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Background: The most common type of ovarian germ cell tumor is the teratoma. Thyroid tissue, both benign and
malignant, may be a component of an ovarian teratoma. Here we review this topic and illustrate major features
by presenting multimodal management of a patient with BRAF-positive disseminated follicular thyroid cancer
arising in an ovarian teratoma.
Summary: Malignant thyroid tissue is often difficult to distinguish from benign thyroid tissue arising in ovarian
teratomas. Preoperatively, an elevated thyroglobulin (Tg) level, laboratory or clinical evidence of hyperthyroid-
ism, or ultrasonography appearance of ‘‘struma pearl’’ should prompt referral to oncologist for surgical man-
agement of a possibly malignant ovarian teratoma. Postoperatively, tumor tissue should be referred to
pathologists experienced with differentiating benign from malignant struma ovarii. Once diagnosed, treatment of
this rare condition should be handled by a team of specialists with combined treatment modalities. We cared for
woman with disseminated thyroid cancer arising in an ovarian teratoma whose history illustrates the complexity
of managing ovarian teratomas with malignant thyroid tissue. At age 33 she had an intraoperative rupture of an
ovarian cyst, thought to be struma ovarii. During her next pregnancy, pelvic masses were noted; biopsies revealed
well-differentiated papillary thyroid carcinoma, follicular variant. She was euthyroid, but had elevated serum Tg
levels. Surgical staging demonstrated widely metastatic intraabdominal dissemination. A thyroidectomy revealed
no malignancy. A post-131I treatment scan revealed diffuse uptake throughout the abdomen. She then developed
abdominal pain and, on computed tomography, was found to have multiple intraabdominal foci of disease. Serum
Tg was 264 ng/mL while on L-thyroxine for hypothyroidism and to obtain thyrotropin suppression. A 18
fluorodeoxyglucose positron emission tomography scan showed no pathological uptake. The tumor was found to
be BRAF mutation positive (K601E). She underwent extensive secondary debulking and a second course of 131I
with lithium pretreatment. Posttreatment scan revealed diffuse abdominal uptake. Six months posttherapy, the
patient is asymptomatic with a serum Tg of 18.1 ng/mL.
Conclusions: Aggressive multimodal management appears to be the most promising approach for malignant
thyroid tissue arising in ovarian teratomas.

Introduction

Many types of both benign and malignant masses can
arise from the ovaries. Common benign cysts are

hemorrhagic cysts (often associated with ovulation), serous
cysts, endometriomas, and teratomas. Ovarian germ-cell
tumors can be benign or malignant, composed of mature tis-
sue types or immature tissues, and be from a single germ line

origin or all three. The most common type of ovarian germ cell
tumor is the teratoma. Ninety-five percent of teratomas, also
known as dermoid cysts, are benign structures made from
adult tissue types. These are usually cystic. They are derived
from ectodermal tissue such as skin, hair, and sebaceous
material. They also may contain mesodermal tissue (bone,
muscle, heart, lymph cells, and spleen), and tissue of endo-
dermal origin (digestive tract, pancreas, liver, and thyroid).
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Teratomas are bilateral in 10%–12% of cases and appear most
commonly in the second and third decades of life. Rupture of
these cysts into the abdomen either spontaneously or during
surgery can cause a chemical peritonitis. Approximately 1% of
mature teratomas can undergo malignant degeneration of any
of the underlying tissue types. Squamous cell carcinoma is the
most common sub type (1), occurring more frequently than
basal cell carcinoma, melanoma, adenocarcinoma, sarcoma,
neuroectodermal tumor, and thyroid cancer. Solid teratomas
are most often composed of immature tissue elements from all
three germ layers and are called immature teratomas or ma-
lignant teratomas.

Struma Ovarii

Occasionally ovarian teratomas can be comprised of a
single cell type, a monodermal teratoma, which are usually
struma ovarii or less frequently carcinoid tumors. There is
controversy regarding the nomenclature and clinicopatho-
logic criteria of struma ovarii. While up to 20% of ovarian
teratomas contain thyroid tissue, <5% of teratomas are stru-
ma ovarii, defined as the tumor being more than half thyroid
tissue. Women with struma ovarii usually present with a
unilateral adnexal mass (58%). Patients may experience acute
abdominal pain (12%) (2), but may be asymptomatic in as
many as 40% of cases (3). Peritoneal strumosis or stromatosis,
a term used when thyroid tissue is spread in a miliary fashion
over the serosal surfaces of the abdominal cavity, has also
been referred to as malignant struma ovarii with peritoneal
dissemination (4,5).

It is difficult to distinguish peritoneal spread of a benign
ruptured struma ovarii from a highly differentiated cancer,
highlighting the importance of referral of the original surgical
specimens of teratomas with thyroid tissue to experienced
pathologists (6). It is impossible to distinguish benign peri-
toneal strumosis from metastatic spread of a follicular variant
of papillary thyroid cancer (PTC) arising from the ovary, that
is, minimal deviation follicular thyroid type carcinoma based
on histology (7–9). Only if this entity exhibits overtly meta-
static behavior by spreading to lymph nodes or distant sites
can the definitive diagnosis of malignancy be made. Roth and
Talerman have proposed that this distinction may only be
made retrospectively, by following a patient for 5 years with
progression to establish the diagnosis of strumosis (7). How-
ever, distant recurrences have been reported beyond this time
frame with the range of detection of metastatic disease
between 5 months to 26 years (6).

Given the difficulty of definitive diagnosis even on histol-
ogy, it is easy to imagine the difficulty in diagnosing this rare
condition via radiographic imaging. Savelli et al. reported a
summary of ultrasonography findings in patients with stru-
ma ovarii (3). In this series, all struma ovarii were cystic
ovarian masses. The most specific ultrasonographic fea-
ture of struma ovarii is the struma pearl, which is a smooth
round solid ball within a fluid-filled cyst and similar to the
round white ball consisting of hair and sebum described in
the setting of dermoid ovarian cysts. The struma pearl itself
may contain areas of cystic degeneration, appearing as hy-
poechoic spots in the otherwise hyperechoic struma pearl.
These struma pearls are often vascularized areas of ovar-
ian cysts demonstrated on Doppler flow that represent the
thyroid tissue components on histology of the ovarian mass.

Thyroid Cancer Arising in the Ovary

The word ‘‘struma’’ is derived from the Latin word
for goiter, a benign condition. Therefore, the terminology
‘‘malignant struma ovarii’’ or ‘‘disseminated struma ovarii’’ is
somewhat of a misnomer when referring to a malignant
process. We prefer a histologic description for the diagnosis,
for example, PTC in an ovarian teratoma or follicular thy-
roid carcinoma in an ovarian teratoma. Thyroid cancer (i.e.,
malignant degeneration) is found in *5% of cases of struma
ovarii (10). The average age for presentation with PTC arising
in an ovarian teratoma is in the fifth decade (2). Abdominal
ascites and pleural effusions (Meigs syndrome) are most often
associated with benign struma ovarii (11–14), but can rarely
be associated with malignant PTC of the ovary (i.e., malignant
struma ovary) (15,16).

Metastatic spread of PTC in an ovarian teratoma is most
common to the peritoneum, mesentery, and omentum,
reflecting the proximity of this intraabdominal location of
thyroid cancer compared to eutopic thyroid cancer. Less
common sites of distant metastases, in descending order of
prevalence, are liver, contralateral ovary, bone, and lung,
which mimic the pattern of metastases in eutopic thyroid
cancer (6). Recurrences remote from presentation reflect the
indolent nature of this disease.

BRAF and Other Mutations in Thyroid Cancer
Arising from Ovarian Teratomas

Multiple genetic abnormalities have been described in
thyroid cancers arising in ovarian teratomas, all of which have
been described in thyroid cancer originating from the neck.
Many of these alterations are associated with perturbations in
the mitogen-activated protein kinase pathway. Point muta-
tions in BRAF (in hotspot region, often V600E or K601E)
(17,18), point mutations in HRAS (19), NRAS (20), loss of
heterozygosity in the PTEN region (21), and ret/PTC re-
arrangements (tyrosine kinase receptor RET activated by fu-
sion of the 30 portion of the RET gene to the 50 portion of
various genes) (22) have been described in thyroid cancers
arising in teratomas.

Prognosis

Survival data have been reported by Devaney et al. in a
small case series collected between 1950 and 1983 (2). Length
of follow-up ranged from 3 to 16 (avg. 8.7) years in 22 patients
with proliferative struma ovarii and 2 to 18 (avg. 7.3) years in
8 patients with malignant struma ovarii. All patients were
alive at last contact except one patient with proliferative
struma, who succumbed to congestive heart failure. Forty-
four percent of patients with thyroid cancer arising in the
ovary were alive with no reported recurrence or disease,
whereas 22% were alive with persistent disease. Fifteen per-
cent of patients died from their metastatic disease. A full 17%
of patients in this series, however, lacked follow-up (23).

Case Study

A 33-year-old Gravida 3 Para 2 woman was found to have a
10-cm right adnexal mass at the time of a spontaneous first
trimester miscarriage initially treated with a completion di-
latation and curettage. The patient was later taken to the op-
erating room for a laparoscopic ovarian cystectomy, which
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was complicated by intraoperative cyst rupture with spill into
the abdomen. The provisional diagnosis was ovarian tera-
toma with evidence of struma ovarii. The patient was released
without further follow-up.

Two years later she became pregnant again, and during this
pregnancy, new adnexal masses were discovered. Magnetic
resonance imaging revealed multiple bilateral pelvic masses,
separate from the uterus and the ovary. The largest left ad-
nexal mass was 4 cm and the largest right adnexal mass was
*2.4 cm.

The patient had a normal vaginal delivery, and then un-
derwent a laparoscopic tubal ligation with biopsy of a right
anterior peritoneal mass. These specimens were initially
thought to be similar to the benign process (struma ovarii
without atypia), but further investigation revealed that the
specimen was positive for keratins AE1/AE3/CK7, thyro-
globulin (Tg), and thyroid transcription factor, and negative
for estrogen receptor, progesterone receptor, carcinoem-
bryonic antigen, and cytokeratin 20, favoring metastatic fol-
licular carcinoma of the thyroid.

This prompted an investigation of the thyroid, which re-
vealed a 6-mm hyperechoic nodule in the left superior thyroid
lobe. The patient was euthyroid (Fig. 1). The serum Tg was
49,000 ng/mL (normal range, 1.6–59.9 ng/mL); however, her
CA-125 was 99 units/mL (normal range, 0–35 ng/mL).

To address the malignant intraabdominal process, the
patient underwent exploratory laparotomy, where widely
metastatic intraabdominal dissemination of her disease was
found. A gynecological staging procedure was performed:
total abdominal hysterectomy, bilateral salpingo-oophorec-
tomy, partial omentectomy, and peritoneal washings, where
all residual tumor implants were <1 cm in their greatest di-
mension, that is, optimal cytoreduction or optimal debulking.
After extensive review of the hysterectomy and staging
specimens, it was concluded that the patient’s intraabdominal
disease was most likely due to disseminated struma ovarii.

Given the concern for metastatic thyroid cancer in the set-
ting of a thyroid nodule, and in view of the planned radio-
ablation, a total thyroidectomy was performed. Surgical
pathology of the thyroidectomy specimen revealed no ma-
lignancy. The patient was then treated with 253 mCi of 131I,
and posttreatment scan revealed diffuse uptake throughout
the abdomen. During the following 4 years the patient was
treated with thyrotropin (TSH) suppressive doses of thyroid
hormone.

The patient was referred to our institution for evaluation
because of persistent abdominal pain. At the time of first en-
counter at the National Institutes of Health (NIH), her serum
TSH was 0.3 mcIU/mL with negative Tg antibodies. A serum
Tg while on suppressive doses of thyroxine was 264 ng/mL
and multiple intraabdominal foci of disease were observed
by computed tomography (Fig. 2). No intrahepatic dissemi-
nation was noted. A recombinant human TSH-stimulated
18 fluorodeoxyglucose positron emission tomography scan
showed no pathological uptake (Fig. 2).

The patient underwent extensive secondary surgical
debulking of her metastatic abdominal disease, including
exploratory laparotomy, lysis of adhesions, greater and
lesser omentectomy, mobilization of the splenic flexure,
diaphragmatic stripping, pelvic peritonectomy, and resec-
tion of cecal and jejunal serosal nodules. Multiple small
lesions, <1 cm, were removed from both hemidiaphragms.

Larger, almost 2 cm, masses were resected form the greater
omentum toward the spleen. A nodule tucked behind the
spleen was also removed. The pelvis revealed studding of
the peritoneum as well as the pelvic sidewalls. There were
lesions in the lateral sigmoid in the tinea epiploica. Histo-
pathology examination of the lesions revealed follicular
variant of PTC throughout the abdomen. This was similar in
appearance to the samples obtained from the initial surgical
staging procedure (Fig. 3). Two weeks after surgery her
serum Tg was 93.2 ng/mL.

Eight weeks postoperatively, the patient underwent thy-
roid hormone withdrawal and 10 days treatment with lithium
300 mg three times daily by mouth, achieving a serum lithium
level of 0.9 mEq/L (0.6–1.2). One week after starting lithium
she received a second course of 308 mCi of 131I, which was
calculated by dosimetry. At the time of radioactive iodine
(RAI) therapy her serum TSH was 59.7 mcIU/mL and her Tg
was 682 ng/mL. Posttreatment scan revealed diffuse uptake
throughout the abdomen without distant metastases (Fig. 4).
Six months after this therapy the patient was asymptomatic
with a serum Tg of 18.1 ng/mL and a serum TSH of
0.02 mcIU/mL while on thyroid hormone.

Molecular analysis

To evaluate the tumor for oncogene expression, tumor tis-
sue was collected from pathology specimens. Formalin-fixed
paraffin-embedded slides, 3–4.5 mm cut section thick, were
deparaffinized, rehydrated, and stained with hematoxylin
and eosin. Selected cells of the tumor were procured by mi-
crodissection with a 30-gauge needle under microscopic
control. The procured tissue was resuspended in a lysis buffer
containing 0.5 mg/mL proteinase K, 0.5% Tween 20, 1 mM
EDTA (pH 8), and 50 mM Tris-HCl (pH 8.5), and incubated at
558C for 48 hours to ensure a complete digestion. Then,
samples were heated at 958C for 5 minutes to inactivate the

FIG. 1. Graphical representation of thyroglobulin levels
(ng/mL) and associated clinical events from right to left:
initial presentation during a miscarriage requiring dilata-
tion & curettage (D&C), laparoscopic cystectomy with in-
traoperative rupture, normal spontaneous vaginal delivery,
laparoscopic biopsies (L/S) and bilateral tubal ligation (BLT),
total abdominal hysterectomy with bilateral salpingo-
oophorectomy, and lymph node dissection/partial omen-
tectomy, total thyroidectomy, 253 mCi of radioactive 131iodine,
recombinant thyrotropin (rTSH) injection for thyrogen-
stimulated positron emission tomography/computed tomog-
raphy, secondary surgical debulking of multiple implants/
completion of omentectomy, and 308 mCi of radioactive
131iodine.
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proteinase K and stored at �208C until use. Normal thyroid
tissue was used as negative control. Genomic DNA was
amplified by polymerase chain reaction (touch down starting
at 618C minus 0.58C each cycle, 728C for 1:30 for 8 cycles,
followed by 35 cycles of 958C 60 seconds, 578C for 60 sec-
onds, and 728C for 60 seconds, and extension at 728C for
15 minutes). The following primers were used: K-Ras,
50-ggcctgctgaaaatgactgaa-30 sense and 50-ggtcctgcaccagtaat
atgc-30 antisense; BRAF, 50-tgtaaaacgacggccagtcataatgcttg
ctctgatagga-30 sense and 50-agcggataacaatttcacacaggccaaaaatt
taatcagtgga-30 antisense. Polymerase chain reaction products
were observed on 2% agarose gel with ethidium bromide and
sequenced on both strands by BigDye�terminator version 3.1
using an ABI PRISM 3730XL Analyzer (Applied Biosystems,
Foster City, CA). Sequences were compared to human ge-
nome using BLAST.

Although no KRAS mutations were found in the tumor
sample, an A/G transition was detected at exon 601 of the
BRAF gene, resulting in a lysine to glutamine missense mu-
tation (K601E) previously associated with follicular variant of
PTC (24).

Management of Thyroid Cancer Arising
in Ovarian Teratomas

On the basis of our experience with this and other patients
and the literature, we propose that work-up for suspected
ovarian teratomas include laboratory assessment of Tg levels
and thyroid function tests. As in our patient, PTC of an
ovarian teratoma (i.e., malignant struma ovarii) can be as-
sociated with elevated Tg levels (25). When elevated Tg
levels (above the normal range) are encountered in the set-
ting of a suspected ovarian teratoma, we propose preoper-
ative referral to a gynecology oncologist for operative
management of teratoma due to the increased risk of un-
derlying ovarian malignancy. However, an elevated Tg level
could also be associated with benign struma ovarii. Tg levels
have been shown to correlate with the burden of disease,
particularly in the follicular variant of thyroid cancer (26).
Conversely, if evidence of hyperthyroidism is encountered
on laboratory assessment in the setting of an ovarian tera-
toma, it is more likely to be a benign hyperfunctioning
ovarian struma ovarii, which occurs in *5%–15%. In con-

FIG. 3. Omental implant of metastatic papillary thyroid from secondary debulking surgery. (A) Papillary thyroid carci-
noma, follicular variant, arising from the ovary, low power (B) and high power (C).

FIG. 2. Coronal body view of recombinant human thyrotropin-stimulated functional positron emission tomography/
computed tomography with 15.2 mCi of 18fluorine-flourodeoxyglucose, which revealed multiple subcentimeter nodules (the
most visible lesion is indicated by the arrow) without pathologic uptake of 18fluorine-flourodeoxyglucose. (A) CT image; (B)
PET scan; (C) reconstruction image.
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trast, hyperthyroidism associated with PTC arising from an
ovarian teratoma is rare (27). When a majority of thyroid
tissue is encountered in an ovarian teratoma, we urge re-
ferral to a pathologist experienced with struma ovarii and
PTC arising in the ovary. As many as 34% of cases of thyroid
cancer arising in the ovary were initially misdiagnosed as
benign struma ovarii, reflecting the underlying difficulty in
distinguishing follicular thyroid cancers from benign pro-
cesses and highlighting the importance of an experienced
pathologist (6). Molecular genetics can also aid in differen-
tiating benign from malignant tumors, as is demonstrated
with the case reported here.

We also stress the importance of combining gynecologic
and endocrine approaches to management of thyroid cancer
arising in ovarian teratomas. Surgical resection of as much
malignant cancer as possible has emerged as paradigm of
ovarian cancer management, which has been show to im-
prove survival in patients with Stage IIIC disease (28), the
most common stage at diagnosis. Cytoreductive surgical
management has become the standard of care for recurrent

ovarian cancer to decrease the bulk and density of malignancy
and optimize the effects of chemotherapy. We agree with the
proposal (23) for management by combining approaches typi-
cal for ovarian cancer and for thyroid cancer. Given our expe-
rience with the case reported here we would also like to stress
the importance of primary surgical management with total
abdominal hysterectomy, bilateral salpingo-oophorectomy,
and surgical tumor debulking (gynecologic oncology or gen-
eral surgery) to cytoreduce the total burden of intraabdominal
disease in this condition as it mimics borderline ovarian ma-
lignancies. Chemotherapeutic approaches should be tai-
lored more to a metastatic thyroid cancer rather than ovarian
cancer; patients with thyroid cancer arising in the ovary
should therefore undergo total thyroidectomy by endocrine
surgeons to allow for treatment with 131I ablation (6,15). The
presence of local or distant spread should also prompt the
use of dosimetry to minimize the toxicity associated with
this modality (29). Notably, to optimize the chances for re-
sponse to 131I therapy in the patient reported here, we opted
for pretreatment with lithium as it may increase 131I retention
in neoplastic tissue (30). We also used a strict low-iodine
diet (31,32).

Fertility

Because thyroid cancers arising in teratomas are generally
tumors with indolent courses, fertility sparing surgery (e.g.,
unilateral oophorectomy) should be considered in reproduc-
tive aged patients with minimal disease burden. RAI ablation
for thyroid cancer has been associated with temporary ovar-
ian failure and early menopause (33), or transient amenorrhea
with elevated gonadotropins (34). Pretreatment with GnRH
agonists to induce a more quiescent (and less susceptible)
state in the presence of gonadotoxic agents is generally a very
safe option to protect ovarian function, but the utility of
this therapy is controversial (35,36). GnRH antagonists have
been suggested as an alternative to GnRH agonists as GnRH
agonists are associated with an initial (undesirable) flare
in ovarian stimulation before (protective) downregulation
eventually occurs. GnRH antagonists, however, have not
been rigorously tested in clinical trials (37).

While RAI has modest lasting effects on fertility on patients
treated for eutopic thyroid cancer, thyroid cancer arising in
the ovary presents a very different situation. First, surgical
removal of the primary tumor requires removing the gonad,
which is thought to hasten diminishing ovarian reserve due
to incessant ovulatory demand from a single ovary instead of
from two. Second, even if fertility sparing surgery is em-
ployed and a gonad is spared, RAI will concentrate much
closer to the remaining gonad in the case of thyroid cancer
arising in a teratoma than eutopic thyroid cancer. Radioactive
damage will concentrate near the site of the remaining gonad
and reproductive damage will be far greater. For patients with
advanced disease, a consideration of fertility options should
be discussed before definitive surgery, as is becoming stan-
dard for many cancers striking women of reproductive age
like breast, gynecologic, and hematologic malignancies (38).
Experimental approaches included ovarian cryopreservation,
ovarian cortex harvest and cryopreservation, and whole
ovary cryopreservation, but are not yet standard of care.
Patients should be referred to Institutional Review Board–
approved protocols when feasible.

FIG. 4. Top panel shows diagnostic 131I scan before thera-
peutic doses radioactive iodine, anterior (left) and posterior
(right) views. The bottom panel shows posttreatment (308 mCi
of 131I) scan in anterior (left) and posterior (right) views.
The abdominal uptake is attributed to metastatic disease, with
the exception of some residual uptake in the large colon.

MULTIMODAL MANAGEMENT OF FOLLICULAR CANCER IN OVARY 985



In summary, struma ovarii is a rare tumor that is difficult
to accurately characterize preoperatively and sometimes
difficult to distinguish from thyroid cancer arising in an
ovarian teratoma histologically. The nomenclature used in
the literature for these conditions adds to the difficulty of
managing these conditions. It is preferable that patients
with these disorders be handled by an experienced team of
specialists.
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20. Celestino R, Magalhães J, Castro P, Triller M, Vinagre J,
Soares P, Sobrinho-Simões M 2009 A follicular variant of
papillary thyroid carcinoma in struma ovarii. Case report
with unique molecular alterations. Histopathology 55:482–
487.

21. Tate G, Tajiri T, Suzuki T, Mitsuya T 2009 Mutations of the
KIT gene and loss of heterozygosity of the PTEN region in a
primary malignant melanoma arising from a mature cystic
teratoma of the ovary. Cancer Genet Cytogenet 190:15–20.

22. Boutross-Tadross O, Saleh R, Asa S 2007 Follicular variant
papillary thyroid carcinoma arising in struma ovarii. Endocr
Pathol 18:182–186.

23. McGill J, Sturgeon C, Angelos P 2009 Metastatic struma
ovarii treated with total thyroidectomy and radioiodine
ablation. Endocr Pract 15:167–173.

24. Trovisco V, Soares P, Soares R, Magalhães J, Sá-Couto P,
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