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A B S T R A C T   

Objective: For selecting minimally invasive surgery (i.e. laparoscopic ovarian cystectomy) for treating ovarian 
tumours (OTs) in premenopausal patients, the pre-operative differentiation of benign ovarian tumours (Be-OTs) 
based on magnetic resonance imaging (MRI) interpretation is important. This paper describes the authors’ 8-year 
experience of approximately 1000 OT cases, and provides information about a diagnostic algorithm to help other 
hospitals. 
Study design: The medical records of 901 patients aged < 50 years with OTs from 1 January 2015–31 March 31 
2023 were reviewed. First, the accuracy of pre-operative differentiation between Be-OTs and borderline/ma
lignant ovarian tumours (Bo/Ma-OTs) was compared in each type of OT. Second, to identify the factors influ
encing differentiation between Be-OTs and Bo/Ma-OTs in 164 serous/mucinous ovarian tumours (SM-OTs), a 
multi-variate logistic regression analysis was performed to assess the effect of 13 factors, including MRI find
ings, OT size and tumour markers. 
Results: In the comparison of diagnostic accuracy of pre-operative MRI for each OT type, accuracy was found to 
be notably high for ovarian endometrial cyst (OEC) (n = 409), ovarian mature cystic teratoma (OMCT) (n = 308), 
ovarian endometrioid adenocarcinoma (OEA) (n = 6) and ovarian clear cell adenocarcinoma (OCCA) (n = 14). 
On the other hand, discrepancies between MRI and pathological findings often occurred in SM-OTs, including 
ovarian serous cystadenoma (n = 86), ovarian mucinous adenocarcinoma (n = 61), ovarian serous adenocar
cinoma (n = 12) and ovarian mucinous adenocarcinoma (n = 5). In the multi-variate logistic regression analysis 
of the latter 164 patients, in addition to MRI findings, OT size and carbohydrate antigen 125 also had an effect to 
some extent. The combination of MRI interpretation and OT size may enhance differentiation of Be-OTs and Bo/ 
Ma-OTs. 
Conclusions: Among four types of OTs (OEC, OMCT, OEA and OCCA), MRI interpretation was able to differentiate 
between Be-OTs and Bo/Ma-OTs almost perfectly. Additionally, to mitigate the difficulty in differentiating SM- 
OTs, OT size may be useful in combination with MRI findings, although further accumulation and analysis of OT 
cases is needed.   

1. Introduction 

Since minimally invasive surgery has become increasingly important 
in the field of gynaecological surgery, laparoscopic ovarian cystectomy 
has been widely performed as an ovarian-sparing surgery for premen
opausal patients with fertility preservation or hormonal support [1]. 
However, when detecting borderline/malignant ovarian tumours 
(Bo/Ma-OTs), total hysterectomy with bilateral salpingo-oophorectomy 

is the primary treatment approach [2,3]. Since recurrence and other 
risks seem to be related to FIGO stage, even when the final diagnosis is 
borderline ovarian tumour (Bo-OT) [4,5], which has the characteristics 
of benign ovarian tumour (Be-OT) and malignant ovarian tumour 
(Ma-OT), determination of the surgical type (i.e. 
salpingo-oophorectomy or ovarian cystectomy) may be important to 
prevent the spread of tumour cells, although Bo-OTs are usually diag
nosed at early stages. Therefore, gynaecologists must perform a 
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differential diagnosis between Bo/Ma-OTs and Be-OTs as accurately as 
possible before surgery. To ensure accurate classification of many types 
of ovarian tumours (OTs) at the same time, magnetic resonance imaging 
(MRI), considered one of the most reliable tools [6–9], is usually per
formed after the OT is detected by transvaginal ultrasound (TVUS) in an 
outpatient examination. At the study hospital, which is a moderate-scale 
regional institution, differential diagnosis is performed on the basis of 
MRI results. When the possibility of malignancy is excluded, ovarian 
cystectomy can be selected to preserve ovarian function. However, few 
studies have summarized the diagnosis of OTs comprehensively. 
Therefore, it is important to assess the feasibility of the pre-operative 
diagnostic algorithm through feedback of the outcomes of post
operative pathological findings, especially when targeting premeno
pausal patients. As these results may be helpful for other hospitals by 
providing information about the pre-operative diagnosis of OTs, this 
study sought to analyse the authors’ 8-year experience of approximately 
1000 OT cases. 

2. Methods 

2.1. Data collection 

This study was reviewed and approved by the Human Ethical Com
mittee of the University of Teikyo Hospital (Registration No. 20–054–3). 
From 1 June 2015–31 March 2023, 1228 female patients underwent 
surgery for OTs. Of these, 293 patients aged ≥ 50 years were excluded 
from this study as almost all of these women had selected salpingo- 
oophorectomy. This supported previous reports [4,10], probably 
because women at this age assumed menopause. Twelve of the 
remaining 935 cases were excluded because MRI was not performed in 
these cases. Although TVUS was performed for the first screening of OTs 
in all cases, TVUS findings were excluded from this analysis due to their 
inaccurate description of the characteristics of detected OTs. This situ
ation likely occurred due to differences in screening by TVUS and the 
detailed examination by MRI. Among the remaining 923 cases, referring 
to the MRI interpretation, Be-OTs were classified as: ovarian endome
trial cyst (OEC), ovarian mature cystic teratoma (OMCT), ovarian serous 
cystadenoma (OSC) or ovarian mucinous cystadenoma (OMC). Ma-OTs 
were classified as: ovarian serous adenocarcinoma (OSA), ovarian 
mucinous adenocarcinoma (OMA), ovarian endometrioid adenocarci
noma (OEA) or ovarian clear cell adenocarcinoma (OCCA). As Bo-OTs 
were only detected pre-operatively by MRI, it was not possible to 
include Bo-OTs as a separate category. Instead, Bo-OTs and Ma-OTs 
were addressed as a single category (i.e. Bo/Ma-OTs) in this study. 
When none of the above types applied, the OTs were classified as ‘other 
type’. However, the 22 patients with ‘other type’ tumours were excluded 
from this study as this category included a great variety of types. Finally, 
the deidentified medical records of 901 patients were reviewed retro
spectively (Table 1). 

2.2. Classification of benign vs borderline/malignant ovarian tumours 

In order to assess the accuracy of the MRI interpretation, data were 
collected from postoperative pathological examinations and pre- 
operative MRI findings. Both diagnoses were performed by experts in 
the fields of pathology and diagnostic radiology. Among the aforemen
tioned eight types of OTs, each case was classified as a Be-OT or a Bo/ 
Ma-OT based on both MRI and pathological findings. Next, to 
compare the diagnostic accuracy of pre-operative MRI interpretation for 
each type of OT, the following procedures were performed: (1) deter
mination of the number of Be-OTs and Bo/Ma-OTs diagnosed by post
operative pathological examination; (2) determination of the number of 
Be-OTs and Bo/Ma-OTs diagnosed by pre-operative MRI interpretation; 
and (3) calculation of the accuracy of the pre-operative diagnosis of Be- 
OTs and Bo/Ma-OTs by comparing the pre-operative MRI interpretation 
with the postoperative pathological diagnosis. 

2.3. Main target of serous/mucinous ovarian tumours 

As discrepancies between MRI and pathological findings were rare in 
the patients with OEC, OMCT, OEA and OCCA (Table 1), this study 
focused mainly on patients with OSC, OMC, OSA and OMA. Addition
ally, as a clear distinction between serous and mucinous cysts was not 
achieved pre-operatively in many cases, these four types were combined 
in a single category [i.e. serous/mucinous ovarian tumours (SM-OTs)] to 
assess the diagnostic algorithm based on MRI interpretation. As in 
principle, ovarian cystectomy could only be selected when a diagnosis of 
Be-OT, including OSC and OMC, was achieved, SM-OT cases were 
classified as Be-OT or Bo/Ma-OT by referring to pathological findings. In 
order to predict Be-OTs pre-operatively, various factors were evaluated 
retrospectively, including MRI interpretation and other OT 
characteristics. 

2.4. Analysis methods 

First, information was collected about both types of surgery and 
patient characteristics. The former was classified into the following 
categories: (1) bilateral salpingo-oophorectomy, bilateral ovarian cys
tectomy, unilateral salpingo-oophorectomy (USO), unilateral ovarian 
cystectomy (UOC), or USO with UOC; and (2) laparoscopic or abdominal 
surgery. The latter included the following indexes as well as MRI 

Table 1 
Ovarian tumour type and accuracy of pre-operative magnetic resonance imaging 
(MRI) diagnosis. (a) All ovarian tumours (OTs). (b) Serous/mucinous ovarian 
tumours.  

(a) 
Type n Be-OTs Bo/Ma-OTs Be-OT 

accuracy 
Bo/Ma-OT 
accuracy 

OEC 409 99.5% (n =
407) 

0.5% (n =
2) 

100.0% (n =
402/402) 

28.6% (n = 2/ 
7) 

OMCT 308 100.0% (n 
= 308) 

0.0% (n =
0) 

100.0% (n =
303/303) 

0.0% (n = 0/ 
5) 

OSC 86 93.0% (n =
80) 

7.0% (n =
6) 

98.7% (n = 77/ 
78) 

62.5% (n = 5/ 
8) 

OMC 61 78.7% (n =
48) 

21.3% (n =
13) 

90.5% (n = 38/ 
42) 

47.4% (n = 9/ 
19) 

OSA 12 8.3% (n = 1) 91.7% (n =
11) 

0.0% (n = 0/0) 91.7% (n =
11/12) 

OMA 5 40.0% (n =
2) 

60.0% (n =
3) 

0.0% (n = 0/0) 60.0% (n = 3/ 
5) 

OEA 6 0.0% (n = 0) 100.0% (n 
= 6) 

0.0% (n = 0/0) 100.0% (n =
6/6) 

OCCA 14 0.0% (n = 0) 100.0% (n 
= 14) 

0.0% (n = 0/0) 100.0% (n =
14/14) 

Total 901 93.9% (n =
846) 

6.1% (n =
55) 

99.4% (n =
820/825) 

65.8% (n =
50/76) 

(b) 
Type n Be-OTs Bo/Ma-OTs Be-OT correct Bo/Ma-OT 

correct 
OSC 86 93.0% (n =

80) 
7.0% (n =
6) 

98.7% (n = 77/ 
78) 

62.5% (n = 5/ 
8) 

OMC 61 78.7% (n =
48) 

21.3% (n =
13) 

90.5% (n = 38/ 
42) 

47.4% (n = 9/ 
19) 

OSA 12 8.3% (n = 1) 91.7% (n =
11) 

0.0% (n = 0/0) 91.7% (n =
11/12) 

OMA 5 40.0% (n =
2) 

60.0% (n =
3) 

0.0% (n = 0/0) 60.0% (n = 3/ 
5) 

SM- 
OT 

164 79.9% (n =
131) 

20.1% (n =
33) 

95.8% (n =
115/120) 

63.6% (n =
28/44) 

After dividing the 901 cases into eight OT types, differentiation was undertaken 
between benign ovarian tumours (BE-OTs) and borderline/malignant ovarian 
tumours (Bo/Ma-OTs). The accuracy of pre-operative MRI diagnosis was 
compared simultaneously for each OT type. 
OCCA, ovarian clear cell adenocarcinoma; OEA, ovarian endometrioid adeno
carcinoma; OEC, ovarian endometrial cyst; OMA, ovarian mucinous adenocar
cinoma; OMC, ovarian mucinous cystadenoma; OMCT, ovarian mature cystic 
teratoma; OSA, ovarian serous adenocarcinoma; OSC, ovarian serous 
cystadenoma. 
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interpretation: (1) age; (2) body mass index (BMI); (3) parity; (4) serum 
tumour marker levels, including carbohydrate antigen 19–9 (CA19–9), 
carbohydrate antigen 125 (CA125) and carcinoembryonic antigen 
(CEA); (5) serum inflammation levels of white blood cells, C-reactive 
protein and lactate dehydrogenase (LDH); and (6) cyst characteristics, 
including size, serous or mucinous, unilocular or multi-locular, and 
unilateral or bilateral. 

Second, the influence of the aforementioned patient characteristics 
on the prediction of Be-OTs was evaluated, particularly to identify 
influencing factors other than MRI interpretation. To control for con
founding factors, the 164 patients were divided into two groups ac
cording to the presence or absence of the following factors, and multi- 
variate logistic regression analysis was performed: (1) age > 40 years; 
(2) nulliparity; (3) high BMI, defined as BMI ≥ 25 kg/m2 [11]; (4) 
positive CA19–9, defined as CA19–9 > 37 U/ml; (5) positive CA125, 
defined as CA125 > 35 U/ml; (6) positive CEA, defined as CEA > 5 
ng/ml; (7) positive inflammation, defined as white blood cell count >
9000/mm and/or 0.3 mg/dl; (8) positive LDH, defined as LDH > 220 
U/l; (9) bilateral cyst; (10) multi-locular cyst; (11) serous cyst; (12) 
standard size, defined as OT size from 5 to 15 cm; and (13) no malig
nancy, defined as cases that denied the possibility of malignancy. An OT 
size from 5 to 15 cm was considered as ‘standard size’ in this study based 
on the mean and standard deviation (SD) of OT size of all 164 patients. 

Statistical analyses were performed using Microsoft Excel (Microsoft 
Corp., Redmond, WA, USA) and JMP Version 12 for Windows (SAS 
Institute, Inc., Tokyo, Japan) to determine correlations between the 
aforementioned 13 factors and Be-OTs diagnosed by postoperative 
pathological findings. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were estimated to determine the strengths of the correlations. p <
0.05 was considered to indicate significance. 

3. Results 

3.1. Patient characteristics in total and serous/mucinous ovarian tumour 
cases 

Among the 901 cases, mean ( ± SD) age, BMI, parity and dominant 
OT size measured by MRI were 35.9 ± 8.1 (range 13–49) years, 22.0 ±
3.6 (range 15.1–45.1) kg/m2, 0.5 ± 0.8 (range 0–4) and 7.4 ± 3.9 (range 
1–32), respectively. Classification of the type of surgeryis described in  
Table 2. In approximately 90% of cases (789/901 cases), surgery was 
performed laparoscopically, and cystectomy was selected in > 70% of 
cases (661/901 cases). In comparison of the diagnostic accuracy of pre- 

operative MRI interpretation for each type of OT, the accuracy rates for 
OEC (n = 409 cases), OMCT (n = 308 cases), OEA (n = 6 cases) and 
OCCA (n = 14 cases) were notably high (Table 1). In particular, the pre- 
operative diagnosis rates of OEC and OMCT were similar to the diagnosis 
rate of Be-OTs, although there were a few cases in which it was difficult 
to achieve an accurate diagnosis of Bo/Ma-OTs by pre-operative MRI 
interpretation among the OEC (n = 7) and OMCT (n = 5) groups 
(Table 1a). On the other hand, diagnostic accuracy rates for OSC and 
OSA and, especially, OMC and OMA, were relatively poor (Table 1b). 
Additionally, in 86 of these 164 cases, a clear distinction between serous 
and mucinous cysts was not achieved pre-operatively. Therefore, the 
latter four types (Table 1) were combined into a single category, namely 
SM-OTs, and focused mainly on these 164 cases. The rates of laparo
scopic surgery (112/164 cases) and cystectomy (96/164 cases) were 
relatively low (Table 2). Among 120 cases diagnosed with Be-OTs by 
MRI findings, Bo/Ma-OTs were detected in five cases by pathological 
examination, and among 44 cases diagnosed with Bo/Ma-OTs by MRI 
findings, 16 were diagnosed with Be-OTs. Among these 164 cases, mean 
( ± SD) age, BMI, parity and dominant OT size measured by MRI were 
36.7 ± 8.7 (range 15–49) years, 22.6 ± 4.0 (range 15.1–45.1) kg/m2, 
0.5 ± 0.8 (range 0–4) and 10.1 ± 6.0 (range 1–32), respectively. 
Additionally, to evaluate the relationship between the possibility of Be- 
OT and OT size, the 164 cases were classified as: < 4 cm, 5–9 cm, 10–14 
cm, 15–19 cm or > 20 cm. In this classification, the relatively high 
possibility of Be-OT was indicated in the second and third categories, 
namely 5–9 cm (91.1%, 81/90 cases) and 10–14 cm (76.5%, 26/34 
cases), whereas the rates were low in the other three categories (<4 cm, 
60.0%, 6/10 cases; 15–19 cm, 60.0%, 9/15 cases; >20 cm, 53.3%, 8/15 
cases). This result may correspond approximately with mean OT size 
among these 164 cases. 

3.2. Factors influencing pre-operative diagnosis of benign ovarian 
tumours 

To identify significant factors affecting the possibility of Be-OT 
which could be noted pre-operatively, multi-variate analysis of 13 
representative factors was performed (Table 3). Apart from ‘no malig
nancy’ diagnosed pre-operatively by MRI, which was expected to have a 
strong influence (OR 40.3, p < 0.001), two factors indicated a significant 
influence, namely positive CA125 (OR 0.2, p = 0.038) and standard size 

Table 2 
Types of surgery.  

Type Total SM-OTs  

Laparoscopic 
surgery 

Abdominal 
surgery 

Laparoscopic 
surgery 

Abdominal 
surgery 

BSO 5 38 (H: 35) 0 16 (H: 16) 
BOC 144 (M: 9) 4 (M: 4) 4 0 
USO 148 (M: 1, H: 

14) 
49 (M: 1, H: 
13) 

26 (H: 5) 26 (H: 5) 

UOC 456 (M: 20, H: 
10) 

11 (M: 2, H: 
1) 

79 (M: 1) 7 

USO 
with 
UOC 

36 (M: 1, H: 4) 10 (M: 1, H: 
3) 

3 3 

Total 789 (M: 31, H: 
28) 

112 (M: 8, H: 
52) 

112 (H: 5, M: 1) 52 (H: 21) 

BOC, bilateral ovarian cystectomy; BSO, bilateral salpingo-oophorectomy; SM- 
OTs, serous/mucinous ovarian tumours; UOC, unilateral ovarian cystectomy; 
USO, unilateral salpingo-oophorectomy. 
In all 901 cases and in the 164 SM-OT cases, surgery was classified as: BSO, BOC, 
USO, UOS, and USO with UOC. Surgical types were also divided into laparo
scopic or abdominal surgery. The cases with concomitant hysterectomy or 
myomectomy are indicated as ‘H′ or ‘M′, respectively, in brackets. 

Table 3 
Factors influencing the pre-operative diagnosis of benign ovarian tumours (Be- 
OTs).  

Factor OR (95% CI), n p-value 

> 40 years old 0.7 (0.3–1.5) n = 51/67 0.97 
Nulliparity 1.4 (0.6–3.1, n = 86/105 0.37 
High BMI >22 kg/m2 1.1 (0.5–2.4, n = 59/73 0.14 
Positive CA19–9 0.5 (0.2–1.3, n = 15/22 0.48 
Positive CA125 0.2 (0.1–0.5, n = 24/41 0.038 
Positive CEA 0.5 (0.0–5.6, n = 2/3 0.8 
Positive inflammation 0.7 (0.3–1.7, n = 20/27 0.33 
Positive LDH 1.0 (0.1–9.3, n = 4/5 0.27 
Bilateral cyst 0.6 (0.2–2.0, n = 10/14 0.76 
Multi-locular cyst 0.6 (0.3–1.2, n = 42/57 0.46 
Serous cyst 1.5 (0.7–3.3, n = 81/98 0.33 
Standard size 4.4 (1.9–10.0, n = 110/128 0.022 
No malignancy 40.3 (13.6–119.2, n = 115/120 <0.0001 

BMI, body mass index; CA125, carbohydrate antigen 125; CA19-9, carbohydrate 
antigen 19–9; CEA, carcinoembryonic antigen; CI, confidence interval; LDH, 
lactate dehydrogenase; OR, odds ratio; OT, ovarian tumour; SM-OT, serous/ 
mucinous ovarian tumour. 
Multi-variate analyses of the 164 SM-OT cases were performed to examine the 
influence of 13 factors, including magnetic resonance imaging findings (no 
malignancy), on the possibility of Be-OT. The number of patients with each 
factor, the ORs and 95% CIs for the occurrence of these indexes, and the p-values 
are shown in this table. Three indexes, including ‘positive CA125′ and ‘standard 
size’, showed significant differences. 
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(OR 4.4, p = 0.022). Although the effects of these two factors were 
relatively small in the analysis of the diagnostic ability of MRI, these 
factors could have the potential to enhance accuracy when used in 
combination with MRI. To test this hypothesis, each OR and CI was 
calculated after creating the following groups by combining the afore
mentioned factors: (1) 97 cases with ‘no malignancy’ and ‘positive 
CA125′ (OR 25.4, 95% CI 7.3–88.3); (2) 100 cases with ‘no malignancy’ 
and ‘standard size’ (OR 46.0, 95% CI 10.4–202.9); and (3) 85 cases with 
‘no malignancy’, ‘positive CA125′ and ‘standard size’ (OR 26.8, 95% CI 
6.1–117.0). As a result, only one combination, namely ‘no malignancy’ 
and ‘standard size’, suggested better potential for accurate diagnosis 
when used in combination with MRI. However, the effect of OT size was 
limited when compared with the influence of MRI diagnosis. 

4. Discussion 

Consistent with the recent trend towards minimally invasive surgery 
[12], in the case of OT treatment for premenopausal patients, the 
judgement criterion of Be-OTs may become increasingly important for 
selecting laparoscopic ovarian cystectomy. When the possibility of a 
Bo/Ma-OT is detected, laparoscopic salpingo-oophorectomy may be 
selected to prevent the spread of tumour cells. Similar to previous 
studies [6–9], this differentiation between Be-OTs and Bo/Ma-OTs is 
performed based on MRI interpretation at the study hospital. Over 8 
years, data from > 1000 OT cases were accumulated and analysed to 
evaluate the algorithm for selecting the type of surgery. As a result of 
this analysis, three important insights were obtained. 

First, MRI interpretation was able to differentiate almost perfectly 
between Be-OTs and Bo/Ma-OTs, but not SM-OTs. The diagnosis of two 
common types of OT (OMCT and OEC) was sufficient from MRI inter
pretation. The difference in diagnostic accuracy between OEC, OMCT 
and SM-OTs may be derived from the relatively low possibility of ma
lignant transformation of OEC and OMCT [13,14], and the relatively 
high frequency of serous Bo-OTs [15]. Moreover, in this study, OMCT 
and OEC accounted for approximately 80% of cases (Table 1). Since 
previous studies [16–18] have reported that common types of benign 
ovarian cysts include OEC, OMCT, OSC and OMC in young patients, the 
present results may indicate that approximately half of cases could be 
differentiated sufficiently by MRI. 

Second, similar to previous reports [19,20], CA125 and OT size 
showed a significant impact in SM-OTs, although MRI interpretation had 
an overwhelmingly large influence on this differentiation. Regarding OT 
size, similar to past reports [19], the results of simple analysis could 
approximately show that OT size was negatively correlated with the 
possibility of Be-OT when considering cases with OT size > 5 cm. On the 
other hand, in cases with OT size < 4 cm, there was a relatively high 
possibility of Bo/Ma-OT, although the reason remained unclear because 
the sample size was small (n = 10). Together with the result of calcu
lation of SM-OT size, the average-sized SM-OT had a relatively high 
possibility of being a Be-OT. 

Finally, in SM-OT cases, as pre-operative differentiation between Be- 
OTs and Bo/Ma-OTs was difficult even with MRI interpretation, OT size 
may be helpful to some extent to decide whether to select salpingo- 
oophorectomy. However, the influence of OT size was relatively small, 
and, unfortunately, the influence of CA125 could not be shown. 
Conversely, this result may indicate the difficulty and limitation of pre- 
operative differentiation of SM-OTs. This information may help future 
diagnosis and treatment by providing an explanation for the pre- 
operative situation. Additionally, recent artificial intelligence with 
MRI images has been recognized as a reliable tool to assist the diagnosis 
of ovarian cancers and borderline tumours. Furthermore, some reports 
have shown accuracy of approximately 0.9. It may be necessary to use 
this technique in future [21,22]. 

This study had some limitations due to its retrospective nature. When 
comparing MRI and pathological findings, it was not possible to perform 
interventions other than referring to the reports submitted by each 

expert. Additionally, at the study hospital, there was some bias in the 
type of OT, and approximately 80% of OTs were OEC or OMCT. In this 
study, many types of OT were classified as ‘other type’ and excluded 
from the analysis. This category included ovarian fibroma (n = 7), 
struma ovarii (n = 3), adult granulosa cell tumour (n = 2), fibrothecoma 
(n = 2) and other types. Therefore, the utility value of these insights may 
also be limited. 

5. Conclusions 

Among OEC, OMCT, OEA and OCCA, MRI interpretation can 
differentiate Be-OTs from Bo/Ma-OTs almost perfectly. On the other 
hand, it is relatively difficult to perform this differentiation in SM-OTs. 
Additionally, OT size may be useful to enhance this process. After adding 
more cases with many types of OTs, further analyses should be per
formed to achieve general conclusions. 

Funding 

None. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this article. 

Acknowledgements 

This research was supported by Mizonokuchi Hospital of Teikyo 
University regarding the provision of medical information. 

Conflict of interest 

None declared. 

References 

[1] Alammari R, Lightfoot M, Hur HC. Impact of cystectomy on ovarian reserve: review 
of the literature. J Minim Invasive Gynecol 2017;24:247–57. 

[2] Faluyi O, Mackean M, Gourley C, Bryant A, Dickinson HO. Interventions for the 
treatment of borderline ovarian tumours. Cochrane Database Syst Rev 2010. 2010: 
CD007696. 

[3] Wetterwald L, Sarivalasis A, Liapi A, Mathevet P, Achtari C. Lymph node 
involvement in recurrent serous borderline ovarian tumors: current evidence, 
controversies, and a review of the literature. Cancers 2023;15:890. 

[4] Kipp B, Vidal A, Lenick D, Christmann-Schmid C. Management of borderline 
ovarian tumors (BOT): results of a retrospective, single center study in Switzerland. 
J Ovarian Res 2023;16:20. 

[5] Gungorduk K, Asicioglu O, Braicu EI, et al. The impact of surgical staging on the 
prognosis of mucinous borderline tumors of the ovaries: a multicenter study. 
Anticancer Res 2017;37:5609–16. 

[6] Ohya A, Fujinaga Y. Magnetic resonance imaging findings of cystic ovarian tumors: 
major differential diagnoses in five types frequently encountered in daily clinical 
practice. Jpn J Radio 2022;40:1213–34. 

[7] Wang WH, Zheng CB, Gao JN, Ren SS, Nie GY, Li ZQ. Systematic review and meta- 
analysis of imaging differential diagnosis of benign and malignant ovarian tumors. 
Gland Surg 2022;11:330–40. 

[8] Shin KH, Kim HH, Yoon HJ, Kim ET, Suh DS, Kim KH. The discrepancy between 
preoperative tumor markers and imaging outcomes in predicting ovarian 
malignancy. Cancers (Basel) 2022;14(23):5821. 

[9] Pretorius ES, Outwater EK, Hunt JL, Siegelman ES. Magnetic resonance imaging of 
the ovary. Top Magn Reson Imaging 2001;12:131–46. 

[10] Isono W, Tsuchiya A, Honda M, et al. A retrospective study of 323 total 
laparoscopic hysterectomy cases for various indications and a case report treating 
caesarean scar pregnancy. J Med Case Rep 2020;14:243. 

[11] Takahashi H, Mori M. Characteristics and significance of criteria for obesity disease 
in Japan 2011. Nihon Rinsho 2013;71:257–61. 

[12] Candiani M, Ottolina J, Salmeri N, et al. Minimally invasive surgery for ovarian 
endometriosis as a mean of improving fertility: cystectomy vs. CO2 fiber laser 
ablation what do we know so far? Front Surg 2023;10:1147877. 

[13] Atwi D, Kamal M, Quinton M, Hassell LA. Malignant transformation of mature 
cystic teratoma of the ovary. J Obstet Gynaecol Res 2022;48:3068–76. 

W. Isono et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref1
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref1
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref2
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref2
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref2
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref3
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref3
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref3
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref4
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref4
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref4
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref5
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref5
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref5
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref6
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref6
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref6
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref7
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref7
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref7
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref8
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref8
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref8
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref9
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref9
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref10
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref10
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref10
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref11
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref11
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref12
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref12
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref12
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref13
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref13


European Journal of Obstetrics & Gynecology and Reproductive Biology: X 20 (2023) 100260

5

[14] Kobayashi H, Sumimoto K, Moniwa N, et al. Risk of developing ovarian cancer 
among women with ovarian endometrioma: a cohort study in Shizuoka, Japan. Int 
J Gynecol Cancer 2007;17:37–43. 

[15] Ushijima K, Kawano K, Tsuda N, et al. Epithelial borderline ovarian tumor: 
diagnosis and treatment strategy. Obstet Gynecol Sci 2015;58:183–7. 

[16] Legrand C, Keller L, Collinet P, et al. Oocyte accumulation for fertility preservation 
in women with benign ovarian tumours with a history of previous surgery, multiple 
or large cysts. Reprod Biomed Online 2021;43:205–14. 

[17] Chanu SM, Dey B, Raphael V, Panda S, Khonglah Y. Clinico-pathological profile of 
ovarian cysts in a tertiary care hospital. Int J Reprod Contracept Obstet Gynecol 
2017;6:4642. 

[18] Khandelwal S, Pinkey L, Vijayata S, Rajiv M, Sunita S, Monika GB. 
A clinicopathological review of adnexal masses in a tertiary care centre of rural 
haryana – a retrospective study. J Evid Based Med Healthc 2021;8:2719–23. 

[19] Friedrich L, Meyer R, Levin G. Management of adnexal mass: a comparison of five 
national guidelines. Eur J Obstet Gynecol Reprod Biol 2021;265:80–9. 

[20] Ong C, Biswas A, Choolani M, Low JJ. Comparison of risk of malignancy indices in 
evaluating ovarian masses in a Southeast Asian population. Singap Med J 2013;54: 
136–9. 

[21] Akazawa M, Hashimoto K. Artificial intelligence in gynecologic cancers: current 
status and future challenges – a systematic review. Artif Intell Med 2021;120: 
102164. 

[22] Xu HL, Gong TT, Liu FH, et al. Artificial intelligence performance in image-based 
ovarian cancer identification: a systematic review and meta-analysis. EClinMed 
2022;53:101662. 

W. Isono et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref14
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref14
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref14
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref15
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref15
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref16
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref16
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref16
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref17
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref17
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref17
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref18
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref18
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref18
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref19
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref19
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref20
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref20
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref20
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref21
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref21
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref21
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref22
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref22
http://refhub.elsevier.com/S2590-1613(23)00085-6/sbref22

	An algorithm for the pre-operative differentiation of benign ovarian tumours based on magnetic resonance imaging interpreta ...
	1 Introduction
	2 Methods
	2.1 Data collection
	2.2 Classification of benign vs borderline/malignant ovarian tumours
	2.3 Main target of serous/mucinous ovarian tumours
	2.4 Analysis methods

	3 Results
	3.1 Patient characteristics in total and serous/mucinous ovarian tumour cases
	3.2 Factors influencing pre-operative diagnosis of benign ovarian tumours

	4 Discussion
	5 Conclusions
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Conflict of interest
	References


