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Abstract
Background Struma ovarii (SO) is a rare tumor and may transform into ovarian strumal carcinoid (OSC) and/or 
malignant struma ovarii (MSO), but the incidence, clinical characteristics, and survival outcomes have not been well 
defined.

Methods We conducted a retrospective study of patients with ovarian strumal diseases treated in the our hospital 
between 1980 and 2022. Subgroup analyses of SO, OSC, and MSO were subsequently performed.

Results A total of 275 cases (2.14%) were identified in a cohort of 12,864 patients with ovarian teratomas, where SO, 
OSC, and MSO accounted for 83.3%, 12.0%, and 4.7% of cases, respectively. There were no significant differences in 
age, tumor sizes, elevated tumor markers, and ascites among the three subgroups. At initial treatment, all patients 
with SO or OSC had FIGO stage I disease except one SO patient presenting metastatic disease, ten patients had 
MSO confined to the ovary, whereas other three patients had metastatic diseases. Two patients with SO respectively 
relapsed at peritoneum and anterior mesorectum, while none of the OSC patients presented tumor recurrence 
or death despite different surgical procedures employed. The 5-year recurrence-free survival rate was 88.9%, and 
only one death occurred at 9.5 years after diagnosis in patients with MSO. Radioiodine therapy showed satisfactory 
therapeutic efficacy, but these patients showed poor responses to the chemotherapy.

Conclusion 2.14% of ovarian teratoma could be classified as SO, of which 12.0% and 4.7% of SO may transform into 
OSC and MSO, repsectively. The survival outcomes were excellent even after SO transformed into OSC or MSO.

Synopsis SO occupied 2.14% of ovarian teratoma, where 12.0% and 4.7% of SO may transform into OSC and MSO, 
respectively, and had excellent survival outcomes.
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Introduction
Struma ovarii (SO) is a monodermal teratoma, character-
ized by the presence of more than 50% of thyroid tissue, 
which accounts for about 5% of ovarian teratomas and 
less than 1% of all ovarian tumors [1, 2]. Its clinical mani-
festations include asymptomatic ovarian mass, abdomi-
nal discomfort, thyrotoxicosis, ascites, elevated CA125, 
or even metastasis, presenting unpredictable biological 
behaviors with overlapping benign and malignant fea-
tures [3–5]. Malignant transformation of SO to an ovar-
ian strumal carcinoid (OSC) or malignant struma ovarii 
(MSO) is also reported in rare circumstances [6, 7].

However, most studies concerning SO, OSC, or MSO 
were either case reports or small-scale cohort studies 
[8–10], and the exact incidence of SO and the probabil-
ity of malignant transformation to OSC or MSO remains 
unclear. Moreover, the clinical characteristics and prog-
noses of OSC and MSO have not been well-defined. 
Besides, accumulated evidence from case reports may 
bias a comprehensive understanding of this disease due 
to the significant heterogenicity. Recently, Wei et al. [11] 
investigated the pathological characteristics in 96 cases, 
and Savelli et al. [4] evaluated ultrasonic features in 31 
SO cases, which were the two largest cohorts to date but 
without reporting any surgical options. Several cohort 
studies of OSC were either conducted decades earlier or 
restricted to pathologic research, or lacking long-term 
follow-up [12–14]. Moreover, none of these studies com-
pared the clinical characteristics among patients with SO, 
OSC, and MSO in large cohorts.

To evaluate the incidence, clinical characteristics, and 
survival outcomes of patients with ovarian strumal dis-
eases, we conducted a single-center retrospective study. 
Subgroup analyses of patients with SO, OSC, or MSO 
were also performed.

Materials and methods
The Ethics Committee of the Peking Union Medical Col-
lege Hospital (PUMCH) approved this study. We defined 
ovarian strumal diseases as a group of ovarian tumors 
that contain SO-related components, including SO, OSC, 
and MSO in this study. Patients with ovarian strumal 
diseases treated in the PUMCH from January 1st 1980 
to December 1st 2022 were included in this study. We 
screened all patients with the ICD-10 code for SO (ICD-
10 code: D39.1 M9090/0), OSC (ICD-10 code: D39.1 
M9091/1), and MSO (ICD-10 code: D39.1 M9090/3) 
in their medical records. After reviewing the patient’s 
medical records, data including the demographics, clini-
cal and pathological features, treatments, and survival 
outcomes, were extracted from eligible cases. Twelve 
patients who lacked any of such items were excluded 
after the screening (Figure S1 summarized the inclusion 
process). Pathological review was conducted to confirm 

the diagnosis in OSC or MSO patients diagnosed before 
2000. Surgical options were classified as ovarian cystec-
tomy, unilateral salpingo-oophorectomy (USO), bilateral 
salipingo-oophorectomy (BSO), hysterectomy with BSO 
(H/BSO), and staging/cytoreductive surgery. We defined 
staging/cytoreductive surgery as H/BSO plus omentec-
tomy with or without lymphadenectomy/appendectomy/
metastasectomy. Clinical features, including age, tumor 
size, elevated tumor markers (yes or no), preoperative 
diagnosis (benign, suspected malignant/undetermined, 
or obvious malignant), and ascites (yes or no), were com-
pared among the three subgroups. Recurrence-free sur-
vival (RFS) was defined as the date from initial treatment 
intervention to confirmed tumor relapse. Overall survival 
(OS) was defined as the time from the date of initial diag-
nosis to death associated with any cause or final follow-
up. Disease-specific survival (DSS) was defined as the 
time from the date of the initial diagnosis to death related 
to the tumor or final follow-up.

Statistical analysis
Continuous variables were described as means ± standard 
deviation (range) or as medians and interquartile ranges 
(IQRs), according to their distributions. Discrete vari-
ables were expressed as counts (percentages). One-way 
analysis of variance (ANOVA) was used to identify differ-
ences between the three subgroups. Categorical variables 
were compared either by the chi-squared testor or Fish-
er’s exact test. The Kaplan–Meier method was used to 
establish survival curves. A two-tailed P value < 0.05 was 
considered statistically significant. Statistical analyses 
were conducted using SPSS (version 21.0; SPSS Inc., Chi-
cago, IL, USA) or GraphPad Prism (version 8.0; Graph-
Pad Software Inc., La Jolla, CA) software.

Results
Clinical characteristics of the patients with ovarian strumal 
diseases
A total of 275 (2.14%) patients with ovarian strumal dis-
eases were identified in 12,864 patients diagnosed with 
ovarian teratomas. The median age of the patients was 
43 years (range: 17–92). Two hundred and twenty-nine 
patients (83.3%) were diagnosed with SO, being the most 
predominant pathologic subtype. Notably, OSC was less 
common, occupying 12.0% (33 cases) and MSO was 
rarely seen in only 4.7% (13 cases) in this cohort (Table 1).

Combined imaging examinations, including ultra-
sound, CT and MRI, and serum tumor markers, were 
examined preoperatively to determine the nature of 
tumor. Most patients were considered as benign diseases, 
while only 6 cases manifested obvious malignant fea-
tures. The median tumor size was 6.4 cm. Two patients 
(0.7%) had bilateral ovarian strumal diseases and 6 cases 
(2.2%) presented metastatic diseases at initial diagnosis. 
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Ascites and elevated tumor markers were observed in 
16.0% and 26.2% of cases, respectively. Some patients had 
more than one abnormal tumor marker. In this cohort, 
CA125 and CA19-9 were the two most frequently ele-
vated tumor markers found in 59 (21.5%) and 22 (8.0%) 
patients, respectively. One-way ANOVA and χ2/Fisher’s 
exact test showed no statistical differences in terms of 
age, tumor sizes, the proportion of preoperatively sus-
pected malignant, elevated tumor markers, and ascites.

The details of the surgery and adjuvant therapy were 
described in subsequent subgroup analyses. During a 
median follow-up time of 5.3 years (range: 0.25–32.2), 
9 patients had disease relapse. Of them, four patients 
underwent surgery, while the other five patients chose 
to follow up. At the final follow-up, 94.6% of the patients 
were alive with no evidence of disease (NED), 2.5% of 
them were alive with the disease (AWD), and 2.5% of 
them died of other diseases. Only one tumor-related 
death related to tumors occurred (DOD) (Fig. 1f ).

Subgroups analysis
Patients with SO
The median age was 43.0 years (range: 17–92), and pre-
dominantly affected patients were aged between 30 and 
59 years (152 cases, 66.4%), but it was almost equally 

distributed in a 10-year interval. A large tumor size 
(≥ 10.0  cm) was detected in 39 (17.03%) patients, and 
a tumor size of over 15  cm was noted in 10 (4.37%) 
patients. Moreover, an 18-year-old girl had the largest 
tumor of 50 cm, originating from the right ovary. Only 5 
patients were successfully preoperatively diagnosed with 
SO by imaging study, of which three patients were exam-
ined by ultrasound and the rest were by MRI (Table 1).

Although SO presented a right ovarian predominance 
(57.2% originated in right ovary), there were two patients 
had bilateral SO and one presented metastatic SO at their 
initial presentation. Elevated tumor markers were noted 
in approximately one-fourth of patients. Furthermore, 
the values of both CA125 and CA19-9 could be remark-
ably high that up to 2263.5 U/ml and 480.0 U/ml, respec-
tively. Importantly, SO in 141 patients (61.6%) was pure 
without any other teratoma components. However, SO 
with adenomatous proliferation was noted in 15 cases 
(6.6%) in the overall cohort, including 3 cases of local 
adenomatous hyperplasia. Co-existence of other non-
teratoma tumors in the ipsilateral ovary was rare and 
only found in 10 cases (4.4%), where endometrioma and 
cystadenoma were the most common pathology (Fig. 1a). 
However, SO with synchronous contralateral tumors was 
more frequent that found in 29 patients, of which mature 

Table 1 Clinical characteristics in overall cohort and the three subgroups
SO
(N = 229, 83.3%)

OSC
(N = 33, 12.0%)

MSO
(N = 13, 4.7%)

Overall
(N = 275)

Age (y) 44.1 ± 14.7/43.0
(17-92)

44.2 ± 12.0/44.0 (23-72) 42.2 ± 13.8/42.0 (22-78) 44.1 ± 14.3/43
(17-92)

Follow-up time (y) 7.3/5.6
(0.40-32.20)

5.0/3.1
(0.25-25.90)

8.8/6.2
(0.80-29.00)

7.1/5.3
(0.25-32.20)

Preoperative diagnosis
Benign 174 (76.0%) 26 (78.8%) 11 (84.6%) 211 (76.7%)
Undetermined 10 (4.4%) 2 (6.1%) 0 (0%) 12 (4.4%)
Suspected malignant 40 (17.5%) 5 (15.2%) 1 (7.7%) 46 (16.7%)
Obvious malignant 5 (2.2%) 0 (0%) 1 (7.7%) 6 (2.2%)
Mass size (cm) 7.4 ± 4.5/6.4

(1.8 – 50.0)
6.7 ± 3.0/6.7
(2.0-18.40)

7.1 ± 3.2/7.3
(3.0-14.6)

7.3 ± 4.3/6.4
(1.8 – 50.0)

Carcinoma size (cm) NA 0.44 (0.2-1.3)
(10 cases)

0.6 (0.3-1.2)
(3 cases)

NA

Elevated tumor makers 57 (24.9%) 9 (27.3%) 6 (46.2%) 72 (26.2%)
CA 125 (case/median) 47 / 62.0 7 / 169.0 5 / 89.9 59 / 71.2
CA125 (range, U/ml) 35.8 – 2263.5 45.7 – 1129.0 67.0-103.0 35.8 – 2263.5
CA19-9 (case/median) 20 / 97.0 2 / 241.4 NA 22 / 97.0
CA19-9 (range, U/ml) 41.4-480.0 91.4 – 391.3 NA 41.4-480.0
Ascites 39 (17.0%) 4 (12.1%) 1 (7.7%) 44 (16.0%)
Side of lesions (ovary)
Left 95 (41.5%) 18 (54.5%) 8 (61.5%) 121 (44.0%)
Right 131 (57.2%) 15 (45.5%) 2 (15.4%) 146 (53.1%)
Bilateral 2 (0.9%) 0 (0%) 0 (0%) 2 (0.7%)
Metastatic 1 (0.4%) 0 (0%) 3 (23.1%) 6 (2.2%)
Abbreviations: SO, struma ovarii; OSC, ovarian strumal carcinoid; MSO, malignant struma ovarii; NA, not applicable

Notes: the age, follow-up time, and mass/carcinoid size were presented as mean ± standard deviation/median (range)
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teratoma (18 cases) was the most predominant (Fig. 1b). 
Besides, the mean Ki-67 index was nearly 2% in 26 
patients who reported this item, with the highest value of 
only 8% and 92.3% (24/26) of patients had a Ki-67 index 
not more than 3%. However, no significant correlation 
could be found between a higher Ki-67 index and aggres-
sive behavior of SO, such as metastasis.

Ovarian cystectomy was the most common treatment 
option administered in 40.6% of patients, followed by 
H/BSO (29.3%), USO (21.8%), and BSO (4.4%) (Fig.  1c; 
Table  1). Nonetheless, nine (3.9%) patients underwent 
comprehensive staging surgery, of which four were due to 
coexisting gynecologic cancer, and one due to a recurrent 
bilateral mucinous borderline ovarian tumor, and the 
rest four patients because of the uncertain intraoperative 
frozen pathology. Intraoperative frozen pathology was 
administered in 79 (34.5%) patients, of whom 61 (77.2%) 
was diagnosed with SO, and benign teratoma was identi-
fied in other 12 cases, but the rest 6 cases reported unde-
termined results or could not exclude malignancy. Two 
patients received postoperative adjuvant therapy due to 
coexisting rectal cancer.

Recurrence was suspected in 6 patients, but 4 patients 
presented ovarian cysts and chose to follow up without 
intervention. The other two patients developed meta-
static SO at the peritoneum 11 years after the first sur-
gery and at the anterior mesorectum 14 years after initial 
treatment, respectively. Surgical excision was then con-
ducted, and they both achieved NED. After a median 
follow-up of 5.6 years (range: 0.4–32.2), all patients were 
alive, except seven patients who died of other diseases.

Patients with OSC
In this cohort, OSC mostly affected women aged in the 
fourth decade (10 cases, 30.3%), followed by patients 
aged over 50 years (9 cases, 27.3%). Most OSC (78.8%) 
patients were preoperatively diagnosed with benign 
tumors. However, the mean carcinoid size (0.44 cm) was 
much smaller compared with the mass size (6.7 cm). All 
OSCs were unilateral diseases confined to the ovary and 
no carcinoid syndrome was noted (Table  1). Further-
more, 48.5% of the OSC contained only SO and carci-
noid componence (pure OSC), and none coexisted with 
the ipsilateral or contralateral non-teratoma component. 
The Ki-67 index was reported in 18 patients, showing an 
extremely low value that the mean value was 2% and only 
three patients had a Ki-67 index of 5%.

USO was the most common surgical option adminis-
tered in 39.4% of patients, followed by H/BSO (24.3%), 
ovarian cystectomy (21.2%), and comprehensive stag-
ing surgery (12.1%). Only 1 case (3.0%) underwent BSO 
(Fig. 1d). Notably, four patients received USO after a pre-
vious ovarian cystectomy that confirmed the diagnosis 
of OSC. Two patients were treated with platinum-based 
chemotherapy postoperatively, of whom one was due to 
coexisting ovarian adenocarcinoma.

The survival outcomes were excellent in the OSC 
patients. They all obtained NED and none experienced 
recurrences a median follow-up period of 3.1 years 
(range: 0.25–25.9).

Patients with MSO (thyroid cancer arising in SO)
Imaging examinations had poor diagnostic efficiency in 
MSO patients, such that 11 (84.6%) patients were ini-
tially diagnosed with benign tumors, and the other two 

Fig. 1 Clinical characteristics, surgical treatment, and clinical outcomes in this cohort. (a) coexisted ipsilateral ovarian tumors in SO; (b) contralateral ovar-
ian tumors in SO; (c) surgery in OSC; (d) surgery in OSC; (e) surgery in MSO; (f) clinical outcomes
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patients were suspected of epithelial ovarian carcinoma. 
Asymptomatic pelvic mass or ovarian cyst was the most 
common manifestation in these patients. The thyroid 
function test was within normal range.

The thyroid cancer components only occupied a 
small portion (0.6  cm) of the ovarian mass (mean size 
of 7.1 cm). At primary diagnosis, elevated thyroglobulin 
(TG) level was noted in one patient (7.7%) who had meta-
static disease. However, three patients who had recurrent 
diseases showed remarkable higher TG levels, of whom 
two had TG > 1000 ng/ml. Conversely, the TG levels in 
these three patients were normal at primary diagnosis. 
Ten patients had MSO confined to the ovary at initial 
diagnosis, whereas the other three patients had meta-
static diseases. Papillary thyroid carcinoma (PTC) was 
the most common pathologic subtype (6 cases, 46.2%), 
followed by follicular thyroid carcinoma (FTC) (5 cases, 
38.5%). Follicular variants of PTC (FVPTC), mixed PTC 
and FTC were two less common subtypes that were iden-
tified in each patient. The mean Ki-67 index was about 
5% in 7 reported cases, of which six patients exhibited 
no more than 5%, and one patient had the highest value 
of 15%. A genetic test was conducted inone patient with 
extensive metastatic disease and NRAS mutation was 
detected. Coexisted PTC in the neck was also found in 
one patient.

In patients with MSO, USO remained the most com-
mon surgical option administered in 61.5% (8 cases) of 
patients, including three patients who underwent USO 
after ovarian cystectomy. One patient who had mul-
tiple metastases in the peritoneum and left acetabulum 
underwent ovarian cystectomy, metastasectomy, and 
bone biopsy without adjuvant therapy to preserve fertil-
ity. One patient was treated with H/BSO. Staging/cyto-
reductive surgery was applied to three patients, of which 
one received USO followed by staging surgery (Fig. 1e). 
However, no intraoperative frozen pathology was applied 
in MSO patients and they all established the diagnosis by 
paraffin pathology. Lymphadenectomy was conducted in 
four patients, but all were negative. At initial treatment, 
adjuvant therapy was administered in 6 patients, includ-
ing platinum-based chemotherapy in 5 patients and total 
thyroidectomy (TT) followed by radioiodine therapy 
(RAI) in another patient.

Eleven patients achieved NED after initial treatment 
and two were AWD. The patient who preserving fer-
tility had successfully conceived and delivered at full 
term. In this patient, regular monitoring of serum TG 
showed a normal level, and imaging examinations of 
the thyroid and abdominopelvic cavity revealed stable 
disease. The patient with NRAS mutation metastasized 
to the liver and lung but maintained stable after receiv-
ing four courses of RAI. During the follow-up, three 
patients relapsed, with a 5-year and 10-year RFS rate of 

88.9% and 71.1%, respectively, and the median RFS was 
17.0 years. Repeat optimal cytoreductive surgery was 
administered in two patients who had multiple perito-
neal metastases but showed a poor response to chemo-
therapy. One patient who developed multiple seedings in 
the peritoneum, liver, lung, and mediastinum eventually 
succumbed to the disease. The other patient received TT 
followed by RAI at 4 years after ceasing chemotherapy 
but showed only a partial response. The third patient who 
had disease recurrence in the lung 17 years after the first 
surgery, she achieved NED for more than 10 years after 
administered four courses of RAI.

After a median follow-up of 6.2 years (range: 0.8–29.0), 
the 10-year OS and DSS rates were both 75.0%, with only 
one death occurring 9.5 years after the diagnosis (Figure 
S2). Other nine patients achieved NED and three were 
AWD.

Discussion
Our study demonstrated that 2.14% of ovarian teratoma 
could be classified as SO, of which 12.0% and 4.7% of SO 
may transform into OSC and MSO, repsectively. The 
overlapping imaging characteristics of benign and malig-
nant tumors and their heterogeneous biological behav-
iors made the preoperative diagnosis of SO, OSC, and 
MSO quite challenging. Differential diagnosis among 
these diseases might be unpractical without pathol-
ogy. The survival outcomes were excellent even after SO 
transformed into OSC or MSO.

The incidence of SO and its malignant transformations 
to OSC or MSO have been a puzzle for decades. Previous 
studies estimated that there were only about 300 cases of 
MSO, and researchers identified less than 150 cases of 
OSC, presuming that the rate of MSO arising in SO was 
nearly 5% [14–16]. Likewise, researchers estimated that 
approximately 5% of ovarian teratomas could be classified 
as SO [4, 10, 17]. Recently, Wei et al. identified 10 cases of 
MSO (10.4%) and 5 cases of OSC (5.2%) in a population 
of 96 SO patients, who first exhibited a crude malignant 
transformation rate in a large cohort [11]. Other cohort 
studies merely described the case numbers of SO, OSC, 
or MSO without indicating their incidence rates [12–14, 
18]. We first described the incidence of SO in the back-
ground of ovarian teratoma and the rate of its transfor-
mation to OSC or MSO in the largest cohort to date. It 
was much lower than the previously presumed rate (2% 
vs. 5%) but could be explained by the paucity of cohort 
studies of SO. Furthermore, the OSC arising in SO was 
more frequent (12.0%) than a previous study (5.2%) [11], 
but the result conversed in the MSO (4.7% vs. 10.4%). 
The inconsistent results may be attributed to the differ-
ences in sample sizes and the selection bias since some 
OSC and MSO patients were referred to our hospital for 
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further treatments after their initial diagnoses, which 
could have overestimated the exact incidence rate.

We found that only five patients were preoperative 
correctly diagnosed as SO but none correctly diagnosed 
before surgery in OSC and MSO, indicating the extreme 
challenges in the precision diagnosis of this disease. 
Unlike common ovarian teratomas, neither ultrasonog-
raphy nor CT, or MRI showed satisfactory efficacy in 
the identification of SO with or without serum tumor 
markers [4, 19–21]. Besides, some patients with SO pre-
sented elevated CA125 levels and/or remarkable ascites 
that highly suspected epithelial ovarian carcinoma (EOC) 
[3, 21]. Our study showed that one-fifth of the patients 
were suspected of malignancy either in the SO subgroup 
or the overall population, and even metastasis at initial 
presentation could be observed in the SO subgroup. This 
dilemma was much more obvious that OSC and MSO 
were usually small, and focal malignant transformations 
underlying the predominant SO components. Routine 
use of intraoperative frozen pathology in suspected ovar-
ian stumal diseases or undetermined ovarian mass may 
be a practical option to optimize the diagnosis and treat-
ment. We found that frozen pathological examination 
could correctly diagnose 77.2% of SO cases in 79 patients 
and only 7.6% of patients reported undefined results, of 
whom four were SO with adenomatous proliferation 
identified in paraffin pathology. Due to the satisfactory 
outcomes, even for OSC and MSO, a proper surgical 
strategy can still be conducted based on this evidence.

The treatment of SO can certainly be referred to the 
common strategy conducted in mature ovarian tera-
tomas. However, as SO patients usually present larger 
solid-cystic masses which can potentially transform to 
OSC and MSO, whether ovarian cystectomy or USO 
could be a preferred option should be thoroughly consid-
ered based on the coexisting gynecologic diseases, fertil-
ity desire, and the residual function of the involved ovary. 
Similarly, USO may be a better surgical option in patients 
with OSC confined to the ovary, while ovarian cystec-
tomy is also practical in whom previously underwent 
contralateral oophorectomy and have fertility desire and 
have previously received [6, 12, 14]. However, treatment 
for patients with metastatic OSC remains controversial. 
Adjuvant chemotherapy may be reserved for recurrent 
or metastatic OSC that could not be completely resected 
[22]. Nevertheless, OSC may be insensitive to chemo-
therapy due to low proliferative nature, and radiotherapy 
may be more suitable to achieve disease remission [14]. 
Therefore, USO and metastasectomy with personalized 
adjuvant therapies might be considered in such cases [14, 
23].

The treatment of MSO has always been controver-
sial. Conservative surgery alone or aggressive treat-
ments, including comprehensive staging/cytoreductive 

surgery with combined TT and postoperative RAI, have 
been proposed in previous studies [9, 24–26]. However, 
unlike EOC, the survival outcomes of patients with MSO 
were excellent and the 10-year DSS rate was approxi-
mately 90% in MSO, and patients with MSO confined to 
the ovary had better outcomes [9, 18]. Previous studies 
have evaluated the impact of different surgical options 
on survival outcomes and the necessity of postoperative 
adjuvant therapy in patients with metastatic MSO, MSO 
confined to the ovary [25]. Although it remains undeter-
mined, most studies indicated the importance of balanc-
ing the radicality of surgery and long-term quality of life 
[9, 25]. Our current results supported these findings that 
the survival outcomes were satisfactory after long-term 
follow-up, irrespective of the varied treatment strategies 
employed.

Previous studies have shown that the recurrence rate in 
MSO confined to the ovary was low and the efficacy of 
RAI in improving the survival outcomes in these patients 
was uncertain [9, 27]. Nevertheless, RAI was widely rec-
ommended in metastatic MSO for ablation of residual 
diseases [25, 26, 28], and it may be the only practical 
therapeutic option in patients with unresectable diseases, 
such as multiple liver, lung, or bone metastases [29]. 
Although the exact therapeutic response rate for RAI 
in MSO was unavailable due to the extreme rarity and 
most patients received both surgery with RAI [15]. Some 
patients achieved stable diseases or complete remis-
sion with RAI therapy alone [30–33]. However, TT was 
mandatory before RAI which led to lifetime thyroxine 
replacement therapy and RAI could potentially impair 
ovarian function in childbearing patients [34]. There-
fore, RAI should be routinely performed in metastatic 
MSO and individually applied in MSO confined to the 
ovary. However, due to the histological nature of MSO, 
chemotherapy has been shown poor response in this 
population, while radiotherapy might be an option for 
RAI-refractroy MSO referring to thyroid cancer [29, 35].

The large sample size in this study strengthened the 
reliability and feasibility to improve the clinical practice 
in managing patients with ovarian strumal diseases. The 
retrospective nature of this study and the relative rarity 
of OSC and MSO were the two main limitations. Future 
studies should emphasize on exploring validated preop-
erative diagnostic methods in this population.

Conclusion
2.14% of ovarian teratoma could be classified as SO, of 
which 12.0% and 4.7% of SO may transform into OSC 
and MSO, repsectively. The clinical features slightly 
varied among SO, OSC, and MSO, and preoperative 
identification or differential diagnosis based on their clin-
ical or imaging characteristics could be challenging. The 
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survival outcomes were excellent even after SO malig-
nant transformation to OSC or MSO.
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