with high accuracy, a borderline tumor from a benign tumor or from an invasive tumor.

Keywords

Borderline tumors ¢ Imaging ¢ Ultrasound

Introduction

Borderline ovarian tumors (BOTSs) or low malignant potential
(LMP) are epithelial tumors with a low growth rate and a low
potential to invade or metastasize. BOTs have been studied
with increased interest over the past decade, but their clinical
entity was initially reported by Taylor in 1929 [72]. A
pathologic definition was accepted by the International
Federation of Gynecology and Obstetrics (FIGO) in 1971
[36]. They differ from malignant tumors because of the
absence of stromal invasion in the former tumors, without
regard to the features of any coexisting extraovarian disease.
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BOTs constitute about 10-15 % of epithelial ovarian
tumors; more than 96 % of which are either of serous or
mucinous origin. Other rare types are endometrioid, clear
cell, and transitional cell (Brenner) tumors. BOT can be
associated with extraovarian disease, and they are staged the
same way as ovarian cancer. However, extraovarian disease is
defined as “implants” rather than metastasis. These implants
are further subdivided into invasive and noninvasive one.

BOT can be either symptomatic or discovered incidentally
during the course of investigations for other medical condi-
tions. These tumors tend to occur in younger women and are
often diagnosed in an earlier stage of the disease than inva-
sive carcinomas. About 80 % of women with BOT present
with stage I disease, contrary to their ovarian cancer counter-
parts. Women presenting with BOT are approximately 1015
years younger than those with invasive epithelial ovarian
cancer [1, 44].

The patients with early stage lesions have an excellent
prognosis, while stage III lesions with peritoneal implants,
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which are not uncommon, are correlated with a worse prog-
nosis [8, 9, 26, 64]. Spread to lymph nodes is not uncommon,
but it does not affect survival [2] and is very rare in stage |
tumors (1 %) [8, 67, 71].

Because of the good prognosis associated with these
tumors and the younger age of patients, fertility-sparing con-
servative treatments for BOT have been proposed. An endo-
scopic approach can be suggested for BOT with an accurate
surgical staging. A preoperative identification of patients
with ovarian lesions suspected of being BOT may be helpful
in their management.

Different imaging techniques are available in the diagnos-
tic workup of ovarian lesion; only few studies focused on
BOT. Magnetic resonance imaging (MRI) and computerized
tomography (CT) can characterize adnexal masses into
benign and malignant in up to 93 % [3, 35, 70] and 89 % [80]
of the cases, respectively. Bazot et al. [4] reported a sensitiv-
ity and specificity of MR imaging for the diagnosis of benign,
borderline, and invasive tumors of 91.4 and 89.7 %, 45.5 and
96.1 %, and 91.7 and 88.7 %, respectively [4]. This study
underlines the limitations of MR imaging for determining
the borderline nature of ovarian tumors, with a sensibility of
only 45.4 %. The sensitivity of combined positron emission
tomography/computerized tomography (PET/CT) in detect-
ing ovarian malignant tumors has been reported to range
from 62 to 100 %, and the specificity has been reported to
range from 85 to 100 % [10, 50, 57, 89]. Borderline ovarian
tumors are not PET avid and hence are interpreted as
“benign” tumors on PET [39, 57]. Ovarian masses that show
complex features on MRI that are concerning for malignancy
but appear as “benign” on PET are said to be characteristic of
borderline ovarian tumors [57]. In particular, PET/CT seems
to better enhance the ability to discriminate between malig-
nant or borderline malignant tumors and benign than CT or
MRI [50]. However, PET/CT is expensive and access is
limited.

Transvaginal sonography (TVS) is actually the most used
presurgical diagnostic test in the management of adnexal
lesions. The differential diagnosis of adnexal masses still
represents a challenge despite the tremendous efforts that
have been made to improve the sonographically based
diagnoses. This diagnosis is based on “pattern recognition,”
scoring systems, or mathematical models. Doppler
techniques (color, power, pulsed) have also been proposed
to distinguish benign from malignant lesions. Recently
three-dimensional (3D) sonography has been introduced to
overcome some limitations of conventional two-dimensional
ultrasound.

It is well known that ultrasound is effective in
differentiating benign from malignant ovarian tumors, and in
most studies reporting sonographic features of ovarian
tumors, BOT have been considered together with invasive
malignant tumors [78, 84]. Only few studies [12, 21, 76, 90]
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have focused on the sonographic appearance of BOT. The
assessment of sonographic features that distinguish BOT
from both benign and malignant tumors makes it possible to
treat them appropriately and in a more conservative way.
This preoperative information is important, since neither
serum tumor marker nor frozen section is particularly accu-
rate in the diagnosis of borderline tumors [34, 40, 47].

Considering the increasing recommendation from the
gynecologic oncologic community [20] to preserve fertility
in young women undergoing surgery, considering the well-
known low accuracy of serological tumor markers in dis-
criminating benign and malignant ovarian tumors in
premenopausal patients [84] and the limitations of MRI and
PET/CT (costs and less availability), ultrasonography
becomes the most important diagnostic tool for the surgeon
to plan the appropriate treatment as well as to inform and
counsel the patient about the surgery. Especially in case of
small masses in young patients, the surgical decision to per-
form cystectomy instead of oophorectomy represents a clini-
cal challenge. In these women, the suspicion of an invasive
tumor would justify a complete removal of the ovary in order
to avoid the high risk of spillage during cystectomy, which is
related to a worsening of prognosis [54, 87]. On the contrary,
recent data in literature [15, 44] prove that oophorectomy
might be considered an overtreatment in young patients with
borderline ovarian tumors.

Histological Aspects

Histological features that distinguish BOT from their benign
counterparts are those of epithelial proliferation, varying
degree of nuclear atypia, and absence of stromal invasion
[63]. Except for the microinvasive variety, these tumors do
not exhibit stromal invasion, and a serous or mucinous
cystadenoma can be defined borderline, when the proportion
of the abnormal proliferative foci constitutes at least 10 % of
the tumor; otherwise, it is called serous or mucinous
cystadenoma with focal atypia. However, this 10 % cutoff
assumes careful gross examination and adequate directed
sampling of the tumor [63].

A model has been proposed [14, 65, 66, 68, 69] for the
development of ovarian carcinoma in which all histological
types of surface epithelial tumors are divided into two
categories—designated type I and type II—corresponding to
2 pathways of tumorigenesis.

Type I tumors include low-grade serous carcinoma,
mucinous carcinoma, endometrioid carcinoma, malignant
Brenner tumor, and clear cell carcinoma which develop in a
stepwise fashion from well-recognized precursors, namely,
“borderline”  tumors. Benign  precursors include
cystadenomas/adenofibromas in the case of serous and
mucinous tumors and endometriosis or endometriomas in
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the case of endometrioid and clear cell tumors. Type I tumors
are slow growing as evidenced by their large size and con-
finement to the ovary at diagnosis.

In contrast, type II tumors are high grade and usually have
spread beyond the ovaries at presentation. Type II carcinomas
include high-grade serous carcinoma (“moderately” and
“poorly” differentiated), malignant mixed mesodermal
tumors (carcinosarcomas), and undifferentiated carcinoma.
These tumors are rarely associated with morphologically
recognizable precursor lesions, and it has been proposed that
they develop “de novo” from ovarian inclusion cysts.

This model explains the relationship of borderline tumors
to invasive carcinoma and suggests that the majority of high-
grade and low-grade carcinomas develop independently but,
in rare cases, a high-grade serous carcinoma may arise from
an atypical proliferative serous BOT. Therefore it is impor-
tant to diagnose and treat early BOT, to follow-up the patients
after surgical conservative treatment and to complete surgi-
cal ovarian removal after childbearing.

Sonographic Aspects

Transvaginal sonography is the primary screening imaging
technique in patients with ovarian masses [78, 84, 85]. BOTs
are more difficult to diagnose correctly than benign and
invasive malignant ovarian tumors [90]. Valentin et al.,
studying which extrauterine pelvic masses are difficult to
correctly classify on the basis of ultrasound findings,
observed that BOTs are the most difficult to diagnose with
only 47 % being correctly classified, 29 % being incorrectly
classified, and 24 % being unclassifiable versus 90 % of non-
borderline tumors being correctly classified, 3 % being
incorrectly classified, and 8 % being unclassifiable
(p<0.0001) [82].

The low accuracy may be explained by variations in the
morphological appearance of borderline ovarian tumors,
which sometimes display features similar to benign or well-
differentiated invasive ovarian malignancy [21, 22, 83].

It has been suggested that, using pattern recognition, it is
possible to establish a correct preoperative diagnosis of
borderline ovarian tumors with an accuracy not better than
69 % [21, 92].

Though various studies have described the morphological
characteristics of borderline tumors [21, 25, 83, 92], actually
no ultrasound rule has up to now demonstrated the ability to
discriminate, with high accuracy, a borderline tumor from a
benign tumor or from an invasive tumor [22, 75, 92].

To understand better sonographic features of BOT tumors,
a histological differentiation may be useful.

Table 1 summarizes the most important histological
features and prognostic factors of different BOT types and
correlated them to ultrasound features.

Serous BOT (S-BOT)

Two distinct subtypes of S-BOT have been identified over
the last few years, the typical pattern and the micropapillary/
cribriform type [7, 61, 62]. The majority is of the typical
subtype; in one population-based study, they constituted up
to 74 % of all S-BOTs [27]. Micropapillary S-BOTs have
higher frequencies of bilaterality (59—82 %), surface ovarian
involvement (50-65 %), advanced stage at diagnosis (43—
84 %), and stromal microinvasive foci and invasive implants
(16-91 %) [7, 13, 17, 61, 62]. This is translated into higher
recurrence rates and lower survival among treated patients
with micropapillary S-BOT [1].

The diagnostic image that appears to correlate best with
S-BOT is that of a cyst with internal papillae without other
sign of complexity (such as solid pattern or thick septa)
(Fig. 1). This sonographic finding is observed in 49—63 % of
S-BOTs [12, 21, 25, 92]. Papillary projection seemed to be
more typical in serous tumors; however unilocular cyst
without any solid components was also observed. In fact
there are studies [12, 18, 21, 25, 29, 52, 53, 92] which
reported that up to 22.5 % of S-BOTs can exhibit sonographic
features such as unilocular smooth sonolucent cysts without
endophytic papillary growth. Gotlieb [29] reported 13 % and
Emoto [18] 17 % of BOT with a sonographic appearance of
unilocular cysts while Osmers [52] demonstrated that
malignancy occurred in 0.8 % of unilocular smooth-walled
cysts, of which 0.5 % were BOTs. These findings were in
agreement with the study of Yazbek et al. [92] that showed a
low sensitivity of ultrasound pattern-recognition method for
the diagnosis of borderline ovarian tumors, with 11 % (4/35)
of them presenting as simple cysts that could not be
differentiated from benign cyst [92]. Similar findings have
been reported by others [21, 25].

It seems however that the risk of finding a malignant or
borderline tissue in a simple ovarian cyst declines with
decreasing tumor size and decreasing age. It could happen
that TVS evaluation of the cyst wall did not observe small
papillae which further will be described among the
histological features [21, 25]. This could be due to the fact
that the TVS examination of large cysts could be less accurate
because the distal cyst wall is too far away or is not well seen
on the screen. On the other hand, the sonographic
transabdominal evaluation of large cysts is not able to
identify small papillae because of technical features (probe
of lower frequency, thick abdominal wall, etc.). Therefore,
large unilocular cysts should be managed with more caution
than smaller ones (< 5 cm).

A cyst with internal papillae is the typical ultrasound
image that appears to correlate with S-BOT [12, 21, 25, 92].
When the sonographic appearance of papillae is combined
with the presence of internal vascularization (Figs. 2 and 3),
a high specificity but a low sensitivity is observed; therefore,
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Table 1 The most important histological features and prognostic factors of different BOT types and correlation to ultrasound features

Type of BOT  Precursor

Serous Serous cystadenoma or
adenofibroma
Mucinous Intestinal subtype:

mucinous cystadenoma

Endocervical
Miillerian subtype:
endometriotic cysts?

Endometriosis,
endometrioid
adenofibroma

Endometrioid

Endometriosis, clear
cell adenofibroma
Brenner tumor

Clear cell

Brenner Benign Brenner

Progression to
Invasive low-grade
serous carcinoma
May follow dualistic
oncogenic pathway
Invasive or
noninvasive implants
may occur

Presence of invasive
implants is a poor
prognostic factor
Intraepithelial
carcinoma then to
invasive mucinous
carcinoma

Intraepithelial
carcinoma then to
invasive mucinous
carcinoma

Intraepithelial
carcinoma then to
low-grade invasive
endometrioid
carcinoma
Intraepithelial
carcinoma then to
invasive clear cell
carcinoma

Malignant Brenner?

Histology, characteristic
features, and subtypes
Typical subtype (90 %)
Micropapillary subtype
(10 %) is closely
associated with invasive
implants

Intestinal subtype (90 %)

Is unilateral

Is multicystic with
smooth capsule

Is associated with
pseudomyxoma peritonei

Endocervical subtype
(10 %)
Is bilateral in 20-30 %
Is exophytic
Is loculate
Mimics serous tumors

Ultrasound

Unilocular cyst

Fluid content
Papillary projections
Papillae with internal
vascularization

Papilla size >10 mm
Irregular surface of the
papilla

Multilocular cystic
lesions

More than 10 locules
Fluid or dense fluid
content

Honeycomb nodule

Unilocular cyst or few
septation

Fluid-dense content
Papillary projections
Papillae with internal
vascularization
Unilocular cyst
Fluid-dense content
Papillary projections
Papillae with internal
vascularization
Multilocular solid
lesion

Papillary projections
Papillae and solid
tissue with internal
vascularization

Solid or multiloculate
solid

Moderate to abundant
vascularization

Prognosis

70 % of cases are stage
I; survival is almost

100 %

30 % of cases are
advanced stages;
survival is 95.3 % if
implants are
noninvasive and 66 % if
implants are invasive

82 % of cases are stage
I; 5-year survival is up
to 99-100 %

18 % of cases are
advanced stages;
mortality may reach up
to 50 % depending on
stage

Stage I; 5-year survival
is up to 99-100 %
Mortality may reach up
to 50 % depending on
stage

Benign course with
high survival rates

Benign course with
high survival rates

Benign course with
high survival rates

the power or color Doppler examination of BOT seemed to
have quantitative characteristics similar to those of malignant
tumors and qualitative characteristics more similar to those
of benign tumors. Earlier reports suggested that PI [93] or RI
[32] might represent independent parameters allowing the
differentiation of benign from malignant tumors. More
recent evidences from the analysis of larger populations
suggest that neither PI nor RI is sufficient, if taken singly.
Hassen evaluates recently also different sonographic
features of the papillae in order to distinguish between benign,
malignant, and BOTs. The mean size of the papillary
projections was 9.6, 15.7, and 35.3 mm in benign, borderline,
and malignant tumors, respectively (p=0.0007). An acute
angle was present in 68 % of benign tumors and an obtuse
angle in 40 % of borderline and 89 % of malignant tumors
(p=0.0001). The surface was regular in 77 % of benign tumors
and irregular in 50 % of borderline and 88 % of malignant

tumors (p=0.0000). Calcifications were present only in benign
tumors (18 %). For papillary projections >10 mm, color flow
was present in all malignant, in 86 % of borderline (Fig. 2),
and absent in all benign tumors (Fig. 3) [31].

Also Fagotti et al. [22] recently reported that unilocular solid
ovarian lesions with a largest solid component >14 mm, presence
of papillation flow, and the combination of the two parameters
provided a sensitivity (100 %) superior than that of subjective
evaluation and a specificity (61 %, 59 %, 75 %, respectively)
lower than that of subjective evaluation (92 %) [22].

It has been shown that papillary projections in benign
tumors have a loose stromal fibromatous core, whereas
malignant tumors have intricate papillary projections with a
central fibrovascular core [43]. Because of the presence or
absence of angiogenesis, size and number of vessels are
substantially more common in malignant than in borderline
or benign tumors [31]. Several studies showed that the
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Fig.2 Ultrasound images of unilocular cysts with vascularized papillae: (a, b) Benign serous cystadenoma. (¢, d) Serous BOT (note the papillae
of large volume)
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Fig.2 (continued)

Fig.3 Benign serous cystadenoma: ultrasound images of unilocular cysts with not vascularized papillae
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Fig. 4 Ultrasound imaging of vascularized papillary in two different ovarian lesions: (a) Serous BOT. (b) Serous cystadenocarcinoma grade 1
(note the similarity of the papillary to the power Doppler features and the irregular surface at the 3D rendering)

absence of color flow in papillary projections <10 mm is
associated to benign papillary projections (Fig. 3).
Conversely, in cases of malignant and BOT, color flow was
present in the papillary projection [21, 22, 76] and the size of
the papillae was >10 mm [22, 31]. Absence of color flow in
a papillary projection <10 mm is suggestive of benignity. A
certain number of morphologic and Doppler findings can
highly suggest the diagnosis of benign versus malignant
papillary projection, although an overlap exists, especially
with serous BOT (Fig. 4).

Mucinous BOT (M-BOT)

M-BOT can exhibit features of intraepithelial carcinoma as
well as microinvasion, but both features are difficult to
diagnose definitively; however, tumors showing these
features still behave in a benign way [38].

Mucinous borderline tumors which are the most
common histological type of ovarian borderline tumors
appear to show a better prognosis than mucinous
carcinoma. Sherman et al. analyzed a large number of

M-BOTs and reported that survival rates for women with
both stage I and II borderline tumors and carcinomas were
excellent, but survival was clearly decreased for women
with borderline tumors associated with extraovarian
disease [64]. Most cases of pseudomyxoma peritonei are
associated with mucinous tumors of the appendix rather
than spread from ovarian tumor [24, 42, 56, 58].
Furthermore, mucinous borderline tumor is further
resistant to anticancer drugs compared with mucinous
carcinoma, and neoadjuvant chemotherapy is not available
as a weapon to improve the prognosis. Therefore, complete
resection of mucinous borderline tumor is very important
to achieve a good prognosis in patients with advanced
mucinous borderline tumors [42].

Borderline tumors of the mucinous variety fall into one of
the two types:
* The gastrointestinal type which constitute the majority of

the M-BOT
¢ The endocervical (also called Mullerian or seromucinous)

type

The vast majority of the gastrointestinal type of M-BOTs
are stage I and have a benign course.
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Fig.5 Mucinous BOT of intestinal type: multilocular lesions with the more than ten locules

In contrast with the gastrointestinal type of M-BOT, the
endocervical type is much less common, frequently bilateral,
and displays both endocervical type mucinous and serous
elements including micropapillary features. Interestingly,
endometriosis is found in association with up to 40 % of
endocervical type of M-BOT [60].

Different sonographic features has been observed between
M-BOT of intestinal and endocervical type.

Gastrointestinal (Gl)-type M-BOT

The sonographic characteristics of intestinal-type M-BOTs
were in agreement with the histological descriptions of these
unilateral, large, multicystic tumor with a smooth capsule.
Gl-type M-BOTs are generally characterized by a larger
diameter and a multilocular aspect, with hyperechoic tissue
connecting the multiple locules and no clear definition of
solid tissue or papillary projection (Fig. 5). A multilocular
nodule (“honeycomb nodule”) was defined as a predominantly
solid nodule with cystic areas arising from the inner cyst wall
[92] (Fig. 6). The presence of a honeycomb nodule and thick
echogenic fluid content is indicative of a GI-type M-BOT.

Although slightly more than half of the GI-type BOTs had a
honeycomb nodule, this nodule was also present in a case of
benign mucinous cystadenoma. On the other hand, all
Gl-type BOTs had thick fluid noted within the cyst, which
makes this finding a highly sensitive marker for this subtype
of mucinous BOT. Thick fluid content was however also a
characteristic of the majority of ovarian endometriomas, a
few serous—endocervical-type BOTs and some epithelial
malignant ovarian tumors.

Finally, the typical pattern of mucinous GI-type BOT is a
multilocular cyst with a high number of locules (Fig. 7).
Using the International Ovarian Tumor Analysis (IOTA)
classification, these tumors should indeed be described as
multilocular cysts, specifying the presence of more than 10
locules or the presence of the honeycomb nodule, which
represent a subgroup of multilocular cysts. This distinction is
important, as many benign and invasive tumors are classified
as multilocular cysts. Nearly two-thirds of benign
cystadenomas appeared as multilocular cysts and, without
performing a more detailed analysis, they could be wrongly
classified as GI-type BOT [92].
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Fig.6 Mucinous gastrointestinal-type borderline ovarian tumor. A “honeycomb nodule” is seen in the cyst cavity

Endocervical-Type M-BOT

Endocervical-type M-BOTs have similar sonographic
features to S-BOT: unilocular solid cyst, with vascularized
papillae and rare presence of few septations.

Compared with the GI-type M-BOTs, these tumors are
characterized by a smaller maximum diameter, fewer locules
(they were usually unilocular solid lesions), a higher number
of papillary excrescences within the lesions, and a higher
rate of vessels inside the papillations (Fig. 8).

Table 2 shows some important definitions of M-BOT as
well as histological and ultrasound features of both mucinous
BOT, respectively.

Other Types of BOT: Endometrioid, Clear Cell, and
Brenner types

Clear cell borderline ovarian tumors have low malignant
potential and are characterized by the presence of clear or
hobnail cells set in a dense fibrous stroma with absence
of stromal invasion. Borderline Brenner tumors are

ovarian transitional cell tumors with atypical or malignant
features of the epithelium but lacking stromal invasion
[1, 44].

These tumors do not show characteristic imaging
features and may resemble other borderline ovarian tumors
as well as early-stage or low-grade ovarian carcinomas
(Fig. 9).

Endometriosis and endometrioid adenofibromas serve
as precursors of endometrioid borderline ovarian tumors.
Endometrioid borderline ovarian tumors have the potential
to progress to low-grade invasive carcinoma. Although
clear cell borderline ovarian tumors have been associated
with endometriosis and adenofibromas, a stepwise
molecular pathway for the progression of endometriosis
or adenofibroma to clear carcinoma has not yet been
identified [44].

Testa et al. [76] described an endometrioid borderline
tumor that developed in an endometrioid cyst that appeared
as a unilocular solid ovarian lesion (largest diameter of mass,



188

C. Exacoustos

Fig.7 Mucinous BOT gastrointestinal type: 2D and 3D rendering and the power Doppler view

46 mm) with a papillary projection (height=29 mm), which
was highly vascularized at power Doppler examination,
similar to the typical features of S-BOT or endocervical
M-BOT [76].

Borderline tumors and carcinomas arising from
endometrioid cysts show a vascularized solid component at
ultrasound examination (Fig. 10). Testa findings suggest that
benign endometrioid cysts and malignancies and BOT
arising from endometriosis might not represent a specifically
difficult category of ovarian masses for assessment by an
expert ultrasound examiner compared with the general
population of ovarian masses. This seems not to be valid for
ovarian cyst during pregnancy where the differentiation
between BOT and decidualized endometriotic cyst could be
difficult. Ultrasound examiners should always take into
account the phenomenon of decidualization, which is one of
the most important sources of incorrect diagnosis, while
examining pregnant women.

Sonographic Differential Diagnosis

S-BOT Versus M-BOT

Serous BOT are smaller than mucinous types; they are
multilocular in 30 % of cases and present with solid parts or
papillary pattern in the majority of cases (78 %). Mucinous
BOTs are multilocular in 50 % of cases and present with
solid parts or papillary pattern in only 40 % of cases [29].
One study showed that intestinal-type M-BOTs have a
different ultrasonography appearance when compared with
S-BOT and endocervical-type M-BOT [25].

S-BOTs and endocervical-type M-BOTs have similar
sonographic features. They are characterized by a higher rate
of unilocular solid lesions, a higher number of papillary
excrescences, and a lower percentage of multilocular lesions.
Compared with the intestinal-type M-BOTs, these tumors
were characterized by a smaller maximum diameter, fewer
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Table 2 Mucinous BOT: histological and ultrasound characteristics of
different subtypes

Mucinous BOT Gastrointestinal type Endocervical type
Frequency Common Rare
Localization Unilateral Bilateral

Histology features

Macroscopic Multicystic, smooth Exophytic
capsule
Microscopic Proliferative, mucinous Usually combination
epithelium, serous and
villoglandular or endocervical-type
intraglandular pattern  epithelium with
of growth, varying mixed cell types
nuclear atypia
Ultrasound features Multilocular >10 Cyst with papillary
locules projections
Honey comb nodule Vascularized solid
component

Fig.9 Ultrasound and power Doppler image of a clear cells borderline
ovarian tumor
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Fig. 10 Ultrasound and power Doppler image of two cases of endometrioid borderline tumor

locules, a higher number of papillary excrescences within
the lesions, and a higher rate of vessels inside the papillations.
This is in agreement with data from the pathology literature
that report that endocervical-type M-BOTs resemble S-BOTs
architecturally.

In comparison with other S-BOTs, intestinal-type
M-BOTs were characterized by a larger diameter and a
multilocular aspect, with hyperechoic tissue connecting the
multiple locules and no clear definition of solid tissue or
papillary projection.

A multilocular nodule (honeycomb nodule), which is a
predominantly solid nodule with cystic areas arising from
the inner cystic wall, is a highly specific feature of
gastrointestinal-type BOT, but its sensitivity is low because it
is absent in nearly half of these tumors [92]. No significant
difference is observed in the detection of the intratumoral
blood flow between different histopathologic types [18].

Gotlieb et al. [29] reported a comparison of serum CA125
level between serous and mucinous borderline tumors, and
serous borderline tumors were associated more frequently
with elevated CA125 levels than mucinous borderline tumors
[29]. Several studies reported for M-BOT higher sensitivity
of CA19-9 and CA72-4 than that of CA125 [29, 47], although
these markers are less useful to distinguish malignant tumors
from whole ovarian tumors than CA125. Some studies [19,
42] reported that CA19-9 was more frequently elevated than
CA125 in patients with mucinous borderline tumors. Kikkawa
showed recently that CA72-4 is the most useful tumor marker
to distinguish borderline tumor and cancer from benign tumor
among four clinically available tumor markers; CA125 was
the lowest in mucinous tumor. These findings suggested that

measurement of CA72-4 and Ca 19-9 is useful when multi-
locular cysts were observed by TVS [42].

BOT Versus Benign or Malignant
Ovarian Lesions

As is well known, ultrasound has a high accuracy in differen-
tiating benign and malignant ovarian tumors and is actually
one of the most important presurgical diagnostic tests in the
management of adnexal lesions.

The accuracy in differentiating malignant from benign
ovarian lesions ranged depending on the methods used
(scores, logistic regressions, pattern recognition). In most of
the studies evaluating sonographic accuracy in diagnosing
ovarian lesions’ histology, malignant and borderline tumors
were considered together as invasive tumors. Only few
studies [12, 21, 25, 92] distinguish BOT from both benign
and malignant tumors when evaluating diagnostic accuracy
of TVS. Some authors have reported BOT to have a
preoperative appearance similar to that of benign cysts. In
particular, experienced ultrasonographers perform better
when differentiating invasive from noninvasive (benign and
borderline) ovarian tumors than when discriminating
malignant (borderline and invasive) from benign masses,
mainly owing to a tendency to misclassify BOT as benign
lesions [90]. TVS seems to be more accurate in discriminating
between invasive (malignant) and noninvasive (benign and
borderline) tumors. In particular, the combination of the
largest diameter and the vascularization of the solid
component was shown to provide higher sensitivity and
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lower specificity than subjective evaluation in recognizing
invasive tumors (100 % vs. 60 %; 75 % vs. 92 %). Yazbek
and colleagues demonstrated that the absence of normal
healthy tissue (namely, “ovarian crescent sign”) is able to
identify all invasive tumors and differentiating them better
from borderline and benign lesions [33, 91]. These
parameters however failed to reach the same predictive
performance when tested prospectively in a multicenter
study (sensitivity 94 % vs. 100 % and specificity 40 % vs.
76 %) [86].

Recently Van Claster [85] compared guidelines from the
Royal College of Obstetricians and Gynaecologists (RCOG)
based on the Risk of Malignancy Index (RMI) with a proto-
col based on logistic regression model LR2 developed by the
International Ovarian Tumour Analysis (IOTA) group in
diagnosing ovarian mass [77]. The IOTA protocol classified
more borderline tumors as high risk than the RCOG proto-
col. This implies that with the IOTA protocol more women
with borderline tumors would be managed in gynecological
oncology centers, and even though there may be more con-
servative fertility-sparing treatment options in these women,
decisions about such treatments are likely to be better han-
dled by subspecialist gynecological oncologists [85].

The problem that arises from all the sonographic studies
on BOT is not only the inability to differentiate benign
tumors from BOT but especially the inaccuracy in
distinguishing BOT from malignancy. It seems that BOTs do
not have a pathognomonic or typical sonographic pattern. In
fact, the presence of papillae can also be found in benign
serous tumors, and if internal vascularization of the papillae
is considered, it is very difficult to distinguish BOT from
invasive malignant tumors. It has also been noted that there
is little difference between BOT and well-differentiated inva-
sive malignant tumors [59, 62]. Tumors that are of higher
grading or are undifferentiated are associated with greatrier
amount of solid tisusses with irregular structure, whereas
low-grade malignant tumors preserve the structural charac-
teristics of the original histological type [59, 62]. Therefore,
differentiation between BOT and invasive malignant tumors
seems not to be stage dependent but is probably grade depen-
dent. In other words, it seems to be very difficult to distin-
guish a well-differentiated serous ovarian carcinoma from a
serous BOT, since both can appear at ultrasound as a cyst
with vascularized papillae. A grade 3 serous carcinoma,
however, generally presents a sonographically more com-
plex structure with a large amount of solid tissue. On the
other hand, papillae can also be observed in benign cystade-
nomas or cystadenofibromas, and in these cases perhaps, the
vascularization inside the papilla could suggest BOT or
malignancy, even though avascular papilla is not always
associated with benign tumors and vice versa [21]. In order
to differentiate BOT from malignant and benign ovarian
tumors by better analyzing vascular quantification and sur-
face of the papilla, the use of intravenous injection of con-

trast medium and three-dimensional ultrasound has been
proposed.

Contrast Media

It has been suggested that intravenous injection of contrast
medium might increase the ability to discriminate benign
tumors, BOT, and invasive ovarian cancers [46, 51, 73-75]
based on the capacity of the contrast agent to perfuse
microvessels in the solid tissue and analyzing the quantity,
quality, and the dynamic pattern of the perfusion (time—
intensity curve, wash-in and washout time) of the intravascu-
lar contrast media. It has been shown that the signal
enhancement from intravenous injection of the contrast agent
is quicker, stronger, and of longer duration in malignant
tumors than in benign cysts. Utrasound distribution of con-
trast media (SonoVue) in the microcirculation of unilocular
and multilocular ovarian masses with papillary projections
was used to investigate whether the qualitative evaluation of
the passage of the contrast agent can improve the perfor-
mance of sonography in distinguishing benign from malig-
nant masses with papillary projections (Fig. 11). Testa [74]
found that qualitative evaluation of blood circulation in pap-
illary projections using ultrasound contrast evaluation does
not improve the discrimination of benign from borderline/
malignant ovarian masses with papillary projections.
Furthermore, it was reported that rising time was highest in
BOT and low in benign and invasive ovarian tumors [46]. A
recent multicenter international study observed that quantita-
tive contrast sonographic parameters (peak contrast, signal
intensity, and area under the contrast signal intensity curve)
in invasive malignant tumors were significantly higher than
those in borderline and benign tumors, while those for the
benign and borderline tumors were similar [75]. Findings on
ultrasound differed between benign and malignant tumors,
but there was a substantial overlap in contrast findings
between BOT and benign tumors. Unfortunately, these con-
trast variables cannot be routinely used in clinical practice,
which instead calls for objective, noninvasive, and simple
parameters.

Three-Dimensional TVS

3D ultrasound allows a more detailed assessment of
intracystic structure and elimination of internal echoes
mimicking solid tissue, such as clots, debris, and fatty and
mucinous plugs. Especially in cyst suspected to be
borderline, 3D TVS with rendering improves the
visualization of the surface of internal capsule wall and
excrescences, and the addition of 3D power Doppler seems
to be very helpful (Fig. 12). 3D TVS rendering of the
internal aspect of cystic masses can yield high detail of
internal papillae previously identified on 2D TVS. This rul-
ing out excrescences inside the cyst seems to be useful in the
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Fig. 11 Cysts with papilla: 2D and color Doppler view and image during intravenous contrast agent injection (note the hyperechoic contrast
media in the microvessels of the papilla)

.

Fig.12 3D rendering of benign serous cystadenoma (note the smooth surface of the papilla)
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Fig.13 3D rendering of a serous BOT (note irregular surface of the papillae, very similar of the macroscopic view of the tumor)

identification of BOT, having the papillae of BOT a more
irregular surface (Figs. 4, 13 and 14). Combining 3D mor-
phology and 3D power vascular pattern analysis and vascu-
lar indexes calculations (VI vascular index, flow index, FI,
VFI) could be performed on papillary projections and hon-
eycomb nodule (Figs. 15 and 16).

3D flow index with the best diagnostic performance is VI
in a sample and seems to be superior to that of the subjective
color content of the tumor. Using 3D power Doppler
ultrasound, the color content of the tumor scan can be
determined objectively, even though the selection of the most
vascularized area (i.e., selection of the papillae sample site)
is necessarily subjective. The objective 3D power Doppler
method confirms those previously obtained using subjective
estimation of the color content of the tumor scan during 2D
color/power Doppler scanning, namely, that malignant
adnexal tumors appear to be more richly vascularized than
benign adnexal tumors [37].

To date the efficiency of 3D TVS and PD imaging in iden-
tifying BOT has yet to be determined.

Follow-Up After Surgery

Published series have shown recurrence rates of
approximately 10-30 % among women treated with such
conservative surgery [16, 28, 49], with the vast majority of
recurrences occurring as a second borderline tumor [23, 94].
Recurrence rate for patients who underwent a primary pelvic
clearance was lower (1.6 %) compared to fertility-sparing
conservative surgery (3.3 %) [88]. It appears that surgical
resection is the main stay of treatment, surgical staging being
important to identify invasive extraovarian implants that
portend an adverse prognosis. Patients treated by cystectomy
were three times more likely to recur than those treated by
oophorectomy [5, 30, 71].
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Fig.15 3D evaluation of a serous BOT: surface rendering and calculation of vascular index of the papillary volume manually delineated
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Fig.16 3D evaluation of a serous BOT: surface rendering and calculation of vascular index of the papillary volume manually delineated

Rarely, the disease can reoccur as a malignant tumor
which can result in progressive and fatal disease [11]. The
term “malignant transformation” has been used to refer to
this phenomenon although the exact pathogenesis in these
cases is controversial. The concern over recurrent and
possible malignant future disease had led to earlier
recommendations that women initially treated with fertility-
sparing surgery undergo additional surgery to remove
remaining ovarian tissue once child-bearing is completed.
Although previous studies have found prognosis for these
patients to be excellent and the long-term risk of malignant
disease to be low, meaningful conclusions have often been
limited by small study size and relatively short follow-up
intervals.

Ovarian serous borderline tumors with noninvasive
implants have been considered relatively indolent tumors
with a 5-year survival rate of 95 %; however, the reported
recurrence rate for this type of tumor has been variable,

ranging from 8 to 32 % [11, 41, 45, 55]. The wide range of
these results may be related to differences in the length of
follow-up obtained in the various studies.

Silva in 2006 found that the recurrence rate of 5 years was
10 %; however, if the follow-up was extended to 10 years,
29 % of patients developed recurrences; at 15 years, 39 % of
patients had developed recurrences; and after 15 years, 44 %
of patients had recurrences. On the basis of these findings, it
seems that patients should be followed for a minimum of 10
years [67].

Because the most frequent tumor found in the recurrence
is low-grade serous carcinoma and as this is a low-grade
neoplasm, there is no rapid progression of the disease and
most patients died of disease after 15 years of follow-up
[67]. Patients with serous borderline tumor with noninvasive
implants should have a minimum follow-up of 10 years to
evaluate for recurrences and a follow-up of 20 years to
evaluate for survival.
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Studies with long follow-up periods are crucial in
understanding the behavior of these tumors.

A high proportion (30 %) of patients with a serous
borderline tumor and peritoneal implants develop recurrences
most commonly in the form of low-grade serous carcinoma
[6, 48, 79]. Nevertheless, some of these recurrences can be in
the form of invasive disease, requiring early diagnosis.

Very few studies have specified the mode of diagnosis of
recurrences and few ultrasound studies have been dedicated
to this subject in the case of advanced-stage borderline
tumors. Uzan in 2011 demonstrates that ultrasound is the
most relevant follow-up procedure in the follow-up of patients
treated surgically for BOT [81]. Also the blood CA 125 test is
of particular interest for detecting invasive recurrent disease.

Ultrasound studies with long follow-up periods are crucial
in understanding the behavior of these tumors, the
sonographic appearance of recurrence in correlation to the
primary BOT type and the accuracy in recurrence detection.

Conclusions

The main concern for BOT remains that they must not be
managed with overly aggressive therapy, and therefore, a
very accurate presurgical diagnosis is desirable.

Ideally an ultrasound examination should differentiate
accurately between benign, borderline, and invasive
malignant ovarian tumors. In current practice, most
ultrasonographers classify adnexal tumors as benign or
malignant, and only a few experts would attempt to make
a preoperative diagnosis of a borderline ovarian tumor.

The diagnostic performance with regard to
discrimination between benign, borderline, and invasive
malignant ovarian tumors when using pattern recognition
depends on the confidence with which the operator has
reached the diagnosis. Borderline ovarian tumors are the
main source of diagnostic uncertainty also using logistic
regression systems or score classifications. The presence
of morphological features typical of benign, borderline,
or primary invasive tumors increased the level of
diagnostic confidence of the experts. However, a number
of adnexal tumors exhibit complex or unusual morpho-
logical features, which has a detrimental effect on diag-
nostic certainty. The imaging findings may be
indistinguishable from those of early well-differentiated
invasive ovarian carcinomas (stage 1, grade 1).

An accurate sonographic examination of an ovarian
lesion can suggest BOT on the basis of the presence of
papillae or multiple septa. However, neither papillae nor
septa constitute highly sensitive sonographic markers.
This means that conservative surgery for a suspected
BOT, the actual sonographic diagnosis not being able to
exclude totally invasive malignancy, has to be associated
with frozen section and greater care than normal should
be taken not to rupture the cyst capsule.

C. Exacoustos

Number, size, morphology, and Doppler findings of
the papilla can highly suggest the diagnosis of benign
versus malignant papillary projection, although an overlap
exists, especially with borderline tumors. Absence of
color flow in a papillary projection is suggestive of
benignity. S-BOTs and endocervical-type M-BOTs have
similar sonographic features, compared with the
intestinal-type M-BOTs; these tumors were characterized
by a smaller maximum diameter, fewer locules (they were
usually unilocular-solid lesions), a higher number of
papillary excrescences within the lesions, and a higher
rate of vessels inside the papillations. Gastrointestinal-
type M-BOTs were characterized by a larger diameter and
a multilocular aspect, with hyperechoic tissue connecting
the multiple locules and no clear definition of solid tissue
or papillary projection. These findings will help the
surgeon decide the type of surgery and the surgical
approach.
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Computed Tomographic and Magnetic
Resonance Imaging of Borderline and
Serous Tumors

Eito Kozawa

Abstract

Ovarian tumors arise from the surface epithelium, mesothelium, germ cells, or gonadal
stroma. Surface epithelial ovarian tumors include serous, mucinous, endometrioid, transi-
tional cell, and mixed tumors and clear cell carcinomas and may be benign, borderline, or
malignant. In general, benign tumors are primarily cystic, and malignant tumors demon-
strate more solid tissue elements and thicker septa. This chapter exhibits magnetic reso-
nance (MR) and computed tomographic (CT) features of borderline and serous tumors,
which commonly include papillary projections, psammomatous calcifications, and appear-
ance resembling sea anemone or black sponge as well as other focal attributes. Knowledge
of these features of ovarian tumors could assist specific diagnosis or substantially narrow
differential diagnosis.

Keywords
Borderline tumors ¢ Serous tumors ¢ Imaging ¢ Computed tomography ¢ Magnetic
resonance

CT and MR Imaging of Borderline Tumor

General Considerations

nuclear abnormalities but no infiltrative destructive growth
as a cystadenoma [2]. In 1973, the World Health Organization
(WHO) added the synonym carcinoma of low malignant

for Borderline Ovarian Tumor

In 1929, Taylor used the term semimalignant tumor to intro-
duce the concept of borderline ovarian tumor [1], but this
concept was not immediately accepted. In 1971, the histo-
logical classification of the International Federation of
Gynecology and Obstetrics (FIGO) described a tumor with
low malignant potential, proliferating epithelial cells, and

E. Kozawa

Department of Imaging Diagnosis,

Saitama Medical University, International Medical Center,
1397-1, Yamane, Hidaka-shi, Saitama 350-1298, Japan
e-mail: 8kozawa @saitama-med.ac.jp
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potential to their classification of ovarian tumors to describe
tumors of borderline malignancy [3], and in 2003, they used
the terms borderline tumor and atypical proliferative tumor
to indicate noninvasive neoplasms with nuclear abnormali-
ties and mitotic activity intermediate between benign and
malignant tumors of similar cell type [4]. Borderline ovarian
tumors are also termed tumor or cystadenoma of borderline
malignancy, tumor of low malignant potential, and atypical
proliferative tumor and comprise tumors of every surface
epithelial cell type—serous, mucinous, endometrioid, clear,
transitional, and mixed. However, serous borderline tumor
and mucinous borderline tumor of intestinal type are most
common. In a case review, Link and colleagues identified
50 % of ovarian borderline tumors as serous, 46 % as muci-
nous, and 4 % as mixed, endometrioid, clear cell, or transi-
tional cell [5].
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Borderline ovarian tumors are a distinct histological and clin-
ical entity diagnosed in 15-20 % of patients who present with
ovarian epithelial neoplasms [6] and are common in younger
women, with mean age (40-50 years) at presentation approxi-
mately 10 years earlier than with invasive ovarian carcinomas
[7, 8]. Clinically, borderline ovarian tumors are often benign and
have an excellent prognosis [4, 9]. Abdominal pain, increasing
abdominal girth or distension, and abdominal masses are the
most frequent initial manifestations, but Webb and colleague
reported 16 % of patients as asymptomatic at diagnosis [10].

Serous Borderline Ovarian Tumor

General Considerations

for Serous Borderline Ovarian Tumor

Serous type is the most common histological subtype of bor-
derline ovarian tumors. This tumor is seen bilaterally in
25-50 % of serous histological type cases [9] and most com-
monly appears during the fourth and fifth decades of life,
with average patient age of 46 years [11, 12]. Although these
tumors are slow-growing neoplasms, about a third are asso-
ciated with peritoneal implants and about 20-30 % involve
the regional lymph node, with implants and node involve-
ment usually coexisting [13, 14]. Psammoma calcifications
are concentric lamellated calcified structures seen in primary
and metastatic lesions and enlarged lymph nodes of thyroid
or ovarian carcinoma [15] and in epithelial ovarian tumors,
especially serous borderline ovarian tumors [16].

Imaging Appearances

of Serous Borderline Ovarian Tumor

Typically, serous epithelial neoplasms are primarily cystic and
may be either uni- or multilocular with malignant varieties
demonstrating varying proportions of solid components [8]. CT
or ultrasonogaphic (US) appearance are generally inadequate
for determining serous or mucinous cell type [8]. The features
of benign serous cystadenoma that most suggest benign cystic
neoplasm include unilocularity of cysts, thin walls, minimal
septations, and absence of solid components on CT and MR
images (Fig. 1a—c). Serous borderline tumors show more prolif-
eration of solid components than do serous cystadenomas, and
these may metastasize throughout the peritoneum but are not
true malignancies. The solid components proliferating in epi-
thelial tumors show papillary projections. On T,-weighted
images, large projections include a core of fibrous tissue with
low signal intensity and proliferating neoplasmic epithelia with
very high signal intensity (Fig. 2a), and small projections show
intermediate signal intensity. Large and small papillary projec-
tions show high signal intensity on contrast-enhanced study

E. Kozawa

(Fig. 2b). Multiple papillary projections, often observed most
clearly after contrast enhancement, strongly suggest borderline
or malignant tumors, especially serous borderline malignant
tumors [17, 18].

The signal intensity of the contents of serous cystic
lesions varies but is usually low to intermediate on T;-
weighted MR images and high on T,-weighted images. At
CT, psammomatous calcifications can show these tumors or
their implants to have very high attenuation [17]. On MR
images, serous borderline ovarian tumors appear as unilocu-
lar cysts with papillary projections within the cyst wall
(Fig. 3a, b), minimally separate cysts with septa that demon-
strate frond-like papillary projections within the cysts that
involve both the wall and septa (Fig. 4a, b), or markedly
septate lesions with plaque-like excrescences (Fig. 5a—c)
[16]. Approximately one-third of these tumors are bilateral.
The papillary projections of the solid components commonly
show moderate enhancement during contrast-enhanced CT
or dynamic MR imaging. Subtraction 3-dimensional (3D)
enhanced T;-weighted images are especially useful when
intracystic fluid shows high signal intensity on T;-weighted
image (Fig. 5¢) [19].

Differential Diagnosis

of Serous Borderline Ovarian Tumor

Serous borderline tumors often present as complex adnexal
masses. Serous cystadenoma or mucinous cystadenoma may
be a probable differential diagnosis. Neither of these has a
solid component, and subtraction 3D enhanced T,-weighted
images are useful to rule out debris or thrombus. Because
serous borderline ovarian tumors appear benign clinically,
their differentiation from early invasive malignant ovarian
tumor is important.

Both serous borderline and stage I invasive malignant
ovarian tumors are usually multiloculated with significant
solid elements that include smooth round nodules, plaque-
like thickening, and papillary projections. Septation thickness
and nodule size are greater in malignant tumors, and papil-
lary projections are more frequent in serous borderline
tumors.

The imaging findings of serous borderline ovarian tumors
are indistinguishable from those of other borderline ovarian
tumors, such as mucinous, endometrioid, clear cell, transitional

Focus Points

Serous borderline tumor should be considered when an
ovarian cystic tumor with papillary projections is seen
in younger patients.
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Fig. 1 (a) A 49-year-old woman with benign serous cystadenoma.
Contrast-enhanced computed tomographic scan shows a unilocular cys-
tic mass in the pelvic space. There are no solid components. (b) Sagittal
T,-weighted magnetic resonance (MR) image shows a large cystic mass

cell, and mixed-type tumors, except for the serous surface
papillary borderline tumor, which is described immediately
following. However, serous borderline ovarian tumor may be
the more probable diagnosis when MR imaging shows the
ovary as unilocular or with minimally separate cystic lesions
with the signal intensity of water and containing multiple
papillary projections.

AEOY;
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with a septation in the pelvic space. (¢) Sagittal fat-saturated contrast-
enhanced T,-weighted MR image shows a large cystic mass with a sep-
tation and no solid component in the pelvic space

Serous Surface Papillary Borderline Tumor

General Considerations for Serous

Surface Papillary Borderline Tumor

Serous benign tumors include cystadenomas, adenofibro-
mas, cystadenofibromas, and surface papillomas. Serous sur-
face papillomas are benign tumors that grow exophytically
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Fig.2 (a) A 52-year-old woman with serous borderline tumor. Axial T,-  contrast-enhanced T,-weighted MR image shows a large complex cystic
weighted magnetic resonance (MR) image shows a complex cystic mass ~ mass with multiple septa. Large papillary projection shows high signal
with multiple septa. Large papillary projection shows high signal inten-  intensity with slightly low signal intensity cores (black arrow)

sity with low signal intensity cores (black arrow). (b) Axial fat-saturated

Fig.3 (a) A 52-year-old woman with serous borderline tumor. Sagittal ~ T,-weighted MR image following gadolinium administration shows
T,-weighted magnetic resonance (MR) image shows unilocular cystic  unilocular cystic ovarian lesion superior to the bladder. Intracystic pap-
ovarian lesion superior to the bladder. Intracystic papillary-like projec- illary-like projections showing multiple areas of high signal intensity
tions showing multiple areas of low intensity extend from the cystic  extend from the cystic wall (black arrow)

wall (black arrow). (b) Sagittal fat-saturated contrast-enhanced
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Fig. 4 (a) A 44-year-old woman with serous borderline tumor. Axial
T,-weighted magnetic resonance (MR) image shows a solitary cystic
lesion with several septa with intracystic papillary projections showing
multiple small areas of slight low intensity in both the wall and septa in the

on the ovarian surface. Such tumors that demonstrate little or
no involvement of the serous borderline tumor are termed
serous surface papillary borderline tumor [20] and generally
manifest as an entirely solid mass without necrosis or hemor-
rhage or as a solid mass with cyst [20, 21]. Serous surface
papillary borderline tumor may be a precursor of low-grade
serous surface papillary carcinoma in the adenoma-—carci-
noma sequence because the two entities can coexist [8].

Imaging Appearances of Serous

Surface Papillary Borderline Tumor

On CT, serous surface papillary borderline tumors demon-
strate varying proportions of solid components on the ovarian
cystic surface (Fig. 6a). The CT findings are similar to the
malignant ovarian tumor with peritoneal dissemination. The
limited soft-tissue contrast of the CT did not permit visualiza-
tion of the normal ovaries inside the masses, but the good
soft-tissue contrast of MRI allowed our observation of the
characteristic ovarian features of this tumor. On MR imaging,
a T,-weighted image showed papillary architecture with high
signal intensity and a hypointense branch-like structure on the
surface of the normal ovary, findings resembling a sea anem-
one that suggest serous surface papillary borderline tumor
(Fig. 6b) [20, 21]. Histologically, this papillary architecture
correlates with epithelial multilayering, and the branching
structure is a thick fibrous stalk [20]. After gadolinium admin-
istration, the papillary architecture on the T,-weighted image
showed strong high signal intensity, and the low signal inten-
sity of the branch-like structure was weakly enhanced.

right adnexal region. (b) Axial fat-saturated contrast-enhanced T;-weighted
MR image shows a solitary cystic lesion with several septa with intracystic
papillary projections showing multiple small areas of slight high signal
intensity in both the wall and septa in the right adnexal region

Differential Diagnosis of Serous

Surface Papillary Borderline Tumor

On diagnostic MRI and CT, ovarian tumors with a rich solid
component are considered malignant. However, serous sur-
face papillary borderline tumors have many solid components
and so resemble malignant ovarian tumors, and they some-
times show multiple solid components with cystic lesion that
may mimic peritoneal dissemination and malignant ovarian
tumor (Fig. 7a—c). Accurate diagnosis requires evaluation of
images of different direction and detection of the high signal
intensity of papillary architecture and low intensity of branch-
like structures on the ovarian surface that resemble sea anem-
one-like masses on T,-weighted images (Fig. 7b, c).

Focus Points

Serous surface papillary borderline tumor should be
considered when an ovarian solid mass shows papil-
lary architecture with high signal intensity and branch-
like structures on the surface of the ovary with low
intensity on T,-weighted image.

Mucinous Borderline Ovarian Tumor

General Considerations for Mucinous

Borderline Ovarian Tumor

Mucinous borderline ovarian tumors account for approxi-
mately 10 % of mucinous ovarian tumors and 30-50 % of
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Fig.5 (a) A 65-year-old woman with serous borderline tumor. Axial T-
weighted magnetic resonance (MR) image shows a large complex cystic
mass with multiple septa. Irregular plaque-like soft tissue shows high
signal intensity (black arrow). (b) Axial fat-saturated contrast-enhanced
T,-weighted MR image shows a large complex cystic mass with multiple

ovarian epithelial borderline tumors [19]. They are classified
as either intestinal or endocervical type [19], which show
very different pathologic and imaging features.

Intestinal Type Mucinous Borderline Tumor

Intestinal type mucinous ovarian borderline tumors represent
about 90 % of mucinous borderline tumors. Mean age of patients
is 45-50 years [22]. The average size of these tumors is about
20 cm, and they are usually unilateral, occurring bilaterally in

septa. Irregular plaque-like soft tissue is present but unclear (black
arrow). (¢) Axial 3-dimensional (3D) fat-saturated T,-weighted MR
subtraction image shows a large complex cystic mass with multiple
septa. Irregular plaque-like soft tissue displays strong contrast enhance-
ment (wWhite arrow)

only about 5 % of cases. The tumors are rarely associated with
ipsilateral ovarian endometriosis [22] and are reported to coexist
with pseudomyxoma peritonei in up to 17 % of cases [19].

Imaging Appearances of Intestinal

Type Mucinous Borderline Tumor

On CT and MR imaging, intestinal type mucinous border-
line ovarian tumor may be twice the size of serous border-
line ovarian tumors and manifest as either uni- or
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Fig.6 (a) A 41-year-old woman with serous surface papillary border-
line tumor. Contrast-enhanced computed tomography (CT) shows a
heterogeneous enhanced mass posterior to the uterus (black arrow).
White arrow is uterine leiomyoma. (b) Axial T,-weighted image
shows an entirely solid lobulated mass with hyperintense papillary

multilocular cystic masses (Fig. 8a—c) [16], though a uni-
locular cystic mass is usually a serous borderline tumor.
Mucinous borderline ovarian tumors commonly appear as
multilocular cystic masses with numerous septa and contain
fluids of different signal intensities on T;- or T,-weighted
MR images (Fig. 9a—c) [8]. The variable signal intensities
of the loculi and daughter cysts on both T,- and T,-weighted
images is described as having a “stained-glass” appearance.
These variable signal intensities depend on the viscosity of

architecture on the surface and hypointense branch-like structure
within it (white arrow). (¢) Axial fat-saturated T,-weighted image
shows an entirely solid lobulated mass; the papillary architecture
shows high signal intensity after administration of gadolinium diethy-
lenetriaminepentaacetic acid (DTPA)

the materials present, such as mucin, blood products, or
debris, and these findings suggest mucinous cystic tumor
[23-25].

Diagnosis of serous ovarian tumors on CT requires the
detection of psammomatous calcifications. Mucinous cystic
ovarian tumors that contain mucinous borderline tumors can
also contain calcifications, but they differ from psammoma-
tous calcifications and appear as curved lines in the cystic
wall of ovarian tumors (Fig. 10a, b) [26].
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Fig.7 (a) A 37-year-old woman with serous surface papillary border-
line tumor. Contrast-enhanced axial computed tomography (CT) shows
a cystic and solid mass (arrow) posterior to the uterus in the pelvis. The
axial CT image is similar to that of peritoneal dissemination posterior
to the uterus. (b) Contrast-enhanced coronal CT shows cystic masses

Differential Diagnosis of Intestinal

Type Mucinous Borderline Tumor

The MR findings of intestinal type mucinous borderline
tumors herein identified resemble those reported for muci-
nous cystadenoma and mucinous carcinoma. Mucinous cyst-
adenoma consists of a few solid components and mucinous
carcinoma of many solid components that show strong

superior-right lateral to solid components (arrow) in the pelvis. (c)
Sagittal T,-weighted image shows that hyperintense papillary architec-
ture on the surface and hypointense branch-like structure within the
mass on the surface of cystic lesion

contrast enhancement [8]. MR imaging findings of a solid
component in the tumor generally suggest primary malig-
nant ovarian epithelial tumor. Furthermore, mucinous cyst-
adenocarcinomas or mucinous borderline ovarian tumors
tend to show numerous fine loculi in larger numbers than in
mucinous cystadenoma. Some mucinous borderline ovarian
tumors appear as multilocular cystic masses with large solid
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Fig.8 (a) A 59-year-old woman with mucinous borderline tumor of
intestinal type. Axial plain computed tomographic (CT) image shows
large cystic mass and homogeneous density. (b) Axial contrast-
enhanced CT image shows large cystic mass with thick septa and wall.
(¢) Axial T,-weighted magnetic resonance (MR) image shows a large

components that result from the accumulation of small cystic
components that contain mucinous fluid (Fig. 11a—d) [27].
MR findings overlap considerably between intestinal type
mucinous borderline tumor and mucinous adenocarcinoma.
Differentiating borderline mucinous tumor and ovarian
metastasis from gastrointestinal tumor can be difficult. Ovarian
metastasis sometimes demonstrates a stained-glass pattern on

cystic lesion with thick septa and globules of intermediate signal in
the dorsal aspect (black arrows). (d) Axial fat-saturated contrast-
enhanced T,-weighted MR image shows a large cystic lesion with
thick septa. The globules in the (c) do not demonstrate contrast
enhancement

T;- and T,-weighted images, and the solid components are
small in size. When both ovaries demonstrate multilocular
cystic masses and mucinous tumor is suspected, gastrointesti-
nal study or evaluation of tumor marker is necessary [28].
The imaging findings of mucinous borderline ovarian tumor
are indistinguishable from other borderline ovarian tumors,
such as serous, endometrioid, clear cell, and transitional cell
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Fig.9 (a) A 76-year-old woman with mucinous borderline tumor of
intestinal type. Contrast-enhanced computed tomographic (CT) scan
shows a large multilocular cystic mass with smooth contour, honeycomb
appearance, and heterogeneous attenuation in the locules. Some septa
are thickened. (b) Axial fat-saturated contrast-enhanced T,-weighted

tumors, except for the serous surface papillary borderline
tumor. However, MR spectroscopy has recently been reported
useful for differentiating mucinous and nonmucinous tumors.
Takeuchi and colleagues showed a peak of N-acetylmucinous
compounds of 2 ppm in mucinous tumors on MR spectroscopy
[29]. The peaks of these compounds on MR spectroscopy
could help distinguish mucinous and nonmucinous tumors for
more reliable diagnosis of borderline tumors.

magnetic resonance (MR) image shows a large multilocular mass with
heterogeneous high signal intensity but with variable signal intensity in
the locules. Some septa are thickened. (¢) Axial 3-dimensional (3D) fat-
saturated contrast-enhanced T,-weighted MR subtraction image shows a
large multilocular mass and several small solid components

Focus Points

On MR imaging, mucinous borderline ovarian tumors
commonly appear as multilocular cystic masses with
numerous septa and contain fluids of different signal
intensities, but they can contain a large solid compo-
nent that results from the accumulation of small cystic
components that contain mucinous fluid.
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Fig. 10 (a) A 61-year-old woman with mucinous borderline tumor of
intestinal type. Non-contrast axial computed tomographic (CT) scan shows
a linear curve-shaped calcification in the cyst wall and septum. A mucinous

Miillerian Type Mucinous Borderline Tumor

General Considerations for Miillerian Mucinous
Borderline Tumor

Rutgers and Scully described miillerian type mucinous bor-
derline tumor in 1988 [30]. These tumors manifest at a
younger age than intestinal type tumors. The average tumor
diameter is 9 cm, and about 70 % are unilocular or have
only a few locules. Most tumors show grossly visible intra-
cystic papillae. Approximately 30 % are bilateral at diagno-
sis. The tumors coexist with ovarian or pelvic endometriosis
in 20-30 % of cases as do several types of malignant ovar-
ian tumors that arise from endometriotic cysts [30]; few
other borderline tumors coexist with endometriosis.
Miillerian mucinous borderline ovarian tumors do not coex-
ist with pseudomyxoma peritone. The tumors somewhat
mimic serous borderline ovarian tumors and are also termed
“seromucinous borderline ovarian tumors.” These tumors
may be associated with abdominal or pelvic implants,
which may be invasive.

Imaging Findings of Miillerian

Mucinous Borderline Tumor

Clues to miillerian mucinous borderline ovarian tumors may
be bilaterality and association with endometriosis. The
tumors are typically uni- or paucilocular cystic masses with
mural nodules (Fig. 12a—d). The fluid component shows
high intensity on both T,- and T,-weighted images, and the
mural nodule shows prominent high intensity on T,-
weighted images (Fig. 12b, c) [30] that reflects stromal
edema. The fluid component may show high signal intensity

component is seen along the septum. (b) Contrast contrast-enhanced CT
scan shows linear curve-shaped calcification in the cyst wall and septum. A
mucinous component along the septum shows no enhancement

on both T,- and T-weighted image that results from intralu-
minal mucinous material.

Differential Diagnosis of Miillerian Mucinous

Borderline Tumor

MR findings of the miillerian mucinous borderline tumors
identified herein resemble those reported for malignant
tumors associated with endometrial cyst, such as clear cell or
endometrioid carcinomas. These malignant tumors that arise
from endometriotic cysts are frequently present as cystic
masses filled with fluid of high signal intensity and nodular
solid components [28]. However, differentiation of miille-
rian mucinous borderline tumors and malignant tumors asso-
ciated with endometrial cyst is important because the
prognosis of patients with the miillerian type is much better.
Though definitive diagnosis may be difficult, T,-weighted
image findings of prominently high signal intensity of mural
nodules mingled with a layer of higher signal intensity
around the nodules may suggest a more probable diagnosis
of Miillerian mucinous borderline tumor (Fig. 13a—c) [31].

Focus Points

Mucinous borderline ovarian tumor of endocervical
type appears as a few locular cystic masses with a solid
component of high signal intensity on T,-weighted
image; mingling of these findings with a layer of
higher signal intensity around the solid component
may increase the likelihood of this diagnosis.
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Fig. 11 (a) A 39-year-old woman with mucinous borderline tumor of
intestinal type. Reconstruction image of contrast-enhanced computed
tomographic (CT) scan shows a large solid mass with cystic parts in
the pelvic space. (b) Sagittal T,-weighted magnetic resonance (MR)
image shows the solid component of the mass with cystic parts. The

Other Ovarian Borderline Tumors

General Considerations for other

Ovarian Borderline Tumors

Uncommon subtypes represent 3—4 % of all borderline ovar-
ian tumors [32] and include endometrioid, clear cell, transi-
tional cell, and mixed-type tumors. The mean ages for these

signal of the solid component was slightly hypointense and contained
markedly small areas of hyperintensity. (c¢) Sagittal fat-saturated
contrast-enhanced T,-weighted MR image shows heterogeneous
enhancement of the tumor in the solid component

other tumors range between 45 and 65 years [32]. Nonserous
and nonmucinous borderline ovarian tumors do not show
characteristic imaging features and may resemble serous or
mucinous borderline ovarian tumors as well as early-stage
ovarian carcinomas (Fig. 14a—d). The other ovarian border-
line tumors also run a benign course after tumor removal,
with recurrences or metastasis exceptionally rare.
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Fig. 12 (a) A 34-year-old woman with mucinous borderline tumor of
endocervical type. Contrast-enhanced axial computed tomographic
(CT) scan shows a large cystic mass anterior to the uterus in the pelvic
space (black arrow). A solid part in the cystic lesion is unclear. Normal
functional cyst is seen in the right adnexal region (white arrow). (b)
Axial fat-saturated T;-weighted image shows a large cystic mass ante-
rior to the uterus in the pelvic space. A solid part in the cystic lesion is
seen in the left frontal region. The fluid shows high signal intensity that

Differential Diagnosis of other

Ovarian Borderline Tumors

Nonserous and nonmucinous borderline ovarian tumors
resemble serous or mucinous borderline ovarian tumors as
well as early-stage ovarian carcinomas, and it is difficult to

reflects hemorrhage. (c¢) Sagittal T,-weighted image shows a large
cystic mass anterior to the uterus in the pelvic space. Solid parts in the
cystic lesion are seen as areas of high signal intensity along the cystic
wall, and thickening of the cystic wall appears with low signal intensity.
These changes may reflect changes from endometriosis. (d) Sagittal
fat-saturated contrast-enhanced T,-weighted image shows a large cystic
mass anterior to the uterus in the pelvic space. A solid part in the cystic
lesion is seen in the left frontal region and shows high signal intensity

differentiate nonserous and nonmucinous tumors from
other borderline tumors. However, Thomassin-Naggara
and colleagues recently showed that the early enhance-
ment patterns of ovarian epithelial tumors on dynamic
contrast-enhanced MR images could help distinguish
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Fig.13 (a) A 23-year-old woman with mucinous borderline tumor of
endocervical type. Axial plain computed tomographic (CT) scan shows
cystic mass with solid component in the right adnexal region. (b)
Sagittal T,-weighted image shows a large cystic mass superior to the
bladder in the pelvic space. A solid part mingles with a layer of higher

among benign, borderline, and invasive tumors and were
found to correlate with tumoral angiogenic status when
maximal slope of perfusion parameters were employed
[33]. Maximal slope of dynamic contrast study could be
helpful to distinguish among benign, borderline, and
malignant ovarian epithelial tumors [33].

signal intensity around the solid component along the cystic wall in the
superior region. (¢) Sagittal fat-saturated contrast-enhanced T-weighted
image shows a large cystic mass anterior to the uterus in the pelvic
space. A solid part in the cystic lesion shows heterogeneous high signal
intensity

CT and MR Imaging of Serous Tumors
General Considerations for Serous Tumors

The WHO histological classification separates ovarian neo-
plasms into surface epithelial-stromal, sex cord—stromal, and
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Fig.14 (a) A 32-year-old woman with endometrioid borderline tumor.
Axial T,-weighted magnetic resonance (MR) image shows a large
complex cystic mass with multiple septa. The variable signal intensities
of the loculi demonstrate the so-called “stained-glass” appearance. (b)
Axial T,-weighted MR image shows a large complex cystic mass with
multiple septa. The variable signal intensities of the loculi demonstrate
the so-called “stained-glass” appearance. (¢) Axial 3-dimensional (3D)

germ cell tumors according to the most probable tissue of ori-
gin [1]. Surface epithelial-stromal tumors comprise serous,
mucinous, endometrioid, clear cell, and Brenner tumors; serous
tumors are the most common type of epithelial neoplasm [7].

fat-saturated contrast-enhanced T;-weighted MR image shows a large
complex cystic mass with multiple septa. The loculi show variable
signal intensities, but the solid components are unclear. (d) Axial 3D
fat-saturated T-weighted subtraction MR image shows a large complex
cystic mass with multiple septa. Irregularly marginated solid compo-
nents are seen along the cystic wall

Serous tumors are surface epithelial-stromal tumors and
are categorized by their malignant potential and clinical behav-
ior into serous benign tumor, serous borderline tumor, and
serous carcinoma. Serous tumors include serous cystadenoma,
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serous cystadenofibroma, cystadenoma of borderline malig-
nancy, or malignant cystadenocarcinoma. Serous tumors rep-
resent about 30 % of all ovarian neoplasms, about 60—-65 % of
benign tumors, about 10 % of borderline malignancies, and
about 25-30 % of malignant tumors [22]. Serous cystadeno-
carcinomas account for approximately 40 % of all cancers of
the ovary and are the most common malignant ovarian tumor.

Benign Serous Tumors

Benign serous tumors are most commonly found in women
of reproductive age, between 20 and 50 years. Patients gen-
erally demonstrate no symptoms, but the tumors sometimes
cause pelvic pain or discomfort [34]. These tumors usually
showing about 1-3 cm are incidentally found, and the size is
usually within 15 cm [22, 34]. About 10-20 % are bilateral
[22]. According to the WHO histological classification,
serous benign tumors include serous cystadenomas, adenofi-
bromas, cystadenofibromas, and surface papillomas [1].

Serous Cystadenoma

General Considerations for Serous Cystadenoma

Benign serous tumors are commonly encountered as serous
cystadenomas of benign epithelial-stromal tumors. Benign
ovarian tumors are most commonly caused by mature tera-
toma, followed by serous cystadenoma [22]. Serous cystad-
enomas of the ovary appear as thin-walled cysts that contain
serous fluid, and the tumors are lined by a single layer of
epithelium [22]. From 12 to 20 % of these tumors are bilat-
eral. Histologically, psammoma bodies are present in the
stroma in 15 % [33]. More aggressive tumors are termed bor-
derline serous cystadenoma and serous cystadenocarcinoma.

Imaging Appearances of Serous Cystadenoma

On CT images, serous cystadenomas appear as one or more
well-defined cysts with thin regular wall or septum that con-
tain fluid of homogeneous low density and usually show no
endo- or exocystic vegetation [34] (Fig. 15a). Contrast-
enhanced CT images do not show a solid component
(Fig. 15b). CT findings generally show a uni- (Fig. 15a, b)
rather than multilocular (Fig. 16a) mass. Tumors that show a
multilocular mass usually demonstrate thin separations
(Fig. 16b, c), and papillary projections and nodular vegeta-
tions occasionally appear as small nodular projections
(Fig. 17a, b), features specific to epithelial ovarian neoplasms.
Like ovarian cancer, cystadenoma may display papillary pro-
jections, but it does so less frequently (9 % of cases) than
malignant tumors [35], and such projections are small in the
serous cystadenoma. Accordingly, contrast administration (if
possible, subtraction MR image) can facilitate differentiation
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from intracystic clot or debris. The size of the cysts can be
quite large (Fig. 18a—c), and as with other serous tumors,
psammomatous calcification can be a feature.

Differential Diagnosis of Serous Cystadenoma

On CT images, serous cystadenoma may be differentiated as
a uni- or multilocular cystic mass with homogeneous CT
attenuation and thin regular wall or septum. A unilocular
cystic ovarian lesion may be differentiated by its cystic posi-
tions, such as ovarian functional cysts, paraovarian cysts, and
paraovarian cystadenoma. Usually, paraovarian cysts and
paraovarian cystadenomas keep at a small distance of normal
ovary and do not have beak sign. However, compression of
the ovary by large cystic lesions makes it difficult to differen-
tiate ovarian serous cystadenoma from paraovarian cysts and
paraovarian cystadenomas. Ovarian cysts are usually no
larger than 5 cm. The differential diagnosis for multilocular
cystic lesion includes ovarian mucinous cystadenoma. On
CT image, differentiation between serous and mucinous
cystadenoma is difficult because attenuation of the serous
and mucinous fluids is equivocal. Furthermore, on MR
images, differentiation between serous and mucinous tumor
is sometimes difficult because hemorrhage in the cystic com-
ponent of serous cystadenomas manifests as high signal
intensity on T;-weighted MR image due to varying amounts
of blood in the lesion and mucinous fluid in the cystic com-
ponent of mucinous cystadenoma manifests as high signal
intensity on T,-weighted MR image due to gelatinous mate-
rial or fluid of various viscosities in the lesion.

Focus Points

Serous cystadenomas generally show homogeneous
low signal intensity on T;-weighted image and high
signal intensity on T,-weighted image, but variable
concentrations of blood in the tumor can lead to vary-
ing signal intensity.

Serous Cystadenofibroma

General Considerations for Cystadenofibroma

The 2003 WHO histological classification designates ovar-
ian cystadenofibromas as surface epithelial-stromal tumors.
Histologically, the ovarian tumors known as adenofibroma
and cystadenofibroma are characterized by a prominent
fibrous tissue component in addition to their epithelial ele-
ments [22]. Whereas adenofibromas of the ovary are tumors
with neoplastic glandular elements and a predominant benign
stroma, cystadenofibromas are partially or entirely cystic
[22]. These tumors are classified according to epithelial cell
type as serous, endometrioid, mucinous, clear cell, or mixed
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Fig. 15 (a) A 49-year-old woman with benign serous cystadenoma.
Axial plain computed tomographic (CT) scan shows a unilocular cystic
mass in the right lower quadrant. The wall of the mass shows no evi-

[1]. Serous adenofibroma and serous cystadenofibroma
sometimes represent malignant change [36].

Cystadenofibromas account for only 1.2 % of all benign
ovarian tumors and are most commonly seen in women of
reproductive age with a range of age 15-65 years [37, 38].
Slieva and colleagues report that adenofibroma and cystade-
nofibroma are more common among patients with breast
cancer and thyroid disorders [39]. Gross findings in a study
of Cho and colleagues reported half of ovarian cystadenofi-
bromas as purely cystic and the other half as complex cystic
with one or more solid components [40].

Imaging Appearances of Cystadenofibroma
Although CT can be used to image serous cystadenofibro-
mas, its role in the diagnostic evaluation of these neoplasms
is minimal. The CT findings of serous cystadenofibroma are
similar to those of other malignant ovarian neoplasms that
demonstrate a cystic mass with an enhancing solid portion as
the prominent and nonspecific findings. CT images reflect
gross findings and show a uni- or multilocular cystic mass
with solid nodules that enhance following contrast adminis-
tration (Fig. 19a, b).

MR images from the Cho and colleagues study showed
half of ovarian cystadenofibromas as purely cystic and the
other half as complex cystic with one or more solid compo-
nents [40]. Based on imaging criteria, cystadenofibromas
may mimic malignancy by appearing as multilocular cystic
masses with solid components or irregular thick septae. MR

dence of excrescence within. (b) Axial contrast-enhanced CT scan
shows a unilocular cystic mass in the right lower quadrant. The wall of
the mass shows no evidence of excrescence within

images are the most valuable modality in distinguishing
cystadenofibroma from malignant neoplasm, and accurate
diagnosis can avoid excess surgery. MR images can show
apparently pure cystic lesion or complex cystic lesions with
solid lesions and allow accurate evaluation of solid lesions
with regard to the presence of rims, plaques, or nodules that
demonstrate low signal intensity on T,-weighted images and
gadolinium-contrast images (Fig. 20a, b).

On T,-weighted images, serous cystadenofibromas can
be recognized by the foci of low signal intensity that corre-
spond to intratumoral regions of dense fibrous tissue [41].
MR findings of diffuse or partial thickening of the cystic
wall with T, dark signal intensity in multilocular cystic
masses suggest ovarian serous adenofibroma. Small or tiny
cystic locules within the solid component are considered
characteristic findings of cystadenofibroma and correspond
to a black spongelike appearance on T,-weighted image
(Fig. 21a, b).

Differential Diagnosis of Cystadenofibroma

On MR imaging, serous cystadenofibromas appear as numer-
ous cystic components with low signal intensity or a thick
low signal component on T,-weighted image [37, 38, 40]. On
contrast-enhanced CT study, serous cystadenofibroma and
malignant ovarian neoplasm may display similar findings.
MR findings of a solid portion of low signal intensity on T,-
weighted image suggest fibrous tissue. If there is a black
spongelike appearance in the solid component, the black
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Fig. 16 (a) A 65-year-old woman with benign serous cystadenoma.
Axial contrast-enhanced computed tomographic (CT) scan shows a
multilocular cystic mass in the bilateral lower quadrant. The wall of the
mass shows no evidence of excrescence within. (b) Axial fat-saturated
T,-weighted magnetic resonance (MR) image shows a multilocular

spongelike appearance tends to be fewer than malignant
ovarian neoplasm (Fig. 21a, b). Serous cystadenofibrocarci-
noma or borderline cystadenofibroma is invariably missed on
imaging. An ovarian mass with fibrous component may
resemble serous cystadenofibroma, especially fibroma,
fibrothecoma, and Brenner tumor with cystic degeneration
when these tumors do not have a black spongelike appear-
ance. Metastatic ovarian tumors may also have fibrous tis-
sues that show low signal intensity on T,-weighted image,

cystic mass in the bilateral lower quadrant (arrows). The loculi show
homogeneous high signal intensity. (¢) Axial fat-saturated contrast-
enhanced T;-weighted MR image shows a multilocular cystic mass in
the bilateral lower quadrant. The loculi show homogeneous high signal
intensity

but these tumors usually involve both ovaries and demon-
strate strongly enhancing solid portions.

Focus Points

Serous cystadenofibroma appears as numerous cystic
components with low signal intensity or as a thick
component of low signal on T,-weighted image.
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Fig. 17 (a) A 57-year-old woman with benign serous cystadenoma.
Axial T,-weighted magnetic resonance (MR) image shows a unilocular
cystic mass in the pelvic space right anterior to the uterus with two small
nodules of low signal intensity along the cystic wall (white arrows).

Ovarian Serous Carcinoma

General Considerations
for Ovarian Serous Carcinoma
Ovarian serous carcinomas represent about 85 % of malignant
neoplasms of the ovary, and serous cystadenocarcinoma is the
most common malignant epithelial tumor cell type [34].
Ovarian serous carcinoma is histologically divided into low and
high grades [34], which display different epidemiology, patho-
genesis, and clinical course [34]; about 97 % are high grade,
and about 3 % are low grade. Low-grade serous carcinoma is
synonymous with invasive micropapillary serous carcinoma
(MPSC). High-grade serous carcinoma arises de novo from the
ovarian surface epithelium from an unknown precursor lesion
and progresses rapidly. However, low-grade serous tumors
develop in a stepwise fashion from known precursor lesions
and display a less rapid aggressive pattern of spread [34].

High-grade serous carcinoma is the most common ovar-
ian cancer and represents about 63 % of ovarian carcinomas
[34]. These tumors most often occur in the sixth and seventh
decade and most frequently present with symptoms of
abdominal pain and distension due to ascites and bulky
abdominal tumor. Two-thirds of advanced-stage cases
involve both ovaries, and nearly all advanced-stage ovarian
carcinomas involve peritoneal surfaces.

Low-grade serous carcinoma is a rare ovarian cancer,
accounting for only about 4 % of ovarian carcinomas. The

(b) Axial fat-saturated contrast-enhanced T,-weighted MR image shows
a unilocular cystic mass in the pelvic space right anterior to the uterus
with two small nodules (papillary projections ) of slightly high signal
intensity along the cystic wall (white arrows)

tumor shows a worse progression than serous borderline
tumors. The mean age of patients is 45 years, and the most
common presentation is an asymptomatic pelvic mass; 89 %
of these tumors are bilateral, and 94 % are advanced stage [34].

Imaging Findings of Ovarian Serous Carcinoma
Typically, epithelial tumors, such as serous, mucinous, clear
cell, and endometrioid types, are primarily cystic, may be
either uni- or multilocular, and demonstrate varying propor-
tions of solid components when malignant . Malignant epi-
thelial tumors are commonly encountered as ovarian serous
and mucinous carcinomas. Because epithelial malignant
tumors tend to be cystic and solid components on morpho-
logic examination in many cases, their cell types cannot be
differentiated on the basis of MR or CT appearance.
However, CT or MR imaging can show some features of
ovarian serous carcinoma and distant invasion.

On CT, advanced ovarian serous carcinoma typically
appears as cysts with thick walls, septations, and solid com-
ponents (Fig. 22a, b). After contrast administration, malig-
nant lesions tend to have more solid components than benign
lesions. Subordinate CT findings of pelvic organ or sidewall
invasion, peritoneal implants, lymph adenopathy, and ascites
increase the likelihood of malignancy (Fig. 23a-d).
Psammomatous calcifications are a common finding in serous
adenocarcinomas, seen at histological analysis in up to 30 %
of malignant serous tumors (Fig. 24a, b) [40] and detected
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Fig. 18 (a) An 18-year-old woman with benign serous cystadenoma.
Sagittal T,-weighted magnetic resonance (MR) image shows a giant
unilocular cystic mass in the pelvic space and abdomen. The cystic
mass has no solid component and shows homogeneous high signal
intensity. (b) Axial T;-weighted MR image shows a giant unilocular

with CT in approximately 12 % of malignant serous tumors
[42]. However, psammomatous calcifications are also seen in
benign serous, serous borderline, and other tumors [26].
Malignant epithelial tumors demonstrate no characteristic
signal intensity pattern on MR imaging. Typically, MR imag-
ing demonstrates serous carcinoma as a cystic mass with solid

cystic mass with homogeneous low signal intensity. (¢) Coronal fat-
saturated contrast-enhanced T;-weighted MR image shows a giant uni-
locular cystic mass in the pelvic space and abdomen with no solid
component and homogeneous low signal intensity

or papillary components. Gadolinium enhancement aids
accurate characterization of some adnexal lesions and is espe-
cially useful for delineating necrosis, solid components, pap-
illary projections, peritoneal implants, and omental disease.
Serous carcinomas are predominantly cystic masses with
solid components (Fig. 25a—c) but sometimes demonstrate a
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Fig. 19 (a) A 57-year-old woman with serous adenofibroma. Axial
plain computed tomographic (CT) scan shows a complex heteroge-
neous mass in the right adnexal region (black arrow). (b) Axial

contrast-enhanced CT scan shows a complex solid and cystic mass in
the right adnexal region. There are several smoothly thickened septa.
These solid components are slightly enhanced (black arrow)

Fig. 20 (a) A 57-year-old woman with serous adenofibroma.
Axial T,-weighted image shows a complex solid and cystic mass in the
right adnexal region. The mass has multiple septa and solid portions.
Solid portions show low signal intensity compared to myometrium

solid mass. In the evaluation of cystic ovarian masses, the
presence of papillary projections is highly specific for malig-
nant epithelial ovarian neoplasms containing serous carci-
noma. Serous carcinoma can often show intraperitoneal

(white arrow). (b) Axial fat-saturated contrast-enhanced T,-weighted
image shows a complex solid and cystic mass in the right adnexal
region. The mass has enhancing multiple septa and solid portions.
Solid portions show slight high signal intensity (white arrow)

dissemination and lymph node metastasis, and CT is useful as
a staging tool. Recently, diffusion-weighted imaging has been
shown useful for evaluating intraperitoneal dissemination and
lymph node metastasis (Fig. 26a—c).
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Fig. 21 (a) A 67-year-old woman with cystadenofibroma. Sagittal T,-  Axial T,-weighted image shows a multilocular cystic mass with solid
weighted image shows a multilocular cystic mass with solid components ~ components of very low intensity containing tiny cysts of very high inten-
of very low intensity containing tiny cysts of very high intensity. (b) sity. The portion of tiny cysts of high intensity resembles black sponge

Fig. 22 (a) A 67-year-old woman with serous cystadenocarcinoma. aspect in the pelvic space. (b) Axial contrast-enhanced CT of the
Axial contrast-enhanced computed tomography (CT) of the arterial  venous phase shows cystic and solid mass at the dorsal aspect and at the
phase shows cystic and solid mass at the dorsal aspect and at the ventral ~ ventral aspect in the pelvic space
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Fig. 23 (a) A 48-year-old woman with serous cystadenocarcinoma.
Axial contrast-enhanced computed tomography (CT) shows multiple
subcapsular liver implants, ascites, and left pleural effusion. (b) Axial

Differential Diagnosis

of Ovarian Serous Carcinoma

The typical MR imaging appearance of serous carcinoma is
a cystic mass with solid or papillary component. However,
papillary projections also occur in serous borderline tumor
and serous cystadenoma, with a higher proportion in serous
borderline tumors.

contrast-enhanced CT scan shows multiple peritoneal implants in the
omentum. (¢) Axial contrast-enhanced CT scan shows enlarged lymph
nodes around the abdominal aorta and ascites

Differentiation of serous from mucinous carcinoma may
be difficult because serous carcinoma can show various sig-
nal intensities on MR imaging and cystic mass with solid
component. Because the incidence of bilateral ovarian mass,
peritoneal dissemination, and papillary projections is low in
mucinous carcinoma, these findings may be key to diagnos-
ing serous carcinoma.
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Fig. 24 (a) A 60-year-old woman with papillary serous adenocarci- have multiple calcifications that show that some of the calcifications
noma. Axial contrast-enhanced computed tomographic (CT) scan demonstrate psammoma. (b) Axial contrast-enhanced CT scan shows
shows bilateral complex solid and cystic adnexal tumors. The tumors  large calcifications in the omentum and massive ascites

Because serous carcinoma often involves both ovaries,

ovarian metastasis is one of the most important differential Focus Points

diagnoses. The MR imaging appearance of bilateral serous car- Serous carcinoma is the most probable diagnosis
cinoma and bilateral ovarian metastases is similar. Furthermore, when a cystic mass with solid component or papil-
gastric cancer or colon cancer metastases can show peritoneal lary projections is present bilaterally and shows peri-
dissemination with psammomatous calcifications. Clues to toneal dissemination containing psammomatous
diagnosis may be knowledge of clinical information and exclu- calcifications.

sion of the existence of the primary cancer.
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Fig.25 (a) A 64-year-old woman with serous surface papillary carcinoma.  hypointense lobulated solid mass with cystic mass and no internal
Sagittal T,-weighted image shows a relatively hypointense lobulated solid ~ branching. (¢) Axial fat-saturated contrast-enhanced T)-weighted image
mass with cystic mass. (b) Axial T,-weighted image shows a relatively ~ shows a relatively hyperintense lobulated solid mass with cystic mass
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Fig. 26 (a) A 6l-year-old woman with serous adenocarcinoma.
Axial T2-weighted image demonstrates an ill-defined large mesenteric
mass in the dorsal aspect. Solid and cystic mass lesions are seen in
the bilateral adnexal region. (b) Axial diffusion-weighted image
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Abstract

Epithelial ovarian cancer remains as the most deadly gynecological malignancy and it is the
seventh leading cause of cancer in women in developed countries. Worldwide more than
200,000 new cases are diagnosed annually, resulting in more than 140,000 deaths.
Histologically, ovarian malignancies are classified in two broad groups: epithelial and non-
epithelial ovarian cancer. Epithelial ovarian cancers are subclassified based on hystotype,
with serous, endometrioid, clear cell, and mucinous carcinomas accounting for 96 % of all
cases. In this chapter we shall review the origin, clinical setting, and ultrasound appearance

of serous, endometrioid, and mucinous carcinomas.
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Introduction

Epithelial ovarian cancer remains as the most deadly gyne-
cological malignancy and it is the seventh leading cause of
cancer in women in developed countries. Worldwide more
than 200,000 new cases are diagnosed annually, resulting in
more than 140,000 deaths [1].

Histologically, ovarian malignancies are classified in two
broad groups: epithelial and non-epithelial ovarian cancer
[2]. Epithelial ovarian cancers account more than 90 % of all
ovarian malignancies [2].
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Epithelial ovarian cancers are subclassified based on hys-
totype, with serous, endometrioid, clear cell, and mucinous
carcinomas accounting for 96 % of all cases [3].

In this chapter we shall review the origin, clinical setting,
and ultrasound appearance of serous, endometrioid, and
mucinous carcinomas.

Origin of Epithelial Ovarian Cancer

Currently, recent morphologic, immunohistochemical, and
molecular genetic studies have led to a new theory for the
pathogenesis and origin of epithelial ovarian cancer (EOC):
the dualistic model of EOC carcinogenesis [4].

According to this model, EOCs are divided into two cat-
egories: type I and type II.

EOC type I include low-grade serous, low-grade endome-
trioid, clear cell, and mucinous carcinomas, as well as transi-
tional cell cancers. These tumors are usually indolent and
slow-growing tumors. Generally they are diagnosed at early
stage and they are characterized by some specific mutations.
They account about 25 % of ECOs.
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Table 1 Genetic alterations in EOC

HGSC P53 (95 %), BRCA (50 %)

LGSC KRAS (70 %), BRAF (68 %), HER-2 (9 %)

Clear cell ARIDI A (50 %), PIK 3CA (50 %), PTEN (20 %)

Endometrioid ARID1 A (36 %), PTEN (20 %), CTNNBI
(38-50 %)

Mucinous KRAS (75-85 %), HER-2 (15-20 %)

Type I EOCs compromise high-grade serous, high-grade
endometrioid carcinosarcomas and undifferentiated carcino-
mas. Generally, these tumors are aggressive, present in
advanced stage, and harbor different mutations than EOC
type 1. They account about 75 % of ECOs.

Serous Ovarian Cancer

Ovarian serous carcinoma is the most frequent EOC (60 % of
all cases). As stated above serous EOCs are divided into low-
grade (LGSC) and high-grade (HGSC) carcinomas.

About 10 % of serous EOCs are diagnosed at stage I, 8 %
at stage II, 55 % at stage III, and 27 % at stage IV [5].

HGSCs constitute 90 % of all serous EOCs, whereas
LGSCs account for 10 % of serous EOCs.

Current evidence suggests that HGSC actually arise from
the epithelium from the fimbriated end of the fallopian tube
[4]. These lesions implant on the ovary surface resembling a
primary ovarian origin at gross examination. HGSC are char-
acterized by p53 mutations (more than 95 % of the cases)
and BRCA1 and BRCA2 mutations (about 80 % of the cases)
(Table 1).

Most BRCA-related ovarian cancers (60-100 %) are
HGSCs. Mutations of BRCA1 and BRCA 2 are found in
40-50 % of sporadic HGSCs.

They are genetically unstable. These features confer a
high aggressiveness and high cellular proliferation.

In contrast to HGSC, LGSC EOCs rarely contain p53 muta-
tions but they are characterized by KRAS, BRAF, and HER-2
mutations (Table 1) and they are much more genetically stable.
There is evidence that LGSC EOCs develop in a stepwise fash-
ion from a benign epithelium from ovarian or tubal origin to
borderline tumor, ending in an invasive cancer [4].

Endometrioid and Clear Cell Carcinomas

Endometrioid and clear cell carcinomas constitute about
15-20 % of all EOCs.

The most frequent genetic mutations of these EOCs are
shown in Table 1.

Endometrioid carcinomas are also subclassified into low-
grade endometrioid carcinoma (LGEC) and high-grade endo-
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metrioid carcinoma (HGEC); morphologic studies and more
recently molecular studies have shown that both, endometri-
oid and clear cell carcinomas, arise from endometriosis [4].

Mucinous Carcinomas

Mucinous carcinomas account for less than 5 % of all EOCs.

The most frequent mutations are KRAS and HER-2
(Table 1).

Current evidence support that these cancers develop also
in a stepwise fashion from a benign epithelium to a border-
line lesion, leading to an invasive carcinoma [4].

The origin of mucinous carcinomas is rather intriguing,
because unlike serous, endometrioid, and clear cell carcino-
mas, they do not show a miillerian phenotype. It seems that
mucinous tumors could have the same histogenesis than
transitional cell tumors, arising from microscopic transi-
tional cell nets at the tuboperitoneal junction [4].

Histologically, there are two variants: intestinal type and
endocervical type, the former being the most frequent one.

Clinical Setting

Current knowledge about EOC carcinogenesis and patho-
genesis highlights the heterogeneity of this disease.

From the clinical point of view, there are some differences
in clinical presentation of EOC depending on the hystotype.

High-Grade Serous Carcinomas

Mean patient age at diagnosis is 55.5 years old, or even ear-
lier in BRCA-related carcinomas [6].

Up to 85 % of these patients present intra-abdominal
spread of the disease at diagnosis. Extra-abdominal disease
at presentation, such as liver, lung, or brain metastases, is not
common at diagnosis (2-3 %). For this reason symptoms
related to intra-abdominal spread such as abdominal swell-
ing, bloating, constipation, or dyspepsia are common in
these women.

Some studies have shown that the most of these women
referred symptoms suggestive for EOC several months
before diagnosis [7]. Thus, paying attention to those symp-
toms could lead to an earlier diagnosis or the so-called mini-
mal volume disease diagnosis [8].

Low-Grade Serous Carcinomas

Mean patient age at diagnosis is 62.6 year old, being younger
(40 year) in borderline serous tumors [6].



Malignant Ovarian Tumors (Serous/Mucinous/Endometrioid/Clear Cell Carcinoma): Clinical Setting and Ultrasound Appearance

Most of these tumors present at early stage although a
small proportion could present with intraperitoneal or vis-
ceral metastases.

These tumors generally are slow growing and do have an
indolent course, so a significant proportion of women are
asymptomatic at diagnosis.

Endometrioid Carcinomas

These tumors usually appear in the fifth and sixth decades of
life [6].

Association with endometriosis is frequent and past his-
tory of complaints related to endometriosis such as pelvic
pain and infertility is common.

About 30 % of these tumors are diagnosed at stage I.

Clear Cell Carcinomas

Patient’s mean age at presentation is 57 years old [6].
Association with endometriosis is also common.

These tumors generally manifest as large unilateral
adnexal masses with nonspecific symptoms.

About 50 % of these carcinomas are diagnosed at stage 1.

Mucinous Carcinomas

Mucinous carcinomas are usually diagnosed during the
fourth to fifth decades of life. Only 20 % are invasive carci-
nomas whereas 80 % are borderline tumors at diagnosis.
Most of the tumors present as large unilateral adnexal
masses.
About 80 % of mucinous carcinomas are diagnosed at
stage L.

Ultrasound Features of Epithelial
Ovarian Cancer

In spite of the significant amount of published studies address-
ing the role of ultrasound for predicting ovarian malignancy in
adnexal or pelvic tumors, there is a paucity of studies describ-
ing the specific features of epithelial ovarian cancers [9-14].

Ultrasound in High-Grade Serous Cancer

It could be considered that the “typical” sonographic features
of HGSC are the presence of cystic—solid or solid irregular
adnexal masses [6] (Figs. 1 and 2). Bilaterally it is frequently
found out (60-84 %).
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The content of the cystic portion generally is anechoic.

The presence of ascites (Fig. 3) and abdominal metastases
is also a common finding in most of the cases (Figs. 4 and 5).

Color or power Doppler ultrasound generally shows mod-
eration or abundance within solid components (Figs. 6
and 7).

Septations may be present (Fig. 8). The size of the lesion
may vary significantly but is not rarely found out as small
adnexal lesions (Fig. 9).

Ultrasound in Low-Grade Serous Cancer

Low-grade serous cancers appear as large cystic adnexal
masses with septation and solid components (Figs. 10 and
11). The cyst’s content also is anechoic in most cases.

Bilaterally it is found in 60—75 % of cases, and abdominal
carcinomatosis and ascites can also be found out in advanced-
stage cases.

Small lesions and solid lesions are not common in this
type of EOC.

With color or power Doppler ultrasound, the tumor gener-
ally exhibits a moderate or abundant amount of flow.

In cases of borderline tumor, the mass typically appears as
a cystic mass with large vascularized papillary projections
(Figs. 12 and 13).

Ultrasound in Endometrioid
and Clear Cell Carcinomas

Endometrioid and clear cell ovarian cancers usually appear
as unilateral (65-72 % of cases) cystic masses with solid
components (Figs. 14 and 15). Cyst’s content generally is
low level — resembling that of endometriotic cysts (Fig. 16)
— and tumor size may vary. Septations are a frequent
finding.

Like serous carcinomas, color or power Doppler
examination will show a significant amount of blood flow
within the tumor (Fig. 17).

Mucinous Carcinomas

Mucinous carcinoma usually appears as significantly large
(>10 cm) unilateral adnexal masses. Their typical finding is
the multilocularity (>10 locules) (Fig. 18). Solid components
may be present (Fig. 19) or not.

Content of the cystic area may be different from one loc-
ule to another (Fig. 20) and blood flow is usually seen within
septations (Fig. 21).

Since most of these tumors are early-stage cancers, asci-
tes or carcinomatosis is not a frequent finding.



232 J.L. Alcazar and J. Utrilla-Layna

Fig.1 Transvaginal sonogram 7o Tumor de ovario C.U.N OB/GIN 18-02-2005
of an HGSC showed as a large ) 525379 Dr Alcazar RAB 4-8PiGynaecology 16.3cm 32Hz 11:38:07
irregular cystic—solid adnexal
mass

D1 8.60cm

Tumoracion pelvica C.U.N OB/GIN 24-10-2003
71798. Dr Alcazar RIC 5-9/Gynaecology 12.5cm 13Hz 11:03:13
Utero
9.00 - 3.00
Pot -1
Gn -6
C7 /i M5
P4 jE1
MI 0.6

Fig.2 Transvaginal sonogram
of an HGSC showed as an
irregular solid adnexal mass
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Fig.3 Transabdominal (’37"\ masa pelvica RAB 4-8LIGIN MI"™1.2" 'C.UN. Obstetricia Ginecologia

ultrasound showing a significant \__'@ 593437 13 6em F27Hz Tls 0.1 25102007 11:09:54
amount of ascites in a patient " rUé'?"’
. . z ar-sajo
with stage Illc high-grade 1 Pot 1001 a
ovarian serous ovarian cancer Gn 1
c8/ M4

E1

Cine 28

(’3?"\ Carcinomatosis RIC 5-9HIGIN MI1.2° C.UN. Obstetricia Ginecologia
\_éj 593692 6.5cm 1 22Hz Tls 0.1 29.10.2007 17:

Pot 100 @
Gn 1
cg8/ M5
P2 / E3

Fig.4 Transvaginal ultrasound
showing carcinomatosis

involving the peritoneum of the
bladder * ’Cine 190
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Fig.5 Transabdominal
ultrasound showing omentum
involvement in a woman with
intra-abdominal spread for
ovarian cancer

MI 1.2
Tis 0.1

("_""‘\ masa pelvica RIC 5-9HIGIN MIT1.0" 'C.U.N. Obstetricia Ginecolegia
6.5cm 7 8Hz Tls 0.2 211072011 12:36:42

C8 / M5
P2/ E3

Pot 5
;, Gn 0.8
Frec Medio
< Calid Norm
FMP Bajo1
PRF 0.6kHz

Fig.6 Transvaginal ultrasound
showing an irregular solid mass
with abundant vascularization
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Fig.7 Transvaginal ultrasound Voluson  Masg Pelvica, * RIC5-9-D/GIN MI 0.8 CUN. OBSTETRICIA-GINEC

showing a cystic—solid mass with i 37 8.9cm/15/ 5Hz Tis 0.2 11.2011 3:09:12 PM
y Uteru

abundant vascularization within
the solid portions of the tumor

Voluson ' ovario * RIC5-9-D/GIN t CUN. ( ETRICIA-GIN OGIA
14, ! 1.6Hz Tis 0. 0 11 2:04:51PM

Uterus
.00

Fig.8 Transvaginal ultrasound
showing a predominantly cystic
mass with a solid area and
septations. Histology revealed an
HGSC stage II
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Fig.9 Transvaginal ultrasound . quiste ovario C.U.N OB/GIN 07-03-2006
showing a small, highly ) 549144. Dr Alcaza UC 5.9/0bstetric 6.5cm

vascularized, solid mass that
corresponded to HGSC stage I1I

bajo1
D.6kHz
:n. POW

Tumor de ovario C.U.N OB/GIN 04-02-2005
505699. Dr Alcazar RIC 5-9/Gynaecology 14.8cm 11Hz 13:47:53

Fig. 10 Transvaginal ultrasound
showing a multilocular
cystic—solid mass. Histology
confirmed an LGSC stage 11
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Fig.11 Transvaginal ultra- Tumor de ovario C.U.N OB/GIN 26-02-2004
sound showing a multilocular 504785. Dr Alcazar RIC 5-9/Gynaecology 11.3cm 14Hz 12:55:07
solid mass. Histology revealed = : Utero
an LGSC, stage III ey ! 10.00 - 3.40
4 : - o Pwr 2

Gn -1

"f C5 1 M5

P4 [ E1
Ml 0.4

turmoracion ovario C.U.N OB/GIN 16-07-2003
492357 RIC 5-9/0Obstetric 10.1cm 15Hz 16:56:31
1.Trim.

Fig.12 Transvaginal ultra-
sound showing a regular cystic
mass with solid components and
septations. Histology confirmed

a stage I borderline serous tumor D1 11.39cm
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Fig. 13 Transvaginal ultrasound i : i C.U.N OB/GIN
showing a regular cystic mass 515958 D - AC synaecology %

with thick papillary projections
from a borderline serous tumor

WMF
PRF 0
Disp. POW

%j\ Tumor de ovario C.U.N OB/GIN 16-06-2004
N .) 417917. Dr Alcazar RIC 5-9/Gynaecology 14.8cm 11Hz 12:21:55
Utero
7.40 - 2.80
Pwr
Gn
C5 / M5
P4 /E1
MI 0.6

Fig.14 Transvaginal ultra-
sound showing an irregular
cystic—solid mass that corre-
sponds to a clear cell ovarian
carcinoma
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Fig. 15 Another cystic mass masa anexial RIC5-9HIGIN MI'0.7 CUN. Obstetricia Ginecologia
with a thick papillary projection. 651256 0 Aem I33Hz [TIsT00 0502720707 12331
It corresponded to a stage I Uterus

. . 10.00 - 2.90
endometrioid carcinoma Pot 100 @
Gn 1

c8 /M5

P2 / E3

1 D108.28mm
2 D 76.86mm

Cine 146

2en Tumor de ovario, Dr Alcazar RIC $-9HIGIN MIT1.2° C.UN. Obstetricia Ginecologia
; S5.4cm F24Hz TIs 0.1 30112007 09:47:04
Uterus
Har-Medio
Pot 100 @
Gn 1
Cc8 /M5
P2/ E3

Fig.16 Unilocular cystic mass
with a focal wall irregularity.

Cyst’s content is homogeneous
low level. Histology revealed a
stage I endometrioid carcinoma
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Fig.17 Transvaginal ultrasound
from an endometrioid ovarian
carcinoma showing moderate
vascularization at power Doppler
examination

Fig.18 Multilocular cystic
mass with more than 10 locules,
characteristic for mucinous
carcinoma

J.L. Alcazar and J. Utrilla-Layna
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Fig.19 Similar image than Tumor de ovario C.U.N OB/GIN 02-01-2004
previous figure corresponding to 501276. Dr Alcazar RAB 4-8P/Gynaecology 20.1cm 12:32:26
a mucinous carcinoma. In this

case solid components are

present

Default
Th20/Calid Medio2
B142°/¥90°

Mix100/0

~

Congelar

Fig.20 Three-dimensional ultrasound from a mucinous carcinoma showing a multilocular mass. Note different content is different locules
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Fig.21 Multilocular cystic Voluson mMasa Abdomino-Pélvica, * RAB4-8-D/GIN Ml 0.9 CUN. OB
mass with more than 10 locules, con 18.9cm /1.3 / 5Hz 2
characteristic for mucinous
carcinoma. Note blood flow
within septations
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CT and MR Imaging of Ovarian
Adenocarcinoma (Serous/Mucinous/

Endometrioid)

Marc Bazot, Isabelle Thomassin-Naggara, and Emile Darai

Abstract

MR imaging (MRI) and multidetector computed tomography (MCT) play a major role for
characterization of suspicious adnexal masses and staging of advanced-stage ovarian
tumors. The most frequent ovarian cancers are mainly represented by serous, mucinous, and
endometrioid epithelial-stromal ovarian tumors. Each histologic subtype has characteristics
allowing their preoperative presumable diagnosis on MRI and MCT.
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Introduction

Surface epithelial-stromal tumors of the ovaries account for
about two-third of ovarian tumors and nearly 90 % of ovar-
ian cancers [1]. The most frequent epithelial ovarian cancers
are subtyped as serous, endometrioid, and mucinous. These
ovarian tumors are classified by FIGO classification that dis-
tinguishes early- (stages I-1I) and advanced-stage diseases
(stages III-IV). Tumor spread is variable according to histo-
logic subtypes. Most serous ovarian carcinomas are diag-
nosed at advanced stage with peritoneal carcinomatosis in
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nearly 75 % of cases. In contrast, mucinous and endometri-
oid ovarian carcinomas are commonly confined in pelvic
cavity at the time of diagnosis.

In presence of a woman with an adnexal mass, the main
challenge for the gynecologist is to assess the likelihood of
malignancy. After physical examination, ultrasonography is
the first-line imaging technique for the diagnosis of adnexal
mass. Based on clinical and sonographic criteria, adnexal
masses can be divided into different categories: firstly, a
benign adnexal mass; secondly, a suspicious adnexal mass
without clear evidence of metastatic spread (potential early-
stage disease); and finally, an ovarian cancer with evidence
of peritoneal dissemination (advanced-stage disease).
Ultrasonography has limitations for the characterization of
complex or indeterminate (suspicious) adnexal masses and
for the staging of advanced ovarian cancers. Hence, several
studies have reported the value of multidetector computed
tomography and MR imaging for preoperative assessment of
ovarian tumors [2—19]. Moreover, morphological and func-
tional MR imaging has been proved to be the best technique
for characterization of complex adnexal masses [10-16, 20].
In contrast, multidetector CT is the most simple and repro-
ducible technique for staging and follow-up of patients with
advanced-stage diseases.
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The aim of this chapter is threefold:

1. To recall general features according to serous, mucinous,
and endometrioid subtypes

2. To review the role of MR imaging and multidetector CT
for characterization of suspicious adnexal masses without
extrapelvic extension suggestive of serous, mucinous,
and endometrioid ovarian adenocarcinomas

3. To review the role of multidetector CT and MR imaging
for staging of advanced-stage serous, mucinous, and
endometrioid ovarian adenocarcinomas

General Features
Serous Ovarian Tumors

Serous ovarian tumors account for about 30 % of all ovarian
neoplasms; of these, approximately 60 % are benign, 10 %
borderline, and 30 % carcinomatous [1]. Serous ovarian car-
cinomas account for approximately 40-50 % of ovarian can-
cers [21]. They are bilateral in about 57.5 % of cases
(one-third at stage I) and are widely disseminated in 80—85 %
of cases at the time of diagnosis [22]. Serous carcinoma is
exceedingly rare in the first two decades but there is a pro-
gressively increasing rise in age-specific incidence subse-
quently, with an average age of 56 years [1]. Recent literature
has suggested a dual pathway of ovarian serous carcinogen-
esis, with most serous carcinomas falling into one of two
categories, low grade and high grade [23]. These are consid-
ered to represent two distinct tumor types with a different
underlying pathogenesis and associated with different
molecular events, clinical behavior, and prognosis [23]. In
this setting, low-grade serous carcinoma is thought to evolve
in many instances from a preexisting serous borderline tumor
and cystadenoma [23]. Moreover, recent studies have sug-
gested that ovarian cancers are subsequent to tubal abnor-
malities mainly represented by the presence of serous tubal
intraepithelial carcinoma (STIC) with a cascade of genetic
alterations mainly concerning p53 gene [24].

Macroscopically, serous carcinomas range from predomi-
nantly cystic papillary tumors to entirely solid masses, often
having papillary surfaces [1]. Focal or diffuse calcific depos-
its suggest the serous nature of the tumor. The serum level of
CA 125is elevated in over 80 % of cases of serous carcinoma [1].
But CA 125 can be normal in up to 50 % of stage I ovarian
cancer.

Mucinous Ovarian Tumors

Mucinous ovarian tumors account for about 12—15 % of all
ovarian tumors; of these, approximately 75 % are benign,
10 % borderline, and 15 % carcinomatous [1]. Mucinous
ovarian carcinomas represent 5—10 % of malignant primary
ovarian neoplasms, being bilateral in 7 % of cases [22].
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Mucinous carcinomas occur in women in the fourth to sixth
decades, with an average age of 54 years [1]. Mucinous car-
cinomas tend to remain confined to the ovary and pelvis for a
longer time than serous carcinomas, with abdominal spread
encountered in operation in less than 20 % of cases [1]. The
distinction between mucinous carcinoma and metastatic ade-
nocarcinomas of intestinal origin is sometimes difficult. The
exclusion of a primary site in the gastrointestinal tract or pan-
creas whose metastatic spread might mimic primary ovarian
cancer is required. Mucinous ovarian tumors develop in asso-
ciation with dermoid cysts in 3-5 % or Brenner tumors.
Macroscopically, mucinous neoplasms tend to be the larg-
est of all ovarian tumors (15-30 cm in diameter). Malignant
mucinous ovarian tumors exhibit more often multiple loculi,
which typically have thick irregular wall and often contain
papillae and solid areas. Mucinous tumors unlike serous or
endometrioid tumors often vary in their degree of differentia-
tion from one area to another, and benign, borderline, and
invasive patterns may coexist within the same specimen.
Malignant component may be diffused within a mucinous
tumor or involve only a small portion of it. In this setting,
optimal sampling is required to detect malignancy (i.e., bor-
derline and/or invasive) within a mucinous tumor. CA 125 is
elevated in 35-67 % mucinous carcinoma; CEA and CA
19-9 are above normal in 88 and 83 %, respectively [1].

Endometrioid Ovarian Tumors

Endometrioid ovarian tumors account for about 2—4 % of all
ovarian tumors [1]. These tumors are almost always malignant,
being borderline or frankly invasive in nearly 20 and 80 % of
cases, respectively [21]. Endometrioid carcinomas are the sec-
ond most frequently encountered malignant ovarian epithelial
tumors, accounting for 10-20 % of ovarian carcinomas [21].
They occur in postmenopausal women, with an average age of
56 years [1]. Endometrioid carcinomas are confined to the ova-
ries and adjacent pelvic structures in most patients, and in such
instances only 13 % are bilateral (overall: 26.8 %) [21, 22]. CA
125 is elevated in 80 % endometrioid carcinomas.

Macroscopically, no gross features distinguish endome-
trioid carcinomas from other surface epithelial-stromal
tumors [1]. Interestingly, up to 31 % of the tumors are associ-
ated with endometriosis in the same ovary or elsewhere in
the pelvis [25]. Another association of endometrioid carci-
noma of the ovary is with carcinoma of the endometrium,
present in nearly 15-20 % of cases [1].

Suspicious Adnexal Tumors (“Local Disease”)

Preoperative characterization of adnexal masses, and espe-
cially their benign or malignant nature, is a key determinant
of surgical strategy. Preoperative differentiation between
invasive and borderline ovarian tumors is also crucial for the



CT and MR Imaging of Ovarian Adenocarcinoma (Serous/Mucinous/Endometrioid)

surgeon. In a presence of suspicious adnexal mass on ultra-
sonography, a recent meta-analysis has demonstrated that
MRI performs better than CT and color Doppler ultrasonog-
raphy for optimal characterization [6]. In this setting, a lot of
studies have reported the high accuracy of MR imaging for
distinguishing malignant from benign tumors ranging from
831093 % [5, 10, 11]. Recent MR studies have demonstrated
that the addition of diffusion- and perfusion-weighted MR
sequences to conventional MRI protocol improved the pre-
operative characterization of complex adnexal masses, espe-
cially epithelial ovarian tumors [12-16].

All epithelial ovarian tumors (i.e., benign, borderline, and
invasive) are mainly cystic. The presence of solid, nonfatty,
nonfibrous tissue is the most powerful predictor of malig-
nancy [5, 10-12, 26, 27]. Solid tissue is represented by veg-
etation, solid area, and thickened irregular septa [12]. Among
these criteria, the presence of vegetations in a cystic mass is
the sole criterion pathognomonic of epithelial ovarian
tumors [28]. At histopathological examination, vegetations
are present in 20, 62, and 92 % of benign, borderline, and
malignant cystic masses, respectively [29]. Serous papillary
projections are papillary in shape, protruding internally and/
or externally. Malignant epithelial tumors demonstrate
greater, more numerous papillary projections than benign
masses [29].

Different MRI and CT features may suggest the specific
histologic subtypes of epithelial, especially non advanced-
stage serous, mucinous, and endometrioid ovarian tumors.

MR Imaging and Multidetector CT

Serous Subtype

Less than 20 % of serous cystadenocarcinomas are diag-
nosed at early-stage ovarian tumors. At MR imaging, serous
cystadenocarcinoma is suggested when an ovarian mass of
variable size has an irregular solid mass, with an intermedi-
ate signal on T2-weighted images, associated or not with
numerous endocystic or exophytic vegetations (Fig. 1) [12].
The utility of MRI dynamic contrast enhancement (DCE)
for distinguishing invasive, borderline, and benign epithe-
lial ovarian tumors has been recently demonstrated [12, 13,
15, 30, 31]. Hence, the MR diagnosis of malignancy is rein-
forced when an early uptake of contrast medium by a solid
mass or vegetations is noted during the arterial phase of
dynamic MR imaging [12, 13, 15, 30, 31]. In a recent study,
Thomassin-Naggara et al. suggested that curve type 3
appeared specific for invasive ovarian tumors whereas
curve type 1 was never observed in such tumors (Fig. 2)
[15]. In contrast to DCE MRI, diffusion-weighted (DW)
MR imaging seems less useful than DCE MRI to assess
malignant ovarian tumors [14, 32]. In this setting,
Thomassin-Naggara et al. suggested that only the combina-
tion of intermediate signal intensity on T2-weighted MRI
sequence and a high signal intensity on DWI of solid mass
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was statistically significant for distinguishing invasive from
noninvasive ovarian tumors [14].

Several studies underlined the limitation of all these
criteria (i.e., solid mass and vegetations) to distinguish inva-
sive stage IA-B from borderline or benign ovarian tumors
[33]. Different comments could be provided according to
these potential limitations. Firstly, with the exception of
benign cystadenofibromas (and Brenner tumors), almost all
benign serous ovarian tumors are predominantly cystic or
cystic papillary without solid area [25]. In addition, the solid
component of cystadenofibroma (and Brenner tumor) is
almost always hypointense on T2-weighted MR imaging,
this criterion being a well-known finding predictive of benig-
nity [34, 35]. Secondly, a lot of MR studies have shown veg-
etations in 38-48 % and 61-67 % of invasive and borderline
ovarian tumors (BOT), respectively [3, 12]. In a recent study
using multivariate analysis, Bazot et al. suggested that the
presence of vegetations displaying intermediate signal on
T2-weighted MRI and curve type 2 on DCE MRI sequence
was highly suggestive of serous BOT (Fig. 3) [36]. A particu-
lar form of serous BOT (i.e., serous surface papillary border-
line ovarian tumors) (SSPBT) was recently underlined
[36-38]. Serous surface papillary tumor of the ovary dis-
plays a surface proliferative pattern and shows papillary
excrescences on its surface [1]. SSPBT is therefore usually
an entirely solid mass that generally lacks areas of necrosis
or hemorrhage [25]. During differential diagnosis, ovarian
tumors with a rich solid component are considered malig-
nant based on cross-sectional imaging findings [12, 25].
SSPBT may therefore be diagnosed as a highly malignant
ovarian tumor by MRI [25]. However, Tanaka et al. recently
reported six cases showing a papillary architecture and inter-
nal branching (PA&IB) pattern with frond-like projections
on T2WI correlated at histopathology with epithelial multi-
layering, forming papillae with a thick fibrous stalk (Fig. 4)
[25]. This PA&IB pattern appears as a characteristic MR
imaging feature of SSPBT that cannot be obtained using CT
alone [25]. Another striking finding is visualization of nor-
mal ovaries in the mass or masses (if bilateral), most clearly
on T2-weighted MR images [37]. In contrast, serous ovarian
carcinomas with exophytic vegetations have always associ-
ated solid masses.

Few studies have specifically evaluated the value of CT
for the differentiation of ovarian cancer subtypes [39, 40].
Calcification is the most frequent finding suggestive of serous
ovarian carcinoma. However, this criterion is not specific,
being present in many benign ovarian tumors such as mature
teratoma, fibroma, or Brenner tumor. The presence of calcifi-
cations (psammoma bodies) is variable in ovarian carcinoma
histopathological studies (14.3-30 %) [1, 41]. CT compared
to histology has a low sensitivity to detect calcification within
ovarian tumors (4.7-8 %) but provides an overview of the
abdominal and pelvic cavity. In this setting, Burkill et al.
reported that calcifications tend to occur most commonly in
serous cystadenocarcinomas of lower grade [42].
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Fig.1 Images in a 35-year-old woman with bilateral low-grade serous
carcinoma developed on serous borderline tumors, Figo IC (large
white arrows). (a) Transverse T2-weighted MR image shows bilateral
complex adnexal tumors with right cystic and solid irregular compo-
nents and left endocystic nodule with intermediate signal intensity
(arrows), (b) transverse DW MR image obtained at 5=1,000 s/mm?
shows the presence of high signal intensity in solid components

Mucinous Subtype

More than 80 % of mucinous cystadenocarcinomas tend to
remain confined to the ovary and pelvis (early stage) at the
time of diagnosis [1]. Mucinous malignant ovarian tumors
are unilateral, generally cystic, and often very large and tend
to be multiloculated [43]. They often have variable signal
intensity in the loculi, owing to proteinaceous or mucinous
contents and hemorrhage [27]. It must be reemphasized that
mucinous tumors, unlike serous tumors, often vary in their
degree of differentiation from one area to another at histo-
pathological examination [1]. Hence, benign, borderline,
and invasive patterns may coexist within the same specimen
[1]. In our experience, the presence of solid mass with inter-
mediate intensity on T2-weighted MR sequence in a large
multiloculated lesion is the best predictive criterion of malig-
nancy among mucinous ovarian tumors. MR imaging is the

(arrows), (c) transverse T1-weighted MR image obtained without fat
suppression, (d) transverse fat-suppressed T1-weighted MR image
shows enhancement in the solid components of both tumors (arrows).
Note that the combination of intermediate signal intensity on
T2-weighted MRI sequence and high signal intensity on DWI of solid
components was significant for distinguishing invasive from noninva-
sive ovarian tumors

best technique to depict such solid tissue. The presence of
high signal intensity within solid mass on DWI is low pre-
dictive of malignancy [14]. However, the presence of curve
type 2 or 3 on DCE MR sequence in solid mass reinforces
the diagnosis of malignancy (Fig. 5). The combination of all
these findings is valuable, allowing distinction of mucinous
cystadenocarcinoma from other large multiloculated cystic
ovarian tumors. In this setting, different epithelial and non-
epithelial ovarian tumors should be ruled out to avoid misin-
terpretations [12]. The most frequent ovarian lesions that
may resemble to ovarian cystadenocarcinoma are cystadeno-
fibroma, struma ovarii, granulosa tumors, ovarian metasta-
ses, and collision tumors. Some important features are
important to recall allowing potential differential diagnosis.

Benign cystadenofibroma may present as a multiloculated
cystic mass with irregular thickened septa with heterogeneous
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Fig.2 Images in a 70-year-old woman with left low-grade serous car-
cinoma, Figo IC. (a) Transverse T2-weighted MR image shows multi-
ple endocystic vegetations displaying intermediate signal intensity
(arrow), (b) transverse DW MR image obtained at »=1,000 s/mm?
shows the presence of high signal intensity in endocystic vegetations
(arrow), (c) coronal T1-weighted DCE MR image obtained without fat

signal intensity on T1- or T2-weighted MR images or with a
regular solid mass exhibiting low signal intensity on
T2-weighted MR images with slight delayed uptake of con-
trast medium on postcontrast T1-weighted images. In addi-
tion to low signal intensity on T2-weighted, the presence of a
curve type 1 on DCE MR sequence within solid tissue is a
valuable tool for the diagnosis of cystadenofibroma (Fig. 6).
Struma ovarii is suggested when a multiloculated cystic
mass comprised loculi or small cysts showing low signal

suppression shows uptake of contrast medium in vegetations, (d) coro-
nal T1-weighted DCE MR image obtained without fat suppression
shows a curve type 3 in endocystic vegetations (arrow). Note that the
combination of vegetations with intermediate signal intensity on
T2-weighted MRI sequence, high signal intensity on DWI, and curve
type 3 was pathognomonic of serous cystadenocarcinoma

intensity on T1-weighted images and very low signal inten-
sity on T2-weighted images [44] (Fig. 7). The presence of
early significant enhancement on DCE MR imaging may
mimic malignancy [44]. However, half of struma ovarii are
mixed with dermoid cyst [45]. Thanks to the high capability
of MRI or CT to perform the diagnosis of dermoid cyst, this
could represent a potential clue for differential diagnosis.
Granulosa cell tumors show a spectrum of imaging mani-
festations due to various histologic appearances and various
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Fig. 3 Images in a 63-year-old woman with serous borderline ovarian
tumor. (a) Transverse T2-weighted MR image shows left unilocular
cystic tumor containing multiple irregular endocystic vegetations with
intermediate signal intensity (arrows), (b) transverse dynamic contrast-
enhanced (DCE) MR image shows curve type 2 within endocystic veg-
etations, (c) transverse T1-weighted MR image obtained without fat

arrangements of tumor cells. They have frequently the
appearance of multiloculated cystic lesions resembling to
mucinous cystadenocarcinoma [46]. These multiple cystic
spaces are filled with watery fluid or hemorrhage. Similarly
to mucinous cystadenocarcinoma, granulosa cell tumor is
confined to the ovary at the time of diagnosis and is usually
unilateral (90 %). Granulosa cell tumors of the ovary repre-
sent the most common clinically estrogenic ovarian tumor.
In this setting, they are frequently associated with endometrial
hyperplasia, polyps, and carcinoma (3-25 % of cases). All
these features are depicted using MR imaging representing a
useful tool to differentiate granulosa from malignant muci-
nous ovarian tumor (Fig. 8). Some unusual presentations can
be confusable when rupture and hemoperitoneum occur. In
all circumstances, dosage of estradiol and inhibin A should
be proposed to reinforce the preoperative diagnosis of granu-
losa cell tumor.

suppression, (d) transverse fat-suppressed T1-weighted MR image
shows enhancement in anterior and posterior endocystic vegetations
(arrows). Note that the combination of the presence of vegetations dis-
playing intermediate signal on T2-weighted MRI without associated
solid masses and curve type 2 on DCE MRI sequence was highly sug-
gestive of serous BOT

Metastatic tumors of the ovary, especially Krukenberg
tumors, usually originate in the gastrointestinal tract.
Differentiation between metastatic and primary ovarian car-
cinoma is of great importance with respect to treatment and
prognosis. Imaging findings in metastatic lesions are nonspe-
cific, consisting of predominantly solid components, mixed,
or multiloculated cystic mass. However, Krukenberg tumor
demonstrates some distinctive findings, including bilateral
complex masses with hypointense solid components (dense
stromal reaction) and internal hyperintensity (mucin) on T1-
and T2-weighted MR images, respectively [47] (Fig. 9). In
addition, the visualization of primary gastrointestinal tract,
especially on multidetector CT, is sometimes possible.

The possibility of collision tumor has to be suggested in a
presence of unusual ovarian tumor presentation on imaging
analysis. Collision tumor represents the coexistence of two
adjacent but histologically distinct tumors with no histologic
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Fig. 4 Images in a 42-year-old woman with bilateral serous surface
papillary borderline tumors. (a) Sagittal and (b) transverse T2-weighted
MR images show bilateral, entirely solid ovarian tumors showing a
papillary architecture and internal branching pattern with frond-like
projections with intermediate signal intensity (asterisks), (c) trans-
verse DW MR image obtained at »=1,000 s/mm? shows the presence

admixture at the interface. Even so rare, ovarian collision
tumors are most commonly composed of mucinous ovarian
tumors and teratoma or Brenner tumors. MRI or CT images
of a collision tumor composed of a mucinous tumor (poten-
tially malignant) and a teratoma show a typical multilocu-
lated cystic mass with internal loculi filled with pure fat.
Mucinous cystadenocarcinoma can be more difficult to dif-
ferentiate from collision tumor composed of mucinous and
Brenner tumors. In this setting, the presence of solid mass
with intermediate signal intensity on T2-weighted, high sig-
nal intensity on DWI, and a curve type 2 or 3 on DCE favors
the diagnosis of mucinous cystadenocarcinoma. In contrast,
Brenner tumor displays very low signal intensity on
T2-weighted MR sequence with mild homogeneous
enhancement on postcontrast CT and MRI (Fig. 10) [48, 49].

of high signal intensity in solid components (arrows), (d) transverse
fat-suppressed T1-weighted MR image shows enhancement in the exo-
phytic vegetations of both tumors (asterisk). Note the visualization of
normal ovary in the right mass, most clearly on T2-weighted MR
images (arrows)

In addition, Moon et al. demonstrated that amorphous calci-
fication in a solid mass was a characteristic finding of
Brenner tumor of the ovary on CT and MRI [49]. However,
mucinous cystic ovarian tumors sometimes also contain cal-
cifications. In a recent study, Okada et al. retrospectively
investigated the radiological and histopathological evidence
of calcifications in 44 cases of ovarian mucinous cystic
tumors (22 benign, 13 borderline, and 9 cancers) in which a
non-contrast CT scan was performed. Calcifications were
noted in 34.1 % of mucinous cystic tumors on CT scans and
56.8 % in histopathological studies, and they were found in
two locations, intramural and intracystic, according to the
histopathological findings. Intramural calcifications were
frequent in benign tumors, and intra-cystic calcifications
were frequent in proliferating tumors.
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Fig.5 Images in a 64-year-old woman with mucinous cystadenocarci-
noma. (a) Transverse T2-weighted MR image shows a multiloculated
cystic ovarian tumor with multiple irregular septa and posterior solid
mass with heterogeneous intermediate signal intensity (arrow),
(b) transverse DW MR image obtained at b=1,000 s/mm? shows the

Endometrioid Subtype
Endometrioid cystadenocarcinomas are almost always con-
fined to the ovary and pelvis at the time of diagnosis [1].
Imaging findings are nonspecific and include a large, com-
plex cystic mass with solid components. However, their
association with endometriosis or endometrial disease has
been previously underlined (see supra). In this setting, MR
imaging represents the best imaging technique to visualize
associated endometriotic lesions or endometrial thickening.
The exact prevalence of malignant tumors arising from
endometriotic cysts of the ovary is unknown but is estimated of
approximately 0.7 % [50]. In a recent study, Tanaka et al. con-
firmed that the most common histologic subtype in malignant
tumors developed on pelvic endometriosis was endometrioid
adenocarcinoma [50]. In this study, these authors revealed that
malignant tumors associated with endometriotic cysts tended
to appear in older patients (>45 years old), with larger endome-
triotic cysts (>10 cm) and with endometriotic cysts without

presence of high signal intensity in solid mass (arrow), (¢) transversal
T1-weighted DCE MR image obtained without fat suppression shows a
curve type 3 in solid mass related to carcinomatous component (arrow),
(d) transversal T1-weighted postcontrast MR image shows enhance-
ment of irregular septa and solid mass (arrow)

shading on MRI [50]. The use of gadolinium is usually not
required to differentiate blood clots (hypointense on T2
weighted) and mural nodules (intermediate on T2 weighted).
However, the presence of mural nodules larger than 3 cm in
maximum diameter was a strong indicator of coexisting malig-
nancy in their study [50]. In this setting, DCE MR sequence
followed by postcontrast MR imaging should be performed
because enhanced mural nodules are an important finding to
assess malignancy (Fig. 11). However, some exceptions, such
as decidualization or endometrial polyp, should be noted to
avoid potential false-positive cases of malignancy [50].

When the ovary and the uterus corpus are both involved
by endometrioid carcinomas, the question arises whether
both cancers are primary or one is metastatic from the other
[51]. At histologic examination, three different possibilities
are discussed. First, a direct myometrial invasion from sero-
sal surface by ovarian tumor favors the diagnosis of ovarian
primary and corpus metastasis. Second, if the endometrial
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Fig. 6 Images in a 67-year-old woman with bilateral cystadenofi-
broma. (a, ¢) Transverse T2-weighted MR images show bilateral
mixed ovarian tumors with cystic components and solid regular com-
ponents with low signal intensity (asterisk), (b) transverse T1-weighted

carcinoma is small and limited to the endometrium or with
limited myometrial invasion, and if there is a central located
ovarian, sometimes arising on a background of endometrio-
sis, the tumors are probably independent primaries [51].
Finally, if the endometrial carcinoma extends deeply into the
myometrium, it is usually reasonable to conclude that the
ovarian involvement is secondary [51]. These distinctions
are important to consider because of the implications for
treatment. In this setting, MR imaging may be a valuable tool
for such differentiation, providing useful information for
preoperative planning (Fig. 12).

Advanced-Stage Disease
Several studies have suggested that MRI and CT perform

equally to perform staging of advanced-stage cancer [52—
54]. In clinical practice, the availability of CT makes it the

MR image obtained without fat suppression, (d) transverse fat-sup-
pressed T1-weighted MR image shows enhancement in the solid com-
ponents of both tumors (asterisk)

investigation of choice for planning surgery in women
believed to have advanced-stage ovarian cancer.

Computed Tomography and MR Imaging

Serous (and Endometrioid)

Cystadenocarcinomas

Multidetector CT (MCT) is the first-line technique examina-
tion for staging ovarian cancer, especially serous carcino-
mas, given its widespread availability and general use.
However, CT remains inferior to surgical staging in detec-
tion of tiny peritoneal, omental, mesenteric, and diaphrag-
matic nodules [18]. Hence, laparoscopy remains the gold
standard to predict resectability. Despite its limitations,
MCT should be always performed providing major informa-
tions for the surgeon to discuss surgical and other therapeu-
tic options with the patient (i.e., biopsy and neoadjuvant
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Fig.7 Images in a 53-year-old woman with bilateral struma ovarii. (a)
Transverse T2-weighted MR image shows a left multiloculated cystic
mass with loculi or small cysts showing very low signal intensity
(arrowhead), (b) transverse fat-suppressed T1-weighted MR image
after gadolinium injection shows strong delayed enhancement in the

chemotherapy). In the presence of bulky peritoneal tumor,
CT predicts when cytoreductive surgery is likely to be
incomplete by defining sites of unresectable tumor [18]
(Fig. 13). Multidetector CT indicates when the oncologist
surgeon has to perform extensive surgery as a clear relation
has been demonstrated between the extent of surgical proce-
dures and perioperative complications and mortality (e.g.,
rectosigmoid colon, small bowel, or spleen).

The diverse morphological patterns of peritoneal carcino-
matosis of ovarian carcinomas reflect the different anatomic
and physiologic pathways of the spread of disease. Peritoneal
spread of ovarian cancer occurs by intraperitoneal dissemina-
tion and by direct extension along ligaments and peritoneal
reflections. Direct extension results in tumor invasion of the
tubes, uterus, bladder, rectosigmoid colon, and pelvic side-
wall. Intraperitoneal dissemination occurs when cancer cells
slough off the ovarian epithelium and, following the flow of

solid components of the left ovarian tumor (arrow), (c, d) transverse
T1-weighted MR image obtained without and with fat suppression
shows left multiloculated cystic mass comprised of loculi or small cysts
with low to intermediate signal intensity (arrowheads)

intraperitoneal fluid, deposit in peritoneal sites depending on
the net effects of gravity, respiratory motion, peristaltic activ-
ity, and lymphatic resorption [55]. In accordance with differ-
ent surgical classifications (i.e., Sugarbaker, Eisenkopp), a
systematic analysis of the different potential metastatic loca-
tions should be always performed using MCT [56] (i.e.,
Douglas pouch, lateral paravesical recesses, pelvic organs,
right and left paracolic gutters, omentum, mesentery, right
and left diaphragms, hepatic and splenic capsules, lesser peri-
toneal sac, gallbladder fossa, hepatorenal, gastrosplenic and
pancreaticosplenic ligaments, and pelvic and retroperitoneal
lymph nodes) (Fig. 14). In clinical practice, the three most
frequent locations of peritoneal carcinomatosis detected by
CT are Douglas pouch, omentum, and right subdiaphragmatic
space [57]. A diffuse pattern of disease is commonly encoun-
tered in the omentum, where replacement of normal fat by
tumor may range from subtle micronodular infiltration to
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Fig. 8 Images in a 63-year-old woman with granulosa tumor. (a)
Sagittal T2-weighted MR image shows multiloculated cystic lesions
with multiple cystic spaces and posterior solid mass displaying interme-
diate signal intensity (arrow); adenomyosis and endometrial thickening
are also present (arrowhead). (b) Sagittal dynamic contrast-enhanced

solid “omental cake.” Early infiltration of the perivascular
and perilymphatic spaces in the small bowel mesentery
increases their attenuation and produces linear striations [55].
Infiltration of the mesentery also sometimes manifests with a
pleated pattern produced by stiffening of the connective tis-
sue, with resultant tethering and crowding of the mesenteric
vessels [55]. Focal disease can take the form of discrete nod-
ules with a diameter of 5-20 mm, bulky intraperitoneal
masses, or plaques along peritoneal fissures and ligaments
[55]. In many patients, however, MCT is unable to demon-
strate peritoneal metastases because of their small size. The
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(DCE) MR image shows curve type 2 within solid mass. (c¢) Sagittal
fat-suppressed T1-weighted MR image without fat suppression. (d)
Sagittal T1-weighted MR image without fat suppression shows
enhancement in the posterior solid mass (arrow). Adenomyosis and
endometrial thickening are also visualized (arrowhead)

presence of calcifications improves the sensitivity of CT in
diagnosing metastases from ovarian carcinoma (Fig. 15) [41,
42, 58]. Hence, serous cystadenocarcinoma contains histo-
logic calcification in approximately 30 % of cases.
Whatever the value of MCT, the distinction between
serous ovarian carcinoma and primitive peritoneal cancer is
usually difficult. In a recent study, Choi et al. compared the
clinicopathological characteristics of 20 advanced primary
serous ovarian carcinomas with ovaries of normal size and 7
primary peritoneal carcinomas (PPCs). There were few sig-
nificantly different features between the two groups. The
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Fig. 9 Images in a 52-year-old woman with sigmoid colon cancer and
bilateral ovarian metastases. (a) Sagittal T2-weighted MR image shows
a multiloculated cystic lesion and solid component with low signal
intensity (arrow), (b) transversal T2-weighted MR image shows a mul-

patients with ovarian carcinoma tended to have less severe
omental involvement [59]. Preoperative distinction between
serous ovarian cancer and primitive peritoneal cancer may
not be as important, in which surgical debulking is the stan-
dard of care for both diseases.

Some very unusual presentation of ovarian cystadenocar-
cinoma can be present. Hence, serous psammocarcinoma, a
rare variant of ovarian serous carcinoma, is characterized
histologically by the presence of a large quantity of psam-
moma bodies. In this case, computed tomography scans
showed extensively calcified pelvic and peritoneal masses.
At CT, diffuse psammomatous calcifications may cause these
tumors to have very high attenuation and could be a radio-
logical marker of ovarian psammocarcinoma [60] (Fig. 16).

Several studies using conventional MRI sequences (i.e.,
T2, T1) have suggested that MR imaging is equally accurate
than CT in the detection of extension of disease [52-54]. MR

tiloculated cystic lesion with large solid mass displaying intermediate
signal intensity (asterisk), (c) transversal T1-weighted MR image with-
out fat suppression, (d) transversal diffusion-weighted MR image
shows diffuse high signal intensity in solid component (asterisk)

imaging is currently limited by availability, duration of
examination, lack of widespread reader experience, and
expense. However, recent development of functional MR
imaging (i.e., perfusion and diffusion) have reinforced the
potential value of MRI for the evaluation of advanced-stage
ovarian cancer. In this setting, the combined interpretation of
conventional MR images with diffusion-weighted images
has been shown to increase accuracy in the staging of ovarian
cancer by allowing the detection of more sites of involve-
ment [61, 62] (Fig. 17).

Although Vergote et al. suggested that neoadjuvant che-
motherapy followed by interval debulking surgery was a
valuable treatment option for patients with bulky stage IIIC
or IV ovarian carcinoma [63], primary debulking surgery
before initiation of chemotherapy remains the standard of
care for patients with advanced stages of ovarian cancer
[64]. Indeed, complete resection is obtained in up to 70-80 %
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Fig. 10 Images in a 68-year-old woman with mucinous borderline

ovarian tumor associated with Brenner tumor. (a) Sagittal
T2-weighted MR image shows a multiloculated cystic lesion with
upper solid irregular mass displaying low signal intensity (arrow),
(b) transversal dynamic contrast-enhanced (DCE) MR image shows

of patients with an increased disease-free survival compared
to neoadjuvant chemotherapy [64, 65]. Finally, 20-30 % of
patients are initially unresectable. In this setting, Sala et al.
using multiparametric MR imaging suggested that assess-
ment of response to neoadjuvant chemotherapy could be per-
formed [66]. In this study, 19/22 (86 %) women with
advanced-stage disease had high-grade serous carcinomas.
Their results demonstrated significant differences in baseline
ADCs among primary ovarian lesions, omental cake, and

curves type 2 within solid mass (arrow). (c¢) Sagittal diffusion-
weighted MR image shows the absence of high signal intensity in
solid mass (arrow), (d) transversal fat-suppressed T1-weighted MR
image with fat suppression shows enhancement of irregular septa and
solid mass (arrow)

peritoneal deposits, with peritoneal deposits showing the
lowest ADCs and VSFs [66].

Finally, lymph node size at CT or MR imaging has subopti-
mal sensitivity (30 %) for the detection of nodal disease in
advanced-stage ovarian cancers [20]. Preoperative lymph node
characterization may not be as important in cases of advanced-
stage ovarian cancer; indeed, in case of complete intraperitoneal
resection of ovarian cancer, comprehensive surgery includes
systematic pelvic and para-aortic lymphadenectomy [55].



256

M. Bazot et al.

Fig. 11 Images in a 31-year-old woman with endometrioid cystadeno-
carcinoma grade 1 FIGO stage IA associated with endometrial cyst. (a)
Transversal T2-weighted MR image shows a solid-cystic right ovarian
tumor. Solid portion displays heterogeneous intermediate signal inten-
sity (arrow). (b) Transversal T1-weighted MR image with fat suppres-
sion shows cystic component displaying intermediate signal intensity,

Mucinous Cystadenocarcinomas

Pseudomyxoma peritonei is another potential form of perito-
neal spread and is by far the most common extraovarian
manifestation of mucinous tumors. Pseudomyxoma perito-
nei is now clearly recognized to be subsequent to gastroin-
testinal tumor. Histologic examination discloses large pools
of mucin surrounded by or associated with well-differentiated
mucinous epithelial of intestinal type.

It is important to be aware that current thinking about the
origin of pseudomyxoma peritonei has changed. It is now
recognized that in the vast majority of cases, the primary
tumor is actually from the appendix with metastases to the
ovary, rather than being a primary ovarian tumor [67]. In
every case of pseudomyxoma peritonei, the appendix should

(c) transversal T1-weighted MR image without fat suppression shows
cystic component displaying intermediate signal intensity, (d) transver-
sal fat-suppressed T1-weighted MR image with fat suppression shows
heterogeneous enhancement of solid component (arrow). Note the pres-
ence of contralateral small endometrial cyst displaying high signal inten-
sity on T1-weighted MR images and shading on T2-weighted MR image

be thoroughly examined and special tissue testing done to
differentiate pseudomyxoma peritonei of gastrointestinal
origin from ovarian origin. Pseudomyxoma peritonei should
be distinguished from localized collections of acellular
mucin surrounding a ruptured mucinous ovarian tumor or an
appendiceal mucocele (clement).

Several studies have reported the aspect of pseudomyx-
oma peritonei on CT or MR imaging. Computed tomography
is the most widely used technique in diagnosing and deter-
mining the extent of pseudomyxoma peritonei [68].
Mucinous peritoneal implants generally have low attenua-
tion on CT scans and do not calcify [67]. Mucinous ascites is
generally heterogeneous and of fat density with attenuation
values greater than those of water [69]. The amorphous,
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Fig. 12 Images in a 59-year-old woman with bilateral endometrioid
ovarian cystadenocarcinoma associated with endometrioid endometrial
cystadenocarcinoma. (a) Transversal T2-weighted MR image shows a
solid-cystic right ovarian tumor. Solid portion displays heterogeneous
intermediate signal intensity (arrow). (b) Transversal T1-weighted MR

mucoid material insinuates itself around and in between the
mesenteric reflections, bowel, and solid organs. The low
attenuation and diffuse nature of this process may be con-
fused with ascites. Unlike simple ascites, however, pseudo-
myxoma peritonei has mass effect and causes scalloping
along the liver capsule and abdominal organs. Scalloping
refers to extrinsic pressure on the liver or splenic margins by
adjacent peritoneal implants without parenchymal metasta-
ses. Due to mass effect, bowel loops are displaced centrally
and posteriorly, rather than free floating, and subtle septa-
tions may be noted [70]. Curvilinear calcifications (though
infrequent) and omental thickening, if found, may reinforce
the diagnosis of pseudomyxoma peritonei [68].

image without fat suppression, (¢) transversal DCE MR imaging shows
a curve type 2 in right irregular solid mass, (d) transversal fat-sup-
pressed T1-weighted MR image with fat suppression shows heteroge-
neous enhancement of solid component (arrow). Note endometrial
irregular thickening related to endometrial carcinoma (large arrow)

The role of MR imaging in patients with pseudomyxoma
peritonei is still being investigated. Based on a limited number
of patients reported in the medical literature, MR imaging may
prove more helpful than CT in assessing the rare visceral inva-
sion by the mucinous tumor [71]. In a recent study, Siegelman
et al. suggested that some MR characteristics of pseudomyx-
oma peritonei could be highlighted [35]. Hence, mucin dis-
plays low to intermediate and high signal intensity on T1- and
T2-weighted MR imaging, respectively. In addition, a periph-
eral enhancement with or without lacelike can be present [35].
In three cases of pseudomyxoma peritonei analyzed by MR
imaging findings, Buy et al. suggested that both implants and
mucoid ascites displayed a low signal intensity on T1-weighted
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Fig. 13 Multidetector computed tomography (MCT) images in a
72-year-old woman with advanced serous ovarian carcinoma FIGO
stage IV. (a) MCT image passing through pulmonary apex shows left
supraclavicular lymph node metastasis (arrow). (b) MCT image

images close to that of muscle tissue. On T2-weighted images,
there was general hyperintensity of signals, which was more
pronounced in mucoid ascites than in implants and which
approached signal intensities of water [71].

passing through the liver shows liver capsule metastasis (arrow), (c)
MCT image shows gastrosplenic and pancreaticosplenic ligament
carcinomatosis (arrow), (d) MCT image passing through the pelvis
shows frozen pelvis (arrow)

In conclusion, serous, mucinous, and endometrioid ovar-
ian cancers have suggestive histopathological features that
can be used when performing MRI and MCT for character-
ization and staging.
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Fig. 14 Multidetector computed tomography (MCT) images in a 27-year-old woman with advanced serous ovarian carcinoma FIGO stage I1IC
show calcific deposits within ovarian cancer and in multiple peritoneal metastases (arrows)

Fig. 15 Multidetector computed
tomography (MCT) image in a
68-year-old woman with
advanced serous ovarian
carcinoma FIGO stage IIIC
shows several retroperitoneal
lymph nodes (arrow)
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Fig. 16 Images in a 69-year-old woman with bilateral ovarian psam-  (b) MCT image shows diffuse calcifications within right ovarian tumor
mocarcinoma. (a) Postcontrast sagittal T1-weigthed MR image with fat  highly suggestive of psammocarcinoma
suppression shows bilateral solid-cystic malignant ovarian tumors,
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Rare Malignant Tumor (Clear Cell
Adenocarcinoma, Transitional Cell
Carcinoma, Malignant Brenner
Tumor) (Clinical Setting and US)
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Abstract

Clear cell carcinomas and transitional cell tumors represent rare histotypes of epithelial
ovarian tumors. Two clinicopathologic types of malignant transitional cell tumor have been
described: malignant Brenner tumor, in which a benign or atypical proliferative (borderline)
Brenner component is identified within or contiguous with the tumor, and transitional cells
carcinoma (TCC), in which no benign or borderline Brenner is identified.
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More than 90 % of ovarian malignancies are derived from
the surface epithelium, mainly of serous or mucinous type
[1]. Clear cell carcinomas and transitional cell tumors repre-
sent rare histotypes of epithelial ovarian tumors.

Clear Cell Tumors
Pathology and Clinical Setting

The vast majority of clear cell neoplasms of the ovaries are
carcinomas and comprise 8.5 % of ovarian carcinomas.
Clear cell adenofibromas and atypical proliferative (border-
line) clear cell neoplasms are extremely rare. The mullerian
nature of clear cell tumors of the ovary, previously thought to
be of mesonephric origin, is endorsed by close association
with endometriosis, their frequent admixture with
endometrioid carcinoma, the occurrence of identical tumors
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in the endometrium, and their origin in vaginal adenosis in
DES-exposed women [2]. Among all cell types of ovarian
carcinoma, clear cell carcinoma holds the strongest associa-
tion with endometriosis.

The mean age of patients with clear cell carcinoma is
50-53 years. Symptoms usually relate to a pelvic or
abdominal mass. Clear cell carcinoma is the most com-
mon epithelial ovarian neoplasm to be associated with
vascular thrombotic events and paraneoplastic hypercal-
cemia [3, 4].

About 35-60 % of clear cell carcinomas present in FIGO
stage I and 9-22 % in stage II [5-7]. Several recent studies
have shown that stage I clear cell carcinoma is more likely to
be stage IC as compared to the other cell type. The reason for
this is not clear, but it seems to be correlated with a higher
risk of tumor rupture [2].

There are conflicting data on the behavior of clear cell
carcinoma. Historically, clear cells carcinomas have fore-
boded a very poor outcome. Nevertheless, this has not been
confirmed in many recent studies where large series have
been analyzed [8, 9]. Similar to all ovarian carcinomas,
FIGO stage I cell carcinoma has a 90 % or better 5-year sur-
vival. Evidence that clear cell histology in advanced stage is
an adverse prognostic factor is rather more convincing [8,
10]. The treatment is similar to that of other epithelial cell
types of ovarian carcinoma.
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Macroscopy

The size of clear cell carcinomas ranges up to 30 cm with
a mean of about 13-15 cm [2]. Although they may be
solid, more commonly the cut surface reveal a thick-walled
unilocular cyst with multiple yellow-beige fleshy nodules
protruding into the lumen or a multilocular mass with loc-
ules containing watery or mucinous fluid. Most tumor
arise in endometriosis and display features of an endome-
triotic cyst which typically contains chocolate-brown
fluid, and thickened polypoid or nodular area in the wall,
or a larger solid area reflecting the focus of malignant
transformation [2].

Ultrasound

In the literature, sonographic characteristics of clear cell car-
cinomas are usually described together with the other more
common “epithelial malignant tumors,” and a separate anal-
ysis of this type of malignancy has not usually reported. In
Valentin’s paper [11], for instance, 11 cases with clear cells
carcinomas were included, but no detailed assessment was
made in this subgroup of cancers.

Only recently, a paper by Alcazar et al. [1] reported the
ultrasound features of 16 cases of clear cell carcinomas.

According to the morphology at grayscale evaluation, 13
(81 %) of 16 tumors were unilocular/multilocular-solid, one
(6 %) tumor was unilocular, and two (13 %) were solid.
Median size was 231 ml (range 9-2,432). All tumors but one
were vascularized at color Doppler, with moderate and rich
vascularization in 13 (81 %) cases.

In a study aimed at comparing the sonographic patterns of
borderline tumors and primary ovarian cancers arising in
endometrioid cysts versus sonographic features of benign
endometriotic cysts, six cases of clear cell carcinoma arising
in endometriotic cysts have been collected (five cases were
FIGO stage I and one case FIGO stage II disease). All cases
were characterized by the presence of solid tissue, vascular-
ized at color Doppler examination [12].

Ultrasound images of clear cell carcinoma are shown in
Figs. 1, 2, and 3.

Transitional Cells Tumors
Pathology and Clinical Setting

Transitional cells tumors comprise 10 % of ovarian epithelial
tumors. The transitional epithelial cell type, characterized by
a relatively uniform population of stratified cells with ovoid
nuclei displaying nuclear grooves, is named because of its
resemblance to urothelium [2].

Fig. 1 Ultrasound image of a clear cell carcinoma in a 74-year-old
woman showing a multilocular-solid mass with minimal vasculariza-
tion at color Doppler examination

Two clinicopathologic types of malignant transitional cell
tumor have been described: malignant Brenner tumor, in
which a benign or atypical proliferative (borderline) Brenner
component is identified within or contiguous with the tumor,
and transitional cells carcinomas (TCC), in which no benign
or borderline Brenner is identified [13].

The histologic patterns of TCC are often mixed with other
types of carcinoma, most often serous. Approximately 10 %
of ovarian carcinomas containing the TCC pattern are said to
be pure. More than 50 % of the tumor should display the pat-
tern of TCC for a diagnosis of TCC. In addition to not having
a benign Brenner tumor component, TCC lacks the promi-
nent stromal calcification [14-16].

Since TCC of the ovary has marked morphological simi-
larities to TCC of the bladder and it behaves more aggressive
than malignant Brenner tumors, Austin and Norris [14] con-
cluded that ovarian TCC arises directly from the pluripotent
surface epithelium of the ovary and from cells with urothelial
potential, rather than from a benign or proliferative Brenner
tumor precursor.

Eichhorn and Young provided a detailed description of
ovarian TCC [17], which typically displays undulating, dif-
fuse, insular, and trabecular growth patterns. The tumor cell
nuclei are oblong or round, often exhibiting nucleoli with
longitudinal patterns. The cytoplasm is often pale and granu-
lar and is rarely clear or eosinophilic.

Malignant Brenner tumors occur at a mean age of 63
years, while TCCs present at a mean age of 56 years.

Almost all Brenner tumors are asymptomatic and discov-
ered by chance, for example, at the time of imaging for an
unrelated indication or at surgery [13, 17-22]. Among patients
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Fig. 2 Ultrasound image of a clear cell carcinoma in a 63-year-old
woman showing a solid mass moderately vascularized at color Doppler
examination (a) with high velocities (Peak Systolic Velocity =32 cm/s) (b)

Fig. 3 Ultrasound image of a clear cell carcinoma in a 48-year-old
woman showing a unilocular-solid mass. The internal cyst wall is irreg-
ular with a large protruding solid component
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who are symptomatic, vaginal bleeding (explained by estro-
genic activity) [13, 19, 23-25], pelvic pain, or the presence of
apalpable pelvic mass are frequently reported [24, 25]. Patients
may also present with urinary retention [15], ascites [1], or
Meigs’ syndrome [2]. The common presenting symptoms of
TCC of the ovary are abdominal pain, abdominal swelling or
distension, and weight loss. Occasionally, the patient may
present with uterine bleeding, back pain, and bowel or urinary
symptoms. However, the clinical presentation is not discern-
ible from other types of ovarian carcinoma [14, 17].

CA125 is clinically useful as a serum marker of advanced
stages, tumor progression, and recurrence, although early
stages may be CA125-negative.

The stage distribution of malignant Brenner tumor is as
follows: stage I, 64 %; stage II, 12 %; stage III, 18 %; and
stage IV, 6 %. In contrast, 53 % of TCCs present in advanced
stage [2].

Ovarian TCC is clinically different from malignant
Brenner tumor.

TCC presents in advanced stages, while most malignant
Brenner tumors present in stage I. TCC is a variant of high-
grade serous carcinoma and thus is a type I tumor. In contrast,
malignant Brenner tumor has features of a type I tumor [2].

Because of the rarity of malignant Brenner tumors, there
is little information on the prognosis and long-term survival
of women with borderline or malignant Brenner tumors [26].

Given that malignant Brenner tumors are rare, we find
scant information on the prognosis and long-term survival of
women with borderline or malignant Brenner tumors [26].

Progression of malignant Brenner tumors is associated
with metastases within the abdominal cavity [19]. Metastases
are also seen in the pleura, lungs, kidneys, liver, urinary blad-
der, and skeleton [27]. Long-term disease-free survival is
extremely rare, although well-differentiated tumors appear
to have a better prognosis [25]. Roth described 14 patients
with a borderline tumor: during a follow-up time of 6 months
to 10 years, 13 patients remained disease-free, and the 14th
patient died of acute leukemia shortly after diagnosis [25].

TCC is more chemosensitive than serous carcinoma.
Patients with TCC had better prognosis compared to patients
with all other types of ovarian carcinomas following stan-
dardized chemotherapy [27], even if limited data of survival
are available. The estimated 5-year survival following sur-
gery for patients with TCC was 37 %, whereas for patients
who received chemotherapy, survival was at 41 % [15, 16].

Macroscopy

The mean size of Brenner tumors is 14 cm (ranging up to
25 cm) and the mean size of TCCs is 10 cm [17].

In the malignant Brenner tumor, the benign Brenner com-
ponent can be distinguished as a solid fibrous nodule within



266

T.A.Carlaetal.

a cyst wall. At times a malignant Brenner tumor can also be
completely solid.

The gross appearance of TCC is similar to high-grade
serous carcinoma, typically solid and cystic. The cysts may
exhibit polypoid friable mural nodules, and the cyst fluid is
watery or mucinous. Hemorrhage and necrosis may be
remarkable.

In addition, malignant Brenner tumors, like their benign
counterparts, often have marked stromal calcification that is
usually speculated, in contrast to TCCs in which calcifica-
tion is less common and more often psammomatous.

Ultrasound

A few papers in the literature deal with sonographic charac-
teristics of malignant transitional cell tumors.

The large prospective multicenter study collecting sono-
graphic characteristics of ovarian tumors (International
Ovarian Tumor analysis (IOTA) protocol) grouped these
tumors in the subgroup of “rare malignancies,” but a separate
analysis of the different types was not performed.

There is only one recent publication describing 15 cases
of transitional cells carcinoma. In all cases solid component
was observed, 9 (60 %) of the 15 tumors being solid and 9
(40 %) being unilocular or multilocular-solid. Thirteen
(87 %) cases were richly vascularized at color Doppler
examination. Median size was 180 ml (range 6-1,766) [1].

As highlighted by the authors, no statistically significant
differences between various types of malignant rare tumors
were observed in terms of tumor size, morphology, and
amount of vascularization.

As far as malignant Brenner tumors are concerned, clini-
cal and sonographic characteristics were analyzed by
Dierickx and colleagues in a recent multicenter study [26].
In a large series of 29 Brenner tumors they found 2 border-
line and 3 invasively malignant Brenner tumors.

Whereas most benign Brenner tumors (17/24, 71 %) con-
tained solid components and manifested no or minimal blood
flow at Doppler examination (19/24, 79 %), 3 out of 5 (60 %)
borderline and invasively malignant Brenner tumors con-
tained solid components and 3 out of 5 (60 %) manifested
moderate or high flow at color Doppler examination.

Fig.4 Ultrasound image of a 5 cm purely solid benign Brenner tumor
in a 60-year-old woman

Papillations were present in one of the two borderline tumors,
and irregular internal cyst walls were noted in three (60 %)
of the five malignancies. Information about calcifications
was available for four malignant Brenner tumors and in three
of these (75 %) calcifications were present.

In their paper, Diericks and colleagues failed to identify
specific ultrasound features for Brenner tumors, and the
number of borderline and invasively malignant Brenner
tumors was too small to draw a conclusion and be able to
describe possible typical ultrasound features of malignant
Brenner tumors [26].

Ultrasound findings compatible with calcifications did
seem to be common in Brenner tumors, and there were
described in almost all malignant ones. However, the infor-
mation on presence/absence of calcifications was collected
retrospectively and it could have been biased; thus, it ought
to be interpreted with caution.

Another publication by Hata et al. reports the ultrasound
features of one borderline Brenner tumor. This borderline
Brenner tumor was described as a 14 cm multilocular-solid
tumor with papillations arising from its septae [28].

Ultrasound images of benign and borderline Brenner
tumor are shown in Figs. 4 and 5.
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Fig. 5 Ultrasound images of a 16 cm multilocular-solid borderline
Brenner tumor in a 60-year-old woman. The internal cyst wall and the
septa are irregular because of multiple papillary projections (a) with
minimal detectable blood flow at color Doppler examination (b)
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Rare Ovarian Tumors: Computed
Tomography and Magnetic Resonance

Takashi Koyama, Takashi Ikeuchi, and Kaori Togashi

Abstract

Clear cell carcinoma is typically a cystic mass containing multiple mural nodules. The cyst
content typically shows high intensity on both T1- and T2-weighted images. Malignant
Brenner tumor is typically a large multilocular cystic mass containing papillary projections
and solid elements. Carcinosarcoma is typically a large heterogeneous mass, containing

hemorrhage and necrosis.
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This chapter deals with rare ovarian epithelial tumors,
including clear cell tumors, malignant transitional cell
tumors, and mixed miillerian tumors.

Clear Cell Tumors

Clear cell tumors of the ovary are histologically character-
ized by the cells with clear cytoplasms. These cells may
show hobnail appearance that bulge into the lumen, known
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as “hobnail cells.” The vast majority of clear cell neoplasms
are carcinoma, whereas clear cell adenofibroma and atypical
proliferative clear cell tumors, which has also been called as
clear cell adenofibroma of borderline malignancy, are
extremely rare.

Clear Cell Carcinomas

Clear cell carcinomas (CCCs) comprise 8.5 % of ovarian
carcinomas in Western countries, whereas their incidence
in Japan is estimated as at least 20 %. CCCs in Japan are
the second common epithelial ovarian carcinoma follow-
ing serous adenocarcinomas, and their incidence is still in
increase, though the reasons for their high and increasing
incidence remain unclear. CCC usually occurs in patients
in the fifth to seventh decades, with median age of
54 years.

CCC has several clinical characteristics different from
other types of epithelial ovarian carcinomas. CCCs are the
most common ovarian epithelial tumor to be associated with
paraneoplastic thrombophlebitis known as Trousseau
syndrome and paraneoplastic hypercalcemia (Fig. 1) [1, 2].
A thromboembolic event, including deep venous thrombosis
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Fig. 1 Clear cell carcinoma with paraneoplastic migratory thrombo-
phlebitis in a 40-year-old woman who presented with sudden respira-
tory distress by pulmonary embolism. (a) Contrast-enhanced CT of the
thorax shows pulmonary embolisms in the bilateral pulmonary
(arrowheads). (b) CT at the inguinal level shows a venous thrombus in

or pulmonary embolisms, has been observed in 27.3 % of
patients with CCC, while it is seen in 6.8 % of patients with
other epithelial ovarian cancers [3]. The patients with
Trousseau syndrome may also have noninfectious endocar-
ditis and subsequent arterial embolisms in a variety of organs,
including brain and kidney. Another clinical characteristic of
CCC is that this tumor has the strongest relationship with
endometriosis among all cell types of ovarian carcinomas
[4]. CCCs usually arise from preexisting endometrial cysts
[5]. Endometriotic implants are commonly seen in the vanity
of the tumor or elsewhere in the pelvic cavity.

CCCs usually present as a large cystic mass, and they
rarely occur in bilateral. CCC tends to present in early

her right femoral vein (arrow). (¢) CT of the pelvis demonstrates a well-
demarcated cystic mass containing irregular-shaped solid components
ventrally (arrowheads). Ascites (asterisk) is present in her left pelvic
cavity

FIGO stages, with 35-60 % in stage I disease and 9-22 %
in stage II. However, stage I CCC is more likely to be
stage IC, probably because of higher risk of tumor
rupture [6]. Their tendency of early clinical stage at
presentation is explained by that CCC usually arises
from preexisting endometriomas. However, clear cell
carcinoma in early stages had a poorer outcome or a ten-
dency toward poor outcome compared with other ovarian
carcinomas [7, 8].

The gross appearances of CCC are characterized by mul-
tiple mural nodules within a thick-walled unilocular cyst,
which represent endometriomas (Fig. 2) [4]. On MR imag-
ing, the content of the cysts typically shows high intensity
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Fig. 2 Clear cell carcinoma in a 64-year-old woman who presented  and high intensity in the endometrioma (arrow). (¢) Contrast-enhanced
with multifocal acute cerebral infarction. (a) Sagittal T2-weighted TI-weigthed image shows heterogeneous enhancement in the tumor.
image demonstrates an irregular-shaped tumor of high intensity (d) Fluid attenuated inversion recovery (FLAIR) image shows multiple
(arrowheads) and endometrioma of distinct low intensity (arrow). foci of high intensity, representing acute embolitic infarctions

(b) T1-weighted image shows predominantly low intensity in the tumor
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Fig. 3 Clear cell carcinoma in a 57-year-old woman. (a) Sagittal
T2-weighted image shows a large unilocular cyst, associated with mul-
tiple papillary projections of intermediate intensity (arrowheads). (b)

on T1-weighted images, as usually seen in endometriomas.
However, the signal intensity on T2-weighted images is usu-
ally high, rather than low intensity commonly seen in
endometriomas [9]. The neoplastic nodule in CCC can show
variable size, ranging from tiny nodule to large mass that is
about to fulfill the entire cystic cavity. On MR imaging, they
usually show low intensity on T1-weigthed images, but vari-
ably low to high intensity on T2-weighted images (Fig. 3).
Post-contrast image reveals enhancement in the nodules.
The confirmation of enhancement on post-contrast image is
important for differentiating neoplastic mural nodules from
coagulated clots, which are commonly seen in endometrio-
mas but never enhanced. Imaging features in CCCs described
above are also seen as endometrioid adenocarcinomas,
which can also arise from endometrioma. However, the
presence of simultaneous thromboembolitic events, includ-
ing thrombophlebitis, pulmonary embolisms, and infarc-
tions of many organs, may suggest the diagnosis of CCC
(Figs. 1 and 3).

Clear Cell Adenofibromas/Clear Cell
Adenofibromas of Borderline
Malignancy

Clear cell adenofibromas (CCAs) of borderline malignancy
is also called as atypical proliferative clear cell tumor [4].
The gross appearance of these tumor is characterized by
microcystic structures of honeycomb appearance, embed-
ded within firm rubbery stroma [4]. Histology of these
tumors shows tubular glands lined by a layer of hobnail
cells. In CCA of borderline malignancy, the glands are
more crowded, and the cells display nuclear atypia. These
tumors are considered to be precursors of CCCs, and clear

T1-weighted image shows increased signal intensity in the cyst content
and mural nodules of low intensity. (¢) Post-contrast T1-weighted
image shows enhancement in the papillary projections (arrowheads)

cell carcinoma may accompany these tumors. As like CCCs,
these tumors may associate with endometrioma. Although
imaging findings of CCAs have not been documented, our
experience case of CCA appeared as multilocular cystic
mass containing numerous fine septi (Figs. 4 and 5). The
areas with abundant fibrous stromas in CCA were
demonstrated as solid component of low intensity on
T2-weighted images (Fig. 4).

Malignant Transitional Cell Tumor

Transitional cell tumors comprise approximately 10 % of
ovarian epithelial tumors, and nearly all of these are benign
Brenner tumors. Borderline Brenner tumor and malignant
transitional cell tumor are very uncommon. Borderline
Brenner tumor is also called as atypical proliferative
Brenner tumor, proliferating Brenner tumor or Brenner
tumor of low malignant potential [4]. Malignant transitional
cell tumors are further subdivided into malignant Brenner
tumor and transitional cell carcinoma (TCC). These tumors
are characterized by the histologic stromal invasion by tran-
sitional tumor cells, while this finding is absent in border-
line tumor.

Malignant Brenner tumor is pathologically defined by the
presence of benign Brenner components within the tumor,
while transitional cell carcinoma does not contain these
components. Recent reports on immunohistochemical and
genetic studies have shown that Brenner tumor has true
urothelial differentiation, while TCC is a variant of high-
grade serous carcinoma [10, 11]. This recognition is also
supported by the observation that high-grade serous adeno-
carcinomas frequently have focal areas that display features
like of TCC [4].
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Fig. 4 Clear cell adenofibroma in an 89-year-old woman. (a) Axial
T2-weighted image shows a large solid mass containing a cystic com-
ponent of multilocular appearance (arrows) with fine septi. (b)

Post-contrast T1-weighted image shows week enhancement in the
periphery of the solid component

Fig. 5 Clear cell borderline cystadenofibroma in endometrioma in a
32-year-old woman. (a) Axial T2-weighted image shows complex
mural nodules of heterogeneous intermediate intensity (arrows). (b)

Post-contrast-enhanced T1-weighted image reveals microcystic

Both borderline and malignant Brenner tumors are usu-
ally larger than their benign counterparts and tend to be
multilocular cystic in appearance (Figs. 6 and 7). The
tumors typically contain multiple papillary projections
and irregular-shaped solid components (Fig. 7) [12].
Meanwhile, the gross appearance of TCC is similar to
high-grade serous carcinomas and typically is an irregular-
shaped solid mass. On T2-weighted images of MR imag-
ing, the signal intensity of solid components have been
reported to be higher in malignant transitional cell tumors
compared with those in benign and borderline Brenner
tumors [13].

structure within mural nodules with numerous fine septi (arrows). The
papillary projections (arrowhead) beside the microcystic lesion are
enhanced. These projections correspond to clear cell carcinomas arising
from clear cell adenofibroma

Mixed Miillerian Tumor of the Ovary

Mixed miillerian tumor (MMT) is histologically character-
ized by the presence of both epithelial and mesenchymal ele-
ments. The mesenchymal cells exhibit varying degree of
proliferation and are often sarcomatous. MMTs with benign
epithelial components are designated as adenosarcoma,
while those with malignant epithelial components are carci-
nosarcoma. Although MMTs are more commonly encoun-
tered in the uterus, MMTs are quite rare in the ovaries [14,
15]. The imaging features of ovarian MMT have not been
well documented.
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Fig.6 Borderline Brenner tumor in the right ovary and benign Brenner
tumor in the left ovary. (a) Axial T2-weighted image shows bilateral
ovarian tumors. Right ovarian tumor is composed of a cystic component
dorsally and a solid component (arrow), which exhibits heteroge-
neously intermediate intensity. Left ovarian tumor is a lobulated solid

mass of distinct low intensity (arrowheads). (b) Post-contrast
T1-weighted image with fat suppression demonstrates marked but
heterogeneous enhancement in the solid component (arrow) of the right
ovarian mass and poor enhancement in the left ovarian mass
(arrowhead)

Fig.7 Malignant Brenner tumor. (a) Axial T2-weighted image shows
a complex multilocular cystic mass containing numerous papillary pro-
jections and irregular-shaped solid components (arrows). There is
another cystic mass with a fluid-fluid level in her right ovary

(arrowhead). (b) Post-contrast T1-weighted image shows marked
enhancement in the papillary projections and solid components in the
heterogeneous tumor. The peritoneal surface is thickened and enhanced,
representing carcinomatous peritonitis
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Fig. 8 Adenosarcoma arising from endometrioma in a 32-year-old
woman. (a) T2-weighted image shows mural nodules of heterogeneous
high intensity (arrowhead), covered by clots of decreased intensity.

Adenosarcoma

Adenosarcoma usually occurs in both pre- and postmeno-
pausal women, with mean age of 54 years old [16]. About
65 % of patients present in FIGO stage I. The microscopic
feature in adenosarcoma is periglandular stromal condensa-
tion and increased mitotic index in these hypercellular areas.
Histologically, one-fourth of tumors are considered as high
grade, while the rests are low grade. The 5-year disease-free
survival is 45 % for low grade and 25 % for high grade [16].
The overall 5-year survival is about 65 %. The gross appear-
ance of adenosarcoma is predominantly solid mass with
some cystic areas, but 10 % of tumors are predominantly
cystic [16]. Adenosarcomas are known to arise from preex-
isting endometrial cyst [17]. In our experienced case, adeno-
sarcoma presented as mural nodule arising in endometrioma
on MR imaging (Fig. 8) [18]. The nodule shows heteroge-
neously low intensity on T2-weighted images. In another
experienced cases of adenosarcoma, a lobulated soft tissue
mass almost fulfilled the cystic cavity. The mass exhibit high

(b) T1-weighted images shows cyst content of high intensity and mural
nodules of low intensity

intensity on T2-weigthed images and reticular pattern of
enhancement on post-contrast images (Fig. 9).

Carcinosarcoma

Carcinosarcoma is a highly aggressive tumor and convey
poor prognosis with median survival of approximately 8
months [19]. Patients with carcinosarcomas are usually
elderly women with mean age of 64-66 years, which is
higher than that of other ovarian carcinomas [20]. The
microscopic feature is characterized by the admixture of
malignant epithelial and stromal elements. The epithelial
elements is commonly serous or endometrioid carcinoma.
The stromal elements are usually composed of spindle-
shaped cells with marked nuclear atypia and mitosis and
commonly associated with heterologous components of
most commonly chondrosarcoma, osteosarcoma, and
rhabdomyosarcoma. Recent immunohistochemical and
genetic studies suggest that ovarian carcinosarcoma is a
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Fig. 9 Adenosarcoma of the ovary in a 69-year-old woman. (a)
T2-weighted image shows a well-demarcated cystic lesion (arrowheads),
containing complex lobular mass. (b) Post-contrast T1-weighted image

kind of metaplastic carcinoma [21, 22]. These tumors are
usually large, and gross appearance is characterized by the
presence of hemorrhage and necrosis, as well as their
counterpart in the uterus. On MR imaging, ovarian carci-
nosarcoma is depicted as a large heterogeneous mass con-
taining area of hemorrhagic necrosis (Fig. 10), which

shows reticular enhancement in the tumor. (¢) Gross picture of the tumor
shows a lobulated soft tissue within the cyst

show increased signal on TI1-weighted image and
decreased intensity on T2-weighted images. The tumor is
heterogeneously enhanced on post-contrast T1-weighted
image because of extensive necrosis within the tumor. As
like adenosarcomas, carcinosarcomas may arise from pre-
existing endometrioma [23].
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Fig. 10 Carcinosarcoma in a 66-year-old woman. (a) Sagittal Post-contrast T1-weigthed image shows heterogeneous enhancement
T2-weighted image shows a huge mass of heterogeneous high intensity ~ within the tumor due to multifocal unenhanced area, reflecting hemor-
anterior to the uterus. (b) T1-weighted images reveals foci of increased  rhage and necrosis

intensity (arrows), representing hemorrhage within the tumor. (c)
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Sex Cord-Stromal Tumors: Clinical
Setting and Ultrasound Findings

Caroline Van Holsbeke and Dirk Timmerman

Abstract

Ovarian sex cord-stromal tumors (SCST) are tumors that arise from the non-germ cells and
non-epithelial cells that surround the oocytes, including the cells that produce ovarian hor-
mones. These tumors show proteiform ultrasonographic patterns and usually they appear as
solid tumor with color score 3—4.
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Introduction

Ovarian sex cord-stromal tumors (SCST) are tumors that
arise from the non-germ cells and non-epithelial cells that
surround the oocytes, including the cells that produce ovar-
ian hormones [1], i.e., the granulosa cells, theca cells, Sertoli
cells, Leydig cells, and fibroblasts (Fig. 1). Therefore, the
SCST display areas of gonadal stromal differentiation, such
as granulosa, theca, Sertoli, or Leydig differentiation.

Most consist of ovarian cell types, but testicular (Sertoli
cell) and mixed ovarian and testicular (gynandroblastoma)
cell types can occur.

Epidemiology

Sex cord-stromal ovarian neoplasms are rare, and the inci-
dence is estimated around 0.2 per 100,000 women [1].
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They are a mix of benign and malignant neoplasms but
comprise only 1.2 % of the ovarian cancers, most of them
(1 % out of the 1.2 %) being granulosa cell tumors.

In comparison with epithelial ovarian cancer, malignant
sex cord-stromal tumors are rare, are found in younger
patients, are diagnosed at an earlier stage, and may produce
estrogens or androgens. These sex steroid hormones not only
result in particular symptoms but may also function as tumor
markers and will help in the diagnosis [2, 3]. Sex cord-
stromal neoplasms have no known association with the
BRCA germline mutations or a genetic predisposition to
breast cancer.

In this chapter we will describe the most important and
relevant sex cord-stromal tumors. Most clinicopathological
information was found in Blaustein’s pathology [4] and in
the pictorial essays that were published by the IOTA group
[5, 6]. The sonographic features are described following the
IOTA (International Ovarian Tumor Analysis) terms and
definitions [7].

Granulosa Cell Tumors
Epidemiology

The granulosa cell tumor (GCT) is a rare tumor that accounts
for 1-3 % of all ovarian tumors, but is the most common sex
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Fig. 1 Origin of all different

types of ovarian tumors
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cord-stromal tumor (70 %) and the most common (80 %)
hormone-producing ovarian tumor [8—11].

The incidence is 0.5-1.5/100,000 women per year [12].
One-third of granulosa cell tumors occur in premenopausal
women, more than 50 % in postmenopausal women and 5 %
in the prepubertal period [11]. It is widely thought that gran-
ulosa cell tumors develop as a result of stimulation of the
granulosa cells but the stimulus is unknown. Radiation ther-
apy, damage to the ova and granulosa cells, increased release
of gonadotropins during fertility treatment, and the use of
tamoxifen (due to the estrogenic activity caused by the estro-
genic metabolites) have all been proposed to be potential
causal factors, but there is no real evidence to support any of
these hypotheses [13]. There are two types of GCTs, the
adult type and the juvenile type (Fig. 2). The juvenile type
comprises only 5 % of granulosa cell tumors [11, 14]. The
differences between both types are merely histopathological
(Table 1).

Clinical Symptoms

A hyperestrogenic state due to the hormone production
inside the tumor is often seen in patients with a granulosa
cell tumor and results in clinical symptoms that facilitate the
diagnosis [15]. Children usually present with isosexual pre-
cocious puberty or occasionally galactorrhea [11, 16].
Estrogen-related symptoms in adolescents or adults are
bleeding disorders and breast enlargement. Depending on
the diagnostic criteria, 24-80 % of the patients with a GCT
have endometrial pathology [17]; 20—65 % of the endometrial
pathology being endometrial hyperplasia and up to 10 %
being endometrial cancer [18, 19].

Other clinical symptoms are abdominal distension and
pain. This might be related to the fact that granulosa cell
tumors tend to be large and that they may rupture spontane-
ously resulting in a painful hematoperitoneum or a hemor-
rhagic component inside the tumor.
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Table 1 Comparison between the adult and juvenile type granulosa cell tumor

Adult GCT

1-3 % of all ovarian tumors

95 % of all GCTs

Malignant

Low malignant potential

>75 % stage 1

Late recurrence

10 years survival: 60-90 %
Survival is related to stage and size
25 %

Postmenopausal > premenopausal
50-55 years

Macroscopic

Incidence

Benign or malignant
Prognosis

Recurrence
Age

Typical features

Large, lobulated, gray or yellow, solid, and cystic

components, hemorrhagic areas
Microscopic

Pale nuclei, grooved (coffee bean), Call-Exner bodies, no

luteinization, low mitotic activity
Typical symptoms
pathology (hyperplasia, adenoca (<5 %))

Most granulosa cell tumors are slow-growing lesions that
progressively fill the pelvis or abdomen. Overall, 75 % of the
granulosa cell tumors are diagnosed in stage I, 20 % in stage
IL, 8 % in stage III, and 6 % in stage IV [18, 20].

Macroscopic Appearance

GCT’s are typically rather large, commonly encapsulated
tumors with a smooth or lobulated surface. The tumor has a
gray- to yellow-sectioned surface and is composed of solid
and cystic areas in variable proportions. Especially in the
large tumors, hemorrhagic areas are often found. Totally cys-
tic lesions comprise a minority [17].

Microscopic Appearance

Two major subtypes are recognized, an adult and a juvenile
type. The differences between them are mostly the age that
they arise and the histopathological findings. The most
important differences are described in Table 1.

Prognosis

The natural course of the GCT is that of a slow-growing
tumor with a local spread that recurs rather seldom or very
late, sometimes even as late as after 37 years [17, 18, 20, 21].
Therefore, it seems more appropriate to call a granulosa cell
tumor a “tumor with a low malignant potential.” There is a
recurrence rate of up to 25 % and most authors report an
average time to recurrence that varies between 5 and 10

Estrogenic symptoms: bleeding disorders, endometrial

Juvenile GCT
5 % of all GCTs

Malignant

5%
97 % <30 years

Macroscopic
Same presentation as adult type

Microscopic
Dark nuclei, no grooves, Call-Exner bodies are very
rare, often luteinization, high mitotic activity

Estrogenic symptoms: irregular cycle and bleeding
disorders, isosexual pseudoprecocity in children

years. Recurrences are usually intraperitoneal. For stage I
disease, the 5-year survival rate is more than 90 %, but for
the more advanced stages, the 5-year survival rate varies
between 0 and 22 %.

Despite their more aggressive histological appearance,
only about 5 % of juvenile GCTs recur or metastasize. Their
prognosis mainly depends on tumor stage. It is excellent for
stage I tumors but poor at stage II to I'V.

Sonographic Characteristics

The largest study describing the sonographic characteristics
of GCT’s was performed by the IOTA group [6]. Twenty-
three patients with a GCT were included in four international
centers that all participated in the International Ovarian
Tumor Analysis (IOTA) studies. The patients were all
scanned using 2D color Doppler and grayscale imaging by
experienced ultrasound examiners following the standard-
ized examination technique, terms, and definitions recom-
mended by the IOTA group for examination of adnexal
masses [7]. At the end of the scan, the ultrasound examiner
suggested a diagnosis of a benign or malignant mass on the
basis of his or her subjective evaluation of the ultrasound
findings, i.e., pattern recognition or subjective assessment.
Eighteen (78 %) of the GCTs were of the adult type, 3 GCTs
(13 %) were of the juvenile type, and in 2 (9 %) cases the
tumor type was not defined by the pathologist. For patients
with a primary GCT, all but one were stage I tumors, one
patient was diagnosed with a stage IIb tumor, and three
patients had a recurrence of a GCT.

The ultrasound characteristics of the granulosa cell tumors
are presented in Table 2. All but one tumor contained solid
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Table2 Overview of grayscale and color Doppler findings in 23 gran-
ulosa cell tumors included in the IOTA studies

Locularity Unilocular 0/23 (0 %)
Unilocular solid 1/23 (4.3 %)
Multilocular 1/23 (4.3 %)
Multilocular solid 12/23 (52 %)
Solid 9/23 (39 %)

Number of locules* >5 13/13 (100 %)
>10 10/13 (77 %)

4/23 (17 %)
Range: 37-242

Presence of papillarities

Largest diameter of Median: 102 mm

lesion 0-50 mm 1(43 %)
51-80 mm 6 (26 %)
81-100 mm 4 (17 %)
>100 mm 12 (52 %)
Echogenicity cyst Anechoic 2/16 (12.5 %)
content® Ground glass 0/16 (0 %)
Low level 7/16 (44 %)
Hemorrhagic 1/16 (6 %)
Mixed 6/16 (38 %)
Color score 1: No flow 0/23 (0 %)
2: Minimal flow 2/23 (9 %)

3: Moderate flow 13/23 (57 %)

4: Highly vascularized 8/23 (35 %)

>3 21/23 (91 %)
5/23 (22 %)

*0Only multilocular or multilocular-solid masses can be considered
°Only masses with a cystic component can be considered

Ascites

components. Twelve were multilocular solid (52 %), 9 were
purely solid (39 %), one was unilocular solid (4.3 %), and one
was multilocular (4.3 %). Of the 13 multilocular/multilocular-
solid masses, all 13 masses contained 5 locules or more and 10
out of 13 (77 %) contained 10 locules or more. The echo-
genicity of the cyst content was usually low level (7/16, 44 %)
or mixed (6/16, 38 %). Papillary projections were found in only
four patients (17 %). GCTs are large tumors. The median larg-
est diameter was 102 mm (range 37-242). Only one mass was
smaller than 50 mm, and more than 50 % of the masses were
larger than 100 mm. Ascites was found in five cases (22 %).

Most granulosa cell tumors manifested moderate (color score
3) to high color (color score 4) content at color or power Doppler
examination (color score 3 in 13/23, 57 %; color score 4 in 8/23,
35 %). GCT’s often contain hemorrhagic components.

After pattern recognition, two typical patterns were
described: the first pattern was a solid mass with heteroge-
neous echogenicity of the solid tissue as can be seen in
necrotic tissue. An example of this pattern is demonstrated in
Figs. 3 and 4a, b. The second pattern is a multilocular-solid
mass containing a considerable amount of solid tissue around
relatively small locules but with no papillary projections. It
typically has a “Swiss cheese” appearance due to the large
number of small locules with a variable thickness of solid
tissue around the cystic areas (Figs. 5, 6, 7, and 8). But GCTs

C.V.Holsbeke and D. Timmerman

Fig.3 Large purely solid GCT with an irregular external wall (arrows).
The mixed echogenicity of the solid tissue suggests necrosis

Fig.4 (a,b) The echogenicity of this mass is in homogenous and gives
the impression that large cystic components surrounding the solid tissue
(%) are hemorrhagic (arrows). This GCT demonstrates the typical
necrotic type
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Fig.5 (a-d) Grayscale (a, b) and color Doppler (¢, d) images of a very  hypertension). The whole of the tumor can only be measured using the
large (174 x 127 x206 mm) stage la granulosa cell tumor in a 26-year-  extended view modus (a). Figure (d) is a rendered 3D HD flow Doppler
old patient (coincidental finding during investigation for arterial image demonstrating the vascular tree of the tumor

Fig. 6 Grayscale image of a large (209 x81x 181 mm) solid ovarian
mass with a color score of 2 in a 49-year-old patient with a stage Ic

GCT. The small cystic components give the typical Swiss cheese
appearance
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Fig. 7 (a, b) Grayscale (a) and color Doppler (b) image of coincidental finding of a solid mass (42 x42 x44 mm) with a small (<20 %) amount
of cystic components in a 48-year-old patient. Images demonstrate the swiss cheese type GCT. The color score was 3

Fig. 8 (a, b) A 50-year-old patient who came for menorrhagia and lesion with papillary projections in the right ovary (52x31x43 mm).
incidentally was diagnosed with a stage I GCT. TVS demonstrated The echogenicity of the cyst fluid was anechoic or hemorrhagic depend-
beside adenomyosis and a regular endometrium, a multilocular-solid  ing on the cyst locule. The color score was 4
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Fig. 8 (continued)

Fig.9 (a,b) Solid ovarian mass and a metastatic peritoneal lesion (arrows) in the pouch of Douglas in a patient with an adult granulosa cell tumor
stage Illc. Pattern recognition could not assign the necrotic type neither the Swiss cheese type

cannot always be assigned to either one of the groups as
demonstrated in Fig. 9a, b.

In the IOTA series, only three juvenile granulosa cell
tumors were included, making the group too small to make a
meaningful comparison between ultrasound findings of the
juvenile and the adult type. All three juvenile cases contained
a considerable amount of solid tissue. One mass was
unilocular solid, the other two were multilocular solid
(Figs. 10, 11, and 12). They were found in two children of
3 and 8 years old and in one woman of 31 years old. There
was no pattern recognized in the two GCT’s of the juvenile
type presenting as a multilocular-solid mass with very large
locules (Figs. 10 and 11) and as a unilocular-solid mass
(Fig. 12).

Sertoli-Stromal Cell Tumors

The Sertoli-stromal cell tumors are divided in the Sertoli cell
tumors and the Sertoli-Leydig cell tumors (Fig. 13).

Sertoli Cell Tumors

Epidemiology
Ovarian Sertoli cell tumors account for 4 %
Sertoli-stromal cell tumors.

of the

Clinical Symptoms

Most tumors are nonfunctional, look clinically benign, and
do not cause specific symptoms. The tumors typically occur
in young females, sometimes children. If the tumor is
hormonally active, it can cause precocious puberty, bleeding
disturbances, and hyperplastic endometrium. Occasionally
patients have Peutz-Jeghers syndrome.

Macroscopic Appearance
The tumors are generally large, lobulated, solid, yellow, or
brown masses.

Microscopic Appearance
Most of them show a uniform tubular pattern.
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Fig. 10 (a, b) Atypical image of a unilocular-solid stage Ic granulosa
cell tumor of the juvenile type in a 3-year-old girl with isosexual pseu-
doprecocity. The mass contains solid papillary projections protruding

multilocular-solid  mass

Fig.
(185x150x85 mm) with more than 10 locules, anechogenic echo-
genicity of the cystic components, and a color score of 3. Histopathologic
diagnosis was a stage la juvenile GCT in a 31-year-old patient (Image
reproduced from Van Holsbeke et al. [6])

11 Grayscale image of a

Prognosis
Most tumors are stage I and have an excellent prognosis
[4, 22].

Sonographic Characteristics
The Sertoli cell tumors are mostly larger, purely solid tumors
with a color score of 3 or 4.

Because it is a very rare tumor, the IOTA study group
identified only two Sertoli tumors of which the pictures are
presented in Fig. 14 [5]. Other examples can be found in
Figs. 15 and 16.

Sertoli-Leydig Cell Tumors
Epidemiology

The Sertoli-Leydig cell tumors account for less than 0.2 % of
all the ovarian cancers. Although they can occur in all age

from the cyst wall and shows abundant vascularization. This was the
only unilocular-solid mass in the IOTA series (Image reproduced from
Van Holsbeke et al. [6])

~

Fig.12 Grayscale image of a multilocular-solid mass (73 x 67 x 58 mm)
with eight locules, anechogenic echogenicity of the cyst content, and a
color score of 4 (stage Ia juvenile GCT in an 8-year-old patient)

| Sertoli-stromal cell tumors

T

Sertoli-Leydig cell tumaors

N

[Eyr—

| Sertoli cell tumors

Retiform

Fig. 13 Classification of the Sertoli-stromal cell tumors

groups, the highest incidence is found during the reproduc-
tive years.

Clinical Symptoms
Half of the patients present with symptoms caused by
virilization, i.e., oligomenorrhea, amenorrhea, breast
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Fig. 14 Ultrasound images showing a 4-cm solid highly vascular-
ized Sertoli cell tumor in a 4-year-old girl with pubertas precox (a)
and a 7-cm solid moderately vascularized Sertoli cell tumor in a

atrophy, hirsutism, acne, deepening of voice, clitoris hyper-
trophy, or balding. Serum levels of testosterone, androstene-
dione, and other androgens may be increased. A minority has
estrogenic manifestations causing menometrorrhagia or
postmenopausal bleeding. Half of them have no endocrine
manifestations; in these cases presenting symptoms may be
pain or abdominal swelling. Sometimes the tumors rupture
or spread outside the ovary. This is more common in the
poorly differentiated tumors. Ascites is rare [4].

Macroscopic Appearance

In most cases the tumor is unilateral and rather large with an
average diameter of 10 cm. The masses are firm, lobulated
yellow or tan masses with a smooth external surface.

Microscopic Appearance
On microscopy there are three categories: the intermediate differ-
entiated type, the poor differentiated type, and the retiform type.

59-year-old asymptomatic woman (b, ¢) (Image reproduced from
Demidov et al. [5])

Prognosis

Most of the Sertoli-Leydig cell tumors are diagnosed at stage
I. Survival depends on the degree of differentiation but is
quite good for stage I. Tumors that present at a higher stage
have a poor prognosis. Sertoli-Leydig cell tumors typically
reappear within 1 year, and almost 95 % recur within 5 years.
Recurrent tumors are usually confined to the pelvis or
abdomen.

Sonographic Characteristics

The 15 Sertoli-Leydig cell tumors that were found in the
IOTA group were either small- (3—4 cm) or medium-sized
(67 cm) solid tumors or multilocular-solid tumors of any
size (3—18 cm) with purely solid areas mixed with areas of
innumerable closely packed small-cyst locules [23]
(Fig. 17). Other examples can be found in Figs. 17, 18,
19, and 20.
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Fig. 15 (a—c) Stage Ic Sertoli cell tumor in a 17-year-old patient: large (150 x 94 x 73 mm) solid mass with more than 80 % solid tissue, necrotic

areas, and a color score of 3

Fig. 16 A 50-year-old patient who came for investigation of post-
menopausal bleeding. TVS demonstrated two endometrial polyps and a
small (28 x 16 x27 mm) solid lesion in the left ovary with very strong
vascularization. Histology demonstrated that it was a stage Ia Sertoli
cell tumor

Steroid Cell Tumors

The group of the steroid cell tumors is divided in the stromal
luteoma (25 %) and the Leydig cell tumor (75 %). They
account for only 0.1 % of all ovarian tumors and are benign
lesions. The characteristics of both tumor types can be found
in Table 3.

Leydig Cell Tumors

Epidemiology

For many years these tumors were called lipid cell or lipoid cell
tumor. Later on the term, steroid cell tumors were introduced
since 25 % of the tumors contained no or only a little amount
of lipid. They account for 0.1 % of the ovarian masses. Leydig
cell tumors are hilus cell tumors or Leydig cell tumors of the
non-hilar type (Fig. 21), the latter being extremely rare [4].
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Fig. 17 Sertoli-Leydig cell tumors were either moderately or abun-
dantly vascularized purely solid tumors (a—c) or multilocular-solid
tumors (d—g) with areas of innumerable closely packed small-cyst loc-
ules mixed with solid areas. Ultrasound images showing a 4-cm abun-
dantly vascularized solid Sertoli-Leydig cell tumor in a 60-year-old
woman with hirsutism (a), a 3-cm abundantly vascularized solid.
Sertoli-Leydig cell tumor in a 61-year-old woman with bleeding during
hormone replacement therapy (b), a 7-cm solid Sertoli-Leydig cell
tumor in a 29-year-old woman with oligomenorrhea and hirsutism (this
woman had bilateral tumors, the 6-cm tumor on the contralateral side

having virtually identical ultrasound morphology) (¢), a 5-cm multiloc-
ular-solid Sertoli-Leydig cell tumor in a 37-year-old woman with
increased cycle length (d), a 6-cm multilocular-solid Sertoli-Leydig
cell tumor in a 36-year-old woman with amenorrhea for 2 years (e), a
7-cm multilocular-solid Sertoli-Leydig cell tumor in a 25-year-old
woman with oligomenorrhea (f), and a 13-cm moderately vascularized
multilocular-solid Sertoli-Leydig cell tumor of low differentiation in a
33-year-old woman with bleeding disturbance and pain (the pain was
probably explained by tumor rupture) (g) (Image reproduced from
Demidov et al. [5])
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Fig. 18 (a, b) 2D and 3D color Doppler images of a stage I Sertoli-Leydig cell tumor in a 51-year-old woman. The mass was a purely solid lesion
with a color score of 4 and irregular borders (arrows)

Clinical Symptoms is often slow, and the symptoms, which tend to be milder
Leydig cell tumors of the hilar type are associated with than those associated with Sertoli-Leydig cell tumors, may
hirsutism and virilization in 75 % of cases. Estrogenic have been present for many years when the diagnosis is
manifestations are rare. The onset of androgenic symptoms made.
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Macroscopic Appearance

Leydig cell tumors may resemble mucinous cysts on
gross examination; they are small (mean diameter
2.4 cm), solid, brown to yellow tumors, and usually are
unilateral.

Microscopic Appearance

Microscopic examination of hilus cell tumors reveals a cir-
cumscribed mass of steroid cells with eosinophilic cyto-
plasm. For a diagnosis of ovarian Leydig cell tumor to be
made, crystals of Reinke must be identified in the cytoplasm
of the neoplastic cells.

Prognosis
Leydig cell tumors are almost always benign and have a
good prognosis.

Sonographic Characteristics

Using pattern recognition, the five Leydig cell tumors that
were included in the IOTA pictorial essay [23] were small
solid tumors (largest diameter of 1-3 cm) with a color score
of 3 or 4 (Fig. 22).
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Stromal Luteoma

A stromal luteoma is very rare benign tumor and only a few
cases have been described.

Most tumors occur in postmenopausal women that pres-
ent with bleeding disorders but in some cases virilizing signs
may be observed as well. The tumor is surrounded by ovar-
ian stroma and entirely composed of luteinized cells devoid
of crystals of Reinke. Hyperthecosis of ovarian stroma is
often observed [23].

Due to its rare incidence we could not find any representa-
tive ultrasound image.

Sex Cord Tumor with Annular Tubules
(SCTAT)

These tumors are very rare and vary clinically and patho-
logically depending on the fact whether the patient has
Peutz-Jeghers syndrome or not. In Peutz-Jeghers syndrome
patients, both ovaries demonstrate several lesions of this
type of tumor that all tend to be small and are mostly

Qual mid2
B125°/

V50°

e Fu

YV 231.35 cm®

Fig. 19 (a, b) Multilocular-solid mass (125 x 113 x 94 mm) with more than 10 locules and a color score of 3 in a 39-year-old patient with a Sertoli-

Leydig cell tumor
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Fig. 19 (continued)

Fig. 20 Sertoli-Leydig cell tumor in a 61-year-old patient that presented as a Multilocular-solid mass (92x65x59 mm) with 5 locules with
ground glass echogenicity and a color score of 2
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Table 3 Characteristics of stromal luteoma and leydig cell tumor

Incidence

Age

Benign or
malignant

Symptoms

Typical
features

Stromal luteoma
0.1 % of all ovarian tumors
25 % of steroid cell tumors

80 % postmenopausal
Average age is 58 years
Benign

60 % estrogenic symptoms
(bleeding disorders)

Macroscopic

Small (3 cm)

Unilateral

Solid

Gray-white, yellow or
brown-red
Microscopic

Arises from the ovarian
stroma much more often
than from adrenal rest cells
or Leydig cells

Stromal hyperthecosis

(same or contralateral
ovary) 90 %

Leydig cell tumor

75 % of steroid cell
tumors

Average age is 43
years

Benign

Virilization

83 % in the hilar
type

33 M in the
non-hilar type

Macroscopic
Large (8.4 cm)

Microscopic

Stromal
hyperthecosis 23-67 %

incidental findings when the ovary is removed for other rea-
sons. In case the patient has no Peutz-Jeghers syndrome,
the tumors are unilateral, large palpable masses that can
transform to a GCT. Forty percent have estrogenic secre-
tion that causes symptoms that are related to endometrial
changes. Twenty percent of the tumors are malignant, but
the prognosis is quite good and recurrences are late
(Fig. 23a—c) [4].

Gynandroblastoma

Gynandroblastoma is an extremely rare tumor, and the
diagnosis should be restricted to tumors that contain sig-
nificant components of the Sertoli-Leydig cell tumor as
well as the granulosa cell tumor, and the minor component
should be at least 10 % of one of either types. The gynan-
droblastoma is malignant but due to its very low incidence,
the malignant potential is unknown. Due to its rare inci-
dence we could not find any representative ultrasound
image.
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Fig. 22 Ultrasound images of Leydig cell tumors. Most were small
solid tumors confined within an ovary of almost normal size. A 2-cm
solid Leydig cell tumor, well circumscribed, and abundantly vascular-
ized, in a 38-year-old woman with amenorrhea for 1 year (a, b), a 3-cm
moderately vascularized solid Leydig cell tumor in a 23-year-old

,—

woman with an irregular cycle and hirsutism (c¢), and a 7-cm moder-
ately vascularized solid Leydig cell tumor in a 20-year-old woman with
an irregular menstrual cycle (d) (Image reproduced from Demidov
etal. [5])

Fig. 23 (a—c) Grayscale (a) and color Doppler (b) image of a solid mass with one small central cystic component and a color score of 3 in an
asymptomatic 25-year-old patient. Figure (c) is a grayscale rendered volume of the mass. That proved to be a sctat on final histology
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Fig.23 (continued)
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Malignant Sex Cord-Stromal Tumor:
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Resonance
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Abstract

Although majority of sex cord-stromal tumor is benign, some granulosa cell tumor and
Sertoli-Leydig tumors show malignant behavior. Stage is the most important prognostic
factor. The recurrent sex cord-stromal tumors are usually peritoneal seeding or retroperito-
neal nodule, occasionally containing intratumoral hemorrhage.
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Although the majority of sex cord-stromal tumors are benign,
both granulosa cell tumors (GCT) of and Sertoli-Leydig cell
tumors (SLCT) have potential for malignant behavior. They
recur in 20 % of patients 10 years after the original diagno-
sis. The metastasis or recurrence usually occurs late, even as
much as 20-30 years following the primary diagnosis [1, 2].
There, these tumors are considered as low-grade malignancy.
However, in pediatric ages, both GCT and SLCT account for
10 % of malignant ovarian tumors [3].

The staging system for sex cord-stromal tumor is gener-
ally adopted from that used for epithelial ovarian cancer, as
originally defined by the International Federation of
Obstetrics and Gynecology (FIGO). In GCT, patients gener-
ally present with stage I disease (78-91 %), whereas the
remainder has advanced disease with variable involvement
of the pelvis, intra-abdominal organs, and peritoneum.
Rarely, patients can present with metastatic disease involv-
ing the liver, lung, or bone.

In GCTs, the stage is the most important prognostic factor
[4-6]. Most of studies have shown a greater than 90 % 5-year
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survival rate in patients with stage I GCT. This contrasts with
the 55-75 % 5-year survival rate for patients with stage Il
tumors and the 22-50 % survival rate for stage III/IV. As a
prognostic factor, the age of the patients at the presentation is
controversial. Some reports show favorable prognosis with
age less than 40 years [1], whereas others conclude that age
greater than 40 years is more favorable [7]. Tumors greater
than 10 cm in diameter have been shown to associate with an
increased risk of death, independent of stage [1, 7, 8].

Although a number of histologic features have also been
evaluated for the prognostic significance, in granulose cell
tumors, the histologic feature does not enable an accurate
prediction of clinical behavior [6, 9]. In a recent study which
evaluated several histopathologic variables including stage,
p353 status, histologic pattern, mitotic index, and lymphovas-
cular space invasion, only mitotic and lymphovascular space
invasion were independent prognostic factors [10].
Thereafter, the preoperative imaging findings predictive of
malignant GCT include large tumors size and the presence of
extraovarian lesions such a peritoneal implants (Fig. 1).
Otherwise, the imaging feature of malignant GCT may not
significantly differ from those ordinary GCT, that is, solid
masses with variable amount of cystic components, contain-
ing hemorrhagic fluid [11, 12]. The simultaneous presence of
the enlarged uterus with thickened endometrium is a clue to
suspect estrogen production from GCT (Fig. 1).
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Fig. 1 Granulosa cell tumor with peritoneal dissemination in an
80-year-old woman. (a) Axial T2-weighted images shows a cystic
mass (arrow) containing a fluid-fluid level, reflecting intratumoral
hemorrhage. There is a peritoneal implant in a cul-de-sac (arrowhead).
The uterus (asterisk) is markedly enlarged for this age of the patient,

In SLCTs, the most important prognostic factors in these
tumors are their stage and degree of differentiation [13].
Although all well-differentiated SLCTs behave as benign,
11 % of tumors with intermediate differentiation, 59 % of
tumors with poor differentiation are malignant [13-15].

and the cervix contains aggregated Nabothian cysts. (b) Sagittal
T2-weighted image shows a large mass containing an irregular-shaped
cyst of high intensity. (¢) Sagittal T-weighted image also shows
increased intensity in the cyst (asterisk), suggestive of hemorrhagic
nature of the fluid

Poorly differentiated SLCTs tend to contain areas of hemor-
rhage and necrosis more frequently, compared to well-
differentiated tumor [16].

The recurrent sex cord-stromal tumors are usually perito-
neal seeding as nodules or infiltrative masses on the peritoneal
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Fig. 2 Recurrent granulosa cell tumor in a 79-year-old woman. The
patient has a past history of unilateral salpingo-oohorectomy and hys-
terectomy for granulosa cell tumor of the contralateral ovary in approxi-
mately 30 years ago. (a) Sagittal T2-weighted image shows a

surface, most commonly in the pelvic cavity or around the
liver or undersurface of diaphragm (Fig. 2). Occasionally,
recurrent tumor may also be encountered in the

predominantly cystic mass in the left ovary. (b) T1-weighted image
shows low intensity of the cyst content. (¢) Post-contrast T1-weighted
images with fat suppression shows enhancement in the septi and wall of
the cystic mass

retroperitoneum (Fig. 3). The tumors may show variable
imaging appearances from thin-walled cystic masses to solid
masses (Fig. 2) [17]. The cystic mass may be accompanied
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Fig. 3 Recurrent granulosa cell tumor in a 70-year-old woman. She
had history of granulosa cell tumor in 8 years before. Contrast-enhanced
CT demonstrates multiple nodes of low intensity in the para-aortic
region and retroperitoneum (arrowheads). There is another well-
demarcated cystic mass in the mesenterium (arrow), which contains a
fluid-fluid level suggestive of intratumoral hemorrhage

by a fluid-fluid level, reflecting intratumoral hemorrhage
(Fig. 3). Although nodal involvement at the time of primary
surgery is extremely low, nodal involvement at the time of
recurrence has been documented in 5 % of cases [18].
However, different from nodal metastases in ovarian carcino-
mas, the number of nodal involvement is usually limited. In
cases of recurrent GCTs, omental or mesenteric infiltration
and a large amount of ascites is quite unusual, unlike more
common ovarian carcinomas of epithelial type [17].
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Malignant Germ Cell: Stromal Tumors
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Abstract

Malignant ovarian germ cell tumors (MOGCTSs) and sex cord-stromal tumors belong to the
nonepithelial malignancies of the ovary that are the second largest group of the malignant
ovarian neoplasms (of the ovary), with an incidence of 10 % of all ovarian cancers. MOGCTs
are rare neoplasms that affect girls and young women and have, with adequate therapy,
excellent prognosis at all stages of disease. Young-aged sex cord-stromal tumor patients as
the majority of MOGCTs subjects retain their reproductive function. This chapter outlines
the most common clinical presentations and summarizes the most frequent ultrasonographic
features that are helpful in the appropriate diagnosis of these tumors therefore allowing

their correct management.
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Introduction

Germ cell and sex cord-stromal tumors belong to the nonepi-
thelial malignancies of the ovary that are the second largest
group of the malignant neoplasms of the ovary, with an inci-
dence of 10 % of all ovarian cancers [1]. We can classify
them from the cell of origin: germ cell tumors derive from
primitive germ cells of the embryonic gonad, and may
undergo germinomatous or embryonic differentiation, and

D. Franchi, MD (<))  A.V. Urbinati, MD
V. Zanagnolo, MD

Preventive Gynecology Unit,
Gynecological Oncology Division,
European Institute of Oncology,

Via Ripamonti 435, 20141 Milan, Italy
e-mail: dorella.franchi @ieo.it;
ailyn.vidalurbinati @ieo.it;
vanna.zanagnolo@ieo.it

L. Saba et al. (eds.), Ovarian Neoplasm Imaging,

the sex cord-stromal tumors derive from the sex cords and
the ovarian stromal cells or mesenchyme.

Germ Cell Malignant Tumors

Germ cell tumors (GCTs) consist of a broad spectrum of
tumor types histogenetically derived from the primordial
germ cells of the ovary and that account for 2-3 % of all
ovarian malignancies [2]. In women, ovarian germ cell
tumor account for 20-25 % of all ovarian neoplasm, but only
3-5 % of these are malignant [3]. They predominantly affect
women between the second and third decades of life, but
they do sometimes occur in infants and older women. In chil-
dren and adolescents, GCTs account for over 60 % of ovar-
ian neoplasms, of which one-third are malignant [4].

In the USA the age-adjusted incidence is 0.41 per 100,000
women, which is 40 times less common than epithelial
tumors. Though if we look at the gynecological tumors in
women aged 25 or younger, the MOGCTSs become the most
common histology (35 % of cases) [3].
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Fig. 1 Relationship between examples of pure malignant germ cell tumors and their secreted marker substances (Data derived from Rice [48] and

John Hopkins Pathology, 2001)

The majority of germ cell tumors arise in the gonad from
the undifferentiated germ cells. However, this kind of tumors
can arise in extragonadal sites such as mediastinum or retro-
peritoneum, due to the embryonic migration of the germ
cells from the caudal part of yolk sacs to the dorsal mesen-
tery prior to their incorporation into the sex cords of the
developing gonads [1].

Cure rate of MOGCTs is high, with clinical stage and ele-
vated tumor markers as independent poor prognostic factors
[5]. The management of patients with ovarian germ cell
tumors has largely been extrapolated from the experience of
treating the more common testicular germ cell tumors [1],
helping in the selection of patients who might require more
intensive therapeutic strategies. A multimodal therapy with
fertility-sparing surgery and platinum-based chemotherapy, if
required, is the most frequent approach to these patients with
a very good response rate regardless the stage of the disease.

MOGCTs tend to be quite large and rapidly growing
malignancies [6, 7]. The most common symptom is abdomi-
nal pain associated with palpable pelvic—abdominal mass
occurring in 85 % of the patients [3].

Approximately 60-70 % of cases are diagnosed as FIGO
stage I or II. Bilateral ovarian involvement is uncommon,
except in the case of dysgerminomas [8].

Tumor markers play an important role for the diagnosis
and follow-up of MOGCTs to confirm complete remission or
to suggest recurrence [3] (Fig. 1).

Dysgerminoma

Epidemiology

Dysgerminoma is the most common malignant germ cell
tumor, accounting for approximately 30—40 % of all malig-
nant neoplasms of germ cell origin [1]; however, it repre-
sents only 1-2 % of all ovarian cancers [4, 9]. Seventy-five
percent of dysgerminomas occur between the ages of 10 and
30 years and 5 % occur before the age of 10 (years) and
rarely after age 50 [1, 9]. After cistoadenoma, it represents
the second most frequent tumor diagnosed during pregnancy,
accounting for 20-30 % of ovarian neoplasms during gesta-
tion [1, 4].
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According to a survey conducted in the USA and com-
prising 1,262 cases of malignant ovarian germ cell tumors
registered from 1973 to 2002, the age-adjusted incidence
rate of ovarian dysgerminoma was 0.109 per 100.000
women-years [9].

Approximately 5 % of dysgerminomas are diagnosed in
phenotypic females with abnormal gonads [1], such as 46XY
(bilateral streak gonads), 46X0/46XY (unilateral streak
gonad, contralateral testis), and Morris syndrome (46XY,
testicular feminization). Therefore, when this tumor is diag-
nosed in premenarchal patients, the karyotype should be
determined.

Approximately 65 % of dysgerminomas are diagnosed at
stage I (confined to one or both ovaries). Dysgerminoma is
the only germ cell malignancy with a 10-15 % rate of
bilaterality, whereas the other germ cell tumors are rarely
bilateral [1, 4]. The most common tumor spreading pathway
(of the tumor) is through the lymphatic system, particularly
to the higher para-aortic nodes, occurring in 25 % of the
patients.

Up to 95 % of patients with ovarian dysgerminoma have
an elevated serum level of lactic dehydrogenase (LDH) at
presentation, with the level varying with the size and stage of
the tumor [10, 11]. Determination of this marker may also be
useful in detecting tumor recurrence and in monitoring
response to therapy. When the neoplasm contains syncytio-
trophoblastic giant cells (5 % of cases) [12], it may produce
B-human chorionic gonadotropin (BhCG) [3, 9]. Serum lev-
els of CA 125 and placental-like alkaline phosphatase
(PLAP) can be elevated in some cases, but CA 125 is an
unreliable marker in premenopausal women and PLAP is
much more useful as a histochemical marker than as a serum
one [3].

Macroscopy

Ovarian dysgerminomas most frequently are solid, well-
encapsulated tumors with size ranging from barely visible
nodules to masses that virtually fill the entire abdomen and
have an average diameter of 15 cm. On cutting surface it
appears to consist of different lobules often soft and fleshy,
and with a yellow to white to gray to pink appearance. Areas
of coagulative necrosis and hemorrhage typically associated
with cystic changes may be observed [13, 14].

Microscopy

Histologically identical to seminoma of the testis, ovarian
dysgerminomas are composed of a monotonous population
of rounded cells resembling primordial germ cells in a pre-
dominantly diffuse or insular arrangement. The cells are
polygonal, with distinct cell membranes with abundant
eosinophilic to clear glycogen-rich cytoplasm. The nuclei
are large, central, and rounded, and they contain one or a few
prominent nucleoli. Mitoses are often numerous. The nests
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of tumor cells are separate by fibrous septa frequently infil-
trated by T lymphocytes [13]. A scattered multinuclear cells
positive for fhCG can be observed, confirming their identity
as syncytiotrophoblastic giant cells [12].

Clinical Symptoms

Clinically, ovarian dysgerminomas may be incidentally
detected in women with no gynecological symptoms. These
tumors grow rapidly; therefore, the most common symptoms
are abdominal distension and the presence of a pelvic or
abdominal mass felt by the patient herself. Often they can be
characterized by the onset of acute pelvic pain caused by the
distention of the ovarian capsule, hemorrhage, necrosis, and
torsion [15].

When the syncytiotrophoblastic giant cells are present,
menstrual and endocrine abnormalities may be observed due
to high levels of PhCG resembling pregnancy [12], and
extremely rarely precocious puberty can occur due to the
presence of yolk sac tumor elements in a mixed tumor with
AFP secretion [16].

Prognosis

Clinical characteristics that differentiate dysgerminoma
from the other MOGCTs are as follows: (a) it is more likely
diagnosed as stage IA, (b) bilateral involvement is more
common (10-15 %), (c) retroperitoneal spread is more fre-
quent than intraperitoneal dissemination, and (d) it is radio-
sensitive [3]. Due to these features, ovarian dysgerminomas
have a good prognosis: in patients with initial stage IA dis-
ease, unilateral oophorectomy alone results in a 5-year
disease-free survival rate greater than 95 % [1].

Lymph node metastasis was reported in the 28 % of dys-
germinomas in the Kumar et al. series [17]. Lymph node
involvement was an independent predictor of poor survival
at multivariate analysis with 95.7 % 5-year survival rate for
negative node patients as opposed to 82.8 % for patients with
positive nodes [1].

In MITO-9 series, relapse rate was 10.2 and 77 % of these
recurrences occurred within 24 months from diagnosis; the
2-year recurrence-free survival was 91.3 %, and the 5-year
overall survival (OS) was 97.9 % [18].

Gordon et al. reported a 95 % 5-year overall survival rate
in patients with stage IA pure dysgerminoma treated by uni-
lateral adnexectomy alone. Survival in these patients was not
affected by tumor size [19].

Historically risk factors associated with a higher recur-
rence rate are lesion diameter larger than 10-15 cm, age
younger than 20 years, and a microscopic pattern picturing
numerous mitosis, anaplasia, and medullary pattern [1].

Ninety to 100 % cure rates have been reported in
advanced-stage disease with the use of bleomycin—etopo-
side—cisplatin (BEP) or etoposide—carboplatin (EC) combi-
nation regimen therapy [1].
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Fig. 2 (a) A large (14 cm) solid ovarian dysgerminoma stage IA with
a multilobulated appearance (a lobule is shown between the arrows)
and smooth well-defined lobulated contour in a 24-year-old patient.

Ultrasound Characteristics

The most common ultrasound features of dysgerminoma are
large pure solid adnexal tumor divided into different lobules,
with irregular internal echogenicity, smooth lobulated con-
tours, and well-defined borders [4, 9]. Less typical appear-
ance is that of a solid tumor with cystic areas, some of them
with irregular internal cystic borders and even papillary pro-
jections [9]. In the Guerriero et al. series, half of the patients
had free fluid in the pouch of Douglas (common and unspe-
cific ultrasound finding in women of fertile age) and only
one presented with ascites [9].

Power Doppler ultrasound images show vascularized
tumor with a color scores moderate or abundant. Three-
dimensional power Doppler ultrasound volumes revealed
densely packed vessels, irregular branching, caliber changes,
and tortuosity of tumor vessels in the three dysgerminomas
evaluated in Guerriero et al. series [9] (Figs. 2 and 3).

In three reported cases Kim et al. showed prominent arte-
rial flow within the fibrovascular septa of the tumor. The
resistive index values ranged between 0.44 and 0.70 (mean
0.59), and the pulsatility index values ranged between 0.60
and 1.32 (mean 0.98) [20].

There are not specific features to distinguish the ultra-
sound patterns of dysgerminomas from those of other solid
malignant ovarian tumors such as solid metastases or lym-

The internal echogenicity is rather irregular. (b) Three-dimensional
power Doppler image showing densely packed tortuous vessels with
irregular branching and caliber changes in an ovarian dysgerminoma

phoma, but the ultrasound findings of a large, solid, lobu-
lated adnexal mass with irregular internal echogenicity and
highly vascularized at color or power Doppler ultrasound in
a 20-30-year-old woman should raise the suspicion of ovar-
ian dysgerminoma [9].

Immature Teratomas

Immature teratomas contain tissue elements that resemble
those of the embryo. They vary considerably in size and are
usually round or oval with mixed content composed of hair
and fatty material surrounded by a firm capsule [14].
Immature teratoma elements may occur in combination with
other germ cell tumors as mixed germ cell tumors [1].

Epidemiology

Pure immature teratoma accounts for fewer than 1 % of all
ovarian malignancies; however, it is the second most common
germ cell tumor. In women younger than 20 years, this neo-
plasm represents 10-20 % of all ovarian malignancies and
30 % of the deaths from ovarian cancer in this age group.
Approximately 50 % of pure immature teratomas occur in
female patients between the ages of 10 and 20 years; on the
contrary, it is extremely rare in postmenopausal women [1, 15].



Malignant Germ Cell: Stromal Tumors (Clinical Setting and US)

305

Fig.3 (a) Grayscale ultrasound images of an 11 cm ovarian dysgermi-
noma stage IIIC in a 27-year-old patient with a less-evident multilobu-
lated appearance with well-defined lobulated but smooth contours.
Lobules are separated by fine connective tissue (arrows). (b) Three-

Survival rate is related to histology grade that depends on
the proportion of immature neuroepithelium tissues (in
histological sections). Grade 1 has a survival of at least 95 %,
whereas grades 2 and 3 appear to have a lower overall sur-
vival (approximately 85 %) [1, 15].

Immature ovarian teratomas are associated with
gliomatosis peritonei, a favorable prognostic finding if
composed of completely mature tissues, with the seem-
ingly unexpected recent discovery, using molecular meth-
ods, that these glial “implants” are not tumor derived but
represent teratoma-induced metaplasia of submesothelial
cells [21].

Immature teratomas can be associated with mature cystic
teratomas. Ipsilateral typical mature cystic teratomas are
present in 26 % of cases of immature teratoma, whereas
10 % of the patients present with an immature teratoma in
the contralateral ovary [22].

Malignant transformation of a mature teratoma is a rare
event and the squamous cell carcinoma is the most frequent
histological type in this case, but adenocarcinomas, primar-
ily melanomas and carcinoids, may also occur. The risk
reported in the literature is between 0.5 and 2 % of terato-
mas, usually in postmenopausal women [1].

Microscopy

Immature teratoma is composed of immature tissue differen-
tiating toward cartilage, glands, bone, muscle, nerve, and
others [14].

dimensional power Doppler image showing densely packed tortuous
vessels with irregular branching and caliber changes in the same ovar-
ian dysgerminoma

In contrast to the other forms of malignant ovarian germ
cell tumor, immature ovarian teratoma usually shows rela-
tively minor cytogenetic abnormalities that increase as the
grade of the immaturity worsens [21].

The most common monodermal teratoma (composed pre-
dominantly or solely of one tissue type) is the struma ovarii,
a rare ovarian tumor composed entirely or predominantly of
thyroid tissues. It constitutes approximatively 3 % of all
ovarian teratomas, 2 % of all germ cell tumors, and 0.5 % of
all ovarian tumors. The malignant transformations occur
only in about 5 % of all struma ovarii [21, 23]. Histologically
it can be described as mature thyroid tissue consisting of
colloid-containing follicles of different size lined by a single
layer of follicular cells [23].

Macroscopy
Immature teratomas are typically large (14-25 cm) and have a
smooth external surface. On section, they are solid or predomi-
nantly solid, cystic areas can be present as well and usually
filled with serous or mucinous fluid or sometimes with fatty
sebaceous material. The solid areas within immature teratomas,
which are usually composed predominantly of neural tissue, are
typically soft, fleshy, and gray to pink and may be focally hem-
orrhagic or necrotic. Mature components such as hair, fatty tis-
sue, cartilage, bone, and calcification are usually present [22].
Immature teratomas grow rapidly and frequently infil-
trate the capsule; that therefore is not always well defined
[14,22].
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Clinical Symptoms

Immature teratoma is often discovered incidentally during
a physical or ultrasound examination of the female
pelvis.

Given the large size, patients with immature teratoma
can present with the onset of acute pelvic pain due to either
rupture or torsion of the ovarian mass. Some patients com-
plain of abdominal distension, pain, urinary or bowel
symptoms, and infertility. Rarely patients can experience
sexual pseudoprecocity due to the production of steroid
hormones [1].

Tumor markers are usually negative unless a mixed germ
cell tumor is present [1], such as in the case of the presence
of yolk sac tumor within immature teratomas that is the
source of AFP in affected patients [22].

Prognosis

The most important prognostic feature is the grade of the
lesions. Patients with stage IA grade 1 tumors have an
excellent prognosis, and adjuvant therapy is not required.
In case of stage IA grade 2 or 3, adjuvant chemotherapy is
commonly recommended. Combination platinum-based
chemotherapy is the treatment of choice (BEP regimen)
[1, 15].

For patients with all stages, pure immature teratomas’
5-year survival rate is 70-80 %, and it is 90-95 % for patients
with surgical stage I lesions. The presence of residual disease
at the end of primary surgery has been reported to signifi-
cantly lower 5-year survival rate from 94 to 50 % [1].

D. Franchi et al.

Ultrasound Characteristics

The ultrasound appearance of immature teratoma is nonspe-
cific, and it is very difficult to differentiate them from the
benign counterparts.

Three ultrasound patterns most commonly occur in
mature teratoma. The most common setting is a cystic lesion
with a densely echogenic tubercle (Rokitansky nodule) pro-
jecting into the cyst lumen; the second one is a diffusely or
partially echogenic mass with the echogenic area usually
demonstrating sound attenuation owing to sebaceous mate-
rial and hair within the cyst cavity; and the third one consists
of multiple thin, echogenic bands due to the presence of hair
in the cyst cavity [22].

There are different echogenicities depending on the char-
acteristics of the material filling the dermoid cyst: pure
sebum may be hypoechoic or anechoic; fluid—fluid levels
result from sebum floating above aqueous fluid, which
appears more echogenic than the sebum layer; dermoid plug
is echogenic, with shadowing due to adipose tissue or calci-
fications within the plug or to hair arising from it. Diffuse
echogenicity in these tumors is caused by hair mixed with
the cyst fluid [22].

The immature teratomas typically are large masses with
heterogeneous, partially solid lesions. Scattered calcifica-
tions are usually presents. Ultrasonographically, these fea-
tures can appear as heterogeneous internal signal intensity
with punctate high signal intensity or echogenic mass with
sound attenuation or heterogeneous mass containing echo-
genic reflectors representing hair [22] (Fig. 4).

Fig. 4 Large prominent solid pure ovarian immature teratomas in a
50-year-old patient with a 24 cm mass (a) and in a 12-year-old girl with
a 28 cm mass (b) with a heterogeneous appearance and cystic elements.

The internal echogenicity is rather irregular; echogenic sebaceous
material and scattered calcifications determining cone shadows
(arrows) are present; contours are undefined
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Endodermal Sinus Tumor

It is also called yolk sac carcinoma since it derives from a
multipotential embryonal carcinoma by selection and dedif-
ferentiation toward primitive yolk sacs structures; it is the
third most frequent malignant germ cell tumor of the ovary
[1, 14]. It usually occurs in the second decade of life with a
median age of 18 years. Approximately one-third of the
patients are premenarchal at the time of initial presentation
[1,24].

Endodermal sinus tumor often is characterized by
extremely rapid growth and extensive intra-abdominal
spreading sometimes characterized by poor prognosis [24].
The tumor appears to involve a single ovary, but it grows
rapidly and aggressively [14]. Abdominal or pelvic pain is
the most frequent presenting symptoms (75 % of cases),
whereas an asymptomatic pelvic mass is documented only in
10 % of patients [1].

The tumor is frequently encapsulated, rounded, oval, or
globular. On section, they are solid and frequently present
with cystic areas [4]. Extensive areas of hemorrhage and
necrosis are common. A honeycomb appearance due to
many small cysts may indicate the presence of a polyvesicular-
vitelline component. The histological feature is a glomerulus-
like structure composed of a central blood vessel surrounded
by germ cells within a space similarly lined by germ cells
(Schiller—Duval body). Similar structures are observed in the

Fig. 5 (a) Grayscale ultrasound images of a large (19 cm) stage 1IB
endodermal sinus tumor in a 19-year-old patient with a preeminent
solid round-shaped mass with cystic areas representing necrosis. (b)

yolk sac of the rat placenta, but in the tumor, loose meshwork
of communicating spaces lined by primitive tumor cells with
clear or vacuolated cytoplasm is observed. Conspicuous
intracellular and extracellular hyaline droplets are present in
all neoplasms [14, 24]. The tumor is rich in AFP and o1 anti-
trypsin. The serum levels of these markers, particularly AFP,
are useful in the diagnosis and monitoring of a patient’s
response to treatment. It may rarely produce detectable
serum levels of al antitrypsin [1].

The standard treatment of this tumor consists of surgical
exploration, unilateral salpingo-oophorectomy, resection
of any gross metastases if feasible, followed by adjuvant
cisplatin-based combination chemotherapy, such as BEP,
that is considered the standard of care. Most patients have
early stage disease: 71 % stage I, 6 % stage II, and 23 %
stage III. Nowadays, cure rate approaches 100 % for early
stage disease and at least 75 % for more advanced stages
[1, 15].

Ultrasonographically, endodermal sinus tumors range
from entirely solid to predominantly cystic patterns, but het-
erogeneous appearance consisting of a mixture of solid and
cyst features has been reported. The cystic component might
be due to cystic degeneration or necrosis [24].

It has been reported that this tumor shows an intense vas-
cularization with vessels with low blood flow resistance
detected at the color Doppler flow velocity measurement
[24] (Fig. 5).

Three-dimensional power Doppler image showing intense vasculariza-
tion, tortuous vessels with irregular branching, and caliber changes in
the endodermal sinus tumor
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Rare Germ Cell Tumors of the Ovary

Embryonal Carcinoma

Embryonal carcinoma of the ovary is an extremely rare
tumor characterized by large primitive cells resembling those
of the embryonic germ disk and growing in solid, papillary,
and glandular patterns [1]. It is rarely diagnosed as a pure
form, and most commonly it occurs as a component of a
germ cell tumor [25]. Patients are very young, ranging in age
from 4 to 28 years with a mean age at diagnosis of 14 years
[15]. Patients may present with precocious pseudopuberty or
with abnormal uterine bleeding since embryonal cell carci-
noma may produce estrogen [25]. Moreover, these lesions
frequently secrete AFP and hCG that are useful markers to
follow the response to subsequent therapies [26].

The most common symptoms described in the literature are
abdominal or pelvic mass, abdominal pain, fever, and marked
weight loss. Signs of abnormal hormonal production can occur
such as precocious puberty manifested by bilateral breast
development, vaginal bleeding, and growth of hair on the vulva
in prepubertal girls and amenorrhea, irregular vaginal bleeding,
infertility, and mild hirsutism in postmenarchal woman [27].

The primary lesions tend to be large, and approximately
two-thirds of them are confined to one ovary at the time of
presentation [1]. In Kurman et al. series, the greatest tumor
diameter ranged from 10 to 25 cm, the median being 17 cm
[27]. At surgery spread to the peritoneum is observed in
40 % of the cases, sometimes accompanied by parenchymal
involvement of pelvic or intra-abdominal viscera [25].

Macroscopically the tumors had smooth, glistening exter-
nal surfaces with a yellow to gray tissue on transection, solid
for the most part, but cystic spaces containing mucoid mate-
rial are frequently observed as well [27].

Microscopically, the embryonal carcinomas present solid
proliferation of cells and isolated clusters of syncytiotropho-
blast. The cells of this tumor, like those of dysgerminoma,
tend to form sheets but are easily distinguished from dysger-
minoma by their larger size, more hyperchromatic nuclei,
and tendency to form a glandular pattern. The stroma of
embryonal carcinoma is either loose with foci of hemorrhage
and necrosis or more collagenous. The overall microscopic
appearance of embryonal carcinoma suggests a uniphasic
overgrowth by cytotrophoblast with scattered, isolated syn-
cytiotrophoblast cells [27].

Women with embryonal carcinomas and other germ cell
tumors should be usually treated with conservative surgery
followed by BEP regimen chemotherapy. While there are
some data to suggest that the presence of embryonal carci-
noma in mixed tumors is associated with a higher relapse
rate following conservative treatment than that of other germ
cell tumors, those neoplasms appear to respond to chemo-

D. Franchi et al.

therapy as their counterparts in males and the other ovarian
germ cell tumors do [25]. Surveillance for recurrence should
be intensive in the first 2 years, with a more relaxed schedule
thereafter. Ongoing surveillance for second malignancies
and chemotherapy-related toxicity should be included in the
follow-up of these patients [25].

Choriocarcinoma of the Ovary

Non-gestational choriocarcinoma of the ovary can be pure or
mixed with other germ cell tumors. Pure type is less frequent
than mixed type and the diagnosis of non-gestational choriocar-
cinoma of the ovary is very difficult in the reproductive period
[28]. A primary germ cell origin may be difficult to prove purely
on a histological basis except in those cases that develop in pre-
menarchal or virginal patients [29]. The majority of patients
with this cancer are younger than 20 years [1]. The distinction
between gestational versus non-gestational choriocarcinoma is
important because a non-gestational choriocarcinoma catries a
worse prognosis than the gestational type [19, 30]. Another
poor prognostic factor is the presence of metastases to other
organs (parenchyma) at the time of initial diagnosis [1].

Similarly to other ovarian neoplasms, the presenting
symptoms of non-gestational choriocarcinoma are nonspe-
cific [19] such as abdominal pain, irregular bleeding, preco-
cious puberty, and positive pregnancy test without pregnancy
because of the markedly elevated tumor-associated HCG
levels [19]. The presence of HCG can be useful in monitor-
ing the patient’s response to treatment [1].

On gross examination, the pure choriocarcinoma is typi-
cally solid, hemorrhagic, and friable.

Histologically, non-gestational pure choriocarcinoma of
the ovary presents the same appearance as the gestational
choriocarcinoma metastatic to the ovaries [28].

There are only a few limited reports on the use of chemo-
therapy for these non-gestational choriocarcinomas, but
complete responses have been reported to the MAC regimen
(methotrexate, actinomycin D, and cyclophosphamide) used
in the same manner as described for gestational trophoblas-
tic disease [28]. These tumors are so rare that definitive data
are not available, but other chemotherapy regimens such as
BEP or cisplatin, vincristine, methotrexate, bleomycin, acti-
nomycin D, cyclophosphamide, and etoposide (POMB-
ACE) have shown a positive impact on survival (Fig. 6).

Polyembryoma

Polyembryomas are extremely rare germ cell tumors [1]. Since
the original description, only 14 ovarian polyembryomas have
been reported in the English literature during the last four
decades [31]. This tumor is composed of “embryoid bodies” and
replies the structure of early embryonic differentiation (i.e., the
three somatic layers: endoderm, mesoderm, and ectoderm) [1].
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Fig. 6 (a) Grayscale ultrasound images of a large (14 cm) stage 1A
mixed germ cell tumor consisting of choriocarcinoma, embryonal car-
cinoma, and a majority amount of clear cell carcinoma with a solid
appearance and inhomogeneous echotexture due to hemorrhage and

The age of the patients ranged from 3 to 44 years; the
average age was 24.5 years [31]. Immature teratoma and
yolk sac tumor were the two most common additional com-
ponents identified in the reported cases of polyembryoma
[31]; therefore, signs of pseudopuberty and high levels of
AFP and HCG are usually observed [1].

Polyembryoma is usually diagnosed at an early stage
(79 % in stage I) [31]. In Jondle et al. review of 14 patients,
six died of disease within 1 and 12 months postoperatively
prior to 1980, and only one had received chemotherapy.
On the contrary, of the six patients who were followed up
after 1980, five underwent chemotherapy and were alive
with no evidence of disease 12—-106 months postopera-
tively [31].

Sex Cord-Stromal Tumors

Sex cord-stromal tumors account for approximately 5-8 %
of all ovarian malignancies [1, 8, 30]; approximately 50 % of
these tumors are fibromas [4].

Sex cord-stromal tumors of the ovary derive from the sex
cords of the embryonic gonad and the ovarian stroma or
mesenchyme. The tumors usually are composed of various
combination of elements, including the female cells (granu-
losa cells, theca cells, and their luteinized derivatives), male
cells (Sertoli and Leydig cells), and fibroblast of gonadal
stromal origin as well as morphologically indifferent cells
[1, 32] (Table 1).

necrosis. Margins are rather regular and well defined. (b) Three-
dimensional power Doppler image showing intense vascularization,
tortuous vessels with irregular branching

Table 1 Classification of malignant germ cell stromal tumor

Granulosa-stromal cell tumors
Granulosa
Adult type
Juvenile type
Tumors in the thecoma—fibroma group
Thecoma
Fibroma—fibrosarcoma
Sclerosing stromal tumor
Androblastomas, Sertoli-Leydig cell tumors
Sertoli
Leydig
Sertoli-Leydig
Well differentiated
Intermediate differentiation
Poorly differentiated
With heterologous elements
Retiform
Mixed
Gynandroblastoma
Unclassified

Modified and reprinted from Colombo et al. [32], with permission

Granulosa-Stromal Cell Tumor

Granulosa-stromal cell tumors include granulosa cell tumor
(GCT), thecomas, and fibromas. The GCTs are a low-grade
malignancy. As the name implies, GCT is derived from gran-
ulosa cell, a hormonally active component of the ovarian
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stroma that is responsible for estradiol production. Thecomas
and fibromas are benign but rarely may have morphologic
features of malignancy and then may be referred to as fibro-
sarcomas [1].

Granulosa Cell Tumor

Epidemiology

GCTs account for approximately 70 % of malignant sex
cord-stromal tumors and represent 3—5 % of all ovarian neo-
plasms [32]. The estimated incidence in the USA is
0.99/100.000, whereas the reported incidence in other devel-
oped countries varies from 0.4 to 1.7 patient cases per
100.000 women [33]. It is the most common hormone-
producing ovarian tumor [34]. One-third of GCTs occur in
premenopausal women, more than 50 % in postmenopausal
subjects, and 5 % in the prepubertal period [34]. They are
bilateral in only 2 % of patients [1].

There are two types of GCT, the adult and the juvenile
types. The juvenile GCTs represent approximately 5 % of all
granulosa cell neoplasms [32]. The differences between the
two types are merely histopathological [35]. However, since
the clinical and pathological characteristics of the tumors
occurring after the menopause are different from those
occurring in children and younger patients, the adult and
juvenile granulosa cell types are considered separately:

1. Adult type

The adult type accounts for 95 % of all GCTs with a

median age at diagnosis between 50 and 54 years in

most series [33]. The highest incidence is in the imme-

diate postmenopausal age group, women aged 51-60

years [15].

2. Juvenile type

The GCT is only 5-7 % of childhood ovarian neoplasms

[34]. Approximately 90 % of juvenile GCTs occur in pre-

pubertal girls [34]. In Young et. al’s series of 125 cases,

44 9% of the tumors occurred before age 10 years, and

only 3 % after the third decade of life [34]. As the adult

type the bilaterality and an extraovarian spread are infre-
quently observed. Almost all tumors are diagnosed at

stage I [32].

Microscopy
GCTs are defined as tumors composed for at least 10 % of
granulosa cells, often in a fibrothecomatous stroma [35].
The histological diagnosis can be facilitated by staining
for GCTs markers such as inhibin, CD99, and MIS. To this
purpose antibodies against inhibin, though not specific,
appear to be the most useful [1]:
1. Adult type
The adult type is a predominantly solid cellular tumor
with an almost exclusive population of granulosa cells
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or more often, with an additional component of theca
cells, fibroblast, or both [32]. Granulosa cells, the hall-
mark of GCTSs, have a round or ovoid nucleus with a
longitudinal groove (“coffee bean nuclei”) and scant
cytoplasm [35].
Adult-type GCTs may display a variety of growth pat-
terns: microfollicular, macrofollicular, insular, or trabec-
ular [32]. The microfollicular is the most typical pattern
characterized by the presence of the rosette-like structure
(Call-Exner bodies), which contains eosinophilic mate-
rial and pyknotic nuclei, observed in 30-60 % of cases
[32-35].
The mitotic activity is low [35].

2. Juvenile type
The juvenile type is predominantly solid cellular tumor
with a nodular or diffuse growth pattern with scattered
macrofollicles [32, 35]. The tumor has distinct histopath-
ologic features: hyperchromatic granulosa cells with
round nuclei, abundant eosinophilic and/or vacuolated
cytoplasm (indicating luteinization), and absent nuclear
grooves [32, 35]. Moreover Call-Exner bodies are not a
feature of juvenile-type GCTs [35].
The mitotic activity is high [32].

Macroscopy

GCTs are typically rather large, commonly encapsulated
tumors with a smooth or lobulated surface. The tumor has a
gray or yellow cut surface, due to lipids content, and may
present predominantly a solid component and cystic areas in
variable proportions [14, 32, 35]. Completely cystic lesions
are rare. Hemorrhagic areas are often seen in larger tumors,
but necrosis is uncommon [35].

Clinical Symptoms

Hormone production is frequent, with predominance of
estrogen, and it results in clinical symptoms that may facili-
tate the diagnosis [32, 35]. Postmenopausal bleeding is a
common presenting symptom and is caused by prolonged
exposure of the endometrium to tumor-produced estradiol,
resulting in endometrial hyperplasia or endometrial adeno-
carcinoma [32-35]. Depending on the diagnostic criteria,
24-80 % of patients with a GCT present with endometrial
abnormalities: 20-65 % are diagnosed with endometrial
hyperplasia and up to 10 % with endometrial cancer that usu-
ally is a well-differentiated endometrioid adenocarcinoma
[33, 35].

In premenopausal women, estrogen-related symptoms
like menstrual irregularity, menorrhagia, or even secondary
amenorrhea can occur [32-35]. However, infertility, viriliz-
ing features, or hirsutism is rare [33].

When GCT develops in premenarchal girls, isosexual
precocious pseudopuberty, breast enlargement, or occasion-
ally galactorrhea can be observed [33, 35].
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Other clinical symptoms are abdominal distension and
pain [32-35]. This might be related to the fact that GCTs
tend to be large measuring up to 40 cm in diameter, with an
average of approximately 12 cm, and hemorrhagic [32-35].
More acute onset of pelvic pain may be the result of ovarian
torsion, or spontaneous rupture, resulting in a painful hema-
toperitoneum [33, 35]. Most GCTs are slow-growing lesions
that progressively fill the pelvis or abdomen [35]. Ascites is
less common in these tumors than in stage I or II or in more
advanced epithelial ovarian cancer stages (22 % vs. 31 % and
61 %, respectively) [35].

Inhibin is secreted by granulose cell tumors and it is a
useful marker to monitor response to treatment or to detect
disease recurrence. An elevated serum inhibin level in a pre-
menopausal woman presenting with amenorrhea and infertil-
ity is suggestive of a GCT [1, 35].

Mullerian inhibitory substance (MIS), which is also pro-
duced by granulose cells, is emerging as a potential marker
for these tumors, but the laboratory test is not clinically
available except for research purpose [1].

Prognosis

GCTs are slow-growing tumors with local spread that sel-
dom or very late recur, sometimes as long as 37 years
later [35].

The prognosis of granulosa cell tumor of the ovary
depends on disease surgical stage at the time of diagnosis
[1]. Overall, 75 % of the GCTs are diagnosed as stage I,
20 % as stage 11, 8 % as stage III, and 6 % as stage IV [35].
In one report of 37 women with stage I disease, survival rates
at 5, 10, and 20 years were 94, 82, and 62 %, respectively.
The survival rates for stages II to IV at 5 and 10 years were
55 and 34 %, respectively [33].

In adult-type tumors, cellular atypia, mitotic rate, and
absence of Call-Exner bodies are the only significant patho-
logical predictors of early recurrence [1]. The presence of
residual disease at the end of primary surgery was found to
be the most important predictor of progression-free sur-
vival, and DNA ploidy was another independent prognostic
factor [1].

In the juvenile type of GCTs, approximately 90 % are
diagnosed as stage I and have a favorable prognosis. This
type of tumor seems to behave less aggressively than the
adult type [1, 32].

The treatment of GCTs depends on the age of the patient
and the extent of disease. Fertility-sparing surgery with uni-
lateral salpingo-oophorectomy and staging seems to be rea-
sonable in patients wishing to preserve their fertility in the
absence of extraovarian spread. An endometrial curettage
must be performed to rule out concomitant endometrial
abnormality [1, 30]. In postmenopausal women and in
patients with advanced-stage disease or with bilateral
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ovarian involvement, abdominal hysterectomy and bilateral
salpingo-oophorectomy should be performed with a careful
surgical staging [32].

There are no data to support any kind of postoperative
adjuvant treatment for patients with stage I GCTs, given the
indolent nature of these neoplasms and the overall good
prognosis [32].

Due to the rarity of these tumors, well-designed random-
ized studies assessing the role of adjuvant therapy for patients
with stages II to IV disease are not feasible [1]. However,
platinum-based regimens such as BEP seem to be clearly
active [33].

Ultrasound Characteristics

The sonographic and CT findings of adult ovarian granulosa
cell tumor vary widely, ranging from solid masses to tumors
with variable degrees of hemorrhagic or fibrotic changes to
multilocular cystic lesions to completely cystic tumors [36].
Most of the masses are solid; a minority are partially or
totally cystic [4, 35].

Ko et al. described the sonographic characteristics of 13
GCTs [36]; they found that 46 % were multilocular solid
with a small solid component, 15 % were multilocular solid
with a thickened solid component, 8 % were cystic, and
31 % were solid [36]. Hong and co-workers described nine
GCTs cases, 89 % as complex multicystic masses and one as
a huge cyst with a thin septum [37].

The ultrasound findings using a standardized examina-
tion technique, terms, and definitions recommended by the
IOTA (International Ovarian Tumor Analysis) group are
listed in the literature in only one article. Van Holsbeke et al.
described the sonographic characteristics of 23 GCTs. All
but one tumor contained solid components. Twelve (52 %)
were multilocular solid, nine (39 %) were purely solid, one
(4 %) was unilocular solid, and one was multilocular (4 %).
All 13 multilocular/multilocular-solid masses contained five
locules or more and 10/13 (77 %) contained 10 or more loc-
ules. The echogenicity of the cyst content was usually low
level (7/16, 44 %) or mixed (6/16, 38 %). Papillary projec-
tions were found in only four patients (17 %). The GCTs
were large, with a median largest diameter of 102 (range,
37-242) mm. Only one mass was smaller than 50 mm and
more than 50 % were larger than 100 mm. Most GCTs pre-
sented moderate to high color content at color or power
Doppler examination (color score 3 in 13/23, 57 %; color
score 4 in 8/23, 35 %) [35].

Using pattern recognition Van Holsbeke et al. identified
two typical patterns. The first was a solid mass with hetero-
geneous echogenicity of the solid tissue as, for example, in
necrotic tissue. The second pattern was a multilocular-solid
mass containing a considerable amount of solid tissue around
relatively small locules, but with no papillary projections. It
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Fig. 7 (a) Grayscale ultrasound images of a small (3 cm) granulosa
cell tumor adult type stage IA in a 34-year-old woman with a solid
appearance, heterogeneous echogenicity, and smooth surface. (b)

Three-dimensional power Doppler image showing intense vasculariza-
tion, tortuous vessels with irregular branching

Fig. 8 (a, b) Grayscale ultrasound images of a small (4 cm) granulosa
cell tumor adult type stage IC in a 36-year-old woman with a predomi-
nant solid appearance, inhomogeneous echotexture and multiple small

typically had a “Swiss cheese” appearance owned to the
large number of small locules with a variable thickness of
solid tissue around the cystic areas [35]. No specific pattern
was recognized in two GCTs of the juvenile type [35]
(Figs. 7, 8, 9, and 10).

locules (Swiss cheese aspect), and smooth surface. (¢) Two-dimensional
power Doppler image showing intense vascularization

Ovarian Fibrosarcomas

Primary ovarian sarcomas represent a heterogeneous group
comprising <3 % of all ovarian tumors [38]. Fibrosarcoma,
on the other hand, is an unusual type of ovarian sarcomas and
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Fig.9 (a) Grayscale ultrasound images of a granulosa cell tumor adult ~ small locules, but with no papillary projections. (b) Three-dimensional
type stage IA in a 53-year-old woman with a multilocular-solid appear- ~ power Doppler image showing intense vascularization of the solid
ance containing a considerable amount of solid tissue around multiple  tissue

=y

Fig. 10 (a, b) Grayscale ultrasound images of an atypical large  without any amount of solid tissue or papillary projection. (¢, d) Three-
(27 cm) granulosa cell tumor adult type stage IA in a 51-year-old dimensional power Doppler image showing moderate vascularization
woman with a multilocular appearance (more than 10 large locules)  of septa
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is an exceedingly rare tumor [1]. Most lesions are heterolo-
gous, and 80 % occur in postmenopausal women. These
lesions are biologically aggressive, and the majority of
patients present with evidence of metastases [1].

As increased cellularity and mitotic activity is present in
both, to distinguish between cellular fibromas and fibrosar-
comas is often very challenging [38]. Although Prat and
Scully reported that the classification of benign cellular
fibroma and malignant fibrosarcoma based on mitotic activ-
ity was more useful than the one based on the degree of
nuclear atypia [39], to differentiate cellular fibroma from
fibrosarcoma on the basis of the histological findings alone
tends to be difficult in some cases because of the challenge of
an accurate mitotic count. An important component of histo-
pathological criteria for the diagnosis of fibrosarcoma is a
mitotic count of >4 mitotic figures per 10 HPF [39], but a
wide heterogeneity in clinical and pathomorphological
features prevails in the ovarian fibrosarcomas reported in lit-
erature [40].

The immunohistochemical staining for Ki-67 antigen
was employed to assess the proliferative activity. The
Ki-67 labeling index has been related to prognosis for soft
tissue sarcomas. However, Ki-67 antibody is effective
only on frozen sections. Recently, MIB-1 antibody has
been developed against a recombinant part of Ki-67 anti-
gen, which can also react in formalin-fixed, paraffin-
embedded tissue specimens [41]. The proliferative index
(% of cells in S + G2 + M phase) in soft tissue fibrosarcoma
is significantly higher than that observed in either nodular
fasciitis or abdominal fibromatosis. Tsuji et al. described
both the MIB-1 LI and the proliferative index in fibrosar-
comas being higher than those in cellular fibromas, there-
fore can be considered useful additional parameters to
distinguish between cellular fibromas and fibrosarcomas
of the ovary [41].

A study published by Irving et al. noted that cases of ovar-
ian fibromatous tumor showing very high mitotic count, but
blunt nuclei, do not usually exhibit an aggressive course of
disease and should be diagnosed as “mitotically active
cellular fibromas” instead of fibrosarcomas [42].

The treatment of ovarian fibrosarcomas consists of cyto-
reductive surgery and postoperative platinum-containing
combination chemotherapy. First-line cisplatin and ifos-
famide or carboplatin and paclitaxel regimen have been asso-
ciated with improved survival rate [1].

Ultrasound Characteristics

The sonographic features of ovary fibrosarcomas are solid
masses, with heterogeneous echogenicity, irregular surface,
and unilaterality. In particular, the presence of heterogeneous
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echogenicity, possibly related to necrosis and hemorrhage,
could be helpful in the discrimination of ovarian fibrosar-
comas from benign ovarian fibromatous tumors [42].

Doppler waveform analysis of intratumoral artery was
described in only one case, with a very low intratumoral
resistance and pulsatility index [43].

Sertoli-Leydig Cell Tumors

Epidemiology

Ovarian Sertoli cell tumors, Sertoli-Leydig cell tumors, and
Leydig cell tumors are rare. Together they account for less
than 1 % of all ovarian tumors [44]. They present most fre-
quently in the third and fourth decades, with 75 % of the
lesions observed in women younger than 40 years [1],
whereas Leydig cell tumors are more common in slightly
older patients, occurring at an average age of 58 years [44].
The tumors are most frequently low-grade malignancies,
although occasionally a poorly differentiated variety may
behave more aggressively [1].

Microscopy

Four subgroups are described: Sertoli cell tumor, Sertoli
cell tumor with lipid storage (folliculome lipidique of
Lecene), Leydig cell tumor, and combined Sertoli-Leydig
cell tumor [45].

The ovarian Sertoli cell tumors and Sertoli-Leydig cell
tumors consist of Sertoli cells, Leydig cells, fibroblasts, or all
of these cells in varying proportions and varying degrees of
differentiation [44].

Sertoli cell tumors are characterized by hollow or solid
tubules dispersed within fibrous stroma containing no or
only a few Leydig cells. Most are benign [44].

Sertoli-Leydig cell tumors may be well, moderately, or
poorly differentiated. The well-differentiated tumors exhibit
tubules composed of Sertoli cells or Leydig cells interspersed
with stroma. The intermediate forms show only outlines of
immature tubules and large eosinophilic Leydig cells. The
poorly differentiated tumors have a sarcomatous pattern with
a disorderly disposition of epithelial cell cords [14].
Approximately 20 % of Sertoli-Leydig cell tumors contain
heterologous elements, such as gastric type or intestinal-type
epithelium [44].

Leydig cell tumors are hilus or non-hilar types, the latter
being extremely rare. Microscopic examination of hilus cell
tumors reveals a circumscribed mass of steroid cells with
eosinophilic cytoplasm [44]. Frequently, Reinke’s crystals
(lipofuscin pigment and rod-shaped crystal-like structures
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3-20 pm in diameter) are found in the cytoplasm of the neo-
plastic cells [44].

Macroscopy

Sertoli cell tumors are lobulated, solid, yellow, or brown
tumors. They may be large (mean diameter, 9 cm) and are
usually unilateral [44].

The Sertoli-Leydig tumors were usually described as
being well-circumscribed with a glistening, smooth outer
surface. On cut surface they were solid, partly cystic, or
totally cystic, with larger tumors being more likely to show
cystic changes. The cysts sometimes contained clear yellow
fluid and occasionally were blood stained. The solid areas of
the tumor were firm, fleshy, or soft and varied in color from
gray to yellow with areas of hemorrhage and necrosis [45].
They may be minute to huge, but most commonly they range
in size from 5 to 15 cm. Almost all Sertoli-Leydig cell
tumors are unilateral [44]. In the Roth et al. series, the median
size of well-differentiated tumors was 6 cm, 7.5 cm for those
tumors of intermediate differentiation, and 13.5 cm for
poorly differentiated neoplasms [45].

Leydig cell tumors (hilus tumors) are small (mean diam-
eter, 2.4 cm), solid, brown to yellow tumors. They are usu-
ally unilateral [44].

Clinical Symptoms

The tumors typically produce androgens, and clinical viril-
ization is noted in 70-85 % of patients [1]. The incidence of
virilization seems to increase as tumor differentiation
decreases [45]. In the Roth et al. series, defeminization and/
or virilization was noted in 77 % of patients with poorly dif-
ferentiated tumors, in 73 % of patients with neoplasms of
intermediate type, and in 25 % of patients with well-
differentiated tumors [45].

Measurement of plasma androgens may reveal elevated
testosterone and androstenedione levels, with normal or
slightly elevated dehydroepiandrosterone sulfate [1].

Occasionally Sertoli-Leydig cell tumors may have
estrogenic manifestations, such as menorrhagia/metrorrha-
gia or postmenopausal bleeding. Some are complicated by
rupture or spread outside the ovary, more commonly in
association with poorly differentiated tumors. However,
ascites is rare [44].

Prognosis

Five-year survival rate is 70-90 %, and recurrences thereaf-
ter are uncommon [1]. Most important prognostic factors
are stage of disease and differentiation. Most Sertoli—
Leydig cell tumors are diagnosed at stage 1, and for this
stage survival depends on the degree of differentiation.

315

Tumors that present at higher stages have a poorer progno-
sis. When Sertoli-Leydig cell tumors recur, they typically
do so within 1 year and almost 95 % relapse within 5 years.
Recurrent tumors are usually confined to the pelvis or
abdomen [44].

Because these tumors are rarely bilateral, the usual
treatment is unilateral salpingo-oophorectomy and macro-
scopic evaluation of the contralateral ovary in patients who
are in their reproductive age. In postmenopausal women,
hysterectomy and bilateral salpingo-oophorectomy are
appropriate [1].

Ultrasound Characteristics

The ultrasound features described in literature are based on a
few published series. Monteagudo et al. described a solid,
slightly hyperechogenic intraovarian Leydig cell tumor with
a diameter of about 1 cm. They reported similar ultrasound
findings in three cases of steroid cell tumor, two of the latter
being associated with virilization. The tumors seem to be
well vascularized [46]. Outwater et al. described the imaging
of seven Sertoli-Leydig cell tumors, two Leydig cell tumors,
and two steroid cell tumors. It is not reported how many of
these tumors had been examined by ultrasound imaging.
Steroid cell tumors were solid, whereas the Sertoli-Leydig
cell tumors were more variable in their morphology, with
some estimated to contain less than 50 % solid tissue by the
imaging method used [47].

The ultrasound findings using a standardized examina-
tion technique, terms, and definitions recommended by the
IOTA group are cited in the literature in only one article.
Demidov et.al. described the sonographic characteristics of
22 patients; 15 had Sertoli-Leydig cell tumors, two had
Sertoli cell tumors, and five had Leydig cell tumors.
Twenty-two (96 %) of 23 tumors (one woman had bilateral
tumors) contained a solid component; 16 (70 %) were
purely solid. Pattern recognition showed that the Leydig
cell tumors were small solid tumors (four of five had a larg-
est diameter of 1-3 cm), and the two Sertoli cell tumors
were somewhat larger solid tumors (4 and 7 cm); the
Sertoli-Leydig cell tumors were either small-sized
(3—4 cm) or medium-sized (6—7 cm) solid tumors or multi-
locular-solid tumors of any size (3—-18 cm) with purely
solid areas mixed with areas of innumerable closely packed
small cyst locules [44]. The color score information was
available for nine patients in this series: four patients with
Sertoli-Leydig cell tumors, three with Leydig cell tumors,
and two with Sertoli cell tumors. Eight tumors were moder-
ately or abundantly vascularized, whereas one poorly dif-
ferentiated Sertoli-Leydig cell tumor was poorly
vascularized [44] (Figs. 11 and 12).
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Fig. 11 (a) Grayscale ultrasound images of a 6 cm Sertoli-Leydig  papillary projections. (b, ¢) Two- and three-dimensional power Doppler
ovarian tumor stage IC in a 13-year-old girl with oligomenorrhea. The  image showing intense vascularization of the capsula and of the solid
mass has a multilocular-solid appearance containing a considerable  tissue

amount of solid tissue and multiple locules (<10 locules), but with no

Fig. 12 (a) Grayscale ultrasound images of an atypical 5 cm Sertoli-  locules (2 locules). (b) Two-dimensional power Doppler image show-
Leydig stage IC in a 19-year-old woman with a multilocular-solid  ing intense vascularization of the solid tissue
appearance containing a modest amount of solid tissue and multiple
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Abstract

Malignant germ cell tumours are less common than epithelial ovarian tumours, accounting
for less than 2-3 % of all ovarian cancers in Western countries. They usually occur in
younger women with a peak incidence before 20 years.

Malignant stromal tumours are developed on stromal tissue of the ovary and are fre-
quently associated with hormonal secretion. In this group, malignant lesions are most rep-
resented by adult or juvenile granulosa cell tumours, Sertoli-Leydig tumours and
fibrosarcoma.

Imaging and in particular CT and MR may help to characterise and to stage preopera-
tively these rare tumours, and besides common malignant features, it might be useful to
detect some specific features to better assess these lesions.
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