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Abstract

Background Struma ovarii refers to rare mature cystic teratomas containing at least 50% of thyroid tissue, and
malignant transformation is known to be even rarer. The synchronous development of malignant struma ovarii and
cervical thyroid carcinoma are also scarce and poorly understood due to limited data about molecular features. Here,
we present the first report of RET/PTC 1 rearrangement in synchronous metastatic malignant struma ovarii to the
abdominal wall and cervical thyroid cancer.

Case presentation We described a 47-year-old multigravida woman with bilateral adnexal and lower abdominal
wall masses detected during the evaluation of abnormal uterine bleeding. The patient underwent a hysterectomy,
bilateral salpingo-oophorectomy, and surgical removal of abdominal wall mass. Then, the pathological evaluation
revealed papillary thyroid carcinoma (PTC) within struma ovarii and metastatic PTC in the abdominal wall fibro
adipose tissue. Further, cervical thyroid gland physical examination and ultrasound illustrated a nodule within the left
lobe. Subsequently, a total thyroidectomy was performed, and a histological examination revealed PTC. Furthermore,
all affected tissue, i.e., struma ovarii, abdominal wall metastasis, and cervical thyroid gland tested for BRAF and RAS
mutations and RET/PTC 1 rearrangement. RET/PTC 1 rearrangement was identified among all three different sites.
Finally, after six years of follow-up, the patient had no evidence of recurrence or distant metastasis.

Conclusions In light of these findings, malignant struma ovarii might yield a clue to cervical thyroid carcinoma,
and the molecular analysis could provide valuable information for understanding the underlying mechanism, tumor
clinicopathological behaviors, and prognosis.
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Background

Mature cystic teratomas (dermoid cysts), the most com-
mon ovarian germ cell tumor type, constitute 20% of all
ovarian neoplasms [1]. Thyroid tissue could be found in
approximately 20% of mature cystic teratomas, and 5%
of thyroid-containing teratomas are classified as struma
ovarii, composed entirely or predominantly (=50%) of
thyroid tissue. Most cases are benign and malignant
transformation might occur in 5-10% of patients. Pap-
illary thyroid carcinoma (PTC) is the most common
malignancy in struma ovarii. According to previous
investigations, metastases are found in 5-25% of patients
suffering from malignant struma ovarii. The metastases
from malignant struma ovarii are primarily found in asci-
tes or peritoneal washing fluid and pelvic peritoneum or
structures [2-6].

Previous reports described synchronous development
of malignant struma ovarii and primary thyroid carci-
noma, which occurred in 5-10% of patients [2, 3, 6-9].
Molecular analysis was conducted among a few previ-
ous reports of the malignant struma ovarii and coexis-
tent cervical thyroid carcinoma, including BRAF(V600E),
N-RAS, H-RAS, KIT, TERT-promotor mutations, and
RET-PTC rearrangements [2, 7, 8, 10—14]. Some previ-
ous investigations claimed synchronous cervical thy-
roid cancer or genetic abnormalities like BRAF and
RAS mutations were associated with higher risk and
more aggressive disease [15, 16]. However, due to data
insufficiency, the impact of the mutation on patients’
prognosis and survival was not fully understood [9]. Con-
sidering the overall rarity of malignant struma ovarii and
the probability of synchronous cervical thyroid cancer,
more investigations are needed to reveal the essential
role of molecular alterations.

To our best knowledge, only one case report described
the coexistence of cervical PTC and metastatic malig-
nant struma ovarii alongside molecular analysis [2]. Thus,
we present another case of metastatic malignant struma
ovarii and coexistent cervical PTC, along with molecular
analysis, after six years of follow-up, accompanied by a
similar literature review.

Case presentation
A 47-year-old woman, multigravida, was referred to eval-
uate her abnormal uterine bleeding that started two years
ago. Previous ultrasound showed multiple intramural
subserosal uterine myomas (15-20 mm diameter) and a
simple cyst (20 mm diameter) in the right ovary without
septation and solid component.

The patient’s symptoms had worsened over seven
months, and she also suffered from a sense of abdominal

fullness. The abdominal physical examination was unre-
markable except small palpable mobile mass located
in the lower abdomen. Recent abdominal and trans-
vaginal ultrasounds illustrated bilateral adnexal masses
(51x31 mm diameter simple cyst in the right ovary and
38x29 mm diameter hyperechoic mass in the left ovary).
Furthermore, there was a new finding; a hypoechoic
mass located deep in the soft tissue of the lower abdomi-
nal wall (63 mm in diameter). Moreover, computerized
tomography (CT) of the abdomen and pelvis confirmed
an abdominal mass within the left ovary and a mass in
the abdominal wall. (Fig. 1)

Considering all findings, in November 2015, the patient
underwent a total abdominal hysterectomy, bilateral
salpingo-oophorectomy, and surgical removal of the
abdominal wall mass. Both ovaries were removed intact,
and peritoneal washing was performed. The pathologi-
cal evaluation described a 28 mm focus of PTC within
struma ovarii without angiolymphatic invasion sur-
rounded by normal thyroid tissue, confined to the ovary.
Moreover, evaluation of abdominal wall mass revealed a
metastatic PTC in fibro adipose tissue. In addition, there
was no evidence of thyroid-type tumor cells in peritoneal
washing fluid, and all surgical margins were free of tumor
cells. Post-surgical Magnetic Resonance Imaging results
are available in Fig. 2.

The patient did not complain about thyroid dysfunc-
tion symptoms and denied radiation exposure and pre-
vious cervical thyroid carcinoma in herself or her family.
The examination of the cervical thyroid gland and lymph
nodes was unremarkable, except for a nodule within the
left lobe. Then, thyroid ultrasound showed a 21 mm nod-
ule within the left lobe (Fig. 3) without cervical lymph
nodes suspecting malignancy, and subsequent ultra-
sound-guided fine-needle aspiration biopsy illustrated
PTC. Furthermore, laboratory evaluations revealed that
the complete blood count, biochemical parameters, and
thyroid function tests were normal. In light of these
findings, the patient underwent a total thyroidectomy,
and the pathological evaluation demonstrated bilateral
and multifocal PTC with no evidence of angiolymphatic
invasion, extrathyroidal extension, or cervical lymph
node metastasis. [Stage 1 (TINOMO)-ATA low risk] The
left lobe evaluation showed a malignant nodule (15 mm
diameter) with a mixed papillary and follicular variant of
PTC. Moreover, four foci of papillary thyroid microcarci-
noma (5 mm diameter) were found in the right lobe.

We examined the pathogenic variants of BRAF and
N-RAS genes and RET/PTC1 rearrangement. Samples
were collected from affected tissues, including malignant
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Fig. 1 Bilateral smooth marginated solid-cystic masses in the pelvic cavity within ovarian sites, alongside an isodense mass lesion with a prominent solid

component in the right rectus muscle in the lower abdomen

struma ovarii, cervical thyroid gland, and abdominal wall
metastasis.

Three to four tissue curls cut (10 um) from Formalin-
Fixed Paraffin-Embedded (FFPE) blocks were obtained
from Tehran Khatam-al-Anbya Hospital. Total DNA and
RNA were extracted using TRIzol reagent (Invitrogen
U.S. Cat. No. 15596-026) according to the manufacturer’s
instructions. Codon 600 mutation in BRAF oncogene and
codon 13 mutation in N-RAS were investigated by direct

sequencing. Exon 15 of the BRAF gene and Exon num-
ber 2 from N-RAS were amplified by polymerase chain
reaction (PCR) using previously reported primers [17].
After quality control by running 2% agarose gel electro-
phoresis, direct DNA sequencing was carried out using
the same primers by Applied Biosystems 3130/3130xl
Genetic Analyzers. Total RNA (1 pg) was reverse tran-
scribed with a ¢cDNA synthesis kit (Thermo Fisher Sci-
entific, USA) according to the manufacturer’s protocol
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Fig. 2 Post-surgical abdominal Magnetic Resonance Imaging. T1 Images in the sagittal plane, coronal plane, and axial plane of fat saturation and non-fat

saturation

to determine the RET/PTCI1 rearrangement [18]. The
amplification condition was optimized by quantitative
reverse transcriptase real-time PCR (qQRT-PCR) using the
Rotor-Gene 6000 (Corbett Research, Sydney, Australia).
The results are explained in Table 1.

One month afterward, the patient received oral admin-
istration of 100 mCi '*'I for treatment, and one week
later, she underwent a whole-body scintigraphy. The scan
showed radiotracer uptake in the remnant of the thyroid
tissue in the thyroid bed. Furthermore, the absence of
abnormal tracer activity throughout the body illustrated

no evidence of regional or distant metastasis, and the
patient did not receive post-surgical radiotherapy or
chemotherapy.

The patient’s whole medical history is summarized step
by step in Fig. 4.

After six years of follow-up, the patient had no recur-
rence or distant metastasis complaint. Moreover, neck
ultrasound and CT scan of abdomen and pelvis have
revealed nothing related to recurrence or metastasis,
alongside undetectable thyroglobulin and thyroglobulin
antibody levels.



Kabootari et al. Thyroid Research (2023) 16:39

Page 5 of 11

Fig. 3 A 21 mm solid nodule within the left lobe of the cervical thyroid gland with hypoechogenicity, lobulated borders, vertical direction, and macro-
calcification. (TI-RADS: 5)
TIRADS, Thyroid imaging reporting and data system.

Table 1 Genetic abnormalities of papillary thyroid carcinoma
residing in the cervical thyroid gland, malignant struma ovarii,
and abdominal wall metastasis

Tumor Site BRAF N-RAS RET/
V600E PTC1
Cervical thyroid gland - - +
Malignant struma ovarii - - +
Abdominal wall metastasis - - +

Discussion and conclusions

The current report describes a unique synchronous
metastatic malignant struma ovarii and cervical PTC
after six years of follow-up, alongside molecular analy-
sis that revealed positive RET/PTC1 rearrangement
among three different sites, i.e., malignant struma
ovarii, cervical thyroid gland, and abdominal wall
metastasis.

The coexistence of malignant struma ovarii and cer-
vical thyroid carcinoma is quite rare. Among previous
reports, we found eighteen publications that described
synchronous malignant struma ovarii and cervical thy-
roid carcinoma. The characteristics of these reports

are shown in Table 2, and treatment and follow-up
data are also available in Table 3.

The mean diagnosis age of synchronous malignant
struma ovarii and cervical thyroid cancer was 48.26
years (range from 30 to 78 years), and most patients
complained about abdominal/pelvic symptoms at the
onset of the disease. Nevertheless, two patients [11,
19] suffered from neck problems, and the post-total
thyroidectomy '3'I scan demonstrated the struma
ovarii diagnosis. According to pathological evalua-
tion, PTC was the most common histologic subtype
in malignant struma ovarii and cervical thyroid gland.
Furthermore, molecular analysis was documented in
eight reports [2, 7, 8, 10-14]. BRAF (V600E) mutation
was the most common genetic evaluation, followed by
RAS, KIT, TERT promoter mutations, and RET-PTC
rearrangements. However, all evaluation results were
negative except for RAS mutations in Gomes-lima
et al. [8] and KIT mutation in Ma et al. [10]. More-
over, most patients underwent a similar treatment
approach; unilateral or bilateral salpingo-oophorec-
tomy, total thyroidectomy, and RAI ablation. Follow-
up data were also available for twelve patients, and the
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« Bilateral adnexal masses

» The lower abdominal wall mass

TAH-BSO

The abdominal wall mass
removal

The cervical thyroid
evaluation and FNA

Total thyroidectomy

* PTC arising in MSO
* Metastatic PTC to the abdominal wall

* A nodule within the left lobe of cervical thyroid
* PTC in FNA result

» Bilateral and multifocal PTC

* RET/PTC1 rearrangement in;

Molecular analysis * MSO

¢ The abdominal wall mass

» The cervical Thyroid gland

RAI ablation

Fig. 4 The patient’s medical history step by step

* No evidence of regional or distant metastasis

AUB, abnormal uterine bleeding; TAH-BSO, total abdominal hysterectomy- bilateral salpingo-oophorectomy; PTC, papillary thyroid carcinoma; MSO, ma-
lignant struma ovarii; FNA, fine-needle aspiration biopsy; RAI, radioactive iodine

average follow-up time was 23.15 months (range of 6
to 60 months) with no evidence of recurrence or dis-
tant metastasis.

The coexistence of malignant struma ovarii and
cervical thyroid carcinoma represents synchronous
multifocal thyroid-type tumors in distinct anatomi-
cal locations without lymphatic connection. This phe-
nomenon may be explained by hypothesized “field
cancerization” and early genomic instability. “Field
cancerization” or “field effect” refers to prolonged
exposure to carcinogens leading to independent
genetic alterations at thyroid-type tissue in differ-
ent topographical sites. On the other hand, the initial
genetic instability occurs during embryogenesis, and
separated affected cells differentiate into thyroid-type

tissue in distinct anatomical locations. Then, lifetime
parallel carcinogen exposures lead to independent
synchronous tumorigenesis. In other words, genetic
predispositions, environmental exposure, and epide-
miological factors contribute to multiple preneoplastic
lesions arising synchronously [2, 20-22].

To our best knowledge, only one report presented
the coexistence of metastatic malignant struma ovarii
and cervical PTC alongside molecular analysis. Leong
et al. [2] described a 42-year-old woman with a grow-
ing left pelvic mass that underwent total abdominal
hysterectomy and bilateral salpingo-oophorectomy.
The pathological evaluation revealed papillary thyroid
carcinoma arising from struma ovarii, alongside the
existence of thyroid-type tumor cells in the peritoneal
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Table 2 Coexistence of malignant struma ovarii and cervical thyroid carcinoma case reports characteristics

Number Reported case Age(years) Presentation MSO Metastasis CTC histopathology Genetic
histopathology profiling
1 Limetal. [19] 63 Palpable mass in the FVPTC No evidence PTC Unknown
2008 neck Lymph node metastases
2 Janszenetal. [28] 52 Unexplained weight  FTC No evidence Papillary microcarcinoma  Unknown
2008 loss
3 Marti et al. [7] 44 Palpable adnexal PTC No evidence PTC BRAF(V600E)
2012 mass ETE + -
Central lymph node
metastasis
4 Leite et al. [29] 78 Pelvic pain PTC No evidence FVPTC Unknown
2013 Significant weight LV invasion - LV invasion —
loss ETE-
The large mass in
RLQ
5 Leong et al. [2] 42 Growing left pelvic ~ PTC Positive perito-  Multifocal PTC BRAF(V600E)
2013 mass LV invasion- neal washing ETE + -
FVPTC K-RAS -
Perithyroidal lymph node  RET-PTC -
metastasis
6 Krishnamurthy et 51 Abdominal pain and FVPTC No evidence FVPTC Unknown
al. [30] distension
2013 Abdominopelvic
mass
7 Bruscaetal. [31] 30 Abdominal pain FVPTC No evidence Papillary microcarcinoma  Unknown
2015 Increased steady
weight

The palpable large
mass in RLQ and
hypogastric region

8 Aguilera et al. 57 Right ovarian mass ~ PTC No evidence Papillary microcarcinoma  Unknown
[32]
2015
9 Ma et al.[10] 47 Sudden onset RLQ  PTC No evidence Papillary microcarcinoma  KIT muta-
2016 pain FVPTC FVPTC tion +
Emesis Tall cell variant of
Vaginal spotting PTC
10 Capitao etal.[13] 35 Ovarian mass in a FVPTC No evidence WDT-UMP BRAF(V600E)
2017 routine pelvic exam ETE - -
LV invasion -
1 Middlebeek et 55 Incidental thyroid PTC No evidence FVPTC BRAF(V600E)
al.[11] nodule ETE - -
2017 LV invasion -
12 Boyd et al. [33] 30 Acute RLQ pain PTC No evidence PTC Unknown
2017 LV invasion - ETE -
13 Gomes-Limaet 62 Accidentally Pelvic ~ PTC No evidence PTC HRAS
al. [8] mass in CT scan LV invasion - Q61R+in
2018 ETE - PTC within
thyroid gland
NRAS
Q61R+in
PTC within
struma ovarii
14 Tzelepisetal. [12] 32 unknown FVPTC No evidence PTC BRAF(V600E)-
2019 LV invasion + ETE+ TERT
promoter
mutations-
15 Seigel et al. [3] 55 Weight loss PTC No evidence PTC Unknown

2019 Intermittent fatigue
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Table 2 (continued)
Number Reported case Age(years) Presentation MSO Metastasis CTC histopathology Genetic
histopathology profiling
16 Gonzalez-Cejudo 57 Incidental CTscan ~ PTC No evidence Papillary microcarcinoma  Unknown
etal. [34] finding
2021
17 Lietal.[9] 44 Accidental finding  PTC No evidence PTC Unknown
2021 of pelvic mass ETE-
18 Donatoetal. [14] 35 Accidental finding FVPTC No evidence FVPTC BRAF(V600E)-
2021 of pelvic mass LV invasion - LV invasion -
ETE -

Bilateral lung metastases
(micronodules)

Abbreviations: MSO, malignant struma ovarii; CTC, cervical thyroid carcinoma, FVPTC, follicular variant papillary thyroid carcinoma; PTC, papillary thyroid carcinoma;
FTC, follicular thyroid carcinoma; ETE, extrathyroidal extension; LV, lymphatic/vascular; RLQ, right lower quadrant; WDT-UMP, well-differentiated thyroid tumor of

uncertain malignant potential; CT, computerized tomography

washing fluid. Then, the total thyroidectomy histologi-
cal evaluation illustrated bilateral and multifocal PTC
along with extrathyroidal extension and metastasis to
the perithyroidal lymph node. Similar to Leong et al.
study, our patient’s disease presented by abdominal
manifestation, then she underwent the same treat-
ment approach, and pathology evaluation revealed
PTC among struma ovarii, cervical thyroid gland, and
abdominal wall metastasis. Moreover, in contrast to
the study of Leong et al., cervical thyroid histological
evaluation demonstrated no evidence of extrathyroidal
extension or lymph node metastasis, and our patient’s
distant metastasis occurred in the abdominal wall,
which was not a common site for malignant struma
ovarii metastasis. Furthermore, to explore genetic
alterations, Leong et al. evaluated BRAF(V600E) and
KRAS mutations and RET/PTC 1 and 3 rearrange-
ments, and all results were negative. Conversely, we
performed BRAF(V600E), NRAS mutations, and RET/
PTC 1 rearrangement among malignant struma ovarii,
cervical thyroid gland, and abdominal wall metasta-
sis, and RET/PTC 1 rearrangement was found among
all affected tissues. Finally, there was no evidence of
recurrence or metastasis during the one-year follow-
up of the Leong et al. study and the six-year follow-up
of our study.

RET/PTC is defined as intrachromosomal rearrange-
ment of the long arm of chromosome 10. According
to previous studies among PTC patients, the inci-
dence of RET/PTC rearrangements was 2.5-67% and
had a relatively high prevalence in radiation-induced
PTC [23, 24]. Furthermore, RET/PTC rearrange-
ments were associated with advanced tumor stage and
a higher risk of distant metastasis [25]. However, the
prognostic role of RET/PTC rearrangement in PTC
still meets with controversy [23]. Reviewing previous
publications, we found only two reports documented
RET/PTC rearrangement in struma ovarii; first, Elisei
et al. [26] reported a benign struma ovarii with RET/

PTC 3 rearrangement in a 59-year-old woman. Sec-
ond, Boutross-Tadroset et al. [27] described seven
RET/PTC rearrangements in follicular variant of PTC
within malignant struma ovarii, one patient with RET/
PTC 3 and others with RET/PTC 1. To our best knowl-
edge, we present the first RET/PTC 1 rearrangement
report in synchronous metastatic malignant struma
ovarii and cervical PTC in a patient without previous
radiation exposure.

The strength of the current study was a quite rare
case of synchronous malignant struma ovarii with
abdominal wall metastasis and cervical PTC, along
with detection of RET/PTC 1 rearrangement in molec-
ular analysis and a long period of follow-up. Regard-
less of these strengths, our study had some limitations.
First, we did not evaluate other RET/PTC rearrange-
ments and clonal origins of the tumors. Second, immu-
nohistochemistry results were not available.

In conclusion, considering the rarity of synchro-
nous malignant struma ovarii and cervical thyroid
carcinoma, finding malignant struma ovarii might
be a clue to probable cervical thyroid cancer. Hence,
examinations and imaging of the cervical thyroid gland
should be considered among malignant struma ovarii
patients. Moreover, the post-diagnosis molecular anal-
ysis could provide helpful information for understand-
ing the underlying mechanism of coexisting disease,
the clinicopathological behavior of the tumors, and the
patient’s prognosis.
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Table 3 Coexistence of malignant struma ovarii and cervical thyroid carcinoma treatment and follow-up
Number Reported case parity Treatment Follow-up Recurrence
1 Limetal. [19] Unknown Total thyroidectomy Unknown Unknown
2008 Radical neck dissection
Unilateral salpingo-oophorectomy
2 Janszen et al. [28] Para 3/ postmenopausal  BSO 24 months No evidence
2008 Total thyroidectomy
RAIl ablation
3 Marti et al. [7] Unknown TAH-BSO 9 months No evidence
2012 Omentectomy
Pelvic and paraaortic lymph node dissection
4 Leite et al. [29] Unknown Unilateral salpingo-oophorectomy 24 months No evidence
2013 Thyroid resection
RAIl ablation
5 Leong et al. [2] Unknown TAH-BSO 12 months No evidence
2013 Total thyroidectomy
RAIl ablation
6 Krishnamurthy et al. [30] Multigravida TAH-BSO 6 months No evidence
2013 Omentectomy
Lymph nodes and peritoneal sampling
Total thyroidectomy
RAIl ablation
7 Brusca et al. [31] Unknown Unilateral salpingo-oophorectomy 6 months No evidence
2015 Total thyroidectomy
RAIl ablation
8 Aguilera et al. [32] Unknown Oophorectomy unknown unknown
2015 Total thyroidectomy
RAIl ablation
9 Ma et al.[10] Unknown TAH-BSO 36 months No evidence
2016 Total thyroidectomy
RAIl ablation
10 Capitao et al. [13] Unknown Unilateral oophorectomy Unknown Unknown
2017 Total thyroidectomy
RAIl ablation
1 Middlebeek et al. [11] Unknown Total thyroidectomy Unknown Unknown
2017 RAl ablation
BSO
12 Boyd et al. [33] Nulliparous Unilateral salpingo-oophorectomy Unknown period  No evidence
2017 Total thyroidectomy
RAIl ablation
13 Gomes-Lima et al. [8] Unknown BSO 60 months No evidence
2018 Total thyroidectomy
RAIl ablation
14 Tzelepis et al. [12] Unknown Unilateral salpingo-oophorectomy 12 months No evidence
2019 Partial omentectomy
Total thyroidectomy
RAl ablation
15 Seigel et al. [3] Para 3/ postmenopausal  Unilateral salpingo-oophorectomy Unknown unknown
2019 Total thyroidectomy
RAl ablation
16 Gonzalez-Cejudo et al. [34]  Unknown Unilateral salpingo-oophorectomy 60 months No evidence
2021 Total thyroidectomy
RAl ablation
17 Lietal [9] Unknown Unilateral salpingo-oophorectomy 6 months No evidence
2021 Total thyroidectomy
18 Donato et al. [14] Gravida 3/ para 3 Unilateral salpingo-oophorectomy 51 months No evidence
2021 Total thyroidectomy

RAl ablation

Abbreviations: BSO, bilateral salpingo-oophorectomy; RAI, radioactive iodine; TAH, total abdominal hysterectomy
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cT Computerized tomography
PCR  Polymerase chain reaction
PTC  Papillary thyroid carcinoma
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