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Abstract. Endometriosis is a precancerous condition for 
endometriosis‑associated ovarian cancer (EAOC). In the 
present study, conventional magnetic resonance imaging 
(MRI) and MR relaxometry were used to examine a case of 
clear cell carcinoma that arose in a pre‑existing right‑sided 
benign ovarian endometrioma (OE). The 42‑year‑old nullipa-
rous woman suspected of EOAC, as assessed by conventional 
MRI, requested fertility‑sparing surgery such as laparoscopic 
endometrioma cystectomy. Furthermore, the MR transverse 
relaxation rate (R2) was determined using a single‑voxel, 
multi‑echo MR sequence using a 3 Tesla‑MR system. An R2 
value <12.1 s‑1 was indicative of malignancy, as described 
in previous studies. In the present study, MR relaxometry 
identified an R2 value of 7.98 s‑1 in the right cyst, which 
suggested the malignant transformation of benign OE. Based 
on these findings, fertility‑sparing surgery was contraindi-
cated. In conclusion, MR relaxometry may represent a new 
clinical approach as an adjunctive modality for the diagnosis 
of EAOC. When patients exhibiting a pelvic mass suspected 
of EAOC desire fertility‑sparing treatment options, MR 
relaxometry can facilitate the selection of conservative 
management.

Introduction

Endometriosis is defined as the presence of endometrial glands 
and stroma outside the uterine cavity. Endometriosis is a 
common disease affecting ~10% of women of reproductive age. 
The lesions are mainly located in the ovaries, peritoneal cavity, 
recto‑uterine pouch and extrapelvic areas. Malignant transfor-
mation is a rare complication of endometriosis, occurring in 
0.6‑0.8% of all cases (1). Clinical characteristics of endometri-
osis‑associated ovarian cancer (EAOC) are frequently observed 
in ovarian endometrioma (OE). Ovarian clear cell carcinoma 
is the most frequent form of EAOC in Japan, followed by 
endometrioid carcinoma (2). Ultrasound remains the initial and 
most useful imaging method for the detection of ovarian cancer, 
while magnetic resonance imaging (MRI) is the second‑line 
imaging modality. However, MRI is the most optimal imaging 
method to distinguish between benign and malignant ovarian 
cystic lesions  (3). MR criteria for the diagnosis of EAOC 
include the presence of a large ovarian cyst with hemorrhagic 
fluid, various solid portions, mural nodules, papillary projec-
tions, thick septations or significant vascularization, as assessed 
by contrast medium administration. The features of imaging 
modalities, including dynamic contrast‑enhanced imaging, high 
signal intensity of diffusion‑weighted images and low apparent 
diffusion coefficient values facilitate the diagnosis of EAOC (4). 
To the best of our knowledge, the only effective treatment to 
treat EAO consists in the extensive excision of the tumor.

In addition to oncological outcomes, the management of 
nulliparous women who have high risk of EAOC represents 
a challenge, due to the potential impact of EAOC on their 
fertility. When the patients select fertility‑preserving alterna-
tives, surgeon must carefully consider each indication (5). In 
general, MRI can facilitate the correct preoperative character-
ization of the lesion. However, in a study by Tanase et al (4), it 
was shown that a part of the benign mass can exhibit increased 
mural nodules and solid components. For at‑risk populations, 
MR relaxometry is an emerging radiological technique that 
may improve the prediction of EAOC occurrence (6). In a 
study by Yoshimoto et al (6) transverse relaxation rate (R2) 
was determined using a single‑voxel, multi‑echo MR sequence 
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(HISTO) using a 3 Tesla (3T)‑MR system, and it was reported 
that preoperative MR relaxometry is a useful tool for distin-
guishing EAOC from benign OE.

The present study reported the case of a 42‑year‑old 
nulliparous woman who was suspected of EAOC but desired 
a fertility‑sparing surgery, such as laparoscopic endometrioma 
cystectomy. MR relaxometry was performed, and the MR 
relaxometry results confirmed the diagnosis of EAOC.

Case presentation

The patient was a 42‑year‑old nulliparous woman with a history 
of OE that occurred 4 years prior to admission to our hospital. 
She presented mild cyclic pelvic pain, which required admis-
sion to another clinic. She underwent hysteroscopic resection 
of benign endometrial polyps 3 years prior to admission to 
our hospital. The patient was admitted to the Nara Medical 
University Hospital in April 2017 for the analysis of a complex 
bilateral adnexal mass identified by sonographic examination. 
Physical examination indicated right adnexal tenderness. The 
carbohydrate antigen (CA) 125 and CA 19‑9 levels at presenta-
tion were 50.4 U/ml and 26.1 U/ml, respectively. Transvaginal 
ultrasonography, which was performed in Kyoto University 
Hospital in May 2017, identified a multilocular cystic mass with 
a size of ~64x52 mm in the right ovary (Fig. 1), and one cystic 
mass with a size of ~42x24 mm in the left ovary, accompanied 
with solid mural nodules in the right adnexa with diameters of 
12 mm. The present findings were consistent with those of bilat-
eral OE. The patient underwent routine MRI using T1‑weighted 
(T1W) and T2‑weighted (T2W) sequences. The tumor exhibited 
areas of high signal intensity using both T1W imaging (T1WI) 
and T2WI, suggestive of subacute intra‑cystic hemorrhage 
(Fig. 2). MR images of the pelvis revealed bilateral multilocular 
cystic masses suggestive of mural nodules, which showed 
heterogeneous enhancement on the post‑contrast fat‑saturated 
T1WI, due to the increased vascularity in the right adnexal 
mass (Fig. 3). Collectively, these features were suggestive of a 
malignant transformation of endometriosis.

The patient desired to preserve her fertility despite the 
oncological hazards. A surgery that included staging, right 
salpingo‑oophorectomy, left cystectomy, omentectomy, perito-
neal washings and biopsies were suggested in order to perform 
an accurate diagnosis, followed by retroperitoneal lymph 
node dissection. However, the patient refused this treatment. 
Gynecologic oncologists and radiologists advised the patient 
to undergo MR relaxometry (MAGNETOM Skyra; 3T MRI; 
Siemens Healthcare GmbH) of the pelvis. After routine MRI, 
the patient underwent MR relaxometry using a single‑voxel 
spectroscopy, a stimulated echo acquisition mode sequence 
at multiple echoes, and fitting of an exponential decay to 
the amplitude at each echo (6). The R2 value parameter was 
calculated using a high‑speed T2*‑corrected HISTO using 
a 3T‑MR system, as previously described  (6). MR relax-
ometry identified an R2 value of 7.98 s‑1 in the right cyst, 
which suggested a malignant transformation of OE (Fig. 4). 
Malignant potential was identified by MRI only on the right 
side, and evaluation with MR relaxometory on the left ovary 
was not performed because malignant potential was not iden-
tified by MRI. Following MRI and MR relaxometry, EAOC 
was pre‑operatively diagnosed. Computed tomography (CT) 

scan was performed in the previous hospital, and no metas-
tasis was identified. Based on these findings, fertility‑sparing 
surgery was contraindicated in this patient. She underwent 
right salpingo‑oophorectomy, left cystectomy, omentectomy, 
peritoneal biopsies and retroperitoneal lymphadenectomy. 
The histopathological results identified clear cell carcinoma 
arising from endometriosis (Fig. 5) at International Federation 
of Gynecology and Obstetrics stage IC1 (7). The carcinoma 
did not extend to the solid components within the cyst and 
remained limited to non‑solid regions in the cyst. Peritoneal 
washing results were negative for malignant cells. Adjuvant 
chemotherapy was recommended, but the patient refused it. 
The patient was asymptomatic without recurrence or metastasis 
at the 2‑year follow‑up examination, which was performed at 
another hospital.

Immunohistochemistry. Tissues were fixed with 10% 
neutral buffered formalin‑fixed at 20˚C for 24  h, and 
paraffin‑embedded tissues were cut into 4‑µm‑thick sections. 
The slides were deparaffinized in xylene at 20˚C for 30 min 
and rehydrated in a graded alcohol series. Endogenous peroxi-
dase was inactivated with 3% hydrogen peroxide at 20˚C for 
10 min. Tissue sections were incubated in 0.1 M citrate buffer 
(pH 6.0) and placed in an autoclave during antigen retrieval 
at 125˚C for 5  min. The sections were blocked with 1% 
BSA diluted in PBS at 20˚C for 10 min, and then incubated 
with a primary antibody anti‑hepatocyte nuclear factor‑1β 
(1:500; Sigma‑Aldrich; Merck; cat. no. MABE971) at 4˚C 
overnight and incubated with secondary antibody hydrogen 
peroxidase‑conjugated (1:150; Sigma‑Aldrich; Merck; cat. 
no. A9917) at 20˚C for 60 min. Sections were subjected to the 
peroxidase reaction using 0.02% 3,3'‑diaminobenzidine tetra-
hydrochloride at 20˚C for 10 min, followed by counterstaining 
with hematoxylin at 20˚C for 5 min. Sections were visualized 
using a light microscope (magnification, x200).

Discussion

The present case study suggested that preoperative MR relax-
ometry may be a useful tool for distinguishing EAOC from 
benign OE. The R2 value could guide patient selection prior to 
conservative management, including fertility‑sparing surgery, 
and may serve as an effective parameter for the diagnosis of 
EAOC.

MRI has high accuracy in differentiating between benign 
and malignant endometriosis (4). Malignant transformation is 
a rare complication of endometriosis, affecting 0.6‑0.8% of all 
cases of OE (1). In Japan, clear cell carcinoma is not uncommon 
and is the second most frequently occurring type of EAOC, 
accounting for >20% of all EAOC cases (8). In the present 
case report, transvaginal ultrasonographic findings revealed 
a large pelvic mass and solid echogenic loculi. Furthermore, 
based on the MRI results, a reliable characterization of the 
malignant nature of the mass was performed. Malignant trans-
formation of endometriosis demonstrated hemorrhage and 
solid projections as enhancement on postcontrast T1WIs (9). 
The presence of an enhanced soft‑tissue component within a 
blood‑filled ovarian cystic mass was an evidence of malignant 
transformation. Dynamic contrast‑enhanced MRI has been 
shown to be useful in differentiating malignancies from 
benign tumors (10). A previous study, however, has reported 
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that 21.4% of patients with benign OE have enhancing mural 
nodules, whose pathologies include atypical endometriosis, 

adenofibroma, fibrothecoma and papillary proliferation of 
the epithelium (4). Therefore, enhancement of the soft‑tissue 

Figure 1. Transvaginal ultrasonography showed a 60‑mm multicystic mass with 12‑mm solid nodules. (A) Ultrasound patterns from the sagittal angle showed 
a bilocular cystic mass with a mural nodule. (B) Ultrasound patterns from a different angle showed two mural nodules with papillary projections.

Figure 2. MRI results. Pelvic MRI showing high intensity on (A) T1‑weighted images and (B) high‑intensity with low‑intensity spots on T2‑weighted images. 
MRI, magnetic resonance imaging.

Figure 3. Dynamic contrast‑enhanced, fat‑suppressed, gradient‑echo T1‑weighted imaging was performed in the axial plane after an injection of gadolinium 
chelate components. Compared with (A) the mural nodules in the pre‑contrast phase, (B) the mural nodules, indicated by arrowheads, were enhanced following 
the administration of the contrast medium.
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elements on dynamic contrast‑enhanced MRI would not 
always predict the diagnosis of ovarian malignancy.

In addition, ovarian cancer exhibits solid mural nodular 
lesions with enhancement after the intravenous administra-
tion of a contrast medium. Pre‑treatment assessment by CT 
or MRI is helpful to identify patients who might benefit from 
neoadjuvant chemotherapy prior to surgical management. In 
contrast, a new imaging modality, MR relaxometry, can be 
used to qualitatively differentiate between benign and malig-
nant lesions. MR relaxometry is a non‑invasive, powerful 
tool for the direct detection of cystic fluid iron concentration. 
Yoshimoto et al (6) demonstrated that patients with EAOC 
had much lower levels of iron in the cystic fluid compared 
with patients with benign OE, and iron concentration was a 
significant biomarker for the diagnosis of EAOC. An R2 value 
<12.1 s‑1 is predictive of malignancy (6). The R2 values exhibit 
excellent accuracy in distinguishing between EAOC and 
benign OE, with 86% sensitivity and 94% specificity (6). MR 
relaxometry can allow the distinction between benign OE with 
an enhancing soft‑tissue component and EAOC. As malignant 
tissue was identified in a location different from the solid 
component found by MRI, diagnosis with MR relaxometry 

may present advantages compared with MRI. Therefore, MR 
relaxometry can facilitate the selection of patients who desire 
fertility‑sparing surgery. Notably, in case of ovarian hemor-
rhage, an R2 value <12.1 s‑1 can be insufficient to diagnose 
ovarian cancer (data not shown). In addition, limitations may 
be present in case of multicenter collaborations.

In conclusion, conventional MRI and MR relaxometry 
were used to examine a case of clear cell carcinoma arising 
from OE where the patient desired fertility‑preserving treat-
ments. MR relaxometry may improve the accuracy and reduce 
the overdiagnosis of malignant transformations identified by 
MRI.

Acknowledgements

The authors would like to thank Dr Yuki Yamada (Department 
of Obstetrics and Gynecology, Nara Medical University) for 
technical assistance.

Funding

No funding was received.

Figure 5. Histological results. (A) Cancer cells were localized within the cyst wall, indicated by arrowheads (magnification, x200). (B) Cells positive for 
hepatocyte nuclear factor‑1β suggested clear cell carcinoma (magnification, x200).

Figure 4. MR relaxometry results. MR relaxometry demonstrated a relaxation rate value of 7.98 s‑1 in the right cyst, which suggested a malignant transforma-
tion of ovarian endometrioma. MR, Magnetic resonance.
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