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Purpose: Struma ovarii is a highly specialized teratoma consisting primarily of mature thyroid tissue. However, malignant struma
ovarii coexisting with thyroid carcinoma, not to mention autoimmune disease, is uncommon. Malignant struma ovarii complicated
with papillary thyroid carcinoma, Hashimoto’s thyroiditis and polycystic ovarian syndrome has never been reported in literature.
Patients and Methods: A 32-year-old female was admitted to our hospital due to a history of abdominal distension and menolipsis
over the past half a year. Physical examination touched a 6 X 6 cm mass with a clear boundary, normal movement, and no pressing
pain in the right adnexal area, Imaging revealed a cystic solid mass of 6 x 7 ¢cm in the right ovary and the level of tumor markers
including CA125, CA199, CA153, CEA, AFP were normal, but with low TSH and increased TPOAb, TGAb, TRADb. Laparoscopic
right ovary tumor resection was performed, followed by comprehensive staging surgery, as well as thyroidectomy after pathologic
diagnosis. The patient was diagnosed with a combination of follicular thyroid cancer from struma ovarii, papillary thyroid carcinoma
and Hashimoto’s thyroiditis, along with polycystic ovarian syndrome. Immunohistochemical staining showed positivity for Ag, CK-
pan, CK7, PAXS8 and TTF-1 in the right ovarian mass, and the left thyroid was positive for the BRAF V600E mutation.

Results: The patient underwent thyroxine suppression therapy and radioactive iodine '*'I therapy after operation. Serum thyroglobulin
was undetectable, and no signs of recurrence or metastasis were detected in the imaging examination at the 2-year follow-up.
Conclusion: Malignant struma ovarii coexisting with thyroid carcinoma is rare. No report has been identified in literature review on
the rare malignant struma ovarii coexisting with thyroid carcinoma, Hashimoto’s thyroiditis and polycystic ovarian syndrome. Our
case can offer experience of diagnosis and treatment to some extent for such rare case. Therefore, it is essential to consider the
association between ovarian tumors and the endocrine system. This case is valuable in understanding the diagnosis and management of
such an unusual complicated disease.
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Introduction

Teratomas are the most common ovarian germ cell tumors that contain tissues from three germ layers, including hair,
skin, teeth, bone, and thyroid." The ectoderm is the most common germ layer involved in malignant transformation.’
Approximately 20% of teratomas contain thyroid tissue, and struma ovarii (SO) refers to teratomas that are covered with
more than 50% thyroid tissue, accounting for 3% of mature teratomas and 1% of all ovarian tumors.' Additionally,
malignant struma ovarii (MSO), which accounts for 5% of all SO, refers to SO that contains malignant thyroid tissue,
even if the amount of malignant tissue comprises less than 50% of the thyroid, and is also known as thyroid cancer from
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struma ovarii." The pathological classification of MSO is usually based on the same criteria as that of thyroid carcinoma.
The most common are papillary thyroid carcinoma and others, such as follicular variant papillary thyroid carcinoma,
follicular carcinoma, and highly differentiated follicular carcinoma that is characterized by extra-ovarian dissemination.”

Hashimoto’s thyroiditis (HT) is the most common autoimmune thyroid disease and initially manifests as euthyroidism
and even hyperthyroidism with the elevation of thyroid peroxidase antibody and antithyroglobulin antibody. In
a particular situation, the disease can manifest with Hashitoxicosis, which involves hyperthyroidism first, and then
hypothyroidism. When thyroid function is impaired, subclinical hypothyroidism may occur, and may ultimately develop
into hypothyroidism and enlargement of the thyroid gland.’ Polycystic ovary syndrome (PCOS) is characterized by oligo-
or anovulation, hyperandrogenemia, hirsutism and polycystic ovaries. In addition to the classical manifestations of
PCOS, teratomas can lead to androgen secretion and a special type of polycystic ovary syndrome called HAIR-AN.®
There are studies on thyroid function and PCOS in infertility, but not in ovarian tumors.

There is a lack of unified diagnostic criteria, treatment guidelines, and survival prognosis due to the rarity of MSO
complicated with thyroid carcinoma. Struma ovarii with thyroid carcinoma has been reported in a series of cases in recent
years, but rarely reported struma ovarii with Hashimoto’s thyroiditis, we searched 44 cases from 1965 to 2024 in

EINNT3

PubMed, MEDLINE and Embase, using the search terms struma ovarii and Hashimoto’s thyroiditis’, “struma ovarii and
autoimmune disease”, “struma ovarii and hypothyroidism”, “struma ovarii and Hashimoto’s thyroiditis and thyroid
carcinoma”, “thyroid carcinoma from struma ovarii and Hashimoto’s thyroiditis’, ‘malignant struma ovarii and
Hashimoto’s thyroiditis”, included all reports of struma ovarii combined with Hashimoto's thyroiditis, and excluded
Italian language, Grave’s disease, unrelated theme and simple hypothyroidism, only one case of HT with PCOS,” and 14
cases of struma ovarii with Hashimoto’s thyroiditis have been reported, in literature reviews (Table 1), and most are
benign, without mention of malignant struma ovarii complicated with autoimmune disease, primary thyroid cancer, and
PCOS. Herein, we report a case of follicular thyroid carcinoma from struma ovarii coexisting with thyroid papillary
carcinoma with polycystic ovary syndrome and Hashimoto’s thyroiditis. To analyze the pathogenesis, diagnosis and
management of this rare and complicated disease, the association between struma ovarii and endocrinological abnorm-
alities is reviewed and discussed.

Case Presentation
A 32-year-old gravida 3 woman (P2 by Caesarcan section and experienced artificial abortion once) presented in
June 2020 with a half-year history of abdominal distension and menolipsis. She had been diagnosed with PCOS at 18
years of age and received irregular Chinese medicine for PCOS. Additionally, her mother had a history of PCOS, but
there was no prior diagnosis or family history of thyroid or autoimmune disorders. An abdominal ultrasound scan
indicated a 6.9 x 6.0 cm cystic-solid mass in the right ovary (Figure 1), and abdominal computed tomography showed
a 7.1 x 5.6 X7.5 cm heterogeneous dense mass, in the right annex, containing multiple irregular high-density calcification
shadows and low-density areas in the interior. This patient had no symptoms of abnormal thyroid function or other
concerning symptoms. Physical examination revealed a 6 x 6 cm mass in the right adnexal area, with a clear boundary,
normal movement, and no pressing pain. The patient then underwent laparoscopic exploration and a right ovarian
cystectomy. The mass was comprised of a smooth, thick-walled multilocular cyst of 6 cm diameter, filled with straw-
colored fluid, a yellow-brown pasty material and a few solid components. Although intraoperative frozen pathology
suggested ovarian malignancy, the patient and her family requested a postoperative pathology report before deciding on
further surgery. Postoperative histological examination showed a tumor, with atypical and ground glass cellular nuclei,
lacking nuclear grooves, nuclear pseudo-inclusion bodies or overlap, and infiltrating into ovarian tissue, forming
hyperplastic follicles similar to those found in follicular thyroid cancer (Figure 2). Immunohistochemistry analysis
demonstrated positivity for TTF1 (Figure 3), Ag, pan-CK, CK7, PAX8 and 5% Ki67, but negativity for CR, ER, WT1,
MelanA, inhibin and SALL4. Reticular fiber staining showed a nest-like distribution of cancer cells. Based on the above
pathology and immunohistochemistry, the patient was eventually diagnosed with follicular thyroid carcinoma arising
from struma ovarii. The FIGO stage was IC, and the AJCC stage was pT;.,NoMo.

Because of these findings, further examination for thyroid hormones and serum auto-antibodies was considered
necessary. The patient’s TSH level was below 0.01puIU/mL, but FT3, FT4, TT3 and TT4 levels were normal. Thyrotropin
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Table | Reported Cases of Hashimoto’s Thyroiditis Within or Concomitant with Struma Ovarii

Gaining weight,
constipation,
brittle hair and
nails

(after surgery)

5.63Pmol/L(after surgery)
TSH: 3.76uU/mL(0.34-4.94 uU/mL), FT4:
14.64Pmol/L (11 months after surgery)

a volume of 18.4mL and
an irregularly hypoechoic lobe
structure

Reference Year Symptoms on Diagnosis Within Coexistence Thyroid function and antibodies Thyroid Ultrasound Treatment
admission So with So
Eres et al® (1965) 41 Right hip pain SO with HT Yes Yes Serum autoantibodies: negative A small nodule in her thyroid Bilateral ovarian cystectomy
(7 years after isthmus
thyroid nodule
enucleation
surgery)
Waston® (1972) 43 Menorrhagia SO with HT Yes No Normal (after surgery) NM TAH+ left ovarian cystectomy
Nielsen” (1984) 29 Oligomenorrhea SO with HTand | Yes No Normal (after surgery) NM LSO + wedge resection of the
PCOS right ovary
Farrell et al'® (1991) 14 Abdominal SO with HT Yes No TGADb:1600U/mL, FT4: 11 pmol/L,TSH: 2.6mU/ | Normal Ovarian cystectomy
swelling and L,TT3: 2.2nmol/L
discomfort
Doldi et al* (1998) 58 Abdominal MSO with HT Yes No FT3, FT4, TT3, TT4, TSH: normal A hypoechogenic structure of the Right ovarian cystectomy
swelling and TRAb: 1600U/mL, TGAb: 100U/mL (before gland and a 7 mm hypoechogenic
discomfort surgery) nodule in the right lobe.
TSH: 4.5mlU/LT, TRAb: 1600U/mL, TGAb:
100U/mL (after surgery)
Carvalho 62 Asymptomatic SO with HT No Yes TSH: 28mUI/mL,T3: 45ng/dL,T4: 4.6ng/dL,FT4: | A hypoechoic and heterogeneous Right ovarian cystectomy
etal'' (2002) pelvic mass 0.5ng/dL| (after surgery) thyroid gland with very reduced
volume
Amareen et al'? 41 Lower abdominal SO with HT No Yes TSH> 50.2ulU/mL11, FT3< Ipg/mL|, FT4: 0.4 NM TAH+BSO
(2004) pain ng/dL|, TPOADb: 1/1600,TGAb(-)(after surgery)
Morrissey 38 Asymptomatic SO with HTand | No Yes Euthyroid (before surgery) A small thyroid nodule (5 mm) Right ovarian
etal'? (2007) pelvic mass hyperthyroidism T4: 16.8ug/mlst, TSH< 0.4, TGAb(+), TPOAb cystectomy(primary)
and EMT (+) (after surgery) RSO(Secondary)
Bozkurt et al'*(2011) | 17 Acute abdominal SO with HT Yes Yes TSH: 0.004mIU/mL;|,FT4: 1.16ng/dI,FT3: 3.2pg/ | Normal thyroid gland in size and RSO+'3!| radiotherapy
pain mL, TPOAb: 565.31U/mL, TGAb: 465.7U/mL mildly heterogenic parenchymal
(after two months) echogenicity
Lupi et al' (2012) 18 Gynecological SO with HT Yes Yes FT3: 2.3 pg/mL, FT4: 8.9 pg/mL, TSH: 4.8 uU/ Ultrasound showed a thyroid gland Right ovarian cystectomy
examination mL1,TGAb: 1162U/mL1,TPOAb: 440 U/mL? (I | with increased volume
month after surgery) (22 mL), diffusely not homogenous,
multiple bilateral hypo-echoic
pseudo-nodular areas
FNB:HT
Obolonczyk 52 Gynecological SO with HT Yes Yes TGAD:21 1.61U/mL1, TRAb,TPOAb: normal, Ultrasound TAH + BSO
etal'® (2012) examination (first) TSH: 1.534uU/mL,FT4: 14.64Pmol/L,FT3: revealed symmetrical thyroid with
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Table | (Continued).

the bladder.

(-),TGAD (-) (before surgery)

TSH:0.6 pU/mL

FT4: 0.4 ng/d|,FT3: < 1.0 pg/mL| (after
surgery)

Reference Year Symptoms on Diagnosis Within Coexistence Thyroid function and antibodies Thyroid Ultrasound Treatment
admission So with So
Lagana et al'’ (2014) | 67 Asymptomatic SO with HT No Yes TSH: 2.0ImIU/mL,FT4: 14.04pm/L,FT3: 5.12pg/ | Normal BSO
pelvic mass mL1, TGAb: 245.51U/mL, TPOAb< 51U/mL,
TRADb:0.11U/L(after surgery)
Russo et al'® (2016) 27 Abdominal SO (primary) No Yes TSH|, FT3,FT4:normal, TGAb?, TPOAbT, Autoimmune thyroiditis.:a hypo- Left ovarian
pain(before) MSO with TRAb:-(after many years) echogenic parenchyma, indicating cystectomy(primary)
Tachycardia with HT(secondary) TSH: 1.8uU/mL,FT3,FT4: normal;TRAb:1475U/ | chronic thyroiditis TAH+BSO+ pelvic-selective
associated mL111;TPOAb: 297U/mL;11TG: 4.8ng/mL lymphadenectomy
asthenia and (before secondary surgery) +thyroidectomy
abdominal cramps +"3!| radiotherapy(Secondary)
and pain(after)
Koehler et al'’ 6l Urothelial SO with HT No Yes TSH < 0.0l pU/mL], An inhomogeneous echotexture Radical cystectomy +ileal
(2021) carcinoma of and BC FT4: 0.8 ng/dL,FT3: 3.3 pg/mL.TRAb(-),TPOAb | with hypoechoic areas compatible neobladder reconstruction

with chronic
lymphocytic thyroiditis.

+RSO

Abbreviations: EMT, endometriosis; SO, Struma ovarii; MSO, Malignant struma ovarii; HT, hashimoto’s thyroiditis; PCOS, polycystic ovary syndrome; BC, bladder cancer; NM, not mentioned; TAH, total hysterectomy; BSO, bilateral
salpingo-oophorectomy; RSO, right salpingo-oophorectomy; LSO, left salpingo-oophorectomy; ''l, iodine-131; FT4, free thyroxin; FT3, free triiodothyronine; TT4,total thyroxin; TT3, total triiodothyronine; TG, thyroglobulin; TPOADb,
thyroid peroxidase antibody; TGAb, antithyroglobulin antibody; TRAb, thyrotropin receptor antibody; TSH, thyroid stimulating hormone.
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Figure | Abdominal ultrasound indicating a mixed echogenic mass in the right enlarged ovary without clear boundary. The dotted line surrounds blood flow signals

detected in the interior and surrounding tissue.
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Figure 2 (a—c) Papillary structures are visible, with ground-glass nuclei, nuclear groove, and overlapping nuclei, including pseudo-inclusion bodies; (d-f) Malignant area of
struma ovarii. Cellular nuclei show atypia and the tumor has infiltrated into ovarian tissues, which form hyperplastic follicles similar to follicular thyroid cancer, without

nuclear grooves, nuclear pseudo-inclusion bodies or nuclear overlap and ground glass nuclei.

receptor antibody, thyroid peroxidase antibody and antithyroglobulin antibodies were positive at a titer of 1.71, 843 and

57.8 TU/mL, respectively. Thyroid ultrasound showed a 15 x 12 mm hypo-echogenic node in the left lobe, and

enlargement in the right lobe. The patient exhibited typical symptoms, such as obesity (BMI 32.42), hirsutism, brittle

hair and alopecia areata, indicating possible abnormal endocrine function. The patient was without reproductive

requirements and subsequently underwent a total abdominal hysterectomy, bilateral salpingo-oophorectomy, pelvic and

para-aortic lymphadenectomy and omentectomy. Total thyroidectomy was performed one month after abdominal surgery.

Pathological examination revealed that no tumor cells were found in the uterus, bilateral annex, abdominal and para-

aortic lymph nodes, omentum and peritoneal washes, but papillary thyroid carcinoma was found in the left lobe of the

thyroid gland. According to the American Joint Committee on Cancer 8th edition staging, considering diagnosis with

pT1sNoMy. Evidence of HT was found in the bilateral lobe and isthmus of the thyroid gland. No neoplastic involvement
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Figure 3 Specific nuclear positivity for TTF-1 in thyroid follicles.

was discovered in the thyroid capsule, perineurium and vasculature. The detection of BRAF V600E mutation was
positive in the left lobe of the thyroid gland.

The patient started thyroxine suppression therapy after a total thyroidectomy and five months later radioactive '*'I therapy
with a 160 mCi regimen. The reason that the patient underwent total thyroidectomy and high-dose '*'I therapy is that it would
be helpful to evaluate the post-therapeutic RAI images. The other reason is that the distant metastasis was considered before
the pathology diagnosis. Currently, the patient has been followed up for 2 years (follow-up results are shown in Table 2), at
which time the serum TG was persistently undetectable, and TGAb had become normal. Hirsutism did not improve
considerably, but testosterone levels exhibited a decreasing trend. Pelvic and cervical ultrasound and a systemic whole-
body "*'I scan indicated no signs of recurrence or metastasis to date. The patient is still being followed up.

Discussion
Struma ovarii is a monodermal teratoma of the ovaries and consists of more than 50% thyroid tissue. The rate of malignant

transformation and the possibility of metastasis are about 4-23%,>'®

generally with metastasis to the pelvis and abdomen, but
uncommonly to the lung, bone, brain and liver.”® The onset of MSO generally occurs between 40 and 60 years, but recently
a case reported the youngest age is 11 years,>' which implies that MSO can occur at any age, it is important to raise awareness
of the increasing incidence and detection of MSO at different ages. And predominantly involves the left ovary unilaterally
(94%). Malignant struma ovarii is commonly asymptomatic, although occasionally a pelvic mass, lower abdominal pain,
abnormal vaginal bleeding, or ascites can appear.”>>* Changes in thyroid function are uncommon, with hyperthyroidism
reported in only 5-15% of cases.' Struma ovarii with Hashimoto’s thyroiditis is even rarer. Interestingly, Hashimoto’s

=818 and only one case combined with polycystic ovary

thyroiditis can occur either in the neck or within the struma ovarii,
syndrome has been reported.’

In 1965, Eres et al first reported that lymphocytic infiltration could be found in bilateral struma ovarii.® Nevertheless, until
1998, Doldi et al reported HT combined with MSO and found lymphocytes in the malignant thyroid elements.” The patient
complained of abdominal swelling and discomfort but had normal thyroid function, although increased TPOAb and TGAb.
After right ovarian cyst resection, pathology and fine-needle aspiration biopsy, she was eventually diagnosed with papillary
thyroid carcinoma from struma ovarii with Hashimoto’s thyroiditis. No secondary surgery or adjuvant therapy was mentioned.
Our patient had similar symptoms but ultimately received more radical treatment, including comprehensive staging surgery,
total thyroidectomy and '*'I radiation therapy. In 2016, Russo et al again reported the coexistence of MSO with Hashimoto’s
thyroiditis."® However, the patient was ultimately identified because of metastasis in the right adnexa and Douglas-pouch
several years after the resection of the left struma ovarii, and presented with subclinical hyperthyroidism and elevated TGAb
and TPOAD. Subsequently, comprehensive staging surgery, thyroidectomy and '*'I radiotherapy were carried out. The patient
was diagnosed with follicular variant papillary thyroid carcinoma from bilateral struma ovarii with metastasis and cervical
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Table 2 Patient Laboratory Results

Date of examination
Laboratory Indexes Upon Admission (6/2020) 8/2020 10/2020 12/2020 1/2021 2/2021 4/2021 5/2021 10/2021 5/2022 Normal Range
FSH [IU/L] 7.58 41.07 - 12.204 - - - - 23.55 28.90 Follicular phase:3.95-8.70%]
/[mIU/mL] Menopause phase: 16.70-113.60!
/UL /25.80—134.80
LH [lU/L] 11.29¢ 34.02 - 13.50 - - - - 17.47 23.60 Follicular phase:2.12—10.89%1
/[mIU/mL] Menopause phase: 10.87-58.60"!
U] /7.70-58.50]
Estradiol[pmol/L] 361.00 127.00 - 451.00 - - - - 122.70 136.00 Follicular phase:99.12-477.86"!
Menopause phase:<18.40-201.00!
/18.40-505.00t1
Prolactin [mIU/U] 297.00 245,51 - 85.201 - - - - 321.20 13.60 Follicular phase:70.81-566.461"!
[uIU/mL] Menopause phase: 58.09—416.37]
Mug/L] 14.79-23.30(¢]
Progesterone [nmol/L] 2.87 111 - 0.12 - - - - 0.97 <0.05 Follicular phase:0.99—4.83%
Nug/L] Menopause phase:<2.48"]
/<0.13[
Testosterone [nmol/L] 7.581 3.901 - 1.041 - - - - - 0.711 0.35-3.128
[ng/L] 0.08-0.48!!
AMH [ng/mL] 3.86 - - - - - - - - - 0.57-10.92[a]
TT3 [ng/mL] 0.83 1.36 1.38 - - - - - - - 0.69-2.15[]
/[nmol/L] 1.34-2.73
TT4 [ng/mL] 63.93 135.77 119.29 - - - - - - - 52.00-127.00[
/[nmol/L] 78.38-157.40[
FT3 [pg/mL] 2.68 488 457 - 456 - 476 475 6.87 - 1.21-4.18%
/[pmoliL] 3.80-6.001!
/[pmol/mL] 3.19-9.15[¢
FT4 [pg/mL] 10.19 12.98 18.83 - 19.22 - 20.53 18.24 20.05 - 8.90—17.201%
I[pmol/L] 7.90-14.40™
/[pmol/mL] 9.11-25.471
TSH [ulU/mL] <0.01] 0.14] 0.93 63.951 12.901 0.87 0.15) 0.00) - 0.30-5.0010<
TRAb [IU/L] 1711 - - - - - - - - - <1.50%
TPOAb [U/mL] 843.007 380.60 212.20 - - - - - - - 0.00-30.00™
/IIU/mL] 0.00-34.00%!
TGAb [IU/mL] 57.801 498.00 254.90 179.00 209.00 168.00 133.00 99.10 66.80 60.10 <4.001
0.00—115.00[><!
TG [ng/mlL] - <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 3.50-77.0012><

Notes: *The patient was transferred to three hospitals in total, so “a” represents the local hospital,"b” represents our hospital,"c” represents the advanced hospital. Thyroid function was checked after the first surgery to remove SO but

keep the thyroid gland.

Abbreviations: FT4, free thyroxin; FT3, free triiodothyronine; TT4, total thyroxin; TT3, total triiodothyronine; TG, thyroglobulin; TPOADb, thyroid peroxidase antibody; TGADb, antithyroglobulin antibody; TRAb, thyrotropin receptor

antibody; TSH, thyroid stimulating hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; AMH, anti-Mullerian hormone; -.none.
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Hashimoto’s thyroiditis. To date, the struma ovarii combined with Hashimoto’s thyroiditis that have been reported are mainly
benign, and no report on MSO with HT has appeared since 2016. To our knowledge, the current case is the third reported case
of malignant struma ovarii with Hashimoto’s thyroiditis, coexisting with primary thyroid cancer. We summarized the 14
reported cases of SO with HT*"~'? (Table 1), and found that most patients complained of abdominal discomfort (36%). Four
cases had HT occurring within the SO, and 6 cases occurring in the thyroid gland, with the other 4 cases displaying HT in both
the SO and thyroid gland. Due to the rarity of the combination disease, thyroid function of most of the patients was examined
after surgery. Most of the masses are presented in the right adnexa. Nine cases (64%) had positive thyroid antibodies. Tumor
markers such as CA 19-9 and CA-125 antigen are widely used for prediction of the characteristics of ovarian mass,?
especially CA-125 is a useful tool to distinguish between benign and malignant ovarian masses, but lack specificity and
sensitivity, since elevation can be presented in endometriosis, pelvic inflammatory, menstruation and adenomyosis.***’
However, these cases were reported above, and our patients all had normal CA-125 and CA 19-9. Therefore, significant
tumor markers still need to be explored in MSO’s diagnosis and follow-up after operation. The treatment adopted was based on
the struma ovarii feature. However, in most cases, cystectomy was performed alone.

The pathogenesis and association of SO combined with HT, PCOS and concomitant primary thyroid cancer have not been
sufficiently elucidated. A series of studies have shown that patients with PCOS are more prone to HT, which might reflect genetic
susceptibility.”® On the one hand, the FBN3 gene of PCOS patients carries the D19S884 allele, which causes low levels of TGF-
B1, which can stimulate Tregs to inhibit the occurrence of excessive immunity. On the other hand, the high estrogen/progesterone
ratio caused by the anovulation cycle in PCOS patients can strengthen the immune response.*® Nonetheless, Kim et al suggested
that there is no correlation between PCOS and HT, although they discovered patients who have PCOS combined with HT can
have higher insulin resistance and obesity than those who suffer with only PCOS.* HT is a risk factor for PTC, and patients with
both PTC and HT are more likely to have multifocal tumors, but it should be noted that in differentiated thyroid cancer, HT can be
a protective factor when PTC occurs.**>! In other words, patients with combined PTC with HT have a better prognosis and
a lower risk of recurrence than those who have PTC alone. A case report had suggested that hypothyroidism may be associated
with ovarian cyst formation, because hypothyroidism increases ovarian sensitivity to gonadotropin, leading to ovarian hyper-
trophy and formation of multi-follicular cysts.*> Most HT can eventually develop into hypothyroidism. We can speculate that
patients with HT are also more likely to form ovarian cysts. Furthermore, there is a case report demonstrating that a teratoma can
cause androgen secretion and an extreme subtype of polycystic ovary syndrome called HAIR-AN syndrome.® “Field canceriza-
tion” as well as early genomic instability may be responsible for the thyroid-type tissue occurring in multifocal areas,* which
supports the coexistence of primary tumors in the ovary and thyroid gland. Although HT can produce autoimmune antibodies, the
secreted products of tumors can lead to autoimmunity as well. Russo et al speculated that MSO causes the elevation of TGAb and
occurrence of secondary Hashimoto’s thyroiditis.'® Thus, we can hypothesize that patients with a decades-long history of PCOS
will be more prone to HT, after which HT will become a risk factor for PTC, leading to the multifocality of thyroid-type tissue
caused by field cancerization and early genomic instability, as well as the combination of HT and PTC, eventually resulting in
MSO. Moreover, MSO can also further cause secondary Hashimoto’s thyroiditis and an extreme subtype of PCOS characterized
by hyperandrogenism.

Due to the rarity of malignant struma ovarii, there is no unified principle for diagnosis and management. Therefore,
the criteria for thyroid cancer treatment are commonly followed. Due to the absence of a capsule in the ovary,
histological diagnosis of ovarian thyroid follicular carcinoma based on the following criteria is challenging: 1) the
tumor infiltrates the ovarian cortex and grows on the serosal surface, as is the case reported here, 2) vascular invasion,
and 3) the occurrence of spread or metastasis.>* Follicular carcinoma from struma ovarii needs to be differentiated from
benign struma ovarii, with up to 34% being misdiagnosed.>> When thyroid carcinoma is presented, the differential
diagnosis of metastatic thyroid carcinoma and malignant struma ovarii must be considered. The differential diagnosis of
metastatic disease and coexisting primary tumors can be distinguished by the mode of metastasis, the ovarian site and the
teratoma features. Compared with MSO, the occurrence of thyroid cancer metastasis to the ovary is more uncommon,
and frequently involves bilateral metastasis.*>*® The different pathological types and the unilateral ovary malignant
transformation may provide support for our reported case of two independent primary thyroid cancers. Unfortunately, we
evaluated BRAF V600E(+) only in papillary thyroid carcinoma and did not perform further molecular analysis in
malignant struma ovarii tissue.
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The principle of treatment for malignant struma ovarii has been controversial. Currently, the main treatment is pelvic surgery
based on fertility requirements. However, whether to implement postoperative adjuvant therapy is disputed. Most experts
recommend operating prophylactic thyroidectomy and '*'I radiation therapy, which can reduce the risk of recurrence and is
conducive to accurate follow-up,’’® but Hatami et al believe that aggressive therapy should be adopted for patients with
recurrence and residual disease.** Addley et al proposed that the coexistence of primary thyroid carcinoma and MSO leads to
more invasiveness.”” Therefore, aggressive therapy is still recommended for primary thyroid carcinoma combined with MSO.
Moreover, Mulita et al demonstrated that total thyroidectomy was performed in patients with differentiated thyroid carcinoma
without increasing the risk of early complications in comparison with subtotal thyroidectomy.*” LigaSure vessels and harmonic
scalpel were devices widely applied in thyroidectomy, A 15-year single-centre retrospective study demonstrated that harmonic
scalpel was more effective in achieving haemostasis compared with LigaSure vessels and especially in the patients with thyroid
carcinoma,*' which means harmonic scalpel applied in thyroid carcinoma with MSO may reduce the incidence of bleeding
complications and bring better prognosis in some extent. It is increasingly accepted that treatment measures should be taken
according to risk stratification. Yassa et al proposed a risk stratification for malignant struma ovarii in patients whose tumor size is
over 2 cm, whose spread extends to the outside of the ovary, or whose invasive histological features suggest thyroidectomy and
31T radioiodine ablation therapy are needed.** However, limitations in considering reproductive desires and precise measuring of
tumor size should be taken for stratifying risk.*> Chemotherapy is applied in advanced ovarian tumors or in the presence of
recurrence and metastasis, but it actually has a poor effect when applied in MSO.** *'T radioiodine ablation therapy should be
taken for first-line therapy when MSO has spread to the outside of the ovary, specifically for metastatic struma ovarii, and lithium

1311 118 A dministration of recombinant human

pretreatment before *'T radioiodine ablation may improve the effectiveness of
thyrotropin before radiotherapy can help to boost the absorption of BT when endogenous thyrotropin is hard to elevate, and
sorafenib can be administered in patients who respond poorly to '*'T radioiodine ablation therapy.** Regardless of the type of
therapy, long-term monitoring (at least 10 years), with clinical monitoring, whole-body scan and measurement of serum
thyroglobulin, is recommended.'®* Nevertheless, Feldt-Rasmussen et al believe that TGAb should be used as a surrogate
marker for follow-up instead of TG when HT is coexisting with thyroid cancer.*> Goffredo et al analyzed a cohort of 68 patients
diagnosed with malignant struma ovarii from 1973 to 2011 in the Surveillance, Epidemiology, and End Results database, and
discovered that the overall survival rates at 5, 10, and 20 years were 96.7%, 94.3%, and 84.9%, respectively, regardless of the
treatment adopted.*® In addition, some evidence suggests that HT can exert a better outcome for thyroid cancer,®**"* but lacks
the prognosis study in coexistence of primary thyroid cancer and malignant struma ovarii.

Here, we present a case of follicular thyroid carcinoma from struma ovarii with papillary thyroid carcinoma, HT and
PCOS, which has not been reported in the literature. Our patient complained of abdominal discomfort and the elevation of
TRAD, TPOADb, TGAD and testosterone were examined. Due to the rarity of this disease and without reproductive require-
ments, we performed more radical treatment, including comprehensive staging surgery, thyroidectomy, and '*'I radioiodine
ablation therapy for the patient. There is a system for reporting thyroid cytopathology called the Bethesda system, which can
be divided into six categories. Our patient may belong to Bethesda II, which can be caused by Hashimoto’s disease, or
Bethesda III that includes atypia of undetermined significance or follicular lesion of undetermined significance.*”*® One study
reported that incidental malignancy was found in 1.53% of Bethesda II cases, and the most common type of malignancy was
papillary thyroid carcinoma.*’ And the other study reported that incidental malignancy was 19.19% in 344 cases of Bethesda
11, but the most common type of malignancy was the follicular variant of papillary thyroid carcinoma.>

HT coexisting with two different thyroid-type carcinomas is a high-risk factor, so we recommend comprehensive staging
surgery and thyroidectomy, along with '*'I radioiodine ablation therapy for this unusual combined disease rather than
conservative management. There is a paucity of data on synchronous primary thyroid cancer and MSO combined with
endocrinological disease, so our case may contribute to the diagnosis and management of this uncommon situation.

Conclusion

In conclusion, the diagnosis of malignant struma ovarii coexisting with primary thyroid cancer and Hashimoto’s
thyroiditis and polycystic ovary syndrome is a significant challenge. This is largely dependent on postoperative pathology
and supplementary examination, with molecular analysis playing a crucial role in differentiating the coexistence of MSO
and primary thyroid carcinoma. Consequently, when patients present with ovarian masses and abnormal thyroid function,
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it is advisable to be alert to the possibility of struma ovarii and to undergo examination of the TG, TGAb and thyroid
ultrasound, in order to reduce the incidence of secondary surgery. Multi-disciplinary participation will be conducive to
the diagnosis and treatment of malignant struma ovarii complicated with thyroid lesions. This case is valuable for its
rarity, as is the coexistence of Hashimoto’s thyroiditis with polycystic ovary syndrome, follicular thyroid carcinoma
arising from the struma ovarii and papillary thyroid carcinoma. Patients with PCOS have a genetic predisposition to
Hashimoto’s thyroiditis, which is a high-risk factor for papillary thyroid carcinoma. Furthermore, patients who suffer
from Hashimoto’s thyroiditis and papillary thyroid carcinoma are more prone to have multifocal tumours. However,
interestingly, these patients have a better prognosis. The exploration of the potential benefits of the coexistence of
Hashimoto’s thyroiditis on the prognosis of MSO requires large sample sizes in the future. Additionally, further research
is needed to determine if the “Field cancerization” resulting from papillary thyroid cancer and Hashimoto’s thyroiditis
affects the development of MSO.
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