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Mature cystic teratoma(MCT)” is the most prevalent neoplasm derived from germ cells in females; its progression
to malignancy is infrequent. The coexistence of papillary thyroid carcinoma(PTC)® and strumal carcinoid derived
from MCT is exceptionally rare. To the best of our knowledge, only six cases of this condition have been reported
to date, however, the molecular information and immune cell infiltration for the mixture has never been studied.
We present a case of a patient exhibiting a combination of these two components in the MCT. The clinical and

pathological characteristics of the patient are described in this report. For the first time, we demonstrated that
NRAS codon 61 mutations were present in these two elements, and there was no significant difference between
cancer-adjacent tissues and malignant tissues in immune cell infiltration. As a unique example of multiple ma-
lignant transformations in a single MCT, this case provides a basis for future investigations into MCTs.

1. Introduction

MCT is a prevalent occurrence, constituting approximately 20 % of
ovarian tumors [1]. The identification of struma ovarii takes place when
an ovarian teratoma specimen encompasses at least 50 % of thyroid
tissue. Struma ovarii is a seldom encountered monodermal ovarian
teratoma, comprising roughly 2 % of MCT. The malignant trans-
formation of struma ovarii constitutes approximately 0.1 % of MCT [2].
Malignant tumors can be categorized into three types: papillary, follic-
ular variant of papillary, and follicular.

Primary ovarian carcinoids are exceedingly rare, comprising
approximately 1 % of all carcinoids and less than < 0.1 % of malignant
ovarian tumors [3]. These carcinomas can be classified into four types:
insular, strumal, trabecular and mucinous [4]. Strumal carcinoids are
characterized by a blend of the thyroid gland and the carcinoid. More-
over, thyroid tissue can transform into various types of malignant tu-
mors. Herein, we present a case of a pre-menopausal patient exhibiting a
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combination of PTC and strumal carcinoid in the malignant struma
ovarii (MSO).4

2. Case

The individual seeking medical attention was a middle-aged woman
of 47-year-old, who presented with a gradually enlarging pelvic mass in
6 months. Ultrasound revealed a combination of cystic and solid masses
located in the left adnexal region, measuring 4.58 x 3.96 cm ( Fig. 1A).
Enhanced computed tomography (CT)° images displayed a heteroge-
neous density shadow with soft tissue, cystic components, and a small
number of calcifications (Fig. 1B). The mass exhibited clearly defined
borders and did not exhibit any noticeable enhancement. Radiological
findings were highly suggestive of a teratoma. CEA and CA19-9 levels
were within the normal range. Preoperative diagnosis was MCT.

The patient underwent total laparoscopic hysterectomy with bilat-
eral salpingo-oophorectomy, as well as bilateral pelvic and para-aortic
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Fig. 1. Imaging and pathological findings. (A)Ultrasound examination revealed a composite cystic and solid tumor located in the left adnexal area, measuring
approximately 4.58x3.96 cm in size. (B) Pre- and post- contrast CT images (a, b) illustrate a heterogeneous density lesion in the left adnexal region, characterized by
a combination of soft tissue, cystic components, and a small number of calcifications (red arrow). Following the administration of contrast, no apparent enhancement
was observed in the mass as depicted on the enhanced CT scan (b). (C) Representative photomicrographs of HE staining of the tumor areas. (a) Papillary thyroid
carcinoma area. Atypical papillary proliferation of thyroid follicular epithelium, 100x magnification. (b) Strumal carcinoid area. A mixture of papillary thyroid
carcinoma and carcinoid, 100x magnification. Tumor cells in the strumal carcinoid areas were arranged in insular or trabecular shapes. (D) TTF-1 (a), CK19 (b),
Galectin-3 (c), and TG (d) showed positive expression in the PTC area, while exhibiting negative expression in the strumal carcinoid area, 100x magnification. (E)
Both Syn (a) and CD56 (b) presented positive expression in the strumal carcinoid area, while displaying negative expression in the strumal carcinoid area, 100 x
magnification. (F) NRAS codon 61 mutation. Identification of a NRAS codon 61 mutation when fluorescence-based quantitative real-time PCR (RT-qPCR) was
employed for the identification of BRAF, KRAS, and NRAS mutations. (G) CD4, CD8, CD20, and CD68 were used for identifying subsets of lymphocytes and

monocytes, 200x magnification.

lymph node dissection. Based on these evaluations, there were no
obvious signs or indications of the disease having spread to remote
anatomical sites.

Pathologic gross examination revealed that the left ovarian cyst
measured approximately 3.0 x 3.0 x 0.1 cm in size, with a smooth inner
wall. Additionally, a locally protruding nodule measuring approxi-
mately 2.0 x 1.0 x 1.0 cm was observed. Hematoxylin and eosin (HE)-
stained images showed atypical papillary proliferation of some thyroid
follicular epithelia (Fig. 1C a). Solid cell nests arranged in an insular or
trabecular pattern were observed adjacent to the papillary structures.
These nests exhibited gradual transition and intermingling of both ele-
ments (Fig. 1C b). Morphologically, the cyst was preliminarily diag-
nosed as PTC or carcinoid. Immunohistochemical analysis was
performed to confirm coexistence. In the PTC area, Thyroid Transcrip-
tion Factor 1 (TTF1)°, CK19 (Cytokeratin 19)’, Galectin-3 and thyro-
globulin (TG)® were positively expressed (Fig. 1D), whereas
synaptophysin (Syn)° and CD56 were negatively expressed (Fig. 1E). In
the strumal carcinoid area, an inverse result was observed (Fig. 1D, E).
Gene status analyses were conducted for the KRAS, NRAS, and BRAF
genes. The results revealed a NRAS codon 61 mutation (Fig. 1F). Addi-
tionally, antibodies targeting specific subsets of lymphocytes and
monocytes (CD4, CD8, CD20, and CD68) were used. No apparent dif-
ferences were found between the neoplastic and adjacent normal tissues
(Fig. 1G). Postoperative recovery was uneventful; however, the patient
declined follow-up for additional therapy. The patient has been disease-
free for nearly 2 years and will undergo close surveillance.

3. Discussion

MCT of the ovary is the most prevalent germ cell tumor in women,
and malignant transformation of this tumor is rare. Moreover, coexis-
tence of both PTC and strumal carcinoid in a mature ovarian cystic
teratoma is even more uncommon. To the best of our knowledge, only
six cases of this condition have been reported to date. We compiled and
summarized these cases, including their clinical and pathological fea-
tures in Table 1. All patients, including the present case, were adults
with a median age of 56 years. With the exception of one patient whose
lesion originated in the right ovary, all other lesions were in the left
ovary, which is consistent with the literature on MSO [5]. In two pa-
tients, the lesion was discovered during physical examination [6,7],
while two presented with abdominal pain [8,9], and two others expe-
rienced abnormal uterine bleeding [10,11]. In the present case, the
patient sought medical attention owing to gradual enlargement of the
pelvic mass. Previous studies have identified serum CA-125 levels as a
risk factor for the malignant transformation of MCTs [12]. However,
among these cases, only three patients underwent serum tumor marker
testing, with one showing elevated CA125 levels; the rest did not exhibit
any abnormalities. CT and ultrasound examinations can be helpful for

S TTF1: thyroid transcription factor 1
7 CK19: Cytokeratin 19

8 TG: thyroglobulin

9 Syn: synaptophysin

preoperative diagnosis; however, these techniques lack specificity.
Therefore, histopathological examination is usually necessary for accu-
rate diagnosis and determination of appropriate treatment.

The diagnosis of struma ovarii is established when an ovarian tera-
toma specimen contains at least 50 % thyroid tissue. In this case,
approximately half of the examined tissue was thyroid, confirming the
diagnosis of struma ovarii. Histologically, the lesion exhibited well-
differentiated thyroid follicles; however, interspersed among these
benign follicular structures were papillary proliferations of neoplastic
cells displaying significant cytologic atypia (Fig. 1C a). These tumor
cells featured characteristic ground-glass nuclei with prominent grooves
and occasional nuclear pseudo inclusions. Adjacent to the papillary
structures, solid cell nests were seen arranged in an insular or trabecular
pattern. These nests exhibited gradual transition and intermingling of
both elements (Fig. 1C b). Histologically, the tumor in our case
exhibited the presence of PTC and strumal carcinoid. Additional diag-
nostic and differential diagnostic procedures were performed using
immunohistochemical analyses. The PTC component displayed positive
staining for TTF-1, CK19, Ga lectin-3, and TG, but negative staining for
Syn and CD56 (Fig. 1D, E). In contrast, the strumal carcinoid region
exhibited markedly distinct findings compared with those observed in
the PTC region. Based on the histopathologic and immunohistochemical
characteristics, the present case aligns with the diagnosis of MCT
accompanied by PTC and strumal carcinoid.

Limited research has been conducted on genetic modifications in
MSO. Certain authors argue that, in addition to exhibiting histological
similarities, the thyroid-like carcinomas that emerge in the struma ovarii
share genetic characteristics with primary thyroid carcinomas [13].
Nevertheless, some researchers have posited that the gene mutation
locations in MSO diverge from those in thyroid cancer [14]. Existing
evidence supports the notion that the prevailing genetic alterations in
PTC are associated with BRAF and RAS oncogenes [15]. BRAF, a human
isoform of RAF, is activated by RAS, resulting in synergistic effects in
cells that respond to growth factors [16]. Mutations in BRAF, NRas,
KRas [14,15]and HRas [17] have been reported in patients with MSO.
To our knowledge, no molecular information pertaining to the mixture
of PTC and strumal carcinoid arising from the struma ovarii has hitherto
been discerned. This is the first report of an NRAS codon 61 mutation in
a combination of these two components (Fig. 1F). As the histological
states of the two components were mixed, we could not identify them to
test their molecular features. Considering the monoclonal origin theory,
presence of the NRAS codon 61 mutation, which is a rare mutational
event independent of both components, seems unlikely. Moreover, both
elements are highly likely to originate from a multipotent epithelial stem
cell or a shared multipotent stem cell with neuroendocrine features that
undergoes biphenotypic differentiation during the early stages of
carcinogenesis. Further research is needed to validate this hypothesis
and understand the underlying mechanisms involved.

Immune cells have been documented to engage and interact with
tumor cells, thereby influencing the immune microenvironment. A
growing body of evidence indicates a favorable correlation between the
density of intratumoral lymphocyte infiltrates in solid tumors and
enhanced patient survival. Furthermore, various malignancies, such as
breast, ovarian, rectal, lung, mesothelioma, and pancreatic cancers,
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Clinical and pathological features of the struma ovarii with PTC and strumal carcinoid.

Case Age  Presentation Location Size Serum tumor Particular clinical manifestation
NO marker
1[6] 74 Asymptomatic Right 8.5cm x 7.3 cm Not mentioned Not mentioned
ovary x 5.5 cm
2[10] 69 Asymptomatic Leftovary 21 cm x 17 cm Not mentioned With poorly differentiated intraductal carcinoma of the
x 14 cm left breast [pTis (DCIS)NO(sn)MO]
3[7] 61 Abdominal pain Leftovary 23 cm x 18.5cm CA-125: 340 U/ With a small to moderate amount of ascites
x 15.4 cm ml(1)
4[8] 43 Abdominal pain Left ovary 9cm x 7cm x 5cm Not mentioned Not mentioned
5[9] 49 Menstrual irregularity Leftovary 9.6 cm X 6 cm CA125:18.8 U/ml;  Not mentioned
x 5.5 cm CEA:1.6 ng/ml
6[11] 48 Sharp lower abdominal pain and Leftovary 10cm x 7.2 cm Not mentioned Punctate 1-2 mm colloid cysts in the left thyroid gland

abnormal uterine bleeding x 6.0 cm

(Ultrasound)

have exhibited a notable increase in the presence of CD3 or
CD8 + lymphocytes following therapy [18], whereas in cervical cancer,
CD8 + T-cell rates remain relatively stable[19]. In this case, no obvious
immune cell infiltration was detected in malignant tissues compared
with cancer-adjacent tissues (Fig. 1G), and no significant changes in
immune cell infiltration were observed. Though few studies have been
conducted on immune-infiltrating cells in the MCT or MSO, substantial
infiltration of CD8+ T cells within the tumor has been observed in
MCT-SCCs [20]. Moreover, intrathyroidal lymphocyte infiltration is
more commonly observed in PTCs than in other types of thyroid cancer
[21]. Midgut carcinoid tumors exhibit infiltration by CD4+ and CD8+ T
cells [22]. The presence of tumor-infiltrating lymphocytes in both PTCs
and carcinoids indicates a favorable prognosis. However, these reports
focus solely on single transformations, and there are no previous reports
regarding immune cell infiltration in multiple malignancies arising from
a single MCT. This study lacked the statistical power to assess the impact
of immune cell infiltration on the prognosis of MSO. To evaluate the
effect of immune cell infiltration on multiple malignancies originating
from a single MCT, more cases are needed. The patient will be followed
up continuously until death or for a duration of 10 years, whichever
comes first. This case presents a unique example of lymphocyte infil-
tration with multiple malignant transformations within a single SO,
laying the groundwork for future investigations on MSO. Further
research is imperative to elucidate the significance of immune cell
infiltration in MSO.

4. Conclusion

In summary, we presented a case of MSO with PTC and strumal
carcinoid, which present NRAS codon 61 mutations in these two ele-
ments, and there was no significant difference between cancer-adjacent
tissues and malignant tissues in immune cell infiltration. A multidisci-
plinary team, along with the patient and her family, decided not to
undertake any further supplementary surgical measures. Our team will
persist in monitoring her every 3 months to evaluate prognosis, given
the presence of PTC and strumal carcinoid. Nearly 2 years post-
operatively, the patient’s condition continued to be promising, with no
indications of illness.
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